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An.1: Material flow chart 
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An.2: Energetic flow chart 
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An.3: Water flow chart 
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An.5a: Batch process scheme.

Department
discontinuous dyeing

Fabric
100% PES

Process 
dyeing with disperse dyestuff (all colour shades)

Equipment 
jet

Item
J7-8-12-13

Run time (h)
6.5

Number of run/yr


Processed fabric (kg/yr)  


Processed fabric per run (kg)
145

data given of both medium shade and dark shade: 

in practise: 3 types of dyeing can be done: light, medium or dark, each followed by a series of aftertreatments

Water: 1400 l

disperse dyestuff: 0.1-3.5%

levelling agent: 1-1.5%

acetic acid/sodiumacetate: 5 ml/kg

formic acid

Steam 


dyeing

(medium shade)


Discharge type (l): 1400 l – uptake by fabric

T [°C]= 73

pH [-]=4.5

Conductivity [mS/cm]=2.18

COD [mg/l]=4870

BOD [mg/l]=1660
SST [mg/l]=30


OR

Water:1400 l

disperse dyestuff: 0.1-3.5%

levelling agent: 1-1.5%

acetic acid/sodiumacetate: 5 ml/kg

formic acid

Steam 


dyeing

(dark shade)


Discharge type (l): 1400 l – uptake by fabric

T [°C]=70

pH [-]=4.6

Conductivity [mS/cm]=3.06

COD [mg/l]=9380

BOD [mg/l]=1590
SST [mg/l]=21




Water: 1400 l

hydrosulfite: 40 g/kg

NaOH: 30 ml/kg
reduction cleaning (only middle and dark shades)

values for dark shade (2.5% dyestuff)


Discharge type (l):1 400 l

T [°C]=76

pH [-]=11.48

Conductivity [mS/cm]=9.37

COD [mg/l]=7400

SST [mg/l]=45





Water: 1400 l


rinsing (values for dark shade, 2.5% dyestuff)
Discharge type (l): 1 400 l

T [°C]=40

pH [-]=9.71

Conductivity [mS/cm]=1.164

COD [mg/l]=718

SST [mg/l]=11




Water: 1400 l


rinsing (values for dark shade, 2.5% dyestuff)
Discharge type (l): 1 400 l

T [°C]=30

pH [-]=9.5

Conductivity [mS/cm]=1.022

COD [mg/l]=607

SST [mg/l]=35


OR

Water: 1400 l


rinsing (values for light shade, 0.058% dyestuff)
Discharge type (l): 1 400 l

T [°C]=35

pH [-]=7.5

Conductivity [mS/cm]=0.708

COD [mg/l]=678

SST [mg/l]=64

(*):refer to An.9

An.5a: Batch process scheme.

Department
discontinuous dyeing

Fabric
100% PA or dyeing the PA in a PA/CO mixture

Process 
dyeing with acid (80%) or metal-complex (20%) dyestuff (all colour shades)

preference is always given to acid dyestuff, if the required colour shade is not feasible with acid dyestuff then metal-complex dyestuff are used.

Equipment 
jet

Item
J2-3-4-5-6-9-10-11

Run time (h)
12

Number of run/yr


Processed fabric (kg/yr)  


Processed fabric per run (kg)
J2-3-11: 250 kg; J4-5-9-10: 300 kg; J6: 600 kg

J2-3-11: volume: 2000 l,   J4-5-9-10: volume: 3000 l,     J6: volume: 6000 l

Water

acid dyestuff: 0.1-3.5%

levelling agent: 1-1.5%

crease-preventing agent

acetic acid/sodiumacetate: 5 ml/kg

Steam


acid

dyeing


Discharge type (l): depending on jet: volume – uptake by fabric

T [°C]=70

pH [-]=4.23

Conductivity [mS/cm]=1.99

COD [mg/l]=3890

BOD [mg/l]=588
SST [mg/l]= <20




Water

fixation agent:20-40 g/kg
cationic fixation (only middle and dark shades)

values for dark shade dyeing, 1.5% dyestuff
Discharge type (l): depending on jet

T [°C]=70

pH [-]=5.65

Conductivity [mS/cm]=1.873

COD [mg/l]=6752

SST [mg/l]=20




Water


rinsing (values for dark shade, 1.5% dyestuff)
Discharge type (l): depending on jet

T [°C]=39

pH [-]=7.71

Conductivity [mS/cm]=0.816

COD [mg/l]=389

SST [mg/l]=29




Water


rinsing (values for dark shade, 1.5% dyestuff)
Discharge type (l): depending on jet

T [°C]=35

pH [-]=8.06

Conductivity [mS/cm]=0.979

COD [mg/l]=69

SST [mg/l]=6


OR

Water


rinsing (values for light shade, 0.25% dyestuff)
Discharge type (l): depending on jet

T [°C]=36

pH [-]=7.8

Conductivity [mS/cm]=0.785

COD [mg/l]=579

SST [mg/l]=6

Water

metal-complex dyestuff: 0.1-3.5%

levelling agent: 1-1.5%

crease-preventing agent

acetic acid/sodiumacetate: 5 ml/kg

Steam


metal-complex

dyeing

Discharge type (l): depending on jet: volume – uptake by fabric

T [°C]=72

pH [-]=4.7

Conductivity [mS/cm]=4.22

COD [mg/l]=5400

BOD [mg/l]=1040
SST [mg/l]= 72




Water

fixation agent:20-40 g/kg
cationic fixation (only middle and dark shades)

values for dark shade, 2% dyestuff


Discharge type (l): depending on jet

T [°C]=70

pH [-]=4.6

Conductivity [mS/cm]=3.32

COD [mg/l]=11750

SST [mg/l]=86





Water


rinsing (values for dark shade, 2% dyestuff)
Discharge type (l): depending on jet

T [°C]=35

pH [-]=7.19

Conductivity [mS/cm]=0.923

COD [mg/l]=923

SST [mg/l]=29




Water


rinsing (values for dark shade, 2% dyestuff)
Discharge type (l): depending on jet

T [°C]=30

pH [-]=7.5

Conductivity [mS/cm]=0.828

COD [mg/l]=709

SST [mg/l]=32

An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
PES and PA

Process 
desizing of PES and PA

Equipment 
desizing line

Item
DL1

Operating
continuous

Number of cycles/yr


Cycle time 


Processed fabric (kg/yr)  
2 217 600

Processed fabric per hour (kg/h)
412

water (l/min): 8

detergent

water


desizing 

(2 compartments)

rinsing

(2 compartments)

fixation/drying

(depending on quality requirements)


data on compartment 1 (after desizing of PES):

T [°C]=90

pH [-]=8.56

Conductivity [mS/cm]=2.08

COD [mg/l]=33400

BOD [mg/l]=2740

SST [mg/l]= 110





(*):refer to An.9
An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
CO/PES or CO/PA

Process 
desizing of PES and PA in mixtures + bleaching of cotton in mixtures

Equipment 
bleaching line

Item
BL1

Operating
continuous

Number of cycles/yr


Cycle time 


Processed fabric (kg/yr)  
3 449 600

Processed fabric per hour (kg/h)
642

Water 

detergent

soda

water

H2O2

NaOH

detergent

stabilising agent

sequestering agent

MgCl

steam

water


desizing of PES or PA (3 compartments)

bleaching 

(1 compartment)

steamer

rinsing

(2 compartments)

drying on drying drum


data of compartment 1:

T [°C]=87

pH [-]=11.88

Conductivity [mS/cm]=93.1

COD [mg/l]=26200

BOD [mg/l]=1300

SST [mg/l]= 181
data of compartment 1:

T [°C]=93

pH [-]=9.85

Conductivity mS/cm]=1.05

COD [mg/l]=322

BOD [mg/l]=<6
SST [mg/l]=<20





(*):refer to An.9
An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
PES/CO

Process 
dyeing with disperse (PES) and vat (CO) dyestuff

Equipment 
thermosol and pad steam

Item
TH1-2 (data given per thermosol) + PS1

Operating
continuous

Number of cycles/yr
3730

Cycle time 
30-45 min

Processed fabric (kg/yr)  
1 232 000

Processed fabric per hour (kg/h)
460-660

Water (only for preparation of dyebath and rinsing of the machinery)

disperse dyestuff

vat dyestuff

anti-migration agents

wetting agent

acetic acid: 5 ml/kg

steam, dry air or fixation agents (depending on the desired quality)

all PES/CO is rinsed on the pad-steam

water ( 80 l/min).


dyeing

fixation

rinsing


data of a medium shade: rest of padder liquid (+ rinsing liquid)

T [°C]=18

pH [-]=7

Conductivity [mS/cm]=0.935

COD [mg/l]=1530

BOD [mg/l]=62
SST [mg/l]= 33
data of first rinsing compartment (dosage of H2O2 and remainder of dyestuff and reduction agents)

Discharge type (l/min): 80

T [°C]=20

pH [-]=12.02

Conductivity mS/cm]=7.08

COD [mg/l]=2020

BOD [mg/l]=164

SST [mg/l]=<20





(*):refer to An.9
An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
PES

Process 
dyeing with disperse (PES) dyestuff

Equipment 
thermosol

Item
TH3

Operating
continuous

Number of cycles/yr
1860

Cycle time (h)
2-3 h

Processed fabric (kg/yr)  
1 120 000

Processed fabric per hour (kg/h)
210-300

Water (only for preparation of dyebath and rinsing of the machinery)

disperse dyestuff

anti-migration agents

wetting agent

acetic acid: 5 ml/kg

dry air 

the rinsing is done on the thermosol

water ( 50 l/min).


dyeing

fixation

rinsing of light shade (1.29 g/l dyestuff dosed in padder)

OR
rinsing of dark shade (20.28 g/l dyestuff dosed in padder)
data of a dark shade: rest of padder liquid (+ rinsing liquid)

T [°C]=20

pH [-]=7

Conductivity [mS/cm]=1.72

COD [mg/l]=2910

BOD [mg/l]=249

SST [mg/l]= 65
Discharge type (l/min):50

discharge point 1:

T [°C]=40

pH [-]=11.5

Conductivity [mS/cm]=1.972

COD [mg/l]=567

SST [mg/l]=11
discharge point 2:

T [°C]=30

pH [-]=4

Conductivity [mS/cm]=0.72

COD [mg/l]=4706

SST [mg/l]=2

Discharge type (l/min):50

discharge point 1:

T [°C]=42

pH [-]=11

Conductivity [mS/cm]=2.05

COD [mg/l]=915

SST [mg/l]=7
discharge point 2:

T [°C]=31

pH [-]=4

Conductivity [mS/cm]=0.715

COD [mg/l]=1859

SST [mg/l]=2




An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
CO

Process 
dyeing with reactive dyestuff

Equipment 
cold pad-batch and pad-steam

Item
PB1 + PS1

Operating
semi-continuous

Number of cycles/yr
2980

Cycle time
25 min

Processed fabric (kg/yr)  
1 254 400

Processed fabric per hour (kg/h)
1000

Water (only for preparation of dyebath and rinsing of the machinery)

reactive dyestuff

wetting agent

sodiumsilicate

NaOH

on the pad-steam

water ( 80 l/min).


dyeing (padding the dyestuff (dissolved in a cold bath) on the fabric in the PB1)

dwelling the padded rolls to let the reactive dyestuff react with the fabric

rinsing


data of a dark shade: rest of padder liquid (+ rinsing liquid)

T [°C]=20

pH [-]=12

Conductivity [mS/cm]=22.9

COD [mg/l]=2180

BOD [mg/l]=<12

SST [mg/l]= 33
data of first rinsing compartment (remainder of dyestuff and auxiliaries in dyebath)

Discharge type (l/min):80

T [°C]=20

pH [-]=9.67

Conductivity [mS/cm]=1.6

COD [mg/l]=119

BOD [mg/l]=7

SST [mg/l]= <20





An.5.b: Continuous process scheme
Department
continuous dyeing

Fabric
PA/CO

Process 
dyeing with acid (PA) and reactive (CO) dyestuff

Equipment 
pad-roll and pad-steam

Item
PR1 + PS1

Operating
semi-continuous

Number of cycles/yr
890

Cycle time
80 min

Processed fabric (kg/yr)  
537 600

Processed fabric per hour (kg/h)
450

Water (only for preparation of dyebath and rinsing of the machinery)

acid dyestuff

reactive dyestuff

wetting agent

reserving agent (to prevent the PA to get partially coloured by the reactive dyestuff): 9 g/kg

acetic acid

buffer: 5 ml/kg

on the pad-steam

water (80 l/min)


dyeing (padding the dyestuff on the fabric in the PR1)

fixation of the dyestuff during rotating storage of the padded rolls (rolls are heated with steam while rotating)

rinsing of dark shade (200 g/l dyestuff dosed in padder)


data of a dark shade (29 g/l dyestuff): rest of padder liquid 

T [°C]=35

pH [-]=8.5

Conductivity [mS/cm]=12.16

COD [mg/l]=10590

SST [mg/l]= 303
Discharge type (l/h):80

T [°C]=28

pH [-]=11

Conductivity [mS/cm]=4.17

COD [mg/l]=16510

SST [mg/l]=10





 An.5.b: Continuous process scheme
Department
printing

Fabric
PES/CO

Process 
printing with pigments

Equipment 
printing line

Item
PL1-2 (data per PL)

Operating
semi-continuous

Number of cycles/yr
1250

Cycle time
90 min

Processed fabric (kg/yr)  
352 000

Processed fabric per hour (kg/h)
240

Water (15 l/min for the rinsing of the rubber transporting band)

pigments

bonding agent (acrylate/butadieen)

NH3
urea

printing thickeners

emulsifying agent


printing 

drying

fixation on a stenter


data of continuous rinsing of rubber transporting band (2 sets of data, taken on 2 different production days)

T [°C]=25

pH [-]=6.61

Conductivity [mS/cm]=0.708

COD [mg/l]=23

BOD [mg/l]=<3 

SST [mg/l]= <20

Ntot [mg/l]= 3.4 
T [°C]=25

pH [-]=7.62

Conductivity [mS/cm]=0.729

COD [mg/l]=894

BOD [mg/l]= 46

SST [mg/l]= 186

Ntot [mg/l]=46.2
cleaning of rubber transporting band on the end of a production batch:

T [°C]=25

pH [-]=7.9

Conductivity [mS/cm]=0.685

COD [mg/l]=<15

BOD [mg/l]= <3

SST [mg/l]= 21

Ntot [mg/l]= 1.5
cleaning of printing screens, data of 2 different production days:

T [°C]=25

pH [-]=7.55

Conductivity [mS/cm]=0.772

COD [mg/l]=2000

BOD [mg/l]=126

SST [mg/l]= 580

Ntot [mg/l]= 100
T [°C]=25

pH [-]=7.83

Conductivity [mS/cm]=0.85

COD [mg/l]=2660

BOD [mg/l]=139

SST [mg/l]= 771

Ntot [mg/l]=190

cleaning of barrels (preparation of printing pastes), data of 3 different production days:
T [°C]=25

pH [-]=8.58

Conductivity [mS/cm]=2.76

COD [mg/l]=13300

BOD [mg/l]=756

Ntot [mg/l]= 540
T [°C]=25

pH [-]=7.01

Conductivity [mS/cm]=1.620

COD [mg/l]=29600

BOD [mg/l]=2210

Ntot [mg/l]= 1100

T [°C]=25

pH [-]=7.64

Conductivity [mS/cm]=1.21

COD [mg/l]=5660

BOD [mg/l]=839

Ntot [mg/l]= 670




An.5.b: Continuous process scheme
Department
printing

Fabric
PES (100%) or PA (100%)

Process 
printing with disperse dyestuff (PES) or with acid dyestuff (PA)

Equipment 
printing line, rinsing line

Item
PL1-2 (data per PL), RL1

Operating
semi-continuous

Number of cycles/yr
320

Cycle time
90 min

Processed fabric (kg/yr)  
88 000

Processed fabric per hour (kg/h)
24

Water (15 l/min for the rinsing of the rubber transporting band)

acid dyestuff (100% PA)

disperse dyestuff (100% PES)

thio-urea

printing thickeners

emulsifying agent

development of acid dyestuff with direct steam (102°C), development of disperse dyestuff with superheated steam (180°C)

water: 70 l/min


printing 

steaming (development of the dyestuff)

rinsing

fixation on a stenter


Discharge type (l) + (l/h):

T [°C]=;

pH [-]=;

Conductivity [mS/cm]=;

COD [mg/l]=.

SST [mg/l]= 
Discharge type (l/min):70

data of PES (disperse dyestuff)

T [°C]=42

pH [-]=8.52

Conductivity [mS/cm]=1.19

COD [mg/l]=1380

BOD [mg/l]=163

SST [mg/l]= 342

Ntot [mg/l]= 13.4

data of PA (acid dyestuff)

T [°C]=18

pH [-]=7.85

Conductivity [mS/cm]=1.09

COD [mg/l]=322

SST [mg/l]=<20

Ntot [mg/l]= 100
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