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1. 
Introduction

1.1. Scope of the experimental activity

The textile finishing industry is a water-intensive industry. Reclamation and reuse of water in this industrial sector is being more and more pursued and in some cases implemented.

Several treatment schemes have been successfully applied to reuse the final effluents of on site treatment plants and also of centralised ones.

The approach followed within the project TOWEF0 consists in the introduction of reclamation and reuse facilities closely integrated in the production processes. This implies working upstream and dealing with specific process effluents rather than downstream where all the effluents are mixed. In many cases this strategy was proved effective and cost saving.

The setting up of an efficient, reliable, cost-effective and “easy to operate” treatment of single wastewater streams of finishing textile industrial processes to reuse them is the objective of this research activity within the project TOWEF0. This document mainly focusses on the choice of the technology able to produce the results expected. It reports all the operational data on the treatment tests carried out (membrane filtration and anaerobic pre- treatment in some cases), their economical feasibility, the permeates reusability evaluations.

The application of the water re-use strategies proposed by the Project TOWEF0 will cause reduction in fresh water consumption and in wastewater discharge. There will always be an end-of-pipe effluent which needs treatment and its composition is expected to change significantly (quantity reduction, increase in contaminant concentration). The recalcitrance and biotoxicity of many of the components in textile wastewater that will be probably found at higher concentration in the final effluent can affect the performances of the already existing wastewater treatment plants and will influence new treatment plants design. This aspect was also investigated, as reported in Deliverable 16.

1.1.1. Textile effluents

Textile finishing effluents contain contaminants, such as dispersing agents, salts, emulsifiers, levelling agents and in some cases heavy metals. Quantity and quality of the effluent streams are subject to considerable change due to the diversity in the textile processes and the wide range of chemicals employed within each industrial process.

Dyes, organic and inorganic auxiliary chemicals are widely used in all the process steps and their residues are found in the effluents affecting their colour, COD, and in some cases toxicity. The diversity in the types of industrial processes employed coupled with the wide range of chemicals and materials involved within each process cause an extreme variety in the effluents characteristics.

Process wastewater compositions vary widely due the variety of recipes, techniques, machinery, raw materials and fabrics, and this is reflected in the reported data. The textile finishing processing operations, are here briefly described: 

Desizing removes the sizes applied to the yarn in the sizing operation by swelling/solubilising, hydrolysing, or oxidizing the size into a soluble form. 

Scouring can be applied to both natural and synthetic materials to remove applied or natural substances. 

Bleaching removes the natural yellowish colouring of cotton and other fibres, thereby increasing its whiteness. This operation is  generally required if the finished fabric is to be white or dyed a light colour.

Mercerising is performed most exclusively on pure cotton fabrics, which are treated by a concentrated caustic soda bath and a final acid wash in order to neutralise them. Its purpose is to impart lustre and also to increase dye affinity and tensile strength.

Carbonizing is performed mainly on 100% wool materials in order to remove traces of vegetable matter. Carbonizing consists of soaking the material in dilute sulphuric acid followed by drying and baking. 

Fulling or Milling are mainly restricted to woollen fabrics although some worsted fabrics are milled in practice. Fulling causes the fabrics to mate and shrink and thus become denser. 

Dyeing is carried out to add colour to the fabric. Identification of generic types of dye wastewaters is complicated by the diversity of both the dye chemistry and the operational modes of the dyeing process itself. 

Special finishing treatments are necessary to further improve some properties or serviceability. Finishing processes involve impregnation of the fabric using a padding technique followed by a fixation step by heat. Subsequent washing may be carried out to remove residual chemicals. Properties such as soil-repellence, permanent setting, waterproof, flameproof, rotproof and mothproof are normally induced by these finishing operations.

1.1.2. State of the art of textile effluents treatability

An overview of treatment processes applicable for the treatment of textile effluents is here presented. The main advantages and drawbacks are reported according to literature data. The efficiency and the feasibility of the treatment depends on the characteristics of the streams therefore the considerations here presented are valid only as general evaluations.

1.1.2.1. Phisical/chemical methods

1.1.2.1.1. Coagulation/flocculation

Physical-chemical reactions allow the coagulation of contaminants and their flocculation and are followed by separation of the flocs by sedimentation or filtration.

Cationic organic polymers and polyaluminiumchloride (PAC) are effective in the removal of reactive dyes.

Drawbacks are excess chemical usage, sludge production, and uncomplete dye removal 

1.1.2.2. Chemical methods

1.1.2.2.1. Oxidative processes

This is the most commonly used method of decolourisation by chemical means. This is mainly due to its simplicity of application. The main oxidising agent is usually hydrogen peroxide (H2O2). This agent needs to be activated by some means, for example, ultra violet light.

Fentons reagent is a suitable chemical means of treating wastewaters which are resistant to biological treatment or are poisonous to live biomass. Chemical separation uses the action of sorption or bonding to remove dissolved dyes from wastewater and has been shown to be effective in decolourising both soluble and insoluble dyes. One major disadvantage of this method is sludge generation through the flocculation of the reagent and the dye molecules. Not all the dyes can be removed by Fentons treatment: cationic dyes do not coagulate at all; acid, direct, vat, mordant and reactive dyes usually coagulate, but the resulting floc and does not settle well.

Ozonation is capable of degrading chlorinated hydrocarbons, phenols, pesticides and aromatic hydrocarbons and is very effective for colour removal especially for double-bonded dye molecules. Ozonation removes a significant portion of recalcitrant COD, and improves the biodegradability of effluents. It does not increase the volume of wastewater and sludge. It can produce by-products with carcinogenic or toxic properties. Decolourisation occurs in a relatively short time. The main disadvantages of ozonation are its short half-life, typically being 20 min and the high cost.

Sodium hypochloride (NaOCl) initiates and accelerates azo-bond cleavage. This method is unsuitable for disperse dyes.. The negative effect it has is the release of aromatic amines which are carcinogenic, or otherwise toxic molecules.

1.1.2.2.2. Photochemical

This method degrades dye molecules by UV treatment in the presence of H2O2. There are advantages of photochemical treatment of dye-containing effluent; no sludge is produced and foul odours are greatly reduced. A drawback is the formation of by-products.

1.1.2.2.3. Electrochemical destruction 

It has some significant advantages for use as an effective method for dye removal. There is little or no consumption of chemicals and no sludge production. The breakdown metabolites are gener ally not hazardous. It shows efficient and economical removal of dyes and degradation of recalcitrant pollutants. Drawbacks are the high costs of the electricity.

1.1.2.3. Physical treatments

1.1.2.3.1. Adsorption

Based on the affinity of dyes to adsorbent material. Activated carbon and low cost adsorbents (e.g. peat, fly, ash) can allow the removal of certain dyes efficiently. Adsorption can produce a high quality product, decolourisation is influenced by many physical-chemical factors, such as, dye/sorbent interaction, sorbent surface area, particle size, temperature, pH, and contact time . Drawbacks are the regeneration of adsorbents and the difficulty of prediction of the removal level. 

Activated carbon is the most commonly used method of dye removal by adsorption and is very effective for adsorbing cationic, mordant, and acid dyes and to a slightly lesser extent, dispersed, direct, vat, pigment and reactive dyes. Performance is dependent on the type of carbon used and the characteristics of the wastewater. Regeneration or re-use results in a significant reduction in performance.

Cucurbituril is a cyclic polymer of glycoluril and formaldehyde. It showed verly good sorption capacity for various types of textile dyes. It is not still industrially feasible and cost is a major disadvantage.

Peat is also a good adsorbent due to cellular structure but its specific surface areas for adsorption are lower than activated carbon 

Wood chips show a good adsorption capacity for acid dyes. I needs longer contact times.

1.1.2.3.2. Membrane filtration

By membrane filtration it is possible to clarify, concentrate and, most importantly, to separate dye continuously from effluent. It shows resistance to temperature, to adverse chemical environment, and to microbial attack. The disposal of concentrate, the possibility of clogging, and the capital and membrane replacement costs are its disadvantages. This method of filtration is suitable for water recycling within a textile dye plant and is able to remove all dye types. 

Membrane technology has emerged as a reliable and feasible option in the treatment of various textile effluent streams. It is more flexible than alternative treatment and can allow the recovery not only of water but also of chemicals and energy and it is described in more details in paragraph 1.3.

1.1.2.3.3. Ion exchange

Both cation and anion dyes can be removed from effluent this way. Advantages of this method include no loss of adsorbent on regeneration, and the removal of soluble dyes. A major disadvantage are cost  and the poor effectiveness for disperse dyes.

1.1.2.3.4. Electrokinetic coagulation

Allows excellent removal of direct dyes from effluents but is poorly effective with acid dyes, with The high cost of the chemicals to be dosed and the production of large amounts of sludge resulting in high disposal costs are  major drawbacks.

1.1.2.3.5. Evaporation 

Costs a lot because it demands large amounts of thermal energy.

1.1.2.4. Biological treatments

Usual activated sludge plants can remove dyes very poorly (typically no more then 30-40%. Various aerobic and anaerobic micro-organisms are capable of degrading textile dyes efficiently therefore biological treatment based on isolated microbial cultures are very promising but this technology has not yet been applied in full-scale plants.

Anaerobic bioremediation allows azo and other water-soluble dyes to be decolourised.. Anaerobic degradation of textile dyes yields only colour removal, mineralisation of compounds does not occur. 

1.2. Introduction to anaerobic treatment

1.2.1. Anaerobic wastewater treatment

Anaerobic wastewater treatment is becoming more and more interesting for the treatment of industrial wastewaters. Due to the implementation of technologies for water reuse (direct or after on-site treatment) in industries, less wastewater is discharged, but with higher concentrations. This is becoming problematic for the conventional aerobic treatment systems that have been developed in a time when volumes were larger and wastewaters very diluted (Lema and Omil, 2001). Replacement of aerobic with anaerobic technology is not possible, the effluent quality of anaerobic treatment systems does not meet the requirements, therefore it has to be considered a pre-treatment technique (Lettinga et al., 1997). An extra benefit is the possible production of energy due to the formation of methane gas as the end-step in anaerobic conversions (on average 1.27·107 J/kg COD). This is in contrast with activated sludge plants, where the large energy consumption (on average 0.5–2 kW·h/kg O2) can be very costly (Lema and Omil 2001, O’Neill et al. 2000, Delée et al. 1998).

In general, when comparing a conventional aerobic treatment plant with anaerobic wastewater treatment systems the advantages of the latter are (Lema and Omil, 2001):

· Lower treatment costs, production of energy

· High flexibility, since it can be applied to very different types of effluents (higher and lower loading rates, mesophilic or thermophilic conditions, more or less complex wastewaters, etc.)

· High loading rate operation, which implies smaller space requirements (5–20 kg COD/m3.d versus 0.5–3 kg/m3.d for aerobic systems)

· Smaller volume of excess sludges

· Anaerobic organisms can be preserved unfed for a long time, which makes it possible to treat wastewaters that are generated with longer (seasonal production) or shorter (holidays and weekends) pauses in between. The sludge will remain viable, and restarting the process will only take a short time.

Anaerobic treatment systems can and will play a central role in the treatment of (industrial) wastewaters, as it is the most sustainable treatment method. Combined with appropriate pre- and post-treatment steps where necessary, anaerobic treatment will be increasingly used in (industrial) closed-cycle water systems (van Lier et al., 2001). 

1.2.1.1. Advantages of anaerobic treatment for pre-treatment of textile wastewaters

Generally, textile wastewater is difficult to treat in activated sludge plants, due to a high organic load and the presence of dyes (Delée et al. 1998). Anaerobic treatment can be a solution for both problems. It has a low sludge production compared to aerobic systems, the capacity to decolourise the wastewater and can handle high organic loads (O’Neill 2000, Lema and Omil 2001). 

Textile dyes are designed to last, and a result is that most dyes are highly resistant to aerobic degradation (Vandevivere et al. 1998). In activated sludge plants some removal occurs, through adsorption to the sludge. However, not all dyes show a good adsorption and a large fraction passes through the plant unaffected (O’Neill et al. 2000, Delée et al. 1998). Under anoxic conditions many textile dyes can be decolourised to a greater or lesser extend. Especially azo dyes (the widest used dye class) are susceptible to anaerobic treatment (Vandevivere et al. 1998, Delée et al. 1998).

1.2.1.2. Possibly problematic compounds

Like any process, anaerobic treatment has its drawbacks. Not all wastewaters can be treated anaerobically, and certain compounds can have a negative effect on the effectiveness of the treatment. As an example, an introduction to two of the main problematic types of compounds is given here.

1.2.1.2.1. Sulphate

The presence of sulphate in wastewater can cause problems during treatment. Sulphate itself is usually  not a problem, but the hydrogen sulphide that is formed during the anaerobic conversion of sulphate may have adverse effects. Hulshoff Pol and co-workers (1998b) provide a summary of the disadvantages and advantages of the presence of sulphate (Table 1):

Table 1 :Disadvantages and advantages of the presence of sulphate in wastewater for anaerobic treatment
	Disadvantages
	Advantages

	Reduced COD-removal efficiency due to the presence of H2S in the effluent
	Removal of oxidised sulphur compounds (sulphate, sulphite and thiosulphate) from the wastestream

	Corrosion
	Precipitated metal sulphides (e.g. FeS) form good precursors for granulation

	Accumulation of inert material in the sludge (e.g. metal sulphides)
	Heavy metal removal

	Less methane formation
	

	Poor biogas quality + need for H2S-removal from the biogas
	

	Malodour
	

	Potential toxicity
	

	Deterioration of aerobic post treatment system (activated sludge bulking; excessive growth of phototrophs)
	


In the absence of sulphate, organic matter will be converted to methane, but in the presence of sulphate there will be a competition between the bacteria producing methane and the ones reducing sulphate, leading to H2S in the water and the biogas. Examples of factors influencing the competition are the type of bacteria, concentrations of sulphate and sulphide, pH (determines the form in which sulphide is present) and temperature. Sulphide toxicity may be severe, and can even lead to a complete process failure. When designing an anaerobic treatment system for wastewater containing high sulphate concentrations, it should be taken into account that measures will have to be taken. Wastewaters with a COD/SO42- ratio of higher than 10 can normally be treated without problems (Hulshoff Pol et al., 1998b).

1.2.1.2.2. Cations

Sodium

Anaerobic bacteria can be inhibited by cations present in the wastewater. For Na+, numbers between 6 and 40 g/l have been found as 50% inhibition values (Hulshoff Pol et al., 1998b). The large differences between values found in literature can be explained by a number of factors, such as adaptation of the biomass to higher concentrations and effects of the presence of other cations (Feijoo et al., 1995). 

Calcium

Sodium toxicity is a direct toxic effect. Indirect effects can occur in the presence of Ca2+, due to the formation of precipitates (CaCO3, Ca3(PO4)2) that influence the functioning of the reactor. Carbonate ions are produced during the conversion of organic matter to methane and carbon dioxide, and these ions can precipitate with calcium ions. A Ca2+ concentration of 400 mg/l can be sufficient to cause adverse effects. Examples are scaling of biomass and clogging of pipes. Scaling of the sludge granules has a negative effect on the activity of the biomass. Operational problems can be caused when there is so much scaling that this leads to cementation of the sludge bed (Batstone et al. 2002, van Langerak et al. 2000, Hulshoff Pol et al. 1998b)

1.2.2. Overview of data on anaerobic treatment of textile wastewater

In Table 2 literature data on the anaerobic treatment of different textile wastewaters are presented. References are listed below the table.

Table 2: Literature data on anaerobic textile wastewater treatment. (COD = Chemical Oxygen Demand, HRT = Hydraulic Retention Time, UASB = Upflow Anaerobic Sludge Bed reactor, UAF = Upflow Anaerobic Filter, AEBR = Anaerobic Expanded Bed Reactor, ABR = Anaerobic Baffled Reactor, 2P-APBR = Two-Phase Anaerobic Packed Bed Reactor, ITAD = Inclined Tubular Anaerobic Digester)

	Ref.
	Reactor type
	Wastewater type
	COD
	COD load
	HRT
	Colour / Grease #
	COD
	Remarks

	
	
	
	(g/l)
	(kg/

m3.d)
	(d)
	(%

removal)
	(%

removal)
	

	1
	Anaerobic digester
	Wool scouring
	-
	9.9
	-
	> 47 #
	>56
	 -

	
	
	
	-
	12
	-
	70 #
	70
	+ enzymatic pretreatment

	2
	acidific. tank + UASB
	black reactive dyebath
	2.25
	–
	12h
	67-71
	74-90
	Pilot scale, Co-substrate is starch, results depend on concentration

	
	
	red reactive dyebath
	2.70
	-
	12h
	39-58
	27-45
	

	
	
	blue reactive dyebath
	1.65
	-
	12h
	48-56
	13-84
	

	3
	Lab scale UAF
	Cotton desizing & scouring
	3-7
	2.75
	-
	-
	60–90
	2.75 is maximum used

	
	AEBR
	Cotton dyeing & finishing
	0.6–1.2
	0.63
	-
	-
	50–87
	

	
	UAF
	
	0.6–1.2
	1
	-
	-
	50–90
	

	
	digester
	Wool scouring
	30.5
	-
	2.4
	-
	86
	

	
	bioflocc. & settling
	
	-
	-
	4-10
	70-90 #
	60-86
	gravity settling

	4
	ABR - 57 litres
	Wool scouring
	28–37
	3-5
	7-10
	50-65 #
	40-55
	raw wastewater

	
	
	
	
	
	
	-
	45-60
	centrifuged wastewater

	
	ABR - 300 litres
	
	40–97
	3-10
	5-9
	-
	45-18
	raw wastewater

	
	
	
	
	
	
	
	47-72
	centrifuged wastewater

	5
	2P-APBR
	Simulated dyeing water
	1.5
	0.6-1.7
	1
	-
	35
	Dyes: BY28, BY21, BR18, BR16, BR46, BB16, BB41

	
	UAF
	
	1.2–5
	0.6-1.8
	3-5
	74-90
	23-35
	

	6
	UAF
	Print paste thickener mix
	-
	-
	-
	-
	30-35
	-

	7
	Lab-scale semicontinuous 
	Simulated dyeing water
	1.3–2.1
	0.13-0.2
	-
	95
	85
	Dye: Acid Orange 7

	
	
	
	1–2.1
	0.1-0.21
	-
	100
	85
	Dye: Reactive Black 8

	8
	ITAD
	Simulated dyeing water
	3.48
	1.24
	2.8
	63
	37
	Dye: Procion Red H-E7B

	
	UASB
	
	3.48
	1.74
	2
	79
	32
	

	9
	Lab-scale UASB + aerobic phase
	Simulated dyeing water
	2.29–3.9
	3.9
	1d-16h
	88
	77
	Procion Red H-E7B & starch

	10
	Digester
	Size (PVA+starch)
	138.5
	-
	-
	-
	89
	-

	11
	ﬂuidised bed
	Real cotton wastewater
	1.1
	1
	1
	37
	68
	-

	12
	Seq. lab-scale UASB/CSTR 
	Simulated dyeing water
	-
	5-23
	-
	97-89
	60-35
	Depending on loading rate

	13
	Lab-scale UASB with AS polishing
	Mixed factory effluent
	-
	-
	8
	96
	90
	Most colour + COD removed anaerobically

	
	Rotating contactors anaer. then aerobic
	Polyester/cotton dyeing
	-
	2-3
	5-7h
	72
	78
	-


References: 1) Cail et al. 1986, 2) Chinwetkitvanich et al. 2000, 3) Delée et al 1998, 4) Gutierrez et al. 1999, 5) Mahdavi Talarposhti et al. 2001, 6) Malpei et al. 1998, 7) Manu et al. 2002, 8) O'Neill et al. 1999, 9) O'Neill et al. 2000, 10) Sacks et al. 1999, 11) Sen et al. 2003, 12) Sponza and Işic 2002, 13) Vandevivere et al 1998. 

1.2.3. Anaerobic decolourisation of dyeing wastewater

Anaerobic bacteria are capable of decolourising textile dyes, mainly azo dyes. Decolourisation is only the disappearance of colour, not mineralisation of the dye molecule. In quantity, the most important dye class is the one of azo dyes. Anthraquinone dyes are the second important group. In this report, only for these two dye classes the degradation mechanisms will be discussed further. It is much easier to find publications on azo dyes than on anthraquinone dyes. To compensate for the relative lack of information, this report will be a bit more extensive on the latter.

Many decolourisation studies have been conducted with single dyes. Table 3 gives an overview of literature data on the decolourisation of various kinds of dyes, sorted by dye type. 

Table 3: Obtained decolourisation for different dye types. Letter after reference number refers to comments below table

	SI Name
	Structure
	Removal

(%)
	Concentration 

(mg/l, mmol/l #)
	Retention time

(d)
	T

((C)
	Reference
	Remarks

	Acid Blue 25
	anthraquinone
	67
	100
	42
	35
	Brown 1983
	

	Acid Blue 80
	anthraquinone
	7
	100
	42
	35
	Brown 1983
	

	Acid Blue 113
	diazo
	94
	100
	42
	35
	Brown 1983
	

	Acid Orange 3
	nitro
	62
	100
	42
	35
	Brown 1983
	

	Acid Orange 7
	mono azo
	90
	5
	1
	25
	Seshadri 1994
	

	Acid Orange 7
	mono azo
	99
	100-300
	-
	30
	vdZee 2002
	

	Acid Orange 7
	mono azo
	98
	100
	10
	24-28
	Manu 2002
	

	Acid Orange 8
	azo
	98
	5
	0.5
	25
	Seshadri 1994
	

	Acid Orange 10
	azo
	81
	5
	12 h
	25
	Seshadri 1994
	

	Acid Red 14
	azo
	86
	5
	1
	25
	Seshadri 1994
	

	Acid Red 27
	azo
	37
	0.5 #
	3
	30
	Haug 1991
	

	Acid Red 42
	azo
	62
	80
	16 h
	-
	Goncalves 1993
	

	Acid Red 114
	diazo
	62
	100
	42
	35
	Brown 1983
	

	Acid Red 266
	mono azo
	95
	100-300
	-
	30
	vdZee 2002
	

	Acid Yellow 17
	azo
	20
	40
	8-20 h
	-
	An 1996
	

	Acid Yellow 21
	azo
	98
	0.5 #
	3
	30
	Haug 1991
	

	Acid Yellow 23
	azo
	6
	0.5 #
	3
	30
	Haug 1991
	

	Acid Yellow 137
	azo
	95
	100-300
	-
	30
	vdZee 2002
	

	Acid Yellow 151
	mono azo
	88
	100
	42
	35
	Brown 1983
	

	Acid Yellow 159
	azo
	97
	100-300
	-
	30
	vdZee 2002
	

	Basic Blue 3
	oxazine
	62
	100
	42
	35
	Brown 1983
	

	Basic Blue 3
	phenoxazine
	72
	40
	8-20 h
	-
	An 1996
	

	Basic Blue 22
	anthraquinone
	62
	100
	42
	35
	Brown 1983
	

	Basic Red 2
	acridine
	78
	40
	8-20 h
	-
	An 1996
	

	Basic Red 18
	mono azo
	92
	100
	42
	35
	Brown 1983
	

	Basic Red 23
	azo
	99
	100-300
	-
	30
	vdZee 2002
	

	Basic Violet 7
	methine
	0
	300-2400
	3
	-
	Malpei 1998
	

	Basic Yellow 28
	methine
	35
	100
	42
	35
	Brown 1983
	

	Direct Black 19
	polyazo
	51
	100
	42
	35
	Brown 1983
	

	Direct Black 19
	polyazo
	99
	100-300
	-
	30
	vdZee 2002
	A

	Direct Black 22
	polyazo
	61
	1003
	42
	35
	Brown 1983
	

	Direct Black 22
	polyazo
	99
	100-3003
	-
	30
	vdZee 2002
	A

	Direct Blue 15
	diazo
	83
	1003
	42
	35
	Brown 1983
	

	Direct Blue 53
	diazo
	99
	100-3003
	-
	30
	vdZee 2002
	

	Direct Blue 71
	tri azo
	100
	100-3003
	-
	30
	vdZee 2002
	

	Direct Red 7
	diazo
	92
	1003
	42
	35
	Brown 1983
	

	Direct Red 79
	diazo
	97
	100-3003
	-
	30
	vdZee 2002
	

	Direct Red 80
	azo
	81
	403
	16 h
	-
	Goncalves 1993
	

	Direct Red 81
	diazo
	99
	100-3003
	-
	30
	vdZee 2002
	

	Direct Yellow 4
	diazo
	95
	100-3003
	-
	30
	vdZee 2002
	

	Direct Yellow 11
	stilbene
	53
	1003
	42
	35
	Brown 1983
	

	Direct Yellow 12
	diazo
	75
	1003
	42
	35
	Brown 1983
	

	Direct Yellow 12
	diazo
	86
	100-3003
	-
	30
	vdZee 2002
	

	Direct Yellow 50
	diazo
	99
	100-3003
	-
	30
	vdZee 2002
	

	Disperse Blue 56
	anthraquinone
	0
	303
	16 h
	-
	Goncalves 1993
	

	Disperse Blue 79
	azo
	100
	1143
	3
	35
	Cruz 2000
	

	Disperse Red 106
	mono azo
	95
	250
	4
	-
	Malpei 1998
	

	Disperse Red 106
	mono azo
	78
	500
	4
	-
	Malpei 1998
	

	Disperse Red 106
	mono azo
	20
	750
	4
	-
	Malpei 1998
	

	Disperse Red 106
	mono azo
	0
	1500
	4
	-
	Malpei 1998
	

	Disperse Red 159
	anthraquinone
	0
	300-24003
	3
	-
	Malpei 1998
	

	Mordant Black
	mono azo
	77
	1003
	42
	35
	Brown 1983
	

	Mordant Blue 13
	mono azo
	83
	1003
	42
	35
	Brown 1983
	

	Mordant Orange 1
	mono azo
	95
	1003
	8 h
	30
	Donlon 1997
	

	Mordant Orange 1
	mono azo
	>99
	1003
	8 h
	30
	Razo-Flores 1997
	

	Mordant Orange 1
	mono azo
	97
	100-3003
	-
	30
	vdZee 2002
	

	Mordant Yellow 3
	azo
	51
	0.5 #
	3
	30
	Haug 1991
	

	Mordant Yellow 10
	mono azo
	95
	100-3003
	-
	30
	vdZee 2002
	

	Reactive Black 5
	diazo
	81
	1003
	42
	35
	Brown 1983
	

	Reactive Black 5
	diazo
	80-85
	1003
	4.5 h
	52
	Carliell 1994
	

	Reactive Black 5
	diazo
	99
	100-3003
	-
	30
	vdZee 2002
	

	Reactive Black 5
	diazo
	87
	9003
	6.1
	35
	Beydilli 1998
	B

	Reactive Black 5
	diazo
	62
	203
	18 h
	30
	Luangdilok 2000
	

	Reactive Black 5
	diazo
	60
	1003
	18 h
	30
	Luangdilok 2000
	

	Reactive Black 8
	azo
	100
	1003
	10
	24-28
	Manu 2002
	

	Reactive Black 39
	azo
	70-75
	1:1000
	5.5 h
	52
	Carliell 1994
	C

	Reactive Blue 198
	oxazine
	44
	203
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 198
	oxazine
	8
	1003
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 19
	anthraquinone
	70
	1003
	42
	35
	Brown 1983
	

	Reactive Blue 19
	anthraquinone
	57
	203
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 19
	anthraquinone
	32
	1003
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 19
	anthraquinone
	93
	3003
	15
	35
	Fontenot 2003
	

	Reactive Blue 21
	phtalocyanine
	36
	1003
	42
	35
	Brown 1983
	

	Reactive Blue 21
	phtalocyanine
	85-90
	1003
	4.5 h
	52
	Carliell 1994
	

	Reactive Blue 21
	phtalocyanine
	80
	3003
	15
	35
	Fontenot 2003
	

	Reactive Blue 38
	phtalocyanine
	40
	1003
	4.5 h
	52
	Carliell 1994
	

	Reactive Blue 49
	anthraquinone
	7-10
	1:1000
	2 h
	52
	Carliell 1994
	C

	Reactive Blue 72
	phtalocyanine
	25-30
	1:1000
	2.1
	52
	Carliell 1994
	C

	Reactive Blue 5
	anthraquinone
	68
	203
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 5
	anthraquinone
	37
	1003
	18 h
	30
	Luangdilok 2000
	

	Reactive Blue 220
	azo
	90-95
	1003
	1 h
	52
	Carliell 1994
	

	Reactive Brown 11
	azo
	90
	1:1000
	1
	52
	Carliell 1994
	C

	Reactive Orange 12
	azo
	90-95
	1:1000
	1
	52
	Carliell 1994
	C

	Reactive Orange 13
	azo
	85-90
	1:1000
	2.1
	52
	Carliell 1994
	C

	Reactive Orange 14
	mono azo
	98
	100-3003
	-
	30
	vdZee 2002
	

	Reactive Orange 16
	mono azo
	97
	100-3003
	-
	30
	vdZee 2002
	

	Reactive Orange 16
	mono azo
	100
	50-1503
	2 h
	19
	Kapdan 2003
	

	Reactive Red 2
	mono azo
	100
	100-3003
	-
	30
	vdZee 2002
	D

	Reactive Red 2
	mono azo
	78
	9003
	6.1
	35
	Beydilli 1998
	B

	Reactive Red 4
	mono azo
	99
	100-3003
	-
	31
	vdZee 2002
	D

	Reactive Red 24
	azo
	90-97
	1:1000
	1.3
	52
	Carliell 1994
	C

	Reactive Red 120
	diazo
	94
	9003
	6.1
	35
	Beydilli 1998
	B

	Reactive Red 141
	azo
	85-89
	1003
	4.5 h
	52
	Carliell 1994
	

	Reactive Red 198a
	mono azo
	95
	3003
	15
	35
	Fontenot 2003
	

	Reactive Red 198a
	azo
	85-90
	1003
	2 h
	52
	Carliell 1994
	

	Reactive Red 218
	azo
	90-95
	1:1000
	1.3
	52
	Carliell 1994
	C

	Reactive Yellow 2
	mono azo
	73
	100-3003
	-
	30
	vdZee 2002
	

	Reactive Yellow 3
	mono azo
	96
	9003
	6.1
	35
	Beydilli 1998
	B

	Reactive Yellow 15
	azo
	91
	9003
	6.2
	36
	Beydilli 1998
	B

	Reactive Yellow 16
	azo
	80-90
	1003
	6.5 h
	52
	Carliell 1994
	

	Reactive Yellow 17
	mono azo
	97
	9003
	6.2
	36
	Beydilli 1998
	B

	Reactive Yellow 95
	azo
	0
	1:1000
	-
	52
	Carliell 1994
	C

	Black SG
	metal complex
	75-80
	1:1000
	7.5 h
	52
	Carliell 1994
	C

	Blue PB
	metal complex
	98
	1:1000
	2 h
	52
	Carliell 1994
	C

	Azodisalicylate
	azo
	98.8
	753
	8 h
	30
	Razo-Flores 1997
	

	Yellow Procion P3R3
	azo
	96
	250
	4
	-
	Malpei 1998
	

	Yellow Procion P3R3
	azo
	95
	500
	4
	-
	Malpei 1998
	

	Yellow Procion P3R3
	azo
	86
	750
	4
	-
	Malpei 1998
	

	Yellow Procion P3R3
	azo
	70
	1500
	4
	-
	Malpei 1998
	

	Turquiose Cibacron
	cyaninic
	0
	300-2400
	3
	-
	Malpei 1998
	

	Marine P
	?
	0
	300-2400
	3
	-
	Malpei 1998
	


Remark A: Dye does not dissolve well, decolourisation probably combination of reduction, absorption and precipitation

Remark B: Three feeding cycles of 3003 each

Remark C: Commercial printing dye solution, diluted 1000-fold. No exact concentration.

Remark D: Reaction products are yellow

1.2.3.1. Azo dyes

Reduction of azo compounds has been observed in different anaerobic systems such as anaerobic sludge and anaerobic sediments, but also in anaerobically incubated pure cultures and enrichment cultures (Field et al., 1995). In case of azo dyes, which are most extensively studied dyes for anaerobic decolourisation, decolourisation means breakage of the characteristic azo-bond. In Figure 1 an example of this breakage is given.
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Figure 1: Cleavage of the azo bond in azo dye Acid Orange 7, leading to formation of the aromatic amines sulphanilic acid and 1-amino-naphtol.

Most researchers are convinced that biological azo dye reduction is an extra-cellular non-specific reaction, in which reduction equivalents generating from biological reactions are transferred to the azo dye (van der Zee et al., 2003). This non-specific reaction can be speeded up by the use of redox mediators. Mechanisms for anaerobic decolourisation of other dye types have not been studied as extensively as azo dye reduction, mainly because of the big importance of azo dyes in the textile industry. Anaerobic decolourisation of for instance anthraquinone dyes has received little attention of researchers, although it is the second most important group of dyestuffs.

The aromatic amines formed in azo-cleavage are usually not degradable anaerobically, but they can be mineralised under aerobic conditions (O’Neill et al. 2000; Delée et al. 1998; Vandevivere et al. 1998).

1.2.3.2. Anthraquinone dyes

Anthraquinone dyes are the second most important class of textile dyes, after azo dyes (Christie 2001, Baughman and Weber 1994). Due to the focus on azo dyes, researchers often consider simulated wastewaters containing a single azo dye. Dyebaths however, are usually made up out of three dyes: combining red, yellow and blue to obtain any desired colour.  The three dyes are not necessarily of the same structure. Anthraquinone dyes have a wide range of colour in almost the whole visible spectrum, although they are most important for violet, blue and green shades (Fontenot et al. 2002, Christie, 2001). In this way they complement azo dyes, which are more important for yellow, orange and red colours (Christie, 2001). Therefore, the combination of yellow and red azo dyestuffs with a blue anthraquinone dye is quite usual. Unlike for azo dyes, the anaerobic biotransformation of anthraquinone dyes has hardly been investigated (Fontenot et al., 2002). Due to their fused aromatic structure (see Figure 2), anthraquinone dyes are resistant to degradation (Robinson et al.,  2001). Reduction of the anthraquinone moiety leads to the colourless leucoform (see Figure 2), but the molecule basically remains intact (Hao et al., 2000).
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Figure 2: Structure of anthraquinone (left) and the colourless leucoform that is formed during anthraquinone reduction (right)

A wastewater treatment optimised for colour removal based on azo dyes, will not necessarily be suitable for decolourisation of anthraquinone dyes. The few publications found on anaerobic anthraquinone dye decolourisation report all very different data on the reached decolourisation and the observed toxicity to anaerobic biomass (see Table 4).

Table 4: Summary of publications on reductive anthraquinone dye decolourisation

	
	Decolourisation
	Extra information
	Reference

	Reactive Blue 2
	14-24 %
	single strain, decolourisation stopped after 48 h
	Yu 2001

	Reactive Blue 2
	77%
	After 72 h, consortium
	Yu 2001

	Reactive Blue 4
	78%
	After 27.7 days, CH4 production comparable to control
	Fontenot et al, 2002

	Reactive Blue 5
	68%
	After 16 days. C=20 mg/l
	Luangd & Pansw, 2000

	Reactive Blue 5
	37%
	After 16 days. C=100mg/l
	Luangd & Pansw, 2000

	Reactive Blue 19
	83%
	After 27.7 days, CH4  production severely inhibited
	Fontenot et al, 2002

	Reactive Blue 19
	57%, 32%
	After 16 days. C=20 mg/l and C=100 mg/l
	Luangd & Pansw, 2000

	Reactive Blue 19
	30-100%
	Average: 70%
	Brown 1983

	Reactive Blue 49
	7-10%
	After 2 hours
	Carliell et al., 1994

	Acid Blue 80
	4-16%
	Average: 7%
	Brown 1983

	Acid Blue 25
	36-100%
	Average: 67%, insoluble blue pigment formed
	Brown 1983

	Acid Blue 25
	100%
	After 21 days. 1:1 formation of 1-amino-4-phenyl-aminoanthraquinone (blue solid)
	Brown 1987

	Acid Green 27
	60-84%
	After 48 h.
	Yu 2001

	Basic Blue 22
	46-86%
	Average: 62%
	Brown 1983

	Disperse Red 159
	0%


	After 3 days. C=range 300-2400 mg/l. Rate inhibited by 60% at 300 mg/l and by >90% at 2400 mg/l
	Malpei et al., 1998

	Disperse Blue 56
	0%
	C=30 mg/l, dye made UASB reactor collapse
	Delée 1998


Luangdilok and Paswad (2000) reported that decolourisation of solutions of Reactive Blue 5 and Reactive Blue 19 (RB19) was only due to adsorption to the biomass, no transformation of the dyestuffs could be observed. In contrast, experiments by Fontenot and co-workers (2002) did show reductive decolourisation of Reactive Blue 4 (RB4) and RB19. At high dye concentrations of RB19, colour removal occurred although the biomass was severely inhibited. The authors concluded that maintaining reduced conditions was sufficient to achieve decolourisation. When screening dyes for anaerobic degradation, Brown and Laboureur (1983) discovered that during decolourisation of Acid Blue 25 a blue precipitate was formed. Later it was concluded that this was a decolourisation product that precipitated (Brown and Hamburger, 1987). Other investigations showed severe inhibition of bacteria, for example for Disperse Blue 56, which caused the collapse of a lab scale UASB reactor that had been decolourising other dyes successfully (Delée et al., 1998). The differences in anthraquinone dye decolourisation and toxicity are probably because of differences in molecular structure (Fontenot et al., 2002).

It is clear from Table 4 that different anthraquinone dyes display different levels of inhibition of bacteria. An explanation for the inhibitory character of anthraquinone dyes can be found looking at their application in affinity chromatography. Affinity chromatography is a method for the identification, separation and purification of macromolecules (Denizli and Pişkin, 2001). So-called ligands are used in this technique, compounds that have a special affinity for the molecule that needs to be separated. The ligands are bound with one side to a carrier material, whereas the side that mimics the molecules that in nature would bind to the macromolecule remains free. On this binding site the desired macromolecule attaches (Denizli and Pişkin, 2001). Anthraquinone dyes can be used as ligands, especially for enzymes. A dye known as “Cibacron Blue” (Reactive Blue 2) is the most used dye for affinity chromatography of enzymes and proteins, but more than 100 dyes are being used in the last few years (Alberghina et al., 2000). Enzymes are inhibited by the dyes, as the natural ligands (e.g. substrates, cofactors or binding agents) can not bind because their binding site is occupied. Anthraquinone dyes mimic the structure of natural ligands for many enzymes  (Denizli and Pişkin, 2001). The process is reversible, but for desorption of the enzymes an elutant is needed (Denizli and Pişkin, 2001). The need for an elutant indicates that the bond between enzyme and anthraquinone dye is not broken easily. Anthraquinone dye inhibition of bacterial cultures can be a result of inhibition of various enzymes, due to anthraquinone-enzyme bonds that are irreversible under the applied experimental conditions.

1.2.4. Application of redox mediators

Although anaerobic treatment seems a good technique to decolourise textile wastewaters, it is often too slow to be of practical use. The addition of a redox mediator however, can speed up the process and make it interesting as a first step in the biological treatment of coloured textile wastewaters (van der Zee et al., 2003). As explained in § 1.1.1, biological azo dye reduction is a non-specific process, taking place outside the bacterial cell, involving reduced electron carriers. Electron mediators added to the medium can function as electron carriers and as such catalyse the azo reduction. During the process they are continuously reduced and oxidised, which means that a single molecule will be reused as long as it is present in the system. Redox mediators can thus be added in catalytic concentrations and still be effective. The reduction of azo dyes in presence of an electron mediator is depicted in Figure 3. 
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Figure 3: Mechanism of the application of a redox mediator for faster azo dye reduction. Mediator structure depicted is anthraquinone-2-sulphonate.

Many of the redox mediators are quinone-like structures. Model compounds that can be used are for instance AQDS and AQS. Based on experimental results by Dos Santos (2003) AQS was chosen as a mediator in this study.

Introduction to membrane treatment

The know how of general treatments that constitute the state of the art of the treatments methods brought to identify in the membrane treatment the option to investigate in order to assess treatability and economical feasibility, evaluate quantity and quality of the reuse options. Operational data on several representative real effluents were needed to cover the information lack to build up the overall integrated methodology to implement Good Environmental Practices with the Best Available Techniques (IPPC Directive).

Most of the techniques briefly presented in § 1.1.2 have been successfully applied for the end-of-pipe treatment and reclamation of textile wastewaters. But often, in the prospect of an integrated pollution prevention and control, end of pipe solutions are not the best possible options. A start of pipe approach can allow significant chemicals, energy and water recovery, and a real waste and wastewater minimisation. A process-integrated wastewater treatment is required to implement start of pipe solutions and membrane technology is often the best choice. Membranes allow the removal of most residual and undegraded organics (and salts), provide a constant quality permeate and could be automatically operated and controlled. Attractive features of membranes are also low weight and space requirements without use of chemicals. The equipment is modular and can be scaled up or operated at partial capacity. Moreover they are suitable for the treatment of specific process effluents because they can treat without problems also small and intermittent water flows. 

Membrane filtration has been used for recycling processes in textile industry for a long-time. Ultrafiltration has been applied in full scale plants to recover polyvinylalcohol (PVA) size and to recover caustic from mercerisation process (Porter, 1990). Indigo dyes and hot water can also be recovered by membrane filtration. Lab and pilot tests have shown that NF and RO membranes can be used with effluents of reactive dyeing of cotton, of disperse dyeing of polyester and of combined reactive/disperse dyeing of cotton-polyester mix. The permeate produced by NF can be reused for rinsing while RO allow production of permeate suitable for all the technological uses. Furthermore the reuse of hot water allows a significant energy saving (Sojka-Ledakowicz et al. 1998). Rinse water treated by NF or RO was found to have great potential for reuse irrespective of the dyeing recipe (Wenzel, 1998).

1.2.5. Type of membranes

The membrane classification is based on the size of the particles separable. Reverse Osmosis (RO) provides the finest degree of separation, followed by nanofiltration (NF), ultrafiltration (UF) and microfiltration (MF) . The size of the particles separable ranges from a few Angstroms up to a few microns. The operational pressure range from 1-5 bar (MF) units to 30- 50 bar (high-pressure RO systems). When high quality of the water to be reused is required, RO and NF are the possible choices.

RO membranes have a very high molecular cut-off (~200 g/mol), rejections greater than 90% for most ionic species and produce a high quality permeate. Decolourisation and removal of auxiliary chemicals from dyehouse effluents can thus be achieved in one step. NF membranes are ion selective due to negative surface charges and have a lower molecular weight cut-off (200-1000 g/mol). Multivalent anions are retained stronger than monovalent anions. Most dyes can be separated by NF membranes but some of the auxiliary chemicals can penetrate through the membrane into the permeate.

1.2.6. Materials/geometry

Various module material, configurations and membrane geometries exist which are suited to a variety of applications.

Several different polymers can be used to produce polymeric membranes, making it possible to obtain different molecular weight cut off and resistance to specific process fluids. Polysulphone and polyethersulphone are used for the full range of UF membranes. Polyvinylidene fluoride (PVDF) is often used for open UF membranes, whilst polyamide is used as the thin film membrane layer in NF and RO membranes. Cellulose acetate, the first widely used polymer, is still used in certain applications but its use is limited due to its tendency to hydrolyse in alkaline conditions. 

Hostile processing environments, high levels of solvents and other process considerations may dictate the use of ceramic membranes. This technology, normally adopted for UF and MF applications, typically uses an alumina or zirconia coating that is applied to the inside surface of a ceramic support. Whilst the use of this type of membrane is sometimes the only viable proposition, the capital cost is much higher than conventional polymeric membranes. However, in most cases a longer operational lifetime can be expected.

Membranes can be configured in tubular, spiral, flat sheet or hollow fibre arrangements. Tubular membranes can be used to treat viscous liquids with high levels of suspended solids and can be chemically or mechanically cleaned. 

Tubular modules are relatively insensitive to clogging and more effectively cleaned during backwash-procedures. 

Spiral membranes consist of tightly packed filter material sandwiched between mesh spacers and wrapped in a small tube. The high packing density significantly increases their surface area compared with tubular membranes. Spiral membranes require careful pre-filtration to avoid blocking if suspended solids are present. However, developments in spacer designs are helping to increase the number of applications to which spirals are suited. The spacers provide the channels through which the process fluid flows as it traverses the membranes surface, and therefore have a major influence on the ability to resist blocking from solids, as well as on the pressure drop along the length of the element. Spacer developments have included increasing the channel height from about 0.7 mm to over 2 mm, and changes to the geometric form of the spacer to give smoother flow channels. 

1.2.7. Design and evaluation

The choice of the best membrane for the applications requires testing but some basic evaluations have to be done before starting the experimental phase. The characteristics of the process fluid have to affect the choice of the right membrane. The main parameters to be considered are: nature and quantity of suspended solids, dissolved solids, molecular weight of the material, pH and temperature.

The dyeing method affects mainly the specific water consumption and therefore the volume of water discharged: in continuous dyeing processes the specific water consumption is significantly lower than batch dyeing. The dyeing recipe, water consumption, chemical dosage (dyes, salt, etc.) and control parameters are able to affect the membranes performance determining clogging, permeate, flux reduction and other temporary or permanent damages. 

The quality of permeate required is also determinant in choosing the type of membrane process. 

The active membrane layer consists of relatively sensitive material and a membrane is easily damaged by unplanned incidents during plant up-sets. Consequently, a thorough testing phase is required in every single case. Bench-scale tests have to be carried out to find suitable membrane types and obtain first figures on flux performance, rejection characteristics, and fouling tendencies. Lab studies should be undertaken using both synthetic and real effluent samples. Permeate and concentrate obtained from various membrane applications have to be evaluated for reuse and post-treatment. Pilot studies should be carried out thoroughly, to acquire sufficient design data and engineering solutions for operational problems, that can affect the reliability of the process. The data collected should allow for the evaluation of full scale plant performance, of investment and operational costs. Sampling programmes in lab-scale will generally not yield enough information for full scale-up. For this reason pilot-scale experiments have to be run also at the dyehouse by drawing effluent continuously from the running process to account for any possible events.

Fouling of membranes is often a weak point of membrane systems in the treatment of textile wastewater. Dyes can produce a colloidal fouling layer, which introduces a flux decline. An important part of the bench-scale and pilot study have to focus therefore on the investigation of fouling effects at high water recoveries and on the evaluation of the frequency of backwashing cycles with a suitable cleaning solution.

Efficient and cost-effective pre-treatment of the textile wastewater characterised by an high concentration of organic matter have to be tested to control fouling and enhance flux performances. 

The effluents object of the investigations

1.3. Characterisation of the effluents selected for anaerobic tests

Sizing

To strengthen yarn before weaving, some type of sizing such as starch, gelatine, resin or a combination of these with softening substances (oils or waxes) is often applied. So sizing effluent usually has a high organic concentration of residual sizing. For instance, a sizing process from one textile factory in Belgium used 40 kg potato starch, 1 kg solid fat with 500 litre water for one batch. The residual sizing liquid volume (100-120 litre) becomes waste.

Scouring
Scouring removes waxes and destroys vegetable residues in raw materials. Alkali chemical is used to saponify the fats on the fibres. The soap that is formed then serves to emulsify the remaining waxes and to wash away any dirt or other impurities. Waste generated from the scouring process includes sodium hydroxide, waxes, greases, surfactants, chelating agents, sodium silicate, fibrous matter, processing oil, acetic acid, and phosphates.

Bleaching
Fabrics can require bleaching or whitening to prepare them for dyeing or printing or to produce a clear white fabric. Bleaches are chemical substances that oxidise coloured compounds, removing colour. Most generated pollutants from bleaching are hypochlorite, chlorine, caustic soda, acids, hydrogen peroxide, and sodium silicate.

Dyeing

Colour can be applied to fabric at any of the four steps in its processing: Coloured fibres can be manufactured before the fibre is extruded, or dyes can be applied to fibres, to yarn, or to constructed fabrics or finished product. In these processes various dyes, auxiliaries, chemicals, soap will be ending up in the wastewater.

In the experiments conducted for this study, different dyeing wastewaters were used. They were analysed and the data are presented in Table 5. To determine values for colour, spectra were recorded on a UV/VIS spectrophotometer. For scouring of indigo dyed cotton and cotton sulphur dyeing wastewater the maximum absorbance wavelength was identified and this wavelength was used during the experiments to follow the colour removal. Latest experiments were performed with polyamide acid dyeing and cotton reactive dyeing wastewater, and it was decided to try to obtain some extra information on colour removal. During the experiments, the UV/VIS spectra were recorded and after the experiments three wavelengths were chosen that represented best the colour removal process for that specific wastewater. Graphs were made with just those three wavelengths. For both wastewater spectra of different moments in decolourisation are shown in Figure 4, with the three wavelengths indicated. 

Table 5: Characteristics of wastewater streams. Values indicated with ‘*’ are from samples centrifuged for 3 minutes at 10000 rpm before analysis.

	Parameter
	
	Cotton

Sizing
	Scouring of indigo dyed cotton
	Cotton Bleaching
	Cotton Sulphur Dyeing
	Polyamide Acid dyeing
	Cotton Reactive dyeing

	pH
	
	8.3
	5.5
	10.5
	4.6
	6.6
	9.7

	Colour (A)
	420 nm
	-
	-
	-
	-
	-
	0.460 *

	
	475 nm
	
	
	
	
	1.686 *
	-

	
	500 nm
	-
	-
	-
	-
	-
	0.403 *

	
	585 nm
	
	
	
	
	2.421 *
	-

	
	610 nm
	-
	-
	-
	-
	-
	0.286 *

	
	616 nm
	-
	-
	-
	7.5
	-
	-

	
	620 nm
	
	-
	
	-
	2.394 *
	-

	
	674 nm
	-
	14.8
	-
	-
	-
	-

	SS
	mg/l
	400
	504
	562
	513
	101
	29

	COD t
	mg/l
	70675
	11574
	13012
	6027
	2695 *
	365 *

	COD particulate
	mg/l
	68224
	8437
	11051
	5433
	
	

	COD suspended solid
	mg/l
	2451
	3137
	1961
	594
	
	

	COD colloidal
	mg/l
	12195
	654
	1307
	566
	
	

	COD d
	mg/l
	56029
	7783
	9744
	4867
	
	

	BOD5
	mg/l
	2700
	3981
	Not detected
	248
	
	

	BOD5/CODt
	-
	0.038
	0.344
	-
	0.041
	
	

	COD-VFA
	mg/l
	1523
	1520
	241
	4489
	
	

	COD-VFA/CODt
	-
	0.022
	0.13
	0.018
	0.745
	
	

	Acetate
	mg/l
	
	
	
	
	250 *
	14 *

	N-NH4+
	mg/l
	0.30
	4.98
	7.74
	5.14
	
	

	N-NO2
	mg/l
	0.30
	0.30
	1.79
	0.30
	
	

	N-NO3
	mg/l
	0.00
	4.11
	8.34
	0.30
	
	

	N- total
	mg/l
	0.9
	12.50
	25.60
	7.50
	
	

	P-PO43-
	mg/l
	0.82
	3.58
	40.20
	4.03
	
	

	Cl-
	mg/l
	-
	250
	390
	1040
	 -
	10000 *

	(SO42-)
	mg/l
	-
	280
	207
	312
	
	

	Conductivity
	(S/cm
	
	
	
	
	2190
	1023

	Hardness
	(F
	
	
	
	
	7
	10

	Mn
	mg/l
	
	
	
	
	0.032
	< 0.01

	Fe
	mg/l
	
	
	
	
	0.074
	0.061

	Lipids
	mg/l
	1331
	-
	-
	-
	
	


	[image: image4.wmf]0.0

0.1

0.2

0.3

0.4

0.5

400

500

600

700

800

nm

A


	[image: image5.wmf]0.0

0.5

1.0

1.5

2.0

2.5

400

500

600

700

800

nm

A



	Figure 4: Spectra of cotton reactive dyeing wastewater (left) and polyamide acid dyeing (right) at different stages of decolourisation. Based on these spectra three “peak” wavelengths were chosen to follow the decolourisation.


1.4. Characterisation of the effluents selected for membrane tests

Membrane treatment tests were performed on 17 different raw process effluents + 2 anaerobically pretreated. They were selected by focusing on the most important effluent streams in the textile finishing industries as resulted from the analysis of the companies involved in the project. The analysis evidenced that:

· General Facilities department accounts normally for a significant factor of water consumption but the discharged organic load is negligible;

· Preparation, dyeing and printing departments include by far the most important water consuming processes and produce the biggest fraction of organic load discharged in the wastewater. 

· Finishing department: water consumptions and organic load are normally much lower with few exceptions.

Therefore the effluents tested were selected among preparation, dyeing and printing operations, both from the whole processes and from the rinsing phase only. The streams tested are characterized by high variability in the dissolved organic carbon content (DOC) as well as in colour and salinity as reported in Table 6.

Table 6: Main characteristics of the ffluents tested on membrane filtration

	Process
	DOC

mg l-1
	Colour

Abs (cm-1)
	Cond.

μS cm-1

	
	
	426nm
	558nm
	660nm
	

	Polyester scouring
	481
	0.012
	0.004
	0.004
	544

	Polyester double scouring
	737
	0.128
	0.068
	0.047
	552

	Polyester scouring rinsing 
	16
	0.004
	0.002
	0.004
	75

	Polyester disperse dyeing
	300
	0.093
	0.019
	0.005
	747

	Polyester disperse dyeing rins.
	16
	0.005
	0.001
	0.002
	197

	Polyester printed wash.
	305
	0.092
	0.023
	0.011
	1096

	Polyestere disperse print
	57
	0.005
	0.001
	0.002
	570

	Viscose direct dyeing rinsing
	1
	0.007
	0.001
	0.004
	745

	Viscose reactive printed wash.
	700
	0.393
	0.330
	0.153
	1223

	Silk polymer charge
	5699
	0.006
	0.005
	0.001
	2440

	Silk scouring 
	840
	0.056
	0.024
	0.015
	617

	Silk scouring rinsing
	136
	0.016
	0.008
	0.008
	149

	Silk yarn reactive dyeing
	775
	2.813
	3.939
	0.022
	39800

	Silk acid dyeing rinsing
	33
	0.019
	0.022
	0.009
	1619

	Polyamide Acid dyeing
	480
	1.402
	1.693
	1.567
	830

	Cotton Reactive dyeing
	120
	0.466
	0.355
	0.151
	16800

	Cotton Bleaching line
	401
	0.022
	0.01
	0.009
	1670

	Cotton reactive dyeing A.P.
	41
	0.150
	0.049
	0.027
	20058

	Polyamide acid dyeing A.P.
	69
	0.207
	0.062
	0.020
	1407


A.P.= anaerobically pretreated

1.5. Tests performed on the different effluents

According to the different characteristics of the effluents, the following treatment configurations were tested on pilot scale using spiral wound polymeric membranes: UF, NF, NF after UF pre-treatment, RO after UF pre-treatment. A complete overview of the tests performed is given in Table 7, where an “X” indicates a treatment test performed at pilot scale and an “R” indicates that the treated effluent was tested for reuse in lab scale textile processes.
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Table 7: Overview of the tests performed

2. Material and methods

2.1. Anaerobic treatment

2.1.1. Anaerobic sludges used in the experiments

Two granular sludges were used, for different experiments. No special selection was made for each experiment, the choice for a type of sludge depended entirely on the availability of sludge.

“Nedalco sludge”

Granular anaerobic sludge from a full-scale upflow anaerobic sludge blanket (UASB) reactor treating the effluent of an alcohol distillery plant (Nedalco, The Netherlands). The sludge was stored at 4(C and washed and dried on a sieve for 15 minutes before using in experiments.

“Eerbeek sludge”

Granular anaerobic sludge from a full-scale mesophilic UASB reactor treating paper mill wastewater (Eerbeek, The Netherlands). The sludge was stored at 4(C and washed and dried on a sieve for 15 minutes before using in the continuous experiments. For batch tests the sludge was first acclimated at 30ºC until reaching steady state conditions, in an expanded granular sludge bed (EGSB) reactor (5.6 l) operating at a hydraulic retention time (HRT) of about 6 hours and an organic loading rate (OLR) of 2.5 kg COD /m3.day. The substrate consisted of a mixture of glucose and volatile fatty acids (VFA) at a COD ratio of 1:3. The neutralised VFA solution contained acetate, propionate and butyrate at a COD ratio of 1:1:1.  

2.1.2. Batch tests

Three kinds of batch tests have been conducted. As part of the continuous treatment of sizing liquid, batch tests were performed to assess the maximum specific methanogenic activity (SMA) of the granular sludge. The second group consists of degradability tests for sizing liquid, bleaching wastewater, indigo dyed cotton scouring wastewater and sulphur dyeing wastewater. The third group of tests was conducted during the continuous treatment of acid dyeing and reactive dyeing wastewater, to gain more insight on the decolourisation process.  

2.1.2.1. Maximum specific methanogenic activity (SMA) of the granular sludge

The SMA was determined for the seed sludge and the sludge grown in the UASB reactor during the treatment of sizing wastewater.  The activity of the seed sludge and the sludge grown in the reactor was determined by measuring the changes in biogas pressure in the bottles and changes in substrate concentration. Serum bottles with a working volume of 120 ml were used in the experiments. 

A VFA solution and an acetate solution with nutrients and trace elements were used as a substrate. The VFA solution consisted of a mixture of acetate, propionate and butyrate with a of ratio acetate:propionate:butyrate of 1:1.5:1.8 based on COD concentration. An acetate solution was prepared with a concentration of approximately 2 g COD/l.

The basal medium used in the experiment contained (g/l): NH4Cl (0.28), MgSO4.7H20 (0.11), K2HPO4 (2.00), NaH2PO4 (3.33), yeast extract (0.10). Trace elements were added in an amount of 1 ml of trace element solution per litre of medium. The trace element solution contained (g/l):

H3BO3 (0.05), FeCl2.4H2O (2), ZnCl2 (0.05), MnCl2.4H2O (0.05), CuCl2.2H2O (0.03), NH4SeO3.2H2O (0.05), AlCl3.6H2O (2), NiCl.6H2O (0.05), NaSeO3.6H2O (0.1), EDTA (1), resazurin (0.2); HCl (0.001ml/l).

All experiments were performed in duplicates or triplicates (R1, R2, R3, additions were done without without changing (replacing) medium and biomass) using 1 g VSS/l in the assay. SMA of granular sludge was determined before set up of the reactor and each time when the HRT was increased. The serum bottles contained 50 ml of granular sludge (1 g VSS/l), the standard VFA or acetate with concentration of 2 g COD/l, basal medium and trace elements. Acetate or VFA standard was added from a neutralised stock solution containing 100 g COD/l. The serum bottles were closed and the gas phase was changed to N2/CO2 (70/30). 1ml/l of Na2S (1M) was added to obtain completely anaerobic conditions. The serum bottles were incubated in a temperature room at 30±2(C and shaken at 50 rpm. Samples were taken 3-4 times per day for determination of VFA and pressure. In these experiments, the third successive feed was used for calculation. After termination of each feed, the concentrated standard VFA or acetate solutions were injected into the bottles using syringe and needle.

2.1.2.2. Anaerobic degradability tests

The basal medium used in the experiment, contained nutrients and trace elements in the concentrations described in the previous section.

The experiments were performed in 1000 or 500 ml glass serum bottles. The bottles contained 500 ml of basal medium (100 ml), Nedalco granular sludge (2 g VSS/l), and wastewater that was diluted with demineralised water to obtain the desired total COD concentration around 5200 mg COD/l for sizing, 6027 mg COD/l for dyeing, 5787 mg COD/l for scouring, and 5027 mg COD/l for bleaching. Sodium bicarbonate also was added to the mixture with a ratio of 1g NaHCO3/g non-acidified COD. The amounts of NaHCO3 added were 4.975 g per 0.5 litre for sizing, 0.8 g per 0.5 litre for dyeing, 2.9 g per 0.5 litre for scouring, and 2.45 g per 0.5 litre for bleaching wastewater. Then the serum bottles were closed with a butyl rubber septum (Rubber B.V., Hilversum, The Netherlands) and flushed with an N2/CO2 (70/30) gas mixture. To ensure completely anaerobic conditions, 1 ml/l Na2S (1M) was added to each bottle. All bottles were incubated at 30±2(C on orbital-motion shaker at 50 rpm (Gerhardt, Bonn, Germany). Sludge was let to settle for 5 minutes before samples were collected for determination of pH, VFA, CODd, and CH4. Time period of the assay was about 30-32 days. 

2.1.2.3. Effect of the initial wastewater concentration on anaerobic degradability

The experiment at different initial CODt concentrations was performed to assess the effect of the wastewater concentration on the anaerobic biodegradability rate with three of the wastewater streams: sulphur dyeing, indigo dyed cotton scouring and bleaching.

The basal medium used in the experiment had the following composition:

Nutrients (g/l): 

NH4Cl (0.28), MgSO4.7H20 (0.10), CaCl2.H20 (0.075), KH2PO4 (0.25), yeast extract (0.10).

Trace elements (g/l): 
H3BO3 (0.05), FeCl2.4H2O (2), ZnCl2 (0.05), MnCl2.4H2O (0.05), CuCl2.2H2O (0.03), NH4SeO3 .2H2O (0.05), AlCl3.6H2O (2), NiCl.6H2O (0.05), NaSeO3.6H2O (0.1), EDTA (1), resazurin (0.2); and HCl (0.001 ml/l). 
Initial wastewater COD concentrations used, are given in Table 8. To obtain a filtered sample a 4.4 µm folded paper-filter (Schleicher & Schuell 5951/2, Germany) was used. Dilution to lower concentrations was done with demineralised water.

Table 8: Experimental set-up for the assessment of the effect of the initial wastewater concentration on degradability. All concentrations are in mg COD/l

	Experiment number
	Sulphur dyeing
	Scouring
	Bleaching

	R1
	2223
	3010
	3004

	R2
	4368
	6019
	6007

	R3
	6539 (raw)
	6007 (filtered)
	8769

	R4
	5885 (filtered)
	9029
	13049 (raw)

	R5
	-
	11575 (raw)
	11960 (filtered)

	R6
	-
	8437 (filtered)
	-


The experiments were performed in 1000 and 500 ml glass serum bottles. The bottles contained 250 ml of basal medium (50 ml), Nedalco granular sludge (10 g VSS/l), and different wastewater concentrations as described previously (substrate). For raw wastewater, the nutrient was added in powder form directly to the serum bottles, to assure that no lack of nutrients would occur during the tests.  After addition of sodium bicarbonate, sulphuric acid was added to adjust the pH to 7±0.5. Then the serum bottles were closed with a butyl rubber septum (Rubber B.V., Hilversum, The Netherlands) and flushed with N2/CO2 (70/30). To ensure completely anaerobic conditions, 1 ml/l Na2S (1M) was added to each bottle.  All bottles were incubated at 30±2(C on an orbital-motion shaker at 50rpm (Gerhardt, Bonn, Germany). Sludge was let to settle for 5 minutes before samples were collected for determination of pH, colour, VFA, CODd and CH4. All experiments were carried out in duplicates and included a blank sample. The experiment was carried out with two successive feedings until a steady state was obtained. After termination of the first feed, the supernatant liquid was removed by siphon and replaced by a fresh full second feed and the procedure was the same as for the first feed. 

2.1.2.4. Decolourisation tests

All batch tests were conducted in 120-ml serum bottles containing 50 ml of wastewater and a N2-CO2 (70%-30%) headspace. As co-substrate either a VFA/Glucose solution or a textile size waste stream were used. The VFA/Glucose stock solution had a concentration of 150 g COD/l, the size liquid had a concentration of 60 g COD/l. For the processes and the composition of the wastewaters see chapters 3 and 4. Before use in the experiments the pH of the wastewaters was adjusted to pH=7. As a redox mediator anthraquinone-2-sulphonate (AQS) was used.

Bottles were filled with 50 ml wastewater, Eerbeek sludge in a concentration of 1.3 g VSS/l and mediator where applicable, then closed with butyl rubber stoppers and sealed with aluminium crimp caps. The gas phase was then changed to N2-CO2 and the co-substrate was added where applicable. Bottles were incubated at 30(C for mesophilic experiments, and at 55(C for thermophilic experiments. All bottles were shaken at 50 rpm. As the focus of the experiments is decolourisation, only colour was analysed. No nutrients were added to the wastewater.

2.1.3. Reactor experiments

2.1.3.1. Anaerobic treatment of sizing liquid

The potential for the treatment of high strength sizing effluents in the UASB system was assessed, with changing organic loading rate (OLR), hydraulic retention time (HRT)

The experiment was performed using a lab-scale UASB reactor in a controlled temperature room (30±2(C). The reactor configuration is shown in Figure 5. 

The UASB had an internal diameter of 90 mm, and a total height of 300 mm. Total reactor volume was 2.1 litre. Biogas produced was lead through an alkaline liquid (10% NaOH) displacement system, to remove CO2. Methane production was measured with a gas meter (Meterfabriek Schlummbergen, Dordrecht). Raw wastewater (stored at 10(C for the duration of the experiments) and buffer (NaHCO3) were mixed and fed to the reactor with a variable speed peristaltic pump (Watson Marlow, UK). Nutrient solution was pumped to the reactor using a Minipuls 3 peristaltic pump, (France). This mixture and the nutrient solutions were stored at 20± 5(C (not in the refrigerator) during the operation of the reactor. 
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Figure 5: Scheme of lab-scale UASB reactor used for the treatment of sizing liquid.

A nutrient and trace elements solution was supplied to the influent by a neutralised stock solution with a dose of 6 ml nutrients solution and 0.1 ml trace solution for 1 litre of influent. Composition of the stock solution was as follows (g/l): NH4Cl, 0.75; MgSO4.7H2O, 15; K2HPO4, 212; NaH2PO4, 276; CaCl2.2H2O, 3; yeast extract, 5. The trace element solution contained (g/l): H3BO3 (0.05), FeCl2.4H2O (2), ZnCl2 (0.05), MnCl2.4H2O (0.05), CuCl2.2H2O (0.03), NH4SeO3 .2H2O (0.05), AlCl3.6H2O (2), NiCl.6H2O (0.05), NaSeO3.6H2O (0.1), EDTA (1), resazurin (0.2); and HCl (0.001 ml/l). 

Following the Guide to anaerobic laboratory work (1999), an amount of sodium bicarbonate solution should be added to wastewater in the ratio of 1 g NaHCO3 / g COD non-acidified wastewater to prevent the pH of the influent dropping under 6.5. In this case 0.995g NaHCO3 was added per g influent COD.

Nedalco granular sludge was used in the experiment. Before running with real wastewater the granular sludge was adapted with a VFA solution that consisted of a mixture of acetate, propionate, butyrate (acetate:propionate:butyrate being 1:1.5:1.8 on a COD concentration basis), with a total COD concentration of approximately 3 g/l.

The reactor was inoculated with 315 g wet granular sludge (30 g VSS / dm3 volume of reactor) which was first dried on a sieve for 15 minutes. Concentration of volatile suspended solid (VSS) was 9.55%. The maximum specific methanogenic activity of sludge determined with VFA solution was about 1.35-1.41 g COD /g VSS.day.  

Operation of experimental UASB-reactor

According to instructions of Hulshoff Pol (1998) concerning the start up of the reactor, the wastewater was diluted with tap water to obtain an influent of around 2000mg COD/l. Every day influent was prepared by diluting raw wastewater with tap water and buffering with NaHCO3 (powder). The initial hydraulic retention time (HRT) was 15 hours and the organic loading rate (OLR) was 3.2 kg COD/m3.day. The loading rate was gradually increased along with the improving COD treatment efficiency, viz. each time when a 75-85% COD reduction or higher was obtained and VFA was less than 100mg/l or pH did not drop. HRT was changed from 15, 12, 10, 8 and 6 hour, organic loading rate was increased 3.2, 4.0, 4.8, 6.0, and 8 kg COD/m3.day to assess maximum loading rate.  

2.1.3.2. Anaerobic treatment of dyeing wastewater

The used reactors were Expanded Granular Sludge Bed type reactors, operational parameters are given in Table 9 and the reactor set-up in Figure 6. 
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Figure 6: Schematic reactor set-up

Table 9: Operational parameters for EGSB type reactors used in this study

	
	Acid dyeing
	Reactive dyeing

	Effective volume (l)
	2
	2

	Water height (m)
	0.82
	0.82

	Organic Loading Rate (g/l.d)
	4
	1

	Upflow velocity (m/h)
	10
	10

	Influent Flow (l/d)
	3
	5.5

	Hydraulic Retention Time (h)
	16.2
	8.8


The reactors were inoculated with 650 g wet granular sludge (( 15.6 g VSS / dm3 volume of reactor).

Samples were taken for analysis on Colour, COD and VFA. Methane production was measured using gas meters and a NaOH carbon dioxide trap. An empty Erlenmeyer flask was connected between the reactor and the flask containing NaOH solution, to prevent accidental back flow of sodium hydroxide to the reactor.

The dye wastewater does not contain enough material that can act as a co-substrate for the biomass. As carbon source a third textile waste stream was chosen, size liquid. To give yarns strength during weaving, they are covered with a protective layer, a “size”. One of the materials that can be used as a cover is a mixture of starch and fat in water. In case of the size liquid that was used, it consists of 500 litre water, 40 kg starch and 1 kg solid fat. Of every size bath around 150 litres are discharged after the process. This waste stream is highly concentrated, with a COD of around 60 g/l. It contributes considerably to the total COD load of a factories’ effluent, so it would be an improvement if this waste stream could be separated from the rest of the wastewater and used for a treatment purpose such as anaerobic decolourisation.

2.1.4. Analyses

2.1.4.1. COD

COD of the wastewaters was determined using the cuvette method of Dr Lange.

Sizing liquid

Raw samples were analysed for total COD (CODt), 1.0-1.6μm glassfaser rundfilter (Schleicher & Schuell GF 52, Germany) samples for particulate COD (CODp) and 0.20μm membrane filter (Schleicher & Schuell NL 16, Germany) samples for dissolved COD (CODd). Suspended solids COD (CODss), and colloidal COD were calculated as the differences between CODt and CODp and the difference between CODp and CODd respectively. 

Acid dyeing wastewater

Centrifuged sample (10000 rpm for 4 minutes) was diluted 1:1 with demineralised water to assure the sample COD would be within the 100-2000 mg COD/l range of the cuvette. 

Reactive dyeing wastewater

Centrifuged sample (10000 rpm for 4 minutes) was diluted 1:10 with demineralised water to assure that the chloride concentration of the sample would be below 1 g/l. A higher concentration causes precipitation of chloride with the chromate in the cuvette and this interferes with the measurement, leading to too high COD values.

2.1.4.2. Colour

Indigo dyed cotton scouring and black sulphur dyeing wastewaters

In order to detect maximum absorbance, samples were diluted in the ranges 2, 5, 10 and 20 times in phosphate buffer (10.86 g/l NaH2PO4.2H2O; 5.38 g/l Na2HPO4.H2O). These mixtures were measured spectrophotometrically with a UV/VIS spectrometer Lambda 12 with 200-900 nm to detect the maximum absorbance. For later analyses the samples were diluted 10 times and measured spectrophotometrically with a Spectronic 60 spectrophotometer (Milton Roy Analytical Products Division, Oostende, Belgium) at the absorbance maximum of 674 nm for indigo dyed cotton scouring wastewater and 616 nm for sulphur dyeing.

Polyamide acid dyeing and cotton reactive dyeing wastewaters

Absorption was measured in centrifuged samples (10000 rpm) at various wavelengths using a UV-VIS spectrophotometer (Perkin-Elmer Lambda 12). To determine the suitable wavelengths first a complete scan was made from 200 to 800 nm. The part between 200 and 400 nm showed a lot of distortion, and from 700 to 800 nm the spectrum was almost flat. Therefore it was decided to look only at the range of 400 to 700 nm. Decolourisation graphs can best be made for certain wavelengths. For both waters the wavelengths were chosen according to the decolourisation ‘pattern’ shown during the experiment. The chosen wavelengths will be explained for each wastewater in its respective chapter.

2.1.4.3. Volatile Fatty Acids (VFA)

The size solution used as co-substrate in the reactor will lead to formation of VFA. Effluent samples were analysed for VFA using a gas chromatograph. Characteristics of the GC are:

Gas Chromatograph


- 5890 A

Injector




- 6890 series (HP)

Autosampler controller


- G1512 A (HP)

Column
- 2 m x 2 mm glass column

(packed with Supelcoport 100-120 mesh, coated with 10% Flourad FC 431)

Carrier gas




- Nitrogen

Detector




- Flame Ionisation Detector

Oven temperature



- 130°C

Injector temperature


- 220°C

Detector temperature


- 240°C

Software




- Chromeleon 6.01 Build 447 (Under Windows NT)

2.1.4.4. Methane

During the batch experiments for anaerobic biodegradability of sizing liquid, scouring wastewater, sulphur dyeing wastewater and bleaching wastewater the accumulation of produced methane gas was measured with a Marriott displacement set up filled with 1.5 % NaOH solution (see Figure 7). 
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Figure 7: Marriott displacement system to measure methane

During the experiment to measure the maximum specific methanogenic activity (SMA) of the granular sludge, the pressure in the bottles was measured with a LCD (0-4 bar) pressure device. 

2.1.4.5. SO42-, Cl-, PO4
Sulphate (SO4), chloride (Cl-), and phosphate (P-PO4) were measured by ion chromatography (Packing Chrompack Ionosphere). 

2.1.4.6. Lipids

Total lipids were determined according to Sanders et al. (2001), the samples were acidified with concentrated HCl to pH 1 and subsequently filtered through filter paper (Schleicher & Schuell 5951/2) overlaid with suspension filter powder (1g). Filter paper and solids were fitted into a Soxhlett extraction thimble (Schleicher & Schuell, extraction thimbles 33x118mm) that was dried in an oven at 103(C for 1.5h. The weighed extraction flask and add 150ml petroleum ether was connected to a Soxhlett apparatus. Lipid was extracted at a rate of 20 cycles/h for 4h (APHA, 1995). After evaporation of petroleum ether, the flask was weighed and then total lipid was calculated by the difference from the initial weight. 

In order to detect maximum absorbance, samples were diluted in the ranges 2, 5, 10 and 20 times in phosphate buffer (10.86g/l-NaH2PO4.2H2O; 5.38g/l- Na2HPO4.H2O). These mixtures were measured spectrophotometrically with a UV/VIS spectrometer Lambda 12 with 200-900nm to detect the maximum absorbance. Then colour was diluted 10 times and measured spectrophotometrically with a Spectronic 60 spectrophotometer (Milton Roy Analytical Products Division, Oostende, Belgium) at absorbance maximum of 674nm for scouring and 616nm for dyeing.

2.1.4.7. Respirometry

Respirometry was used to assess changes in the aerobic biodegradability of the wastewater after treatment. Figure 8 shows a schematic set-up of a respirometer.
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	Figure 8: Respirometer (schematic)
	Figure 9: used RA1000 respirometer


The aeration vessel (1) maintains the experimental conditions constant. Aeration, pH and temperature are controlled. The respiration chamber (2) is where the oxygen concentrations are measured. Because of the valves (3) only one oxygen probe (4) needs to be used: the valves cause the flow to intermittently pass the electrode on the way in and the way out of the respiration chamber. With those oxygen concentrations the respiration rate is calculated. Figure 9 is a photo of the respirometer used in the experiments, a RA1000 type. For more information on respirometry see TOWEF0 deliverable 10. 

Sludge was collected at the municipal treatment plant of the village Bennekom. It was sieved before use. Experimental conditions of the respirometric tests were: Volume respiration chamber = 0.728 litre, sludge volume = 1.75 litre, pump flow = 16 l/h, T = 20(C, pH = 7.

2.2. Membrane treatment

2.2.1. The experimental equipment

2.2.1.1. SDI

The choice of the right membrane for the full scale application requires testing but some basic evaluations have to be done before starting the experimental phase, based on the characteristics of the effluent to be treated and on the quality of permeate required. The main parameters to be considered are the ones determined during the preliminary characterisation. In particular for RO and NF processes, the SDI is a very significant parameter.

Silt Density Index is measured with an automatic instrument AutoSDI (Automated SDI Tester) by Osmonics Inc.

SDI value is related to the decreasing of flow rate during 15 minutes filtration through a 0.45 mm filter. During the test, a constant pressure of 30 psi (2,07 bar) is applied on the feed. The time required to collect 500 ml of filtered flow is registered at the beginning (t0’) and after 5, 10 and 15 min filtration. If the time for filling the first 500 ml is superior than 3 min, the test is automatically stopped resulting in the clogging of the filter.

Formula used for the SDI calculation are:

SDI5 = [1 – ( t0’ / t5’ )] . 100/5

SDI10 = [1 – ( t0’ / t10’ )] . 100/10

SDI15 = [1 – ( t0’ / t15’ )] . 100/15

Where t0’ indicates the time (in sec) required to fulfil 500 ml at the beginning of the test; t5’ is the time required to fulfil 500 ml after 5 min filtration, the same for t10’ after 10 min filtration and t15’ after 15 min.

Maximum value of these indexes are:

SDI5 max = 20 ;               SDI10 max = 10;               SDI15 max  = 6,7.

The index usually reported as SDI is SDI15, which gives a response on the kind of membrane to be properly used (UF, NF, OI). Values superior to 6 indicate that NF and OI are not possible without a pre-treatment. Nevertheless, experimental trials of direct NF were carried out without clogging the membrane even if the SDI test suggested a different behaviour (time for filling 500 ml at the beginning of the test was superior than 3 min).

2.2.1.2. Bench scale plant

Trials on laboratory scale have been carried out on the SEPA CF Membrane Cell, by Osmonics Inc. (see picture in Figure 10)

SEPA CF is a bench-scale membrane system that mimics the operating crossflow conditions of a spiral wound membrane element. The membrane system uses a flat sheet membrane cell with an effective membrane surface area (dimension of the sheet 190x140 mm),with feed and permeate spacers and tangential feed flow as in spiral wound systems. The cell is held closed pneumatically by a piston clamping mechanism and can provide pressures up to 6.9 bar. For security reasons, the internal preassure cannot overcome the pressure provided on the cell.

Membranes for RO, NF, UF and MF can be tested on the SEPA CF.

The feed solution is pumped within the lower part of the cell where it flows tangentially to the membrane surface. The permeate flow crossing the membrane is collected toward the centre of the upper part of the cell through a permeate carrier. The concentrate flow is collected in the lower part of the cell where a valve regulate the circulation of the concentrate and a manometer indicates the operational pressure.
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Figure 10: Picture of the bench scale test equipment SEPA CF

On several membrane sheets allocated in the bench scale system, two kind of trials have been carried out:

· Characterization of the membrane with deionised water

· Complete recirculation test, using real effluents

In this way, a preliminary evaluation on the affinity existing in the combination of a specific effluent and a membrane type is possible observing the decreasing of flow rate passing from pure water to real effluent and the quality of the permeate, as described below (see description of experimental activities § 3.2.3.1. and results in chapter 4). The bench scale SEPA is therefore used to select the proper membrane to be used in the further pilot scale investigation. Anyway, the flux values obtained, even if good for comparison among various membranes, are not reliable for pilot scale/ full scale fluxes estimation. In fact, important differences between bench and pilot scale were observed while the quality of the permeate obtained on bench scale were normally in accordance with the values obtained from the pilot run.

2.2.1.3. Pilot scale plant

The pilot scale plant MEMBRATEST by Osmonics Inc. allows for the evaluation of tangential MF UF NF and RO, implementing the same fluidodynamics of the full scale plants.

The plant is composed of:

· 50 l tank to stock the feed (it can be used also in washing operations)

· pre-filter made of polypropylene fiber (length: 24.8 cm; pore diameter: 5 -20 mm);

· centrifugal feeding pump up to 5 bar;

· additional pump up to 20 bar;

· a vessel to install a spiral wounded polimeric membrane (diameter 4,6 cm, length 30,5 cm, membrane surface 0,3-0,4 m2);

· a vessel to install a ceramic tubular membrane (not used);

· flow control valves, manometers and flowmeters.

The plant is made of stainless steel AISI316L with the exception of flow meters and permeate and concentrate pipes which are in plastic material resistant to high temperatures and acid/basic conditions (see picture in Figure 11).

In order to control the temperature from growing, due to the pressure applied and the attrition during the filtering, the concentrate recirculation pipeline passes through a 200 l tank filled with water. In this way it is avoided to reach temperature as high as 50 °C which can damage the membrane, and a more gradual temperature change is guarantee (growing 1°C every 15’).
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Figure 11: Picture of the pilot scale plant

On the pilot plant, the trials carried out, beside the characterization with deionised water and the complete recirculation test with real effluents (as described for the bench scale system) are:

· Concentration effect test with real effluent 

· Second characterization with deionised water.

These trials allow for an evaluation of the effect on the permeate quality of growing concentration of the feed as for the operative conditions of a full scale plant. By the second characterization it is possible to evaluate fouling phenomena on the surfaces and the relative cleaning requirements (see description of experimental activities § 3.2.3.2. and results in chapter 4).

2.2.1.4. Membranes

The membrane moules selected for the experimental activity are polymeric spiral wounded produced by Osmonics Inc., surface 0,35 m2.

In the following Table 10, Table 11, Table 12 all the characteristics of the membrane used are reported, as given by the producer:

Table 10: Characteristics of UF membranes

	Membrane:
	MW
	PW
	GH
	GK
	ER

	Type
	UF
	UF
	UF
	UF
	UF

	Material
	polyacrilonitrile mod.
	polyether sulphone
	thin film processo
	thin film processo
	poly-sulphone

	p op.
	2.1 bar
	2.1 bar
	10.3 bar
	4.8 bar
	3.4 bar

	p max
	
	
	
	
	

	T max
	
	50°C
	50°C
	50°C
	

	pH range
	
	2-11
	1-11
	2-11
	

	Rejection or MWCO
	50000-100000 D
	12000 D
	1000 D
	2000 D
	15000-30000 D

	Permeability
	>600 l/(h*m2)
	500 l/(h*m2)
	10 l/(h*m2)
	20 l/(h*m2)
	350-525 l/(h*m2)


Table 11: Characteristics of NF membranes
	Membrane:
	DK
	DL
	CK
	HL

	Type
	NF
	NF
	NF
	NF

	Material
	thin film processo
	thin film processo
	cellulose acetate
	thin film standard

	p op.
	6.9 bar
	6.9 bar
	6.9 bar
	6.9 bar

	p max
	41.37 bar
	41.37 bar
	
	41.37 bar

	T max
	50°C
	50°C
	
	50°C

	pH range
	2-11
	2-12
	
	1-10

	Rejection or MWCO
	98% MgSO4
	98% MgSO4
	60-75 % NaCl
	98% MgSO4

	Permeability
	26 l/(h*m2)
	44 l/(h*m2)
	17-26 l/(h*m2)
	44 l/(h*m2)


Table 12: Characteristics of RO membranes
	Membrane:
	AD
	AE
	AG
	AK
	SC
	SE
	SG

	Type
	RO
	RO
	RO
	RO
	RO
	RO
	RO

	Material
	thin film poly-ammide standard
	thin film poly-ammide standard
	thin film poly-ammide standard
	thin film poly-ammide standard
	S thin film poly-ammide processo
	S thin film poly-ammide processo
	S thin film poly-ammide processo

	P op.
	55 bar
	55 bar
	13.8 bar
	6.9 bar
	55 bar
	27.6 bar
	13.8 bar

	P max
	82.74 bar
	82.74 bar
	41.37 bar
	41.37 bar
	82.76 bar
	41.37 bar
	41.37 bar

	T max
	50°C
	50°C
	50°C
	50°C
	50°C
	50°C
	50°C

	pH range
	4-11
	4-11
	4-11
	4-11
	2-11
	4-11
	2-11

	Rejection or MWCO
	99.5 % NaCl
	99.2% NaCl
	99.5% NaCl
	99% NaCl
	99.5% NaCl
	99% NaCl
	98% NaCl

	Permeability
	6 l/(h*m2)
	10 l/(h*m2)
	21 l/(h*m2)
	38 l/(h*m2)
	5 l/(h*m2)
	7 l/(h*m2)
	14 l/(h*m2)


2.2.2. Analytical characterization

For the characterization of raw effluents, permeates and concentrates produced by membrane filtrationstandard methods have been applied according to the procedures I.R.S.A. – C.N.R. (C.N.R., 1994) and Standards Methods (A.P.H.A., 1989).

Sampling methods are described in the following, depending on the experimental trial.

2.2.2.1. TOC

The measurements are made through a TOC analyser, PC-supported, “TOC-VCPH/CPN – SHIMADZU”. The sample undergoes a catalysed combustion at 680 °C and the gaseous emissions pass an infrared analyser which measures the quantity of the produced CO2, as absorbance of infrared rays. A varying electrical potential shows the energetic gap produced by this absorbance; integrating and calibrating the curve representing the signal, the analyser gives a measure of the Total Organic Carbon present in the sample, as an average value of three measurements on the same sample.

The superior limit of the measure range is 2000 mg l-1; over this value a dilution is required which can be activated with an instrument’s function of self dilution with pure water.

As the procedure of sampling always requires a pre-filtration step (0,45 mm) before analysing the samples, the value of TOC coincides with the Dissolved Organic Carbon (DOC) since all the compounds are in a dissolved form. Organic content can be represented both with TOC and with DOC. Pure water is used before and after each measurement series to assure the cleaning of the surfaces. Beside the TOC, the analyser gives a measure of TC (total carbon) and IC (inorganic carbon) as well.

2.2.2.2. SST

The Standards Methods procedure is used, with a filter of 1.1 mm porosity. The method resulted not very reliable for values inferior to 5 mg/L therefore the SST in the membrane permeate is never reported. The values in feed and concentrate are always reported but, below the threshold value, they have to be considered only as reference values.

2.2.2.3. Conductivity

The instrument is a termistore conductivity-meter, commercial name LF 197/LF 197-S – WTW, which automatically gives a normalised value of conductivity at the temperature of 20 °C, through a non-linear function, standardized by the German norms DIN.

2.2.2.4. Temperature

A laboratory Hg thermometer is used.

2.2.2.5. pH

A glass electrode pH-meter, Model SA 520, is used.

2.2.2.6. Turbidity

A laboratory instrument RATIO TURBIDIMETER HACH MODEL 18900 is used. The superior limit of its validity range is 200 NTU.

2.2.2.7. Colour

Colour is measured in terms of absorbance on an optical path of 1 cm, on 0.45 mm filtered samples, at three (426, 558, 660 nm) or six (426, 558, 660, 436, 525, 620 nm) wave lengths commonly used to characterise textile effluents. Colour is proportionally growing with absorbance. The spectrophotometer used is “UV-Vis Unicam Spectrophotometer Helios-α – Thermospectronics”.

2.2.3. Experimental activities

2.2.3.1. Selection of membranes on bench scale tests

2.2.3.1.1. Characterization -BS

Membrane characterization consists of circulation of deionised water fed to the equipment in order to evaluate the maximum flow rate and eventual loss of flow rate due to fouling on the membrane surfaces.

Comparing the fluxes obtained with pure water and with the real effluent in subsequent tests, affinity between membrane and effluents emerges as the grade of reduction of flow rate passing from water to real effluent filtration. After cleaning the membrane a new characterization is normally carried out in order to evaluate the recovery of permeability.

Membrane sheets are tested with constant pressure (depending on the membrane type, up to 6.9 bar), feeding the apparatus with a 4 -5 l tank of deionised water and recirculating continuously both permeate and concentrate flows produced.

Bench scale characterization is not possibile for RO membranes.

For each BS characterization carried out on the various effluents, the table of flow rates determined at varying temperatures for each membrane tested, usually at one fixed pressure, is reported for each effluent tested (chapter 4).

2.2.3.1.2. Complete recirculation test –BS

It consists of a filtration with real effluent, whose permeate and concentrate are continuously recycled in the feeding tank for 1 hour, without discharging the permeate produced, assuring an almost constant concentration of the feed.

Operational pressure is fixed according to the type of membrane (up to 6.9 bar).

Samples are taken at the beginning and at the end of the trial (250 ml) to compare the quality of the permeate. 

Evaluating the loss of flow rate and the quality of the permeate after 1 hour filtration at constant conditions, it is possible to assess if fouling occurs on the surface due to the inter-actions between effluent and membrane emerging with the passing of filtration time, as the feeding quality can be considered constant.

All the membrane showing a good behaviour during the characterization have been submitted to the complete recirculation test. The membrane cell is fed with 3 l effluent and sample of 50 ml are collected.

The run is represented by two tables:

1. flow rate with real effluent at constant feed concentration and relative decrease in flow rate in reference to the value with pure water;

2. quality of the permeate sampled after 5’ or 15’ filtration.

2.2.3.1.3. Choice of the membrane

Only the membranes selected by giving better performances (in terms of fluxes and quality of permeates) on complete recirculation test on bench scale have been tested on pilot scale.
2.2.3.2. Pilot scale run

2.2.3.2.1. Characterization -PS

Passing from the bench scale to the pilot plant, only the membrane selected by giving better performances on lab scale has been characterized on pilot scale with a tubular spiral wound geometry, as described in the experimental equipment (§ 3.2.2.3).

Characterization on pilot scale is performed by filtrating and continuously recirculating 25 –27 l deionised water (from the feed tank) and recirculating the concentrate at 250 l·h-1 flow rate.

The cooling step through the water tank (§ 3.2.2.3) is by-passed during the characterization. In this way, the temperature is free to grow (due to the pumping and attrition on the membrane surface) and its effect on the filtration is monitored

Characterization is performed at different pressure conditions depending on the filtration type:

· UF (1,4 bar; 1,9 bar; 2,3 bar; 2,8 bar)

· NF (6 bar; 6,9 bar; 9 bar)

· RO (6 bar; 10 bar; 13.8 bar)

During the sampling (250 ml) the flow rate is evaluated measuring the time required to fulfil a given volume.

It is possible to evaluate: maximum flow rate obtainable; variation of flow rate with pressure at a given temperature or vice versa; presence of fouling phenomena on the surface.

As for the BS characterization, the pilot scale characterization is represented by a table of flow rates determined at varying temperatures for each membrane tested, for the pressure values in the range.

2.2.3.2.2. Complete recirculation test -PS

The test is described above (§ 3.2.3.1.2) for the bench scale system; the feed tank is fulfilled with at least 27 l of real effluent. The concentrate recirculation flow rate is fixed at 250 l·h-1.

Measurements of flow rate and temperature are taken every 15’ –20’.

It is possibile to evaluate eventual interactions occurring between membrane and effluent with time.

The results are presented in the tables:

1. flow rates at varying temperature at fixed time intervals (mostly 0’, 15’, 30’, 45’, 60’);

2. quality of the permeate at the beginning and at the end of the run (or an average of both values).

2.2.3.2.3. Concentration effect test -PS

The same volume completely recycled in the previous run is used as initial feed for the complete recirculation test; the concentrate recirculation flow rate stays 250 l·h-1.

In the concentration effect test, the concentrate is continuously recirculated in the feeding tank (real effluent) while the permeate is discharged. These conditions bring to a growing concentration in the feeding tank with the time, while reducing the initial feed volume up to the 80%. Starting with a feed volume of 25 l, four discharges of 5 l are carried out implying 20% increase in concentration each.

The membrane is therefore used in conditions more similar to those applied in a full scale plant where the produced permeate is continuously diverted and the concentration of the influent can vary and easily grow.

The concentration effect is monitored with the permeate flow rate and quality. Evaluation on the concentration growing limit not compromising the permeate quality , are possible.

Samples are taken at known level of concentration (known quantity of permeate discharged and consequently feed volume reduction, 20, 40, 60, 80 %) in order to evaluate the quality through an analytical campaign. Measurement of flow rate and temperature are also taken. Where the feed volume was not enough, samples have been collected only at three intervals 0, 30 and 60% or 0, 40 and 80 %.

During the tests, temperature is almost constant since the concentrate recycling pipe passes through the cooling tank. The operational pressure is the one indicated by the membrane producer. Depending on the type of filtration:

· UF (2,1 bar)

· NF (6,9 bar)

· RO (13,8 bar)

Results presented effluents by effluents are:

1. flow rates normalized at 25°C at increasing feed concentrations

2. quality of the permeate sampled

3. trend of the TOC value in the permeate compared with the TOC in the feed at the same feed concentration level

2.2.3.2.4. Second characterization –PS

At the end of the concentration effect test, a second characterization is performed as described above (§ 3.2.3.2.1).

Comparing the two characterization’s flow rate, it is possible to evaluate if permanent fouling phenomena occurred during the filtration. Comparing the second characterization flow rate with the flow rate decrease normally observed during the concentration effect test, it is possible to evaluate whether such a decrease is due to 

The tables reported for each run are:

1. table of flow rates determined at varying temperatures for each membrane tested, for the pressure values in the range (as for the first characterization)

2. table of percentage decrease in flow rate in comparison with the first one.

2.2.3.2.5. Conclusions on the pilot scale run

At the end of the series of run described above (§3.2.3.2.) a general conclusion on the behaviour of the membrane with the specific effluent is reported and represented by:

1. general comparison of flow rates registered during all the trials;

2. quality of the permeate and percentage abatement of the main parameters;

3. for train treatment UF+NF and UF+RO a combined overall efficiency is reported.

2.2.3.3. Data elaboration

In the following, elaborations to normalise the data collected during the experimental campaigns are reported, with reference to temperature and TOC.

2.2.3.3.1. Temperature -normalised flow rates

During the trials, the temperature of the feed can not be completely maintained at constant values so the permeate flow rate has to be related to different temperatures. Temperature is greatly influencing the flow rate: a normalization at a fixed reference temperature is therefore required.

The formula (Glutina et al., 2000) used to normalized at 25 °C the flow rates obtained at different temperatures is the following:
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where the value of the parameter k has to be determined.

From the characterization data on pilot scale, a reference value of permeate flow rate is related to standard pressure and temperature conditions. Permeability obtained at different temperature, at constant pressure, have been corrected applying the formula above, in order to obtain the flow rate at the reference temperature. By applying the equivalence of the permeability values (the reference one and the corrected one) it is possible to determine the k value minimising the sum of square errors between corrected values and the reference flow rate.

So, it was possible to fix a k value for each trial at constant pressure, for each membrane used. Neglectable approximation allows for using one only average k value for each membrane.

K values obtained for some membrane and used for the data elaborations, are reported in the following:

· membrane MW :  k = 0,008;

· membrane PW  :  k = 0,011;

· membrane DK  :  k = 0,029;

· membrane DL  :  k = 0,020.

Unless differently reported in the results section (chapter 4) these are the k values used in temperature corrections.

2.2.3.3.2. TOC at growing concentration of the feed 

In the concentration effect test, it has been considered that the feed concentration grows together with the discharge of the permeate (not recirculated in the feed tank as in the complete recirculation test). Sampling is made at level 0%, 20%, 40%, 60% and 80% reduction on initial volume which is supposed to be the same level of increase in concentration.

More precisely, the reduction of the feed volume can be calculated considering the initial volume Vo, the final volume remaining at the end of the trial V and calculating the volum lost (comprehending the discharge and the evaporation as well) V’

V’ = (Vo – V) / 4

So, the increasing concentration levels are:

cj = (j * V’) / Vo * 100

where j =  0;1;2;3;4.

The sampling is performed in this way: a sample of feed is taken before starting the trials; j samples of permeate are taken during the trial; at the end, a sample of feed remaining and of concentrate both at the maximum concentration are taken.

Analysing the TOC content in the samples, it is possible to extrapolate the growing of TOC concentration in the feed during the trial:

· It is considered that the volume of permeate discharged has an average TOC content:

TOC j, j+20  = (TOC j + TOC j+20) /2

Where j = 0; 20; 40; 60 and TOC j e TOC j+20 are the TOC concentration measured on the samples at j% and at j+20% respectively.

· Knowing the volume discharged and the TOC content in the samples, through mass balance evaluation it is possible to determine the theoretical TOC content in the feed during the trial, in the hypothesis that no accumulation of organic matter occurred on the membrane surface during the filtration.

· Comparing the theoretical determinated TOC with the one measured, for the feed at the maximum concentration, and considering a perfect proportional dependency between TOC accumulated on the membrane and TOC in the feed, a correlation can be found between feed volume and mass TOC accumulated.

· Furthermore, subtracting from the theoretical mass balanced TOC values the part of TOC accumulated on the membrane (expressed as concentration) it is possible to extrapolate the TOC content in the feed at different concentration levels.

In such way, it is possible to obtain a correlation between TOC in the feed and TOC in the permeate at different concentration levels and the percentage abatement at growing feed concentration, as well.

In order to verify the reliability of the method, during one of the trials samples of the feed have been collected. In the Table 13, Figure 12: Comparison between simulated and measured TOC 


 and Figure 13 are reported the correlation between theoretical expected values and those measured.
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Table 13: TOC content in the feed
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Figure 12: Comparison between simulated and measured TOC 
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Figure 13: Measured TOC vs. simulated TOC with calibrating line (slope =0.94, r2=0.96)

2.2.3.4. Technical/economical evaluation parameters

The results of various textile effluents tested on different membrane on lab and pilot scale (chapter 4) have to be elaborated to obtain operational parametres and make technical economical evaluations. Extreme variability in effluents characteristics and behaviour requires a multi parameter evaluation of the performances showed and, due to the pilot experimental equipment scale, up-scaling extrapolations are necessary. 

Concerning the fluidodynamic of the system, which is basic to allow for a continual and cost-effective operation, the test carried out are described in § 3.2.3.1. and 3.2.3.2. On the flow rate measured during the tests, the following parameters have been calculated:

· I1 = Q0/Q1*100 - membrane/effluent affinity: flow rate decrease passing from pure water (Q1 during the first characterization) to real effluent filtration (Q0 initial flowrate in the concentration effect test).

Evaluation of the affinity existing between membrane and a specific effluent. It is represented by I1 (higher where I1 is closer to 100%). In fact, the maximum possible flow rate is the one obtained during the pure water filtration, any decrease registered passing to real effluents is index of compounds affecting the membrane performance (e.g. compounds increasing the polarisation of the membrane). 

· I2 = (Q0 - Q80)/Q0 *100, - recovery index: percentile loss of flow rate during the concentration effect test (at increasing feed concentrations).

At increasing feed concentration, the general operating conditions of a full scale plant are simulated. Observing the decrease in flow rate with time, it is possible to determine which is the suggestible level of recovery factor (i.e. how much volume of permeate can be obtained as a percentage of the feed voume). 

· I3 = (Q1 - Q2)/Q1*100 - fouling tendency: percentile loss of pure water filtration flow rate after the run in reference to the one calculated before (difference between 1st and 2nd characterization).

Performing a second characterization after the runs with real effluent it is possible to determine whether a simple rinsing with water is able to recovery the initial maximum flow rate, indicating that no permanent clogging occurred on the surface of the membrane. On the contrary, when the flow rate during the second characterization is sensibly lower than the first one, it indicates that a chemical washing is needed to recovery the maximum initial flow rate. On the base of I3 value it is possible to evaluate the number of hours that the plant can operate without the need of a chemical washing. 

Based on the data on fluxes measured in each experimental run, an extrapolation on modular values (on 1 m2 of membrane surface) permitted to calculate the volume of permeate obtainable and the number of washing operations required per day.

Where I2 is inferior to 10%, it was supposed that a 90% recovery factor is reachable; when 10% < I2 < 25% the recovery factor is fixed at 80% and where I2 > 25% not more than 70% recovery was supposed.

By extrapolation of I3, in the hypothesis of a linear dependence between volume filtrated and reduction of flow rate, the hours of operation before washing was calculated (50% of flow decrease being considered as a tolerable value before washing is required).

In chapter 4, for each group of effluent treated, a final capital and operational costs evaluation is reported.

The treatment design was carried out taking into account: treatment plants complete of sand filtration membrane filtration and washing equipment, installation cost, commercial spiral wound modules 25 m2 (UF) and 32 m2 (NF), as reported in Table 14. Chemicals, consumables and energy costs. The calculation was carried out for each effluent, in four different scenarios of company size (plant treatment capacity ranging from 10000 m3/year to 250000 m3/year). In the following, an example of  costs calculation table (plant capacity: 10000: m3/year) is given. The cost trend at varying plant capacity (the same trend was evidenced for all the effluents) shows a deep decrease between 10000 m3/year and 50000 m3/year and slight further decrease at increasing plant size (100000 m3/year – 250000 m3/year).

Table 14: Example of costs’ evaluation table

	 
	Items
	Duration
	Cost per item
	Cost per year
	Cost per m3 

	 
	 
	years
	(EURO)
	(EURO/year)
	(EURO/m3)

	Sand filtration
	 
	 
	 
	 
	 

	Safety filtration
	 
	 
	 
	 
	 

	PLC
	 
	 
	 
	 
	 

	UF plant
	 
	 
	 
	 
	 

	NF plant
	 
	 
	 
	 
	 

	Washing equipment
	 
	 
	 
	 
	 

	Total Capital Cost
	 
	 
	 
	 
	 

	Installation (% TCC)
	 
	 
	 
	 
	 

	Membrane UF
	 
	 
	 
	 
	 

	Membrane NF
	 
	 
	 
	 
	 

	Filtering cartridges
	 
	 
	 
	 
	 

	Washing reactives UF
	 
	 
	 
	
	 

	Washing reactives NF
	 
	 
	 
	 
	 

	Energy UF
	 
	 
	 
	
	 

	Energy NF
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Total
	 
	 
	 
	 
	 


In chapter 4, for each group of effluent treated, a final capital and operational costs evaluation is reported.

2.2.4. Membrane cleaning and maintenance

Membranes undergo a chemical washing when the flow rates of the second characterization, performed at the end of the trials with real effluent, are at least 15% inferior to those of the preliminary characterization.

Chemical washing is operated with deionised water and detergent (0.5% in weight). The detergent, type DTM14, is a mix of alkali salts, surfactants and builders (in solution at 1%, pH=13). The action of the detergent is cleaning the membrane during a filtration step with complete recirculation of permeate and concentrate for 20 minutes. After other 20 minutes of pause, a second cycle of 10 minutes filtration takes place to complete the washing. Rinsing by deionised water is carried on till both the permeate and the concentrate have no foam traces. Normally, at least 50 l are required. During the washing operations, the temperature is free to grow while operational pressure is kept in the value suggested by the membrane producer.

After any use, it is important to keep the membranes in a 0.1% sodium bisulphide solution in order to inhibit bacterial grow.

2.3. Reusability evaluations

The treated effluent, i.e. permeate, has been reused for different textile processes. The quality of textile materials, treated with permeate, is always compared with reference treatment for which 100% fresh process water has been used. The quality of the process water is given in Table 15.

Table 15: Process water quality

	
	unity
	process water Centexbel
	process water Lariana

	alkalinity
	mg/l
	
	79

	hardness
	°F
	<5
	0.2

	chlorides
	mg/l
	
	11

	sulphates
	mg/l
	
	32

	sulphides
	mg/l
	
	0

	nitrites
	mg/l
	
	1.17

	nitrates
	mg/l
	
	1.8

	ammonia
	mg/l
	
	0

	TKN
	mg/l
	
	2.5

	colour
	
	absent
	absent

	Fe (tot)
	mg/l
	
	0.15

	pH
	
	7.6
	7.73

	conductivity
	µS/cm
	924
	188

	TSS
	mg/l
	
	0

	COD
	mg/l
	32
	0


The evaluation of the reusability of permeate has been done according to the type of treatment, i.e. bleaching, scouring, degumming, polymer charge and dyeing with different types of dyestuff.

2.3.1. Pretreatment

The different pretreatments performed are: 

· scouring of viscose and polyester, 

· bleaching of cotton, 

· degumming and polymer charge of silk.

An overview of the collected waste water for the reuse tests, the treatment of the waste water, the reuse tests and the efficiency tests is given in Table 16.

Table 16: Overview of the pretreatment reuse tests

	Fibre used for tests
	Process sampled
	Step
	Wastewater treatment
	Pretreatment performed
	Efficiency tests

	PES
	Scouring at 60°C
	1st rinsing
	nanofiltration
	scouring
	scouring efficiency

degree of whiteness

	SILK YARN
	HT scouring
	warm rinsing
	nanofiltration
	degumming

polymer charge
	degumming efficiency

charge efficiency

	SILK FABRIC
	dark acid dyeing
	1st rinsing
	nanofiltration
	degumming
	degumming efficiency

degree of whiteness

	VISCOSE
	Dark direct dyeing 
	1st rinsing
	nanofiltration
	scouring
	scouring efficiency

degree of whiteness

	COTTON
	bleaching
	bleaching + rinsing
	ultrafiltration + nanofiltration
	bleaching
	degree of polymerisation

degree of whiteness


2.3.1.1. Degumming efficiency

Verification of the extent of de-gumming was done by means of evaluating the presence of residual sericin on the fabrics, with a qualitative proof. For the evaluation differences in dyeing results in the scourged samples were examined in comparison to an appropriate and reliable dye (Red Sirius F3B-CLARIANT;  C.I. Direct Red 80).

The amount of sericin present indicated differences in dyeing.

The test was effected according to the conduct of procedure stated in the Technical test PTP n09. from Tessile di Como’s technical manual “Procedures in Technical Tests”
2.3.1.2. Charge efficiency

The verification of the efficiency of the weighing can be done either by spectrophotmetry FTIR or through gravimetric analyses. The last method was used as it determines the count of the weight of the yarn silk compared to the count of the de-gummed yarn silk.

2.3.1.3. Scouring efficiency

The verification of the degree of scouring was checked by means of the determination of degree of whiteness.

2.3.1.4. Degree of whiteness

Whiteness (=the attribute by which an object colour is judged to approach a preferred white) as measured by the test method ISO-J02:1997 is an indication of how white the textile appears to an average viewer. The formulae for calculation of whiteness is recommended by the CIE.  Because reflectance is affected by the nature of the surface of the textile, comparisons can be made only between specimens of the same type of textile measured on the same apparatus and approximately at the same moment. 

Principle

The CIE tristimulus values are measured using a reflectance spectrophotometer (with one of the CIE specified geometries (in preference 45/0 or 0/45) as defined in ISO 105-J01) and the whiteness calculated from formulae based on the CIE chromaticity coordinates for CIE illuminant D65 and 1964 10° observer.  

The whiteness index (W10) is calculated based on the equation mentioned in ISO 105-J01:1997.  The higher the value of W10 the greater the whiteness.  Equal differences in W10 value, do not necessarily indicate equal differences in perceived whiteness. The whiteness is only applicable for specimens whose values of W10 lie withing the following units :  40< W10< 5*Y-280.

There are no tolerances mentioned in this standard, but in practice the following rule is considered :

an average experienced viewer is capable in distinguishing the difference between 5 whiteness index units.
2.3.1.5. Degree of polymerisation (DP)

The average degree of polymerisation of textile fibres gives an indication of the average length of a polymer. The length of a polymer is characterised by the number of monomers. Bleaching the cotton destroys partly the polymer chain which results in a decrease of the polymerisation degree. 

Typical values for DP are:

	Fibre
	DP

	natural fibres:cotton, flax, ramine

acceptably bleached cotton

regenerated cellulose polynosic

                                   viscose
	2300-3000

1500-2000

1000-1200

250-400


The degree of polymerisation of a fibre is directly proportional to the viscosity of its solution. In the test a weighed sample of textile material is dissolved in cupriethylenediamine (cuen) in a standard capillary viscometer. The viscometer must be filled completely to exclude air and covered to prevent exposure to light, whilst controlled agitation is given over 16 h. The viscometer and contents are then brought to 20°C in a thermostatically controlled bath and the rate of flow through the capillary measured. The principle of the test is that during dissolution no further breakdown of the cellulose molecular chain structure will occur. Long-chain material, i.e. with low damage, will provide a highly viscous solution, hence low fluidity. The relationship between DP and fluidity (F) for cotton is given by the equation:

DP=2032log10(74.35+F)/F - 573 

2.3.2. Dyeing 

An overview of the different dyeings is given in Table 17, as well as the source of the waste water reused after a specific treatment:

Table 17: Overview of the dyeing reuse tests

	Fibre used for tests
	Process sampled
	Step
	Wastewater Treatment
	Dyeing processes performed

	PES
	Scouring at 60°C
	1st rinsing
	nanofiltration
	light disperse dyeing 

dark disperse dyeing

	PES
	Medium disperse dyeing
	rinsing
	nanofiltration
	light disperse dyeing

 dark disperse dyeing

	PES
	disperse printing
	rinsing
	ultrafiltration + nanofiltration
	light disperse dyeing

 dark disperse dyeing

	SILK YARN
	HT scouring
	warm rinsing
	nanofiltration
	light acid dyeing

dark acid dyeing

	SILK FABRIC
	dark acid dyeing
	1st rinsing
	nanofiltration
	light acid dyeing

dark acid dyeing

	PA
	dark acid dyeing
	mixed sample: dyebath + rinsing
	ultrafiltration + nanofiltration
	light acid dyeing

dark acid dyeing

	VISCOSE
	Dark direct dyeing 
	1st rinsing
	nanofiltration
	light direct dyeing

dark direct dyeing

light reactive dyeing

dark reactive dyeing

	COTTON
	bleaching
	mixed sample: bleaching + rinsing
	ultrafiltration + nanofiltration
	light direct dyeing



	COTTON
	reactive dyeing
	mixed sample: dyebath + rinsing
	ultrafiltration + nanofiltration
	light direct dyeing

dark direct dyeing

light reactive dyeing

dark reactive dyeing


The tests performed on the dyed fabrics are:

· colour differences, according to ISO 105-J03

· fastness to washing, according to ISO 105-C06

· fastness to rubbing, according to ISO 105-X12

2.3.2.1. Calculation of colour differences

The ISO 105-J03 norm provides a method for calculating the colour difference between two pieces of the same textile material, measured under the same conditions. 

The reflection of a dyed textile material is measured with a specified illuminant. The measured result is via formulas transformed into 3 colour coordinates, i.e. L, a, b. 

L gives an indication of the lightness

a : green/red axis

b : blue/yellow axis

The differences in colour ((E) are measured with the CMC system, taking into account the subjective sensitivity of the human eye. There are no general accepted rules concerning the maximum allowed difference in colour, but differences less than 0.8 generate normally no problem. 

2.3.2.2. Colour fastness to washing

The ISO 105-C06 specifies methods for determining the resistance of the colour of textiles to domestic or commercial laundering procedures. 

A specimen of the textile in contact with specified adjacent fabric(s) is laundered, rinsed and dried. Specimens are laundered under appropriate conditions of temperature, alkalinity, bleaching and abrasive action such that the result is obtained in a conveniently short time. The abrasive action is accomplished by the use of a low liquor ratio and an approriate number of steel balls. The change in colour of the specimen and the staining of the adjacent fabric(s) are assessed by comparison with the grey scales. Hereby is:

5 = very good – no difference in colour

4 = good –little difference in colour



3 = not sufficient – remarkable difference in colour



2 = bad – big difference in colour



1 = very bad – very big difference in colour

A difference of max. 0.5 unit is not significant. 

The composition of the adjacent fabrics depends on the type of fabric to be tested and the selected test conditions. For direct dyeing of cotton and acid dyeing of polyamid A2S conditions are used. For reactive dyeing of cotton and disperse dyeing of polyester C2S conditions are used. In the following tables the test conditions are given as well as the pairs of adjacent fabrics.

	Test
	temp

°C
	liquor volume

ml
	sodium perborate

g/l
	time

min
	number of steel balls
	adjust pH to

	A2S

C2S
	40

60
	150

50
	1

1
	30

30
	10

25
	not adjusted

10.5


One of the adjacent fabrics shall be made of the same kind of fibre as that of the textile to be tested, and the second piee made of the fibre as indicated in the following table. 

	If first piece is:
	Second piece to be:

	
	A2S
	C2S

	cotton

polyamide

polyester
	wool

wool or cotton

wool or cotton
	viscose

cotton

cotton


2.3.2.3. Colour fastness to rubbing

The ISO 105-X12 norm specifies a method for determining the resistance of the colour of textiles of all kinds to rubbing off and staining other materials. Two tests are normally made, one with a dry rubbing cloth and one with a wet rubbing cloth. 

The rubbing cloth (dry or wiet) is placed flat over the end of the finger. The specimen is rubbed at a rate of one cycle per second (10 times) with a downward force of 9 N. The staining of the cotton rubbing cloths is assesses with the grey scale for staining. Hereby is:

5 = very good – no difference in colour

4 = good –little difference in colour



3 = not sufficient – remarkable difference in colour



2 = bad – big difference in colour



1 = very bad – very big difference in colour

A difference of max. 0.5 unit is not significant. 

2.4. Reuse tests

2.4.1. Polyester pretreatment (scouring, double scouring, rinsing)

2.4.1.1. Water source

The reference tests (scouring and disperse dyeing of polyester) are performed with 100% fresh process water (Lariana). 

The reuse tests for scouring and disperse dyeing of polyester are done with 100% permeate.

2.4.1.2. Process description scouring

The polyester fabric was subjected to scouring using the surfactant (DS100-BOZZETTO) with a concentration of 2 ml/l and sodium carbonate to a concentration of 0.5 g/l. The treatment was done at 90°C for 30 minutes.

2.4.1.3. Process description disperse dyeing

The scoured polyester fabric was subjected to disperse dyeing (both light and dark colour).

Dye with disperse dyes (TERASIL – CIBA)

GREY COLOR:

0.011 % BRUNO TERASIL 2RFL

0.0054 % RED TERASIL R

0.06 % BLUE TERATOP GLF

1 g/l UNIVADINA 3FLEX (CIBA)

2 g/l (NH4)2SO4
0.5 g/l CH3COOH 80%

COLOR BLUE SEA:

0.21 % YELLOW TERASIL 4G

0.065 % RED TERASIL R

2.4 % SEA TERASIL NFA

0.7 g/l UNIVADINA 3FLEX (CIBA)

2 g/l (NH4)2SO4
0.5 g/l CH3COOH 80%

After dyeing was executed a „stripping“at 70 °C for 20 minutes, with:

1 g/l ERIOPON OS (CIBA)

for the dye in grey tone and with:

1 g/l ERIOPON OS (CIBA)

3 g/l Na2S2O4
3 ml/l NaOH 36 °Be‘


for the dye in blue sea tone.
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The dyes outlined above were using the dye diagram illustrated in Figure 14:

Figure 14

: Disperse dyeing diagram

2.4.2. Silk pretreatment (HT scouring, rinsing)

2.4.2.1. Water source

The reference tests (pretreatment and acid dyeing of silk) are performed with 100% fresh process water (Lariana). 

The reuse tests for pretreatment and acid dyeing of silk are done with 100% permeate.

2.4.2.2. Process description pretreatment: degumming, polymer charge

The silk yarn was subjected to de-gumming using an emulsifying agent with a concentration of 5 ml/l and a sequestering agent with a concentration of 1 g/l. The treatment was done at 55°C for 60 minutes.

The silk yarn was subjected to weighting using Metacrylamide (80% of silk weight), ammonium sulphate (8%) and formic acid with a concentration of 5 g/l. The treatment was done at 70°C for 120 minutes.

2.4.2.3. Process description acid dyeing

The samples of de-gummed yarn underwent dye tests using disperse dyes. One light tone and one dark tone were reproduced. 

The following is a list of the components used to make up the dye which was used in the experiment. 

BEIGE COLOR:

0.02 % ACID DYESTUFFS

0.75 % EQUALIZING AGENT

0,7 g/l ACID BUFFER

0,5 g/l ANTIFOAMING AGENT

0,8 g/l SEQUESTERING AGENT

BROWN COLOR:

2 % ACID DYESTUFFS

0.75 % EQUALIZING AGENT

1,5 g/l ACID BUFFER

0,5 g/l ANTIFOAMING AGENT

0,8 g/l SEQUESTERING AGENT
2.4.3. Cotton bleaching

2.4.3.1. Water source

The reference tests (bleaching and direct dyeing of cotton) are performed with 100% fresh process water (Centexbel). 

The reuse tests, both for bleaching and direct dyeing of cotton, are done with: 

· 75% permeate/25% fresh process water

· 100% permeate

2.4.3.2. Process description bleaching

A non-sized cotton fabric is bleached with hydrogen peroxide (3.5 ml/l), Heptol ESW (1 ml/l), Lavotan TBU (1 ml/l), NaOH (2 ml/l) according to diagram in Figure 15:

Figure 15: Bleaching diagram
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The bleaching is followed by rinsing (10 min, 60°C) and cold acidifying (10 min, 20°C).

2.4.3.3. Process description direct dyeing

The cotton, bleached with different water sources, is subsequently dyed with direct dyestuff in a light colour shade. The recipe is chosen because differences in the quality of the bleached cotton can be easily seen in the dyed fabric. 

The dyeing and rinsing of the 3 cotton fabrics is done both with 100% fresh process water and a mixture of 75% permeate + 25% process water.

Products used for direct dyeing:

· Heptol NWS: 0.3 ml/l

· Sarabid SBF: 0.4 ml/l

· NaCl: 5 g/l

· sirius grey KCGL: 0.038%

· sirius blue KCFN: 0.038%

· sirius yellow KCF: 0.025%

Diagram followed for dyeing is reported in Figure 16:

Figure 16: Direct dyeing diagram[image: image288.wmf]TOC
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Rinsing:

· 10 min at 40°C

· 10 min at 40°C

· 10 min at room temperature

2.4.4. Disperse dyeing and printing (dyeing, printing, washing, rinsing)

2.4.4.1. Reuse of disperse printing effluent

2.4.4.1.1. Water source

The reference tests (disperse dyeing of polyester) are performed with 100% fresh process water (Centexbel). 

The reuse tests for disperse dyeing of polyester are done with: 

· 75% permeate/25% fresh process water

· 100% permeate

2.4.4.1.2. Process description of disperse dyeing

A polyester fabric is dyed with disperse dyestuff both in a light and a dark colour shade.

Products used for disperse dyeing:

· dispergator SMS: 1 ml/l

· egasol SP: 2%

· meropan CIT: 2 ml/l

· bemacron yellow SD-RDL: 0.08% (light)

· bemacron orange SD-RDL: 0.01% (light)

· bemacron blue S-DGL: 0.015% (light)

· bemacron yellow S-6GF: 0.2% (dark)

· bemacron red SE-RDL: 0.4% (dark)

· bemacron marine SE-RLD: 0.85% (dark)

Diagram followed for dyeing light colour (Figure 17) and dark colour (Figure 18):[image: image289.wmf]NF flow rate comparison
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Figure 17: Disperse light dyeing diagram
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Figure 18: Disperse dark dyeing diagram

Rinsing:

· reduction cleaning : 20 min at 80°C (only for dark shade)

· 10 min at 60°C

· cold acidifying bath at room temperature 

2.4.4.2. Reuse of disperse dyeing effluent

2.4.4.2.1. Water source

The reference tests (scouring and disperse dyeing of polyester) are performed with 100% fresh process water (Lariana). 

The reuse tests for scouring and disperse dyeing of polyester are done with 100% permeate.

2.4.4.2.2. Process description of scouring

The polyester fabric was subjected to scouring using the surfactant (DS100-BOZZETTO) with a concentration of 2 ml/l and sodium carbonate to a concentration of 0.5 g/l. The treatment was done at 90°C for 30 minutes.

2.4.4.2.3. Process description of disperse dyeing

The scoured polyester fabric was subjected to disperse dyeing (both light and dark colour).

Dye with disperse dyes (TERASIL – CIBA)

GREY COLOR:

0.011 % BRUNO TERASIL 2RFL

0.0054 % RED TERASIL R

0.06 % BLUE TERATOP GLF

1 g/l UNIVADINA 3FLEX (CIBA)

2 g/l (NH4)2SO4
0.5 g/l CH3COOH 80%

COLOR BLUE SEA:

0.21 % YELLOW TERASIL 4G

0.065 % RED TERASIL R

2.4 % SEA TERASIL NFA

0.7 g/l UNIVADINA 3FLEX (CIBA)

2 g/l (NH4)2SO4
0.5 g/l CH3COOH 80%

After dyeing was executed a „stripping“at 70 °C for 20 minutes, with:

1 g/l ERIOPON OS (CIBA)

for the dye in grey tone and with:

1 g/l ERIOPON OS (CIBA)

3 g/l Na2S2O4
3 ml/l NaOH 36 °Be‘


for the dye in blue sea tone.
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The dyes outlined above were using the dye diagram in Figure 19:
Figure 19

: Disperse dyeing diagram

2.4.5. Acid dyeing (polyamide dyeing, silk dyed rinsing)

2.4.5.1. Reuse of acid dyeing effluent (polyamide dyeing)

2.4.5.1.1. Water source

The reference tests (acid dyeing of polyamide) are performed with 100% fresh process water. 

The reuse tests for acid dyeing of polyamide are done with: 

· 75% permeate/25% fresh process water

· 100% permeate

2.4.5.1.2. Process description of acid dyeing

A polyamide fabric is dyed with acid dyestuff both in a light and a dark colour shade.

Products used for acid dyeing:

· sarabid MKF: 2%

· sodium acetate: 3%

· albegal FFA: 0.5 g/l

· acetic acid: to reach pH 5.5 in dyebath

· tectilon yellow 3R: 0.05% (light), 1.25% (dark)

· tectilon red 2B: 0.03% (light), 0.9% (dark)

· tectilon blue 4R: 0.02% (light), 0.35% (dark)

Diagram followed for dyeing, as in Figure 20:

Figure 20

: Acid dyeing diagram

Rinsing:

· 10 min at 30°C

· 10 min at 30°C

2.4.5.2. Reuse of acid dyeing effluent (silk dyeing)

2.4.5.2.1. Water source

The reference tests (degumming and acid dyeing of silk) are performed with 100% fresh process water.

The reuse tests for degumming and acid dyeing of silk are done with 100% permeate.

2.4.5.2.2. Process description of degumming

The silk fabric was subjected to de-gumming using a surfactant (formulated buffering). The fabric underwent a single scouring treatment using the surfactant (IDROSOLVAN S 40-BOZZETTO) with a concentration of 8 g/l and Sodium Carbonate to a concentration of 2 g/l. The treatment was done at 95° C for 90 minutes,  and followed by a final rinse.
2.4.5.2.3. Process description of acid dyeing

The samples of scoured silk underwent dye tests using acid dyes. A light shade and a dark shade were reproduced. 

The following is a list of the components used to make up the dye which was used in the experiment. 

BROWN:

0,28 % YELLOW TECTILON 4R

0,28 % RED TECTILON 2B

0,34 % BLUE TECTILON 4R

3 g/l (NH4)2SO4
3 g/l NaCl

0,5 % LIOGENE MS (CLARIANT)

GREEN:

1,20 % YELLOW TECTILON  2G

0,45 % BLUE TECTILON  4R

3 g/l (NH4)2SO4
3 g/l NaCl

0,5 % LIOGENE MS (CLARIANT)
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The dyes outlined above were using the dye diagram in Figure 21:

Figure 21: Acid dyeing diagram [image: image295.wmf]NF flow rate comparison
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2.4.6. Reactive dyeing 

2.4.6.1. Water source

The reference tests for dyeing cotton with reactive and direct are performed with 100% fresh process water (Centexbel). 

The reuse tests are done with: 

· 75% permeate/25% fresh process water

· 100% permeate

2.4.6.2. Process description reactive dyeing

A cotton fabric is dyed with reactive dyestuff both in a light and a dark colour shade.

Products used for reactive dyeing:

· Heptol NWS: 0.3 ml/l

· NaCl: 45 g/l (light), 60 g/l (dark)

· sodium carbonate: 15 g/l

· bezaktiv yellow HE-4R: 0.05% (light), 1.6% (dark)

· bezaktiv red HE-3B: 0.07% (light), 1.6% (dark)

· bezaktiv marine HE-R: 0.03% (light), 0.8% (dark)

Diagram followed for dyeing (Figure 22):

Figure 22: Reactive dyeing diagram [image: image296.wmf]TOC
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Rinsing:

· 10 min at 65°C

· 10 min at 65°C

· soaping: 20 min at 95°C

· 10 min at 65°C

· 10 min at 20°C

2.4.6.3. Process description direct dyeing

A cotton fabric is dyed with direct dyestuff both in a medium and a dark colour shade.

Products used for direct dyeing:

· Heptol NWS: 0.3 ml/l

· Sarabid SBF: 0.4 ml/l

· NaCl: 5 g/l (medium), 10 g/l (dark)

· sirius grey KCGL: 0.15% (medium), 0.5% (dark)

· sirius blue KCFN: 0.15% (medium), 0.5% (dark)

· sirius yellow KCF: 0.1% (medium), 0.2% (dark)

Diagram followed for dyeing (Figure 23):
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Figure 23: Acid dyeing diagram 

Rinsing:

· 10 min at 40°C

· 10 min at 40°C

· 10 min at room temperature

2.4.7. Direct dyeing (viscose)

2.4.7.1. Water source

The reference tests (scouring, direct and reactive dyeing of viscose) are performed with 100% fresh process water (Lariana). 

The reuse tests are done with 100% permeate.

2.4.7.2. Process description scouring

The viscose fabric was subjected to scouring using the surfactant (DS100 -BOZZETTO) with a concentration of 2 ml/l and Sodium Carbonate to a concentration of 2 g/l. The treatment was done at 90° C for 30 minutes.

2.4.7.3. Process description direct dyeing

The samples of scoured viscose underwent dye tests using direct dyes. A light shade and a dark shade were reproduced. 

GREY COLOR:

0.0067 % YELLOW SOLIAMINA LUCE LR

0.0055 % SCARLET SOLID DIRECT 4BS

0.037 % GREY SOLIAMINA LUCE TC-SL

4 g/l Na2SO4
1 g/l IRGASOL CO (CIBA)

BLUE SEA COLOR:

0.15 % YELLOW SOLIAMINA LUCE LR

0.05 % SCARLET SOLID DIRECT 4BS

2.75 % BLUE SOLIAMINA LUCE FFL

12 g/l Na2SO4
1 g/l IRGASOL CO (CIBA)
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The dyes outlined above were using the following dye diagram:
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2.4.7.4. Process description reactive dyeing

The samples of scoured viscose underwent dye tests using reactive dyes. A light shade and a dark shade were reproduced.
GREY COLOR:

0.0042 % YELLOW GOLD REMAZOL ES

0.02 % RED BRIGHT REMAZOL BB

0.054 % BLUE BRIGHT REMAZOL BB

30 g/l NaCl

2 g/l Na2CO3
BLUE SEA COLOR:

0.16 % YELLOW GOLD REMAZOL ES

0.35 % RED BRIGHT REMAZOL BB

1.5 % BLACK REMAZOL B

60 g/l NaCl

2 g/l Na2CO3
0.3 g/l NaOH 36 °Be‘
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The dyes outlined above were using the following dye diagram:

After dyeing was performed a washing with 1 g/l of CIBAPON R to the temperature of 40°C for 20 minutes and rinse of the samples.
Results and discussion

The effluents submitted to treatment tests are here presented, collected in eight homogeneus groups. Results of each experimental run are presented 
2.5. Polyester pretreatment (scouring, double scouring, rinsing)

In the present chapter, discussion and results of the experimental activities carried out on the three polyester pre-treatment effluents are reported. In the table below, the treatment carried out on each effluent is synthesized:

	Process
Effluent
	UF
	NF
	UF+NF
	UF+RO

	Polyester Scouring (PS)
	X
	
	X
	X

	Polyester Double Scouring (PDS)
	X
	
	X
	X

	Polyester Scouring Rinsing (PSR)
	
	X
	
	


2.5.1. Membrane treatment results

2.5.1.1. Direct NF results

Direct nanofiltration has been applied on PSR effluent. The results of the tests carried out according to the methods described above (par. 3.2.3), on bench scale and on pilot scale are here reported.

2.5.1.1.1. Bench scale NF on PSR effluent

2.5.1.1.1.1. Characterization of PSR/NF

Flow rate measurements at 6 bar pressure for three membranes at varying temperature and reported at 25 °C:

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]
	k
	 Q25 [ l ·h-1·m-2 ]

	
	DK 
	30
	62
	0.028
	54

	
	DL 
	31
	66
	0.023
	57

	
	HL
	30
	65
	0.027
	57


2.5.1.1.1.2. Complete recirculation test of PSR/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Flow rate decrease [%]

	
	DK 
	39
	13

	
	DL 
	48
	9

	
	HL
	46
	12


Permeates quality:

	 
	Feed
	DL
	HL
	DK

	pH
	8.0
	9.0
	9.0
	7.4

	Conductivity [S·cm-1]
	75
	44
	44
	14

	Turbidity [NTU]
	2.1
	0.4
	0.8
	0.8

	Abs  = 426 nm
	0.004
	0.003
	0.004
	0.002

	Abs  = 558 nm
	0.002
	0.002
	0.003
	0.001

	Abs  = 660 nm
	0.004
	0.001
	0.002
	0.001

	Abs  = 436 nm
	0.004
	0.003
	0.004
	0.002

	Abs  = 525 nm
	0.002
	0.003
	0.003
	0.001

	Abs  = 620 nm
	0.003
	0.002
	0.002
	0.001

	TOC [mg · l-1]
	23
	12
	10
	7

	TC    [mg · l-1]
	25
	15
	13
	8

	IC      [mg · l-1]
	2
	3
	3
	1


2.5.1.1.1.3. Choice of the membrane for the pilot scale 

Membrane DL seems to have the best fluid-dynamic affinity for maximum flow rate and minimum decrease passing from deionised water to real effluent filtration.

On the other hand, the best performance in terms of quality of the permeate (especially for the conductivity) is from membrane DK.

In this case, efficiency of treatment in terms of quality issues has been preferred, therefore the membrane DK is chosen for further investigation.

2.5.1.1.2. Pilot scale NF on PSR effluent

2.5.1.1.2.1. Pi. Sc.characterization of PSR/NF

Flow rates at different pressure values:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	14
	15
	15
	12

	6.9
	16
	18
	18
	14

	9
	20
	22
	24
	18


2.5.1.1.2.2. Pi. Sc. complete recirculation test of PSR/NF

Flow rate and quality of the permeates:

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	31
	13
	11

	15
	34
	15
	12

	30
	36
	16
	12

	45
	39
	18
	12

	60
	40
	18
	12


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.0
	7.7
	7.4

	Conductivity [S·cm-1]
	75
	14
	11

	Turbidity [NTU]
	2.1
	0.2
	0.3

	Abs  = 426 nm
	0.004
	0.002
	0.001

	Abs  = 558 nm
	0.002
	0.001
	0.003

	Abs  = 660 nm
	0.004
	0.002
	0.003

	Abs  = 436 nm
	0.004
	0.002
	0.001

	Abs  = 525 nm
	0.002
	0.001
	0.002

	Abs  = 620 nm
	0.003
	0.002
	0.004

	TOC [mg · l-1]
	16
	4
	4

	TC    [mg · l-1]
	17
	5
	5

	IC      [mg · l-1]
	1
	1
	1


2.5.1.1.2.3. Concentration effect test of PSR/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	33
	16
	13

	20
	34
	17
	13

	40
	35
	17
	13

	60
	36
	17
	12

	80
	37
	17
	12


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	8.0
	7.6
	7.4
	8.9
	9.4
	9.2
	8.5

	Conductivity [S·cm-1]
	75
	13
	11
	20
	37
	35
	333

	Turbidity [NTU]
	2.1
	0.5
	0.3
	0.4
	0.6
	0.3
	22

	SST [mg · l-1]
	< 5
	-
	-
	-
	-
	-
	12.5

	Abs  = 426 nm
	0.004
	0.000
	0.001
	0.000
	0.002
	0.000
	0.014

	Abs  = 558 nm
	0.002
	0.000
	0.003
	0.002
	0.001
	0.000
	0.008

	Abs  = 660 nm
	0.004
	0.001
	0.003
	0.003
	0.005
	0.001
	0.010

	Abs  = 436 nm
	0.004
	0.001
	0.001
	0.000
	0.002
	0.000
	0.013

	Abs  = 525 nm
	0.002
	0.000
	0.002
	0.002
	0.000
	0.000
	0.007

	Abs  = 620 nm
	0.003
	0.001
	0.004
	0.003
	0.005
	0.001
	0.009

	TOC [mg · l-1]
	16
	8
	8
	5
	6
	8
	58

	TC    [mg · l-1]
	17
	9
	9
	6
	7
	8
	79

	IC      [mg · l-1]
	1
	1
	1
	1
	1
	1
	20
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2.5.1.1.2.4. Second characterization of PSR/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	13
	14
	15
	11

	6.9
	15
	17
	18
	13

	9
	20
	21
	23
	17


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6
	12
	11
	8

	6.9
	14
	13
	7

	9
	18
	17
	6


2.5.1.1.2.5. Conclusions of PSR/NF

The pilot scale investigation showed that, passing from water to the real effluent nanofiltration, a light decrease in the permeate flow rate is observable (14 –12 l h-1).

The concentration effect test showed that the permeate flow rate stays almost constant (initial light increase and subsequent settling on the previous value) at varying feed concentration.

The second characterization shows a light loss in the flow rate, inferior to 10%, which showed a little clogging.

The quality of the permeate is very good, the percentile abatement are good especially in terms of suspended solids, turbidity and salinity (showing the presence of bi-trivalent salts). Organic content and colour are removed to lower level since the value in the feed is already low.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	 
	Feed
	Permeate
	Abatement [%]

	
	
	
	

	pH
	8.0
	8.5
	-

	Conductivity [S·cm-1]
	75
	23
	69

	Turbidity [NTU]
	2.1
	0.4
	80


	SST [mg · l-1]
	< 5
	-
	>99

	Abs  = 426 nm
	0.004
	0.001
	85

	Abs  = 558 nm
	0.002
	0.001
	40

	Abs  = 660 nm
	0.004
	0.003
	35

	Abs  = 436 nm
	0.004
	0.001
	80

	Abs  = 525 nm
	0.002
	0.001
	60

	Abs  = 620 nm
	0.003
	0.003
	7

	TOC [mg · l-1]
	16
	7
	57

	TC    [mg · l-1]
	17
	8
	54

	IC      [mg · l-1]
	1
	1
	16


2.5.1.2. UF results

UF has been tested both as single treatment and as a pre-treatment to NF and RO for the scouring and double scouring effluents reported above: PS and PDS. Separate description is reported in the following. 

The membrane selection was not carried out by bench scale test. Nevertheless taking into account the effluents high clogging potential and results obtained on other pretreatment effluents, the membrane selected was the MW, having the highest permeability.

2.5.1.2.1. Pilot scale UF on PS effluent

2.5.1.2.1.1. Pi. Sc. characterization of PS/UF

Flow rates at different pressure and 28°C temperature values:

	p [ bar ]
	Q28 [ l · h-1]

	1.4
	42

	1.9
	50

	2.3
	57.5

	2.8
	65.5


2.5.1.2.1.2. Pi. Sc. complete recirculation test of PS/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	28
	53
	52

	20
	30.5
	55
	52

	40
	32.5
	56
	53

	60
	34.5
	58
	54


	 
	Feed 
	Permeate* 

	pH
	7.3
	7.9

	Conductivity [S·cm-1]
	544
	398.5

	Turbidity [NTU]
	64
	0.3

	Abs  = 426 nm
	0.012
	0

	Abs  = 558 nm
	0.004
	0.001

	Abs  = 660 nm
	0.004
	0.002

	SST (mg l-1)
	15.2
	-

	TOC [mg · l-1]
	481.1
	119.8

	TC    [mg · l-1]
	529.0
	157.6

	IC      [mg · l-1]
	47.9
	37.8


*Aver. permeate during the complete recirculation test

2.5.1.2.1.3. Concentration effect test of PS/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	25.5
	50
	50

	20
	27
	51
	51

	40
	29
	53
	51

	60
	31
	54
	52

	80
	33.5
	56
	52


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	7.3
	7.9
	8.3
	8.3
	8.3
	8.5
	8.5

	Conductivity [S·cm-1]
	544
	398.5
	425
	460
	510
	586
	750

	Turbidity [NTU]
	64
	0.3
	0.5
	0.2
	0.8
	0.4
	>200

	SST [mg · l-1]
	15.2
	-
	-
	-
	-
	-
	63

	Abs  = 426 nm
	0.012
	0
	0.003
	0.002
	0.006
	0.002
	0.094

	Abs  = 558 nm
	0.004
	0.001
	0
	0.002
	0.004
	0.004
	0.044

	Abs  = 660 nm
	0.004
	0.002
	0.003
	0.002
	0.004
	0.005
	0.029

	TOC [mg · l-1]
	481.1
	119.8
	117.8
	121.6
	121
	123.3
	1292

	TC    [mg · l-1]
	529.0
	157.6
	156.9
	162.5
	164.9
	171.8
	1346

	IC      [mg · l-1]
	47.9
	37.8
	39.1
	40.9
	43.9
	48.6
	53.8
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2.5.1.2.1.4. Second characterization of PS/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q28 [ l · h-1]

	1.4
	40.5

	1.9
	49

	2.3
	55.5

	2.8
	63


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	53
	51
	4


2.5.1.2.1.5. Conclusions of PS/UF

During the ultrafiltration of real effluent with complete recirculation on pilot scale, a slight flow rate increase, compared to the value obtained with pure water filtration, occurred. The reason of such strange behaviour seems to be related to an uncomplete conditioning not enabling to reach the actual maximum flux value during the first characterization.

The concentration effect test showed that the flow rate stays almost constant. During the second characterization, a light loss of flow rate occurred.

Despite the good removals obtained for all the pollutants, the quality of the utrafiltered effluent is clearly non acceptable for reusing in textile process.
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	7.3
	8.3
	-

	Conductivity [S·cm-1]
	544
	476
	13

	Turbidity [NTU]
	64.0
	0.4
	99

	SST (mg l-1)
	15.2
	0.0
	>99

	Abs  = 426 nm
	0.012
	0.003
	75

	Abs  = 558 nm
	0.004
	0.002
	50

	Abs  = 660 nm
	0.004
	0.003
	25

	TOC [mg · l-1]
	481
	121
	75

	TC    [mg · l-1]
	529
	163
	69

	IC      [mg · l-1]
	48
	42
	13


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.1.1.3.1 and to RO described in § 4.1.1.4.1.

2.5.1.2.2. Pilot scale UF on PDS effluent

2.5.1.2.2.1. Pi. Sc. characterization of PDS/UF

Flow rates at different pressure and 27°C temperature values:

	p [ bar ]
	Q27 [ l · h-1]

	1.4
	39

	1.9
	47

	2.3
	52

	2.8
	60


2.5.1.2.2.2. Pi. Sc. complete recirculation test of PDS/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	25
	42
	42

	20
	27
	43
	42

	40
	31
	41
	39

	60
	33
	42
	40


	 
	Feed 
	Permeate* 

	pH
	6.8
	7

	Conductivity [S·cm-1]
	552
	395

	Turbidity [NTU]
	59
	0.8

	Abs  = 426 nm
	0.128
	0.004

	Abs  = 558 nm
	0.068
	0.002

	Abs  = 660 nm
	0.047
	0.002

	SST (mg l-1)
	2
	-

	TOC [mg · l-1]
	737
	304

	TC    [mg · l-1]
	756
	316

	IC      [mg · l-1]
	19
	12


*Aver. Permeate during the complete recirculation test

2.5.1.2.2.3. Concentration effect test of PDS/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	33
	46
	43

	20
	34.5
	47
	44

	40
	36.5
	49
	44

	60
	38
	49
	44

	80
	40
	49
	43


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	6.8
	7
	7.5
	7.6
	7.6
	7.7
	7.6

	Conductivity [S·cm-1]
	552
	395
	412
	455
	505
	602
	789

	Turbidity [NTU]
	59
	0.8
	0.7
	0.3
	0.6
	0.6
	28

	Abs  = 426 nm
	0.128
	0.004
	0.002
	0.003
	0.004
	0.001
	0.054

	Abs  = 558 nm
	0.068
	0.002
	0.000
	0.002
	0.003
	0.000
	0.025

	Abs  = 660 nm
	0.047
	0.002
	0.003
	0.001
	0.003
	0.001
	0.014

	SST [mg · l-1]
	2
	-
	-
	-
	-
	-
	6

	TOC [mg · l-1]
	737
	304
	306
	316
	330
	356
	1710

	TC    [mg · l-1]
	756
	316
	317
	327
	342
	368
	1724

	IC      [mg · l-1]
	19
	12
	11
	11
	12
	13
	14
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Second characterization of PDS/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q27 [ l · h-1]

	1.4
	30

	1.9
	38

	2.3
	40

	2.8
	47


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	49
	39
	20.4


2.5.1.2.2.4. Conclusions of PDS/UF

During the ultrafiltration of real effluent with complete recirculation on pilot scale, a significant flow rate decrease, compared to the value obtained with water filtration, occurred.

The concentration effect test showed that the flow rate stays almost constant. During the second characterization, a high loss of flow rate occurs.

The removals obtained for all the pollutants are quite good but the quality of the ultrafiltered effluent is clearly non acceptable for reusing in textile processes.
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	6.8
	7.5
	-

	Conductivity [S·cm-1]
	552
	474
	14

	Turbidity [NTU]
	59.0
	0.6
	99

	SST (mg l-1)
	2
	-
	>99

	Abs  = 426 nm
	0.128
	0.003
	98

	Abs  = 558 nm
	0.068
	0.001
	99

	Abs  = 660 nm
	0.047
	0.002
	96

	TOC [mg · l-1]
	737
	322
	56

	TC    [mg · l-1]
	756
	334
	56

	IC      [mg · l-1]
	19
	12
	37


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.1.1.3.2. and to RO described in 4.1.1.4.2.

2.5.1.3. UF+NF results

The choice of the membrane to be used for the treatment was not performed on bench scale; the model DK was selected for its better removal of organics and salts as evidenced on similar effluents.
2.5.1.3.1. Pilot scale NF on PS effluent after UF

2.5.1.3.1.1. Pi. Sc. characterization of PS/NF

Flow rates at different pressure values, measured at 29° C:

	p [ bar ]
	Q29 [ l · h-1]

	6
	16

	6.9
	17

	9
	23


2.5.1.3.1.2. Pi. Sc. complete recirculation test of PS/NF

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	31.5
	17
	14

	20
	34
	19
	14

	40
	37.5
	20
	14

	60
	40
	21
	14


	 
	Feed
	Permeate *

	pH
	8
	6.8

	Conductivity [S·cm-1]
	442
	42

	Turbidity [NTU]
	0.8
	0.1

	SST [mg · l-1]
	-
	-

	Abs  = 426 nm
	0.007
	0.000

	Abs  = 558 nm
	0.003
	0.000

	Abs  = 660 nm
	0.004
	0.000

	TOC [mg · l-1]
	158
	66

	TC    [mg · l-1]
	211
	72

	IC      [mg · l-1]
	53
	6


*Aver. Permeate during the complete recirculation test

2.5.1.3.1.3. Concentration effect test of PS/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	21.5
	12
	13

	20
	28.5
	16
	14

	40
	35
	18
	14

	60
	41
	21
	13

	80
	n. a.
	n. a.
	n. a.


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	8
	6.8
	6.9
	7.5
	7.5
	8
	8.6

	Conductivity [S·cm-1]
	442
	42
	49
	68
	105
	182
	1570

	Turbidity [NTU]
	0.8
	0.1
	0.1
	0.1
	0.1
	0
	1.8

	SST [mg · l-1]
	-
	-
	-
	-
	-
	-
	-

	Abs  = 426 nm
	0.007
	0.000
	0.000
	0.000
	0.000
	0.000
	0.016

	Abs  = 558 nm
	0.003
	0.000
	0.000
	0.000
	0.002
	0.000
	0.009

	Abs  = 660 nm
	0.004
	0.000
	0.000
	0.002
	0.002
	0.000
	0.008

	TOC [mg · l-1]
	158
	66
	73
	95
	121
	123
	344

	TC    [mg · l-1]
	211
	72
	80
	103
	134
	144
	535

	IC      [mg · l-1]
	53
	6
	7
	8
	13
	21
	191
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2.5.1.3.1.4. Second characterization of PS/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q29 [ l · h-1]

	6
	16

	6.9
	18

	9
	23


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	6.9
	16
	16
	0


2.5.1.3.1.5. Conclusions of PS/NF

The pilot scale investigation showed, passing from water to the real effluent, a sensible decrease in the flow rate. 

The value can be considered constant during the test at increasing feed concentration.

The second characterization evidences no loss in the flow rate, which shows no clogging phenomenon.

The undifferentiated reuse of the permeate seems to be difficult due to the high value of residual DOC.

SST, turbidity and colour are almost completely removed in the UF together with a good fraction of organic carbon. The overall efficiency of the treatment train is very high but the organic content in the feed is too high to match the standards for reuse.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	8
	7.34
	-

	Conductivity [S·cm-1]
	442
	89.2
	80%

	Turbidity [NTU]
	0.8
	0.08
	90%

	SST [mg · l-1]
	-
	-
	-

	Abs  = 426 nm
	0.007
	0
	>99%

	Abs  = 558 nm
	0.003
	0.0004
	87%

	Abs  = 660 nm
	0.004
	0.0008
	80%

	TOC [mg · l-1]
	158
	95.6
	39%

	TC    [mg · l-1]
	211
	106.6
	49%

	IC    [mg · l-1]
	53
	11
	79%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	13
	80
	82

	Turbidity [NTU]
	99
	90
	>99

	SST [mg · l-1]
	>99
	-
	>99

	Abs  = 426 nm
	75
	>99
	>99

	Abs  = 558 nm
	50
	87
	93

	Abs  = 660 nm
	25
	80
	84

	TOC [mg · l-1]
	75
	39
	85

	TC    [mg · l-1]
	69
	49
	84

	IC    [mg · l-1]
	13
	79
	82


Pilot scale NF on PDS effluent after UF

2.5.1.3.1.6. Pi. Sc. characterization of PDS/NF

Flow rates at different pressure values, measured at 29° C:

	p [ bar ]
	Q26 [ l · h-1]

	6
	14

	6.9
	16

	9
	21


2.5.1.3.1.7. Pi. Sc. complete recirculation test of PDS/NF

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	25
	13
	13

	20
	26.5
	14
	13

	40
	27.5
	15
	14

	60
	28.5
	14
	13


	 
	Feed
	Permeate*

	pH
	6.5
	5.6

	Conductivity [S·cm-1]
	375
	61

	Turbidity [NTU]
	19
	0.2

	Abs  = 426 nm
	0.014
	0.001

	Abs  = 558 nm
	0.007
	0.000

	Abs  = 660 nm
	0.004
	0.000

	TOC [mg · l-1]
	239
	51

	TC    [mg · l-1]
	260
	56

	IC      [mg · l-1]
	21
	5


*Aver. Permeate during the complete recirculation test

Concentration effect test of PDS/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	25.5
	13
	13

	20
	24.5
	12
	13

	40
	27.5
	14
	13

	60
	25
	13
	13

	80
	27
	12
	11


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	6.5
	5.6
	5.8
	6
	6.3
	7
	7.3

	Conductivity [S·cm-1]
	375
	61
	43
	55
	74
	150
	1358

	Turbidity [NTU]
	19
	0.2
	0.1
	0.2
	0
	0.2
	9.7

	Abs  = 426 nm
	0.014
	0.001
	0.001
	0.000
	0.006
	0.004
	0.011

	Abs  = 558 nm
	0.007
	0.000
	0.001
	0.000
	0.000
	0.001
	0.004

	Abs  = 660 nm
	0.004
	0.000
	0.000
	0.000
	0.005
	0.000
	0.002

	TOC [mg · l-1]
	239
	51
	50
	63
	72
	122
	925

	TC    [mg · l-1]
	260
	56
	54
	68
	77
	129
	956

	IC      [mg · l-1]
	21
	5
	4
	5
	5
	7
	31
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2.5.1.3.1.8. Second characterization of PDS/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q26 [ l · h-1]

	6
	12

	6.9
	14

	9
	18


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	6.9
	16
	14
	12


2.5.1.3.1.9. Conclusions of PDS/NF

The pilot scale investigation showed, passing from water to the real effluent a sensible decrease in the flow rate and a further decrease of the value was observed during the test at increasing feed concentration (over 60%).

The second characterization (permeate flow rate sensibly lower than the first) confirms that a significant part of the flux decline is due to material accumulation on the membrane surface.

SST, turbidity and colour are almost completely removed in the UF. The overall efficiency of the treatment train is very high but the high organic content in the feed makes it necessary to do further reusability evaluation.

The quality of the NF permeate seems anyway promising for reuse because most of the residual TOC is probably related to the acetic acid used in the process receipt to neutralize the alkaline scouring bath.

Comparison among flow rates measured in all the pilot scale trials:


[image: image21.wmf]NF flow rate comparison

0

2

4

6

8

10

12

14

16

18

Characterization

Ricirculation

Vperm. / Vinit Feed 0%

Vperm. / Vinit Feed 20%

Vperm. / Vinit Feed 40%

Vperm. / Vinit Feed 60%

Vperm. / Vinit Feed 80%

Second characterization

Q

25

 [ l  h

-1

 ]


Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	6.5
	6.14
	-

	Conductivity [S·cm-1]
	375
	76.6
	80%

	Turbidity [NTU]
	19
	0.14
	99%

	Abs  = 426 nm
	0.014
	0.002
	83%

	Abs  = 558 nm
	0.007
	0.000
	94%

	Abs  = 660 nm
	0.004
	0.001
	75%

	TOC [mg · l-1]
	239
	71.6
	70%

	TC    [mg · l-1]
	260
	76.8
	70%

	IC    [mg · l-1]
	21
	5.2
	75%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	14
	80
	82

	Turbidity [NTU]
	99
	99
	>99

	SST [mg · l-1]
	>99
	-
	>99

	Abs  = 426 nm
	98
	83
	>99

	Abs  = 558 nm
	99
	94
	>99

	Abs  = 660 nm
	96
	75
	99

	TOC [mg · l-1]
	56
	70
	87

	TC    [mg · l-1]
	56
	70
	87

	IC    [mg · l-1]
	37
	75
	85


2.5.1.4. UF+RO results

The membrane used is SG by Osmonics, Inc. having the highest permeability among the RO membranes suitable for industrial effluents.
2.5.1.4.1. Pilot scale RO on PS effluent after UF

2.5.1.4.1.1. Pi. Sc. characterization of PS/RO

Flow rates at different pressure values, measured at 29° C:

	p [ bar ]
	Q25 [ l · h-1]

	6
	2.1

	10
	3.6

	13.8
	5.2


2.5.1.4.1.2. Pi. Sc. complete recirculation test of PS/ RO

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	23.5
	2.3
	2.4

	30
	25.5
	3.4
	3.4

	60
	33.5
	5.2
	4.1


	 
	Feed
	Permeate* 

	pH
	7.8
	6.2

	Conductivity [S·cm-1]
	410
	15

	Turbidity [NTU]
	2.2
	0.2

	Abs  = 426 nm
	0.010
	0.000

	Abs  = 558 nm
	0.010
	0.001

	Abs  = 660 nm
	0.009
	0.001

	TOC [mg · l-1]
	178
	3

	TC    [mg · l-1]
	235
	6

	IC      [mg · l-1]
	57
	3


*Aver. Permeate during the complete recirculation test

Concentration effect test of PS/ RO

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	41.5
	5.2
	3.2

	20
	26
	3
	2.9

	40
	30
	3.7
	3.2

	60
	34
	3.1
	2.4

	70
	25
	3.3
	3.3


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	7.8
	6.2
	6.2
	6.6
	6.1
	6.4
	4.4

	Conductivity [S·cm-1]
	410
	15
	10
	12
	13
	18
	1877

	Turbidity [NTU]
	2.2
	0.2
	0.1
	0
	0.2
	3
	4.5

	Abs  = 426 nm
	0.010
	0.000
	0.000
	0.000
	0.000
	0.000
	0.032

	Abs  = 558 nm
	0.010
	0.001
	0.000
	0.000
	0.001
	0.000
	0.013

	Abs  = 660 nm
	0.009
	0.001
	0.001
	0.001
	0.002
	0.000
	0.011

	TOC [mg · l-1]
	178
	3
	3
	3
	4
	6
	841

	TC    [mg · l-1]
	235
	6
	6
	6
	7
	10
	845

	IC      [mg · l-1]
	57
	3
	3
	3
	3
	4
	4
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2.5.1.4.1.3. Second characterization of PS/ RO

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	1.8

	10
	3

	13.8
	4.3


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	13.8
	5.2
	4.3
	17


2.5.1.4.1.4. Conclusions of PS/ RO

The flux decay with real effluent in reference to deionised water is sensible.

The permeate flow does not decrease at increasing in feed concentration.

The loss between first and second characterization is important. 

The quality of the permeate is very good due to the high removals of all the parameters considered.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement 

	pH
	7.8
	6.3
	-

	Conductivity [S·cm-1]
	410
	13.6
	97%


	Turbidity [NTU]
	2.2
	0.7
	68%

	Abs  = 426 nm
	0.010
	0.000
	>99%

	Abs  = 558 nm
	0.010
	0.000
	96%

	Abs  = 660 nm
	0.009
	0.001
	90%

	TOC [mg · l-1]
	178
	3.8
	98%

	TC    [mg · l-1]
	235
	7
	97%

	IC    [mg · l-1]
	57
	3.2
	94%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	
	

	Conductivity [S·cm-1]
	13
	97
	97

	Turbidity [NTU]
	99
	68
	>99

	SST [mg · l-1]
	>99
	-
	>99

	Abs  = 426 nm
	78
	>99
	>99

	Abs  = 558 nm
	45
	96
	98

	Abs  = 660 nm
	20
	90
	92

	TOC [mg · l-1]
	75
	98
	99

	TC    [mg · l-1]
	69
	97
	99

	IC    [mg · l-1]
	12
	94
	95


2.5.1.4.2. Pilot scale RO on PDS effluent after UF

2.5.1.4.2.1. Pi. Sc. characterization of PDS/RO

Flow rates at different pressure values, measured at 25° C:

	p [ bar ]
	Q25 [ l · h-1]

	6
	2.9

	10
	4.9

	13.8
	6.9


2.5.1.4.2.2. Pi. Sc. complete recirculation test of PDS/ RO

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	22
	2.3
	2.5

	30
	23.5
	2.8
	2.9

	60
	29.5
	3.8
	3.3


	 
	Feed
	Permeate* 

	pH
	7.8
	7.2

	Conductivity [S·cm-1]
	447
	14

	Turbidity [NTU]
	7.4
	0.2

	Abs  = 426 nm
	0.071
	0.000

	Abs  = 558 nm
	0.044
	0.000

	Abs  = 660 nm
	0.031
	0.000

	TOC [mg · l-1]
	298
	4

	TC    [mg · l-1]
	331
	7

	IC      [mg · l-1]
	33
	3


*Aver. Permeate during the complete recirculation test

Concentration effect test of PDS/ RO

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	38
	3.8
	2.6

	20
	28.5
	2.4
	2.2

	40
	26.5
	2.4
	2.3

	60
	29
	3.3
	2.9

	70
	29
	3
	2.7


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	7.8
	7.2
	7
	8.7
	7.7
	8.6
	7.3

	Conductivity [S·cm-1]
	447
	14
	15
	26
	24
	30
	1196

	Turbidity [NTU]
	7.4
	0.2
	0.1
	0.4
	0.2
	0.4
	5.4

	Abs  = 426 nm
	0.071
	0.000
	0.000
	0.000
	0.000
	0.000
	0.052

	Abs  = 558 nm
	0.044
	0.000
	0.000
	0.000
	0.000
	0.000
	0.035

	Abs  = 660 nm
	0.031
	0.000
	0.000
	0.000
	0.000
	0.002
	0.026

	TOC [mg · l-1]
	298
	4
	4
	4
	5
	6
	902

	TC    [mg · l-1]
	331
	7
	7
	8
	9
	11
	947

	IC      [mg · l-1]
	33
	3
	3
	4
	4
	5
	45
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2.5.1.4.2.3. Second characterization of PDS/ RO

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	1.8

	10
	2.8

	13.8
	4.1


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	13.8
	6.9
	4.1
	41


2.5.1.4.2.4. Conclusions of PDS/ RO

The flux decay with real effluent in reference to deionised water is sensible.

The permeate flow does not decrease at increasing in feed concentration.

The loss between first and second characterization is very important. 

The quality of the permeate is very good due to the high removals of all the parameters considered.

Comparison among flow rates measured in all the pilot scale trials: 
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement

	pH
	7.8
	7.84
	-

	Conductivity [S·cm-1]
	447
	21.8
	95%

	Turbidity [NTU]
	7.4
	0.26
	96%

	Abs  = 426 nm
	0.071
	0.000
	100%

	Abs  = 558 nm
	0.044
	0.000
	100%

	Abs  = 660 nm
	0.031
	0.000
	99%

	TOC [mg · l-1]
	298
	4.6
	98%

	TC    [mg · l-1]
	331
	8.4
	97%

	IC    [mg · l-1]
	33
	3.8
	88%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	99
	95
	96

	Turbidity [NTU]
	
	96
	>99

	SST [mg · l-1]
	98
	-
	>98

	Abs  = 426 nm
	98
	>99
	>99

	Abs  = 558 nm
	96
	>99
	>99

	Abs  = 660 nm
	56
	99
	>99

	TOC [mg · l-1]
	56
	98
	99

	TC    [mg · l-1]
	38
	97
	99

	IC    [mg · l-1]
	14
	88
	93


2.5.2. Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on polyester scouring effluents the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· UF+RO for both the effluents tested resulted in high treatment costs also in the hypothesis of large volume of effluents to be treated.

· The other treatment trains tested UF, NF and UF+NF have shown a potentially high feasibility in terms of costs.

Cost estimation UF/PDS

[image: image27.wmf]Permeate flow

l/h m

2

126

Pressure

bar

2,1

Volume recovered

90%

Washing operations

day 

-1

5,1

Membrane surface

m

 2

25


[image: image28.wmf]Items

Duration

Cost per item

Cost per year

Cost per m3 

years

(EURO)

(EURO/year)

(EURO/m3)

Sand filtration

1

10

4157

Safety filtration

1

10

1500

PLC

1

10

10000

UF plant

1

10

12550

Washing equipment

1

10

10000

Total Capital Cost

38207

Installation (% TCC)

7,5%

5099

0,57

Membrane 

2

3

2000

1333

0,15

Filtering cartridges

5

0,333

10

150

0,02

Washing reactives

1122

2

2303

0,26

Energy

303

0,03

Total

9189

1,02


[image: image29.wmf]0,00

0,20

0,40

0,60

0,80

1,00

1,20

0

50000

100000

150000

200000

250000

300000

Plant size (m3/year)

Cost (EURO/m3)


2.5.2.1. Cost estimation UF/PS
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Cost estimation UF+NF/PDS
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2.5.2.2. Cost estimation UF+NF/PS
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Cost estimation NF/PSR
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2.5.2.3. Cost estimation UF+RO/PDS
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2.5.2.4. Cost estimation UF+RO/PS
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2.5.3. Reuse tests results (rinsing)

2.5.3.1. Reuse of scouring permeate for scouring of polyester

2.5.3.1.1. Scouring efficiency

The verification of the degree of scouring was checked by means of the determination of the degree of whiteness. 

	TREATMENT 
	DEGREE OF WHITE
	x
	y
	Y

	REFERENCE
	77.0
	0.3148
	0.3323
	79.9

	REUSE 
	78.6
	0.3142
	0.3316
	80.0


The higher the value, the more white is the sample. The measured degree of whiteness is acceptable and the differences are less than 5 units.

2.5.3.2. Reuse of scouring permeate for disperse dyeing of polyester

2.5.3.2.1. Colour differences

DYE WITH DISPERSE DYES (TERASIL - CIBA)

	Formula: CMC 2.0:1.0

	Substratum: 100% POLYESTER

	Reference: COL. GREY – DYE WITH INDUSTRIAL WATER

	Sample: COL. GREY – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.399
	-0.286
	0.167
	0.223
	+ dark + pure + violet

	A/10
	0.356
	-0.279
	0.041
	0.217
	+ dark + red

	F11/10
	0.370
	-0.285
	0.105
	0.212
	+ dark + violet


	Formula: CMC 2.0:1.0

	Substratum: 100% POLYESTER

	Reference: COL. BLUE SEA – DYE WITH INDUSTRIAL WATER

	Sample: COL. BLUE SEA – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.268
	-0.063
	-0.050
	0.255
	+ red

	A/10
	0.298
	-0.040
	-0.111
	0.273
	+ red

	F11/10
	0.278
	-0.038
	-0.118
	0.249
	+ dark + orange


The variations of tone between the samples dyed in the two types of water are within the acceptable levels of tolerance as recommended in the quality standard norm of the 2003 edition of Italian Textile Association. ( i.e.: delE=1)
2.5.3.2.2. Colour fastness to washing

grey colour:

	
	DYEING IN NDUSTRIAL WATER
	DYEING IN TREATED 

WATER

	Degradation colour:
	4-5
	4-5

	Staining on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	4-5
	4-5

	Cotton
	4-5
	4-5

	Acetate
	4-5
	4-5


blue sea colour:

	
	DYEING IN INDUSTRIAL WATER
	DYEING IN TREATED 

WATER

	Degradation colour:
	4-5
	4-5

	Staining  on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	4-5
	4-5

	Cotton
	4-5
	4-5

	Acetate
	4-5
	4-5


The differences in colour fastness expressed are not significant.

2.5.3.2.3. Colour fastness to rubbing

	DYEING IN INDUSTRIAL 

WATER
	 DYEING IN TREATED 

WATER

	Colour fastness to rubbing
	Colour fastness to rubbing

	dry
	wet
	dry
	wet

	grey colour 

	4-5
	4-5
	4-5
	4-5

	blue sea colour 

	4-5
	4
	4-5
	4-5


As outlined there is no variation between colour fastness to rubbing in the samples dyed in using two types of water.
2.5.3.2.4. Conclusions: reuse of permeate for scouring and disperse dyeing of polyester

In general the in differences revealed at the end of each test is of little significance as they do not indicate any particular problem.

The results obtained with treated water, in reference to the materials used in the  laboratory can be considered equal to those obtained by using industrial water.
Silk pretreatment (HT scouring, rinsing)

In the present chapter, discussion and results of the experimental activities carried out on the two silk pre-treatment effluents is reported. In the table below, the treatments carried out on each effluent is synthesized:

	Process
Effluent
	UF
	NF
	UF+NF

	Silk HT Scouring (SS)
	X
	
	XX

	Silk HT Scouring Rinsing (SSR)
	
	X
	


2.5.4. Membrane treatment results

2.5.4.1. Direct NF results

Direct nanofiltration has been applied on SSR effluent. The results of the tests carried out according to the methods described above, on bench scale and on pilot scale are here reported.

2.5.4.1.1. Bench scale NF on SSR effluent

2.5.4.1.1.1. Characterization of SSR/NF

Flow rate measurements at 6 bar pressure for three membranes at varying temperature and reported at 25 °C:

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]
	k
	Q25 [ l ·h-1·m-2 ]

	
	DK 
	30
	51
	0.028
	45

	
	DL 
	28
	57
	0.023
	53

	
	HL
	30
	60
	0.027
	52


2.5.4.1.1.2. Complete recirculation test of SSR/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Diminuzione di portata [%]


	
	DK 
	37
	17

	
	DL 
	45
	14

	
	HL
	38
	27


Permeate quality:

	 
	Alimento
	DK
	DL
	HL

	pH
	7.1
	6.8
	9.0
	8.5

	Conducibilità [S·cm-1]
	149
	15
	40
	21

	Torbidità [NTU]
	4.7
	0.3
	0.5
	1.6

	Abs  = 426 nm
	0.016
	0.000
	0.006
	0.004

	Abs  = 558 nm
	0.008
	0.000
	0.007
	0.001

	Abs  = 660 nm
	0.008
	0.001
	0.004
	0.000

	Abs  = 436 nm
	0.016
	0.000
	0.005
	0.004

	Abs  = 525 nm
	0.009
	0.000
	0.007
	0.002

	Abs  = 620 nm
	0.008
	0.000
	0.005
	0.000

	TOC [mg · l-1]
	136
	15
	21
	16

	TC    [mg · l-1]
	137
	16
	22
	17

	IC      [mg · l-1]
	1
	1
	1
	1


Choice of the membrane for the pilot scale 

Membrane HL has low fluid-dynamic affinity with the SSR as, passing from deionised water to real effluent filtration, almost 30% of flow rate is lost. DK and DL have similar behaviour. 

Membrane DK and HL have better performances in terms of quality of the permeate (especially for the conductivity and colour). In terms turbidity, HL is less efficient. Organic content is removed almost at the same level from the three membranes.

In this case, a compromising choice for further investigation is membrane DK.

2.5.4.1.2. Pilot scale NF on SSR effluent

2.5.4.1.2.1. Pi. Sc. characterization of SSR/NF

Flow rates at different pressure values:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	13
	14
	15
	11

	6.9
	15
	17
	18
	13

	9
	20
	21
	23
	17


2.5.4.1.2.2. Pi. Sc. complete recirculation test of SSR/NF

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	30
	17
	15

	15
	32
	17
	14

	30
	33
	17
	13

	45
	35
	18
	13

	60
	35
	18
	13


	 
	Feed
	permeate 0'
	permeate 60'

	pH
	7.1
	7.3
	7.8

	Conductivity [S·cm-1]
	149
	46
	23

	Turbidity [NTU]
	4.7
	1.5
	0.6

	SST [mg · l-1]
	7.5
	-
	-

	Abs  = 426 nm
	0.016
	0.003
	0.004

	Abs  = 558 nm
	0.008
	0.004
	0.000

	Abs  = 660 nm
	0.008
	0.004
	0.004

	Abs  = 436 nm
	0.016
	0.003
	0.005

	Abs  = 525 nm
	0.009
	0.003
	0.000


	Abs  = 620 nm
	0.008
	0.005
	0.004

	TOC [mg · l-1]
	136
	45
	24

	TC    [mg · l-1]
	137
	46
	25

	IC      [mg · l-1]
	1
	1
	1


2.5.4.1.2.3. Concentration effect test of SSR/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	35
	18
	13

	20
	36
	17
	12

	40
	37
	16
	11

	60
	38
	16
	11

	80
	39
	14
	9


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	7.1
	8.1
	7.6
	8.1
	8.0
	8.4
	7.6

	Conductivity [S·cm-1]
	149
	37
	23
	35
	43
	84
	647

	Turbidity [NTU]
	19
	0.8
	0.6
	0.3
	0.7
	0.4
	66

	SST [mg · l-1]
	7.5
	-
	-
	-
	-
	-
	44

	Abs  = 426 nm
	0.016
	0.002
	0.003
	0.003
	0.002
	0.002
	0.058

	Abs  = 558 nm
	0.008
	0.000
	0.002
	0.001
	0.001
	0.001
	0.030

	Abs  = 660 nm
	0.008
	0.004
	0.002
	0.003
	0.003
	0.001
	0.022

	Abs  = 436 nm
	0.016
	0.002
	0.003
	0.003
	0.003
	0.002
	0.052

	Abs  = 525 nm
	0.009
	0.000
	0.002
	0.000
	0.002
	0.001
	0.033

	Abs  = 620 nm
	0.008
	0.002
	0.001
	0.002
	0.003
	0.001
	0.025

	TOC [mg · l-1]
	136
	24
	21
	26
	30
	42
	535

	TC    [mg · l-1]
	137
	25
	22
	27
	30
	43
	568

	IC      [mg · l-1]
	1
	1
	1
	1
	1
	1
	33



[image: image48.wmf]TOC

0

100

200

300

400

500

600

700

0%

20%

40%

60%

80%

100%

V

permeate

 / V

init. Feed 

 [%]

TOC [mg  l

-1

]


♦ TOC in the feed

■ TOC in the permeate

2.5.4.1.2.4. Second characterization of SSR/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	13
	13
	14
	11

	6.9
	15
	16
	17
	13

	9
	19
	20
	21
	16


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25 ricaratt.        [ l · h-1]
	Perdita %

	6
	11
	11
	0

	6.9
	13
	13
	0

	9
	17
	16
	6


2.5.4.1.2.5. Conclusions of SSR/NF

The pilot scale investigation showed, passing from water to the real effluent nanofiltration, a light increase in the permeate flow rate probably due to an uncomplete conditioning not enabling to reach the actual maximum flux value during the first characterization.

The concentration effect test showed a light decrease in the flow rate at growing feed concentration till the level of 60%, over this value the decrease of flow rate is more relevant. 

The second characterization evidences no loss in the flow rate, which shows no clogging phenomenon.

The quality of the permeate is good; the percentile abatements are good especially in terms of organic content (~ 80%), suspended solids, turbidity and salinity. Colour is removed over 80% and it is not visible in the permeate

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement 

	pH
	7.14
	8.04
	-

	Conductivity [S·cm-1]
	149
	44
	70%

	Turbidity [NTU]
	19.10
	0.55
	97%

	Abs  = 426 nm
	0.016
	0.002
	85%

	Abs  = 558 nm
	0.008
	0.001
	88%

	Abs  = 660 nm
	0.008
	0.003
	68%

	Abs  = 436 nm
	0.016
	0.003
	84%

	Abs  = 525 nm
	0.009
	0.001
	89%

	Abs  = 620 nm
	0.008
	0.002
	78%

	TOC [mg · l-1]
	136
	29
	79%

	TC    [mg · l-1]
	137
	29
	79%

	IC      [mg · l-1]
	1
	1
	12%


2.5.4.2. UF results

2.5.4.2.1. Bench scale UF on SS effluent

2.5.4.2.1.1. Characterization of SS/UF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P
	MW
	PW
	ER

	
	T (°C)
	Q (l h-1)
	T (°C)
	Q (l h-1)
	T (°C)
	Q (l h-1)

	1
	31
	237
	30
	148
	
	

	1.5
	30
	352
	30
	213
	
	

	2
	30
	474
	30
	283
	26
	138

	2.5
	30
	628
	29
	357
	26
	172

	3
	
	
	
	
	25
	209

	3.5
	
	
	
	
	24
	206


2.5.4.2.1.2. Complete recirculation test of SS/UF

Flow rate decrease passing to real effluent filtration:

	Membrane
	P

(bar)
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	MW 
	2.1
	29
	105
	78

	PW
	2.1
	21
	20
	92

	ER
	3.4
	19
	68
	66


K=0.08

Permeates quality:

	 
	Feed
	15' MW
	15' PW
	15' ER 

	pH
	8.1
	8.4
	8.3
	8.3

	Conductivity [S·cm-1]
	656/678
	450
	366
	389

	Turbidity [NTU]
	36/43
	1
	1
	<1

	SST (mg l-1)
	20/21
	-
	-
	-

	Abs  = 426 nm
	0.060/0.078
	0.006
	0.010
	0.008

	Abs  = 558 nm
	0.021/0.035
	0.000
	0.003
	0.001

	Abs  = 660 nm
	0.011/0.023
	0.000
	0.002
	0.003

	TOC [mg · l-1]
	962/1020
	348
	212
	228

	TC    [mg · l-1]
	1037/1100
	414
	273
	289

	IC      [mg · l-1]
	75/81
	66
	61
	61


Choice of the membrane for the pilot scale 

The highest flow rate among the membrane tested was obtained by membrane MW followed by ER (even if the ER operational pressure is higher). The values obtained for PW are very low. Comparing these flows with the ones obtained during the characterization in all cases the loss is relevant (due to the unexpectedly high values measured in characterization). With reference to this parameter, ER is slightly better than MW and PW.

All the membranes have evidenced almost total removal of colour, suspended solids and turbidity. Membrane MW leaves in the permeates a residual organic content and conductivity significantly higher. All this considered, being UF mainly a pre-treatment in this case, the hydraulic parameters are evaluated as most important therefore MW is chosen for further investigation.

2.5.4.2.2. Pilot scale UF of SS effluent

2.5.4.2.2.1. Pi. Sc. characterization of SS/UF

Flow rates at different pressure and 30 °C temperature values:

	p [ bar ]
	Q30 [ l · h-1]

	1.4
	43

	1.9
	50

	2.3
	57

	2.8
	66


2.5.4.2.2.2. Pi. Sc. complete recirculation test of SS/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	17
	39
	42

	15
	18
	37
	39

	30
	18
	38
	40

	45
	18
	38
	40

	60
	19
	41
	43


	 
	Feed 
	Permeate 0’
	Permeate 60’

	pH
	8.0
	7.7
	7.7

	Conductivity [S·cm-1]
	617
	444
	443

	Turbidity [NTU]
	28.0
	0.54
	0.48

	SST (mg l-1)
	11
	3
	4

	Abs  = 426 nm
	0.056
	0.005
	0.004

	Abs  = 558 nm
	0.024
	0.006
	0.004

	Abs  = 660 nm
	0.015
	0.006
	0.004

	TOC [mg · l-1]
	840
	199
	184

	TC    [mg · l-1]
	911
	263.3
	247.3

	IC      [mg · l-1]
	71
	64.3
	63.3


2.5.4.2.2.3. Concentration effect test of SS/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	19
	41
	43

	20
	19
	40
	42

	40
	19
	40
	42

	60
	19
	39
	41

	80
	19
	38
	40


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	8.0
	8.4
	8.5
	8.2
	7.6
	7.9
	8.1

	Conductivity [S·cm-1]
	617
	435
	472
	480
	577
	618
	849

	Turbidity [NTU]
	28.0
	0.4
	0.5
	0.4
	0.4
	0.6
	139.0

	SST (mg l-1)
	11
	-
	-
	-
	-
	-
	31

	Abs  = 426 nm
	0.056
	0.002
	0.006
	0.006
	0.000
	0.003
	0.229

	Abs  = 558 nm
	0.024
	0.003
	0.004
	0.006
	0.003
	0.005
	0.101

	Abs  = 660 nm
	0.015
	0.003
	0.003
	0.007
	0.004
	0.005
	0.062

	TOC [mg · l-1]
	840
	198
	197
	224
	217
	293
	2424

	TC    [mg · l-1]
	911
	259
	263
	286
	287
	365
	2491

	IC      [mg · l-1]
	71
	61
	66
	62
	70
	72
	67
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Second characterization of SS/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]

	1.4
	39

	1.9
	46

	2.3
	51

	2.8
	60


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	51
	47
	8


2.5.4.2.2.4. Conclusions of SS/UF

During the ultrafiltration of real effluent with complete recirculation on pilot scale, a flow rate slight increase, compared to the value obtained with water filtration, occurred. The reason of such strange behaviour seems to be related to an uncomplete conditioning not enabling to reach the actual maximum flux value during the first characterization.

The concentration effect test showed that the flow rate stays almost constant.

During the second characterization, a sensible loss of flow rate occurs.

Despite the good removals obtained for all the pollutants, the quality of the utrafiltered effluent is clearly non acceptable for reusing in textile process.
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement 

	pH
	8.0
	8.1
	

	Conductivity [S·cm-1]
	617
	516.4
	16%

	Turbidity [NTU]
	28.0
	0.4
	98%

	SST (mg l-1)
	11
	-
	>99%

	Abs  = 426 nm
	0.056
	0.0
	94%

	Abs  = 558 nm
	0.024
	0.0
	83%

	Abs  = 660 nm
	0.015
	0.0
	71%

	TOC [mg · l-1]
	840
	225.6
	73%

	TC    [mg · l-1]
	911
	291.9
	68%

	IC      [mg · l-1]
	71
	66.3
	6%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.2.1.3.1.

2.5.4.3. UF+NF results

2.5.4.3.1. Bench scale NF on SS effluent after UF

2.5.4.3.1.1. Characterization of SS/NF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]

	
	DK 
	25
	46

	
	DL 
	25
	60

	
	CK
	25
	16


2.5.4.3.1.2. Complete recirculation test of SS/NF

Flow rate decrease passing to real effluent filtration at 6 bar pressure:

	Membrane
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	DK
	35
	36
	28

	DL
	36
	47
	28

	CK
	23
	4
	75


K=0.026

Permeates quality:

	 
	Feed
	DK
	DL

	pH
	7.5/7.6
	7.5
	7.5

	Conductivity [S·cm-1]
	500/540
	60
	120

	Turbidity [NTU]
	0.3/0.6
	0.3
	0.4

	SST (mg l-1)
	21/28
	-
	-

	Abs  = 426 nm
	0.005/0.011
	0.002
	0.005

	Abs  = 558 nm
	0.002/0.007
	0.004
	0.005

	Abs  = 660 nm
	0.005/0.009
	0.005
	0.007

	TOC [mg · l-1]
	181/199
	27
	53

	TC    [mg · l-1]
	247/272
	37
	74

	IC      [mg · l-1]
	66/73
	10
	21


2.5.4.3.1.3. Choice of the membrane for the pilot scale 

The best fluydodynamic performances among the membrane tested was obtained by membrane DL and also DK gave good results. On the contrary, CK has given so poor results was escluded from further investigation (permeate quality analysis).

Membrane DK leaves in the permeates a residual organic content and conductivity significantly lower than DL. All this considered, both DK and DL were submitted to further investigation.

2.5.4.3.2. Pilot scale NF (membrane DK) on SS effluent after UF

2.5.4.3.2.1. Pi. Sc. characterization of SS/NF (membrane DK)

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	12

	6.9
	14

	9
	17


2.5.4.3.2.2. Pi. Sc. complete recirculation test of SS/NF (membrane DK)

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	19
	11
	13

	15
	20
	12
	14

	30
	20
	12
	14

	45
	20
	12
	14

	60
	21
	12
	14


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.6
	6.7
	7.3

	Conductivity [S·cm-1]
	542
	31
	39

	Turbidity [NTU]
	0.5
	0.1
	0.1

	SST (mg l-1)
	-
	-
	-

	Abs  = 436 nm
	0.003
	0.000
	0.003

	Abs  = 525 nm
	0.004
	0.001
	0.004

	Abs  = 620 nm
	0.004
	0.000
	0.002

	TOC [mg · l-1]
	174
	16
	24

	TC    [mg · l-1]
	245
	23
	32

	IC      [mg · l-1]
	71
	7
	8


Concentration effect test of SS/NF (membrane DK)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	18
	11
	14

	20
	18
	11
	14

	40
	18
	11
	14

	60
	19
	11
	13

	80
	20
	11
	13


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	7.6
	7.3
	7.6
	8.2
	8.7
	9.1
	8.3

	Conductivity [S·cm-1]
	542
	89
	51
	69
	103
	181
	1550

	Turbidity [NTU]
	0.5
	0.1
	0.1
	0.2
	0.1
	0.1
	1.2

	SST (mg l-1)
	-
	-
	-
	-
	-
	-
	-

	Abs  = 436 nm
	0.003
	0.000
	0.003
	0.000
	0.000
	0.000
	0.022

	Abs  = 525 nm
	0.004
	0.002
	0.003
	0.006
	0.000
	0.002
	0.012

	Abs  = 620 nm
	0.004
	0.000
	0.001
	0.003
	0.000
	0.000
	0.011

	TOC [mg · l-1]
	174
	35
	26
	30
	40
	54
	523

	TC    [mg · l-1]
	245
	49
	35
	42
	58
	82
	594

	IC      [mg · l-1]
	71
	14
	9
	12
	18
	28
	71
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♦ TOC in the feed

■ TOC in the permeate

Second characterization of SS/NF (membrane DK)

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	12

	6.9
	14

	9
	19


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	14
	14
	-


2.5.4.3.2.3. Conclusions of SS/NF (membrane DK)

Flows obtained with the real effluent are similar to the maximum reference value with deionised water.

The concentration effect test showed that the flow rate stays constant at varying feed concentration till the level of increased concentration of 40%. A certain decrease in permeate flow rate is observable at higher concentrations. 

During the second characterization the flow rate is as in the first one.

The quality of the permeate is good due to the very good removals of all parameters considered.

Comparison among flow rates measured in all the pilot scale trials: 
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement 

	pH
	7.6
	8.2
	

	Conductivity [S·cm-1]
	542
	98.6
	82%

	Turbidity [NTU]
	0.5
	0.1
	74%

	SST (mg l-1)
	23
	0.1
	99%

	Abs  = 436 nm
	0.003
	0.001
	80%

	Abs  = 525 nm
	0.004
	0.003
	35%

	Abs  = 620 nm
	0.004
	0.001
	80%

	TOC [mg · l-1]
	174
	37.0
	79%

	TC    [mg · l-1]
	245
	53.4
	78%

	IC      [mg · l-1]
	71
	16.3
	77%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	16
	82
	85

	Turbidity [NTU]
	98
	74
	>99

	SST [mg · l-1]
	>99
	-
	>99

	Abs  = 426 nm
	94
	80
	98.8

	Abs  = 558 nm
	83
	35
	89

	Abs  = 660 nm
	71
	80
	94

	TOC [mg · l-1]
	73
	79
	94

	TC    [mg · l-1]
	68
	78
	93

	IC    [mg · l-1]
	6
	77
	78


2.5.4.3.3. Pilot scale NF (membrane DL) on SS effluent after UF

Pi. Sc. characterization of SS/NF (membrane DL)

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	19

	6.9
	21

	9
	28


2.5.4.3.3.1. Pi. Sc. complete recirculation test of SS/NF (membrane DL)

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	18
	18
	21

	15
	19
	19
	21

	30
	20
	20
	22

	45
	21
	20
	22

	60
	22
	21
	22


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.6
	7.3
	7.8

	Conductivity [S·cm-1]
	554
	44
	62

	Turbidity [NTU]
	0.3
	0.3
	0.1

	Abs  = 436 nm
	0.006
	0.001
	0.003

	Abs  = 525 nm
	0.001
	0.001
	0.002

	Abs  = 620 nm
	0.001
	0.000
	0.002

	TOC [mg · l-1]
	209
	41
	55

	TC    [mg · l-1]
	288
	53
	70

	IC      [mg · l-1]
	79
	12
	15


Concentration effect test of SS/NF (membrane DL)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	20
	21
	23

	20
	19
	19
	21

	40
	18
	18
	21

	60
	18
	18
	21

	80
	17
	17
	20


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	7.6
	7.9
	8.1
	8.2
	8.5
	8.8
	8.3

	Conductivity [S·cm-1]
	554
	95
	74
	97
	143
	229
	1518

	Turbidity [NTU]
	0.3
	0.2
	0.1
	0.3
	0.2
	0.2
	1.1

	Abs  = 436 nm
	0.006
	0.002
	0.004
	0.004
	0.001
	0.002
	0.010

	Abs  = 525 nm
	0.001
	0.001
	0.004
	0.004
	0.001
	0.001
	0.005

	Abs  = 620 nm
	0.001
	0.003
	0.001
	0.003
	0.000
	0.000
	0.002

	TOC [mg · l-1]
	209
	59
	57
	62
	74
	91
	553

	TC    [mg · l-1]
	288
	80
	74
	82
	100
	130
	766

	IC      [mg · l-1]
	79
	21
	17
	21
	26
	40
	214
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♦ TOC in the feed

■ TOC in the permeate

2.5.4.3.3.2. Second characterization of SS/NF (membrane DL)

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	18

	6.9
	21

	9
	28


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	21
	21
	-


2.5.4.3.3.3. Conclusions of SS/NF (membrane DL)

Flows obtained with the real effluent are similar to the maximum reference value with deionised water.

Apart from the first value measured during the concentration effect test (probably due to an overestimetion error) the permeate flux is constant during the test.

During the second characterization the flow rate is as in the first one.

All permeate flows measured with DL are sensibly higher than those with DK.

The permeate quality is quite good but lower than the one obtained with DK.

Comparison among flow rates measured in all the pilot scale trials: 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement 

	pH
	7.6
	8.3
	

	Conductivity [S·cm-1]
	554
	128
	77%

	Turbidity [NTU]
	0.3
	0.2
	42%

	SST (mg l-1)
	21
	-
	>99%

	Abs  = 436 nm
	0.006
	0.003
	n.a.

	Abs  = 525 nm
	0.001
	0.002
	n.a.

	Abs  = 620 nm
	0.001
	0.001
	n.a.

	TOC [mg · l-1]
	209
	69
	67%

	TC    [mg · l-1]
	288
	93
	68%

	IC      [mg · l-1]
	79
	25
	69%


n.a. = not applicable due to the very low value in the feed

The overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments, is reported in tab. below:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	16
	77
	81

	Turbidity [NTU]
	98
	42
	99

	SST [mg · l-1]
	>99
	99
	99

	Abs  = 426 nm
	94
	n.a.
	>94

	Abs  = 558 nm
	83
	n.a.
	>83

	Abs  = 660 nm
	71
	n.a.
	>71

	TOC [mg · l-1]
	73
	67
	91

	TC    [mg · l-1]
	68
	68
	90

	IC    [mg · l-1]
	6
	69
	70


Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on silk scouring effluents the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that the treatment trains tested UF, NF and UF+NF have shown a potentially high feasibility in terms of costs for both the silk scouring and the rinsing phases only.

Cost estimation UF/SS
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Cost estimation UF+NF/SS
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Cost estimation NF/SSR
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2.5.5. Reuse tests results (rinsing)

2.5.5.1. Reuse of scouring permeate for degumming of silk

2.5.5.1.1. Degumming efficiency

The verification of the degumming efficiency was checked by means of the determination of the degree of whiteness. 

	TREATMENT 
	DEGREE OF WHITE
	x
	y
	Y

	REFERENCE
	50.1
	0.3211
	0.448
	79.5

	REUSE 
	46.4
	0.3239
	0.3464
	80.6


The higher the value, the more white is the sample. The measured degree of whiteness is acceptable and the differences are less than 5 units.

2.5.5.2. Reuse of scouring permeate for acid dyeing of silk

2.5.5.2.1. Colour differences

	Formula: CMC 2.0:1.0

	Substratum: yarn 100% silk

	Reference: COL. BEIGE – DYE WITH INDUSTRIAL WATER

	Sample: COL. BEIGE – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0734
	-0.139
	-0.481
	-0.537
	+ dark + dirty + blue

	A/10
	0.663
	-0.148
	-0.444
	-0.469
	+ dark + dirty + blue

	F11/10
	0.716
	-0.154
	-0.517
	-0.472
	+ dark + dirty + blue


	Formula: CMC 2.0:1.0

	Substratum: spun 100% silk

	Reference: COL. BROWN – DYE WITH INDUSTRIAL WATER

	Sample: COL. BROWN – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.954
	0.929
	0.167
	0.140
	+ clear+ pure + yellow

	A/10
	0.933
	0.910
	0.186
	0.086
	+ clear+ pure + yellow

	F11/10
	0.952
	0.925
	0.188
	0.122
	+ clear+ pure + yellow


The variations of tone between the samples dyed in the two types of water are within the acceptable levels of tolerance as recommended in the quality standard norm of the 2003 edition of Italian Textile Association. ( i.e.: delE=1)
2.5.5.2.2. Colour fastness to washing

Beige colour
	
	DYEing in INDUSTRIAL WATER
	DYEing in TREATED 

WATER

	Degradation colour:
	4-5
	4-5

	Staining  on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	3-4
	3-4

	Cotton
	4
	4

	Acetate
	4-5
	4-5


Brown colour:

	
	DYEing in INDUSTRIAL WATER
	DYEing in TREATED 

WATER

	Degradation colour:
	4-5
	4-5

	Staining  on:
	
	

	Wool
	4
	4

	Acrylic
	4-5
	4-5

	Polyester
	4
	4

	Polyamide
	2
	2

	Cotton
	3-4
	3-4

	Acetate
	3-4
	3-4


The differences in colour fastness expressed are not significant.

2.5.5.2.3. Colour fastness to rubbing

	Dyeing in INDUSTRIAL

 WATER
	DYEing in TREATED

 WATER

	colour fastness to rubbing
	colour fastness to rubbing

	dry
	wet
	dry
	wet

	beige colour

	4-5
	4-5
	4-5
	4-5

	brown colour

	4-5
	4-5
	4-5
	4-5


As outlined there is no variation between colour fastness to rubbing  in the samples dyed in using two types of water.

2.5.5.2.4. Conclusions: reuse of permeate for degumming and acid dyeing of silk

In general the differences revealed at the end of each test is of little significance as they do not indicate any particular problem.

The results obtained with treated water, in reference to the materials used in the  laboratory can be considered equal to those obtained by using industrial water.

Cotton pretreatment (Bleaching, scouring, sizing)

The experimental here reported concerns: anaerobic biodegradability tests on cotton bleaching and scouring effluents, anaerobic treatment of size liquid in UASB reactor and membrane treatment of cotton bleaching line effluent

2.5.6. Anaerobic treatment

2.5.6.1. Anaerobic biodegradability batch tests 

2.5.6.1.1. Sizing liquid

According to the experimental data (see Figure 24) the organic matter present in the diluted sizing wastewater converted via VFA into methane. CODd concentration dropped from 4561 mg/l to 150-257 mg/l in a time period of 16-18 days and achieved a minimum of 60 mg/l on day 31. No VFA was present in the medium after 31 days (36 mg/l). During this period COD-CH4 raised from 0 to the maximum concentration of 4277 mg/l. The results shown in Figure 24 allow a good comparison between COD-VFA and CODd concentration. It is obvious that more than 80% organic matter in wastewater was converted into VFA. The efficiency of the treatment reached 97-98%, the anaerobic biodegradability of sizing liquid was high at the concentration applied, as the achieved removal efficiency on day 18 was 97%.
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Figure 24 - Anaerobic biodegradability of sizing wastewater. Filtered COD (x), COD-VFA (∆) and COD-CH4 (○). 

2.5.6.1.2. Indigo dyed cotton scouring wastewater

Anaerobic degradability test

Concentration of CODt was reduced from 5787 to 2846 mg/l at day 0, to 3787 mg/L at day 32 corresponding to a COD removal efficiency of 33.8% to 52.2%. COD was reduced around 50% at day 0. This is also explained by the fact that precipitation immediately happened after adding sodium carbonate. In the following days COD increased from 2846 to 3787 mg/L. The amount of VFA-COD increased significantly from 215 mg/l at the beginning up to a maximum concentration of 3634 mg/l at day 32, but no conversion into methane was observed. The VFA consisted of acetate, propionate, and a very small amount of butyrate (results not shown). With a pH of the solution similar to the dyeing wastewater, VFA could not convert into methane. However, the pH can not be an explanation for the low methane production. Methanogenic bacteria are inhibited at a pH below 5.5, whereas the pH of the experiment was 6.6. Colour decreased from 0.5 to 0.071A in 32 days. The results are presented in Figure 25 and Figure 26. It is shown that only a small amount of organic matter was converted to methane. 
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Figure 25 - Anaerobic biodegradability of scouring wastewater. Filtered COD (x), COD-VFA (∆) and COD-CH4 (○).
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Figure 26 - Reduction of colour at A= 674 nm for scouring wastewater. 

Effect of initial wastewater concentration on the anaerobic degradability

In the first feed, the CODd was reduced from 1212-6250 mg/l to 869-6166 mg/l corresponding to a COD removal efficiency of 26.3-85.3% for a period time of one week. Organic matter present in wastewater is converted very fast via acetate, propionate and butyrate into methane at the first day, corresponding to COD-CH4 increased from 0-1326 mg/l for R1, 0-2011 mg/l for R2, 0-2049 mg/l for R3, 0-2340 mg/l for R4, 0-2574 mg/l for R5, and 0-2789 mg/l for R6. It achieved a maximum value after 7 days in the range of 2346 mg/l for R1, 3318 mg/l for R2, 2913 mg/l for R3, 3808 mg/l for R4, 3718 mg/l for R5, and 3915 mg/l for R6. The VFA was raised up from 76-197 to 869-6113 mg/l during a period of 7 days. At the end of the experiment a significant amount of VFA remained.

Granular sludge adsorbed colour very well, which had an effect on the colour measurement. The process occurred immediately after addition of wastewater to the sludge and achieved maximum value at the first day, for instance, colour changed from 3.050-11.915A to 1.045-4865 A, except the R6 experiment, and then it was increased gradually to 2.025-5.785A at day 7. With R6, colour was increased slightly from 1.550 to 2.550 during the experimental period of 7 days. This can be explained by the presence of colloidal particles in the wastewater, causing turbidity that can affect the colour measurement. 

After setting up, the pH of all bottles was in the range of 6.8-7.1. At the last day pH decreased to 6.7 for R1, 6.7 for R2, 6.6 for R3, 6.8 for R4, 6.2 for R5, and 6.3 for R6. The pH value dropped due to higher conversion rate of acidogenic bacteria compared to methanogenic bacteria and the higher the wastewater concentration the lower the pH.
In the second feed, anaerobic bacteria were already inhibited by toxicity of wastewater substrate or maybe affected by the concentration of Na2S that was added to ensure completely anaerobic conditions. Another possibility is inhibition due to precipitation of particles on sludge. Although the experimental time was expanded to 24 days all analysed parameters remained unchanged.

The CODt removal efficiency was lower at the higher COD concentration. VFA concentration still remained significant amount in medium. The results are presented in Figure 27.
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Figure 27 - Biodegradability assay results for scouring wastewater, for various initial concentrations of COD (mg/l): 3010 (R1 - x), 6019 (R2 - ○), 6007filter COD (R3 - ∆), 9029 (R4 - ◊), 11575 (R5 - □), 8437filter COD (R6 - +). Top: Changes in the total COD concentration, Second: Changes in the COD-VFA concentration, Third: Methane production, Bottom: Colour removal. Bottles received a new feed on day 7.
2.5.6.1.3. Bleaching wastewater

Anaerobic degradability test

With bleaching wastewater, organic matter present in the wastewater was converted very fast via acetate, propionate butyrate. The COD-VFA concentration in the medium was high (2720 mg/l) at the end of the experiment in which acetate was the main component (about 1600 mg/l). Similar to the experiments with scouring wastewater, the conversion of VFA to methane may have been inhibited by a low pH in the medium. Although the pH was round 6.8. During the period of 32 days, the CODt was reduced from 5027 mgCODt/l to 2774 mgCODd/l corresponding to a COD removal efficiency of 52.2-58.0%. Because there was so much precipitate present in the medium, the COD reduction rate was bout 45 % in the first day, but it remained almost unchanged until day 24-32 day. Produced methane during the experimental period time was insignificant, it only achieved a maximum of 626 mg COD-CH4/l. The results are presented in Figure 28.
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Figure 28 - Anaerobic biodegradability of bleaching wastewater. Filtered COD (x), COD-VFA (∆) and COD-CH4 (○).

Effect of initial wastewater concentration on the anaerobic degradability

In the first feed, the CODd was reduced from 967 to 15 mg/l, corresponding to the highest COD removal efficiency of 99.5% for R1. Next, CODd decreased in the ranges of 2797 to 689 mg/l with a removal efficiency 88.5% for R2, 4627 to 1424 mg/l corresponding to a removal efficiency 76% for R3, 7194 to 5860 mg/l corresponding to a removal efficiency removal efficiency 56% for R4, and 6704 to 6323 mg/l corresponding to a COD removal efficiency of 47% for R6 at the end of the experiment.

After adding sodium bicarbonate, immediately precipitation occurred in the medium. This explains the fact that COD decreased at day 0. Organic matter present in the wastewater was converted very fast to acetate, propionate and butyrate, but not into methane for R4 and R5. COD-VFA still remained in a significant amount in the medium, 4659 mg/l for R4 and 4489 mg/l for R5 at day 7. VFA of R1 was not present any more in medium, it was around 31 at day 0 and 7 at the end 7-247. For R2 and R3, VFA concentration increased from 101-132 to 417-856 mg/l at day 2 and the following days it decreased to 247-721 mg/l. The COD-CH4 concentration increased from 0 to 2346-3915 mg/l in 7 days. 

At day 0, after setting up, the pH dropped in all cases to 6.2, 6.3, 6.6, 6.6 and 6.5 for R1, R2, R3, R4, and R5. After the first day, pH decreased in the range of 6.7-6.8 for R1, R2, and R3 and changed to 6.7 for R1, 6.8 for R2 and 7.0 for R3 at the end. With R1 and R2, pH at day 0 was 6.6 and 6.5 and decreased slightly to pH 6.3 at day 7. The pH value dropped due to the higher conversion rate of acidogenic bacteria compared to the methanogenic bacteria. A pH increase corresponds with the conversion of acetate into methane and the consequent release of HCO3-. 

In the second feed, COD removal efficiency was decreased compared to the first feed. The reason was that anaerobic bacteria were already inhibited by toxicity of the wastewater or maybe affected by accumulation of the Na2S that had been added to ensure completely anaerobic conditions. 

The CODt removal efficiency was lower at higher COD concentrations. Significant amounts of VFA still remained in the medium at the end of the experiment. The results are presented in Figure 29. 
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Figure 29 - Biodegradability assay results for bleaching wastewater, for various initial concentrations of COD (mg/l): 3004 (R1 - x), 6007 (R2 - ○), 8769 (R3 - ∆), 13409 (R4 - ◊), 11960 filter COD (R5 - □). Top: Changes in the total COD concentration, Middle: Changes in the COD-VFA concentration, Bottom: Methane production. Bottles received a new feed on day 8.

Anaerobic treatment of size liquid in UASB reactor

Granular Sludge was adapted after 7 days starting up with VFA mixture.  When a removal efficiency of  88-99% was achieved, operation of the reactor was continued with real wastewater. 
The initial experiment with sizing wastewater was started up at HRT 15 hour and OLR of 3.2 kgCOD/m3.day. A recirculation with a recycle factor of 5 was also applied to increase contact between sludge and substrate. The initial upflow velocity was 0.5 m/h. After 5 days operation of the reactor a floating sludge and foaming phenomenon occurred which caused very low efficiency and clogging of the gas line, but did not lead to washout of sludge. It was observed that precipitates of lipid and hydrolysis products of starch were accumulated in significant amounts in the reactor during the operation time. When applying recirculation, lipid can be converted into long chain fatty acids or fat matter. In time these created a film layer that covered the sludge. The film caused granules to stick together resulting in large particles with a film layer on the outside. This sludge prevented the release of gas from the sludge bed. As a consequence, sludge was pushed out of the top of reactor. In the following seven days, the complete sludge bed floated. In order to overcome this phenomenon, recirculation was stopped, and then reactor operation was continued running with HRT 15 hour and OLR of 3.2 kg COD/m3.day, while the upflow velocity was reduced to 0.084 m/h. 

2.5.6.1.4. HRT 15 hours

During the first 19 days of operation, the total concentration of influent COD ranged from 1865 mg/l to 2036 mg/l and the concentration of effluent COD decreased from 402 to 246 mg/l, corresponding to a COD removal efficiency of 78 to 88%.  Following 13 days, the treatment efficiency exceeded 80% and remained stable. Comparison of removal efficiency among CODt, CODp, and CODd, the efficiency of removal of CODd was usually higher than CODt and CODp. The data show that soluble COD was about 80% of CODt and the concentration of COD suspended solids was not significant. This indicated that anaerobic biodegradation of soluble starch was complete but the maximum treatment efficiency only reached 88%. The reason can be that the concentration of effluent COD can relate to the concentration of lipids, because biodegradation of lipids to methane was very poor and conversion of lipid into methane normally proceeds only partially (Petruy & Lettinga, 1997; Rinzema, 1988).

At the velocity 0.084 m/h almost no sludge was washed out, and therefore the concentration of SS in the effluent was low with a maximum concentration of 33 mg/l. Influent SS ranged from 29-31 mg/l. The pH of the effluent ranged from 7.10-8.15 whereas the pH of the influent was constant at a value of 8.4. Figure 30, Figure 31, and Figure 32 show values of COD, SS, VFA influent and effluent, and treatment efficiency (E%=(CODi,sol-CODe,sol)/CODi,sol) at the HRT of 15 hour. 
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Figure 30 - Influent and effluent COD with HRT 15 hour
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Figure 31 - Influent and effluent SS, VFA with HRT 15hour
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Figure 32 - COD removal efficiency with HRT 15 hour
2.5.6.1.5. HRT 12 hours

The experiment was continued with an HRT of 12 hours. Experimental conditions were the same as for the HRT of 15 hours. The total concentration of the influent COD ranged from 1742 mg/l to 2330 mg/l and the effluent COD concentration decreased from 307 to 83 mg/l, corresponding to a COD removal efficiency of 80 to 96%. The treatment efficiency was slightly increased compared to the HRT of 15 hours. When removal efficiency was gradually increased with time, suddenly, treatment efficiency dropped to 80 % at 12 days of operation and increased again the following 2 days. Concentration of effluent SS increased from 35-88 mg/l, because there was some floating sludge and precipitates present in the effluent. Concentration of influent VFA was almost unchanged during that time operation, it was about 43-49 mg/l, but effluent VFA was increased from 60-65 mg/l following 18 days of operation. Effluent pH ranged from 6.9 to 8.0 and influent pH was about 8.2-8.4. The results of the experiment are presented in Figure 33, Figure 34, and Figure 35.
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Figure 33 - Influent and effluent COD with HRT 12 hour
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Figure 34 - Influent and effluent SS, VFA with HRT 12hour
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Figure 35 - Removal efficiency COD with HRT 12 hour
2.5.6.1.6. HRT 10 hours

At the operation regime, flow was increased to 4.8 l/day corresponding with an upflow velocity of 0.2 m/h. Treatment efficiency decreased below 70% after the first 6 days of operation with an HRT of 10 hour, but then a value of 89% was achieved which remained stable until day 21. Influent COD was less than 2000 mg/l and the effluent COD ranged from 523-240 mg/l. The effluent COD did not decrease below 200 mg/l. Concentration of SS in the effluent was higher than in the first 6 days, because of washing out of floating sludge. However, following these days the SS in the effluent decreased to around 23-33 mg/l. Concentration of influent VFA at HRT 10 hour was higher than HRT 12, and 15 hour. A possible explanation is that starch was digested partly in the stored raw wastewater at 10(C. This hypothesis was supported by the observed drop of the pH of the raw wastewater from 7.5 to 6.5, and the slight increase in influent VFA. Values of effluent VFA ranged from 45-84 mg/l. Removal efficiency of lipid was increased from 31-50% in the time interval of 26 days. 

The gas outlet was frequently clogged by floating granular sludge. After 38 days of operation of the reactor, the height of the sludge bed had grown to 225 mm, so half of the sludge bed was taken out keep the height at a level of 125 mm. At that time, the size of granular sludge was become larger than initial sludge (Figure 40). The reason was that some small sludge granules were aggregated to create larger sludge granules.  This adhesion was caused by the film layer. Almost all of the sludge in the reactor was covered by a film. The results are presented in Figure 36 - Figure 39.
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Figure 36 - Influent and effluent COD with HRT 10 hour
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Figure 37 - Influent and effluent SS, VFA with HRT 10hour
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Figure 38 - Removal efficiency COD with HRT 10 hour
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Figure 39 - Removal efficiency lipid with HRT 10 hour
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Figure 40 - Size of sludge after 66 days of operation (HRT10h)
2.5.6.1.7. HRT 8 hours

Floating sludge was observed after 16 days of operation. Treatment efficiency dropped from 85% to 64%, the concentration of VFA in the effluent increased from 131 to 250 mg/l. Concentration of lipid in the effluent (69.7 mg/l) was higher than in the influent (89.7 mg/l), because of severe washout of sludge and precipitates in effluent. To overcome the problem, anti foaming chemical (anti foam silicon) was added to the reactor, but with no success. Then the operation regime was reset to HRT 10 hour. The results are depicted in Figure 41 - Figure 44.
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Figure 41 - Influent and effluent COD with HRT 8 hour
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Figure 42 - Influent and effluent SS, VFA with HRT 8hour
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Figure 43 - Removal efficiency COD with HRT 8 hour
[image: image91.wmf]0

10

20

30

40

50

60

70

80

90

100

6

12

18

Time (days)

Lipid (mg/L)

-30

-20

-10

0

10

20

30

40

50

60

70

E (%)

Lipid, inf

Lipid,eff

E (%)


Figure 44 - Removal efficiency lipid with HRT 8hour
In an attempt to mitigate floating sludge, a stirring device was installed in the reactor. Due to the effect of the stirring force, the film layer on the granular sludge was separated and the sludge settleability became very good. When operating this device, a lot of settled deposit in reactor was washed out in the effluent. 

The reactor was operated at HRT 10 hour with an organic loading rate (OLR) of 4.8 g COD/l.day, and influent was kept constant around COD 2000 mg/l. One part of the sludge was still floating on the top of reactor, despite that the stirring device had been running. Treatment efficiency was very low and the regime of HRT 6 h could not be carried out. Figure 46 shows the floating sludge phenomenon in the reactor. 

From the results presented in Figure 45, it is clear that treatment efficiency  (E%) is the highest at HRT 12 hour and decreased at 8 hour. It is clear that HRT affects treatment efficiency.  Figure 45 presents the treatment efficiency of CODt, CODss and CODd  with change of HRT.
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Figure 45 - Treatment efficiency change with HRT (and loading rate)
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Figure 46 - Floating sludge in the reactor at HRT 8h
2.5.6.1.8. Maximum specific methanogenic activity of the granular sludge

The assessed values for TSS, VSS and ash can be found in part 3.1.1 of the materials and methods section. The SMA of sludge was calculated from the linear increase of pressure or the decrease of the substrate concentration. The VSS content was 9.95% and SMAaverage of granular sludge from Nedalco was 1.25 g COD/g VSS.day at start up of the reactor. SMA slightly decreased during the changes in operation regime of 12, 10, 8 hour corresponding to times of 38, 66 and 78 days. The value of SMA ranged from 0.84, 0.84, and 0.83 g COD/g VSS.day using acetate as substrate and 0.99, 0.94, and 0.91 using VFA as substrate.
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Figure 47 - Results of SMA for initial sludge, R1, R2: duplicate experiment bottles
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Figure 48 - Results of SMA after 38 days, R1, R2, R3: triplicate experiment bottles
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Figure 49 - Results of SMA after 66 days, R1, R2, R3: triplicate experiment bottles
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Figure 50 - Results of SMA after 78 days, R1, R2, R3: triplicate experiment bottles

2.5.7. Membrane treatment results

2.5.7.1. UF results

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale.

2.5.7.1.1. Pilot scale UF on CBL effluent

2.5.7.1.1.1. Pi. Sc. characterization of CBL/UF

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	39

	1.9
	48

	2.3
	56

	2.8
	64


2.5.7.1.1.2. Pi. Sc. complete recirculation test of CBL/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	17
	31
	33

	20
	20
	18
	19

	40
	21
	17
	18

	60
	21
	16
	16


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.5
	8.7
	8.8

	Conductivity [S·cm-1]
	1670
	1496
	1458

	Abs  = 426 nm
	0.022
	0.014
	0.008

	Abs  = 558 nm
	0.010
	0.006
	0.002

	Abs  = 660 nm
	0.009
	0.006
	0.004

	Abs  = 436 nm
	0.019
	0.013
	0.007

	Abs  = 525 nm
	0.010
	0.008
	0.003

	Abs  = 620 nm
	0.009
	0.006
	0.004

	TOC [mg · l-1]
	401
	211
	195

	TC    [mg · l-1]
	500
	315
	288

	IC      [mg · l-1]
	99
	104
	93


Concentration effect test of CBL/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	21
	19
	20

	40
	22
	15
	15

	80
	23
	13
	13


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	8.5
	8.8
	8.8
	8.9
	8.9

	Conductivity [S·cm-1]
	1670
	1458
	1518
	1679
	2020

	TOC [mg · l-1]
	401
	195
	221
	278
	799

	TC    [mg · l-1]
	500
	288
	317
	382
	900

	IC      [mg · l-1]
	99
	93
	96
	104
	101

	Abs  = 426 nm
	0.022
	0.008
	0.015
	0.013
	0.104

	Abs  = 558 nm
	0.01
	0.002
	0.008
	0.006
	0.057

	Abs  = 660 nm
	0.009
	0.004
	0.007
	0.01
	0.049

	Abs  = 436 nm
	0.019
	0.007
	0.013
	0.011
	0.096

	Abs  = 525 nm
	0.01
	0.003
	0.01
	0.006
	0.06

	Abs  = 620 nm
	0.009
	0.004
	0.007
	0.009
	0.054

	SST [mg · l-1]
	300
	 -
	- 
	- 
	680


2.5.7.1.1.3. Second characterization of CBL/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	36

	1.9
	46

	2.3
	52

	2.8
	61


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	52
	49
	6%


2.5.7.1.1.4. Conclusions of CBL/UF

The effluent shows very low affinity with the membrane evidenced with the high decrease in flow rate due to colloids presents in the effluent. 

Rematkable decrease is observable at increasing concentrations in the feed.

Comparing first and second characterization, a minor loss occurs but taking into account the low volume filtered the loss is significant.

The quality of the permeate does not allow for reuse hypothesys, also due to low removals generally performed.

Comparison among flow rates measured in all the pilot scale trials. 
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	8.5
	
	-

	Conductivity [S·cm-1]
	1670
	1552
	7%

	TOC [mg · l-1]
	401
	231
	42%

	TC    [mg · l-1]
	500
	329
	34%

	IC      [mg · l-1]
	99
	98
	1%

	Abs  = 426 nm
	0.022
	0.012
	45%

	Abs  = 558 nm
	0.01
	0.005
	47%

	Abs  = 460 nm
	0.009
	0.007
	22%

	Abs  = 436 nm
	0.019
	0.010
	46%

	Abs  = 525 nm
	0.01
	0.006
	37%

	Abs  = 620 nm
	0.009
	0.007
	26%

	SST (mg l-1)
	300
	-
	>99%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.3.2.2.1

2.5.7.2. UF+NF results

The choice of the membrane to be used for the treatment was not performed on bench scale; the model Dlwas selected for its higher flows evidenced on similar effluents.
2.5.7.2.1. Pilot scale NF on CBL effluent after UF

2.5.7.2.1.1. Pi. Sc. characterization of CBL/NF 

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	21

	6.9
	23

	9
	29


2.5.7.2.1.2. Pi. Sc. complete recirculation test of CBL/NF 

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	20
	16
	18

	20
	23
	19
	20

	40
	24
	19
	19

	60
	25
	19
	19


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.2
	9.7
	9.3

	Conductivity [S·cm-1]
	1552
	363
	379

	Abs  = 426 nm
	0.010
	0.004
	0.002

	Abs  = 558 nm
	0.010
	0.003
	0.000

	Abs  = 660 nm
	0.012
	0.006
	0.006

	Abs  = 436 nm
	0.009
	0.003
	0.003

	Abs  = 525 nm
	0.003
	0.002
	0.001

	Abs  = 620 nm
	0.008
	0.006
	0.004

	TOC [mg · l-1]
	229
	24
	37

	TC    [mg · l-1]
	322
	26
	39

	IC      [mg · l-1]
	93
	2
	2


2.5.7.2.1.3. Concentration effect test of CBL/NF 

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	25
	19
	19

	30
	25
	19
	19

	60
	25
	18
	18


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	9.2
	9.3
	8.4
	8.5
	9.2

	Conductivity [S·cm-1]
	1552
	379
	500
	782
	2859

	TOC [mg · l-1]
	229
	37
	18
	29
	540

	TC    [mg · l-1]
	321
	39
	52
	86
	716

	IC      [mg · l-1]
	93
	2
	33
	57
	175

	Abs  = 426 nm
	0.011
	0.002
	0.003
	0.002
	0.016

	Abs  = 558 nm
	0.006
	0.000
	0.000
	0.000
	0.008

	Abs  = 660 nm
	0.008
	0.005
	0.003
	0.002
	0.007

	Abs  = 436 nm
	0.010
	0.003
	0.003
	0.002
	0.013

	Abs  = 525 nm
	0.004
	0.001
	0.000
	0.001
	0.007

	Abs  = 620 nm
	0.008
	0.004
	0.003
	0.001
	0.008


2.5.7.2.1.4. Second characterization of CBL/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	19

	6.9
	22

	9
	29


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	22
	4%


2.5.7.2.1.5. Conclusions of CBL/NF

The loss in flow rate passing from pure water to CBL effluent is acceptable.

Low further loss is observableat increasing concentrations.

With the second characterization there is a good recovery of flow rate.

The quality of the permeate is very good (see reuse tests § 4.3.5.) thanks to the high removals.  

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	9.2
	8.7
	

	Conductivity [S·cm-1]
	1552
	554
	64%

	TOC [mg · l-1]
	229
	28
	88%

	TC    [mg · l-1]
	321
	59
	82%

	IC      [mg · l-1]
	93
	31
	67%

	Abs  = 426 nm
	0.011
	0.002
	79%

	Abs  = 558 nm
	0.006
	0.000
	>99%

	Abs  = 460 nm
	0.008
	0.003
	58%

	Abs  = 436 nm
	0.010
	0.003
	73%

	Abs  = 525 nm
	0.004
	0.001
	83%

	Abs  = 620 nm
	0.008
	0.003
	67%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	
	
	

	Conductivity [S·cm-1]
	7%
	64%
	67%

	TOC [mg · l-1]
	42%
	88%
	93%

	TC    [mg · l-1]
	34%
	82%
	88%

	IC      [mg · l-1]
	1%
	67%
	67%

	Abs  = 426 nm
	45%
	79%
	88%

	Abs  = 558 nm
	47%
	>99%
	>99%

	Abs  = 460 nm
	22%
	58%
	68%

	Abs  = 436 nm
	46%
	73%
	85%

	Abs  = 525 nm
	37%
	83%
	89%

	Abs  = 620 nm
	26%
	67%
	75%

	SST (mg l-1)
	>99%
	-
	>99%


Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on cotton bleaching, the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· UF treatment has resulted in bad indexes values and it ends up in high costs for this kind of treatment.

· UF+NF treatment costs are not so high due to the good NF treatability of ultrafiltered effluent.  .

Cost estimation UF/CBL
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Cost estimation UF+NF/CBL
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2.5.8. Reuse tests results

2.5.8.1. Reuse of bleaching permeate for cotton bleaching

2.5.8.1.1. Degree of polymerisation (DP)

The measurement of DP has been done in double, i.e. series 1 and 2.

	
	% permeate
	polymerisation degree 

	SERIES 1
	0%
	1568,95

	
	100%
	1744,72

	
	75%
	1713,86

	SERIES 2
	0%
	1724,23

	
	100%
	1708,53

	
	75%
	1780,35


All DP values are between 1500 and 2000 which is acceptable for bleached cotton. Above this, no differences are seen between the reference treatment and the bleaching with reused permeate. 

2.5.8.1.2. Degree of whiteness

The degree of whiteness has been measured in double, i.e. series 1 and 2.

	
	% permeate
	degree of whiteness

	SERIES 1
	0%
	48,876

	
	100%
	48,127

	
	75%
	48,177

	SERIES 2
	0%
	47,917

	
	100%
	50,077

	
	75%
	48,698


The higher the value, the more white is the bleached sample. The measured degree of whiteness is acceptable and the differences are less than 5 units.

2.5.8.1.3. Conclusions: reuse of permeate for bleaching cotton

Based on the measurements of DP and the degree of whiteness, the bleached cotton has the same quality whether it is bleached with 100% fresh process water or with reused bleaching permeate (both 100% and 75% permeate).

2.5.8.2. Reuse of bleaching permeate for direct dyeing of cotton

The direct dyeing of the bleached cotton has been done in double, i.e. series 1 and 2.

2.5.8.2.1. Colour differences

	
	% permeate
	
	delta E (CMC2:1)
	delta E (CMC2:1)

	
	bleached 
	dyed
	
	

	SERIES 1
	0%
	0%
	reference
	0,61

	
	
	75%
	0,19
	0,65

	
	100%
	0%
	0,15
	0,54

	
	
	75%
	0,17
	0,45

	
	75%
	0%
	0,42
	0,19

	
	
	75%
	0,32
	0,37

	SERIES 2
	0%
	0%
	0,60
	reference

	
	
	75%
	0,35
	0,28

	
	100%
	0%
	0,46
	0,16

	
	
	75%
	0,37
	0,25

	
	75%
	0%
	0,23
	0,38

	
	
	75%
	0,43
	0,27


For each series of treatments the fabric which has been bleached and dyed with 100% fresh process water has been taken as the reference to calculate the difference in colour. All values of delta E (colour difference) are below 0.8, which means that no significant changes in colour shade can be measured. Also visually no differences were observed. 

Both series of treatments have also been compared to one another, but also in this case no significant differences could be remarked.

2.5.8.2.2. Colour fastness to washing 

	bleached with x% permeate
	0%
	
	100%
	
	75%
	

	dyed with x% permeate
	0%
	75%
	0%
	75%
	0%
	75%

	change of shade
	
	
	
	
	
	

	SERIES 1
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	SERIES 2
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	staining
	
	
	
	
	
	

	SERIES 1
	
	
	
	
	
	

	wool
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	cotton
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	SERIES 2
	
	
	
	
	
	

	wool
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	cotton
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5


All values are good to very good and no differences higher than 0.5 unit are noticed. 

2.5.8.2.3. Colour fastness to rubbing

	bleached with x% permeate
	0%
	
	100%
	
	75%
	

	dyed with x% permeate
	0%
	75%
	0%
	75%
	0%
	75%

	change of shade
	
	
	
	
	
	

	SERIES 1
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	wet
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	SERIES 2
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	wet
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	staining
	
	
	
	
	
	

	SERIES 1
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	wet
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	SERIES 2
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	wet
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5


All values are good to very good and no differences higher than 0.5 unit are noticed.

2.5.8.2.4. Conclusions: reuse of permeate for bleaching and direct dyeing of cotton

The waterquality of the bleaching permeate is good enough to be reused for both bleaching and direct dyeing of cotton. No adaptations to the water quality are needed. 

In the performed series of tests the reuse cycle is only been done once. The waste water of bleaching is treated via membrane filtration and reused for both bleaching and direct dyeing. The waste water of these treatments has not been treated and tested for reuse. It is to be expected that several reuse cycles will generate a higher concentration of certain chemicals in the permeate. To prevent this increase in concentration it is better to mix the permeate with fresh process water. In any case extra fresh process water is needed since part of the water is taken up by the fabric and is lost by evaporation.

Silk polymer charge

In the present chapter, discussion and results of the experimental activities carried out on the silk polymer charge (SPC) effluents is reported: after the laboratory test to select the proper membrane, two UF membrane were tested on pilot scale. Both the ultrafiltrated effluents were treated on NF on pilot scale 

2.5.9. Membrane treatment results

2.5.9.1. UF results

2.5.9.1.1. Bench scale UF on SPC effluent

2.5.9.1.1.1. Characterization of SPC/UF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P
	ER
	PW
	GK
	GH
	MW

	
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	Q 

(l h-1)
	Q 

(l h-1 m-2)

	1
	
	
	26
	228
	
	
	
	
	25
	290

	1.5
	
	
	26
	332
	
	
	
	
	25
	415

	2
	27
	153
	26
	430
	27
	13
	
	
	25
	553

	2.5
	26
	197
	26
	528
	27
	18
	
	
	25
	726

	3
	26
	235
	
	
	26
	20
	
	
	
	

	3.5
	25
	264
	
	
	25
	22
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	

	4.5
	
	
	
	
	
	
	28
	15
	
	

	5
	
	
	
	
	
	
	27
	16
	
	

	5.5
	
	
	
	
	
	
	25
	16
	
	


GK and GH were escluded form further investigation due to the low fluxes measured during the characterization.

2.5.9.1.1.2. Complete recirculation test of SPC/UF

Flow rate decrease passing to real effluent filtration:

	Membrane
	P

(bar)
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	ER 
	3.4
	33
	60
	79

	MW
	2.1
	29
	71
	88

	PW
	2.1
	20
	38
	91


K=0.008

Permeates quality:

	 
	Feed
	ER 
	MW
	PW

	pH
	3.5
	3.4
	3.5
	3.3

	Conductivity [S·cm-1]
	2440
	2390
	2300
	2400

	Turbidity [NTU]
	1.2
	0.2
	0.4
	<0.1

	SST (mg l-1)
	21
	-
	-
	-

	Abs  = 426 nm
	0.006
	0.000
	0.001
	0.000

	Abs  = 558 nm
	0.005
	0.000
	0.003
	0.005

	Abs  = 660 nm
	0.001
	0.002
	0.003
	0.002

	TOC [mg · l-1]
	5699
	1093
	1095
	853

	TC    [mg · l-1]
	5729
	1098
	1106
	865

	IC      [mg · l-1]
	30
	5
	11
	12


2.5.9.1.1.3. Choice of the membrane for the pilot scale 

It was not possibile to make a clear choice between MW e PW because is sensibly higher in flow, the second gives better removal. Both the membrane were tested on pilot scale.

2.5.9.1.2. Pilot scale UF (membrane MW) on SPC effluent

2.5.9.1.2.1. Pi. Sc. characterization of SPC/UF (membrane MW)

Flow rates at different pressure and 30 °C temperature values:

	p [ bar ]
	Q30 [ l · h-1]

	1.4
	45

	1.9
	52

	2.3
	59

	2.8
	68


2.5.9.1.2.2. Pi. Sc. complete recirculation test of SPC/UF (membrane MW)

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	21
	37
	38

	15
	24
	33
	33

	30
	27
	33
	32

	45
	30
	36
	35

	60
	32
	37
	35


	 
	Feed 
	Permeate 0’
	Permeate 60’

	pH
	3.5
	3.3
	3.2

	Conductivity [S·cm-1]
	2440
	2160
	2160

	Turbidity [NTU]
	1.2
	0.4
	0.2

	SST (mg l-1)
	21
	-
	-

	Abs  = 426 nm
	0.006
	0.000
	0.002

	Abs  = 558 nm
	0.005
	0.002
	0.004

	Abs  = 660 nm
	0.001
	0.000
	0.002

	TOC [mg · l-1]
	5699
	2804
	2299

	TC    [mg · l-1]
	5729
	2837
	2304

	IC      [mg · l-1]
	30
	33
	5


2.5.9.1.2.3. Concentration effect test of SPC/UF (membrane MW)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	32
	39
	37

	20
	33
	40
	38

	40
	34
	40
	37

	60
	35
	40
	37

	80
	37
	38
	35


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	3.5
	3.3
	3.3
	3.3
	3.3
	3.3
	3.3

	Conductivity [S·cm-1]
	2440
	2160
	2340
	2350
	2370
	2390
	2370

	Turbidity [NTU]
	1.2
	0.3
	0.2
	0.5
	0.4
	0.5
	2.2

	SST (mg l-1)
	21
	 
	 
	 
	 
	 
	58

	Abs  = 426 nm
	0.006
	0.001
	0.000
	0.000
	0.000
	0.000
	0.003

	Abs  = 558 nm
	0.005
	0.003
	0.000
	0.002
	0.001
	0.004
	0.004

	Abs  = 660 nm
	0.001
	0.001
	0.000
	0.000
	0.000
	0.003
	0.002

	TOC [mg · l-1]
	5699
	2552
	2581
	2812
	3016
	3594
	12945

	TC    [mg · l-1]
	5729
	2571
	2584
	2816
	3018
	3597
	12947

	IC      [mg · l-1]
	30
	19
	3
	4
	2
	3
	2
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♦ TOC in the feed

■ TOC in the permeate

Second characterization of SPC/UF (membrane MW)

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]

	1.4
	39

	1.9
	46

	2.3
	51

	2.8
	59


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	53
	47
	11


2.5.9.1.2.4. Conclusions of SPC/UF (membrane MW)

The ultrafiltration of real effluent compared to the value obtained with water filtration shows a significant decrease in flow rate. 

The concentration effect test showed that the flow rate stays almost constant. During the second characterization, a high loss of flow rate occurs due to material clogging.

Despite the good removals obtained for all the pollutants, the quality of the utrafiltered effluent is clearly non acceptable for reusing in textile processes.

Comparison among flow rates measured in all the pilot scale trials:
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	Feed
	Permeate UF
	Abatement %

	pH
	3.5
	3.3
	

	Conductivity [S·cm-1]
	2440
	2322
	5%

	Turbidity [NTU]
	1.2
	0.4
	70%

	SST (mg l-1)
	21
	-
	>99%

	Abs  = 426 nm
	0.006
	0.000
	97%

	Abs  = 558 nm
	0.005
	0.002
	60%

	Abs  = 660 nm
	0.001
	0.001
	20%

	TOC [mg · l-1]
	5699
	2911.0
	49%

	TC    [mg · l-1]
	5729
	2917.0
	49%

	IC      [mg · l-1]
	30
	6.0
	80%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.4.1.2.2.

2.5.9.1.3. Pilot scale UF (membrane PW) on SPC effluent

2.5.9.1.3.1. Pi. Sc. characterization of SPC/UF (membrane PW)

Flow rates at different pressure and 29 °C temperature values:

	p [ bar ]
	Q29 [ l · h-1]

	1.4
	20

	1.9
	25

	2.3
	32

	2.8
	38


2.5.9.1.3.2. Pi. Sc. complete recirculation test of SPC/UF (membrane PW)

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	29
	17
	17

	15
	31
	16
	15

	30
	33
	17
	16

	45
	34
	17
	16

	60
	35
	18
	17


	 
	Feed 
	Permeate 0’
	Permeate 60’

	pH
	3.4
	3.5
	3.4

	Conductivity [S·cm-1]
	2460
	2040
	2340

	Turbidity [NTU]
	1.2
	0.2
	0.25

	SST (mg l-1)
	45
	-
	-

	Abs  = 426 nm
	0.004
	0.000
	0.001

	Abs  = 558 nm
	0.004
	0.001
	0.002

	Abs  = 660 nm
	0.000
	0.000
	0.000

	TOC [mg · l-1]
	5576
	714
	963

	TC    [mg · l-1]
	5585
	727
	968

	IC      [mg · l-1]
	9
	13
	5


2.5.9.1.3.3. Concentration effect test of SPC/UF (membrane PW)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	30
	16
	15

	20
	32
	15
	14

	40
	35
	15
	14

	60
	37
	15
	13

	80
	39
	15
	13


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	3.5
	3.5
	3.4
	3.5
	3.5
	3.4
	3.4

	Conductivity [S·cm-1]
	2440
	2190
	2340
	2390
	2380
	2370
	2460

	Turbidity [NTU]
	1.2
	0.2
	0.25-0.68
	0.2
	0.2
	0.3
	2.4

	SST (mg l-1)
	21
	-
	-
	-
	-
	-
	59

	Abs  = 426 nm
	0.006
	0.001
	0.005
	0.003
	0.005
	0.003
	0.005

	Abs  = 558 nm
	0.005
	0.002
	0.004
	0.004
	0.004
	0.002
	0.002

	Abs  = 660 nm
	0.001
	0.000
	0.003
	0.000
	0.002
	0.000
	0.000

	TOC [mg · l-1]
	5699
	839
	1139
	1208
	1294
	1504
	14356

	TC    [mg · l-1]
	5729
	848
	1141
	1210
	1296
	1508
	14358

	IC      [mg · l-1]
	30
	9
	2
	2
	2
	4
	2
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♦ TOC in the feed
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2.5.9.1.3.4. Second characterization of SPC/UF (membrane PW)

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]

	1.4
	12

	1.9
	14

	2.3
	17

	2.8
	20


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	28
	15
	46


2.5.9.1.3.5. Conclusions of SPC/UF (membrane PW)

When compared with UF results given by MW, membrane PW is sensibly worse in terms of affinity with the real effluent and flow rates (expecially the loss occurred during the second characterization), while the removals and the permeate quality is higher.

Comparison among flow rates measured in all the pilot scale trials:


[image: image110.wmf]Flow rate comparison

0

10

20

30

Characterization

Ricirculation

Vperm. / Vinit Feed 0%

Vperm. / Vinit Feed 20%

Vperm. / Vinit Feed 40%

Vperm. / Vinit Feed 60%

Vperm. / Vinit Feed 80%

Second characterization

Q

25

 [ l  h

-1

 ]


Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate UF
	Abatement %

	pH
	3.5
	3.4
	-

	Conductivity [S·cm-1]
	2440
	2334
	4%

	Turbidity [NTU]
	1.2
	0.2
	79%

	SST (mg l-1)
	21
	16
	24%

	Abs  = 426 nm
	0.006
	0.003
	43%

	Abs  = 558 nm
	0.005
	0.003
	36%

	Abs  = 660 nm
	0.001
	0.001
	-

	TOC [mg · l-1]
	5699
	1196.8
	79%

	TC    [mg · l-1]
	5729
	1200.7
	79%

	IC      [mg · l-1]
	30
	3.9
	87%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in §  4.4.1.2.3.

2.5.9.2. UF +NF results

2.5.9.2.1. Bench scale NF on SPC effluent after UF

2.5.9.2.1.1. Characterization of SPC/NF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]

	
	DK 
	25
	46

	
	DL 
	25
	60

	
	HL
	25
	60

	
	CK
	25
	16


2.5.9.2.1.2. Complete recirculation test of SPC/NF

Flow rate decrease passing to real effluent filtration at 6 bar pressure:

	Membrane
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	DK
	29
	33
	35

	DL
	33
	35
	53

	HL
	26
	39
	37

	CK
	37
	<2
	91


K=0.026

Permeates quality:

	 
	Feed
	DK
	DL
	HL

	pH
	3.3
	3.5
	3.5
	3.5

	Conductivity [S·cm-1]
	2220
	1030
	1100
	1100

	Turbidity [NTU]
	0.3
	0.1
	0.2
	0.2

	SST (mg l-1)
	16
	-
	-
	-

	Abs  = 426 nm
	0.004
	0.001
	0.000
	0.000

	Abs  = 558 nm
	0.002
	0.001
	0.001
	0.000

	Abs  = 660 nm
	0.000
	0.000
	0.000
	0.001

	TOC [mg · l-1]
	2181
	505
	512
	502

	TC    [mg · l-1]
	2183
	507
	514
	504

	IC      [mg · l-1]
	2
	2
	2
	2


Choice of the membrane for the pilot scale 

With reference to alla data, both DK and HL appeared to be equally suitable for pilot scale investigation. DK was selected just in order to compare results with previous experimentals.

2.5.9.2.2. Pilot scale NF on SPC effluent after UF (MW)

2.5.9.2.2.1. Pi. Sc. characterization of SPC/NF on UF (MW) effluent

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	14

	6.9
	17

	9
	23


2.5.9.2.2.2. Pi. Sc. complete recirculation test of SPC/NF on UF (MW) effluent

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	23
	12
	13

	15
	27
	15
	14

	30
	29
	6
	14

	45
	31
	16
	14

	60
	32
	18
	14


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	3.6
	3.7
	3.8

	Conductivity [S·cm-1]
	2220
	890
	980

	Turbidity [NTU]
	0.4
	0.2
	0.4

	SST (mg l-1)
	-
	-
	-

	Abs  = 436 nm
	0.005
	0.003
	0.006

	Abs  = 525 nm
	0.003
	0.004
	0.006

	Abs  = 620 nm
	0.004
	0.003
	0.004

	TOC [mg · l-1]
	2874
	416
	465

	TC    [mg · l-1]
	2876
	421
	467

	IC      [mg · l-1]
	2
	5
	2


2.5.9.2.2.3. Concentration effect test of of SPC/NF on UF (MW) effluent

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	33
	18
	14

	20
	35
	19
	14

	40
	37
	20
	14

	60
	43
	21
	13

	80
	46
	19
	10


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	3.3
	3.8
	3.7
	3.6
	3.6
	3.4
	3.1

	Conductivity [S·cm-1]
	2360
	935
	1000
	1040
	1140
	1540
	6190

	Turbidity [NTU]
	0.4
	0.3
	0.1
	0.1
	0.2
	0.3
	1.2

	SST (mg l-1)
	-
	-
	-
	-
	-
	-
	-

	Abs  = 436 nm
	0.012
	0.005
	0.004
	0.005
	0.000
	0.000
	0.055

	Abs  = 525 nm
	0.006
	0.005
	0.007
	0.003
	0.001
	0.002
	0.052

	Abs  = 620 nm
	0.006
	0.004
	0.004
	0.003
	0.001
	0.001
	0.056

	TOC [mg · l-1]
	2921
	441
	467
	467
	473
	468
	11010

	TC    [mg · l-1]
	2924
	444
	469
	469
	474
	470
	11013

	IC      [mg · l-1]
	3
	3
	2
	2
	2
	2
	3
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Second characterization of of SPC/NF on UF (MW) effluent

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	15

	6.9
	17

	9
	23


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	15
	15
	-


2.5.9.2.2.4. Conclusions of of SPC/NF on UF (MW) effluent

The combination of the ultrafiltered SPC with the NF membrane shows good affinity (low decrease in flow rate with reference to the pure water filtration)

At increasing concentrations, a high loss in flow rate is observed above 60% of increased concentration while the second characterization shows a complete recovery of flow rate after simple rinsing.

The quality of the permeate is low, not acceptable for reuse tests due to the  organic content in the effluent. Nevertheless the removals performed are good.

Comparison among flow rates measured in all the pilot scale trials. 


[image: image112.wmf]Flow rate comparison

0

5

10

15

20

Characterization

Ricirculation

Vperm. / Vinit Feed 0%

Vperm. / Vinit Feed 20%

Vperm. / Vinit Feed 40%

Vperm. / Vinit Feed 60%

Vperm. / Vinit Feed 80%

Second characterization

Q

25

 [ l  h

-1

 ]


Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	3.3
	3.6
	-

	Conductivity [S·cm-1]
	2360
	1131
	52%

	Turbidity [NTU]
	0.4
	0.2
	48%

	SST [mg l-1]
	16
	-
	>99%

	Abs  = 436 nm
	0.012
	0.003
	77%

	Abs  = 525 nm
	0.006
	0.004
	40%

	Abs  = 620 nm
	0.006
	0.003
	57%

	TOC [mg · l-1]
	2921
	463
	84%

	TC    [mg · l-1]
	2924
	465
	84%

	IC      [mg · l-1]
	3
	2
	30%


The overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments, is reported in tab. below:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	
	-
	-

	Conductivity [S·cm-1]
	5%
	52%
	54%

	Turbidity [NTU]
	70%
	48%
	84%

	SST [mg · l-1]
	24
	99%
	

	Abs  = 426 nm
	97%
	77%
	99.2%

	Abs  = 558 nm
	60%
	40%
	76%

	Abs  = 660 nm
	20%
	57%
	65%

	TOC [mg · l-1]
	49%
	84%
	92%

	TC    [mg · l-1]
	49%
	84%
	92%

	IC    [mg · l-1]
	80%
	30%
	86%


Pilot scale NF on SPC effluent after UF (PW) 

2.5.9.2.2.5. Pi. Sc. characterization of SPC/NF on UF (PW) effluent

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	15

	6.9
	17

	9
	23


2.5.9.2.2.6. Pi. Sc. complete recirculation test of SPC/NF on UF (PW) effluent

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	24
	12
	13

	15
	26
	14
	13

	30
	29
	15
	13

	45
	31
	16
	14

	60
	33
	17
	14


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	3.5
	3.7
	3.6

	Conductivity [S·cm-1]
	2720
	770
	1050

	Turbidity [NTU]
	0.4
	0.2
	0.1

	SST (mg l-1)
	-
	-
	-

	Abs  = 436 nm
	0.008
	0.004
	0.003

	Abs  = 525 nm
	0.009
	0.003
	0.002

	Abs  = 620 nm
	0.005
	0.001
	0.000

	TOC [mg · l-1]
	1247
	354
	548

	TC    [mg · l-1]
	1256
	360
	550

	IC      [mg · l-1]
	9
	6
	2


2.5.9.2.2.7. Concentration effect test of of SPC/NF on UF (PW) effluent

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	31
	16
	13

	20
	31
	16
	13

	40
	31
	16
	13

	60
	37
	17
	12

	80
	29
	12
	10


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	3.5
	3.6
	3.6
	3.6
	3.5
	3.4
	2.7

	Conductivity [S·cm-1]
	2720
	1100
	1050
	1050
	1130
	1180
	7220

	Turbidity [NTU]
	0.4
	0.4
	0.1
	0.2
	0.3
	0.2
	0.4

	SST (mg l-1)
	 
	 
	 
	 
	 
	 
	 

	Abs  = 436 nm
	0.008
	0.006
	0.001
	0.003
	0.001
	0.000
	0.004

	Abs  = 525 nm
	0.009
	0.009
	0.004
	0.005
	0.004
	0.004
	0.003

	Abs  = 620 nm
	0.005
	0.005
	0.001
	0.004
	0.002
	0.001
	0.002

	TOC [mg · l-1]
	1247
	549
	563
	554
	558
	546
	3476

	TC    [mg · l-1]
	1256
	552
	565
	557
	561
	548
	3478

	IC      [mg · l-1]
	9
	3
	2
	3
	3
	2
	2
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Second characterization of of SPC/NF on UF (PW) effluent

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q28 [ l · h-1]

	6
	12

	6.9
	15

	9
	20


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	16
	14
	12


2.5.9.2.2.8. Conclusions of of SPC/NF on UF (PW) effluent

As for the flows, no sensible difference occurred when compared with the nanofiltration of the effluent from UF with membrane MW. 

Dispite the better quality of the ultrafiltered with PW, final quality of the permeate is similar in the two cases.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	3.5
	3.6
	

	Conductivity [S·cm-1]
	2720
	1102
	59%

	Turbidity [NTU]
	0.4
	0.2
	47%

	Abs  = 436 nm
	0.008
	0.002
	73%

	Abs  = 525 nm
	0.009
	0.005
	42%

	Abs  = 620 nm
	0.005
	0.003
	48%

	TOC [mg · l-1]
	1247
	554
	56%

	TC    [mg · l-1]
	1256
	557
	56%

	IC      [mg · l-1]
	9
	3
	70%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	4%
	59%
	61%

	Turbidity [NTU]
	79%
	47%
	89%

	Abs  = 426 nm
	43%
	73%
	84.4%

	Abs  = 558 nm
	36%
	42%
	63%

	Abs  = 660 nm
	0%
	48%
	48%

	TOC [mg · l-1]
	79%
	56%
	91%

	TC    [mg · l-1]
	79%
	56%
	91%

	IC    [mg · l-1]
	87%
	70%
	96%


2.5.10. Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on silk polymer charge effluent the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· UF and UF+NF for the effluent tested resulted in quite high treatment costs showing a low potential feasibility.  .
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Cost estimation UF+NF/SPC
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Disperse dyeing and printing (Polyester dyeing, printing, washing and  rinsing)

In the present chapter, discussion and results of the experimental activities carried out on the disperse dyeing effluents is reported. In the table below, the treatments carried out on each effluent is synthesized:

	Process
Effluent
	UF
	NF
	UF+NF
	UF+RO

	Polyester disperse dyeing (PDD)
	X
	
	X
	X

	Polyester disperse dyeing rins. (PDDR)
	
	X
	
	

	Polyester printed wash (PPW)
	X
	
	X
	X

	Polyester disperse print (PDP)
	X
	
	X
	


2.5.11. Membrane treatment results

2.5.11.1. Direct NF results

Direct nanofiltration has been applied on PDDR effluent. The results of the tests carried out according to the methods described above, on bench scale and on pilot scale are here reported.

2.5.11.1.1. Bench scale NF on PDDR effluent

2.5.11.1.1.1. Characterization of PDDR/NF

Flow rate measurements at 6 bar pressure for three membranes at varying temperature and reported at 25 °C:

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]
	k
	Q25 [ l ·h-1·m-2 ]

	
	DK 
	35
	61
	0.028
	46

	
	DL 
	34
	79
	0.023
	64

	
	HL
	34
	85
	0.027
	67


2.5.11.1.1.2. Complete recirculation test of PDDR/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Flow rate decrease [%]

	
	DK 
	43
	6

	
	DL 
	64
	1

	
	HL
	59
	12


Permeates quality:

	 
	Feed
	DK
	DL
	HL 

	pH
	7.8
	7.6
	7.6
	7.6

	Conductivity [S·cm-1]
	198
	36
	45
	27

	Turbidity [NTU]
	0.54
	0.38
	0.45
	0.37

	Abs  = 426 nm
	0.004
	0.000
	0.003
	0.000

	Abs  = 558 nm
	0.003
	0.000
	0.000
	0.000

	Abs  = 660 nm
	0.002
	0.001
	0.004
	0.002

	Abs  = 436 nm
	0.003
	0.000
	0.003
	0.000

	Abs  = 525 nm
	0.002
	0.000
	0.000
	0.000

	Abs  = 620 nm
	0.003
	0.000
	0.002
	0.000

	TOC [mg · l-1]
	18
	3
	7
	7

	TC    [mg · l-1]
	28
	5
	10
	9

	IC      [mg · l-1]
	10
	2
	3
	2


2.5.11.1.1.3. Choice of the membrane for the pilot scale 

Membrane DL seems to have the best fluid-dynamic affinity for maximum flow rate and minimum decrease (almost the same) passing from deionised water to real effluent filtration. Also membrane DK has a good affinity.

On the other hand, the membrane DL shows lower performances in terms of quality of the permeate.

In this case, again, DK is chosen for further investigation.

2.5.11.1.2. Pilot scale NF on PDDR effluent

2.5.11.1.2.1. Pi. Sc. characterization of PDDR/NF

Flow rates at different pressure values:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	17
	18
	18
	13

	6.9
	20
	20
	21
	15

	9
	26
	27
	28
	20


2.5.11.1.2.2. Pi. Sc. complete recirculation test of PDDR/NF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	29
	17
	15

	15
	31
	17
	14

	30
	32
	18
	15

	45
	33
	18
	14

	60
	34
	18
	14


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.0
	8.3
	7.8

	Conductivity [S·cm-1]
	197
	43
	25

	Turbidity [NTU]
	1.2
	0.7
	0.4

	Abs  = 426 nm
	0.005
	0.001
	0.002

	Abs  = 558 nm
	0.001
	0.000
	0.000

	Abs  = 660 nm
	0.002
	0.000
	0.000

	Abs  = 436 nm
	0.005
	0.001
	0.002

	Abs  = 525 nm
	0.005
	0.001
	0.002

	Abs  = 620 nm
	0.001
	0.000
	0.000

	TOC [mg · l-1]
	20
	14
	18

	TC    [mg · l-1]
	33
	18
	20

	IC      [mg · l-1]
	13
	4
	2


2.5.11.1.2.3. Concentration effect test of PDDR/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	34
	18
	14

	20
	35
	18
	13

	40
	36
	18
	13

	60
	37
	18
	13

	80
	37
	18
	13


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	8.0
	7.5
	7.1
	7.5
	7.8
	8.2
	7.6

	Conductivity [S·cm-1]
	197
	38
	38
	47
	61
	127
	759

	Turbidity [NTU]
	1.2
	0.5
	0.7
	0.8
	0.6
	0.9
	3.4

	Abs  = 426 nm
	0.005
	0.005
	0.004
	0.002
	0.001
	0.006
	0.016

	Abs  = 558 nm
	0.001
	0.001
	0.000
	0.000
	0.000
	0.003
	0.006

	Abs  = 660 nm
	0.002
	0.000
	0.003
	0.001
	0.000
	0.002
	0.005

	Abs  = 436 nm
	0.005
	0.005
	0.005
	0.003
	0.001
	0.005
	0.015

	Abs  = 525 nm
	0.005
	0.004
	0.002
	0.003
	0.002
	0.005
	0.008

	Abs  = 620 nm
	0.001
	0.000
	0.001
	0.001
	0.000
	0.002
	0.005

	SST [mg · l-1]
	< 5
	-
	-
	-
	-
	-
	5

	TOC [mg · l-1]
	20
	13
	15
	16
	17
	19
	35

	TC    [mg · l-1]
	33
	17
	19
	27
	20
	24
	91

	IC      [mg · l-1]
	13
	4
	4
	11
	3
	5
	55
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2.5.11.1.2.4. Second characterization of PDDR/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	16
	17
	18
	13

	6.9
	18
	20
	20
	14

	9
	25
	26
	26
	19


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6
	13
	13
	0

	6.9
	15
	14
	7

	9
	20
	19
	5


2.5.11.1.2.5. Conclusions of PDDR/NF

Passing from water to the real effluent nanofiltration on pilot scale, a light decrease in the flow rate is observable (15 -14 l h-1) but the value stays almost  constant during the concentration effect test at varying feed concentration. 

The second characterization shows a light loss in the flow rate

The quality of the permeate is acceptable for reuse tests but the abatements cannot be calculated (organic content, colour, turbidity) due to the too low levels of the parameters in the feed.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	8.0
	7.6
	-

	Conductivity [S·cm-1]
	197
	62
	68

	Turbidity [NTU]
	1.2
	0.7
	42

	Abs  = 426 nm
	0.005
	0.004
	28

	Abs  = 558 nm
	0.001
	0.001
	20

	Abs  = 660 nm
	0.002
	0.001
	40

	Abs  = 436 nm
	0.005
	0.004
	24

	Abs  = 525 nm
	0.005
	0.003
	36

	Abs  = 620 nm
	0.001
	0.001
	20

	TOC [mg · l-1]
	< 5
	-
	>99

	TC    [mg · l-1]
	20
	16
	21

	IC      [mg · l-1]
	33
	21
	35


2.5.11.2. UF results

UF has been tested both as single treatment and as a pre-treatment to NF and RO for the PDD, PDP and PPW effluents. Separate descriptions are reported in the following. 

The membrane selection was not carried out by bench scale test. Nevertheless taking into account the effluents high clogging potential and results obtained on other pretreatment effluents, the membrane selected was the MW, having the highest permeability.

2.5.11.2.1. Pilot scale UF on PDD effluent

2.5.11.2.1.1. Pi. Sc. characterization of PDD/UF

Flow rates at different pressure and 28°C temperature values:

	p [ bar ]
	Q28 [ l · h-1]

	1.4
	43

	1.9
	50

	2.3
	58

	2.8
	68


2.5.11.2.1.2. Pi. Sc. complete recirculation test of PDD/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	26.5
	56
	56

	20
	28
	55
	53

	40
	28.5
	56
	55

	60
	29
	56
	54


	 
	Feed 
	Permeate* 

	pH
	4.7
	4.6

	Conductivity [S·cm-1]
	747
	626

	Turbidity [NTU]
	4.1
	0.1

	SST (mg l-1)
	2
	-

	Abs  = 426 nm
	0.093
	0.007

	Abs  = 558 nm
	0.019
	0.006

	Abs  = 660 nm
	0.005
	0.001

	TOC [mg · l-1]
	300
	187

	TC    [mg · l-1]
	310
	191

	IC      [mg · l-1]
	10
	4


*Aver. permeate during the complete recirculation test

2.5.11.2.1.3. Concentration effect test of PDD/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	22
	50
	51

	20
	24.5
	51
	52

	40
	26.5
	54
	54

	60
	29
	54
	53

	80
	n.a.
	n.a.
	n.a.


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	4.7
	4.6
	4.6
	4.6
	4.6
	4.7
	4.7

	Conductivity [S·cm-1]
	747
	626
	646
	676
	726
	818
	608

	Turbidity [NTU]
	4.1
	0.1
	0.1
	0.1
	0.1
	0.1
	18

	SST [mg · l-1]
	2
	-
	-
	-
	-
	-
	11

	Abs  = 426 nm
	0.093
	0.007
	0.007
	0.007
	0.011
	0.019
	0.525

	Abs  = 558 nm
	0.019
	0.006
	0.005
	0.003
	0.006
	0.004
	0.112

	Abs  = 660 nm
	0.005
	0.001
	0.000
	0.000
	0.000
	0.001
	0.035

	TOC [mg · l-1]
	300
	187
	190
	197
	207
	226
	858

	TC    [mg · l-1]
	310
	191
	192
	199
	211
	228
	860

	IC      [mg · l-1]
	10
	4
	2
	2
	4
	2
	2
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Second characterization of PDD/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q28 [ l · h-1]

	1.4
	42

	1.9
	50

	2.3
	58

	2.8
	66


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	53
	53
	0


2.5.11.2.1.4. Conclusions of PDD/UF

During the ultrafiltration of real effluent with complete recirculation on pilot scale, a slight flow rate increase, compared to the value obtained with pure water filtration, occurred. The reason of such strange behaviour seems to be related to an uncomplete conditioning not enabling to reach the actual maximum flux value during the first characterization.

Very good behaviour also during the concentration effect test and the second characterization.

The quality of the utrafiltered effluent is clearly non acceptable for reusing in textile processes due to low removal of organic content. On the contrary removals of colour sre good.
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	4.7
	4.62
	

	Conductivity [S·cm-1]
	747
	698.4
	7%

	Turbidity [NTU]
	4.1
	0.1
	98%

	SST (mg l-1)
	2
	-
	>99%

	Abs  = 426 nm
	0.093
	0.010
	89%

	Abs  = 558 nm
	0.019
	0.005
	75%

	Abs  = 660 nm
	0.005
	0.000
	>99%

	TOC [mg · l-1]
	300
	201.4
	33%

	TC    [mg · l-1]
	310
	204.2
	34%

	IC      [mg · l-1]
	10
	2.8
	72%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.5.1.3.1 and to RO as described in § 4.5.1.4.1.

2.5.11.2.2. Pilot scale UF on PDP effluent

2.5.11.2.2.1. Pi. Sc. characterization of PDP/UF

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	39

	1.9
	47

	2.3
	53

	2.8
	61


2.5.11.2.2.2. Pi. Sc. complete recirculation test of PDP/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	20
	41
	43

	20
	22
	42
	43

	40
	22
	42
	43

	60
	23
	42
	43


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.4
	8.1
	8.4

	Conductivity [S·cm-1]
	570
	523
	514

	Abs  = 426 nm
	0.005
	0.004
	0.005

	Abs  = 558 nm
	0.001
	0.000
	0.003

	Abs  = 660 nm
	0.002
	0.004
	0.002

	Abs  = 436 nm
	0.006
	0.004
	0.005

	Abs  = 525 nm
	0.002
	0.000
	0.002

	Abs  = 620 nm
	0.002
	0.003
	0.003

	TOC [mg · l-1]
	57
	1
	4

	TC    [mg · l-1]
	110
	51
	53

	IC      [mg · l-1]
	53
	50
	49


2.5.11.2.2.3. Concentration effect test of PDP/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	23
	43
	44

	40
	24
	41
	41

	80
	24
	40
	40


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	8.4
	8.4
	8.5
	8.7
	8.5

	Conductivity [S·cm-1]
	570
	514
	545
	595
	640


	TOC [mg · l-1]
	57
	4
	3
	4
	103

	TC    [mg · l-1]
	110
	53
	54
	59
	160

	IC      [mg · l-1]
	53
	49
	51
	55
	57

	Abs  = 426 nm
	0.005
	0.005
	0.005
	0.006
	0.014

	Abs  = 558 nm
	0.001
	0.003
	0
	0
	0.008

	Abs  = 660 nm
	0.002
	0.002
	0.002
	0.002
	0.004

	Abs  = 436 nm
	0.006
	0.005
	0.005
	0.006
	0.013

	Abs  = 525 nm
	0.002
	0.002
	0.001
	0.001
	0.007

	Abs  = 620 nm
	0.002
	0.003
	0.001
	0.002
	0.006

	SST [mg · l-1]
	2.5
	 
	 
	 
	0.5


2.5.11.2.2.4. Second characterization of PDP/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	35

	1.9
	43

	2.3
	50

	2.8
	58


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	50
	46
	8%


2.5.11.2.2.5. Conclusions of PDP/UF

During the ultrafiltration of real effluent slight flow rate decrease, compared to the value obtained with water filtration, occurs showing quite good affinity. 

The concentration effect test showed a sensible flow rate decrease at increasing concentrations of the feed. 

During the second characterization a relavant loss of flow rate occurs

The quality of the permeate is very good, promising for direct reuse of the permeate (see reuse tests results § 4.5.3) thanks to the good removals performed on the organic content.

Comparison among flow rates measured in all the pilot scale trials. 
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	8.4
	8.5
	-

	Conductivity [S·cm-1]
	570
	551
	3%

	TOC [mg · l-1]
	57
	4
	94%

	TC    [mg · l-1]
	110
	55
	50%

	IC      [mg · l-1]
	53
	52
	3%

	Abs  = 426 nm
	0.005
	0.005
	n.a.

	Abs  = 558 nm
	0.001
	0.001
	n.a.

	Abs  = 460 nm
	0.002
	0.002
	n.a.

	Abs  = 436 nm
	0.006
	0.005
	n.a.

	Abs  = 525 nm
	0.002
	0.001
	n.a.

	Abs  = 620 nm
	0.002
	0.002
	n.a.

	SST (mg l-1)
	2.5
	
	>99%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.5.1.3.2.

2.5.11.2.3. Pilot scale UF on PPW effluent

2.5.11.2.3.1. Pi. Sc. characterization of PPW/UF

Flow rates at different pressure and 27°C temperature values:

	p [ bar ]
	Q27 [ l · h-1]

	1.4
	39

	1.9
	48

	2.3
	52

	2.8
	60


2.5.11.2.3.2. Pi. Sc. complete recirculation test of PPW/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	25
	42
	42

	20
	27
	43
	42

	40
	31
	41
	39

	60
	33
	42
	40


	 
	Feed 
	Permeate* 

	pH
	10.3
	10

	Conductivity [S·cm-1]
	1096
	836

	Turbidity [NTU]
	126
	1.6

	SST (mg l-1)
	658
	-

	Abs  = 426 nm
	0.092
	0.020

	Abs  = 558 nm
	0.023
	0.006

	Abs  = 660 nm
	0.011
	0.002

	TOC [mg · l-1]
	305
	172

	TC    [mg · l-1]
	354
	214

	IC      [mg · l-1]
	49
	42


*Aver. Permeate during the complete recirculation test

2.5.11.2.3.3. Concentration effect test of PPW/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	28.5
	50
	49

	20
	31
	51
	49

	40
	33
	53
	50

	60
	36
	54
	50

	80
	37.5
	56
	51


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	10.3
	10
	9.7
	9.7
	9.6
	9.6
	9.4

	Conductivity [S·cm-1]
	1096
	836
	862
	926
	989
	1115
	1329

	Turbidity [NTU]
	126
	1.6
	2.3
	2.5
	2.7
	2.1
	108

	SST [mg · l-1]
	658
	-
	-
	-
	-
	-
	645

	Abs  = 426 nm
	0.092
	0.020
	0.027
	0.024
	0.033
	0.048
	0.251

	Abs  = 558 nm
	0.023
	0.006
	0.011
	0.005
	0.005
	0.008
	0.044

	Abs  = 660 nm
	0.011
	0.002
	0.008
	0.000
	0.003
	0.002
	0.011

	TOC [mg · l-1]
	305
	172
	173
	182
	193
	222
	698

	TC    [mg · l-1]
	354
	214
	222
	235
	251
	287
	770

	IC      [mg · l-1]
	49
	42
	49
	53
	58
	65
	72
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Second characterization of PPW/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q27 [ l · h-1]

	1.4
	39

	1.9
	48

	2.3
	53

	2.8
	60


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	50
	50
	0


2.5.11.2.3.4. Conclusions of PPW/UF

A very good affinity of the effluent filtered is observable in the comparison of the flow rates obtained.

Same behaviour during the concentration effect test showing that the flow rate stays constant at increasing concentrations.

During the second characterization, no loss of flow rate occurs.

The quality of the ultrafiltered effluent is clearly non acceptable for reusing in textile processes due to the low removals obtained expecially for the organic content which stays too high in the permeate.
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	10.3
	9.72
	

	Conductivity [S·cm-1]
	1096
	945.6
	14%

	Turbidity [NTU]
	126
	2.24
	98%

	SST (mg l-1)
	658
	-
	>99%

	Abs  = 426 nm
	0.092
	0.0304
	67%

	Abs  = 558 nm
	0.023
	0.007
	70%

	Abs  = 660 nm
	0.011
	0.003
	73%

	TOC [mg · l-1]
	305
	188.4
	38%

	TC    [mg · l-1]
	354
	241.8
	32%

	IC      [mg · l-1]
	49
	53.4
	-9%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.5.1.3.3. and to RO as described in § 4.5.1.4.2.

2.5.11.3. UF+NF results

The choice of the membrane to be used for the treatment was not performed on bench scale; the model DK was selected for its better removal of organics and salts as evidenced on similar effluents.
2.5.11.3.1. Pilot scale NF on PDD effluent after UF

2.5.11.3.1.1. Pi. Sc. characterization of PDD/NF

Flow rates at different pressure values, measured at 29° C:

	p [ bar ]
	Q29 [ l · h-1]

	6
	15

	6.9
	18

	9
	24


2.5.11.3.1.2. Pi. Sc. complete recirculation test of PDD/NF

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	28
	17
	15

	20
	31
	18
	15

	40
	34
	20
	15

	60
	37
	21
	15


	 
	Feed
	Permeate* 

	pH
	4.8
	4.6

	Conductivity [S·cm-1]
	684
	269

	Turbidity [NTU]
	0.1
	0.1

	Abs  = 426 nm
	0.006
	0.001

	Abs  = 558 nm
	0.000
	0.000

	Abs  = 660 nm
	0.000
	0.000

	TOC [mg · l-1]
	183
	103

	TC    [mg · l-1]
	185
	106

	IC      [mg · l-1]
	2
	3


*Aver. Permeate during the complete recirculation test

2.5.11.3.1.3. Concentration effect test of PDD/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	31
	19
	16

	20
	36
	20
	15

	40
	40
	22
	14

	60
	40
	22
	14

	80
	44
	22
	13


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	4.8
	4.6
	4.7
	4.7
	4.8
	4.7
	4.7

	Conductivity [S·cm-1]
	684
	269
	315
	353
	406
	529
	1663

	Turbidity [NTU]
	0.1
	0.1
	0.2
	0.1
	0.3
	0
	0.5

	Abs  = 426 nm
	0.006
	0.001
	0.002
	0.001
	0.002
	0.002
	0.026

	Abs  = 558 nm
	0.000
	0.000
	0.001
	0.001
	0.000
	0.000
	0.002

	Abs  = 660 nm
	0.000
	0.000
	0.001
	0.000
	0.000
	0.000
	0.000

	TOC [mg · l-1]
	183
	103
	114
	126
	137
	161
	365

	TC    [mg · l-1]
	185
	106
	117
	129
	139
	163
	369

	IC      [mg · l-1]
	2
	3
	3
	3
	2
	2
	4
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2.5.11.3.1.4. Second characterization of PDD/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q29 [ l · h-1]

	6
	15

	6.9
	18

	9
	23


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	6.9
	16
	16
	0


2.5.11.3.1.5. Conclusions of PDD/NF

The pilot scale investigation showed good affinity. In fact, passing from water to the real effluent a very low decrease in the flow rate. 

The value of loss in flow ratecan be considered sensible during the test at increasing feed concentration.

The second characterization reveals no loss in the flow rate, which shows no clogging phenomenon.

The undifferentiated reuse of the permeate seems to be difficult due to the high value of residual DOC, for which the removal performed was not satisfactory.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	4.8
	4.7
	-

	Conductivity [S·cm-1]
	684
	374.4
	45%

	Turbidity [NTU]
	0.1
	0.1
	n.a.

	Abs  = 426 nm
	0.006
	0.002
	73%

	Abs  = 558 nm
	0.000
	0.000
	n.a.

	Abs  = 660 nm
	0.000
	0.000
	n,a,

	TOC [mg · l-1]
	183
	128.2
	30%

	TC    [mg · l-1]
	185
	130.8
	29%

	IC    [mg · l-1]
	2
	2.6
	-30%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	7%
	45%
	49%

	Turbidity [NTU]
	98%
	-
	98%

	SST [mg · l-1]
	>99%
	-
	>99%

	Abs  = 426 nm
	89%
	73%
	97.1%

	Abs  = 558 nm
	75%
	n.a.
	>75%

	Abs  = 660 nm
	92%
	n.a.
	>92%

	TOC [mg · l-1]
	33%
	30%
	53%

	TC    [mg · l-1]
	34%
	29%
	53%

	IC    [mg · l-1]
	72%
	-30%
	64%


2.5.11.3.2. Pilot scale NF on PDP effluent after UF

2.5.11.3.2.1. Pi. Sc. characterization of PDP/NF 

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	20

	6.9
	23

	9
	31


2.5.11.3.2.2. Pi. Sc. complete recirculation test of PDP/NF 

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	23
	18
	19

	20
	24
	19
	19

	40
	25
	20
	20

	60
	26
	20
	20


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.5
	7.7
	8.2

	Conductivity [S·cm-1]
	551
	175
	182

	Abs  = 426 nm
	0.011
	0.008
	0.002

	Abs  = 558 nm
	0.009
	0.009
	0.001

	Abs  = 660 nm
	0.013
	0.012
	0.002

	Abs  = 436 nm
	0.013
	0.007
	0.002

	Abs  = 525 nm
	0.008
	0.007
	0.001

	Abs  = 620 nm
	0.014
	0.016
	0.002

	TOC [mg · l-1]
	5
	5
	4

	TC    [mg · l-1]
	61
	23
	22

	IC      [mg · l-1]
	56
	18
	18


2.5.11.3.2.3. Concentration effect test of PDP/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	22
	17
	18

	30
	26
	22
	22

	60
	26
	21
	21


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	8.5
	8.2
	8.4
	8.4
	8.8

	Conductivity [S·cm-1]
	551
	182
	226
	306
	918

	TOC [mg · l-1]
	5
	4
	4
	3
	1

	TC    [mg · l-1]
	61
	22
	25
	33
	85

	IC      [mg · l-1]
	56
	18
	22
	30
	84

	Abs  = 426 nm
	0.006
	0.002
	0.003
	0.001
	0.009

	Abs  = 558 nm
	0.002
	0.001
	0.001
	0.000
	0.004

	Abs  = 660 nm
	0.006
	0.002
	0.001
	0.006
	0.003

	Abs  = 436 nm
	0.006
	0.002
	0.003
	0.002
	0.009

	Abs  = 525 nm
	0.000
	0.001
	0.002
	0.000
	0.006

	Abs  = 620 nm
	0.006
	0.002
	0.001
	0.002
	0.004


2.5.11.3.2.4. Second characterization of PDP/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	21

	6.9
	24

	9
	32


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	24
	-


2.5.11.3.2.5. Conclusions of PDP/NF

Quite good affinity is observed passing from pure water to real effluent filtration.

At increasing concentrations of the feed the behaviour stays good (flow rate seems to increase).

The second characterization confirms that non clogging phenomena occur.

The good quality of the permeate is mostly due to the good quality of the feed; the permeate improves its quality in conductivity.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	8.5
	8.3
	-

	Conductivity [S·cm-1]
	551
	238
	57%

	TOC [mg · l-1]
	5
	4
	28%

	TC    [mg · l-1]
	61
	27
	56%

	IC      [mg · l-1]
	56
	23
	59%

	Abs  = 426 nm
	0.006
	0.002
	n.a.

	Abs  = 558 nm
	0.002
	0.001
	n.a.

	Abs  = 460 nm
	0.006
	0.003
	n.a.

	Abs  = 436 nm
	0.006
	0.003
	n.a.

	Abs  = 525 nm
	0.000
	0.001
	n.a.

	Abs  = 620 nm
	0.006
	0.002
	n.a.


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	3%
	57%
	58%

	TOC [mg · l-1]
	94%
	28%
	95%

	TC    [mg · l-1]
	50%
	56%
	78%

	IC      [mg · l-1]
	3%
	59%
	60%

	Abs  = 426 nm
	n.a.
	n.a.
	n.a.

	Abs  = 558 nm
	n.a.
	n.a.
	n.a.

	Abs  = 460 nm
	n.a.
	n.a.
	n.a.

	Abs  = 436 nm
	n.a.
	n.a.
	n.a.

	Abs  = 525 nm
	n.a.
	n.a.
	n.a.

	Abs  = 620 nm
	n.a.
	n.a.
	n.a.

	SST (mg l-1)
	>99%
	-
	>99%


2.5.11.3.3. Pilot scale NF on PPW effluent after UF

2.5.11.3.3.1. Pi. Sc. characterization of PPW/NF

Flow rates at different pressure values, measured at 31° C:

	p [ bar ]
	Q26 [ l · h-1]

	6
	16

	6.9
	18

	9
	24


2.5.11.3.3.2. Pi. Sc. complete recirculation test of PPW/NF

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	34
	18
	13

	20
	36
	18
	13

	40
	39
	20
	13

	60
	42
	21
	13


	 
	Feed
	Permeate*

	pH
	10
	10.3

	Conductivity [S·cm-1]
	956
	198

	Turbidity [NTU]
	2.3
	0.7

	Abs  = 426 nm
	0.032
	0.002

	Abs  = 558 nm
	0.008
	0.002

	Abs  = 660 nm
	0.007
	0.004

	TOC [mg · l-1]
	197
	16

	TC    [mg · l-1]
	245
	21

	IC      [mg · l-1]
	48
	5


*Aver. Permeate during the complete recirculation test

2.5.11.3.3.3. Concentration effect test of PPW/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	23
	11
	12

	20
	30
	15
	13

	40
	37
	18
	12

	60
	43
	20
	12

	80
	n.a.
	n.a.
	n.a.


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	10
	10.3
	10
	9.9
	10
	9.8
	9.2

	Conductivity [S·cm-1]
	956
	198
	163
	173
	243
	324
	3330

	Turbidity [NTU]
	2.3
	0.7
	1.1
	1.1
	1.3
	0.9
	5.2

	Abs  = 426 nm
	0.032
	0.002
	0.003
	0.002
	0.016
	0.001
	0.123

	Abs  = 558 nm
	0.008
	0.002
	0.003
	0.002
	0.015
	0.002
	0.018

	Abs  = 660 nm
	0.007
	0.004
	0.004
	0.003
	0.017
	0.005
	0.009

	TOC [mg · l-1]
	197
	16
	15
	19
	24
	28
	828

	TC    [mg · l-1]
	245
	21
	21
	29
	36
	52
	1083

	IC      [mg · l-1]
	48
	5
	6
	10
	12
	24
	255
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2.5.11.3.3.4. Second characterization of PPW/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q26 [ l · h-1]

	6
	16

	6.9
	18

	9
	24


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	6.9
	15
	15
	0


2.5.11.3.3.5. Conclusions of PPW/NF

The affinity effluent/membrane is quite good as from the decrease of flow rate observable.

At increasing concentration of the feed the flow rate stays almost constant.

During the second characterization a complete recovery of the maximum flow rate is obtained.

The permeate seems to be suitable for reuse purpose thanks to the high abatements obtained on all the parameters.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	10
	10
	

	Conductivity [S·cm-1]
	956
	220.2
	77%

	Turbidity [NTU]
	2.3
	1.02
	56%

	Abs  = 426 nm
	0.032
	0.005
	85%

	Abs  = 558 nm
	0.008
	0.005
	40%

	Abs  = 660 nm
	0.007
	0.007
	6%

	TOC [mg · l-1]
	197
	20.4
	90%

	TC    [mg · l-1]
	245
	31.8
	87%

	IC    [mg · l-1]
	48
	11.4
	76%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	14%
	77%
	80%

	Turbidity [NTU]
	98%
	56%
	99%

	SST [mg · l-1]
	>99%
	-
	>99%

	Abs  = 426 nm
	67%
	85%
	95.0%

	Abs  = 558 nm
	70%
	40%
	82%

	Abs  = 660 nm
	73%
	6%
	74%

	TOC [mg · l-1]
	38%
	90%
	94%

	TC    [mg · l-1]
	32%
	87%
	91%

	IC    [mg · l-1]
	-9%
	76%
	74%


2.5.11.4. UF+RO results

The membrane used is SG by Osmonics, Inc. having the highest permeability among the RO membranes suitable for industrial effluents.
2.5.11.4.1. Pilot scale RO on PDD effluent after UF

2.5.11.4.1.1. Pi. Sc. characterization of PDD/RO

Flow rates at different pressure values, measured at 26° C:

	p [ bar ]
	Q25 [ l · h-1]

	6
	2.9

	10
	5.5

	13.8
	7.6


2.5.11.4.1.2. Pi. Sc. complete recirculation test of PDD/ RO

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	22
	1.7
	1.8

	20
	22
	2.2
	2.4

	40
	26
	2.7
	2.6

	60
	30
	3.0
	2.6


	 
	Feed
	Permeate*

	pH
	4.4
	4

	Conductivity [S·cm-1]
	608
	53

	Turbidity [NTU]
	0.2
	0.1

	Abs  = 426 nm
	0.006
	0.000

	Abs  = 558 nm
	0.001
	0.000

	Abs  = 660 nm
	0.000
	0.000

	TOC [mg · l-1]
	263
	37

	TC    [mg · l-1]
	265
	39

	IC      [mg · l-1]
	2
	2


*Aver. Permeate during the complete recirculation test

Concentration effect test of PDD/ RO

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	29,5
	2.0
	1.8

	20
	28,5
	2.1
	1.9

	40
	33
	1.7
	1.3

	60
	32
	1.7
	1.4

	70
	30
	1.8
	1.6


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	4.4
	4
	4
	4.1
	4.2
	4.2
	4.4

	Conductivity [S·cm-1]
	608
	53
	55
	53
	73
	87
	1877

	Turbidity [NTU]
	0.2
	0.1
	0.4
	0
	0.2
	0.1
	4.5

	Abs  = 426 nm
	0.006
	0.000
	0.000
	0.000
	0.000
	0.000
	0.032

	Abs  = 558 nm
	0.001
	0.000
	0.000
	0.000
	0.001
	0.001
	0.013

	Abs  = 660 nm
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.011

	TOC [mg · l-1]
	263
	37
	34
	34
	50
	66
	841

	TC    [mg · l-1]
	265
	39
	36
	36
	54
	68
	845

	IC      [mg · l-1]
	2
	2
	2
	2
	4
	2
	4
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2.5.11.4.1.3. Second characterization of PDD/ RO

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q26 [ l · h-1]

	6
	0.9

	10
	1.8

	13.8
	2.6


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	13.8
	7.4
	2.5
	66


2.5.11.4.1.4. Conclusions of PDD/ RO

The affinity between effluent and membrane is not good at all: the flow rate filtering real effluent is almost 30% of the flow rate obtainable with pure water.

During the concentration effect test no further loss in flow rate occurs.

The second characterization shows that the loss in flow rate is permanent, the flow rate with pure water stays low.

The quality of the permeate is good and the removals performed by the RO are high.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	4.4
	4.1
	-

	Conductivity [S·cm-1]
	608
	64.2
	89%

	Turbidity [NTU]
	0.2
	0.16
	20%

	Abs  = 426 nm
	0.006
	0.000
	>99%

	Abs  = 558 nm
	0.001
	0.000
	60%

	Abs  = 660 nm
	0.000
	0.000
	-

	TOC [mg · l-1]
	263
	44.2
	83%

	TC    [mg · l-1]
	265
	46.6
	82%

	IC    [mg · l-1]
	2
	2.4
	-20%


Overall removal efficiency of the train UF + RO, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
RO
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	7%
	89%
	

	Turbidity [NTU]
	98%
	20
	

	SST [mg · l-1]
	>99%
	-
	>99%

	Abs  = 426 nm
	89%
	n.a.
	>89

	Abs  = 558 nm
	75%
	n.a.
	>75

	Abs  = 660 nm
	n.a.
	n.a.
	n.a.

	TOC [mg · l-1]
	33%
	83%
	89%

	TC    [mg · l-1]
	34%
	82%
	88%

	IC    [mg · l-1]
	72%
	-20%
	66%


2.5.11.4.2. Pilot scale RO on PPW effluent after UF

2.5.11.4.2.1. Pi. Sc. characterization of PPW/RO

Flow rates at different pressure values, measured at 28° C:

	p [ bar ]
	Q28 [ l · h-1]

	6
	2.2

	10
	3.6

	13.8
	4.7


2.5.11.4.2.2. Pi. Sc. complete recirculation test of PPW/ RO

Flow rate vs. time and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	22
	3.3
	3.6

	30
	26
	4.3
	4.2

	60
	30
	5.1
	4.4


	 
	Feed
	Permeate* 

	pH
	10.2
	9.8

	Conductivity [S·cm-1]
	998
	90

	Turbidity [NTU]
	2.3
	0.6

	Abs  = 426 nm
	0.032
	0.000

	Abs  = 558 nm
	0.006
	0.000

	Abs  = 660 nm
	0.004
	0.000

	TOC [mg · l-1]
	163
	3

	TC    [mg · l-1]
	196
	6

	IC      [mg · l-1]
	33
	3


*Aver. Permeate during the complete recirculation test

Concentration effect test of PPW/ RO

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	31.5
	4.8
	4.0

	20
	31
	4.6
	3.9

	40
	25
	3.5
	3.5

	60
	27.5
	3.3
	3.1

	70
	33
	3.6
	2.9


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	
	
	
	
	
	
	
	

	pH
	10.2
	9.8
	9.8
	9.9
	9.8
	9.8
	9.2

	Conductivity [S·cm-1]
	998
	90
	107
	117
	126
	120
	2250

	Turbidity [NTU]
	2.3
	0.6
	0.6
	0.5
	0.5
	0.4
	5

	Abs  = 426 nm
	0.032
	0.000
	0.000
	0.000
	0.000
	0.000
	0.070

	Abs  = 558 nm
	0.006
	0.000
	0.000
	0.000
	0.000
	0.000
	0.008

	Abs  = 660 nm
	0.004
	0.000
	0.000
	0.000
	0.000
	0.000
	0.002

	TOC [mg · l-1]
	163
	3
	2
	3
	3
	3
	426

	TC    [mg · l-1]
	196
	6
	5
	7
	7
	8
	471

	IC      [mg · l-1]
	33
	3
	3
	4
	4
	5
	45
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2.5.11.4.2.3. Second characterization of PPW/ RO

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	1.5

	10
	2.6

	13.8
	3.3


	p [bar]
	Q25 caratt.        [ l · h-1]
	Q25  II caratt.        [ l · h-1]
	Loss %

	13.8
	4.3
	3.0
	30


2.5.11.4.2.4. Conclusions of PPW/ RO

The loss in flow rate passing from pure water to real effluent filtration is very low showing a good affinity. This is the only case in which such affinity is observable with RO membranes.

On the contrary a more sensible effect of the concentration occurs.

The original flow is not recovered during the second characterization.

The quality of the permeate is very good and the abatements high for all the parameters.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	10.2
	9.82
	-

	Conductivity [S·cm-1]
	998
	112
	89%

	Turbidity [NTU]
	2.3
	0.52
	77%

	SST [mg · l-1]
	-
	-
	-

	Abs  = 426 nm
	0.032
	0.000
	>99%

	Abs  = 558 nm
	0.006
	0.000
	>99%

	Abs  = 660 nm
	0.004
	0.000
	>99%

	TOC [mg · l-1]
	163
	2.8
	98%

	TC    [mg · l-1]
	196
	6.6
	97%

	IC    [mg · l-1]
	33
	3.8
	88%


The overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments, is reported in tab. below:

	
	Abatement %
UF
	Abatement %
RO
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	14%
	89%
	90%

	Turbidity [NTU]
	98%
	77%
	>99%

	SST [mg · l-1]
	>99%
	-
	>99%

	Abs  = 426 nm
	67%
	>99%
	>99%

	Abs  = 558 nm
	70%
	>99%
	>99%

	Abs  = 660 nm
	73%
	>99%
	>99%

	TOC [mg · l-1]
	38%
	98%
	99%

	TC    [mg · l-1]
	32%
	97%
	98%

	IC    [mg · l-1]
	-9%
	88%
	87%


Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on disperse dyeing and printing effluents, the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· UF+RO for both the effluents tested resulted in high treatment costs, also in the hypothesis of large volume of effluents to be treated, even if PPW gave good results in terms of flux indexes.

· The other treatment trains tested UF, NF and UF+NF have shown a potentially high feasibility in terms of costs.

Cost estimation UF/PDD
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Cost estimation UF/PDP
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Cost estimation UF/PPW
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Cost estimation UF+NF/PDD
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Cost estimation UF+NF/PDP
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2.5.11.5. Cost estimation UF+NF/PPW
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Cost estimation NF/PDDR
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2.5.11.6. Cost estimation UF+RO/PPW
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Reuse tests results (dyeing rinsing and printing)

2.5.11.7. Reuse of disperse printing effluent

The permeate of disperse printing has been reused for disperse dyeing of polyester both in a light and a dark colour shade.

2.5.11.7.1. Colour differences

	
	% permeate
	delta E (CMC2:1)

	reference
	0%
	

	light
	100%
	0,68

	light
	75%
	0,77

	reference
	0%
	

	dark
	100%
	0,38

	dark
	75%
	0,63


For each colour shade the fabric, dyed with 100% fresh process water, has been taken as the reference to calculate the difference in colour. All values of delta E (colour difference) are below 0.8, which means that no significant changes in colour shade can be measured. Also visually no differences were observed.

2.5.11.7.2. Colour fastness to washing

	
	light
	
	
	dark
	
	

	%permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	staining
	
	
	
	
	
	

	polyester
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	cotton
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5


All values are good to very good and no differences higher than 0.5 unit are noticed.

2.5.11.7.3. Colour fastness to rubbing

	
	light
	
	
	dark
	
	

	% permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	
	
	
	
	
	

	dry
	5
	5
	5
	5
	5
	5

	wet
	5
	5
	5
	5
	5
	5

	staining
	
	
	
	
	
	

	dry
	5
	5
	5
	5
	5
	5

	wet
	5
	5
	5
	5
	5
	5


All values are very good and no differences are seen.

2.5.11.7.4. Conclusions: reuse of permeate for disperse dyeing of polyester

The waterquality of the dispers print permeate is good enough to be reused for dispers dyeing of polyester. No adaptations to the water quality are needed. 

In the performed series of tests the reuse cycle is only been done once. The waste water of dispers printing is treated via membrane filtration and reused for dispers dyeing. The waste water of dispers dyeing and rinsing has not been treated and tested for reuse. It is to be expected that several reuse cycles will generate a higher concentration of certain chemicals in the permeate. To prevent this increase in concentration it is better to mix the permeate with fresh process water. In any case extra fresh process water is needed since part of the water is taken up by the fabric and is lost by evaporation.

2.5.11.8. Reuse of disperse dyeing effluent

The permeate of disperse dyeing has been reused for scouring and disperse dyeing of polyester both in a light and a dark colour shade.

2.5.11.8.1. Scouring efficiency

	TYPE OF TREATMENT
	DEGREE OF WHITH
	x
	y
	Y

	REFERENCE
	82.0
	0.3144
	0.3321
	84.3

	REUSE 
	80.0
	0.3149
	0.3324
	83.2



The variations in the values of the degree of white in the polyester samples scoured with two water types, is irrelevant.

2.5.11.8.2. Colour differences

DYE WITH DISPERSE DYES  (TERASIL - CIBA)

	Formula: CMC 2.0:1.0

	Substratum: 100% POLYESTER

	Reference: COL. GREY – DYE WITH INDUSTRIAL WATER

	Sample: COL. GREY –DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample s

	D65/10
	0.344
	0.297
	-0.003
	-0.175
	+ clear+ green

	A/10
	0.324
	0.290
	0.086
	-0.116
	+ clear

	F11/10
	0.322
	0.296
	0.032
	-0.124
	+ clear


	Formula: CMC 2.0:1.0

	Substratum: 100% POLYESTER 

	Reference COL. BLUE SEA – DYE WITH INDUSTRIAL WATER

	Sample: COL. BLUE SEA – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	the sample is

	D65/10
	0.409
	0.181
	0.310
	0.196
	+ clear + pure + violet

	A/10
	0.320
	0.181
	0.258
	0.057
	+ clear + pure

	F11/10
	0.361
	0.192
	0.284
	0.113
	+ clear + pure


The variations of tone between the samples dyed in the two types of water are within the acceptable levels of tolerance as recommended in the quality standard norm of the 2003 edition of Italian Textile Association. ( i.e.: delE=1)
2.5.11.8.3. Colour fastness to washing

grey colour:

	
	dyeING IN industrial water
	dyeING IN treated 

water

	Degradation colour:
	4-5
	4-5

	Staining  on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	4
	4

	Cotton
	4-5
	4-5

	Acetate
	4-5
	4-5


 bleu sea colour:

	
	dye with industrial water
	dye with treated

 water

	Degradation colour:
	4
	4

	Staining on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	4-5
	4-5

	Cotton
	4-5
	4-5

	Acetate
	4-5
	4-5


The differences in colour fastness expressed are not significant.

2.5.11.8.4. Colour fastness to rubbing

	DYEING IN INDUSTRIAL

 WATER
	DYEING IN TREATED 

WATER

	colour fastness to rubbing
	colour fastness to rubbing

	dry
	wet
	dry
	wet

	grey colour 

	4-5
	4-5
	4-5
	4-5

	blue sea colour 

	4-5
	4-5
	4-5
	4-5


As outlined there is no longer any variation between  colourfastness to rubbing  in the samples dyed in using two types of water.
2.5.11.8.5. Conclusions: reuse of permeate for scouring and disperse dyeing of polyester

In general the differences revealed at the end of each test is of little significance as they do not indicate any particular problem.

The results obtained with treated water, in reference to the materials used in the  laboratory can be considered equal to those obtained by using industrial water.

Acid dyeing (Polyamide dyeing and silk dyed rinsing)

In the present chapter, discussion and results of the experimental activities carried out on the two acid dyeing effluents is reported. In the table below, the treatments carried out on each effluent is synthesized:

	Process
Effluent
	UF
	NF
	UF+NF
	Anaer.
+

UF
	Anaer.

+

NF
	Anaer.

+UF+NF

	Polyamide acid dyeing (PAD)
	X
	
	X
	X
	X
	X

	Silk acid dyeing rinsing (SADR) 
	
	X
	
	
	
	


2.5.12. Anaerobic tests results (Polyamide dyeing)

Results of the experiment are represented at three different wavelengths. It was not possible to choose such wavelengths that the three colour areas were represented due to the dominance of absorption in the blue area. Based on the spectrum the following wavelengths were chosen. One in the yellow area (475 nm), and two in the blue area (585 nm and 620 nm).

2.5.12.1. Results of batch experiments

In the following sections the results of the experiments with acid dyeing wastewater will be described. In total the mesophilic experiment lasted 17 days, but the thermophilic experiment with the same wastewater, carried out by Dos Santos (2003b), who took a much shorter experimental time, lasted only 5 days. Therefore, most graphs cover a time span of only a week, to be able to give a clear comparison of the two conditions. Figure 51 shows the mesophilic experiment, during the complete treatment time, for absorption at 620 nm (the main maximum absorption wavelength for the wastewater). The UV-VIS spectra of the reactive dyeing incubations at different time intervals can be found in Appendix C.
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Figure 51 - Decolourisation of acid dyeing wastewater at 30(C. ♦ = chemical control, ● = sludge + w.w., x = sludge + w.w. + AQS, Δ = sludge + w.w. + size, □ = sludge + w.w. + size + AQS, ▲ = sludge + w.w. + VFA-Glucose, ■ = sludge + w.w. + VFA-Glucose + AQS.

As can be seen in the graph, all incubations with sludge and cosubstrate (VFA/Glucose or size liquid) reach the same ultimate decolourisation level after 17 days. The combination of sludge and cosubstrate is clearly needed for a fast decolourisation, indicating that decolourisation is (at least partly) the result of biological activity. It is striking that the other three incubations show a significant decolourisation after some time. Apparently, chemical processes are also involved. This is confirmed by the formation of blue precipitates (in form of flocs) in many of the bottles, causing decolourisation of the liquid phase. In the biologically active incubations, there seems to be less blue precipitate present, but it is very difficult to quantify the precipitate. In the bottles incubated with sludge, cosubstrate and AQS the precipitate looks more grey than blue. 

2.5.12.1.1. Mesophilic and thermophilic decolourisation with VFA-Glucose as cosubstrate

The results of the experiment are presented in Figure 52, in three different graphs. Each graph representing a different wavelength. 

At the higher wavelengths the chemical control shows distinctively lower decolourisation rates. Colour removal is clearly a biological process, as the addition of co-substrate stimulates the decolourisation rates. In comparison to mesophilic conditions, thermophilic conditions speed up the process. At 475 nm the results are less clear. Strangely, the mesophilic chemical control is hardly different from the mesophilic bottles with sludge present. The thermophilic chemical control behaves more as expected, that is, negligible decolourisation.

2.5.12.1.2. The effect of AQS on meso- and thermophilic decolourisation with VFA-Glucose

During the thermophilic decolourisation of acid dyeing wastewater in presence of AQS no difference can be observed for batches with VFA-glucose at high wavelengths (see Figure 53). At 475 nm there is a difference, but not as expected. Instead of improving decolourisation, absorption values increase in time. This effect did not occur in AQS-free incubations. Mesophilic incubations do show an effect of AQS at higher wavelengths, but the effect is small. Similarly to the thermophilic result, at 475 nm an increase in absorption can be seen for the incubation with AQS.

2.5.12.1.3. Decolourisation with size as cosubstrate in presence and absence of AQS

This experiment was only done at 30(C. In presence of size as a cosubstrate, AQS increases decolourisation rates more than for VFA-glucose as cosubstrate at higher wavelengths (Figure 54). Again, at 475 nm the AQS amended culture shows an increase in absorption values.

2.5.12.1.4. Comparison of co-substrates and AQS concentration

In Figure 55 two parameters are compared. The type of cosubstrate (size or VFA-glucose), and the effect of two different concentrations of AQS. Size in presence of 0.5 mM AQS performs best. However, VFA-glucose in presence of 0.05 mM AQS seems to speed up after 6 days, ending at almost the same final decolourisation. Between the other batches there is almost no difference. At 475 nm there was again an increase in absorption values that decreased after some time.

2.5.12.2. Control experiment for possible biological activity of size

Because of the strange results with size and AQS for the acid dyeing wastewater batch experiments, a control experiment needed to be conducted to check for biological activity of the size due to the quite long time it had been in storage. The amount of acid dyeing wastewater left was not sufficient to conduct this experiment, and therefore it was carried out with a different dark blue acid dyeing wastewater. This wastewater was still available from other experiments with textile wastewater carried out in the lab. It was a dark acid dyeing wastewater sample from Italy. The exact composition is unknown, but the shape of the UV/VIS spectrum of both waters is very similar. Size was sterilised by autoclaving for 20 minutes at 120(C. This experiment revealed no significant difference between sterilised size, non-sterilised size, and VFA-Glucose as co-substrate. It can be concluded that the size is not biologically active, storage at 4(C apparently was effective. For this Italian wastewater, no difference was observed between the results for size and VFA-glucose in presence and absence of a mediator.
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	Figure 52 – Decolourisation of acid dyeing wastewater in presence and absence of co-substrate at 30(C (open symbols) and 55(C (filled symbols). ◊ = chemical control, o = sludge + w.w., Δ = sludge + w.w. + VFA/glucose as cosubstrate.
	
	Figure 53 – Decolourisation of acid dyeing wastewater in presence and absence of 0.5 mM AQS at 30(C (open symbols) and 55(C (filled symbols). ◊ = chemical control, o = sludge + w.w. + AQS, Δ = sludge + w.w. + VFA/glucose, □ = sludge + w.w. + VFA/glucose + AQS.
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	Figure 54 – Decolourisation of acid dyeing wastewater with size, in presence and absence of 0.5 mM AQS at 30(C. ◊ = chemical control, o = sludge + w.w., x = sludge + w.w. + AQS, Δ = sludge + w.w. + size, □ = sludge + w.w. + size + AQS.
	
	Figure 55 – Decolourisation of acid dyeing wastewater with size (open symbols) or VFA-glucose (closed symbols), in presence and absence of 0.5 or 0.05 mM AQS at 30(C. Δ = sludge + w.w. + cosubstrate, o = sludge + w.w. + cosubstrate + 0.05 mM AQS, □ = sludge + w.w. + cosubstrate + 0.5 mM AQS.


2.5.12.3. Results of the continuous experiment

The goal of the continuous experiment of acid dyeing wastewater was to investigate the potential of anaerobic treatment as a pre-treatment step before membrane filtration (see Introduction). Figure 56 gives the results for decolourisation, methane production and COD-removal. 
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Figure 56 - Continuous experiment with acid dyeing wastewater in an EGSB-type reactor. ( = 420 nm, ■ = 500 nm, ▲ = 620 nm, o = methane production, ● = COD removal.

The first vertical line indicates the change of wastewater to wastewater with size added as co-substrate, the second line the feeding of the collected effluent as influent after treating all the wastewater. As can be seen in Figure 56, adding a co-substrate to the wastewater increased the colour removal. Decolourisation was steadily increasing at the three wavelengths. COD removal and methane production however, were steadily decreasing. When the reactor is fed with its own effluent, colour removal keeps increasing (see also Figure 57). 
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Figure 57 - Visible colour of the acid dyeing influent and its two consecutive effluents. Left: reactive dyeing influent, middle: first effluent (sample day 20), right: effluent after re-treatment of the first effluent (sample day 30).

Especially for the two higher wavelengths colour removal is high. This is probably due to the formation of precipitates in the reactor effluent, just like the precipitates that were observed in the batch test. If flocs were formed, the granular sludge would behave like a filter and retain them in the reactor.

2.5.13. Membrane treatment results

2.5.13.1. Direct NF results

Direct nanofiltration has been applied on SADR effluent. The results of the tests carried out according to the methods described above, on bench scale and on pilot scale are here reported.

2.5.13.1.1. Bench scale NF on SADR effluent

2.5.13.1.1.1. Characterization of SADR/NF

Flow rate measurements at 6 bar pressure for three membranes at varying temperature and reported at 25 °C:

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]
	k
	Q25 [ l ·h-1·m-2 ]

	
	DK 
	35
	61
	0.028
	46

	
	DL 
	33
	92
	0.023
	77

	
	HL
	34
	85
	0.027
	66


Complete recirculation test of SADR/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Flow rate decrease [%]

	
	DK 
	40
	14

	
	DL 
	59
	24

	
	HL
	55
	18


Permeates quality:

	 
	Feed
	DK
	DL
	HL 

	pH
	7.4
	7.5
	7.6
	7.4

	Conductivity [S·cm-1]
	1626
	582
	819
	643

	Turbidity [NTU]
	2.9
	0.22
	0.31
	0.17

	Abs  = 426 nm
	0.040
	0.006
	0.010
	0.006

	Abs  = 558 nm
	0.055
	0.004
	0.009
	0.004

	Abs  = 660 nm
	0.025
	0.009
	0.008
	0.008

	TOC [mg · l-1]
	18
	3
	4
	7

	TC    [mg · l-1]
	28
	5
	7
	9

	IC      [mg · l-1]
	10
	2
	3
	2


2.5.13.1.1.2. Choice of the membrane for the pilot scale 

The decrease of flow rate passing from deionised water to real effluent filtration is high for all the three membranes. DK has the best fluid-dynamic affinity.

Membrane DK also have the best removal efficiency on salinity, colour in reference to DL and on organic carbon content in reference to HL.

DK is chosen for further investigation.

2.5.13.1.2. Pilot scale NF on SADR effluent

2.5.13.1.2.1. Pi. Sc. characterization of SADR/NF

Flow rates at different pressure values:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	15
	16
	17
	12

	6.9
	18
	18
	20
	13

	9
	24
	25
	26
	18


2.5.13.1.2.2. Pi. Sc. complete recirculation test of SADR/NF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	30
	13
	11

	15
	32
	14
	11

	30
	33
	14
	11

	45
	34
	14
	11

	60
	35
	15
	11


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.5
	7.3
	7.5

	Conductivity [S·cm-1]
	1619
	488
	451

	Turbidity [NTU]
	4.0
	0.3
	0.4

	Abs  = 426 nm
	0.040
	0.011
	0.009

	Abs  = 558 nm
	0.055
	0.011
	0.004

	Abs  = 660 nm
	0.025
	0.007
	0.003

	TOC [mg · l-1]
	33
	19
	26

	TC    [mg · l-1]
	41
	21
	29

	IC      [mg · l-1]
	8
	2
	2


Concentration effect test of SADR/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	35
	15
	11

	20
	36
	15
	11

	40
	37
	15
	11

	60
	38
	15
	10

	80
	39
	14
	9


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	7.5
	7.3
	7.4
	8.1
	9.0
	8.4
	7.4

	Conductivity [S·cm-1]
	1619
	478
	565
	735
	1019
	1692
	4570

	Turbidity [NTU]
	4.0
	0.4
	0.5
	0.4
	0.4
	0.4
	15.4

	SST [mg · l-1]
	5.5
	-
	-
	-
	-
	-
	30

	Abs  = 426 nm
	0.040
	0.003
	0.006
	0.007
	0.006
	0.013
	0.090

	Abs  = 558 nm
	0.055
	0.004
	0.003
	0.003
	0.003
	0.007
	0.095

	Abs  = 660 nm
	0.025
	0.003
	0.003
	0.002
	0.003
	0.004
	0.031

	TOC [mg · l-1]
	33
	26
	23
	18
	18
	24
	65

	TC    [mg · l-1]
	41
	29
	25
	22
	24
	32
	91

	IC      [mg · l-1]
	8
	2
	2
	3
	5
	8
	26
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2.5.13.1.2.3. Second characterization of SADR/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	15
	16
	17
	12

	6.9
	18
	18
	20
	13

	9
	24
	25
	26
	18


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6
	12
	12
	0

	6.9
	13
	13
	0

	9
	17
	18
	-5


2.5.13.1.2.4. Conclusions of SADR/NF

During the nanofiltration with real effluent on pilot scale, a slight decrease in the flow rate is observable, showing a quite good affinity.

The concentration effect test showed that the flow rate stays almost constant at varying feed concentration, a sensible decrease is observable over the 60% of increase in concentration (volume reduction).

The second characterization is performed without any loss in the flow rate with reference to the first one.

The quality of the permeate is acceptable for reuse tests even if some abatement percentile are low (organic content, colour, conductivity –due to the presence of mono-valent salts) due to the good quality of the feed.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	7.5
	8.0
	-

	Conductivity [S·cm-1]
	1619
	898
	45

	Turbidity [NTU]
	4.0
	0.4
	90

	SST [NTU]
	5.5
	-
	>99

	Abs  = 426 nm
	0.040
	0.010
	75

	Abs  = 558 nm
	0.055
	0.008
	85

	Abs  = 660 nm
	0.025
	0.006
	76

	TOC [mg · l-1]
	33
	22
	34

	TC    [mg · l-1]
	41
	26
	36

	IC      [mg · l-1]
	8
	2
	2


2.5.13.2. UF results

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale.

2.5.13.2.1. Pilot scale UF on PAD effluent

2.5.13.2.1.1. Pi. Sc. characterization of PAD/UF

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	39

	1.9
	48

	2.3
	54

	2.8
	63


2.5.13.2.1.2. Pi. Sc. complete recirculation test of PAD/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	20
	42
	44

	20
	20
	42
	44

	40
	21
	43
	44

	60
	21
	43
	44


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.4
	7.2
	7.6

	Conductivity [S·cm-1]
	830
	749
	748

	Abs  = 426 nm
	1.402
	0.027
	0.023

	Abs  = 558 nm
	1.693
	0.013
	0.010

	Abs  = 660 nm
	1.567
	0.012
	0.005

	Abs  = 436 nm
	1.316
	0.027
	0.023

	Abs  = 525 nm
	1.384
	0.015
	0.012

	Abs  = 620 nm
	1.912
	0.013
	0.008

	TOC [mg · l-1]
	480
	226
	227

	TC    [mg · l-1]
	490
	235
	237

	IC      [mg · l-1]
	10
	9
	10

	SST [mg l –1]
	10
	-
	-


2.5.13.2.1.3. Concentration effect test of PAD/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	21
	43
	44

	40
	22
	42
	43

	80
	22
	40
	41


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	7.4
	7.6
	7.6
	7.5
	7.4

	Conductivity [S·cm-1]
	830
	748
	780
	835
	920

	TOC [mg · l-1]
	480
	227
	235
	249
	1278

	TC    [mg · l-1]
	490
	237
	245
	259
	1292

	IC      [mg · l-1]
	10
	10
	10
	10
	14

	Abs  = 426 nm
	1.402
	0.023
	0.025
	0.035
	4.222

	Abs  = 558 nm
	1.693
	0.01
	0.011
	0.012
	4.387

	Abs  = 660 nm
	1.567
	0.005
	0.006
	0.009
	2.637

	Abs  = 436 nm
	1.316
	0.023
	0.026
	0.035
	4.208

	Abs  = 525 nm
	1.384
	0.012
	0.014
	0.017
	4.319

	Abs  = 620 nm
	1.912
	0.008
	0.009
	0.012
	2.617

	SST [mg · l-1]
	10.5
	 -
	-
	-
	37.3


2.5.13.2.1.4. Second characterization of PAD/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	39

	1.9
	47

	2.3
	54

	2.8
	63


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	51
	51
	-


2.5.13.2.1.5. Conclusions of PAD/UF

The effluent affinity for the membrane is quite good.

Little loss of flow rate is observable during the concentration effect test.

Very good recovery of the initial maximum flow rate was observed.

The quality of the permeate is not good enough for reuse purpose because of too high value of the remaining organic content and colour above the visible threshold in spite of quite good removals.

Comparison among flow rates measured in all the pilot scale trials:
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Comparison among flow rates measured in all the pilot scale trials:

	
	Feed
	Permeate UF
	Abatement 

	pH
	7.4
	7.6
	

	Conductivity [S·cm-1]
	830
	788
	5%

	TOC [mg · l-1]
	480
	237
	51%

	TC    [mg · l-1]
	490
	247
	50%

	IC      [mg · l-1]
	10
	10
	0%

	Abs  = 426 nm
	1.402
	0.028
	98%

	Abs  = 558 nm
	1.693
	0.011
	99%

	Abs  = 460 nm
	1.567
	0.007
	>99%

	Abs  = 436 nm
	1.316
	0.028
	98%

	Abs  = 525 nm
	1.384
	0.014
	99%

	Abs  = 620 nm
	1.912
	0.010
	99%

	SST [m l-1]
	10.5
	-
	>99%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.6.2.3.1.

2.5.13.3. UF +NF results

2.5.13.3.1. Pilot scale NF on PAD effluent after UF

Pi. Sc. characterization of PAD/NF 

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	20

	6.9
	23

	9
	29


2.5.13.3.1.1. Pi. Sc. complete recirculation test of PAD/NF 

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	22
	19
	20

	20
	25
	21
	21

	40
	26
	21
	21

	60
	26
	22
	22


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.5
	7.5
	7.5

	Conductivity [S·cm-1]
	788
	192
	191

	Abs  = 426 nm
	0.018
	0.001
	0.003

	Abs  = 558 nm
	0.008
	0.000
	0.005

	Abs  = 660 nm
	0.011
	0.005
	0.007

	Abs  = 436 nm
	0.028
	0.002
	0.003

	Abs  = 525 nm
	0.012
	0.000
	0.002

	Abs  = 620 nm
	0.009
	0.002
	0.007

	TOC [mg · l-1]
	256
	40
	46

	TC    [mg · l-1]
	266
	47
	53

	IC      [mg · l-1]
	10
	7
	7

	SST [g l -1]
	-
	-
	-


2.5.13.3.1.2. Concentration effect test of PAD/NF (membrane DK)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	26
	22
	22

	30
	26
	22
	22

	60
	28
	21
	20


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	7
	8
	7
	7
	8

	Conductivity [S·cm-1]
	788
	191
	238
	322
	1403

	TOC [mg · l-1]
	256
	53
	66
	66
	434

	TC    [mg · l-1]
	265
	60
	73
	74
	446

	IC      [mg · l-1]
	10
	7
	8
	8
	12

	Abs  = 426 nm
	0
	0
	0
	0
	0

	Abs  = 558 nm
	0.010
	0.005
	0.001
	0.001
	0.021

	Abs  = 660 nm
	0.006
	0.007
	0.001
	0.002
	0.013

	Abs  = 436 nm
	0.025
	0.003
	0.001
	0.002
	0.055

	Abs  = 525 nm
	0.012
	0.002
	0.001
	0.001
	0.022

	Abs  = 620 nm
	0.009
	0.007
	0.001
	0.002
	0.020

	SST [mg · l-1]
	0.77
	-
	-
	-
	3.85


2.5.13.3.1.3. Second characterization of PAD/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	19

	6.9
	23

	9
	30


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	23
	-


2.5.13.3.1.4. Conclusions of PAD/NF

The affinity shown by the effluent PAD for the membrane is good.

Low decrease is also observable at increasing concentrations. A complete recovery of the maximum flow rate is obtained during the second characterization.

The quality of the permeate is very good due to the high removals performed.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	7
	7
	

	Conductivity [S·cm-1]
	788
	250
	68%

	TOC [mg · l-1]
	256
	62
	76%

	TC    [mg · l-1]
	265
	69
	74%

	IC      [mg · l-1]
	10
	8
	22%

	Abs  = 426 nm
	0.024
	0.002
	90%

	Abs  = 558 nm
	0.010
	0.002
	78%

	Abs  = 460 nm
	0.006
	0.003
	40%

	Abs  = 436 nm
	0.025
	0.002
	91%

	Abs  = 525 nm
	0.012
	0.002
	87%

	Abs  = 620 nm
	0.009
	0.003
	63%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	5%
	68%
	70%

	TOC [mg · l-1]
	51%
	76%
	88%

	TC    [mg · l-1]
	50%
	74%
	87%

	IC      [mg · l-1]
	0%
	22%
	22%

	Abs  = 426 nm
	98%
	90%
	>99%

	Abs  = 558 nm
	99%
	78%
	>99%

	Abs  = 460 nm
	>99%
	40%
	>99%

	Abs  = 436 nm
	98%
	91%
	>99%

	Abs  = 525 nm
	99%
	87%
	>99%

	Abs  = 620 nm
	99%
	63%
	>99%

	SST (mg l-1)
	>99%!
	-
	>99%


Anaerobically pretreated PAD -direct NF results 

The membrane choice was not performed on bench scale test results. The membrane DL has been chosen on the base of previous results on similar effluents.

2.5.13.3.2. Pilot scale NF on PAD effluent anaerobically pretreated

2.5.13.3.2.1. Pi. Sc. characterization of PAD/NF after anaer. treatm.

Flow rates at different pressure values:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	25
	26
	20

	6.9
	27
	29
	30
	23

	9
	36
	36
	38
	30


Pi. Sc. complete recirculation test of PAD/NF after anaer. treatm.

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	32
	21
	20

	15
	37
	23
	20

	30
	38
	24
	20

	45
	39
	24
	20

	60
	39
	24
	20


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.8
	8.6
	9.1

	Conductivity [S·cm-1]
	1438
	656
	652

	Abs  = 426 nm
	0.528
	0.015
	0.012

	Abs  = 558 nm
	0.247
	0.002
	0.003

	Abs  = 660 nm
	0.117
	0.001
	0.002

	Abs  = 436 nm
	0.525
	0.015
	0.013

	Abs  = 525 nm
	0.331
	0.006
	0.005

	Abs  = 620 nm
	0.163
	0.000
	0.003

	TOC [mg · l-1]
	161
	7
	8

	TC    [mg · l-1]
	286
	73
	108

	IC      [mg · l-1]
	125
	66
	100


2.5.13.3.2.2. Concentration effect test of PAD/NF after anaer. treatm.

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	41
	27
	20

	30
	41
	27
	20

	60
	41
	26
	20


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	8.8
	9.1
	9.1
	9.0
	8.7

	Conductivity [S·cm-1]
	1438
	652
	749
	950
	2160

	Abs  = 426 nm
	0.528
	0.012
	0.018
	0.018
	1.147

	Abs  = 558 nm
	0.247
	0.003
	0.004
	0
	0.55

	Abs  = 660 nm
	0.117
	0.002
	0.002
	0.002
	0.266

	Abs  = 436 nm
	0.525
	0.013
	0.019
	0.021
	1.139

	Abs  = 525 nm
	0.331
	0.005
	0.008
	0.007
	0.728


	Abs  = 620 nm
	0.163
	0.003
	0
	0
	0.366

	TOC [mg · l-1]
	161
	8
	20
	9
	311

	TC    [mg · l-1]
	286
	108
	82
	72
	543

	IC      [mg · l-1]
	125
	100
	62
	63
	232

	SST [mg · l-1]
	8.0
	-
	-
	-
	14.7


2.5.13.3.2.3. Second characterization of PAD/NF after anaer. treatm.

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	21
	22
	26
	19

	6.9
	25
	26
	29
	22

	9
	33
	34
	38
	28


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6
	20
	19
	5

	6.9
	23
	22
	4

	9
	30
	28
	7


2.5.13.3.2.4. Conclusions of PAD/NF after anaer. treatm.

From the fluydodynamic point of view, the behaviour is good in terms of affinity, concentration effect and recovery in the second characterization,

The quality of the permeate is good due to the high removals but the colour is still over the visible threshold.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	8.8
	9.1
	-

	Conductivity [S·cm-1]
	1438
	783.7
	46%

	Abs  = 426 nm
	0.528
	0.016
	97%

	Abs  = 558 nm
	0.247
	0.002
	99%

	Abs  = 660 nm
	0.117
	0.002
	98%

	Abs  = 436 nm
	0.525
	0.018
	97%

	Abs  = 525 nm
	0.331
	0.007
	98%

	Abs  = 620 nm
	0.163
	0.001
	99%

	TOC [mg · l-1]
	161
	12.3
	92%

	TC    [mg · l-1]
	286
	87.3
	69%

	IC      [mg · l-1]
	125
	75.0
	40%

	SST [mg · l-1]
	8.0
	-
	>99


2.5.13.4. Anaerobically pretreated PAD -UF results

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale.

2.5.13.4.1. Pilot scale UF on PAD effluent anaerobically pretreated

2.5.13.4.1.1. Pi. Sc. characterization of PAD/UF anaerobically pretreated

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q28 [ l · h-1]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q25 [ l · h-1]

	1.4
	38
	39
	40
	38

	1.9
	46
	49
	49
	46

	2.3
	52
	55
	55
	51

	2.8
	60
	63
	63
	60


2.5.13.4.1.2. Pi. Sc. complete recirculation test of PAD/UF anaerobically pretreated

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	23
	39
	40

	15
	24
	33
	33

	30
	24
	32
	32

	45
	25
	31
	31

	60
	25
	30
	30


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.6
	7.9
	8.1

	Conductivity [S·cm-1]
	1450
	1402
	1378

	Abs  = 426 nm
	0.455
	0.196
	0.145

	Abs  = 558 nm
	0.212
	0.069
	0.043

	Abs  = 660 nm
	0.099
	0.026
	0.012

	Abs  = 436 nm
	0.458
	0.209
	0.159

	Abs  = 525 nm
	0.290
	0.118
	0.087

	Abs  = 620 nm
	0.142
	0.037
	0.018

	TOC [mg · l-1]
	98
	39
	27

	TC    [mg · l-1]
	251
	186
	175

	IC      [mg · l-1]
	153
	147
	148


2.5.13.4.1.3. Concentration effect test of PAD/UF anaerobically pretreated

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	25
	30
	30

	40
	25
	31
	31

	80
	25
	31
	31


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	7.6
	8.1
	8.3
	8.2
	7.3

	Conductivity [S·cm-1]
	1450
	1378
	1411
	1444
	1570

	Abs  = 426 nm
	0.455
	0.145
	0.078
	0.223
	1.016

	Abs  = 558 nm
	0.212
	0.043
	0.06
	0.079
	0.535

	Abs  = 660 nm
	0.099
	0.012
	0.019
	0.029
	0.269

	Abs  = 436 nm
	0.458
	0.159
	0.193
	0.236
	0.996

	Abs  = 525 nm
	0.29
	0.087
	0.11
	0.136
	0.668

	Abs  = 620 nm
	0.142
	0.018
	0.028
	0.04
	0.387

	TOC [mg · l-1]
	98
	27
	39
	40
	238

	TC    [mg · l-1]
	251
	175
	186
	193
	406

	IC      [mg · l-1]
	153
	148
	147
	153
	168

	SST [mg · l-1]
	16.7
	-
	-
	-
	44.2


2.5.13.4.1.4. Second characterization of PAD/UF anaerobically pretreated

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q28 [ l · h-1]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q25 [ l · h-1]

	1.4
	38
	38
	39
	37

	1.9
	45
	48
	48
	45

	2.3
	50
	52
	52
	49

	2.8
	59
	61
	61
	58


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	1.4
	38
	37
	3

	1.9
	46
	45
	2

	2.3
	51
	49
	4

	2.8
	60
	58
	3


2.5.13.4.1.5. Conclusions of PAD/UF anaerobically pretreated

The loss in flow rate passing from pure water to the real pre-treated effluent is evident (the affinity membrane/effluent was better with the not pre-treated effluent).

The flow rate recovery during the second characterization is good.

The quality of the permeate is not good enough for reuse purposes due to colour removals sensibly lower than those encountered with UF treatment of raw effluent.

Comparison among flow rates measured in all the pilot scale trials. 
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	7.6
	8.2
	

	Conductivity [S·cm-1]
	1450
	1411.0
	3%

	TOC [mg · l-1]
	98
	35.3
	64%

	TC    [mg · l-1]
	251
	184.7
	26%

	IC      [mg · l-1]
	153
	149.3
	2%

	Abs  = 426 nm
	0.455
	0.149
	67%

	Abs  = 558 nm
	0.212
	0.061
	71%

	Abs  = 460 nm
	0.099
	0.020
	80%

	Abs  = 436 nm
	0.458
	0.196
	57%

	Abs  = 525 nm
	0.290
	0.111
	62%

	Abs  = 620 nm
	0.142
	0.029
	80%

	SST [m l-1]
	16.7
	-
	>99


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.6.2.6.1.

2.5.13.5. Anaerobically pretreated PAD -UF+NF results

Membrane DL was used for pilot scale tests without the bench scale test selection.

2.5.13.5.1. Pilot scale NF on anaerobically pretreated PAD effluent after UF 

2.5.13.5.1.1. Pi. Sc. characterization of anaerobically pretreated PAD/NF after UF

Flow rates at different pressure values:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	24
	26
	27
	21

	6.9
	28
	29
	31
	24

	9
	36
	36
	40
	30


2.5.13.5.1.2. Pi. Sc. complete recirculation test of anaerobically pretreated PAD/NF after UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	33
	24
	20

	15
	36
	27
	22

	30
	37
	27
	21

	45
	38
	27
	21

	60
	38
	27
	21


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.8
	8.7
	9.1

	Conductivity [S·cm-1]
	1407
	653
	650

	Abs  = 426 nm
	0.212
	0.014
	0.019

	Abs  = 558 nm
	0.063
	0.001
	0.007

	Abs  = 660 nm
	0.023
	0.000
	0.002

	Abs  = 436 nm
	0.221
	0.014
	0.017

	Abs  = 525 nm
	0.112
	0.005
	0.009

	Abs  = 620 nm
	0.029
	0.000
	0.003

	TOC [mg · l-1]
	69
	5
	4

	TC    [mg · l-1]
	184
	61
	59

	IC      [mg · l-1]
	115
	56
	55


Concentration effect test of anaerobically pretreated PAD/NF after UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	38
	27
	21

	30
	38
	27
	21

	60
	38
	24
	19


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	8.8
	9.1
	9.1
	9.0
	8.8

	Conductivity [S·cm-1]
	1407
	650
	736
	902
	2002

	TOC [mg · l-1]
	69
	4
	8
	6
	98

	TC    [mg · l-1]
	185
	58
	67
	85
	308

	IC      [mg · l-1]
	115
	55
	58
	79
	211

	Abs  = 426 nm
	0.207
	0.017
	0.023
	0.019
	0.385

	Abs  = 558 nm
	0.062
	0.006
	0.008
	0.002
	0.114

	Abs  = 660 nm
	0.020
	0.002
	0.007
	0.001
	0.032

	Abs  = 436 nm
	0.218
	0.018
	0.023
	0.021
	0.410

	Abs  = 525 nm
	0.112
	0.010
	0.011
	0.008
	0.212

	Abs  = 620 nm
	0.030
	0.004
	0.008
	0.000
	0.050


2.5.13.5.1.3. Second characterization of anaerobically pretreated PAD/NF after UF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	25
	26
	20

	6.9
	27
	29
	30
	23

	9
	36
	36
	40
	30


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	24
	23
	4


2.5.13.5.1.4. Conclusions of anaerobically pretreated PAD/NF after UF

From the fluydodynamic point of view, the behaviour is good in terms of affinity, concentration effect and recovery in the second characterization,

The quality of the permeate is not superior to the one obtained with direct filtration of the pre-treated effluent.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate NF
	Abatement %

	pH
	8.8
	9.1
	-

	Conductivity [S·cm-1]
	1407
	762.7
	46%

	TOC [mg · l-1]
	69
	6.0
	91%

	TC    [mg · l-1]
	185
	6.0
	91%

	IC      [mg · l-1]
	115
	63.9
	45%

	Abs  = 426 nm
	0.207
	0.019
	91%

	Abs  = 558 nm
	0.062
	0.006
	91%

	Abs  = 460 nm
	0.020
	0.004
	82%

	Abs  = 436 nm
	0.218
	0.021
	91%

	Abs  = 525 nm
	0.112
	0.010
	91%

	Abs  = 620 nm
	0.030
	0.004
	87%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	3%
	46%
	47%

	TOC [mg · l-1]
	64%
	91%
	97%

	TC    [mg · l-1]
	26%
	91%
	97%

	IC      [mg · l-1]
	2%
	45%
	46%

	Abs  = 426 nm
	67%
	91%
	97%

	Abs  = 558 nm
	71%
	91%
	97%

	Abs  = 460 nm
	80%
	82%
	96%

	Abs  = 436 nm
	57%
	91%
	96%

	Abs  = 525 nm
	62%
	91%
	97%

	Abs  = 620 nm
	80%
	87%
	97%


	SST (mg l-1)
	>99%!
	-
	>99%


2.5.14. Assessment of changes in aerobic biodegradability using respirometry

Textile dyes are often not aerobically degradable. This causes problems when treating dyeing water or mixed textile wastewater containing dyeing streams in a conventional activated sludge plant. Even in a factory where as much water as possible is reused, there will always be a rest-stream of wastewater that has to be treated before discharge. An activated sludge plant will often be involved, as an on-site end of pipe treatment or because the wastewater is discharged in a sewer and arrives in the municipal treatment plant. Anaerobic pre-treatment, attacking the dye molecules, can improve the aerobic biodegradability. Dye molecules are split in parts or the structures are changed. Respirometry can be used to determine the aerobic biodegradability of wastewater in activated sludge, and is in this case used to assess the aerobic biodegradability of the wastewater, the anaerobically treated sample and the membrane concentrates and permeate. Figure 58 shows the results. For clarity of the figure, only the trendlines have been made visible.
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Figure 58 - Changes in aerobic biodegradability measured using respirometry. Tested amount was 50 ml for all samples.

The original wastewater gives no response, indicating that the acid dyeing wastewater is not aerobically biodegradable. Anaerobic treatment improves the biodegradability, and as can be seen in the response for the membrane concentrates, the biodegradable components are concentrated. The nanofiltration permeate however, gives only a small response, as expected.

2.5.15. Tech./econ. feasibility of anaerobic treatment

Although the reactor set-up used in the experiments was not optimised, it can serve as a base for the full-size reactor calculation. The experimental reactor configuration for acid dyeing wastewater has been given in Table 9. Using this same configuration with the amount of wastewater as is available in the factory a full-scale reactor was calculated. Data on the discharged amounts of wastewater were taken from the PIDACS document of the respective company. See Table 18 for the results.

Table 18, Scale up to full size of the experimental reactor treating Polyamide (PA) acid dyeing wastewater. Two volumes were considered: the total wastewater volume coming from the same type of process as the wastewater tested in the reactor (discontinuous polyamide dyeing) and the wastewater volume of all dyeing processes performed in the factory.

	
	
	
	Discontinuous PA dyeing wastewater
	All dyeing wastewater



	Reactor design
	yearly supply of ww (Q)
	m3/year
	59610
	168274

	
	hourly supply of ww (Q)
	m3/hour
	7
	19

	
	Hydraulic residence time (HRT)
	h
	16.2
	16.2

	
	Chosen reactor height (H)
	H
	5
	5

	
	Reactor volume (Vr)
	= Q * HRT
	110.2
	311.2

	
	Reactor area (A)
	= Vr / H
	22.0
	62.2

	
	Upflow velocity (v)
	= Q / A
	0.3
	0.3

	
	
	
	
	

	Construction costs
	Low estimation of construction costs in € 
	= 350 * m3
	€ 38583
	€ 108917

	
	High estimation of construction costs in €
	= 500 * m3
	€ 55119
	€ 155596

	
	
	
	
	

	Cost calculation for high price / m3 reactor volume, based on 10 years of duration
	Interest - average per year (1)
	4% / year
	€ 2662
	€ 7771

	
	Maintenance (2)
	3% / year
	€ 1654
	€ 4668

	
	Operation - manpower 0.25 person (3)
	12*1000
	€ 12000
	€ 12000

	
	Construction costs per year (4)
	Costs/10
	€ 5512
	15560

	
	Total cost per year
	sum 1 to 4
	€ 21828
	€ 39999

	
	Total costs per m3 wastewater
	
	€ 0.37
	€ 0.24


To calculate the operational costs, it was assumed that manpower would consist of one person on a 25% job. Employing an operator costs a company around € 4000,- per month, so the total amount for one year of operation would be 12 x € 1000,-.
2.5.16. Tech./econ. feasibility of membrane treatment

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on acid dyeing effluents, the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· The treatment trains tested UF, NF and UF+NF have shown a potentially high feasibility in terms of costs.  

· The direct NF of anaerobically pretreated polyamide dyeing (PADa)effluent seems to be economically feasible. No advantages resulted in UF+NF treatment of anaerobically pretreated effluent.

Cost estimation UF/PAD
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Cost estimation UF+NF/PAD
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2.5.16.1. Cost estimation NF/SADR
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2.5.16.2. Cost estimation UF/PADa
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Cost estimation UF+NF/PADa
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2.5.16.3. Cost estimation NF/PADa
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Reuse tests results (dyeing rinsing and printing)

2.5.16.4. Reuse of acid dyeing effluent (polyamide)

The permeate of acid dyeing has been reused for acid dyeing of polyamide both in a light and a dark colour shade.

2.5.16.4.1. Colour differences

	
	% permeate
	delta E (CMC2:1)

	reference
	0%
	

	light
	100%
	0,78

	light
	75%
	0,72

	reference
	0%
	

	dark
	100%
	0,13

	dark
	75%
	0,22


For each colour shade the fabric, dyed with 100% fresh process water, has been taken as the reference to calculate the difference in colour. All values of delta E (colour difference) are below 0.8, which means that no significant changes in colour shade can be measured. Also visually no differences were observed.

2.5.16.4.2. Colour fastness to washing

	
	light
	
	
	dark
	
	

	%permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	4-5
	4
	4-5
	3-4
	3
	3

	staining
	
	
	
	
	
	

	polyester
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	cotton
	4-5
	4-5
	4-5
	3-4
	3-4
	3


The differences between the reference and the treatments with reused permeate are always lower than 0.5. 

2.5.16.4.3. Colour fastness to rubbing

	
	light
	
	
	dark
	
	

	% permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	
	
	
	
	
	

	dry
	5
	5
	5
	5
	5
	5

	wet
	4-5
	4-5
	4-5
	4
	4
	4

	staining
	
	
	
	
	
	

	dry
	5
	5
	5
	5
	5
	5

	wet
	5
	5
	5
	5
	5
	5


All values are good to very good and no differences higher than 0.5 unit are noticed.

2.5.16.4.4. Conclusions: reuse of permeate for acid dyeing of polyamide

The waterquality of the acid dyeing permeate is good enough to be reused for acid dyeing of polyamide. No adaptations to the water quality are needed. 

In the performed series of tests the reuse cycle is only been done once. The waste water of acid dyeing is treated via membrane filtration and reused for acid  dyeing. The waste water of these treatments has not been treated and tested for reuse. It is to be expected that several reuse cycles will generate a higher concentration of certain chemicals in the permeate. To prevent this increase in concentration it is better to mix the permeate with fresh process water. In any case extra fresh process water is needed since part of the water is taken up by the fabric and is lost by evaporation.

2.5.16.5. Reuse of acid dyeing effluent (silk dyeing)

The permeate of acid dyeing has been reused for degumming and acid dyeing of silk both in a light and a dark colour shade.

2.5.16.5.1. Degumming efficiency

	TYPE OF TREATMENT
	DEGREE OF WHITE
	x
	y
	Y

	REFERENCE
	53.6
	0.3215
	0.3393
	73.9

	REUSE
	54.1
	0.3214
	0.3391
	73.9


The variations in the values of the degree of white in the silk samples scoured with two water types, is irrelevant.

2.5.16.5.2. Colour differences

	Formula: CMC 2.0:1.0

	Substratum: fabric 100% silk

	Reference: COL. BROWN- DYE WITH INDUSTRIAL WATER

	Sample: COL. BROWN-DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	the sample is

	D65/10
	0.581
	0.564
	-0.101
	0.096
	+ clear + dirty

	A/10
	0.561
	0.548
	-0.111
	0.048
	+ clear + dirty

	F11/10
	0.565
	0.558
	-0.085
	0.023
	+ clear

	Formula: CMC 2.0:1.0

	Substratum: 100% silk fabric

	Reference: COL. GREEN– DYE WITH INDUSTRIAL WATER

	Sample: COL. GREEN – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	the sample is

	D65/10
	0.664
	-0.546
	0.249
	0.286
	+ dark+ pure + green

	A/10
	0.746
	-0.586
	0.192
	0.420
	+ dark + pure + green

	F11/10
	0.667
	-0.583
	0.118
	0.302
	+ dark + pure + green


The variations of tone between the samples dyed in the two types of water are within the acceptable levels of tolerance as recommended in the quality standard norm of the 2003 edition of Italian Textile Association. ( i.e.: delE=1)
2.5.16.5.3. Colour fastness to washing

Brown:

	
	dyeing in industrial water
	dyeing in treated water

	Degradation colour:
	2
	2

	Staining on:
	
	

	Wool
	1-2
	2

	Acrylic
	3/4
	4

	Polyester
	3
	3-4

	Polyamide
	1
	1

	Cotton
	1
	1-2

	Acetate
	3
	3-4


Green:

	
	dyeing in industrial  water
	dyeing in treated water

	Degradation colour:
	3
	3

	Staining on:
	
	

	Wool
	3
	2-3

	Acrylic
	4-5
	4

	Polyester
	4
	4

	Polyamide
	2
	1/2

	Cotton
	3-4
	3-4

	Acetate
	4
	4


The differences in colour fastness expressed are not significant.
2.5.16.5.4. Colour fastness to rubbing

	dyeing in industrial water
	dyeing in treated water

	Colour fastness to rubbing
	Colour fastness to rubbing

	dry
	wet
	dry
	wet

	Brown 

	4-5
	4-5
	4-5
	4-5

	Green 

	4-5
	4
	4-5
	4


As outlined there is no variation between colour fastness to rubbing in the samples dyed in using two types of water.

2.5.16.5.5. Conclusions: reuse of permeate for degumming and acid dyeing of silk

In general the differences revealed at the end of each test is of little significance as they do not indicate any particular problem.

The results obtained with treated water, in reference to the materials used in the  laboratory can be considered equal to those obtained by using industrial water.

Reactive dyeing and printing(Viscose printed washing, Silk yarn dyeing and Cotton dyeing)

In the present chapter, discussion and results of the experimental activities carried out on the two acid dyeing effluents is reported. In the table below, the treatments carried out on each effluent is synthesized:

	Process
Effluent
	UF
	NF
	UF+NF
	Anaer.+

UF
	Anaer+

NF
	Anaer

+UF+NF

	Viscose reactive printed wash (VRPW)
	X
	X
	X
	
	
	

	Silk yarn reactive dyeing (SYRD)
	X
	
	X
	
	
	

	Cotton reactive dyeing (CRD)
	X
	
	X
	X
	X
	X


2.5.17. Anaerobic tests results (Cotton Dyeing)

Results of the experiment are represented at three different wavelengths. The wastewater contains three dyes, and the wavelengths are chosen to try to represent the three colours: yellow (420 nm), red (500 nm) and blue (620 nm).

2.5.17.1. Results of batch experiments

Figure 59 shows the mesophilic experiment, during the complete treatment time, for absorption at 500 nm (the main maximum absorption wavelength for the wastewater). The UV-VIS spectra of the reactive dyeing incubations at different time intervals can be found in Appendix D.
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Figure 59 - Decolourisation (measured at 500 nm) of reactive dyeing wastewater at 30(C. ♦ = chemical control, ● = sludge + w.w., x = sludge + w.w. + AQS, Δ = sludge + w.w. + size, □ = sludge + w.w. + size + AQS, ▲ = sludge + w.w. + VFA-Glucose, ■ = sludge + w.w. + VFA-Glucose + AQS.

Meso- and thermophilic decolourisation with VFA-Glucose as cosubstrate

The results of the experiment are presented in Figure 60, in three different graphs. Each graph representing a different wavelength. At all three wavelengths the chemical control shows distinctively lower decolourisation rates. Colour removal is clearly a biological process, as the addition of co-substrate stimulates the decolourisation rates. In comparison to mesophilic conditions, thermophilic conditions speed up the process.

2.5.17.1.1. Effect of AQS on meso and thermophilic decolourisation with VFA-Glucose

Electron mediating compounds have proven to speed up decolourisation rates for azo dyes (van der Zee et al., 2003). Practically all research on mediators has been done with single-dye systems, which makes this experiment one of the first with real textile wastewater. Another fairly unexplored area is the use of electron mediators in thermophilic systems. In Figure 61 the results are shown. It can be seen that the addition of an electron mediator increases decolourisation rates, especially under mesophilic conditions. Apparently, thermophilic conditions already lead to such an increase that the mediator can not speed it up much more. For the measurements at 610 nm there is practically no difference in decolourisation rates. Neither between the batches with and without AQS, nor between the mesophilic and the thermophilic batches. However, there is a difference in the maximum decolourisation obtained: thermophilic treatment renders a better end result. 

2.5.17.1.2. Decolourisation with size as cosubstrate in presence and absence of AQS

This experiment was conducted only at 30(C. The results for size as a cosubstrate (Figure 62) do not differ a lot from the results obtained with VFA-Glucose.

2.5.17.1.3. Comparison of co-substrates and AQS concentration

When comparing the three types of incubations, a difference can be seen between the graphs at different wavelengths. At 420 nm the incubations with 0.05 mM AQS do not really differ from the ones without AQS. The higher amount of AQS has a clearly visible impact. For the graph at 500 nm, all three incubations are different, the small amount of AQS has a small impact. Looking at the graph of 600 nm, no difference can be observed between the incubations, AQS does not speed up decolourisation. 

Light absorbed at a different wavelength, makes that we see it as a colour. Dyes are molecules that are designed to absorb at a certain wavelength, to result in a certain colour. In dyebaths, usually three dyes are present, a yellow one, a red one and a blue one. When choosing three wavelengths in those colour regions, each wavelength should represent one of the three dyes in the wastewater. The differences in decolourisation between the three wavelengths mean that each dye reacts differently to the mediator.

	420 nm
	
	420 nm

	[image: image206.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)


	
	[image: image207.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)



	500 nm
	
	500 nm

	[image: image208.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)


	
	[image: image209.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)



	610 nm
	
	610 nm

	[image: image210.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)


	
	[image: image211.wmf]0

20

40

60

80

100

0

1

2

3

4

t (d)

Colour (% left)



	Figure 60 - Decolourisation of reactive dyeing wastewater in presence and absence of co-substrate at 30(C (open symbols) and 55(C (filled symbols). ◊ = chemical control, o = sludge + wastewater (w.w.), Δ = sludge + w.w. + VFA/glucose as cosubstrate.
	
	Figure 61 – Decolourisation of reactive dyeing wastewater in presence and absence of 0.5 mM AQS at 30(C (open symbols) and 55(C (filled symbols). ◊ = chemical control, o = sludge + w.w. + AQS, Δ = sludge + w.w. + VFA/glucose, □ = sludge + w.w. + VFA/glucose + AQS.
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	Figure 62 – Decolourisation of reactive dyeing wastewater with size, in presence and absence of 0.5 mM AQS at 30(C. ◊ = chemical control, o = sludge + w.w., x = sludge + w.w. + AQS, Δ = sludge + w.w. + size, □ = sludge + w.w. + size + AQS.


	
	Figure 63 – Decolourisation of reactive dyeing wastewater with size (filled symbols) or VFA-glucose (open symbols), in presence and absence of 0.5 or 0.05 mM AQS at 30(C. Δ = sludge + w.w. + cosubstrate, o = sludge + w.w. + cosubstrate + 0.05 mM AQS, □ = sludge + w.w. + cosubstrate + 0.5 mM AQS.


2.5.17.2. Results of the continuous experiment

The goal of the continuous experiment with reactive dyeing wastewater was first of all to investigate the potential of anaerobic treatment as a pre-treatment step before membrane filtration (see Introduction). The amount of wastewater chosen was quite small, based on the amount needed by ENEA to perform a filtration delivering enough permeate for Centexbel to do reuse tests. First an attempt was made to treat the wastewater without addition of a co-substrate. After some days it was decided to add sizing liquid, a textile waste-stream rich in starch. When all the wastewater was treated, the collected effluent was used as influent again. This was based on the assumption that the effluent collected in the first days of the experiment had a higher residual colour than the latest collected effluent. In this way the whole effluent would get the same “level” of treatment. Figure 64 gives the results for decolourisation, methane production and COD-removal. 
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Figure 64 - Continuous experiment with reactive dyeing wastewater in an EGSB-type reactor. ( = 420 nm, ■ = 500 nm, ▲ = 620 nm, o = methane production, ● = COD removal.

The first vertical line indicates the change of wastewater to wastewater with size added as co-substrate, the second line the feeding of the collected effluent as influent after finishing the wastewater. As can be seen in Figure 64, adding a co-substrate to the wastewater increased the colour removal. Decolourisation was constant at the three wavelengths. COD removal and methane production were constant until day 15. After that day, both started dropping fast although colour removal remained the same. Apparently the wastewater affects the reactor on the long term. When the reactor is fed with its own effluent, the measured colour removal drops, probably due to the same what made COD removal and CH4 production fall down. However, the visible colour of the effluent diminished after feeding it to the reactor a second time (see Figure 65). 
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Figure 65 - Visible colour of the reactive dyeing influent and its two consecutive effluents. Left: reactive dyeing influent, middle: first effluent (sample day 20), right: effluent after treatment of the first effluent (sample day 30).

2.5.18. Membrane treatment results

2.5.18.1. Direct NF results

Direct nanofiltration has been applied on VRPW effluent. The results of the tests carried out according to the methods described above, on bench scale and on pilot scale are here reported.

2.5.18.1.1. Bench scale NF on VRPW effluent

2.5.18.1.1.1. Characterization of VRPW/NF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P 

6 bar
	Membrane
	Q25 [ l ·h-1·m-2 ]

	
	DK 
	57

	
	DL 
	69

	
	HL
	51


2.5.18.1.1.2. Complete recirculation test of VRPW/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Flow rate decrease [%]

	
	DK 
	42
	26

	
	DL 
	54
	22

	
	HL
	43
	17


Permeates quality:

	 
	Feed
	15' DK
	15' DL
	15' HL 

	PH
	9.25
	9.84
	9.74
	9.88

	Conductivity [S·cm-1]
	1196
	341
	170
	177

	Turbidity [NTU]
	1.3
	0.64
	0.62
	0.75

	Abs  = 426 nm
	0.379
	0.016
	0.011
	0.010

	Abs  = 558 nm
	0.315
	0.011
	0.012
	0.007

	Abs  = 660 nm
	0.143
	0.006
	0.003
	0.003

	Abs  = 436 nm
	0.374
	0.013
	0.010
	0.009

	Abs  = 525 nm
	0.367
	0.011
	0.012
	0.007

	Abs  = 620 nm
	0.224
	0.008
	0.006
	0.005

	TOC [mg · l-1]
	716.2
	386.3
	232.3
	285.0

	TC    [mg · l-1]
	725.0
	402.9
	242.3
	298.4

	IC      [mg · l-1]
	8.810
	16.60
	10.00
	13.37


2.5.18.1.1.3. Choice of the membrane for the pilot scale 

The decrease of flow rate passing from deionised water to real effluent filtration is high for all the three membranes. DL has the highest flow rate.

Membrane DK and HL have better removal efficiency on salinity, organic carbon content in reference to DL, nevertheless DL is chosen for further investigation.

2.5.18.1.2. Pilot scale NF on VRPW effluent

2.5.18.1.2.1. Pi. Sc. characterization of VRPW/NF

Flow rates at different pressure values:

	P [ bar ]
	Q30 [ l · h-1]
	Q34 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	26
	21

	6.9
	26
	28
	23

	9
	33
	36
	30


2.5.18.1.2.2. Pi. Sc. complete recirculation test of VRPW/NF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	31
	23
	20

	15
	32
	23
	20

	30
	33
	24
	20

	45
	34
	25
	21

	60
	35
	26
	21


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.4
	10
	9.9

	Conductivity [S·cm-1]
	1223
	204
	215

	Turbidity [NTU]
	2.6
	1.3
	0.7

	Abs  = 426 nm
	0.393
	0.008
	0.018

	Abs  = 558 nm
	0.33
	0.007
	0.014

	Abs  = 660 nm
	0.153
	0.004
	0.006

	Abs  = 436 nm
	0.388
	0.006
	0.016

	Abs  = 525 nm
	0.383
	0.005
	0.015

	Abs  = 620 nm
	0.238
	0.006
	0.009

	TOC [mg · l-1]
	700
	371
	358

	TC    [mg · l-1]
	740
	381
	366

	IC      [mg · l-1]
	39
	10
	8


2.5.18.1.2.3. Concentration effect test of VRPW/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	32
	23
	20

	20
	33
	23
	20

	40
	33
	23
	20

	60
	34
	22
	18

	80
	35
	20
	16


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.4
	9.8
	9.8
	9.6
	9.4
	9.2
	8.9

	Conductivity [S·cm-1]
	1223
	222
	280
	383
	570
	1077
	4670

	Turbidity [NTU]
	2.6
	1.0
	0.6
	0.9
	0.3
	0.5
	2.1

	Abs  = 426 nm
	0.393
	0.015
	0.015
	0.010
	0.010
	0.011
	2.160

	Abs  = 558 nm
	0.330
	0.011
	0.010
	0.007
	0.003
	0.001
	1.839

	Abs  = 660 nm
	0.153
	0.007
	0.005
	0.005
	0.001
	0.000
	0.791

	Abs  = 436 nm
	0.388
	0.013
	0.013
	0.008
	0.008
	0.008
	2.134

	Abs  = 525 nm
	0.383
	0.010
	0.011
	0.004
	0.002
	0.001
	2.213

	Abs  = 620 nm
	0.238
	0.010
	0.008
	0.007
	0.003
	0.001
	1.258

	TOC [mg · l-1]
	700
	360
	362
	374
	388
	524
	1953

	TC    [mg · l-1]
	740
	372
	383
	402
	429
	577
	2119

	IC      [mg · l-1]
	39
	12
	21
	28
	40
	53
	166
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2.5.18.1.2.4. Second characterization of VRPW/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q30 [ l · h-1]
	Q34 [ l · h-1]
	Q25 [ l · h-1]

	6
	20
	22
	18

	6.9
	23
	25
	21

	9
	30
	32
	27


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %
	Q25 after washing.        [ l · h-1]
	Loss  %

	6
	21
	18
	14
	21
	0

	6.9
	23
	21
	9
	23
	0

	9
	30
	27
	10
	31
	0


2.5.18.1.2.5. Conclusions of VRPW/NF

A slight decrease in flow rate was observed passing from pure water to real effluent showing a quite good affinity.

At increasing concentration a relevant effect was noticed only above the 60% increase in concentration of the feed.

The quality of the permeate is low, not acceptable for reuse tests. In particular the organic content is high in the effluent. Colour is removed almost completely.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	9.4
	9.6
	-

	Conductivity [S·cm-1]
	1223
	506
	59

	Turbidity [NTU]
	2.6
	0.66
	75

	Abs  = 426 nm
	0.393
	0.012
	97

	Abs  = 558 nm
	0.33
	0.006
	98

	Abs  = 660 nm
	0.153
	0.004
	98

	Abs  = 436 nm
	0.388
	0.010
	97

	Abs  = 525 nm
	0.383
	0.006
	99

	Abs  = 620 nm
	0.238
	0.006
	98

	TOC [mg · l-1]
	700
	402
	43

	TC    [mg · l-1]
	740
	433
	42

	IC      [mg · l-1]
	39
	31
	22


2.5.18.2. UF results

2.5.18.2.1. Pilot scale UF on VRPW effluent

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale.

2.5.18.2.1.1. Pi. Sc. characterization of VRPW/UF

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q25 [ l · h-1]
	Q27 [ l · h-1]
	Q30 [ l · h-1]

	1.4
	35
	36
	36

	1.9
	45
	45
	47

	2.3
	53
	53
	53

	2.8
	60
	60
	64


2.5.18.2.1.2. Pi. Sc. complete recirculation test of VRPW/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	24
	43
	43

	15
	25
	43
	43

	30
	26
	45
	45

	45
	26
	43
	43

	60
	27
	43
	43


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.3
	9.5
	9.4

	Conductivity [S·cm-1]
	759
	587
	584

	Turbidity [NTU]
	1.5
	0.8
	0.3

	Abs  = 426 nm
	0.272
	0.075
	0.071

	Abs  = 558 nm
	0.22
	0.039
	0.036

	Abs  = 660 nm
	0.103
	0.012
	0.011

	Abs  = 436 nm
	0.27
	0.076
	0.072

	Abs  = 525 nm
	0.263
	0.062
	0.057

	Abs  = 620 nm
	0.151
	0.018
	0.017

	TOC [mg · l-1]
	462
	361
	359

	TC    [mg · l-1]
	502
	364
	366

	IC      [mg · l-1]
	40
	3
	7


2.5.18.2.1.3. Concentration effect test of VRPW/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	26
	43
	43

	20
	26
	41
	41

	40
	27
	41
	40

	60
	27
	38
	37

	80
	28
	34
	33


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.3
	9.3
	9.4
	9.4
	9.4
	9.3
	9.2

	Conductivity [S·cm-1]
	759
	596
	610
	641
	698
	773
	1126

	Turbidity [NTU]
	1.5
	0.6
	0.6
	0.5
	0.6
	0.5
	2.5

	SST [mg · l-1]
	0.272
	0.082
	0.083
	0.099
	0.151
	0.228
	0.779

	Abs  = 426 nm
	0.220
	0.046
	0.044
	0.056
	0.096
	0.155
	0.726

	Abs  = 558 nm
	0.103
	0.016
	0.014
	0.016
	0.033
	0.053
	0.345

	Abs  = 660 nm
	0.270
	0.082
	0.084
	0.100
	0.150
	0.227
	0.765

	Abs  = 436 nm
	0.263
	0.069
	0.069
	0.085
	0.135
	0.210
	0.805

	Abs  = 525 nm
	0.151
	0.023
	0.021
	0.026
	0.048
	0.080
	0.531

	Abs  = 620 nm
	462
	375
	372
	378
	384
	389
	931

	TOC [mg · l-1]
	502
	378
	375
	380
	385
	397
	971

	TC    [mg · l-1]
	40
	3
	3
	2
	1
	7
	40

	IC      [mg · l-1]
	9.3
	9.3
	9.4
	9.4
	9.4
	9.3
	9.2
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2.5.18.2.1.4. Second characterization of VRPW/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]
	Q27 [ l · h-1]
	Q30 [ l · h-1]

	1.4
	38
	41
	41

	1.9
	47
	50
	53

	2.3
	56
	60
	62

	2.8
	64
	69
	75


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	1.9
	45
	47
	-4

	2.3
	53
	56
	-6


2.5.18.2.1.5. Conclusions of VRPW/UF

The affinity membrane/real effluent is quite good as observable by the slight decrease in flow rate.

A remarkable loss in flow rate is observed during the concentration effect test but a complete recovery of the initial flow rate is obtained with the second characterization.

The quality of permeates is not very good due to the high content of organics and colour compounds in the effluent because of the low removal

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.7.2.3.1

	
	Feed
	Permeate UF
	Abatement %

	pH
	9.3
	9.4
	-

	Conductivity [S·cm-1]
	759
	663.6
	13%

	Turbidity [NTU]
	1.5
	0.542
	64%

	Abs  = 426 nm
	0.272
	0.129
	53%

	Abs  = 558 nm
	0.220
	0.079
	64%

	Abs  = 660 nm
	0.103
	0.026
	74%

	Abs  = 660 nm
	0.270
	0.129
	52%

	Abs  = 660 nm
	0.263
	0.114
	57%

	Abs  = 660 nm
	0.151
	0.040
	74%

	TOC [mg · l-1]
	462
	379.7
	18%

	TC    [mg · l-1]
	502
	383.0
	24%

	IC      [mg · l-1]
	40
	3.3
	92%


2.5.18.2.2. Bench scale UF on SYRD effluent

2.5.18.2.2.1. Characterization of SYRD/UF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P
	ER
	PW
	GK
	GH
	MW

	
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	T (°C)
	Q 

(l h-1 m-2)
	Q 

(l h-1)
	Q 

(l h-1 m-2)

	1
	
	
	26
	228
	
	
	
	
	25
	290

	1.5
	
	
	26
	332
	
	
	
	
	25
	415

	2
	27
	153
	26
	430
	27
	13
	
	
	25
	553

	2.5
	26
	197
	26
	528
	27
	18
	
	
	25
	726

	3
	26
	235
	
	
	26
	20
	
	
	
	

	3.5
	25
	264
	
	
	25
	22
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	

	4.5
	
	
	
	
	
	
	28
	15
	
	

	5
	
	
	
	
	
	
	27
	16
	
	

	5.5
	
	
	
	
	
	
	25
	16
	
	


2.5.18.2.2.2. Complete recirculation test of SYRD/UF

Flow rate decrease passing to real effluent filtration:

	Membrane
	P

(bar)
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	ER 
	3.4
	21
	26
	90

	MW
	2.1
	24
	124
	71

	PW
	2.1
	24
	79
	86


K=0.008

Permeates quality:

	 
	Feed
	ER 
	MW
	PW

	pH
	9.5
	9.5
	9.5
	9.5

	Conductivity [S·cm-1]
	39.800
	98.800
	39.000
	39.300

	Turbidity [NTU]
	0.5
	0.7
	0.4
	1.1

	SST (mg l-1)
	41
	-
	-
	-

	Abs  = 426 nm
	2.811
	1.049
	1.863
	1.458

	Abs  = 558 nm
	3.932
	2.722
	3.712
	3.434

	Abs  = 660 nm
	0.030
	0.019
	0.023
	0.022

	TOC [mg · l-1]
	758
	299
	571
	342

	TC    [mg · l-1]
	1500
	989
	1281
	1051

	IC      [mg · l-1]
	742
	689
	710
	709


2.5.18.2.2.3. Choice of the membrane for the pilot scale 

The highest flow rate among the membrane tested was obtained by membrane MW followed by ER (even if the operational pressure is higher). The values obtained for PW are very low. Comparing these flows with the ones obtained during the characterization in all cases the loss is relevant (due to the unexpectedly high values measured in characterization). With referencxe to this parameter, ER is slightly better than MW and PW.

All the membrane have evidenced almost total removal of colour, suspended solids and turbidity. Membrane MW leaves in the permeates a residual organic content and conductivity significantly higher. All this considered, being UF mainly a pre-treatment in this case, the hydraulic parameters are evaluated as most important therefore MW is chosen for further investigation.

2.5.18.2.3. Pilot scale UF on SYRD effluent

2.5.18.2.3.1. Pi. Sc. characterization of SYRD/UF

Flow rates at different pressure and 32 °C temperature values:

	p [ bar ]
	Q32 [ l · h-1]

	1.4
	40

	1.9
	49

	2.3
	58

	2.8
	68


2.5.18.2.3.2. Pi. Sc. complete recirculation test of SYRD/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	14
	29
	32

	15
	16
	28
	30

	30
	18
	27
	29

	45
	20
	26
	27

	60
	21
	26
	27


	 
	Feed 
	Permeate 0’
	Permeate 60’

	pH
	9.5
	9.5
	9.5

	Conductivity [S·cm-1]
	39800
	34300
	35900

	Turbidity [NTU]
	0.4
	1.3
	0.7

	SST (mg l-1)
	39
	-
	-

	Abs  = 426 nm
	2.813
	2.100
	1.899

	Abs  = 558 nm
	3.939
	3.772
	3.703

	Abs  = 660 nm
	0.022
	0.027
	0.024

	TOC [mg · l-1]
	775
	490
	420

	TC    [mg · l-1]
	1528
	1108
	1056

	IC      [mg · l-1]
	753
	618
	636


2.5.18.2.3.3. Concentration effect test of SYRD/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	20
	31
	32

	20
	20
	28
	29

	40
	21
	24
	25

	60
	22
	26
	26

	80
	22
	26
	26


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.5
	9.5
	9.5
	9.5
	9.5
	9.5
	9.5

	Conductivity [S·cm-1]
	39800
	35800
	35800
	35900
	36000
	35800
	35900

	Turbidity [NTU]
	0.4
	1.7
	0.3
	0.6
	0.7
	1.0
	0.4

	SST (mg l-1)
	39
	37
	31
	33
	37
	39
	35

	Abs  = 426 nm
	2.813
	2.102
	1.944
	1.965
	2.041
	2.195
	3.431

	Abs  = 558 nm
	3.939
	3.770
	3.738
	3.762
	3.813
	3.883
	4.034

	Abs  = 660 nm
	0.022
	0.024
	0.015
	0.023
	0.022
	0.025
	0.039

	TOC [mg · l-1]
	775
	456
	422
	433
	447
	460
	1175

	TC    [mg · l-1]
	1529
	1089
	1069
	1070
	1071
	1094
	1805

	IC      [mg · l-1]
	753
	633
	647
	637
	624
	634
	630
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2.5.18.2.3.4. Second characterization of SYRD/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q32 [ l · h-1]

	1.4
	38

	1.9
	48

	2.3
	46

	2.8
	64


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	51
	49
	4


2.5.18.2.3.5. Conclusions of SYRD/UF

The loss in flow rate passing from water filtering to real effluent is quite high showing poor affinity, followed by a significant effect due to increasing concentration.

A good recovery of flow rate is observed in the second characterization.

The quality of the permeate does not allow for reuse options due to the low removals performed by the ultrafiltration.
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Comparison among flow rates measured in all the pilot scale trials:

	
	Feed
	Permeate UF
	Abatement %

	pH
	9.5
	9.5
	

	Conductivity [S·cm-1]
	39800
	35860
	10%

	Turbidity [NTU]
	0.4
	0.9
	-143%

	SST (mg l-1)
	39
	35.4
	9%

	Abs  = 426 nm
	2.813
	2.049
	27%

	Abs  = 558 nm
	3.939
	3.793
	4%

	Abs  = 660 nm
	0.022
	0.022
	1%

	TOC [mg · l-1]
	775
	443.5
	43%

	TC    [mg · l-1]
	1529
	1078.4
	29%

	IC      [mg · l-1]
	753
	634.9
	16%


The permeate effluent from ultrafiltration is submitted to two nanofiltrations (2 membranes) as described in § 4.7.2.3.3. e 4.7.2.3.4.

2.5.18.2.4. Pilot scale UF on CRD effluent

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale

2.5.18.2.4.1. Pi. Sc. characterization of CRD/UF

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	38

	1.9
	48

	2.3
	56

	2.8
	62


2.5.18.2.4.2. Pi. Sc. complete recirculation test of CRD/UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	20
	43
	45

	20
	20
	42
	44

	40
	20
	41
	43

	60
	21
	40
	41


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.9
	9.9
	9.9

	Conductivity [S·cm-1]
	16800
	17060
	17090

	Abs  = 426 nm
	0.466
	0.397
	0.379

	Abs  = 558 nm
	0.355
	0.303
	0.283

	Abs  = 660 nm
	0.151
	0.121
	0.114

	Abs  = 436 nm
	0.464
	0.396
	0.378

	Abs  = 525 nm
	0.363
	0.313
	0.290

	Abs  = 620 nm
	0.345
	0.291
	0.277

	TOC [mg · l-1]
	120
	69
	64

	TC    [mg · l-1]
	370
	319
	312

	IC      [mg · l-1]
	250
	250
	248


2.5.18.2.4.3. Concentration effect test of CRD/UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	20
	40
	42

	40
	21
	39
	40

	80
	21
	38
	39


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	9.9
	9.9
	9.9
	9.9
	10.0

	Conductivity [S·cm-1]
	16800
	17090
	17080
	17130
	17076

	TOC [mg · l-1]
	120
	64
	62
	72
	162

	TC    [mg · l-1]
	370
	312
	308
	322
	408

	IC      [mg · l-1]
	250
	248
	246
	250
	246

	Abs  = 426 nm
	0.466
	0.379
	0.429
	0.452
	0.564

	Abs  = 558 nm
	0.355
	0.283
	0.322
	0.342
	0.438

	Abs  = 660 nm
	0.151
	0.114
	0.137
	0.142
	0.206

	Abs  = 436 nm
	0.464
	0.378
	0.428
	0.451
	0.562

	Abs  = 525 nm
	0.363
	0.29
	0.331
	0.354
	0.443

	Abs  = 620 nm
	0.345
	0.277
	0.313
	0.33
	0.438

	SST [mg · l-1]
	18.5
	- 
	- 
	 -
	15.6


2.5.18.2.4.4. Second characterization of CRD/UF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q25 [ l · h-1]

	1.4
	38

	1.9
	47

	2.3
	54

	2.8
	62


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	52
	51
	2%


2.5.18.2.4.5. Conclusions of CRD/UF

The affinity shown by the effluent for the membrane is quite good and similar behaviour is performed during the concentration effect test and in the second characterization.

The reuse is escluded due to high conductivity and color in the effluent. In fact, the removals performed on these parameters are very low.

Comparison among flow rates measured in all the pilot scale trials. 
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Comparison among flow rates measured in all the pilot scale trials

	
	Feed
	Permeate UF
	Abatement %

	pH
	9.9
	9.9
	

	Conductivity [S·cm-1]
	16800
	17100
	-2%

	TOC [mg · l-1]
	120
	66
	45%

	TC    [mg · l-1]
	370
	314
	15%

	IC      [mg · l-1]
	250
	248
	1%

	Abs  = 426 nm
	0.466
	0.420
	10%

	Abs  = 558 nm
	0.355
	0.316
	11%

	Abs  = 460 nm
	0.151
	0.131
	13%

	Abs  = 436 nm
	0.464
	0.419
	10%

	Abs  = 525 nm
	0.363
	0.325
	10%

	Abs  = 620 nm
	0.345
	0.307
	11%

	SST (mg l-1)
	18.5
	
	>99%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.7.2.3.5.
2.5.18.3. UF +NF results

2.5.18.3.1. Pilot scale NF on VRPW after UF

Pi. Sc. characterization of VRPW/NF 

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	21

	6.9
	23

	9
	31


2.5.18.3.1.1. Pi. Sc. complete recirculation test of VRPW /NF 

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	27
	15
	14

	15
	29
	17
	16

	30
	30
	18
	16

	45
	31
	19
	17

	60
	31
	20
	18


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.4
	10.4
	10.4

	Conductivity [S·cm-1]
	664
	124
	132

	Turbidity (NTU)
	0.5
	0.6
	0.4

	Abs  = 426 nm
	0.129
	0.004
	0.003

	Abs  = 558 nm
	0.079
	0.002
	0.002

	Abs  = 660 nm
	0.026
	0.003
	0.000

	Abs  = 436 nm
	0.129
	0.003
	0.003

	Abs  = 525 nm
	0.114
	0.001
	0.002

	Abs  = 620 nm
	0.040
	0.003
	0.001

	TOC [mg · l-1]
	380
	302
	295

	TC    [mg · l-1]
	383
	279
	280

	IC      [mg · l-1]
	3
	0
	1


2.5.18.3.1.2. Concentration effect test of VRPW/NF 

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	31
	20
	18

	20
	32
	20
	17

	40
	33
	20
	17

	60
	33
	20
	17

	80
	34
	19
	16


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.4
	10.2
	9.9
	9.9
	9.4
	9.6
	10.0

	Conductivity [S·cm-1]
	664
	131
	156
	201
	300
	522
	1120

	Turbidity [NTU]
	0.5
	0.9
	0.7
	0.8
	0.3
	0.2
	0.6

	Abs  = 426 nm
	0.129
	0.004
	0.005
	0.005
	0.004
	0.005
	0.228

	Abs  = 558 nm
	0.079
	0.002
	0.003
	0.003
	0.001
	0.001
	0.140

	Abs  = 660 nm
	0.026
	0.001
	0.002
	0.001
	0.000
	0.001
	0.045

	Abs  = 436 nm
	0.129
	0.004
	0.005
	0.005
	0.003
	0.003
	0.228

	Abs  = 525 nm
	0.114
	0.002
	0.002
	0.003
	0.002
	0.001
	0.202

	Abs  = 620 nm
	0.040
	0.002
	0.003
	0.002
	0.001
	0.001
	0.069

	TOC [mg · l-1]
	380
	279
	283
	293
	315
	379
	564

	TC    [mg · l-1]
	383
	279
	283
	293
	315
	379
	570

	IC      [mg · l-1]
	3
	0
	0
	0
	0
	0
	6


2.5.18.3.1.3. Second characterization of VRPW/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	19

	6.9
	22

	9
	29


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	22
	4


2.5.18.3.1.4. Conclusions of VRPW/NF

The affinity observed is not very good but at increasing concentrations in the feed the fluydo-dynamic performances stay constant and a good recovery of flow rate is obtained in the second characterization.

The quality of the permeate is low, not acceptable for reuse tests. In particular organic content is high in the effluent because of the low removal. Colour is removed almost completely.

In this very case it must be noted that the combination UF +NF doe not give a better performance than the simple direct NF on the same effluent.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	9.4
	9.8
	-

	Conductivity [S·cm-1]
	664
	262
	65

	Turbidity [NTU]
	-
	-
	-

	Abs  = 426 nm
	0.129
	0.005
	98

	Abs  = 558 nm
	0.079
	0.002
	99

	Abs  = 460 nm
	0.026
	0.001
	99

	Abs  = 436 nm
	0.129
	0.004
	99


	Abs  = 525 nm
	0.114
	0.002
	99

	Abs  = 620 nm
	0.040
	0.001
	99

	TOC [mg · l-1]
	380
	310
	33

	TC    [mg · l-1]
	383
	310
	38

	IC      [mg · l-1]
	3
	0
	100


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	13%
	61%
	65%

	Turbidity [NTU]
	67%
	-20%
	60%

	Abs  = 426 nm
	53%
	96%
	98%

	Abs  = 558 nm
	64%
	97%
	99%

	Abs  = 460 nm
	75%
	96%
	99%

	Abs  = 436 nm
	52%
	97%
	99%

	Abs  = 525 nm
	57%
	98%
	99%

	Abs  = 620 nm
	74%
	98%
	99%

	TOC [mg · l-1]
	18%
	18%
	33%

	TC    [mg · l-1]
	24%
	19%
	38%

	IC      [mg · l-1]
	93%
	>99
	>99%


2.5.18.3.2. Bench scale NF on SYRD effluent after UF

2.5.18.3.2.1. Characterization of SYRD/NF

Flow rate measurements at 6 bar pressure for three membranes at constant temperature (25 °C):

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]

	
	DK 
	25
	46

	
	DL 
	25
	60

	
	HL
	25
	60

	
	CK
	25
	16


2.5.18.3.2.2. Complete recirculation test of SYRD/NF

Flow rate decrease passing to real effluent filtration at 6 bar pressure:

	Membrane
	T

(°C)
	QT [ l · h-1· m-2 ]
	Flow rate decrease [%]

	DK
	37
	22
	65

	DL
	32
	16
	78

	HL
	40
	18
	80

	CK
	37
	<2
	91


K=0.026

Permeates quality:

	 
	Feed
	DK
	DL
	HL

	pH
	9.5
	9.6
	9.5
	9.5

	Conductivity [S·cm-1]
	35300
	30100
	32100
	31300

	Turbidity [NTU]
	0.4
	1
	1
	0.5

	Abs  = 426 nm
	2.070
	0.022
	0.022
	0.051

	Abs  = 558 nm
	3.815
	0.046
	0.041
	0.151

	Abs  = 660 nm
	0.027
	0.009
	0.008
	0.007

	TOC [mg · l-1]
	451
	81
	121
	125

	TC    [mg · l-1]
	1090
	321
	471
	450

	IC      [mg · l-1]
	639
	240
	350
	325


2.5.18.3.2.3. Choice of the membrane for the pilot scale 

The best fluydodynamic performances among the membrane tested was obtained by membrane DL and also DK gave good results. On the contrary, CK has given so poor results was escluded from further investigation..

Membrane DK leaves in the permeates a residual organic content and conductivity significantly lower than DL. All this considered, both DK and DL were submitted to further investigation.

2.5.18.3.3. Pilot scale NF (membrane DK) on SYRD after UF

2.5.18.3.3.1. Pi. Sc. characterization of SYRD/NF (membrane DK)

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	12

	6.9
	13

	9
	17


2.5.18.3.3.2. Pi. Sc. complete recirculation test of SYRD/NF (membrane DK)

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	13
	4
	5

	15
	16
	5
	6

	30
	19
	6
	7

	45
	21
	7
	7

	60
	23
	8
	8


	 
	Feed 
	permeate 60'

	pH
	9.5
	9.6

	Conductivity [S·cm-1]
	37900
	28300

	Turbidity [NTU]
	0.2
	0.5

	Abs  = 436 nm
	2.234
	0.007

	Abs  = 525 nm
	3.910
	0.015

	Abs  = 620 nm
	0.019
	0.003

	TOC [mg · l-1]
	482
	69

	TC    [mg · l-1]
	1140
	315

	IC      [mg · l-1]
	658
	246


Concentration effect test of SYRD/NF (membrane DK)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	20
	8
	9

	20
	19
	7
	8

	40
	21
	7
	8

	60
	21
	7
	8

	80
	24
	8
	8


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.5
	9.6
	9.6
	9.6
	9.6
	9.5
	9.5

	Conductivity [S·cm-1]
	37900
	28600
	28900
	30000
	31400
	32700
	37400

	Turbidity [NTU]
	0.2
	0.4
	0.4
	0.3
	0.3
	0.8
	0.3

	SST (mg l-1)
	38
	41
	35
	33
	41
	41
	31

	Abs  = 436 nm
	2.234
	0.010
	0.004
	0.010
	0.004
	0.003
	3.860

	Abs  = 525 nm
	3.910
	0.018
	0.011
	0.016
	0.010
	0.015
	4.215

	Abs  = 620 nm
	0.019
	0.003
	0.000
	0.003
	0.000
	0.000
	0.089

	TOC [mg · l-1]
	483
	85
	77
	77
	85
	108
	1055

	TC    [mg · l-1]
	1140
	353
	351
	401
	475
	602
	2026

	IC      [mg · l-1]
	658
	268
	274
	324
	390
	494
	971



[image: image228.wmf]TOC

0

200

400

600

800

1000

1200

0%

20%

40%

60%

80%

100%

V

permeate

 / V

init. Feed

  [%]  

TOC [mg  l

-1

 ]


♦ TOC in the feed

■ TOC in the permeate

2.5.18.3.3.3. Second characterization of SYRD/NF (membrane DK)

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	12

	6.9
	13

	9
	18


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	14
	14
	-


2.5.18.3.3.4. Conclusions of SYRD/NF (membrane DK)

The affinity performed in this combination effluent/membrane is very low.

On the contrary, no loss is observed in the concentration effect test and no permanent material accumulation on the membrane occurs as observable in the second characteriazation flow rate value.

The permeate has a too high conductivity for reuse purposes due to high content in the feed, low removal and monovalent ions presence.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	9.5
	9.6
	-

	Conductivity [S·cm-1]
	37900
	30320
	20%

	Turbidity [NTU]
	0.2
	0.4
	-91%

	SST (mg l-1)
	38
	38.0
	0%

	Abs  = 436 nm
	2.234
	0.006
	>99%

	Abs  = 525 nm
	3.910
	0.014
	>99%

	Abs  = 620 nm
	0.019
	0.001
	94%

	TOC [mg · l-1]
	483
	86.5
	82%

	TC    [mg · l-1]
	1140
	436.4
	62%

	IC      [mg · l-1]
	658
	350.0
	47%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	10%
	20%
	28%

	Turbidity [NTU]
	-143%
	-91%
	-364%

	SST [mg · l-1]
	9%
	0%
	9%

	Abs  = 426 nm
	27%
	>99%
	99.8%

	Abs  = 558 nm
	4%
	>99%
	>99%

	Abs  = 660 nm
	1%
	94%
	94%

	TOC [mg · l-1]
	43%
	82%
	90%

	TC    [mg · l-1]
	29%
	62%
	73%

	IC    [mg · l-1]
	16%
	47%
	55%


2.5.18.3.4. Pilot scale NF (membrane DL) on SYRD after UF

Pi. Sc. characterization of SYRD/NF (membrane DL)

Flow rates at different pressure values:

	p [ bar ]
	Q20 [ l · h-1]

	6
	15

	6.9
	17

	9
	24


2.5.18.3.4.1. Pi. Sc. complete recirculation test of SYRD/NF (membrane DL)

Flow rate and quality of the permeates

	T [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	13
	8
	10

	15
	15
	9
	11

	30
	17
	11
	12

	45
	19
	12
	13

	60
	20
	12
	13


	 
	Feed 
	permeate 60'

	pH
	9.5
	9.5

	Conductivity [S·cm-1]
	37700
	31400

	Turbidity [NTU]
	0.6
	0.5

	Abs  = 436 nm
	2.136
	0.003

	Abs  = 525 nm
	3.836
	0.003

	Abs  = 620 nm
	0.022
	0.001

	TOC [mg · l-1]
	472
	90

	TC    [mg · l-1]
	1116
	367

	IC      [mg · l-1]
	644
	277


Concentration effect test of SYRD/NF (membrane DL)

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	19
	11
	12

	20
	20
	12
	14

	40
	21
	12
	13

	60
	22
	12
	13

	80
	23
	12
	12


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	9.5
	9.5
	9.5
	9.5
	9.5
	9.4
	9.5

	Conductivity [S·cm-1]
	37700
	31400
	31800
	33000
	33700
	35500
	41200

	Turbidity [NTU]
	0.6
	1.4
	0.3
	0.3
	0.6
	0.5
	0.4

	SST (mg l-1)
	50
	43
	47
	55
	43
	67
	40

	Abs  = 436 nm
	2.136
	0.007
	0.000
	0.024
	0.012
	0.003
	3.873

	Abs  = 525 nm
	3.836
	0.013
	0.000
	0.017
	0.010
	0.007
	4.174

	Abs  = 620 nm
	0.022
	0.001
	0.000
	0.013
	0.007
	0.001
	0.097

	TOC [mg · l-1]
	472
	110
	101
	119
	134
	158
	1229

	TC    [mg · l-1]
	1116
	402
	401
	473
	564
	733
	2364

	IC      [mg · l-1]
	644
	292
	301
	354
	430
	575
	1135



[image: image230.wmf]TOC

0

200

400

600

800

1000

1200

1400

0%

20%

40%

60%

80%

100%

V

permeate

 / V

init. Feed

  [%]  

TOC [mg  l

-1

 ]


♦ TOC in the feed

■ TOC in the permeate

2.5.18.3.4.2. Second characterization of SYRD/NF (membrane DL)

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q20 [ l · h-1]

	6
	17

	6.9
	19

	9
	26


	P [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	19
	21
	-


2.5.18.3.4.3. Conclusions of SYRD/NF (membrane DL)

The affinity performed in this combination effluent/membrane is very low.

On the contrary, no loss is observed in the concentration effect test and no permanent material accumulation on the membrane occurs as observable in the second characteriazation flow rate value.

The permeate has a too high conductivity for reuse purposes due to high content in the feed, low removal and monovalent ions presence.

When compared with the DK nanofiltration, DL gives higher flow rates and lower removals.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	9.5
	9.5
	-

	Conductivity [S·cm-1]
	37700
	33080
	12%

	Turbidity [NTU]
	0.6
	0.6
	-13%

	SST (mg l-1)
	50
	51.2
	-2%

	Abs  = 436 nm
	2.136
	0.009
	>99%

	Abs  = 525 nm
	3.836
	0.009
	>99%

	Abs  = 620 nm
	0.022
	0.004
	80%

	TOC [mg · l-1]
	472
	124.4
	74%

	TC    [mg · l-1]
	1116
	514.6
	54%

	IC      [mg · l-1]
	644
	390.2
	39%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall 

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	10%
	12%
	21%

	Turbidity [NTU]
	-143%
	-13%
	-173%

	SST [mg · l-1]
	9%
	-2%
	7%

	Abs  = 426 nm
	27%
	>99%
	>99%

	Abs  = 558 nm
	4%
	>99%
	>99%

	Abs  = 660 nm
	1%
	80%
	80%

	TOC [mg · l-1]
	43%
	74%
	85%

	TC    [mg · l-1]
	29%
	54%
	67%

	IC    [mg · l-1]
	16%
	39%
	49%


Pilot scale NF on CRD after UF

2.5.18.3.4.4. Pi. Sc. characterization of CRD/NF 

Flow rates at different pressure values:

	p [ bar ]
	Q25 [ l · h-1]

	6
	20

	6.9
	23

	9
	29


2.5.18.3.4.5. Pi. Sc. complete recirculation test of CRD/NF 

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	25
	15
	15

	20
	26
	17
	17

	40
	26
	18
	18

	60
	27
	18
	17


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.9
	9.2
	9.3

	Conductivity [S·cm-1]
	17100
	12882
	13240

	Abs  = 426 nm
	0.430
	0.006
	0.004

	Abs  = 558 nm
	0.321
	0.003
	0.003

	Abs  = 660 nm
	0.133
	0.003
	0.004

	Abs  = 436 nm
	0.431
	0.006
	0.003

	Abs  = 525 nm
	0.322
	0.004
	0.003

	Abs  = 620 nm
	0.299
	0.003
	0.004

	TOC [mg · l-1]
	69
	20
	18


	TC    [mg · l-1]
	322
	76
	75

	IC      [mg · l-1]
	253
	56
	57


2.5.18.3.4.6. Concentration effect test of CRD/NF 

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	27
	18
	17

	30
	27
	17
	16

	60
	28
	17
	16


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	9.9
	9.3
	9.3
	9.2
	10.0

	Conductivity [S·cm-1]
	17100
	13240
	14040
	15441
	20207

	TOC [mg · l-1]
	69
	18
	19
	22
	126

	TC    [mg · l-1]
	322
	76
	92
	121
	573

	IC      [mg · l-1]
	253
	57
	73
	99
	447

	Abs  = 426 nm
	0.434
	0.005
	0.004
	0.006
	0.894

	Abs  = 558 nm
	0.318
	0.004
	0.001
	0.002
	0.637

	Abs  = 660 nm
	0.126
	0.005
	0.004
	0.005
	0.260

	Abs  = 436 nm
	0.432
	0.004
	0.004
	0.007
	0.890

	Abs  = 525 nm
	0.325
	0.004
	0.002
	0.000
	0.657

	Abs  = 620 nm
	0.305
	0.005
	0.002
	0.005
	0.623


2.5.18.3.4.7. Second characterization of CRD/NF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q25 [ l · h-1]

	6
	19

	6.9
	23

	9
	30


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	23
	-


2.5.18.3.4.8. Conclusions of CRD/NF

The affinity is not very high in this treatment and a little further decrease in flow rate is evidenced due to the concentration effect.

Good recovery of the initial maximum flow rate is performed in the second characterization.

The reuse is not possible due to high conductivity weakly removed while abatements of organic content and colour are high.

Comparison among flow rates measured in all the pilot scale trials:


[image: image232.wmf]Flow rate comparison

0

10

20

30

Characterization

Ricirculation

Vperm. / Vinit Feed 0%

Vperm. / Vinit Feed 30%

Vperm. / Vinit Feed 60%

Second characterization

Q

25

 [ l  h

-1

 ]


Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	9.9
	9.3
	

	Conductivity [S·cm-1]
	17100
	14240
	17%

	TOC [mg · l-1]
	69
	20
	71%

	TC    [mg · l-1]
	322
	96
	70%

	IC      [mg · l-1]
	253
	76
	70%

	Abs  = 426 nm
	0.434
	0.005
	99%

	Abs  = 558 nm
	0.318
	0.002
	99%

	Abs  = 460 nm
	0.126
	0.004
	97%

	Abs  = 436 nm
	0.432
	0.005
	99%

	Abs  = 525 nm
	0.325
	0.002
	99%

	Abs  = 620 nm
	0.305
	0.004
	99%

	SST (mg l-1)
	
	
	


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	
	
	

	Conductivity [S·cm-1]
	-2%
	17%
	15%

	TOC [mg · l-1]
	45%
	71%
	84%

	TC    [mg · l-1]
	15%
	70%
	75%

	IC      [mg · l-1]
	1%
	70%
	70%

	Abs  = 426 nm
	10%
	99%
	99%

	Abs  = 558 nm
	11%
	99%
	99%

	Abs  = 460 nm
	13%
	97%
	97%

	Abs  = 436 nm
	10%
	99%
	99%

	Abs  = 525 nm
	10%
	99%
	99%

	Abs  = 620 nm
	11%
	99%
	99%

	SST (mg l-1)
	>99%
	
	>99%


2.5.18.4. Anaerobically pretreated CRD -direct NF results 

The membrane choice was not performed on bench scale test results. The membrane DL has been chosen on the base of previous results on similar effluents.

2.5.18.4.1. Pilot scale NF on CRD effluent anaerobically pretreated

2.5.18.4.1.1. Pi. Sc. characterization of CRD/NF after anaer. treatm.

Flow rates at different pressure values:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	26
	26
	20

	6.9
	28
	29
	30
	24

	9
	36
	38
	40
	31


2.5.18.4.1.2. Pi. Sc. complete recirculation test of CRD/NF after anaer. treatm.

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	32
	21
	18

	15
	37
	23
	18

	30
	38
	24
	18

	45
	39
	24
	18

	60
	39
	24
	18


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.8
	8.3
	8.8

	Conductivity [S·cm-1]
	18270
	16040
	16080

	Abs  = 426 nm
	0.199
	0.012
	0.002

	Abs  = 558 nm
	0.066
	0.006
	0.001

	Abs  = 660 nm
	0.033
	0.004
	0.001

	Abs  = 436 nm
	0.182
	0.011
	0.002

	Abs  = 525 nm
	0.086
	0.007
	0.002

	Abs  = 620 nm
	0.044
	0.004
	0.001

	TOC [mg · l-1]
	61
	31
	16


	TC    [mg · l-1]
	308
	161
	151

	IC      [mg · l-1]
	247
	130
	135


2.5.18.4.1.3. Concentration effect test of CRD/NF after anaer. treatm.

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	39
	24
	18

	30
	39
	24
	18

	60
	39
	23
	18


	
	Feed
	perm.    0%
	perm.    20%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	8.8
	8.8
	8.8
	8.8
	8.8

	Conductivity [S·cm-1]
	18270
	16080
	16580
	17390
	19880

	Abs  = 426 nm
	0.199
	0.002
	0.004
	0.006
	0.401

	Abs  = 558 nm
	0.066
	0.001
	0.002
	0.001
	0.134

	Abs  = 660 nm
	0.033
	0.001
	0.003
	0.001
	0.071

	Abs  = 660 nm
	0.182
	0.002
	0.003
	0.006
	0.366

	Abs  = 660 nm
	0.086
	0.002
	0.001
	0.002
	0.172

	Abs  = 660 nm
	0.044
	0.001
	0.003
	0.001
	0.091

	TOC [mg · l-1]
	61
	16
	13
	15
	133

	TC    [mg · l-1]
	308
	151
	162
	195
	452

	IC      [mg · l-1]
	247
	135
	149
	180
	319

	SST[mg  l-1]
	28
	-
	-
	-
	26


2.5.18.4.1.4. Second characterization of CRD/NF after anaer. treatm.

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	25
	26
	20

	6.9
	27
	29
	30
	23

	9
	36
	36
	38
	30


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	24
	23
	4


2.5.18.4.1.5. Conclusions of CRD/NF after anaer. treatm.

The affinity is not very high while the flow rate stays almost constant during the concentration effect test.

Good recovery of the initial maximum flow rate is performed in the second characterization.

The reuse is not possible due to high conductivity weakly removed while abatements of organic content and colour are very high as for the ffluent without anaerobic pre-treatment.

Comparison among flow rates measured in all the pilot scale trials. 
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Quality of the aver. permeate and percentage abatement

	
	Feed
	Permeate
	Abatement %

	pH
	8.8
	8.8
	-

	Conductivity [S·cm-1]
	18270
	16683
	9%

	Abs  = 426 nm
	61
	15
	76%

	Abs  = 558 nm
	308
	169
	45%

	Abs  = 660 nm
	247
	155
	37%

	Abs  = 436 nm
	0.199
	0.004
	98%

	Abs  = 525 nm
	0.066
	0.001
	98%

	Abs  = 620 nm
	0.033
	0.002
	95%

	TOC [mg]
	0.182
	0.004
	98%

	TC    [mg · l-1]
	0.086
	0.002
	98%

	IC      [mg · l-1]
	0.044
	0.002
	96%

	SST [mg· l-1]
	28
	-
	>99


2.5.18.5. Anaerobically pretreated CRD -UF results

UF membrane choice was performed on the base of previous experimental results. Membrane labelled MW, produced by Osmonics Inc. was selected. Investigation was carried out on pilot scale.

2.5.18.5.1. Pilot scale UF on CRD effluent anaerobically pretreated

2.5.18.5.1.1. Pi. Sc. characterization of CRD/UF anaerobically pretreated

Flow rates at different pressure and temperature values:

	p [ bar ]
	Q28 [ l · h-1]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q25 [ l · h-1]

	1.4
	39
	39
	40
	38

	1.9
	49
	49
	50
	47

	2.3
	54
	54
	58
	53

	2.8
	64
	64
	68
	62


2.5.18.5.1.2. Pi. Sc. complete recirculation test of CRD/UF anaerobically pretreated

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	21
	39
	40

	15
	22
	34
	32

	30
	23
	31
	31

	45
	23
	30
	30

	60
	23
	30
	30


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	8.5
	8.2
	8.4

	Conductivity [S·cm-1]
	20300
	20200
	20200

	Abs  = 426 nm
	0.194
	0.146
	0.117

	Abs  = 558 nm
	0.067
	0.048
	0.039

	Abs  = 660 nm
	0.037
	0.026
	0.021

	Abs  = 436 nm
	0.177
	0.134
	0.107

	Abs  = 525 nm
	0.085
	0.060
	0.050

	Abs  = 620 nm
	0.046
	0.033
	0.026

	TOC [mg · l-1]
	48
	36
	29


	TC    [mg · l-1]
	338
	335
	325

	IC      [mg · l-1]
	290
	299
	296


2.5.18.5.1.3. Concentration effect test of CRD/UF anaerobically pretreated

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	23
	30
	30

	40
	23
	30
	30

	80
	23
	28
	28


	
	Feed
	perm.    0%
	perm.    40%
	perm.    80%
	Conc.

	 
	
	
	
	
	

	pH
	8.5
	8.4
	8.5
	8.5
	8.5

	Conductivity [S·cm-1]
	20300
	20200
	20200
	20100
	20200

	TOC [mg · l-1]
	48
	29
	38
	39
	84

	TC    [mg · l-1]
	338
	325
	331
	332
	376

	IC      [mg · l-1]
	290
	296
	293
	293
	292

	Abs  = 426 nm
	0.194
	0.117
	0.133
	0.156
	0.311

	Abs  = 558 nm
	0.067
	0.039
	0.043
	0.051
	0.114

	Abs  = 660 nm
	0.037
	0.021
	0.023
	0.026
	0.065

	Abs  = 436 nm
	0.177
	0.107
	0.121
	0.142
	0.286

	Abs  = 525 nm
	0.085
	0.05
	0.055
	0.065
	0.143

	Abs  = 620 nm
	0.046
	0.026
	0.03
	0.034
	0.081

	SST [mg · l-1]
	33.3
	-
	-
	-
	43.3


Second characterization of CRD/UF anaerobically pretreated

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q28 [ l · h-1]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q25 [ l · h-1]

	1.4
	39
	39
	40
	38

	1.9
	48
	49
	49
	47

	2.3
	52
	55
	55
	52

	2.8
	62
	63
	65
	12


	P [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	2.1
	50
	49
	2


2.5.18.5.1.4. Conclusions of CRD/UF anaerobically pretreated

The affinity between membrane and pre-treated effluent is poor, showing a decrease of affinity when compared with the raw effluent.

During the concentration effected test the flow rates do not decrease; an almost complete recovery of flow rate occurs during the second characterization.

The removals are very poor.

Comparison among flow rates measured in all the pilot scale trials: 
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Comparison among flow rates measured in all the pilot scale trials:

	
	Feed
	Permeate UF
	Abatement %

	PH
	8.5
	8.5
	-

	Conductivity [S·cm-1]
	20300
	20167
	1%

	TOC [mg · l-1]
	48
	35
	26%

	TC    [mg · l-1]
	338
	329
	3%

	IC      [mg · l-1]
	290
	294
	-1%

	Abs  = 426 nm
	0.194
	0.135
	30%

	Abs  = 558 nm
	0.067
	0.044
	34%

	Abs  = 460 nm
	0.037
	0.023
	37%

	Abs  = 436 nm
	0.177
	0.123
	30%

	Abs  = 525 nm
	0.085
	0.057
	33%

	Abs  = 620 nm
	0.046
	0.030
	35%

	SST [m l-1]
	33.3
	-
	>99%


The permeate effluent from ultrafiltration is submitted to nanofiltration as described in § 4.7.2.6.1.

2.5.18.6. Anaerobically pretreated CRD -UF+NF results

The membrane choice was not performed on bench scale test results. The membrane DL has been chosen on the base of previous results on similar effluents.
2.5.18.6.1. Pilot scale NF on anaerobically pretreated CRD effluent after UF 

2.5.18.6.1.1. Pi. Sc. characterization of anaerobically pretreated CRD/NF after UF

Flow rates at different pressure values:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	25
	26
	20

	6.9
	27
	29
	30
	23

	9
	36
	36
	40
	30


2.5.18.6.1.2. Pi. Sc. complete recirculation test of anaerobically pretreated CRD/NF after UF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	32
	20
	17

	15
	36
	22
	18

	30
	37
	22
	17

	45
	37
	22
	17

	60
	37
	23
	18


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	9.0
	8.9
	9.0

	Conductivity [S·cm-1]
	20058
	16977
	17442

	Abs  = 426 nm
	0.151
	0.013
	0.008

	Abs  = 558 nm
	0.052
	0.003
	0.002

	Abs  = 660 nm
	0.029
	0.006
	0.003

	Abs  = 436 nm
	0.144
	0.010
	0.007

	Abs  = 525 nm
	0.063
	0.004
	0.002

	Abs  = 620 nm
	0.032
	0.006
	0.003

	TOC [mg · l-1]
	41
	1
	14

	TC    [mg · l-1]
	299
	136
	149

	IC      [mg · l-1]
	258
	135
	135


2.5.18.6.1.3. Concentration effect test of anaerobically pretreated CRD/NF after UF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	37
	23
	18

	30
	38
	23
	18

	60
	38
	23
	18


	
	Feed
	perm.    0%
	perm.    30%
	perm.    60%
	Conc.

	 
	
	
	
	
	

	pH
	9.0
	9.0
	9.0
	9.0
	9.0

	Conductivity [S·cm-1]
	20058
	17442
	18023
	19105
	22198

	TOC [mg · l-1]
	41
	14
	15
	3
	105

	TC    [mg · l-1]
	299
	149
	162
	197
	460

	IC      [mg · l-1]
	258
	135
	147
	193
	356

	Abs  = 426 nm
	0.150
	0.008
	0.007
	0.013
	0.312

	Abs  = 558 nm
	0.049
	0.002
	0.000
	0.005
	0.097

	Abs  = 660 nm
	0.027
	0.003
	0.001
	0.005
	0.051

	Abs  = 436 nm
	0.136
	0.007
	0.006
	0.012
	0.281

	Abs  = 525 nm
	0.062
	0.002
	0.001
	0.005
	0.123

	Abs  = 620 nm
	0.034
	0.003
	0.000
	0.006
	0.066

	SST [mg · l-1]
	25
	-
	-
	-
	26


Second characterization of anaerobically pretreated CRD/NF after UF

Flow rates in the second characterization and comparison among first, second and after washing characterization:

	p [ bar ]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	23
	26
	26
	20

	6.9
	28
	29
	30
	24

	9
	36
	38
	40
	31


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6.9
	23
	24
	-


2.5.18.6.1.4. Conclusions of anaerobically pretreated CRD/NF after UF

Quite good affinity is observed comparind the first characterization flow rate with the real effluent filtration. The concentration effect shows no loss in flow rate and a good recovery of the initial maximum value is obtained during the second characterization.

The quality of the permeate and the removals are not improved with respect to the direct NF, the conductivity being the main obstacle to possible reuse.

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate NF
	Abatement %

	pH
	9.0
	9.0
	-

	Conductivity [S·cm-1]
	20058
	18189.9
	9%

	TOC [mg · l-1]
	41
	10.9
	73%

	TC    [mg · l-1]
	299
	169.0
	43%

	IC      [mg · l-1]
	258
	158.1
	39%

	Abs  = 426 nm
	0.150
	0.009
	94%

	Abs  = 558 nm
	0.049
	0.002
	95%

	Abs  = 460 nm
	0.027
	0.003
	88%

	Abs  = 436 nm
	0.136
	0.008
	94%

	Abs  = 525 nm
	0.062
	0.003
	96%

	Abs  = 620 nm
	0.034
	0.003
	91%


Overall removal efficiency of the train UF + NF, obtained combining the results of the single treatments:

	
	Abatement %
UF
	Abatement %
NF
	Overall

Efficiency

%

	pH
	-
	-
	-

	Conductivity [S·cm-1]
	1%
	9%
	10%

	TOC [mg · l-1]
	26%
	73%
	80%

	TC    [mg · l-1]
	3%
	43%
	45%

	IC      [mg · l-1]
	-1%
	39%
	38%

	Abs  = 426 nm
	30%
	94%
	96%

	Abs  = 558 nm
	34%
	95%
	97%

	Abs  = 460 nm
	37%
	88%
	93%

	Abs  = 436 nm
	30%
	94%
	96%

	Abs  = 525 nm
	33%
	96%
	97%

	Abs  = 620 nm
	35%
	91%
	94%

	SST (mg l-1)
	>99%!
	-
	>99%


2.5.19. Assessment of changes in aerobic biodegradability using respirometry

For the introduction on this assessment see chapter 4.6.3. The aerobic biodegradability of the reactive dyeing wastewater, the anaerobically treated sample and the membrane concentrates and permeate are shown in Figure 66. For clarity of the figure, only the trendlines have been made visible.
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Figure 66 - Changes in aerobic biodegradability measured using respirometry. Tested amount was 50 ml for all samples.
The original wastewater gives already a large response, indicating that the reactive dyeing wastewater has an aerobically biodegradable fraction. Anaerobic treatment improves the biodegradability, probably because aerobically on-biodegradable azo dyes were converted to aerobically biodegradable aromatic amines. This is just an assumption, as the chemical structures of the dyes present in the reactive dyeing wastewater have not been released. The membrane-filtered samples gave only a small response.

2.5.20. Tech./econ. feasibility of anaerobic treatment

Although the reactor set-up used in the experiments was not optimised, it can serve as a base for the full-size reactor calculation. The experimental reactor configuration for acid dyeing wastewater has been given in Table 9. Using this same configuration with the amount of wastewater as is available in the factory a full-scale reactor was calculated. Data on the discharged amounts of wastewater were taken from the PIDACS document of the respective company. See Table 19 for the results.

Table 19, Scale up to full size of the experimental reactor treating Reactive dyeing wastewater. Two volumes were considered: the total wastewater volume coming from the same type of process as the wastewater tested in the reactor (reactive dyeing) and the wastewater volume of all dyeing processes performed in the factory

	
	
	
	Reactive dyeing wastewater
	All dyeing wastewater



	Reactor design
	yearly supply of ww (Q)
	m3/year
	156213
	274058

	
	hourly supply of ww (Q)
	m3/hour
	18
	31

	
	Hydraulic residence time (HRT)
	h
	8.8
	8.8

	
	Chosen reactor height (H)
	H
	5
	5

	
	Reactor volume (Vr)
	= Q * HRT
	156.2
	274.1

	
	Reactor area (A)
	= Vr / H
	31.2
	54.8

	
	Upflow velocity (v)
	= Q / A
	0.6
	0.6

	
	
	
	
	

	Construction costs
	Low estimation of construction costs in € 
	= 200 * m3
	€ 54675
	€ 95920

	
	High estimation of construction costs in € 
	= 350 * m3
	€ 78107
	€ 137029

	
	
	
	
	

	Cost calculation for high price / m3 reactor volume, based on 10 years of duration
	Interest - average per year (1)
	4% / year
	€ 3762
	€ 6844

	
	Maintenance (2)
	3% / year
	€ 2343
	€ 4111

	
	Operation - manpower 0.25 person (3)
	12*1000
	€ 12000 (4)
	€ 12000

	
	Construction costs per year (4)
	Costs/10
	€ 7812
	€ 13703

	
	Total cost per year
	sum 1 to 4
	€ 25917
	€ 36658

	
	Total costs per m3 wastewater
	
	€ 0.17
	€ 0.13


To calculate the operational costs, it was assumed that manpower would consist of one person on a 25% job. Employing an operator costs a company around € 4000,- per month, so the total amount for one year of operation would be 12 x € 1000,-.

2.5.21. Tech./econ. feasibility of membrane treatment

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on reactive dyeing and printing effluents, the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 
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Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· The treatment trains tested UF, NF and UF+NF have shown a potentially high feasibility in terms of costs.  

· The direct NF of anaerobically pretreated cotton reactive dyeing (CRDa)effluent seems to be economically feasible. Small advantages resulted in UF+NF treatment of anaerobically pretreated effluent.
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Cost estimation UF/SYRD
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Cost estimation UF/VRPW
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Cost estimation UF +NF/CRD
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2.5.21.1. Cost estimation UF+NF/SYRD
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2.5.21.2. Cost estimation NF/VRPW
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2.5.21.3. Cost estimation UF/CRDa
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2.5.21.4. Cost estimation NF/CRDa
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2.5.22. Reuse tests results (dyeing rinsing and printing)

2.5.22.1. Reuse of reactive dyeing permeate for reactive dyeing of cotton

The permeate of reactive dyeing has been reused for reactive dyeing of cotton both in a light and a dark colour shade.

2.5.22.1.1. Colour differences

	
	% permeate
	delta E (CMC2:1)

	reference
	0%
	

	light
	100%
	1,72

	light
	75%
	1,70

	reference
	0%
	

	dark
	100%
	0,53

	dark
	75%
	0,36


For each colour shade the fabric, dyed with 100% fresh process water, has been taken as the reference to calculate the difference in colour. For the light colour shade the difference in colour is significant and also visually very obvious. For the dark colour shade the colour differences are below 0.8, which means that no significant changes in colour shade can be measured. Also visually no differences were observed.

2.5.22.1.2. Colour fastness to rubbing

	
	light
	
	
	dark
	
	

	% permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4
	4
	4

	wet
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	staining
	
	
	
	
	
	

	dry
	5
	5
	5
	4-5
	4-5
	4-5

	wet
	4-5
	4-5
	4-5
	3-4
	3-4
	3-4


All values are good to very good and no differences higher than 0.5 unit are noticed.

2.5.22.1.3. Colour fastness to washing

	
	light
	
	
	dark
	
	

	%permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5

	staining
	
	
	
	
	
	

	cotton
	4-5
	4-5
	4
	4-5
	4
	4

	viscose
	4-5
	4-5
	4-5
	4-5
	4-5
	4-5


All values are good to very good and no differences higher than 0.5 unit are noticed.

2.5.22.1.4. Conclusions: reuse of permeate for reactive dyeing of cotton

The reuse of reactive permeate for reactive dyeing of cotton does not have a negative influence on the fastness properties of the dyed fabric. 

The dyed fabrics however show a significant difference in colour for the light colour shade. The reason for this is the higher conductivity of the permeate, i.e. 12100 µS/cm instead of 811 µS/cm in the fresh process water. The salt regulates the speed of the dyeing and the depth of the colour. The darker the colour shade the more salt is used. For the light colour shade the relative difference in salt concentration between fresh process water and reused permeate is much higher than for the dark colour shade. Moreover for dyeing dark colours with reactive dyestuff an overdosis of salt is dosed. As a consequence the extra amount of salt present in the permeate does not have a big impact. 

Another important difference between both waterqualities is the pH: 7.8 (process water) versus 9.3 (permeate).

Therefore as a conclusion it should be stated that reuse of reactive permeate for reactive dyeing of cotton is not possible without adjusting the pH and the salt concentration. Altering the pH is not a big problem but decreasing the salt concentration implies the put in of extra treatment techniques, for instance reverse osmosis. Another way of dealing with the high salt concentration, is dosing less salt in the dyeing bath. A difficulty is the need for an on line measurement of sodium ions. An on line measurement of conductivity is not enough since there exist no straight correlation between conductivity and concentration of sodium ions.

2.5.22.2. Reuse of reactive dyeing permeate for direct dyeing of cotton

The permeate of reactive dyeing has been reused for direct dyeing of cotton both in a medium and a dark colour shade.

2.5.22.2.1. Colour differences

	
	% permeate
	delta E (CMC2:1)

	reference
	0%
	

	medium
	100%
	1,09

	medium
	75%
	0,98

	reference
	0%
	

	dark
	100%
	1,67

	dark
	75%
	1,32


For each colour shade the fabric, dyed with 100% fresh process water, has been taken as the reference to calculate the difference in colour. For both the light and the dark colour shade the differences in colour are significant and also visually very obvious.

2.5.22.2.2. Colour fastness to rubbing

	
	medium
	
	
	dark
	
	

	% permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	
	
	
	
	
	

	dry
	4-5
	4-5
	4-5
	4
	4
	4

	wet
	4
	4
	4
	4
	4
	4

	staining
	
	
	
	
	
	

	dry
	5
	5
	5
	4-5
	4-5
	4-5

	wet
	4
	3-4
	3-4
	3
	2-3
	2-3


The differences between the reference and the treatments with reused permeate are always lower than 0.5. 

2.5.22.2.3. Colour fastness to washing

	
	medium
	
	
	dark
	
	

	%permeate
	0%
	100%
	75%
	0%
	100%
	75%

	change of shade
	4
	4-5
	4
	4
	3-4
	3-4

	staining
	
	
	
	
	
	

	wool
	4
	4-5
	4
	3-4
	3-4
	3-4

	cotton
	4-5
	4
	4
	4
	3-4
	3


The differences between the reference and the treatments with reused permeate are always lower than 0.5. 

2.5.22.2.4. Conclusions: reuse of permeate for direct dyeing of cotton

The reuse of reactive permeate for direct dyeing of cotton does not have a negative influence on the fastness properties of the dyed fabric. 

The dyed fabrics however show a significant difference in colour for both the medium and the dark colour shade. The reason for this is the higher conductivity of the permeate, i.e. 12100 µS/cm instead of 811 µS/cm in the fresh process water. The salt regulates the speed of the dyeing and the depth of the colour. The darker the colour shade the more salt is used. For direct dyeing less salt is used than for reactive dyeing so the relative difference in salt concentration in the dyebath, prepared with fresh process water or with reused permeate, is much higher than for reactive dyeing. As a consequence the extra amount of salt present in the permeate has a bigger impact. 

Another important difference between both waterqualities is the pH: 7.8 (process water) versus 9.3 (permeate).

Therefore as a conclusion it should be stated that reuse of reactive permeate for direct dyeing of cotton is not possible without adjusting the pH and the salt concentration. Altering the pH is not a big problem but decreasing the salt concentration implies the put in of extra treatment techniques, for instance reverse osmosis. Another way of dealing with the high salt concentration, is dosing less salt in the dyeing bath. A difficulty is the need for an on line measurement of sodium ions. An on line measurement of conductivity is not enough since there exist no straight correlation between conductivity and concentration of sodium ions.

Viscose direct dyeing rinsing

In the present chapter, discussion and results of the experimental activities carried out on nanofiltration of the viscose direct dyeing rinsing (VDDR) effluent is reported.

2.5.23. Membrane treatment results

2.5.23.1. Direct NF results

Direct nanofiltration has been applied on VDDR effluent. The results of the tests carried out according to the methods described above, on bench scale and on pilot scale are here reported.

2.5.23.1.1. Bench scale VDDR/NF

2.5.23.1.1.1. Characterization of VDDR/NF

Flow rate measurements at 6 bar pressure for three membranes at varying temperature and reported at 25 °C:

	P 

6 bar
	Membrane
	T [°C]
	QT [ l ·h-1·m-2 ]
	k
	Q25 [ l ·h-1·m-2 ]

	
	DK 
	37
	65
	0.028
	46

	
	DL 
	35
	81
	0.023
	65

	
	HL
	35
	87
	0.027
	66


2.5.23.1.1.2. Complete recirculation test of VDDR/NF

Flow rate decrease passing to real effluent filtration:

	P 

6 bar
	Membrane
	Q25 [ l · h-1· m-2 ]
	Flow rate decrease [%]

	
	DK 
	40
	12

	
	DL 
	61
	5

	
	HL
	56
	16


Permeates quality:

	 
	Feed
	DK
	DL
	HL 

	pH
	7.7
	7.4
	7.8
	7.6

	Conductivity [S·cm-1]
	697
	401
	537
	433

	Turbidity [NTU]
	0.75
	0.30
	0.65
	0.30

	Abs  = 426 nm
	0.033
	0.007
	0.001
	0.009

	Abs  = 558 nm
	0.032
	0.008
	0.001
	0.006

	Abs  = 660 nm
	0.015
	0.003
	0.002
	0.005

	TOC [mg · l-1]
	0
	1
	2
	1

	TC    [mg · l-1]
	10
	3
	8
	5

	IC      [mg · l-1]
	10
	2
	6
	4


2.5.23.1.1.3. Choice of the membrane for the pilot scale 

The decrease of flow rate passing from deionised water to real effluent filtration is low for all the three membranes. DL has the best fluid-dynamic affinity.

Membrane DK have the best removal efficiency on conductivity. The other parameters have very low values in the feed, therefore no evaluation is possible.

DK is chosen for further investigation.

2.5.23.1.2. Pilot scale test of VDDR/NF

2.5.23.1.2.1. Pi. Sc. characterization of VDDR/NF

Flow rates at different pressure values:

	p [ bar ]
	Q30 [ l · h-1]
	Q33 [ l · h-1]
	Q35 [ l · h-1]
	Q25 [ l · h-1]

	6
	18
	19
	20
	14

	6.9
	21
	22
	23
	16

	9
	28
	29
	30
	21


2.5.23.1.2.2. Pi. Sc. complete recirculation test of VDDR/NF

Flow rate and quality of the permeates

	t [ min ]
	T [ °C ]
	QT [ l · h-1] 
	Q25 [ l · h-1] 

	0
	34
	18
	14

	15
	35
	20
	15

	30
	36
	20
	15

	45
	37
	20
	14

	60
	38
	20
	14


	 
	Feed 
	permeate 0'
	permeate 60'

	pH
	7.5
	7.5
	7.5

	Conductivity [S·cm-1]
	745
	452
	461

	Turbidity [NTU]
	0.72
	0.17
	0.18

	Abs  = 426 nm
	0.033
	0.003
	0.004

	Abs  = 558 nm
	0.032
	0.001
	0.002

	Abs  = 660 nm
	0.015
	0.003
	0.004

	TOC [mg · l-1]
	1
	2
	1

	TC    [mg · l-1]
	11
	7
	5

	IC      [mg · l-1]
	10
	5
	4


Concentration effect test of VDDR/NF

Flow rates and permeates quality at different level of feed concentration:

	Conc. [ % ]
	T [ °C ]
	QT [ l · h-1 ]
	Q25 [ l · h-1 ]

	0
	36
	20
	14

	20
	38
	20
	14

	40
	39
	20
	13

	60
	40
	21
	14

	80
	41
	21
	13


	
	Feed
	perm.    0%
	perm.    20%
	perm.    40%
	perm.    60%
	perm.    80%
	Conc.

	 
	
	
	
	
	
	
	

	pH
	7.5
	7.5
	7.5
	7.5
	7.7
	7.8
	8.0

	Conductivity [S·cm-1]
	745
	454
	492
	556
	663
	879
	1384

	Turbidity [NTU]
	0.72
	0.22
	0.16
	0.12
	0.22
	0.34
	1.90

	Abs  = 426 nm
	0.033
	0.008
	0.010
	0.003
	0.002
	0.009
	0.086

	Abs  = 558 nm
	0.032
	0.003
	0.003
	0.003
	0.002
	0.011
	0.049

	Abs  = 660 nm
	0.015
	0.004
	0.008
	0.006
	0.003
	0.009
	0.054

	TOC [mg · l-1]
	1
	1
	1
	1
	1
	0
	3

	TC    [mg · l-1]
	11
	5
	6
	7
	8
	12
	29

	IC      [mg · l-1]
	10
	4
	5
	6
	7
	12
	26
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2.5.23.1.2.3. Second characterization of VDDR/NF

Flow rates in the second characterization and comparison between first and second characterization:

	p [ bar ]
	Q35 [ l · h-1]
	Q38 [ l · h-1]
	Q25 [ l · h-1]

	6
	17
	18
	13

	6.9
	20
	20
	14

	9
	26
	28
	19


	p [bar]
	Q25 charact.        [ l · h-1]
	Q25 II charact.        [ l · h-1]
	Loss  %

	6
	14
	13
	7

	6.9
	16
	14
	13

	9
	21
	19
	10


2.5.23.1.2.4. Conclusions of VDDR/NF

During the nanofiltration with real effluent on pilot scale, a slight flow rate decrease occurred showing a quite good affinity.

The concentration effect test showed that the flow rate stays constant at the beginning, than a light decrease occurs. 

During the second characterization a certain loss of flow rate occurs, showing some clogging on the membrane surface and need for chemical washing.

The quality of the permeate is acceptable for reuse tests (see §4.8.4.) even if some abatement percentile are low (organic content –too low in the feed, colour, conductivity –due to the presence of mono-valent salts).

Comparison among flow rates measured in all the pilot scale trials:
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Quality of the aver. permeate and percentage abatement:

	
	Feed
	Permeate
	Abatement %

	pH
	7.5
	7.6
	-

	Conductivity [S·cm-1]
	745
	609
	18

	Turbidity [NTU]
	0.7
	0.2
	71

	Abs  = 426 nm
	0.033
	0.002
	94

	Abs  = 558 nm
	0.032
	0.001
	97

	Abs  = 660 nm
	0.015
	0.002
	87

	TOC [mg · l-1]
	1
	1
	0

	TC    [mg · l-1]
	11
	8
	32

	IC      [mg · l-1]
	10
	7
	35


2.5.24. Technical - economical feasibility

In the following paragraph the technical – economical aspects related to the treatment and reuse of the effluents are presented, independently from the considerations on permeates reusability exposed in the previous paragraphs.

In the table below, for all the treatments tested on direct dyeing effluent, the values of three flow indexes are reported as resulted from the experimental runs. I1 describes the affinity membrane – effluent, I2 the reduction of permeate flow at increased feed concentration and I3 is an estimation of the hours of operation before washing is required. 

[image: image269.wmf]Process

Effluent

I1

I2

I3

NF

VDDR

88%

7%

48


Refer to § 3.2.3.4. to have a description of how the indexes are calculated and their influence on the economical evaluations.

In the following tables and graphs all the details of the economical evaluations are reported for each effluent and treatment tested, in § 3.2.3.4. the method applied is explained with the assumptions behind it.

It can be noted that:

· The NF treatment trains tested have shown a potentially high feasibility in terms of costs.

Cost estimation NF/VDDR
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2.5.25. Reuse tests results (dyeing rinsing and printing)

2.5.25.1. Reuse of direct dyeing permeate for scouring of viscose

2.5.25.1.1. Scouring efficiency

The verification of the degree of scouring was checked by means of the determination of the degree of whiteness. 

	TREATMENT 
	DEGREE OF WHITE
	x
	y
	Y

	REFERENCE
	66.2
	0.3157
	0.333
	71.1

	REUSE 
	64.9
	0.316
	0.3334
	70.7


The higher the value, the more white is the sample. The measured degree of whiteness is acceptable and the differences are less than 5 units.

2.5.25.2. Reuse of direct dyeing permeate for direct and reactive dyeing of viscose

2.5.25.2.1. Colour differences

DYE WITH DIRECT DYES (SOLIAMINA – ALPHA COLOR)

	Formula: CMC 2.0:1.0

	Substratum: 100% VISCOSE

	Reference: COL. GREY- DYE WITH INDUSTRIAL WATER 

	Sample: COL. GREY – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.463
	0.313
	-0.253
	0.229
	+ clear + dirty + blue

	A/10
	0.492
	0.304
	-0.335
	0.191
	+ clear + dirty + blue

	F11/10
	0.492
	0.303
	-0.314
	0.228
	+ clear + dirty + blue


	Formula: CMC 2.0:1.0

	Substratum: 100% VISCOSE

	Reference: COL. BLUE SEA – DYE WITH INDUSTRIAL WATER

	Sample: COL. BLUE SEA – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.131
	0.114
	0.053
	-0.039
	+ clear

	A/10
	0.135
	0.111
	0.070
	-0.035
	+ clear + pure

	F11/10
	0.129
	0.113
	0.051
	-0.033
	+ clear


DYE WITH REACTIVE DYES (REMAZOL - DYSTAR)

	Formula: CMC 2.0:1.0

	Substratum: 100% VISCOSE

	Reference: COL. GREY – DYE WITH INDUSTRIAL WATER

	Sample: COL. GREY – DYE WITH TREATED WATER

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.092
	-0.088
	0.000
	0.026
	+ dark

	A/10
	0.117
	-0.087
	0.020
	0.075
	+ dark

	F11/10
	0.091
	-0.090
	-0.006
	0.003
	+ dark


	Formula: CMC 2.0:1.0

	Substratum: 100% VISCOSE

	Reference: COL. BLUE SEA – DYE WITH INDUSTRIAL WATER 

	Sample: COL. BLUE SEA – DYE WITH TREATED WATER 

	

	
	delE
	delL
	delC
	delH
	The sample is

	D65/10
	0.415
	-0.366
	-0.193
	-0.029
	+ dark + dirty

	A/10
	0.420
	-0.361
	-0.213
	-0.005
	+ dark + dirty

	F11/10
	0.422
	-0.357
	-0.222
	-0.029
	+ dark + dirty


The variations of tone between the samples dyed in the two types of water are within the acceptable levels of tolerance as recommended in the quality standard norm of the 2003 edition of Italian Textile Association. ( i.e.: delE=1)
2.5.25.2.2. Colour fastness to washing

grey colour –direct dyes:

	
	dyeING IN industrial water
	dyeING IN treated 

water

	Degradation-colour:
	4-5
	4-5

	Staining on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	4
	4

	Cotton
	4-5
	4-5

	Acetate
	4-5
	4-5


blue colour –direct dyes:

	
	DYEING IN INDUSTRIAL WATER
	DYEING IN TREATED 

WATER

	Degradation colour:
	4
	4

	Staining on:
	
	

	Wool
	3-4
	3

	Acrylic
	4-5
	4

	Polyester
	3
	3

	Polyamide
	2-3
	2-3

	Cotton
	1-2
	1-2

	Acetate
	4
	4


The differences in colour fastness expressed are not significant.

grey colour – reactive dyes:

	
	DYEING IN INDUSTRIAL WATER
	DYEING IN TREATED WATER

	Degradation colour:
	4
	4

	Staining  on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4
	4-5

	Polyamide
	3-4
	3-4

	Cotton
	4
	3-4

	Acetate
	4
	4-5


blue colour – reactive dyes:

	
	DYEING IN INDUSTRIAL WATER
	DYEING IN TREATED WATER

	Degradation colour:
	4
	4

	Staining  on:
	
	

	Wool
	4-5
	4-5

	Acrylic
	4-5
	4-5

	Polyester
	4-5
	4-5

	Polyamide
	3-4
	3-4

	Cotton
	3-4
	3-4

	Acetate
	4-5
	4-5


The differences in colour fastness expressed are not significant.
2.5.25.2.3. Colour fastness to rubbing

	dyeING IN industrial water
	dyeING IN treated water

	colour fastness to rubbing
	colour fastness to rubbing

	dry
	wet
	Dry
	wet

	grey colour-direct dyes

	4-5
	4-5
	4-5
	4-5

	blue sea colour-direct dyes

	4-5
	3
	4
	3

	grey colour reactive dyes

	4-5
	4-5
	4-5
	4-5

	blue sea colour-reactive dyes

	4-5
	3
	4-5
	3


As outlined there is no longer any variation between  colourfastness to rubbing  in the samples dyed in using two types of water.
2.5.25.2.4. Conclusions: reuse of permeate for scouring and dyeing of viscose

In general the differences revealed at the end of each test is of little significance as they do not indicate any particular problem.

The results obtained with treated water, in reference to the materials used in the  laboratory can be considered equal to those obtained by using industrial water. 

Sulphur dyeing

2.5.26. Anaerobic biodegradability test

In the experiment carried out with dyeing wastewater that contained a very high amount of VFA (4310 mg/l) and VFA/COD ratio around 74%, the VFA in the wastewater mainly consisted of acetate. However, during experimental time the acetate could not be converted into methane and 5361 mg/l still remained at the end of the experiment. This can be explained by the fact that methanogenic bacteria are inhibited by a pH drop to 5.5 at the end of the experiment. The results reveal that the added NaHCO3 was not enough to buffer the medium. The CODt immediately decreased from 6027 mg CODt/l to 4692 mg CODd/l after addition of sodium carbonate to the medium (sludge, wastewater, nutrients, and trace element) and the minimum concentration was 5378 mg/l at the end. Visual observation showed that precipitation was formulated after added sodium bicarbonate. This was the reason of the decrease of COD from 6027 mg/l to 4692 mg/l at day 0. The concentration of COD-CH4 was increased from 0 to 479 mg/l after 31 days. Granular sludge only needed 1 day to reduce the colour from 0.932 to 0.294 A. The colour remained unchanged until day 4 and then was increased to 0.683 at the last day. Removal efficiency for COD only reached 18-22%. The experimental results are presented in Figure 67 and Figure 68.
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Figure 67 - Anaerobic biodegradability of sulphur dyeing wastewater. Filtered COD (x), COD-VFA (∆) and COD-CH4 (○).
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Figure 68 - Removal of colour for dyeing wastewater at 616 nm

Effect of initial wastewater concentration on the anaerobic degradability

In the first feed the CODt concentration varied from 2223 to 6539 mg/l. Except in R4 (filtered sample) experiment, the CODd concentration was reduced from 1375-4709 mg/l to 46-362 for 7 days. With the R4 experiment, concentration of COD at beginning was 5885 mg COD/l, and CODd concentration of 836 mg/l still remained after 7 days (Figure 67). R1 (2223 mg COD/l) and R2 (4368 mg COD/l) experiments needed 2 days to reduce COD-VFA concentration from 1326-2829 mg/l to 31-134 mg/l, whereas R3 and R4 needed 7 days to reduce COD-VFA from 4225-4156 to 164-265 mg/l.

Almost all VFA was converted into methane for R1 and R2 experiments. Formation of methane in first day increased very fast from 0 to 1043-1292 mg/l and to maximum 1826-3895 after 7 days. Cumulative methane of R4 and R3 increased from 0 to 5163-5570 COD-CH4 mg/l corresponding to a percentage of methanogenenisation of 86-92% which needed 7 days.

Depending on the change of CODt concentration used in the experiments, colour ranged from 0.8-1.895A for R1, R2, and R3. The result shows that colour was not stable. It increased from 1.610 to 2.640 for R2 and from 1.895 to 4.790A for R3.  With the R1 colour reduced after 2 day from 0.83 to 0.35 and increased again at day 3, 4 and 5 from 0.35 to 0.52 while at the last day of the experiment colour of R1 decreased below 0.34. Colour of R4 was almost insignificant. Colour increased a little bit with effect of turbidity.

The results also show that the pH in all cases increased insignificantly from 7.1 to 7.3 for R1, 7.3 to 7.6 for R2, 7.2 to 7.3 for R3 and decreased from 7.3 below 7.2 for R4 at the end of the experiment. This is explained by the fact that acetate was converted into methane and by release of HCO3-. In the case of R4, a significant amount of VFA remained still in the medium, so pH decreased.

In the second feed the initial CODt concentration was kept at more or less the same value as the first feed. Except in experiment R3, granular sludge needed 7 days to reduce the COD concentration from 1359-4398 mg/l to 43-264 mg/l.  In experiment R4, the anaerobic bacteria were well adapted to the substrate and only needed 7 days to achieve a COD concentration of 264 mg/l. With the same COD concentration as the first feed, experiment R3 needed 9 days to reduce COD from 4153 to 819 mg/l, in this case, sulphur from Na2S may have inhibited anaerobic bacteria or precipitated particles affected contact between sludge and substrate.

Similar to the first feed, COD-VFA, and COD-CH4 gave similar results for R1, R2, and R3, but a longer time was needed for R4. 

In the second feed the initial colour could not be kept at the same value. For R1 colour was reduced from 1.270 to 0.565 after 3 days and increased again at day 4 from 0.35 to 0.865 until the end of the experiment. In experiment R2, colour decreased from 1.775 to 0.785 at day 4 and increased up to 1.505 at the last day. The same as for the first feed, in the second feed the colour of R3 increased and decreased in range from 1.500-3.165A. Colour of R4 increased from 0.205 to 0.739 at day 3 and decreased to 0.095 at the end experiment.  

The pH remained almost unchanged in all bottles during the experimental period for about one week, pH from 7.4-7.3 for R1, 7.4 to 7.3 for R2, 7.2 to 7.1 for R3 and unchanged at 7.3 for R4.

From the experimental results in Figure 69, it is obvious that the higher COD concentration give a higher anaerobic biodegradability rate, but decolourisation is not achieved with all experiments. For R4 experiment, colour decreased very significant around 85%, but only after using filter paper.
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Figure 69 - Biodegradability assay results for dyeing wastewater, for various initial concentrations of COD (mg/l): Initial concentration: 2223 (R1 - x), 4368g (R2 - ○), 6539g (R3 - ∆) and 5885(filter COD) (R4 - ◊). Top: Changes in the total COD concentration, Second: Changes in the COD-VFA concentration, Third: Methane production, Bottom: Colour removal. Bottles received a new feed on day 7.
Conclusions
The analysis of process effluents reported in this document covers the most important wastewater streams produced in the textile finishing industry and it allows to identify and evaluate all their possible destinies (direct reuse, reuse after on site treatment, direct discharge to WWTP, discharge to WWTP after on site pretreatment…). The elaboration of all these data gained in a Water Pinch assessment, can lead to the definition of optimised water reuse schemes.

On this basis a company can, make preliminary evaluations of water reuse possibilities by using the data reported. In the following the main conclusions for the experimental activities carried out are summarised. 

2.6. Anaerobic treatability and feasibility of different textile waste streams
2.6.1. Dyeing wastewaters
Textile dyeing wastewaters can be pre-treated anaerobically before treatment in a conventional activated sludge plant. Especially for degradation of azo dyes, anaerobic treatment is a good way of rendering the wastewater more susceptible to aerobic treatment. Exhausted dyebaths themselves would probably be too concentrated for treatment, due to toxic concentration of dyestuffs or salts. The latter is especially a concern when treating wastewater of a reactive dyeing process, which often require the usage of large amounts of salt. When water from the rinsing steps of dyeing processes is mixed with the dyebath, concentrations will be lower and treatment will be feasible.

For anaerobic treatment, a co-substrate must be added to the wastewater (see sections 4.6.1.3 and 4.7.1.2). Dye molecules themselves are not readily degradable, but during consumption of the co-substrate by the bacteria in the anaerobic sludge reducing equivalents are released that attack the dye molecules. Successful decolourisation of acid dyeing wastewater and reactive dyeing wastewater has been shown in both batch (see sections 4.6.1.1 and 4.7.1.1) and continuous experiments (see sections 4.6.1.3 and 4.7.1.2). Because of the colour measurement technique using the full UV-VIS spectra, product formation could be observed for the acid dyeing wastewater. This would not have been observed if the conventional maximum absorption wavelength method had been used. 

The results for the continuous treatment are mainly indicative. The amount of wastewater was too small to be able to optimise the system and to obtain long-term information on for instance toxicity of the wastewater to the sludge or adsorption of the dyestuff to the sludge. Batch experiments, however, showed good decolourisation. The addition of a redox mediator speeded up the decolourisation process for both wastewaters.

Anaerobic treatment of sulphur dyeing wastewater was only evaluated in batch experiments, and the results indicate that the water probably can better be treated differently. No decolourisation was observed for all tested concentrations. This has probably to do with the dyestuff being insoluble. COD removal and methane production, however, did take place (see section 4.9). 

2.6.2. Indigo dyed cotton scouring wastewater
Wastewater from the scouring of indigo dyed cotton did not give conclusive results (see section 4.3.1.1.2). Possibly, some toxic effect did play a role. Decolourisation was difficult to measure, and results varied for different incubations. The high solids content of the wastewater can have played a role in this. Reduction of the COD concentration was also not observed in all incubations, whereas VFA and methane production looked promising. More tests are needed to determine whether anaerobic treatment is suitable for this type of wastewater.

2.6.3. Bleaching wastewater
In the anaerobic degradability test, the COD present in the wastewater was converted rapidly into VFA (see section 4.3.1.1.3). Further conversion to methane was not complete, probably due to a toxic effect of the wastewater. Results of the test for the effect of the initial wastewater concentration on the anaerobic degradability were more promising. However, a second feeding resulted in less conversion. Bleaching wastewater is probably toxic to bacteria in anaerobic sludge. 

2.6.4. Sizing liquid
Batch treatment of sizing liquid in a concentration of approximately 4500 mg COD/l was possible. All COD was converted to methane in 18 days. Reactor experiments showed that successful treatment of diluted sizing liquid (around 2000 mg COD/l) in a UASB reactor is only possible at a high enough hydraulic retention time (HRT) of 12 hours. At shorter HRTs the sludge started floating due to accumulating long chain fatty acids covering the granules. Undiluted sizing liquid is very concentrated (around 65000 mg COD/l), and anaerobic treatment of this stream is not feasible.

2.7. Anaerobic treatment of a combination of textile waste streams
Experiments indicated that anaerobic treatment is feasible for the combination of textile waste streams. Size liquid was tested as co-substrate for dyeing wastewater decolourisation. Results were practically the same as for VFA/Glucose as co-substrate. The latter is often used in laboratory testing because as co-substrate it is very effective. Reactor tests showed that anaerobic treatment of size liquid is not feasible, and that for treatment of dyeing wastewaters a co-substrate is needed. Mixing of sizing liquid with the rest of the wastewater of a plant increases the COD load very much, although the volume of the sizing waste stream is very small. Combining sizing and dyeing waste streams can be a good way of diminishing the COD load of the overall wastewater and obtaining a cheap co-substrate for anaerobic treatment.

2.8. Anaerobic pre-treatment for membrane treatment and discharge of membrane concentrates
Membrane treatment tests were performed with anaerobically pre-treated water. Two streams were investigated, the acid dyeing stream and the reactive dyeing stream. Anaerobic treatment of those streams is described in sections 4.6.1.3 and 4.7.1.2. Results of the combined treatment were not better in terms of permeate quality than that membrane treatment alone. This can be explained by the fact that anaerobic treatment of dyeing wastewater does not really remove the dyestuff COD. It was hypothesised that anaerobic treatment could take care of the colour removal, making it easier for membrane treatment to render a colourless permeate. Dyestuff molecules are merely converted and for azo dyes the conversion means they are split in two parts. Smaller molecules can pass a membrane more easily. Additionally, the original dyestuff colour was removed from the wastewater but it still contained some colour due to the colour of the conversion products. After some time in storage, the water became more coloured. This was probably due to the formation of new coloured molecules from treatment products. 

When treating on a membrane the effluents anaerobically pretreated, the affinity membrane/effluent, the effect of concentration and the fouling tendency are improved  with respect to the non pre-treated effluent. Nothwithstanding the notably better quality of the effluents after the anaerobic treatment, especially in the colour content, the removals obtained on membranes are sensibly lower than the ones encountered in the raw effluents filtration. The quality of the final permeate therefore is not superior to the one obtained with direct filtration of the non pre-treated effluent.

Under the conditions applied in these experiments, anaerobic treatment is not promising as a pre-treatment for membrane filtration.

Membrane treatment of raw effluents to obtain reusable water is feasible for many streams. The produced concentrates, however, have to be discharged in some way. Treatment of those concentrates is very difficult and costly. The concentrates resulting form the membrane treatment of the anaerobically pre-treated wastewater have been tested respirometrically for their aerobic degradability (see sections 4.6.3 and 4.7.3). For the acid dyeing wastewater it was found that the aerobic degradability of the original wastewater was practically zero, whereas the anaerobic effluent did show some degradability. In contrast to the wastewater, the membrane concentrates were aerobically biodegradable. For the reactive dyeing wastewater the effect was less obvious. This experiment indicates that although anaerobic pre-treatment does not lead to improved results for the membrane treatment in terms of permeate quality (see section 5.2), it might be a good way of producing aerobically biodegradable concentrates that possibly can be discharged to a wastewater treatment plant. As the tests performed within this study were very limited, more research should be done to explore the possibilities.

2.9. Feasibility of membrane treatment
2.9.1. UF treatment
The UF treatment alone does not normally assure a quality of the permeates suitable for undifferentiated reuse. Permeate flows are high (typically 100 - 150 l h-1 m-2) and costs are affordable (typically 0.30 - 0.40 Euro/m3 in the hypothesis of 50,000 m3/year of water to be treated) but organics and colour removal are variable and conductivity is not affected.

2.9.2. NF treatment
NF resulted to be the best compromise between the need of having high flow rates (consequently reducing treatment costs) and good quality permeates. The colour is almost completely removed and residual values never affect the reusability. The salinity abatement is variable and in the effluents of certain dyeing operation (i.e. reactive dyeing of silk and cotton), where mono-valent salts are used heavily, the removal is low and it prevents the reuse. The removal of organic matter is high, typically 80 -90%, nevertheless effluents with a high organic content (DOC> 400-500 mg l-1) give permeates normally not reusable. 

Direct NF treatment resulted feasible only on the most diluted effluents of rinsing operations. The percentage removals in these cases are lower but sufficient to produce a permeate reusable in any process. Costs are also promising, ranging between 0.55 and 0.68 euro/year in a scenario of 50,000 m3/year of effluent to be treated. 

The treatment configuration UF + NF seems in most cases technically and economically feasible except for the silk polymer charge, polyester double scouring and cotton bleaching line which evidenced very low permeate fluxes and/or relevant material accumulation on the membrane surface. In the hypothesis of 50,000 m3/year of water to be treated, the cost range would be 0.67 –0.83 euro/year.

2.9.3. RO treatment
RO treatment of the tested effluents always required an UF pre-treatment and despite the very high removal of contaminants, it resulted to be scarcely promising because of the very low fluxes (<10 l h-1 m-2) and, consequently, high costs (1,60-2,90 Euro/m3).

2.10. Reusability evaluations
The quality evaluation of the textile material has always been linked to the differences in water quality: fresh process water versus permeate. Concerning organic pollution and colour no differences were detected. The membrane filtration however had no effect on the pH and the conductivity of the water when it is related to monovalent salts. This means that waste water containing a high content of NaCl results in a permeate with a comparable concentration. Since NaCl regulates the speed and the depth of reactive and direct dyeing of cotton, a higher concentration has a significant effect on the colour of the dyed cotton. The fabric dyed with permeate has a deeper colour shade since the reactive dyestuff are more exhausted thanks to the higher concentration of NaCl in the permeate.

The fastness properties were not negatively influenced. The pH of the permeate is easy to adapt, the salt content however is not easy to change. 

On the other hand, textile processes in which little or no salt (NaCl) is dosed, the quality of the permeate is comparable to fresh process water and the quality of the treated (pre-treatment/dyeing) textile material is as good as the reference. As an example the dyed polyester fabric is shown in. No significant colour differences can be noticed.

As a conclusion we can state that the permeate of UF/NF or NF only, can be re-used for pre-treatment and/or dyeing of some of the most used textile raw materials, i.e. polyester, polyamide, silk, viscose. The presence of salt (NaCl) however hampers the re-usability for the dyeing of cotton. 
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		300		187		38

		20%		335		190		43

		40%		386		197		49

		60%		491		207		58

		80%		851		226		73
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		2874		468		84

		20%		3176		467		85

		40%		3717		467		87

		60%		4967		472		90

		80%		11010		468		96
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Analisi

		REACTIVE PRINTED WASHING NF dopo UF

				Alimento				permeato 0'				permeato 60'						REACTIVE PRINTED WASHING                  UF (MW) + NF (DL)

		pH		9.4				10.4				10.4

		Conducibilità [mS·cm-1]		664				124				132								Alimento				Perm. UF				Perm. NF				Rimozione [%]

		Torbidità [NTU]		0.5				0.6				0.4						pH		9.3		9.3		9.4				9.8				-

		Abs l = 426 nm		0.129				0.004				0.003						Conducibilità [mS·cm-1]		759		759		664				262				65

		Abs l = 558 nm		0.079				0.002				0.002						Torbidità [NTU]		1.5		1.5		0.5				0.6				61

		Abs l = 660 nm		0.026				0.003				0.000						Abs l = 426 nm		0.272		0.272		0.129				0.005				98

		Abs l = 436 nm		0.129				0.003				0.003						Abs l = 558 nm		0.220		0.220		0.079				0.002				99

		Abs l = 525 nm		0.114				0.001				0.002						Abs l = 660 nm		0.103		0.103		0.026				0.001				99

		Abs l = 620 nm		0.040				0.003				0.001						Abs l = 436 nm		0.270		0.270		0.129				0.004				99

		TOC [mg · l-1]		380				302				295						Abs l = 525 nm		0.263		0.263		0.114				0.002				99

		TC    [mg · l-1]		383				279				280						Abs l = 620 nm		0.151		0.151		0.040				0.001				99

		IC      [mg · l-1]		3				0				1						TOC [mg · l-1]		462		462		380				310				33

																		TC    [mg · l-1]		502		502		383				310				38

																		IC      [mg · l-1]		40		40		3				0				100

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.4		10.2		9.9		9.9		9.4		9.6		10.0

		Conducibilità [mS·cm-1]		664		131.4059405941		155.716039604		201.0510891089		300.2625742574		521.6815841584		1119.6965944272

		Torbidità [NTU]		0.5		0.9		0.7		0.8		0.3		0.2		0.6

		Abs l = 426 nm		0.129		0.004		0.005		0.005		0.004		0.005		0.228

		Abs l = 558 nm		0.079		0.002		0.003		0.003		0.001		0.001		0.140

		Abs l = 660 nm		0.026		0.001		0.002		0.001		0.000		0.001		0.045

		Abs l = 436 nm		0.129		0.004		0.005		0.005		0.003		0.003		0.228

		Abs l = 525 nm		0.114		0.002		0.002		0.003		0.002		0.001		0.202

		Abs l = 620 nm		0.040		0.002		0.003		0.002		0.001		0.001		0.069

		TOC [mg · l-1]		380		279		283		293		315		379		564

		TC    [mg · l-1]		383		279		283		293		315		379		570

		IC      [mg · l-1]		3		0		0		0		0		0		6





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		664		0.54		0.129		0.079		0.026		0.129		0.114		0.040		379.7		383.0		3.340

		P = 0 %		131		0.95		0.004		0.002		0.001		0.004		0.002		0.002		278.7		278.8		0.101

		P = 20 %		156		0.73		0.005		0.003		0.002		0.005		0.002		0.003		282.6		282.7		0.053

		P = 40 %		201		0.78		0.005		0.003		0.001		0.005		0.003		0.002		293.2		293.4		0.188

		P = 60 %		300		0.27		0.004		0.001		0.000		0.003		0.002		0.001		315.3		315.4		0.063

		P = 80 %		522		0.22		0.005		0.001		0.001		0.003		0.001		0.001		379.0		379.2		0.207

		Conc		1120		0.55		0.228		0.140		0.045		0.228		0.202		0.069		564.3		570.1		5.755

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		26		26.25		17419.5		14.2275		3.37575		2.08425		0.693		3.37575		2.982		1.0395		9967.1355		10054.8		87.6645

		P = 0 %				5.25		753.6951980198		4.4053825301		0.0236894737		0.011190604		0.0082220339		0.0222088816		0.0114143541		0.0106615385		1495.402038794		1496.0003137814		0.5982749874

				20.75

		P = 20 %				5.25		936.5137128713		3.9768433735		0.0266506579		0.013988255		0.0093966102		0.0236894737		0.0128411483		0.0106615385		1511.4419172762		1512.0741308611		0.6322135849

				15.5

		P = 40 %				5.25		1315.9483663366		2.7769337349		0.0236894737		0.0097917785		0.0046983051		0.0207282895		0.0114143541		0.0053307692		1597.2819028691		1597.9405812088		0.6586783396

				10.25

		P = 60 %				5.25		2157.6034158416		1.2856174699		0.0222088816		0.0041964765		0.0035237288		0.0177671053		0.005707177		0.0026653846		1822.5641228379		1823.2727901587		0.7086673208

				5

		P = 80 %						12255.7393069307		1.7827228916		3.2795115132		2.0450828859		0.667159322		3.29135625		2.9406229665		1.0101807692		3540.4455182227		3625.51218399		85.0666657673

								5822.4222910217		2.8847152941		1.1852761677		0.7303815194		0.2344633663		1.18497184		1.0514816		0.3593505882		2934.3412742669		2964.2682744526		29.9270001856

		Conc

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

		Vfinale = Vteorico - Vperso = 5 l

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Vpermeato / Viniz. Alimento		Volume                  Alimento [ l ]		Valori TOC teorici da bilanci [mg · l-1]		Valori TOC misurati    [mg · l-1]		Valori TOC simulati    [mg · l-1]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		380		380		380		9967		9967		0

		20%		21		403				397		8472				144

		40%		15.75		442				424		6960				289

		60%		10.5		511				469		5363				433

		80%		5.25		674		564		564		3540		2963		578

								·

										·

		Andamento TOC nel permeato

		Vpermeato / Viniz. Alimento		TOC simulati in alimento      [mg · l-1]		TOC misurati nel permeato      [mg · l-1]		Rimozione [%]

		0%		158		66		58

		20%		181		72		60

		40%		209		95		55

		60%		255		121		53

		80%		386		123		68
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

		Conducibilità [mS·cm-1]		759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

		Abs l = 426 nm		0.272				0.075				0.071		0.071

		Abs l = 558 nm		0.22				0.039				0.036		0.036

		Abs l = 660 nm		0.103				0.012				0.011		0.011

		Abs l = 436 nm		0.27				0.076				0.072		0.072

		Abs l = 525 nm		0.263				0.062				0.057		0.057

		Abs l = 620 nm		0.151				0.018				0.017		0.017

		TOC [mg · l-1]		462				361				359		359

		TC    [mg · l-1]		502				364		364		366		366

		IC      [mg · l-1]		40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

		Conducibilità [mS·cm-1]		759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

		Abs l = 426 nm		0.272		0.082		0.083		0.099		0.151		0.228		0.779

		Abs l = 558 nm		0.220		0.046		0.044		0.056		0.096		0.155		0.726

		Abs l = 660 nm		0.103		0.016		0.014		0.016		0.033		0.053		0.345

		Abs l = 436 nm		0.270		0.082		0.084		0.100		0.150		0.227		0.765

		Abs l = 525 nm		0.263		0.069		0.069		0.085		0.135		0.210		0.805

		Abs l = 620 nm		0.151		0.023		0.021		0.026		0.048		0.080		0.531

		TOC [mg · l-1]		462		375		372		378		384		389		931

		TC    [mg · l-1]		502		378		375		380		385		397		971

		IC      [mg · l-1]		40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

		Vfinale = Vteorico - Vperso = 5 l

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Vpermeato / Viniz. Alimento		Volume                  Alimento [ l ]		Valori TOC teorici da bilanci [mg · l-1]		Valori TOC misurati    [mg · l-1]		Valori TOC simulati    [mg · l-1]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

		Vpermeato / Viniz. Alimento		TOC simulati in alimento      [mg · l-1]		TOC misurati nel permeato      [mg · l-1]		Rimozione [%]

		0%		183		103		44

		20%		201		114		43

		40%		223		126		43

		60%		261		137		48

		80%		365		161		56
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0

		0

		0

		0

		0
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0

0
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0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]								p [bar]		Q25 caratt.     [ l · h-1 ]		Q25 ricaratt.   [ l · h-1 ]		Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]		QT [ l · h-1 ]		Q25 [ l · h-1 ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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		0

		0
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t [min]

Q25 [ l  h-1 ]
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi

		REACTIVE PRINTED WASHING NF dopo UF

				Alimento				permeato 0'				permeato 60'						REACTIVE PRINTED WASHING                  UF (MW) + NF (DL)

		pH		9.4				10.4				10.4

		Conducibilità [mS·cm-1]		664				124				132								Alimento				Perm. UF				Perm. NF				Rimozione [%]

		Torbidità [NTU]		0.5				0.6				0.4						pH		9.3		9.3		9.4				9.8				-

		Abs l = 426 nm		0.129				0.004				0.003						Conducibilità [mS·cm-1]		759		759		664				262				65

		Abs l = 558 nm		0.079				0.002				0.002						Torbidità [NTU]		1.5		1.5		0.5				0.6				61

		Abs l = 660 nm		0.026				0.003				0.000						Abs l = 426 nm		0.272		0.272		0.129				0.005				98

		Abs l = 436 nm		0.129				0.003				0.003						Abs l = 558 nm		0.220		0.220		0.079				0.002				99

		Abs l = 525 nm		0.114				0.001				0.002						Abs l = 660 nm		0.103		0.103		0.026				0.001				99

		Abs l = 620 nm		0.040				0.003				0.001						Abs l = 436 nm		0.270		0.270		0.129				0.004				99

		TOC [mg · l-1]		380				302				295						Abs l = 525 nm		0.263		0.263		0.114				0.002				99

		TC    [mg · l-1]		383				279				280						Abs l = 620 nm		0.151		0.151		0.040				0.001				99

		IC      [mg · l-1]		3				0				1						TOC [mg · l-1]		462		462		380				310				33

																		TC    [mg · l-1]		502		502		383				310				38

																		IC      [mg · l-1]		40		40		3				0				100

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.4		10.2		9.9		9.9		9.4		9.6		10.0

		Conducibilità [mS·cm-1]		664		131.4059405941		155.716039604		201.0510891089		300.2625742574		521.6815841584		1119.6965944272

		Torbidità [NTU]		0.5		0.9		0.7		0.8		0.3		0.2		0.6

		Abs l = 426 nm		0.129		0.004		0.005		0.005		0.004		0.005		0.228

		Abs l = 558 nm		0.079		0.002		0.003		0.003		0.001		0.001		0.140

		Abs l = 660 nm		0.026		0.001		0.002		0.001		0.000		0.001		0.045

		Abs l = 436 nm		0.129		0.004		0.005		0.005		0.003		0.003		0.228

		Abs l = 525 nm		0.114		0.002		0.002		0.003		0.002		0.001		0.202

		Abs l = 620 nm		0.040		0.002		0.003		0.002		0.001		0.001		0.069

		TOC [mg · l-1]		380		279		283		293		315		379		564

		TC    [mg · l-1]		383		279		283		293		315		379		570

		IC      [mg · l-1]		3		0		0		0		0		0		6





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		664		0.54		0.129		0.079		0.026		0.129		0.114		0.040		379.7		383.0		3.340

		P = 0 %		131		0.95		0.004		0.002		0.001		0.004		0.002		0.002		278.7		278.8		0.101

		P = 20 %		156		0.73		0.005		0.003		0.002		0.005		0.002		0.003		282.6		282.7		0.053

		P = 40 %		201		0.78		0.005		0.003		0.001		0.005		0.003		0.002		293.2		293.4		0.188

		P = 60 %		300		0.27		0.004		0.001		0.000		0.003		0.002		0.001		315.3		315.4		0.063

		P = 80 %		522		0.22		0.005		0.001		0.001		0.003		0.001		0.001		379.0		379.2		0.207

		Conc		1120		0.55		0.228		0.140		0.045		0.228		0.202		0.069		564.3		570.1		5.755

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		26		26.25		17419.5		14.2275		3.37575		2.08425		0.693		3.37575		2.982		1.0395		9967.1355		10054.8		87.6645

		P = 0 %				5.25		753.6951980198		4.4053825301		0.0236894737		0.011190604		0.0082220339		0.0222088816		0.0114143541		0.0106615385		1495.402038794		1496.0003137814		0.5982749874

				20.75

		P = 20 %				5.25		936.5137128713		3.9768433735		0.0266506579		0.013988255		0.0093966102		0.0236894737		0.0128411483		0.0106615385		1511.4419172762		1512.0741308611		0.6322135849

				15.5

		P = 40 %				5.25		1315.9483663366		2.7769337349		0.0236894737		0.0097917785		0.0046983051		0.0207282895		0.0114143541		0.0053307692		1597.2819028691		1597.9405812088		0.6586783396

				10.25

		P = 60 %				5.25		2157.6034158416		1.2856174699		0.0222088816		0.0041964765		0.0035237288		0.0177671053		0.005707177		0.0026653846		1822.5641228379		1823.2727901587		0.7086673208

				5

		P = 80 %						12255.7393069307		1.7827228916		3.2795115132		2.0450828859		0.667159322		3.29135625		2.9406229665		1.0101807692		3540.4455182227		3625.51218399		85.0666657673

								5822.4222910217		2.8847152941		1.1852761677		0.7303815194		0.2344633663		1.18497184		1.0514816		0.3593505882		2934.3412742669		2964.2682744526		29.9270001856

		Conc

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

		Vfinale = Vteorico - Vperso = 5 l

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Vpermeato / Viniz. Alimento		Volume                  Alimento [ l ]		Valori TOC teorici da bilanci [mg · l-1]		Valori TOC misurati    [mg · l-1]		Valori TOC simulati    [mg · l-1]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		380		380		380		9967		9967		0

		20%		21		403				397		8472				144

		40%		15.75		442				424		6960				289

		60%		10.5		511				469		5363				433

		80%		5.25		674		564		564		3540		2963		578

								·

										·

		Andamento TOC nel permeato

		Vpermeato / Viniz. Alimento		TOC simulati in alimento      [mg · l-1]		TOC misurati nel permeato      [mg · l-1]		Rimozione [%]

		0%		178		3		98

		20%		230		3		99

		40%		312		3		99

		60%		483		4		99

		80%		812		6		99
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Caratterizzazione

		CARATTERIZZAZIONE prima di HT Scouring

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

				QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]

		6		14		13		14		14		15		15

		6.9		15		15		15		17		17		18

		9		18		20		19		21		20		23

		p [ bar ]		Q30 [ l · h-1]				Q33 [ l · h-1]				Q35 [ l · h-1]				Q25 [ l · h-1]

		6		13		13		14				15				11

		6.9		15		15		17				18				13						12.9753343967				13.4800840962				13.4687442164				13.3080542364

		9		20		20		21				23				17

		K =		0.029

		RICARATTERIZZAZIONE dopo HT Scouring

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

				QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]

		6		14		13		14		13		15		14

		6.9		15		15		15		16		17		17

		9		17		19		18		20		19		21

		p [ bar ]		Q30 [ l · h-1]				Q33 [ l · h-1]				Q35 [ l · h-1]				Q25 [ l · h-1]

		6		13				13				14				11

		6.9		15				16				17				13						12.9753343967				12.6871379729				12.7204806488				12.7943176728

		9		19				20				21				16

		k =		0.029

		p [bar]		Q25 caratt.        [ l · h-1]				Q25 ricaratt.        [ l · h-1]				Perdita %

		6		11				11				0

		6.9		13				13				0

		9		17				16				6





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Si riporteranno in seguito sia le portate misurate mediante il flussimetro in dotazione col nostro impianto pilota, sia i valori trovati attraverso delle prove cronometrate su volumi noti. Le prime verrano indicate con il simbolo QF; le seconde con QC

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t ( min )		QF ( l/h)		QC ( l/h)		T ( °C )

		0		16		17		30

		15		16		17		32

		30		16		17		33

		45		16		18		35

		60		16		18		35

		t ( min )		Q25 ( l/h )

		0		15				14

		15		14

		30		13

		45		13

		60		13

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		30		17		15				14

		15		32		17		14

		30		33		17		13

		45		35		18		13

		60		35		18		13





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		QF [ l / h ]		QC [ l / h ]		T [ °C ]

		0		16		18		35

		20		16		17		36

		40		15		16		37

		60		15		16		38

		80		15		14		39

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]		Q25 [ l/h ]

		0		13

		20		12

		40		11

		60		11

		80		9

		Conc. [ % ]		T [ °C ]		QT [ l · h-1 ]		Q25 [ l · h-1 ]

		0		35		18		13				11

		20		36		17		12

		40		37		16		11

		60		38		16		11

		80		39		14		9





Confronto portate

		

								Q25 [ l/h ]

		Characterization						13

		Ricirculation						13

		Vperm. / Vinit Feed 0%						13

		Vperm. / Vinit Feed 20%						12

		Vperm. / Vinit Feed 40%						11

		Vperm. / Vinit Feed 60%						11

		Vperm. / Vinit Feed 80%						9

		Second characterization						13
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Analisi

		REACTIVE PRINTED WASHING NF dopo UF

				Alimento				permeato 0'				permeato 60'						REACTIVE PRINTED WASHING                  UF (MW) + NF (DL)

		pH		9.4				10.4				10.4

		Conducibilità [mS·cm-1]		664				124				132								Alimento				Perm. UF				Perm. NF				Rimozione [%]

		Torbidità [NTU]		0.5				0.6				0.4						pH		9.3		9.3		9.4				9.8				-

		Abs l = 426 nm		0.129				0.004				0.003						Conducibilità [mS·cm-1]		759		759		664				262				65

		Abs l = 558 nm		0.079				0.002				0.002						Torbidità [NTU]		1.5		1.5		0.5				0.6				61

		Abs l = 660 nm		0.026				0.003				0.000						Abs l = 426 nm		0.272		0.272		0.129				0.005				98

		Abs l = 436 nm		0.129				0.003				0.003						Abs l = 558 nm		0.220		0.220		0.079				0.002				99

		Abs l = 525 nm		0.114				0.001				0.002						Abs l = 660 nm		0.103		0.103		0.026				0.001				99

		Abs l = 620 nm		0.040				0.003				0.001						Abs l = 436 nm		0.270		0.270		0.129				0.004				99

		TOC [mg · l-1]		380				302				295						Abs l = 525 nm		0.263		0.263		0.114				0.002				99

		TC    [mg · l-1]		383				279				280						Abs l = 620 nm		0.151		0.151		0.040				0.001				99

		IC      [mg · l-1]		3				0				1						TOC [mg · l-1]		462		462		380				310				33

																		TC    [mg · l-1]		502		502		383				310				38

																		IC      [mg · l-1]		40		40		3				0				100

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.4		10.2		9.9		9.9		9.4		9.6		10.0

		Conducibilità [mS·cm-1]		664		131.4059405941		155.716039604		201.0510891089		300.2625742574		521.6815841584		1119.6965944272

		Torbidità [NTU]		0.5		0.9		0.7		0.8		0.3		0.2		0.6

		Abs l = 426 nm		0.129		0.004		0.005		0.005		0.004		0.005		0.228

		Abs l = 558 nm		0.079		0.002		0.003		0.003		0.001		0.001		0.140

		Abs l = 660 nm		0.026		0.001		0.002		0.001		0.000		0.001		0.045

		Abs l = 436 nm		0.129		0.004		0.005		0.005		0.003		0.003		0.228

		Abs l = 525 nm		0.114		0.002		0.002		0.003		0.002		0.001		0.202

		Abs l = 620 nm		0.040		0.002		0.003		0.002		0.001		0.001		0.069

		TOC [mg · l-1]		380		279		283		293		315		379		564

		TC    [mg · l-1]		383		279		283		293		315		379		570

		IC      [mg · l-1]		3		0		0		0		0		0		6





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		664		0.54		0.129		0.079		0.026		0.129		0.114		0.040		379.7		383.0		3.340

		P = 0 %		131		0.95		0.004		0.002		0.001		0.004		0.002		0.002		278.7		278.8		0.101

		P = 20 %		156		0.73		0.005		0.003		0.002		0.005		0.002		0.003		282.6		282.7		0.053

		P = 40 %		201		0.78		0.005		0.003		0.001		0.005		0.003		0.002		293.2		293.4		0.188

		P = 60 %		300		0.27		0.004		0.001		0.000		0.003		0.002		0.001		315.3		315.4		0.063

		P = 80 %		522		0.22		0.005		0.001		0.001		0.003		0.001		0.001		379.0		379.2		0.207

		Conc		1120		0.55		0.228		0.140		0.045		0.228		0.202		0.069		564.3		570.1		5.755

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		26		26.25		17419.5		14.2275		3.37575		2.08425		0.693		3.37575		2.982		1.0395		9967.1355		10054.8		87.6645

		P = 0 %				5.25		753.6951980198		4.4053825301		0.0236894737		0.011190604		0.0082220339		0.0222088816		0.0114143541		0.0106615385		1495.402038794		1496.0003137814		0.5982749874

				20.75

		P = 20 %				5.25		936.5137128713		3.9768433735		0.0266506579		0.013988255		0.0093966102		0.0236894737		0.0128411483		0.0106615385		1511.4419172762		1512.0741308611		0.6322135849

				15.5

		P = 40 %				5.25		1315.9483663366		2.7769337349		0.0236894737		0.0097917785		0.0046983051		0.0207282895		0.0114143541		0.0053307692		1597.2819028691		1597.9405812088		0.6586783396

				10.25

		P = 60 %				5.25		2157.6034158416		1.2856174699		0.0222088816		0.0041964765		0.0035237288		0.0177671053		0.005707177		0.0026653846		1822.5641228379		1823.2727901587		0.7086673208

				5

		P = 80 %						12255.7393069307		1.7827228916		3.2795115132		2.0450828859		0.667159322		3.29135625		2.9406229665		1.0101807692		3540.4455182227		3625.51218399		85.0666657673

								5822.4222910217		2.8847152941		1.1852761677		0.7303815194		0.2344633663		1.18497184		1.0514816		0.3593505882		2934.3412742669		2964.2682744526		29.9270001856

		Conc

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

		Vfinale = Vteorico - Vperso = 5 l

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Vpermeato / Viniz. Alimento		Volume                  Alimento [ l ]		Valori TOC teorici da bilanci [mg · l-1]		Valori TOC misurati    [mg · l-1]		Valori TOC simulati    [mg · l-1]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		380		380		380		9967		9967		0

		20%		21		403				397		8472				144

		40%		15.75		442				424		6960				289

		60%		10.5		511				469		5363				433

		80%		5.25		674		564		564		3540		2963		578

								·

										·

		Andamento TOC nel permeato

		Vpermeato / Viniz. Alimento		TOC simulati in alimento      [mg · l-1]		TOC misurati nel permeato      [mg · l-1]		Rimozione [%]

		0%		239		51		79

		20%		286		50		83

		40%		357		63		82

		60%		510		72		86

		80%		925		121		87
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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		0

		0

		0



t [min]
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Prova a ricircolo totale
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0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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		0

		0
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t [min]
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Prova a ricircolo totale
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		7.47		7.31		7.54		7.30		7.40		8.10		8.99		8.36		7.42

		Cond.    ( mS/cm )		1619		488		451		478		565		735		1019		1692		4570

		Torb.     ( NTU )		4.00		0.34		0.37		0.37		0.50		0.40		0.35		0.42		15.40

		Abs 426		0.019		0.005		0.003				0.001		0.002		0.002		0.013		0.044

		Abs 558		0.022		0.005		0.001				0.000		0.000		0.000		0.007		0.045

		Abs 660		0.009		0.002		0.000				0.000		0.000		0.000		0.004		0.011

		Abs 436		0.021		0.004		0.003				0.001		0.002		0.003		0.013		0.047

		Abs 525		0.023		0.007		0.003				0.001		0.002		0.003		0.011		0.054

		Abs 620		0.017		0.003		0.000				0.000		0.000		0.004		0.004		0.027

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		33.35		19.17		17.67		26.42		23.08		18.48		18.37		23.96		64.53

		TC          ( mg / l )		41.40		20.88		19.36		28.61		25.40		21.80		23.65		32.39		90.83

		IC          ( mg / l )		8.047		1.705		1.692		2.192		2.317		3.319		5.284		8.429		26.30





Analisi

		

		Campione				pH		Cond.    ( mS/cm )		Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				7.47		1619		4.00		0.019		0.022		0.009		0.021		0.023		0.017				33		41		8

		Permeato 0'				7.31		488		0.34		0.005		0.005		0.002		0.004		0.007		0.003		-		19		21		2

		Permeato 60'				7.54		451		0.37		0.003		0.001		0.000		0.003		0.003		0.000		-		18		19		2

		Permeato  0 %				7.30		478		0.37														-		26		29		2

		Permeato 20 %				7.40		565		0.50		0.001		0.000		0.000		0.001		0.001		0.000		-		23		25		2

		Permeato 40 %				8.10		735		0.40		0.002		0.000		0.000		0.002		0.002		0.000		-		18		22		3

		Permeato 60 %				8.99		1019		0.35		0.002		0.000		0.000		0.003		0.003		0.004		-		18		24		5

		Permeato 80 %				8.36		1692		0.42		0.013		0.007		0.004		0.013		0.011		0.004		-		24		32		8

		Concentrato				7.42		4570		15.40		0.044		0.045		0.011		0.047		0.054		0.027				65		91		26

				Alimento				permeato 0'				permeato 60'								DARK ACID DYEING                  NF diretta con membrana DK

		pH		7.5				7.3				7.5

		Conducibilità [mS·cm-1]		1619				488				451										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		4.0				0.3				0.4

		Abs l = 426 nm		0.019				0.005				0.003								pH		7.5				8.0				-

		Abs l = 558 nm		0.022				0.005				0.001								Conducibilità [mS·cm-1]		1619				898				45

		Abs l = 660 nm		0.009				0.002				0.000								Torbidità [NTU]		4.0				0.4				90

		Abs l = 436 nm		0.021				0.004				0.003								SST [mg · l-1]		5.5				-				100

		Abs l = 525 nm		0.023				0.007				0.003								Abs l = 426 nm		0.019				0.004				81

		Abs l = 620 nm		0.017				0.003				0.000								Abs l = 558 nm		0.022				0.001				94

		TOC [mg · l-1]		33				19				26								Abs l = 660 nm		0.009				0.001				91

		TC    [mg · l-1]		41				21				29								Abs l = 436 nm		0.021				0.004				82

		IC      [mg · l-1]		8				2				2								Abs l = 525 nm		0.023				0.003				85

																				Abs l = 620 nm		0.017				0.002				91

																				TOC [mg · l-1]		33				22				34

																				TC    [mg · l-1]		41				26				36

																				IC      [mg · l-1]		8				4				46

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		7.5		7.3		7.4		8.1		9.0		8.4		7.4

		Conducibilità [mS·cm-1]		1619		478		565		735		1019		1692		4570

		Torbidità [NTU]		4.0		0.4		0.5		0.4		0.4		0.4		15.4

		SST [mg · l-1]		5.5		-		-		-		-		-		30

		Abs l = 426 nm		0.019		0.000		0.001		0.002		0.002		0.013		0.044

		Abs l = 558 nm		0.022		0.000		0.000		0.000		0.000		0.007		0.045

		Abs l = 660 nm		0.009		0.000		0.000		0.000		0.000		0.004		0.011

		Abs l = 436 nm		0.021		0.000		0.001		0.002		0.003		0.013		0.047

		Abs l = 525 nm		0.023		0.000		0.001		0.002		0.003		0.011		0.054

		Abs l = 620 nm		0.017		0.000		0.000		0.000		0.004		0.004		0.027

		TOC [mg · l-1]		33		26		23		18		18		24		65

		TC    [mg · l-1]		41		29		25		22		24		32		91

		IC      [mg · l-1]		8		2		2		3		5		8		26





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		1619		4		0.019		0.022		0.009		0.021		0.023		0.017		33		41		8

		P = 0 %		478		0.37		0.000		0.000		0.000		0.000		0.000		0.000		26		29		2

		P = 20 %		565		0.50		0.001		0.000		0.000		0.001		0.001		0.000		23		25		2

		P = 40 %		735		0.40		0.002		0.000		0.000		0.002		0.002		0.000		18		22		3

		P = 60 %		1019		0.35		0.002		0.000		0.000		0.003		0.003		0.004		18		24		5

		P = 80 %		1692		0.42		0.013		0.007		0.004		0.013		0.011		0.004		24		32		8

		Conc		4570		15.40		0.044		0.045		0.011		0.047		0.054		0.027		65		91		26

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				50594		125.00		0.594		0.688		0.281		0.656		0.719		0.531		1042		1294		251.5

		P = 0% - 20%				6.25		3259		2.719		0.003		0.000		0.000		0.003		0.003		0.000		154.7		168.8		14.09

				25

		P = 20% - 40%				6.25		4063		2.813		0.009		0.000		0.000		0.009		0.009		0.000		129.9		147.5		17.61

				18.75

		P = 40% - 60%				6.25		5481		2.344		0.013		0.000		0.000		0.016		0.016		0.013		115.2		142.0		26.88

				12.5

		P = 60% - 80%				6.25		8472		2.406		0.047		0.022		0.013		0.050		0.044		0.025		132.3		175.1		42.85

				6.25

		Conc. Teorico				6.25		29319		114.72		0.522		0.666		0.269		0.578		0.647		0.494		510		660		150.0

		Conc reale				6.25		28563		96.25		0.275		0.281		0.069		0.294		0.338		0.169		403.3		567.7		164.4

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Vpermeato / Viniz. Alimento		Volume                  Alimento [ l ]		Valori TOC teorici da bilanci [mg · l-1]		Valori TOC misurati    [mg · l-1]		Valori TOC simulati    [mg · l-1]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		33		33		33		1042		1042		0.0

		20%		25		36				34		888				26.7

		40%		18.75		40				38		758				53.4

		60%		12.5		51				45		642				80.2

		80%		6.25		82		65		65		510		403		106.9

		Andamento TOC nel permeato

		Vpermeato / Viniz. Alimento		TOC simulati in alimento      [mg · l-1]		TOC misurati nel permeato      [mg · l-1]		Rimozione [%]

		0%		33		26		21

		20%		34		23		33

		40%		38		18		51

		60%		45		18		59

		80%		65		24		63
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		1247		549		56

		20%		1329		563		58

		40%		1476		554		62

		60%		1818		558		69

		80%		3476		546		84
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Alimento

Permeato

Vpermeate / Vinit. Feed  [%]

TOC [mg  l-1 ]

TOC



		5576

		6156

		7108

		8967

		14356



TOC nell'alimento [mg l-1]

Rimozione TOC [%]

79.6987087518

81.497725796

83.0050647158

85.5693096911

89.5235441627
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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		0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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		0

		0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008





Confronto portate

		

		Characterization						15

		Ricirculation						14

								14

								14

								14

								13

								10

		Second characterization						15





Confronto portate

		



Confronto portate

Q25 [ l  h-1 ]

Flow rate comparison




_1132669857.xls
Grafico4

		0		0

		0.2		0.2

		0.4		0.4

		0.6		0.6

		0.8		0.8



Alimento

Permeato

Vpermeate / Vinit. Feed  [%]

TOC [mg  l-1 ]

TOC

5699

2602

6007

2581

6527

2812

7622

3016

12945

3594



Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		5699		2602		54

		20%		6007		2581		57

		40%		6527		2812		57

		60%		7622		3016		60

		80%		12945		3594		72





Andamento TOC
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		5576		1132		80

		20%		6156		1139		81

		40%		7108		1208		83

		60%		8967		1294		86

		80%		14356		1504		90
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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		0

		0

		0
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0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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		0

		0
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0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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		0



t [min]

Q25 [ l  h-1 ]
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0
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t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		483		85		82

		20%		526		67		87

		40%		598		67		89

		60%		730		85		88

		80%		1055		108		90
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		472		110		77

		20%		512		101		80

		40%		581		119		80

		60%		721		134		81

		80%		1229		158		87
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		806		456		43

		20%		798		422		47

		40%		828		433		48

		60%		884		447		49

		80%		1170		460		61
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		840		198		76

		20%		924		197		79

		40%		1064		224		79

		60%		1360		217		84

		80%		2424		292		88
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale
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		0
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		209		59		72

		20%		217		57		74

		40%		250		62		75

		60%		315		74		77

		80%		553		91		84
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		197		16		92

		20%		253		15		94

		40%		334		19		94

		60%		498		24		95

		80%		1020		28		97
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		163		3		98

		20%		193		2		99

		40%		228		3		99

		60%		328		3		99

		80%		426		3		99
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		174		35		80

		20%		194		26		87

		40%		229		30		87

		60%		298		40		87

		80%		523		54		90
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		263		37		86

		20%		327		35		89

		40%		420		34		92

		60%		616		50		92

		80%		841		66		92
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		304		172		43

		20%		334		173		48
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		80%		698		222		68
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

		p [ bar ]

		6		23				25				21

		6.9		26				28				23

		9		35				36				31

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		6		21				23				19

		6.9		24				26				22

		9		32				34				29

																CONFRONTO PORTATE DA CARATTERIZZAZIONI

																k =		0.020

																p [bar]						Diminuzione [%]
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		PROVA A RICIRCOLO TOTALE

		t [ min ]		T [ °C ]
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		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		31		20		18

		20		32		20		17

		40		33		20		17

		60		33		20		17

		80		34		19		16

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]								p [bar]		Q25 caratt.     [ l · h-1 ]		Q25 ricaratt.   [ l · h-1 ]		Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]		QT [ l · h-1 ]		Q25 [ l · h-1 ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008





Confronto portate

		

		Characterization						7

		Ricirculation						2.4

								2

								2

								1

								1

								2

		Second characterization						3





Confronto portate

		



Confronto portate

Q25 [ l  h-1 ]

Flow rate comparison




_1132490154.xls
Grafico7

		Characterization

		Ricirculation

		Vperm. / Vinit Feed 0%

		Vperm. / Vinit Feed 20%

		Vperm. / Vinit Feed 40%

		Vperm. / Vinit Feed 60%

		Vperm. / Vinit Feed 80%

		Second characterization



Confronto portate

Q25 [ l  h-1 ]

Flow rate comparison

4.3

4

4

3.9

3.5

3.1

2.9

3



Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43
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		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]								p [bar]		Q25 caratt.     [ l · h-1 ]		Q25 ricaratt.   [ l · h-1 ]		Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]		Q25 [ l · h-1]				Q27 [ l · h-1]				Q30 [ l · h-1]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75
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		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		24		43		43				43
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		Conc. [ % ]		T [ °C ]		QT [ l · h-1 ]		Q25 [ l · h-1 ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

		p [ bar ]

		6		23				25				21

		6.9		26				28				23

		9		35				36				31

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		6		21				23				19

		6.9		24				26				22

		9		32				34				29

																CONFRONTO PORTATE DA CARATTERIZZAZIONI

																k =		0.020

																p [bar]						Diminuzione [%]

																6		21		19		10

																6.9		23		22		4
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		40		33		20		17

		60		33		20		17

		80		34		19		16

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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Analisi

		REACTIVE PRINTED WASHING NF dopo UF

				Alimento				permeato 0'				permeato 60'						REACTIVE PRINTED WASHING                  UF (MW) + NF (DL)

		pH		9.4				10.4				10.4

				664				124				132								Alimento				Perm. UF				Perm. NF				Rimozione [%]

		Torbidità [NTU]		0.5				0.6				0.4						pH		9.3		9.3		9.4				9.8				-

				0.129				0.004				0.003								759		759		664				262				65

				0.079				0.002				0.002						Torbidità [NTU]		1.5		1.5		0.5				0.6				61

				0.026				0.003				0.000								0.272		0.272		0.129				0.005				98

				0.129				0.003				0.003								0.220		0.220		0.079				0.002				99

				0.114				0.001				0.002								0.103		0.103		0.026				0.001				99

				0.040				0.003				0.001								0.270		0.270		0.129				0.004				99

				380				302				295								0.263		0.263		0.114				0.002				99

				383				279				280								0.151		0.151		0.040				0.001				99

				3				0				1								462		462		380				310				33

																				502		502		383				310				38

																				40		40		3				0				100

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.4		10.2		9.9		9.9		9.4		9.6		10.0

				664		131.4059405941		155.716039604		201.0510891089		300.2625742574		521.6815841584		1119.6965944272

		Torbidità [NTU]		0.5		0.9		0.7		0.8		0.3		0.2		0.6

				0.129		0.004		0.005		0.005		0.004		0.005		0.228

				0.079		0.002		0.003		0.003		0.001		0.001		0.140

				0.026		0.001		0.002		0.001		0.000		0.001		0.045

				0.129		0.004		0.005		0.005		0.003		0.003		0.228

				0.114		0.002		0.002		0.003		0.002		0.001		0.202

				0.040		0.002		0.003		0.002		0.001		0.001		0.069

				380		279		283		293		315		379		564

				383		279		283		293		315		379		570

				3		0		0		0		0		0		6





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		664		0.54		0.129		0.079		0.026		0.129		0.114		0.040		379.7		383.0		3.340

		P = 0 %		131		0.95		0.004		0.002		0.001		0.004		0.002		0.002		278.7		278.8		0.101

		P = 20 %		156		0.73		0.005		0.003		0.002		0.005		0.002		0.003		282.6		282.7		0.053

		P = 40 %		201		0.78		0.005		0.003		0.001		0.005		0.003		0.002		293.2		293.4		0.188

		P = 60 %		300		0.27		0.004		0.001		0.000		0.003		0.002		0.001		315.3		315.4		0.063

		P = 80 %		522		0.22		0.005		0.001		0.001		0.003		0.001		0.001		379.0		379.2		0.207

		Conc		1120		0.55		0.228		0.140		0.045		0.228		0.202		0.069		564.3		570.1		5.755

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		26		26.25		17419.5		14.2275		3.37575		2.08425		0.693		3.37575		2.982		1.0395		9967.1355		10054.8		87.6645

		P = 0 %				5.25		753.6951980198		4.4053825301		0.0236894737		0.011190604		0.0082220339		0.0222088816		0.0114143541		0.0106615385		1495.402038794		1496.0003137814		0.5982749874

				20.75

		P = 20 %				5.25		936.5137128713		3.9768433735		0.0266506579		0.013988255		0.0093966102		0.0236894737		0.0128411483		0.0106615385		1511.4419172762		1512.0741308611		0.6322135849

				15.5

		P = 40 %				5.25		1315.9483663366		2.7769337349		0.0236894737		0.0097917785		0.0046983051		0.0207282895		0.0114143541		0.0053307692		1597.2819028691		1597.9405812088		0.6586783396

				10.25

		P = 60 %				5.25		2157.6034158416		1.2856174699		0.0222088816		0.0041964765		0.0035237288		0.0177671053		0.005707177		0.0026653846		1822.5641228379		1823.2727901587		0.7086673208

				5

		P = 80 %						12255.7393069307		1.7827228916		3.2795115132		2.0450828859		0.667159322		3.29135625		2.9406229665		1.0101807692		3540.4455182227		3625.51218399		85.0666657673

								5822.4222910217		2.8847152941		1.1852761677		0.7303815194		0.2344633663		1.18497184		1.0514816		0.3593505882		2934.3412742669		2964.2682744526		29.9270001856

		Conc

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		380		380		380		9967		9967		0

		20%		21		403				397		8472				144

		40%		15.75		442				424		6960				289

		60%		10.5		511				469		5363				433

		80%		5.25		674		564		564		3540		2963		578

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		298		4		99

		20%		366		4		99

		40%		470		4		99

		60%		678		5		99

		80%		902		6		99





Andamento TOC

		



Retta di correzione

Retta di correzione



		



Teorico

Simulato

Vpermeato / Viniz. Alimento  [%]

TOC alimento [mg  l-1]

Andamento TOC



		



Alimento

Permeato

Vpermeate / Vintz. Feed [%]

TOC [mg  l-1 ]

TOC



		379.7004

		396.536783867

		423.5781456463

		469.485632482

		564.2963988975



TOC nell'alimento [mg l-1]

Rimozione TOC [%]

26.592636278

28.7328470621

30.7832748555

32.8410921886

32.8351696612
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

		p [ bar ]

		6		23				25				21

		6.9		26				28				23

		9		35				36				31

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		6		21				23				19

		6.9		24				26				22

		9		32				34				29

																CONFRONTO PORTATE DA CARATTERIZZAZIONI

																k =		0.020

																p [bar]						Diminuzione [%]

																6		21		19		10

																6.9		23		22		4

																9		31		29		6





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		t [ min ]		T [ °C ]

		0		27		15		14				16

		15		29		17		16

		30		30		18		16

		45		31		19		17

		60		31		20		18





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		31		20		18

		20		32		20		17

		40		33		20		17

		60		33		20		17

		80		34		19		16

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008





Confronto portate
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Vpermeate / Vinit. Feed  [%]
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TOC

481.1

119.8
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613.8
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774.6
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Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		8.04		7.49		7.72		7.59		7.40		8.92		9.36		9.21		8.46

				75.1		15.6		14.3		13.1		11.1		20.4		36.9		34.9		333

		Torb.     ( NTU )		0.86		0.27		0.23		0.52		0.30		0.44		0.58		0.30		5.30

		Abs 426		0.004		0.002		0.002		0.000		0.001		0.000		0.002		0.000		0.014

		Abs 558		0.002		0.000		0.001		0.000		0.003		0.002		0.001		0.000		0.008

		Abs 660		0.004		0.002		0.002		0.001		0.003		0.003		0.005		0.001		0.010

		Abs 436		0.004		0.002		0.002		0.001		0.001		0.000		0.002		0.000		0.013

		Abs 525		0.002		0.000		0.001		0.000		0.002		0.002		0.000		0.000		0.007

		Abs 620		0.003		0.002		0.002		0.001		0.004		0.003		0.005		0.001		0.009

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		15.93		4.17		4.07		7.92		7.93		4.94		6.06		7.63		58.48

		TC          ( mg / l )		16.85		4.945		4.994		8.725		8.639		5.659		6.9		8.45		78.56

		IC          ( mg / l )		0.92		0.77		0.92		0.80		0.71		0.72		0.84		0.82		20.08





Analisi

		

		Campione				pH				Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				8.04		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003				15.93		16.85		0.921

		Permeato 0'				7.49		15.6		0.27		0.002		0.000		0.002		0.002		0.000		0.002		-		4.170		4.945		0.775

		Permeato 60'				7.72		14.3		0.23		0.002		0.001		0.002		0.002		0.001		0.002		-		4.070		4.994		0.924

		Permeato  0 %				7.59		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		-		7.920		8.725		0.805

		Permeato 20 %				7.40		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		-		7.931		8.639		0.708

		Permeato 40 %				8.92		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		-		4.936		5.659		0.723

		Permeato 60 %				9.36		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		-		6.061		6.900		0.839

		Permeato 80 %				9.21		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		-		7.634		8.450		0.816

		Concentrato				8.46		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009				58.48		78.56		20.08

				Alimento				permeato 0'				permeato 60'								SCOURING IN OVERFLOW        NF diretta con membrana DK

		pH		8.0				7.7				7.4

				75				14				11										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		2.1				0.2				0.3

				0.004				0.002				0.001								pH		8.0				8.5				-

				0.002				0.001				0.003										75				23				69

				0.004				0.002				0.003								Torbidità [NTU]		2.1				0.4				80

				0.004				0.002				0.001										< 5				-				100

				0.002				0.001				0.002										0.004				0.001				85

				0.003				0.002				0.004										0.002				0.001				40

				16				4				4										0.004				0.003				35

				17				5				5										0.004				0.001				80

				1				1				1										0.002				0.001				60

																						0.003				0.003				7

																						16				7				57

																						17				8				54

																						1				1				16

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		8.0		7.6		7.4		8.9		9.4		9.2		8.5

				75		13		11		20		37		35		333

		Torbidità [NTU]		2.1		0.5		0.3		0.4		0.6		0.3		22

				< 5		-		-		-		-		-		12.5

				0.004		0.000		0.001		0.000		0.002		0.000		0.014

				0.002		0.000		0.003		0.002		0.001		0.000		0.008

				0.004		0.001		0.003		0.003		0.005		0.001		0.010

				0.004		0.001		0.001		0.000		0.002		0.000		0.013

				0.002		0.000		0.002		0.002		0.000		0.000		0.007

				0.003		0.001		0.004		0.003		0.005		0.001		0.009

				16		8		8		5		6		8		58

				17		9		9		6		7		8		79

				1		1		1		1		1		1		20





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003		15.93		16.85		0.92

		P = 0 %		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		7.920		8.725		0.805

		P = 20 %		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		7.931		8.639		0.708

		P = 40 %		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		4.936		5.659		0.723

		P = 60 %		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		6.061		6.900		0.839

		P = 80 %		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		7.6342		8.450		0.816

		Conc		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009		58.48		78.56		20.08

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				2347		26.88		0.125		0.063		0.125		0.125		0.063		0.1		497.8		526.6		28.8

		P = 0% - 20%				6.25		75.63		2.563		0.003		0.009		0.013		0.006		0.006		0.016		49.53		54.26		4.728

				25

		P = 20% - 40%				6.25		98.44		2.313		0.003		0.016		0.019		0.003		0.013		0.022		40.21		44.68		4.471

				18.75

		P = 40% - 60%				6.25		179.1		3.188		0.006		0.009		0.025		0.006		0.006		0.025		34.37		39.25		4.879

				12.5

		P = 60% - 80%				6.25		224.4		2.750		0.006		0.003		0.019		0.006		0.000		0.019		42.80		47.97		5.170

				6.25

		Conc. Teorico				6.25		1769		16.06		0.106		0.025		0.050		0.103		0.038		0.013		330.9		340.4		9.542

		Conc reale				5.75		1915		30.48		0.081		0.046		0.058		0.075		0.040		0.052		336.3		451.7		115.5

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		16		16		16		498		498		0.0

		20%		25		18				18		448				-8.659

		40%		18.75		22				23		408				-17.32

		60%		12.5		30				32		374				-25.98

		80%		6.25		53		58		58		331		366		-34.6

		Andamento TOC nel permeato

								Rimozione [%]

		0%		481		120		75

		20%		535		118		78

		40%		614		122		80

		60%		775		121		84

		80%		1292		123		90





Andamento TOC

		



Retta di correzione

Retta di correzione
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

																				CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [ bar ]																		p [bar]						Aumento [%]

		1.4		35		23		36				36		0						1.9		45		47		4		49		52

		1.9		45		26		45				47		0						2.3		53		56		6

		2.3		53		33		53				53		0

		2.8		60				60				64

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		1.4		38				41				41

		1.9		47				50				53

		2.3		56				60				62

		2.8		64				69				75





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		t [ min ]		T [ °C ]

		0		24		43		43				43

		15		25		43		43

		30		26		45		45

		45		26		43		43

		60		27		43		43





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		26		43		43

		20		26		41		41

		40		27		41		40

		60		27		38		37

		80		28		34		33

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008
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		Characterization						49
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		Second characterization						39
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

		p [ bar ]

		6		23				25				21

		6.9		26				28				23

		9		35				36				31

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p [ bar ]

		6		21				23				19

		6.9		24				26				22

		9		32				34				29

																CONFRONTO PORTATE DA CARATTERIZZAZIONI

																k =		0.020

																p [bar]						Diminuzione [%]

																6		21		19		10

																6.9		23		22		4

																9		31		29		6





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		t [ min ]		T [ °C ]

		0		27		15		14				16

		15		29		17		16

		30		30		18		16

		45		31		19		17

		60		31		20		18





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		31		20		18

		20		32		20		17

		40		33		20		17

		60		33		20		17

		80		34		19		16

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.008





Confronto portate

		

		Characterization						16

		Ricirculation						14

								13

								14

								14

								13

								-

		Second characterization						16





Confronto portate

		



Confronto portate

Q25 [ l  h-1 ]

NF flow rate comparison




_1131799930.xls
Grafico1

		Characterization

		Ricirculation
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Caratterizzazione

		CARATTERIZZAZIONE prima di Scouring in overflow

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

		6		14		14		14		15		15		15

		6.9		15		16		16		18		16		18

		9		18		20		19		22		21		24

		Coefficiente di correzione della temperatura k =												0.029

		p [ bar ]

		6		14				15				15				12

		6.9		16				18				18				14

		9		20				22				24				18

				13.8403566898				14.2730302195				13.4687442164				13.8607103752

		RICARATTERIZZAZIONE dopo Scouring in overflow

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

		6		14		13		14		14		15		15

		6.9		15		15		15		17		17		18

		9		18		20		19		21		20		23

		p [ bar ]

		6		13		13		14				15				11

		6.9		15		15		17				18				13

		9		20		20		21				23				17

		6.9		12.9753343967				13.4800840962				13.4687442164				13.3080542364

		k =		0.029

		p [bar]										Perdita %

		6		12				11				8

		6.9		14				13				7

		9		18				17				6





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t [ min ]		T [ °C ]

		0		31		13		11

		15		34		15		12

		30		36		16		12

		45		39		18		12

		60		40		18		12

		t [ min ]		T [ °C ]

		0		31		13		11				12

		15		34		15		12

		30		36		16		12

		45		39		18		12

		60		40		18		12





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]						T [ °C ]

		0		15		16		33

		20		15		17		34

		40		15		17		35

		60		15		17		36

		80		15		17		37

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]

		0		13

		20		13

		40		13

		60		12

		80		12

		Conc. [ % ]		T [ °C ]

		0		33		16		13				13

		20		34		17		13

		40		35		17		13

		60		36		17		12

		80		37		17		12





Confronto portate

		

		Characterization						53

		Ricirculation						53

								50

								51

								51

								52

								52

		Second characterization						51
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		Characterization

		Recirculation

		Vperm. / Vinit feed 0%

		Vperm. / Vinit feed 20%

		Vperm. / Vinit feed 40%

		Vperm. / Vinit feed 60%

		Vperm. / Vinit feed 80%

		Second characterization
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Caratterizzazione

		CARATTERIZZAZIONE prima di Scouring in overflow

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

				QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]

		6		14		14		14		15		15		15

		6.9		15		16		16		18		16		18

		9		18		20		19		22		21		24

		Coefficiente di correzione della temperatura k =												0.029

		p [ bar ]		Q30 [ l · h-1]				Q33 [ l · h-1]				Q35 [ l · h-1]				Q25 [ l · h-1]

		6		14				15				15				12

		6.9		16				18				18				14

		9		20				22				24				18

				13.8403566898				14.2730302195				13.4687442164				13.8607103752

		RICARATTERIZZAZIONE dopo Scouring in overflow

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				30				33				35

				QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]		QF [ l/h]		QC [ l/h]

		6		14		13		14		14		15		15

		6.9		15		15		15		17		17		18

		9		18		20		19		21		20		23

		p [ bar ]		Q30 [ l · h-1]				Q33 [ l · h-1]				Q35 [ l · h-1]				Q25 [ l · h-1]

		6		13		13		14				15				11

		6.9		15		15		17				18				13

		9		20		20		21				23				17

		6.9		12.9753343967				13.4800840962				13.4687442164				13.3080542364

		k =		0.029

		p [bar]		Q25 caratt.        [ l · h-1]				Q25 ricaratt.        [ l · h-1]				Perdita %

		6		12				11				8

		6.9		14				13				7

		9		18				17				6





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Si riporteranno in seguito sia le portate misurate mediante il flussimetro in dotazione col nostro impianto pilota, sia i valori trovati attraverso delle prove cronometrate su volumi noti. Le prime verrano indicate con il simbolo QF; le seconde con QC

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		31		13		11

		15		34		15		12

		30		36		16		12

		45		39		18		12

		60		40		18		12

		t [ min ]		T [ °C ]		QT [ l · h-1]		Q25 [ l · h-1]

		0		31		13		11				12

		15		34		15		12

		30		36		16		12

		45		39		18		12

		60		40		18		12





Prova a ricircolo totale

		0

		0

		0

		0

		0



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale

0

0

0

0

0



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		QF [ l / h ]		QC [ l / h ]		T [ °C ]

		0		15		16		33

		20		15		17		34

		40		15		17		35

		60		15		17		36

		80		15		17		37

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]		Q25 [ l/h ]

		0		13

		20		13

		40		13

		60		12

		80		12

		Conc. [ % ]		T [ °C ]		QT [ l · h-1 ]		Q25 [ l · h-1 ]

		0		33		16		13				13

		20		34		17		13

		40		35		17		13

		60		36		17		12

		80		37		17		12





Confronto portate

		

								Q25 [ l/h ]

		Characterization						14

		Recirculation						12

		Vperm. / Vinit feed 0%						13

		Vperm. / Vinit feed 20%						13

		Vperm. / Vinit feed 40%						13

		Vperm. / Vinit feed 60%						12

		Vperm. / Vinit feed 80%						12

		Second characterization						13
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Alimento

Permeato

Vpermeate / Vinit. Feed  [%]

TOC [mg  l-1 ]

TOC

700.2

359.87

785.3659901317

361.870657307

926.417877362

373.9219995746

1201.8666677766

388.4905934907

1953.2

523.95



Analisi

		1° ANALISI						REACTIVE PRINTED WASHING - solo NF con membrana DL

		Campione						pH		Cond.		Torb.		Assor. 426		Assor. 558		Assor.660		Assor.436		Assor.525		Assor.620		SST		TC		IC		TOC

		P = 0'						10.00		204		1.30		0.008		0.007		0.004		0.006		0.005		0.006				469.5		20.5		449.0

		P = 60'						9.85		215		0.67		0.018		0.014		0.006		0.016		0.015		0.009				475.4		21.9		453.5

		P = 0 %						9.77		222		1.03		0.015		0.011		0.007		0.013		0.010		0.010				470.0		22.6		447.4

		P = 20 %						9.81		280		0.59		0.015		0.010		0.005		0.013		0.011		0.008				487.2		27.2		460.0

		P = 40 %						9.60		383		0.90		0.010		0.007		0.005		0.008		0.004		0.007				511.2		35.9		475.3

		P = 60 %						9.44		570		0.31		0.010		0.003		0.001		0.008		0.002		0.003				545.3		51.4		493.9

		P = 80 %						9.23		1077		0.46		0.011		0.001		0.000		0.008		0.001		0.001				723.0				723.0

		Alim (1°bagno + H2O ) 7/5						9.35		1223		2.60		0.393		0.330		0.153		0.388		0.383		0.238		9.300		940.2		11.3		928.9

		Alim (1°bagno + H2O )6/5						9.25		1196		1.30		0.379		0.315		0.143		0.374		0.367		0.224		12.000		921.7		11.2		910.5

		Alim (1°bagno + H2O ) 8/5						8.97		1220		1.19		0.380		0.319		0.145		0.374		0.376		0.225		9.000		933.8		13.3		920.5

		Alim (1°bagno )						9.38		2930		1.90		0.949		0.802		0.346		0.939		0.940		0.559		21.300						0.0

		Conc.						8.85		4670		2.10		2.160		1.839		0.791		2.134		2.213		1.258		82.0		2832.0		207.0		2625.0

		2° ANALISI																				P = 20 % corretto				383.3		21.4		361.9

		Le seconde analisi sono state effettuete per verificare l'eventuale presenza di errori dato che i valori																				P = 40 % corretto				402.1		28.2		373.9

		del TOC dopo la prova con la membrana di NF sono risultati troppo elevati.																				P = 60 % corretto				429.0		40.5		388.5

		Inoltre dato che il pH è risultato molto alcalino, si è provato a verificare l'effetto dello stesso pH sulle analisi del TOC,

		preparando alcune provette di campione in cui il pH è stato portato in campo leggermente acido con valori di circa 6,50

								pH		Cond.		Torb.		Assor. 426		Assor. 558		Assor.660		Assor.436		Assor.525		Assor.620		SST		TC		IC		TOC

		P = 0 %						9.77		222		1.03		0.015		0.011		0.007		0.013		0.010		0.010				371.6		11.7		359.9

		P = 80 %						9.23		1077		0.46		0.011		0.001		0.000		0.008		0.001		0.001				576.7		52.8		524.0

		P. 15' ( DL SEPA )						9.84		341		0.64		0.016		0.011		0.006		0.013		0.011		0.008				402.9		16.6		386.3

		P. 15' ( HL SEPA )						9.74		170		0.62		0.011		0.012		0.003		0.010		0.012		0.006				242.3		10.0		232.3

		P = 0' - 60'																										381.2		10.2		371.1

		P = 0' - 60' acid.																										365.6		8.1		357.5

		Alim (1°bagno + H2O ) 7/5						9.35		1223		2.60		0.393		0.330		0.153		0.388		0.383		0.238		9.300		739.6		39.4		700.2

		Alim (1°bagno )						9.38		2930		1.90		0.949		0.802		0.346		0.939		0.940		0.559		21.300		1868.0		105.9		1762.1

		Alim (1°bagno acid.)																										709.5		42.0		667.5

		Conc.						8.85		4670		2.10		2.160		1.839		0.791		2.134		2.213		1.258		82.0		2119.0		165.8		1953.2

				Alimento				permeato 0'				permeato 60'

		pH		9.4				10				9.9

				1223				204				215

		Torbidità [NTU]		2.6				1.3				0.7

				0.393				0.008				0.018

				0.33				0.007				0.014

				0.153				0.004				0.006

				0.388				0.006				0.016

				0.383				0.005				0.015

				0.238				0.006				0.009

				700				371				358

				740				381				366

				39				10				8				21.3358859817

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.4		9.8		9.8		9.6		9.4		9.2		8.9

				1223		222		280		383		570		1077		4670

		Torbidità [NTU]		2.6		1.0		0.6		0.9		0.3		0.5		2.1

				0.393		0.015		0.015		0.010		0.010		0.011		2.160

				0.330		0.011		0.010		0.007		0.003		0.001		1.839

				0.153		0.007		0.005		0.005		0.001		0.000		0.791

				0.388		0.013		0.013		0.008		0.008		0.008		2.134

				0.383		0.010		0.011		0.004		0.002		0.001		2.213

				0.238		0.010		0.008		0.007		0.003		0.001		1.258

				700		360		362		374		388		524		1953

				740		372		383		402		429		577		2119

				39		12		21		28		40		53		166

		REACTIVE PRINTED WASHING        NF diretta con membrana DL

				Alimento				Permeato in uscita				Rimozione [%]

		pH		9.4				9.6				-

				1223				506				59

		Torbidità [NTU]		2.6				0.66				75

				0.393				0.012				97

				0.33				0.006				98

				0.153				0.004				98

				0.388				0.010				97

				0.383				0.006				99

				0.238				0.006				98

				700				402				43

				740				433				42

				39				31				22



Percentuale di riduzione della analisi di TOC determinato dal confronto con le 2°analisi considerate più attendibili



Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		1220		1.19		0.38		0.319		0.145		0.374		0.376		0.225		700.2		739.6		39.4

		P = 0 %		222		1.03		0.015		0.011		0.007		0.013		0.01		0.01		359.87		371.6		11.73

		P = 20 %		280		0.59		0.015		0.01		0.005		0.013		0.011		0.008		361.870657307		383.2515634971		21.3809061902

		P = 40 %		383		0.9		0.01		0.007		0.005		0.008		0.004		0.007		373.9219995746		402.1309508615		28.208951287

		P = 60 %		570		0.31		0.01		0.003		0.001		0.008		0.002		0.003		388.4905934907		428.9554137418		40.464820251

		P = 80 %		1077		0.46		0.011		0.001		0		0.008		0.001		0.001		523.95		576.7		52.75

		Conc		4670		2.1		2.16		1.839		0.791		2.134		2.213		1.258		1953.2		2119		165.8

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		26		26		31720		30.94		9.88		8.294		3.77		9.724		9.776		5.85		18205.2		19229.6		1024.4

		P = 0 %				5.2		1305.2		4.212		0.078		0.0546		0.0312		0.0676		0.0546		0.0468		1899.1486052613		2005.4363582217		106.2877529604

				20.8

		P = 20 %				5.2		1723.8		3.874		0.065		0.0442		0.026		0.0546		0.039		0.039		1913.0609078919		2041.9945373325		128.9336294405

				15.6

		P = 40 %				5.2		2477.8		3.146		0.052		0.026		0.0156		0.0416		0.0156		0.026		1982.2727419698		2160.8245479685		178.5518059987

				10.4

		P = 60 %				5.2		4282.2		2.002		0.0546		0.0104		0.0026		0.0416		0.0078		0.0104		2372.3455430759		2614.7040757286		242.3585326526

				5.2

		P = 80 %						21931		17.706		9.6304		8.1588		3.6946		9.5186		9.659		5.7278		10038.372201801		10406.6404807488		368.2682789477

								24284		10.92		11.232		9.5628		4.1132		11.0968		11.5076		6.5416		10156.64		11018.8		862.16

		Conc

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26		700		700		700		18205		18205		0

		20%		20.8		784				785		16306				-30

		40%		15.6		923				926		14393				-59

		60%		10.4		1193				1202		12411				-89

		80%		5.2		1930		1953		1953		10038		10157		-118

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		700		360		49

		20%		785		362		54

		40%		926		374		60

		60%		1202		388		68

		80%		1953		524		73
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		462		375		19

		20%		493		372		25

		40%		544		378		30

		60%		642		384		40

		80%		931		389		58
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Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		8.04		7.49		7.72		7.59		7.40		8.92		9.36		9.21		8.46

				75.1		15.6		14.3		13.1		11.1		20.4		36.9		34.9		333

		Torb.     ( NTU )		0.86		0.27		0.23		0.52		0.30		0.44		0.58		0.30		5.30

		Abs 426		0.004		0.002		0.002		0.000		0.001		0.000		0.002		0.000		0.014

		Abs 558		0.002		0.000		0.001		0.000		0.003		0.002		0.001		0.000		0.008

		Abs 660		0.004		0.002		0.002		0.001		0.003		0.003		0.005		0.001		0.010

		Abs 436		0.004		0.002		0.002		0.001		0.001		0.000		0.002		0.000		0.013

		Abs 525		0.002		0.000		0.001		0.000		0.002		0.002		0.000		0.000		0.007

		Abs 620		0.003		0.002		0.002		0.001		0.004		0.003		0.005		0.001		0.009

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		15.93		4.17		4.07		7.92		7.93		4.94		6.06		7.63		58.48

		TC          ( mg / l )		16.85		4.945		4.994		8.725		8.639		5.659		6.9		8.45		78.56

		IC          ( mg / l )		0.92		0.77		0.92		0.80		0.71		0.72		0.84		0.82		20.08





Analisi

		

		Campione				pH				Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				8.04		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003				15.93		16.85		0.921

		Permeato 0'				7.49		15.6		0.27		0.002		0.000		0.002		0.002		0.000		0.002		-		4.170		4.945		0.775

		Permeato 60'				7.72		14.3		0.23		0.002		0.001		0.002		0.002		0.001		0.002		-		4.070		4.994		0.924

		Permeato  0 %				7.59		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		-		7.920		8.725		0.805

		Permeato 20 %				7.40		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		-		7.931		8.639		0.708

		Permeato 40 %				8.92		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		-		4.936		5.659		0.723

		Permeato 60 %				9.36		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		-		6.061		6.900		0.839

		Permeato 80 %				9.21		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		-		7.634		8.450		0.816

		Concentrato				8.46		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009				58.48		78.56		20.08

				Alimento				permeato 0'				permeato 60'								SCOURING IN OVERFLOW        NF diretta con membrana DK

		pH		8.0				7.7				7.4

				75				14				11										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		2.1				0.2				0.3

				0.004				0.002				0.001								pH		8.0				8.5				-

				0.002				0.001				0.003										75				23				69

				0.004				0.002				0.003								Torbidità [NTU]		2.1				0.4				80

				0.004				0.002				0.001										< 5				-				100

				0.002				0.001				0.002										0.004				0.001				85

				0.003				0.002				0.004										0.002				0.001				40

				16				4				4										0.004				0.003				35

				17				5				5										0.004				0.001				80

				1				1				1										0.002				0.001				60

																						0.003				0.003				7

																						16				7				57

																						17				8				54

																						1				1				16

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		8.0		7.6		7.4		8.9		9.4		9.2		8.5

				75		13		11		20		37		35		333

		Torbidità [NTU]		2.1		0.5		0.3		0.4		0.6		0.3		22

				< 5		-		-		-		-		-		12.5

				0.004		0.000		0.001		0.000		0.002		0.000		0.014

				0.002		0.000		0.003		0.002		0.001		0.000		0.008

				0.004		0.001		0.003		0.003		0.005		0.001		0.010

				0.004		0.001		0.001		0.000		0.002		0.000		0.013

				0.002		0.000		0.002		0.002		0.000		0.000		0.007

				0.003		0.001		0.004		0.003		0.005		0.001		0.009

				16		8		8		5		6		8		58

				17		9		9		6		7		8		79

				1		1		1		1		1		1		20





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003		15.93		16.85		0.92

		P = 0 %		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		7.920		8.725		0.805

		P = 20 %		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		7.931		8.639		0.708

		P = 40 %		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		4.936		5.659		0.723

		P = 60 %		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		6.061		6.900		0.839

		P = 80 %		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		7.6342		8.450		0.816

		Conc		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009		58.48		78.56		20.08

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				2347		26.88		0.125		0.063		0.125		0.125		0.063		0.1		497.8		526.6		28.8

		P = 0% - 20%				6.25		75.63		2.563		0.003		0.009		0.013		0.006		0.006		0.016		49.53		54.26		4.728

				25

		P = 20% - 40%				6.25		98.44		2.313		0.003		0.016		0.019		0.003		0.013		0.022		40.21		44.68		4.471

				18.75

		P = 40% - 60%				6.25		179.1		3.188		0.006		0.009		0.025		0.006		0.006		0.025		34.37		39.25		4.879

				12.5

		P = 60% - 80%				6.25		224.4		2.750		0.006		0.003		0.019		0.006		0.000		0.019		42.80		47.97		5.170

				6.25

		Conc. Teorico				6.25		1769		16.06		0.106		0.025		0.050		0.103		0.038		0.013		330.9		340.4		9.542

		Conc reale				5.75		1915		30.48		0.081		0.046		0.058		0.075		0.040		0.052		336.3		451.7		115.5

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		16		16		16		498		498		0.0

		20%		25		18				18		448				-8.659

		40%		18.75		22				23		408				-17.32

		60%		12.5		30				32		374				-25.98

		80%		6.25		53		58		58		331		366		-34.6

		Andamento TOC nel permeato

								Rimozione [%]

		0%		737		304		59

		20%		803		306		62

		40%		899		316		65

		60%		1092		330		70

		80%		1710		356		79
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Analisi

		REACTIVE PRINTED WASHING  UF

				Alimento				permeato 0'				permeato 60'

		pH		9.3				9.5				9.4		9.4

				759				587				584		584

		Torbidità [NTU]		1.5				0.8				0.3		0.3

				0.272				0.075				0.071		0.071

				0.22				0.039				0.036		0.036

				0.103				0.012				0.011		0.011

				0.27				0.076				0.072		0.072

				0.263				0.062				0.057		0.057

				0.151				0.018				0.017		0.017

				462				361				359		359

				502				364		364		366		366

				40				3		3		7		7

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		9.3		9.3		9.4		9.4		9.4		9.3		9.2

				759		596		610		641		698		773		1126

		Torbidità [NTU]		1.5		0.6		0.6		0.5		0.6		0.5		2.5

				0.272		0.082		0.083		0.099		0.151		0.228		0.779

				0.220		0.046		0.044		0.056		0.096		0.155		0.726

				0.103		0.016		0.014		0.016		0.033		0.053		0.345

				0.270		0.082		0.084		0.100		0.150		0.227		0.765

				0.263		0.069		0.069		0.085		0.135		0.210		0.805

				0.151		0.023		0.021		0.026		0.048		0.080		0.531

				462		375		372		378		384		389		931

				502		378		375		380		385		397		971

				40		3		3		2		1		7		40





Bilanci di massa

		BILANCI DI MASSA

		Viene effettuata per verificare che i valori in ingresso si conservino in uscita; cioè che i dati

		in ingresso siano restituiti da ciò che togliamo e da ciò che ci resta alla fine.

						Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				759		1.5		0.272		0.220		0.103		0.27		0.263		0.151		462		502		40

		P = 0 %				596		0.6		0.082		0.046		0.016		0.082		0.069		0.023		375		378		3

		P = 20 %				610		0.6		0.083		0.044		0.014		0.084		0.069		0.021		372		375		3

		P = 40 %				641		0.5		0.099		0.056		0.016		0.100		0.085		0.026		378		380		2

		P = 60 %				698		0.6		0.151		0.096		0.033		0.150		0.135		0.048		384		385		1

		P = 80 %				773		0.5		0.228		0.155		0.053		0.227		0.210		0.080		389		397		7

		Conc				1126		2.5		0.779		0.726		0.345		0.765		0.805		0.531		931		971		40

						Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.				26.25				19923.75		39.6375		7.14		5.775		2.70375		7.0875		6.90375		3.96375		12131		13188		1057

		P = 0% - 20%						5.25		3165.75		2.91375		0.433125		0.23625		0.07875		0.43575		0.36225		0.1155		1962		1983		14

						21

		P = 20% - 40%						5.25		3283.875		2.70375		0.47775		0.2625		0.07875		0.483		0.40425		0.123375		1968		1982		14

						15.75

		P = 40% - 60%						5.25		3514.875		2.8875		0.65625		0.399		0.128625		0.65625		0.5775		0.19425		2000		2009		9

						10.5

		P = 60% - 80%						5.25		3861.375		2.94		0.994875		0.658875		0.22575		0.989625		0.905625		0.336		2030		2052		22

						5.25

		Conc. Teorico								6097.875		28.1925		4.578		4.218375		2.191875		4.522875		4.654125		3.194625		4172		5161		996

		Conc reale								5855.2		13		4.0508		3.7752		1.794		3.978		4.186		2.7612		4843		5051		208

		Come volume finale di concentrato avremmo dovuto aspettarci un valore di 5,2 l , che in realtà non si è .

		verificata.Considereremo come volume finale quello teorico al quale viene sottratto un volume perso di 0,2 l.

		La soluzione risulta plausibile data la possibilità di permanenza, all'interno dei tubi dell'impianto, di parte del

		refluo utilizzato nella prova, oltre che un'eventuale perdita per evaporazione.

								678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		26.25		462		462		462		12131		12131		0

		20%		21		484				493		10170				-179

		40%		15.75		521				544		8202				-359

		60%		10.5		591				642		6202				-538

		80%		5.25		795		931		931		4172		4889		-718

								·

										·

		Andamento TOC nel permeato

								Rimozione [%]

		0%		462		375		19

		20%		493		372		25

		40%		544		378		30

		60%		642		384		40

		80%		931		389		58
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Caratterizzazione

		CARATTERIZZAZIONE prima di Reactive printed washing ( DL NF )

		p ( bar )		T ( °C )				T ( °C )

				30				34

		6		20		23		22		26

		6.9		22		26		23		28

		9		30		33		31		36

		p [ bar ]

		6		23		23		26				21		0

		6.9		26		26		28				23		0

		9		33		33		36				30		0

		K =		0.02

		RICARATTERIZZAZIONE dopo Reactive printed washing

		p ( bar )		T ( °C )				T ( °C )

				30				34

		6		16		20		18		22

		6.9		19		23		20		25

		9		28		30		28		32

		p [ bar ]

		6		20				22				18		0

		6.9		23				25				21		0

		9		30				32				27		0

		RICARATTERIZZAZIONE dopo  LAVAGGIO MEMBRANA

		p ( bar )		T ( °C )				T ( °C )

				30				34

		6		20		23		21		25

		6.9		22		26		24		28

		9		31		35		33		36

		p [ bar ]

		6		23				25				21		0

		6.9		26				28				23		0

		9		35				36				31		0

		CONFRONTO PORTATE DA CARATTERIZZAZIONI

		k =		0.020

		p [bar]						Perdita %						Aumento %

		6		21		18		14		21				0

		6.9		23		21		9		23				0

		9		30		27		10		31				3





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE																9

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.020

		t [ min ]		T [ °C ]

		0		31		23		20				20

		15		32		23		20

		30		33		24		20

		45		34		25		21

		60		35		26		21





Prova a ricircolo totale

		



t [min]

Q25 [ l/h ]

Prova a ricircolo totale



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]		T [ °C ]

		0		32		23		20

		20		33		23		20

		40		33		23		20

		60		34		22		18

		80		35		20		16

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.020
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Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		7.50		7.46		7.47		7.47		7.49		7.50		7.73		7.80		7.95

		Cond.    ( mS/cm )		745		452		461		454		492		556		663		879		1384

		Torb.     ( NTU )		0.72		0.17		0.18		0.22		0.16		0.12		0.22		0.34		1.90

		Abs 426		0.007		0.000		0.001		0.002		0.003		0.000		0.000		0.004		0.026

		Abs 558		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.005		0.009

		Abs 660		0.004		0.000		0.001		0.001		0.004		0.003		0.000		0.004		0.004

		Abs 436		0.006		0.000		0.003		0.001		0.004		0.000		0.000		0.004		0.023

		Abs 525		0.003		0.001		0.001		0.000		0.001		0.000		0.000		0.003		0.014

		Abs 620		0.003		0.000		0.001		0.001		0.003		0.001		0.000		0.005		0.005

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		1		2		1		1		1		1		1		0		3

		TC          ( mg / l )		11		7		7		5		6		7		8		12		29

		IC          ( mg / l )		10		5		5		4		5		6		7		12		26





Analisi

		

		Campione				pH		Cond.    ( mS/cm )		Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				7.50		745		0.72		0.007		0.001		0.004		0.006		0.003		0.003				1		11		10

		Permeato 0'				7.46		452		0.17		0.000		0.000		0.000		0.000		0.001		0.000		-		2		7		5

		Permeato 60'				7.47		461		0.18		0.001		0.000		0.001		0.003		0.001		0.001		-		1		7		5

		Permeato  0 %				7.47		454		0.22		0.002		0.000		0.001		0.001		0.000		0.001		-		1		5		4

		Permeato 20 %				7.49		492		0.16		0.003		0.000		0.004		0.004		0.001		0.003		-		1		6		5

		Permeato 40 %				7.50		556		0.12		0.000		0.000		0.003		0.000		0.000		0.001		-		1		7		6

		Permeato 60 %				7.73		663		0.22		0.000		0.000		0.000		0.000		0.000		0.000		-		1		8		7

		Permeato 80 %				7.80		879		0.34		0.004		0.005		0.004		0.004		0.003		0.005		-		0		12		12

		Concentrato				7.95		1384		1.90		0.026		0.009		0.004		0.023		0.014		0.005				3		29		26

				Alimento				permeato 0'				permeato 60'								DARK DIRECT DYEING               NF diretta con membrana DK

		pH		7.5				7.5				7.5

		Conducibilità [mS·cm-1]		745				452				461										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		0.72				0.17				0.18

		Abs l = 426 nm		0.007				0.000				0.001								pH		7.5				7.6				-

		Abs l = 558 nm		0.001				0.000				0.000								Conducibilità [mS·cm-1]		745				609				18

		Abs l = 660 nm		0.004				0.000				0.001								Torbidità [NTU]		0.7				0.2				71

		Abs l = 436 nm		0.006				0.000				0.003								Abs l = 426 nm		0.007				0.002				74

		Abs l = 525 nm		0.003				0.001				0.001								Abs l = 558 nm		0.001				0.001				0

		Abs l = 620 nm		0.003				0.000				0.001								Abs l = 660 nm		0.004				0.002				40

		TOC [mg · l-1]		1				2				1								Abs l = 436 nm		0.006				0.002				70

		TC    [mg · l-1]		11				7				5								Abs l = 525 nm		0.003				0.001				73

		IC      [mg · l-1]		10				5				4								Abs l = 620 nm		0.003				0.002				33

																				TOC [mg · l-1]		1				1				-0

																				TC    [mg · l-1]		11				8				32

																				IC      [mg · l-1]		10				7				35

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		7.5		7.5		7.5		7.5		7.7		7.8		8.0

		Conducibilità [mS·cm-1]		745		454		492		556		663		879		1384

		Torbidità [NTU]		0.72		0.22		0.16		0.12		0.22		0.34		1.90

		Abs l = 426 nm		0.007		0.002		0.003		0.000		0.000		0.004		0.026

		Abs l = 558 nm		0.001		0.000		0.000		0.000		0.000		0.005		0.009

		Abs l = 660 nm		0.004		0.001		0.004		0.003		0.000		0.004		0.004

		Abs l = 436 nm		0.006		0.001		0.004		0.000		0.000		0.004		0.023

		Abs l = 525 nm		0.003		0.000		0.001		0.000		0.000		0.003		0.014

		Abs l = 620 nm		0.003		0.001		0.003		0.001		0.000		0.005		0.005

		TOC [mg · l-1]		1		1		1		1		1		0		3

		TC    [mg · l-1]		11		5		6		7		8		12		29

		IC      [mg · l-1]		10		4		5		6		7		12		26





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		745		0.72		0.007		0.001		0.004		0.006		0.003		0.003		0.9		11.21		10.310

		P = 0 %		454		0.22		0.002		0.000		0.001		0.001		0.000		0.001		1.32		5.49		4.171

		P = 20 %		492		0.16		0.003		0.000		0.004		0.004		0.001		0.003		0.91		5.67		4.761

		P = 40 %		556		0.12		0		0.000		0.003		0		0.000		0.001		1.14		6.77		5.631

		P = 60 %		663		0.22		0		0.000		0.000		0		0		0		1.14		8.44		7.307

		P = 80 %		879		0.34		0.004		0.005		0.004		0.004		0.003		0.005		0.00		11.57		11.570

		Conc		1384		1.90		0.026		0.009		0.004		0.023		0.014		0.005		2.87		29.00		26.13

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				23281		22.50		0.219		0.031		0.125		0.188		0.094		0.094		28		350		322.2

		P = 0% - 20%				6.25		2956.25		1.188		0.016		0.000		0.016		0.016		0.003		0.013		7.0		34.9		27.91

				25

		P = 20% - 40%				6.25		3275.00		0.875		0.009		0.000		0.022		0.013		0.003		0.013		6.4		38.9		32.48

				18.75

		P = 40% - 60%				6.25		3809.4		1.063		0.000		0.000		0.009		0.000		0.000		0.003		7.1		47.6		40.43

				12.5

		P = 60% - 80%				6.25		4818.8		1.750		0.013		0.016		0.013		0.013		0.009		0.016		3.6		62.5		58.99

				6.25

		Conc. Teorico				6.25		8422		17.63		0.181		0.016		0.066		0.147		0.078		0.050		4		166		162.4

		Conc reale				5.5		7612		10.45		0.143		0.050		0.022		0.127		0.077		0.028		15.8		159.5		143.7

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

		Concentrazione Alimento		Volume Alimento [ l ]		Valori TOC teorici da bilanci [mg / l]		Valori TOC misurati [mg / l]		Valori TOC simulati [mg / l]		Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		0.9		0.9		0.9		28		28		0.0

		20%		25		0.8				1.0		21.2				-3.5

		40%		18.75		0.8				1.2		14.7				-6.9

		60%		12.5		0.6				1.4		7.6				-10.4

		80%		6.25		0.6		2.9		2.9		4.1		18		-13.9

		Andamento TOC nel permeato

		Concentrazione Alimento		TOC simulati nell'alimento   [mg / l]		TOC misurati nel permeato [mg / l ]		Rimozione %

		0%		1		1		-47

		20%		1		1		7

		40%		1		1		1

		60%		1		1		21

		80%		3		0		100
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		0		0



Teorico

Simulato

Andamento TOC

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0



Alimento

Permeato

Vpermeate / Vinit. Feed [%]

TOC [mg / l ]

TOC

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0



TOC alimento [mg / l ]

TOC permeato [mg / l ]

0

0

0

0

0




_1131376960.xls
Grafico1

		Characterization

		Ricirculation

		Vperm. / Vinit Feed 0%

		Vperm. / Vinit Feed 20%

		Vperm. / Vinit Feed 40%

		Vperm. / Vinit Feed 60%

		Vperm. / Vinit Feed 80%

		Second characterization



Confronto portate

Q25 [ l h-1 ]

NF flow rate comparison

16

14

14

14

13

13

13

14



Caratterizzazione

		CARATTERIZZAZIONE prima di Dark Direct Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38

		6		16		18		16		19		17		20

		6.9		18		21		18		22		19		23

		9		26		28		26		29		27		30

		p [ bar ]

		6		18				19				20				14

		6.9		21				22				23				16

		9		28				29				30				21

		K =		0.029

		RICARATTERIZZAZIONE dopo Dark Direct Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]

				35				38

		6		15		17		15		18

		6.9		17		20		18		20

		9		23		26		25		28

		p [ bar ]

		6		17				18				13

		6.9		20				20				14

		9		26				28				19

		RICARATTERIZZAZIONE dopo  LAVAGGIO MEMBRANA

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38

		6		16		18		17		20		17		20

		6.9		19		22		20		23		20		23

		9		26		29		27		30		28		30

		p [ bar ]

		6		18				20				20				14

		6.9		22				23				23				17

		9		29				30				30				22

		CONFRONTO PORTATE DA CARATTERIZZAZIONI

		p [bar]										Perdita %

		6		14				13				7

		6.9		16				14				13

		9		21				19				10

		p [bar]								Aumento %

		6		14						0

		6.9		17						6

		9		22						5





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t ( min )						T ( °C )

		0		15		18		34

		15		16		20		35

		30		16		20		36

		45		17		20		37

		60		17		20		38

		t ( min )

		0		14

		15		15

		30		15

		45		14

		60		14

		t [ min ]		T [ °C ]

		0		34		18		14				14

		15		35		20		15

		30		36		20		15

		45		37		20		14

		60		38		20		14





Prova a ricircolo totale

		



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]						T [ °C ]

		0		16		20		36

		20		17		20		38

		40		17		20		39

		60		17		21		40

		80		17		21		41

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]

		0		15

		20		13.7

		40		13.3

		60		13.6

		80		13.2																7.1428571429

		Conc. [ % ]		T [ °C ]

		0		36		20		14				14

		20		38		20		14

		40		39		20		13

		60		40		21		14

		80		41		21		13





Confronto portate
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								13

								13

		Second characterization						14





Confronto portate
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Caratterizzazione

		CARATTERIZZAZIONE prima di Dark Acid Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38

		6		15		15		15		15		15		16

		6.9		15		17		16		17		16		18

		9		19		22		20		23		20		24

		p [ bar ]

		6		15				15				16				12

		6.9		17				17				18				13

		9		22				23				24				17

		K =		0.029

		RICARATTERIZZAZIONE dopo Dark Acid Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38										1.1913065

		6		15		15		15		16		15		17								-8.8888888889

		6.9		16		18		16		18		17		20

		9		20		24		21		25		22		26

		p [ bar ]

		6		15				16				17				12

		6.9		18				18				20				13

		9		24				25				26				18

		p [bar]										Perdita %

		6		12				12				0

		6.9		13				13				0

		9		17				18				-5





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t ( min )						T ( °C )

		0		15		13		30

		15		15		14		32

		30		15		14		33

		45		15		14		34

		60		15		15		35

		t ( min )

		0		11

		15		11

		30		11

		45		11

		60		11

		t [ min ]		T [ °C ]

		0		30		13		11

		15		32		14		11

		30		33		14		11

		45		34		14		11

		60		35		15		11





Prova a ricircolo totale

		



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]						T [ °C ]

		0		15		15		35

		20		15		15		36

		40		15		15		37

		60		15		15		38

		80		15		14		39

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]

		0		11

		20		11

		40		11

		60		10

		80		9

		Conc. [ % ]		T [ °C ]						Diminuzione %

		0		35		15		11						10

		20		36		15		11		0

		40		37		15		11		0

		60		38		15		10		9

		80		39		14		9		18





Confronto portate

		

		Characterization						13

		Ricirculation						11

								11

								11

								11

								10

								9

		Second characterization						13
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Alimento

Permeato

Vpermeate / Vinit. feed  [%]

TOC [mg  l-1 ]

TOC

15.9287

7.9201

18.27586

7.9309

22.6851466667

4.9363

31.971095

6.0614

58.48

7.6342



Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		8.04		7.49		7.72		7.59		7.40		8.92		9.36		9.21		8.46

				75.1		15.6		14.3		13.1		11.1		20.4		36.9		34.9		333

		Torb.     ( NTU )		0.86		0.27		0.23		0.52		0.30		0.44		0.58		0.30		5.30

		Abs 426		0.004		0.002		0.002		0.000		0.001		0.000		0.002		0.000		0.014

		Abs 558		0.002		0.000		0.001		0.000		0.003		0.002		0.001		0.000		0.008

		Abs 660		0.004		0.002		0.002		0.001		0.003		0.003		0.005		0.001		0.010

		Abs 436		0.004		0.002		0.002		0.001		0.001		0.000		0.002		0.000		0.013

		Abs 525		0.002		0.000		0.001		0.000		0.002		0.002		0.000		0.000		0.007

		Abs 620		0.003		0.002		0.002		0.001		0.004		0.003		0.005		0.001		0.009

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		15.93		4.17		4.07		7.92		7.93		4.94		6.06		7.63		58.48

		TC          ( mg / l )		16.85		4.945		4.994		8.725		8.639		5.659		6.9		8.45		78.56

		IC          ( mg / l )		0.92		0.77		0.92		0.80		0.71		0.72		0.84		0.82		20.08





Analisi

		

		Campione				pH				Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				8.04		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003				15.93		16.85		0.921

		Permeato 0'				7.49		15.6		0.27		0.002		0.000		0.002		0.002		0.000		0.002		-		4.170		4.945		0.775

		Permeato 60'				7.72		14.3		0.23		0.002		0.001		0.002		0.002		0.001		0.002		-		4.070		4.994		0.924

		Permeato  0 %				7.59		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		-		7.920		8.725		0.805

		Permeato 20 %				7.40		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		-		7.931		8.639		0.708

		Permeato 40 %				8.92		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		-		4.936		5.659		0.723

		Permeato 60 %				9.36		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		-		6.061		6.900		0.839

		Permeato 80 %				9.21		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		-		7.634		8.450		0.816

		Concentrato				8.46		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009				58.48		78.56		20.08

				Alimento				permeato 0'				permeato 60'								SCOURING IN OVERFLOW        NF diretta con membrana DK

		pH		8.0				7.7				7.4

				75				14				11										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		2.1				0.2				0.3

				0.004				0.002				0.001								pH		8.0				8.5				-						pH

				0.002				0.001				0.003										75				23				69

				0.004				0.002				0.003								Torbidità [NTU]		2.1				0.4				80						Torbidità [NTU]

				0.004				0.002				0.001										< 5				-				100

				0.002				0.001				0.002										0.004				0.001				85

				0.003				0.002				0.004										0.002				0.001				40

				16				4				4										0.004				0.003				35

				17				5				5										0.004				0.001				80

				1				1				1										0.002				0.001				60

																						0.003				0.003				7

																						16				7				57

																						17				8				54

																						1				1				16

				Feed		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		8.0		7.6		7.4		8.9		9.4		9.2		8.5

				75		13		11		20		37		35		333

		Turbidity [NTU]		2.1		0.5		0.3		0.4		0.6		0.3		22

				< 5		-		-		-		-		-		12.5

				0.004		0.000		0.001		0.000		0.002		0.000		0.014

				0.002		0.000		0.003		0.002		0.001		0.000		0.008

				0.004		0.001		0.003		0.003		0.005		0.001		0.010

				0.004		0.001		0.001		0.000		0.002		0.000		0.013

				0.002		0.000		0.002		0.002		0.000		0.000		0.007

				0.003		0.001		0.004		0.003		0.005		0.001		0.009

				16		8		8		5		6		8		58

				17		9		9		6		7		8		79

				1		1		1		1		1		1		20





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		75.1		0.86		0.004		0.002		0.004		0.004		0.002		0.003		15.93		16.85		0.92

		P = 0 %		13.1		0.52		0.000		0.000		0.001		0.001		0.000		0.001		7.920		8.725		0.805

		P = 20 %		11.1		0.30		0.001		0.003		0.003		0.001		0.002		0.004		7.931		8.639		0.708

		P = 40 %		20.4		0.44		0.000		0.002		0.003		0.000		0.002		0.003		4.936		5.659		0.723

		P = 60 %		36.9		0.58		0.002		0.001		0.005		0.002		0.000		0.005		6.061		6.900		0.839

		P = 80 %		34.9		0.30		0.000		0.000		0.001		0.000		0.000		0.001		7.6342		8.450		0.816

		Conc		333		5.30		0.014		0.008		0.010		0.013		0.007		0.009		58.48		78.56		20.08

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				2347		26.88		0.125		0.063		0.125		0.125		0.063		0.1		497.8		526.6		28.8

		P = 0% - 20%				6.25		75.63		2.563		0.003		0.009		0.013		0.006		0.006		0.016		49.53		54.26		4.728

				25

		P = 20% - 40%				6.25		98.44		2.313		0.003		0.016		0.019		0.003		0.013		0.022		40.21		44.68		4.471

				18.75

		P = 40% - 60%				6.25		179.1		3.188		0.006		0.009		0.025		0.006		0.006		0.025		34.37		39.25		4.879

				12.5

		P = 60% - 80%				6.25		224.4		2.750		0.006		0.003		0.019		0.006		0.000		0.019		42.80		47.97		5.170

				6.25

		Conc. Teorico				6.25		1769		16.06		0.106		0.025		0.050		0.103		0.038		0.013		330.9		340.4		9.542

		Conc reale				5.75		1915		30.48		0.081		0.046		0.058		0.075		0.040		0.052		336.3		451.7		115.5

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		16		16		16		498		498		0.0

		20%		25		18				18		448				-8.659

		40%		18.75		22				23		408				-17.32

		60%		12.5		30				32		374				-25.98

		80%		6.25		53		58		58		331		366		-34.6

		Andamento TOC nel permeato

								Rimozione [%]

		0%		16		8		50

		20%		18		8		57

		40%		23		5		78

		60%		32		6		81

		80%		58		8		87





Andamento TOC

		



Retta di correzione

Retta di correzione
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Alimento

Permeato

Vpermeate / Vinit. Feed [%]

TOC [mg  l-1]

TOC

20.13

13.05

21.55001

15.04

23.3983466667

16.16

26.70252

16.61

35.14

19.11



Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		7.97		8.27		7.77		7.51		7.14		7.54		7.78		8.20		7.60

				197		43		25		38		38		47		61		127		759

		Torb.     ( NTU )		1.20		0.73		0.35		0.47		0.70		0.82		0.60		0.90		3.40

		Abs 426		0.005		0.001		0.002		0.005		0.004		0.002		0.001		0.006		0.016

		Abs 558		0.001		0.000		0.000		0.001		0.000		0.000		0.000		0.003		0.006

		Abs 660		0.002		0.000		0.000		0.000		0.003		0.001		0.000		0.002		0.005

		Abs 436		0.005		0.001		0.002		0.005		0.005		0.003		0.001		0.005		0.015

		Abs 525		0.005		0.001		0.002		0.004		0.002		0.003		0.002		0.005		0.008

		Abs 620		0.001		0.000		0.000		0.000		0.001		0.001		0.000		0.002		0.005

		SST        ( g / l )				-		-		-		-		-		-		-

		TOC          ( mg / l )		20.13		14.48		18.29		13.05		15.04		16.16		16.61		19.11		35.14

		TC             ( mg / l )		32.75		18.03		20.45		16.97		19.05		26.76		20.07		24.12		90.59

		IC            ( mg / l )		12.62		3.554		2.253		3.925		4.004		10.61		3.459		5.015		55.45





Analisi

		

		Campione				pH				Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC             ( mg / l )		IC            ( mg / l )

		Alimento				7.97		197		1.20		0.005		0.001		0.002		0.005		0.003		0.002				20.13		32.75		12.62

		Permeato 0'				8.27		43		0.73		0.001		0.000		0.000		0.001		0.001		0.000		-		14.48		18.03		3.55

		Permeato 60'				7.77		25		0.35		0.002		0.000		0.000		0.002		0.002		0.000		-		18.29		20.45		2.16

		Permeato  0 %				7.51		38		0.47		0.005		0.001		0.000		0.005		0.004		0.000		-		13.05		16.97		3.92

		Permeato 20 %				7.14		38		0.70		0.004		0.000		0.003		0.005		0.002		0.001		-		15.04		19.05		4.01

		Permeato 40 %				7.54		47		0.82		0.002		0.000		0.001		0.003		0.003		0.001		-		16.16		26.76		10.60

		Permeato 60 %				7.78		61		0.60		0.001		0.000		0.000		0.001		0.002		0.000		-		16.61		20.07		3.46

		Permeato 80 %				8.20		127		0.90		0.006		0.003		0.002		0.005		0.005		0.002		-		19.11		24.12		5.01

		Concentrato				7.60		759		3.40		0.016		0.006		0.005		0.015		0.008		0.005				35.14		90.39		55.25

				Alimento				permeato 0'				permeato 60'

		pH		8.0				8.3				7.8

				197				43				25										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		1.2				0.7				0.4

				0.005				0.001				0.002								pH		8.0				7.6				-

				0.001				0.000				0.000										197				62				68

				0.002				0.000				0.000								Torbidità [NTU]		1.2				0.7				42

				0.005				0.001				0.002										0.005				0.004				28

				0.005				0.001				0.002										0.001				0.001				20

				0.001				0.000				0.000										0.002				0.001				40

				20				14				18										0.005				0.004				24

				33				18				20										0.005				0.003				36

				13				4				2										0.001				0.001				20

																						< 5				-				100

																						20				16				21

																						33				21				35

																						13				5				57

				Alim.		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		8.0		7.5		7.1		7.5		7.8		8.2		7.6

				197		38		38		47		61		127		759

		Torbidità [NTU]		1.2		0.5		0.7		0.8		0.6		0.9		3.4

				0.005		0.005		0.004		0.002		0.001		0.006		0.016

				0.001		0.001		0.000		0.000		0.000		0.003		0.006

				0.002		0.000		0.003		0.001		0.000		0.002		0.005

				0.005		0.005		0.005		0.003		0.001		0.005		0.015

				0.005		0.004		0.002		0.003		0.002		0.005		0.008

				0.001		0.000		0.001		0.001		0.000		0.002		0.005

				< 5		-		-		-		-		-		5

				20		13		15		16		17		19		35

				33		17		19		27		20		24		91

				13		4		4		11		3		5		55

				Alimento				Permeato in uscita				Rimozione %

		pH		7.97				7.63				-

				197				62				68

		Torbidità [NTU]		1.20				0.70				42

				0.005				0.004				28

				0.001				0.001				20

				0.002				0.001				40

				0.005				0.004				24

				0.005				0.003				36

				0.001				0.001				20

				< 5				-				100

				20				16				21

				33				21				35

				13				5				57





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		197		1.2		0.005		0.001		0.002		0.005		0.003		0.002		20		33		13

		P = 0 %		38		0.47		0.005		0.001		0.000		0.005		0.004		0.000		13		17		4

		P = 20 %		38		0.70		0.004		0.000		0.003		0.005		0.002		0.001		15		19		4

		P = 40 %		47		0.82		0.002		0.000		0.001		0.003		0.003		0.001		16		27		11

		P = 60 %		61		0.6		0.001		0.000		0.000		0.001		0.002		0.000		17		20		3

		P = 80 %		127		0.90		0.006		0.003		0.002		0.005		0.005		0.002		19		24		5

		Conc		759		3.40		0.016		0.006		0.005		0.015		0.008		0.005		35		90		55

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				6156		37.50		0.156		0.031		0.063		0.156		0.094		0.063		629.1		1023.4		394.4

		P = 0% - 20%				6.25		237.50		3.656		0.028		0.003		0.009		0.031		0.019		0.003		87.78		112.6		24.78

				25

		P = 20% - 40%				6.25		265.63		4.750		0.019		0.000		0.013		0.025		0.016		0.006		97.50		143.2		45.66

				18.75

		P = 40% - 60%				6.25		337.5		4.438		0.009		0.000		0.003		0.013		0.016		0.003		102.4		146.3		43.94

				12.5

		P = 60% - 80%				6.25		587.5		4.688		0.022		0.009		0.006		0.019		0.022		0.006		111.6		138.1		26.47

				6.25

		Conc. Teorico				6.25		4728		19.97		0.078		0.019		0.031		0.069		0.022		0.044		229.75		483.3		253.5

		Conc reale				6.25		4744		21.25		0.100		0.038		0.031		0.094		0.050		0.031		219.6		564.9		345.3

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		20.13		20.13		20.13		629.1		629.1		0.0

		20%		25		21.65				21.55		541.3				2.5

		40%		18.75		23.67				23.40		443.8				5.1

		60%		12.5		27.31				26.70		341.4				7.6

		80%		6.25		36.76		35.14		35.14		229.75		219.6		10.1

		Andamento TOC nel permeato

								Rimozione [%]

		0%		20		13		35

		20%		22		15		30

		40%		23		16		31

		60%		27		17		38

		80%		35		19		46





Andamento TOC
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Caratterizzazione

		CARATTERIZZAZIONE prima di Disperse Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38

		6		15		17		16		18		16		18

		6.9		17		20		18		20		18		21

		9		23		26		24		27		25		28

		p [ bar ]

		6		17				18				18				13						13.0984392143

		6.9		20				20				21				15

		9		26				27				28				20

		K =		0.029

		RICARATTERIZZAZIONE dopo Disperse Dyeing

		p [ bar ]		T [ °C ]				T [ °C ]				T [ °C ]

				33				35				38

		6		15		16		15		17		15		18

		6.9		16		18		17		20		18		20

		9		21		25		22		26		24		26

		p [ bar ]

		6		16				17				18				13

		6.9		18				20				20				14

		9		25				26				26				19

		p [bar]										Perdita %

		6		13				13				0

		6.9		15				14				7

		9		20				19				5





Prova a ricircolo totale

		

		PROVA A RICIRCOLO TOTALE

		Viene effettuata mantenendo una pressione costante di 6,9 bar e facendo ricircolare il permeato all'interno del serbatoio di alimento.

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		t ( min )						T ( °C )

		0		15		17		29

		15		15		17		31

		30		15		18		32

		45		15		18		33

		60		15		18		34

		t ( min )

		0		15

		15		14

		30		15

		45		14

		60		14

		t [ min ]		T [ °C ]

		0		29		17		15				14

		15		31		17		14

		30		32		18		15

		45		33		18		14

		60		34		18		14





Prova a ricircolo totale

		



t [min]

Q25 [ l  h-1 ]

Prova a ricircolo totale



Prova a concentrazione

		

		PROVA A CONCENTRAZIONE

		Conc. [ % ]						T [ °C ]

		0		15		18		34

		20		15		18		35

		40		15		18		36

		60		15		18		37

		80		15		18		37

		Tutte le portate vengono riportate alla temperatura di riferimento di 25°C

		Il fattore di correzione k è:						k =		0.029

		Conc. [ % ]

		0		14

		20		13

		40		13

		60		13

		80		13

		Conc. [ % ]		T [ °C ]

		0		34		18		14

		20		35		18		13

		40		36		18		13

		60		37		18		13

		80		37		18		13





Confronto portate
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Alimento

Permeato

Vpermeate / Vinit. Feed  [%]

TOC [mg  l-1]

TOC

135.8069

24.0069

161.9916

21.0453

205.3108833333

25.9388

289.816275

29.578

535.1899

42.2239



Analisi trasposte

		

		Campione		Alimento		Permeato 0'		Permeato 60'		Permeato  0 %		Permeato 20 %		Permeato 40 %		Permeato 60 %		Permeato 80 %		Concentrato

		pH		7.14		7.30		7.80		8.14		7.59		8.06		8.00		8.40		7.60

				149.1		45.6		23.3		36.5		22.6		35.3		43		83.8		647

		Torb.     ( NTU )		4.70		1.47		0.58		0.75		0.60		0.30		0.71		0.40		19.00

		Abs 426		0.016		0.003		0.004		0.002		0.003		0.003		0.002		0.002		0.058

		Abs 558		0.008		0.004		0.000		0.000		0.002		0.001		0.001		0.001		0.030

		Abs 660		0.008		0.004		0.004		0.004		0.002		0.003		0.003		0.001		0.022

		Abs 436		0.016		0.003		0.005		0.002		0.003		0.003		0.003		0.002		0.052

		Abs 525		0.009		0.003		0.000		0.000		0.002		0.000		0.002		0.001		0.033

		Abs 620		0.008		0.005		0.004		0.002		0.001		0.002		0.003		0.001		0.025

		SST        ( g / l )				-		-

		TOC          ( mg / l )		135.8		45.38		21.69		24.01		21.04		25.94		29.58		42.22		535.20

		TC          ( mg / l )		136.6		45.97		22.36		24.77		21.77		26.61		30.3		42.82		567.7

		IC          ( mg / l )		0.793		0.585		0.672		0.763		0.725		0.671		0.722		0.596		32.51





Analisi

		

		Campione				pH				Torb.     ( NTU )		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		SST        ( g / l )		TOC          ( mg / l )		TC          ( mg / l )		IC          ( mg / l )

		Alimento				7.14		149.1		4.70		0.016		0.008		0.008		0.016		0.009		0.008				135.8		136.6		0.793

		Permeato 0'				7.30		45.6		1.47		0.003		0.004		0.004		0.003		0.003		0.005		-		45.39		45.97		0.585

		Permeato 60'				7.80		23.3		0.58		0.004		0.000		0.004		0.005		0.000		0.004		-		21.69		22.36		0.672

		Permeato  0 %				8.14		36.5		0.75		0.002		0.000		0.004		0.002		0.000		0.002		-		24.01		24.77		0.763

		Permeato 20 %				7.59		22.6		0.60		0.003		0.002		0.002		0.003		0.002		0.001		-		21.05		21.77		0.725

		Permeato 40 %				8.06		35.3		0.30		0.003		0.001		0.003		0.003		0.000		0.002		-		25.94		26.61		0.671

		Permeato 60 %				8.00		43		0.71		0.002		0.001		0.003		0.003		0.002		0.003		-		29.58		30.30		0.722

		Permeato 80 %				8.40		83.8		0.40		0.002		0.001		0.001		0.002		0.001		0.001		-		42.22		42.82		0.596

		Concentrato				7.60		647		19.00		0.058		0.030		0.022		0.052		0.033		0.025				535.2		567.7		32.5

				Feed				permeate 0'				permeate 60'								HT SCOURING                        NF diretta con membrana DK

		pH		7.1				7.3				7.8

				149				46				23										Alimento				Permeato in uscita				Rimozione [%]

		Torbidità [NTU]		4.7				1.5				0.6

				0.016				0.003				0.004								pH		7.1				8.0				-

				0.008				0.004				0.000										149				44				70

				0.008				0.004				0.004								Torbidità [NTU]		4.7				0.6				88

				0.016				0.003				0.005										7.5				-				100

				0.009				0.003				0.000										0.016				0.002				85						82

				0.008				0.005				0.004										0.008				0.001				88

				136				45				24										0.008				0.003				68

				137				46				25										0.016				0.003				84

				1				1				1										0.009				0.001				89

																						0.008				0.002				78

																						136				28				79

																						137				29				79

																						1				1				12

				Feed		perm.    0%		perm.    20%		perm.    40%		perm.    60%		perm.    80%		Conc.

				Alim.												Conc.

		pH		7.1		8.1		7.6		8.1		8.0		8.4		7.6

				149		37		23		35		43		84		647				43.6241610738

		Turbidity [NTU]		19		0.8		0.6		0.3		0.7		0.4		66

				7.5		-		-		-		-		-		44

				0.016		0.002		0.003		0.003		0.002		0.002		0.058

				0.008		0.000		0.002		0.001		0.001		0.001		0.030

				0.008		0.004		0.002		0.003		0.003		0.001		0.022

				0.016		0.002		0.003		0.003		0.003		0.002		0.052

				0.009		0.000		0.002		0.000		0.002		0.001		0.033

				0.008		0.002		0.001		0.002		0.003		0.001		0.025

				136		24		21		26		30		42		535				69.1176470588

				137		25		22		27		30		43		568

				1		1		1		1		1		1		33

				Alimento				Permeato in uscita				Rimozione %

		pH		7.14				8.04				-

				149				44				70

		Torbidità [NTU]		19.10				0.55				97

				0.016				0.002				85

				0.008				0.001				88

				0.008				0.003				68

				0.016				0.003				84

				0.009				0.001				89

				0.008				0.002				78

				136				29				79

				137				29				79

				1				1				12





Bilanci di massa

		BILANCI DI MASSA

				Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		149.1		4.7		0.016		0.008		0.008		0.016		0.009		0.008		135.8		136.6		0.793

		P = 0 %		36.5		0.75		0.002		0.000		0.004		0.002		0.000		0.002		24.01		24.77		0.763

		P = 20 %		22.6		0.60		0.003		0.002		0.002		0.003		0.002		0.001		21.05		21.77		0.725

		P = 40 %		35.3		0.30		0.003		0.001		0.003		0.003		0.000		0.002		25.94		26.61		0.671

		P = 60 %		43		0.71		0.002		0.001		0.003		0.003		0.002		0.003		29.58		30.30		0.722

		P = 80 %		83.8		0.40		0.002		0.001		0.001		0.002		0.001		0.001		42.22		42.82		0.596

		Conc		647		19.0		0.058		0.03		0.022		0.052		0.033		0.025		535.2		567.7		32.51

				Vol. Alim.		Volume		Cond.		Torb.		Abs 426		Abs 558		Abs 660		Abs 436		Abs 525		Abs 620		TOC		TC		IC

		Alim.		31.25				4659		146.88		0.500		0.250		0.250		0.500		0.281		0.3		4244		4269		24.8

		P = 0% - 20%				6.25		184.69		4.219		0.016		0.006		0.019		0.016		0.006		0.009		140.8		145.4		4.649

				25

		P = 20% - 40%				6.25		180.94		2.813		0.019		0.009		0.016		0.019		0.006		0.009		146.8		151.2		4.362

				18.75

		P = 40% - 60%				6.25		244.7		3.156		0.016		0.006		0.019		0.019		0.006		0.016		173.5		177.8		4.354

				12.5

		P = 60% - 80%				6.25		396.3		3.469		0.013		0.006		0.013		0.016		0.009		0.013		224.4		228.5		4.119

				6.25

		Conc. Teorico				6.25		3653		133.22		0.438		0.222		0.184		0.431		0.253		0.203		3558		3566		7.300

		Conc reale				6.25		4044		118.75		0.363		0.188		0.138		0.325		0.206		0.156		3345		3548		203.2

						678.25





Andamento TOC

		Andamento del TOC nell'alimento

				Volume                  Alimento [ l ]								Massa TOC teorica da bilanci [mg]		Massa TOC misurata [mg]		punti retta di correzione

		0%		31.25		136		136		136		4244		4244		0.0

		20%		25		164				162		4103				53.4

		40%		18.75		211				205		3956				106.8

		60%		12.5		303				290		3783				160.2

		80%		6.25		569		535		535		3558		3345		213.5

		Andamento TOC nel permeato

								Rimozione [%]

		0%		136		24		82

		20%		162		21		87

		40%		205		26		87

		60%		290		30		90

		80%		535		42		92





Andamento TOC

		



Retta di correzione

Retta di correzione
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Simulato
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Permeato
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TOC [mg  l-1]

TOC



		



TOC nell'alimento [mg l-1]

Rimozione TOC [%]
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