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THE TEXTILE INDUSTRY 

1. INTRODUCTION 

The te~1ile industry is a group of related industries which uses a variety of natural (cotton, woot 
etc.) and/or synthetic fibers to produce fabric. It is a significant contributor to many national 
economies.. encompassing both small and large-scale operations world"Wide. The sequence of the 
manufacture of textiles is illustrated in the flow diagram in Figure I . 

Figure I: Structure and Material Flow of the Textiles Industry 

MAN-MADE FIBRE 
Fl~AMENT 

• 
y 

TEXTURING 
THROWING 

ANIMAL FIBRE 
SILK WOOL 

.. 
VEGETABLE FIBRE 

COTTON 
FLAX JUTE 

• 

., 

'f ARN DYEING 

., . 
y 

OTHERS 
LACE ROPE ETC 

• 

CARPETS 

y 

.. 
,>;QUSTRIAL 

TEXTILES 

y 

WEAVING 

y 

y 

KN~NG 

., 
PROCESSING 

DYEING PR1,..nNG 
FINISHING 

y 

., 
APPAREL 

y 

., 
y 

HOUSEHOLD 
TEXTILES 

MAN-MADE 
FISRE ST ABLE 

y 

,._ON-WO'.'E"lS 

., 
y 

FURNISH 
& 

OTHERS 

FteRES SECTOR 

PRIMARY TEXTILES 
SECTOR 

MA><ING'JP 
SECTC'l 

Traditionally. the textile industry is very energy. water. and chemical-intensive. About 60% of the 
ener!:,'Y is used by dyeir.g and finishing operations [ 14]. Environmental problems associated with 
the textile industry are typically those associated with water pollution. Natural impurities 
extracted from the fibre being processed along with the c!· emicals used for processing are the two 
main sources of pollution. Effluents are generally hot. alkaline. strong smelling and colored by 
chemicals used in dyeing processes. Some of the chen1icals discharged are toxic. Other 
environmental issues now considered equally important and relevant to the textile industry include 
air emissions. notably Volatile Organic Compounds (VOC) ( 10). 
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Tutil~ Industry Organization 

Subdi,ision of the textile industry into its \arious components can be approached form se\eral 
angles The classical method of categorizing the industry involves grouping the manufacturing 
plants according to the fiber being processed. that is. cotton. wool. or syn!hetics The modem 
approach to te~1ile industry categorization. however. involves g:-ouping the manufacturing plants 
according to their particular operation. 

• Wool Scouring 
• Wool Finishing 
• Dry Processing 
• WO\en Fabric Finishing 
• Knit Fabric Finishing 
•Carpet Manufacture 
• Stock and Yam Dyeing and Finishing 
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I.I Wool Scourin~ Mill 

This category of the te:\.1ile industl)· includes mills su~h as wool scouring. top making and general 
raw wool cleaning_ Raw wool must be cleaned by wet processes before the fibre can be dry 
processed to produce fibre. yarn or ti...bric_ Neither cotton nor synthetic fibers require t!tis initial 
wet cleaning before processing_ Scouring begins with sorting the fleece and feeding it to a hopper 
The wool is then carried through a series of scouring bowls where scour liquor flows counter­
current to it Detergent is added in the third and forth bowls to emulsify the grease and oils_ The 
scoured wool is then dried In mills where the cleaned wool is con•:erted into wool top. the wool 
is combed and gilled_ The products are short fibers (used for wool yarn) and long fibers (used for 
wool top)_ Figure 2 !'hows the manafacturing processe5 of a wool scouring mill [ I 0 J-

1.2 Wool Finishin~ 
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This categOI)' of the textile mill includes wool finishing along with processes such as carbonizing. 
fuiling, dyeing, bleaching, rinsing, fire proofing. etc. This category is differentiated from other 
fabric finishing categories by the wide variety of chemicals used to process wool fabrics These 
operations generate a iligh effluent load including toxic pollutants such as chromium and phenols 
The wool finishing process is shown in figure J The three distinct finishing processes shown in 
this diagram are stock, yam and fabric finishirig Waste generated by th"! fabric tinishirg operation 
is similar to that generated by all three, therefore only this process will be described If the greigc 
goods are 100% wool. then they are first cleaned to remove vegetable matter by carbonizing 
Later. spinning oils and any weaving sizes are removed with the use of a light scour The fabric 
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is then dyed. in batches, in vessels called becks, washed and then taken to dry finishing operations 
In this stage, the only dry finishing operation of concern for waste generation is mothproofing 
[IO). 
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1.3 Dry Proctssing 

This category of the textile mill includes yam manufacrming. yam texturing. unfinished fabric 
manufacturing. fabnc coating. fabric laminating. tire cord and fabric dipping. carpet tufting and 
carpet backing The majority of dry processing mills are usually greige mills. Wea\ing textile yams 
into a fabri.: requires application of size to the warp yams. to resist the abrasive effects of the 
filling yams .1s they are positioned by the shuttle action of the born. Greige mills apply the size 
and complete the wea\ing. Mesny greige mills operate as completely independent facilities. Figure 
4 shows ope!" ltions generally performed at this type of greige mill. 

Mills within the dry processing category typically carry out dry-type operations. however. some 
waste is produced by spillage and vessels of floor cleaning. Some textile greige mills produce a 
wide variety of woven goods. each requiring a specially formulated size. In mills of this type, the 
size boxes may be dumped and cleaned several times a day depending upon the production 
schedule. In unusual cases such as this, operations may produce a large effluent volume. 

Weaving is a dry operation. but is normally done in buildings maintained at high humidity. 
Cooling and humidifying water used in a greige mill represents a substantial portion l.)f the total 
water usage. Effluent generated from knit greige goods is generally ni!. If any wastes are 
generated through spills. clean-up or possible washing of the final products. the only pollutant 
would be knitting oils [ l OJ. 
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1.4 Wovrn Fabric Finishing 

• This category of operational unit used to finish "oven greige fabric is one of the most important 
because of the significant effluent load generated from the removal of foreign matter during 
cleaning and from various chemicals used in f.nishing. This category may be divided into two 
groups. The first removes impurities. cleans or :n:xlifies the cloth ( desizing. scouring. bleaching. 
mercerizing) The second group involves dyeing. printing. resin treatment. water or tlame 
proofing. soil repellency and a few special finishes. These all generate various effluents. mostly 
those chemicals and additives washed otfin the processing. This category also includes integrated 
woven fabric finishing mills. although the greige goods section contributes only a small amount 
of the overall effluent load form an integrated mill. 

Certain fabrics. including denims and some drapery goods. are loom finished To make these 
goods, the warp yarns are dyed. woven into a fabric, and then fabric-finished with a permanent 
size. For these fabrics the first group of processes listed above (i.e.cleaning and preparing the 
cloth) is avoided entirely. The degree of finishing necessary to pro~ide fabric ready for sale 
depends significantly on the fibre(s) being processed. The natural fibers (cotton and wool) contain 
substantia! impurities, even after they have been woven as greige goods. and require special 
treatment to convert them to the completely whit.!. uniformly absorbent form essential for dyeing. 
resin treatment, etc. Synthetic fibers contain only those impurities that were necessary for 
manufacture of the fibre and spinning to obtain the yam. A flow sheet of woven fabric finishing 
is given in Figure 5 [ I 0]. 
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1.5 Knit fabric Finishing 

The knit fabric industry is characterized by a large number of plants and organized structure. 
including specialized products segments such as knit fabric goods. hosiery. outwear and 
under .\ear. This category i!' characterized by operational units such as bleachi1.g. dyeing. printing. 
resin treatment. water proofing. flame proofing. and the application of soil repellency or special 
finishes The wet processing operations performed in knit fabric finishing are shown ..chematically 
in Figure 6 . This is only a generalized flow sheet. as the specific operations employed in a given 
facility will vary form plant to plant In general. yarns are purchased in the undyed state. with a 
knitting oil finish to provide lubrication for the knitting operation. Lubricants (knitting oils) that 
can be applied to knitting yarns include mineral oil. vegetable oil. synthetic ester-type oil or 
waxes. These lubricants may also contain anti-static agent. antioxidants. bacteriostat and 
corrosion inhibitors. The amount of oil applied varies with the type of yams. Knitti'."•! o!!:; are also 
injecttd into the needles of knitting machines ir. order to lubricate and lower the temperature of 
the needles. The knitting oil present in knit greige goods is readily emulsified or soluble in water 
and is scoured or washed out as an effluent. After the yarn has been knitted into fabric, the fabric 
may be processed by one or more of the alternative routes indicated in figure 6. 

The main difference between woven and knit fabric finishing is that the sizingldesizing and 
mercerizing operations are not required for the knit so the generation of effluent load is relatively 
low. Here the knit yarn is treated with lubricants rather than witl1 the starch or polymeric sizes 
used for woven goods f IO]. 
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1.6 Stock and \'am dy~ing and finishing 

Yam dyeing and finishing are different from woven fabric finishing because there are no sizing and 
desizing operation. They are different from knit fabric finishing because of their mercerizing 
operations and water use. 

This ~tegory is typically characterized by operational units such as cleaning. scouring. bleaching. 
mercerizing. dyeing and special finishing. This category includes plants which clean. dye and finish 
fibre stock or yam. Sewing thread. textile and carpet yam are typical products in this category. 
Several techniques are available for processing raw yam into the finished product. The most 
common process is probably package dyeing. but other processes. such as space dyeing. are 
widely used. In package dyeing, yarn wound on perforated tubes is placed in a large vessel. which 
is sealed. The dye solution. at an appropriate temperature. is circulated through the yam. The 
dyed yarri is washed. rinsed and dried. In space dyeing. yam is knitted and the fabric is dyed or 
printed, washed. rinsed and dried. The fabric is then unraveled and the yam is wound on cones 
for subsequent use by ether mills. Figure 7 represents typical operation of a stock and yam dyeing 
and finishing mills [ 10). 
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1.7 Carpet \bnufacture 

Carpet mills fom1 a distinct part of the industry although their etlluents are similar in many ways 
to those of tne knit fabric finishing mill. Figure 8 shows the various process details of a Carpet 
Manufacture Mill. 
Carpet mills use mostly S}Tithetic fibers (nylon. acrylic and polyesters)_ but some wool and cotton 
are also processed. This category is characterized by any or all of the following operational units 
bleaching. scouring. carbonizing_ dyc'ing_ printing resin treatment. water proofing. flame proofing. 
soil repellcncy. backing with foamed and unfoamed latex or jute. Carpet backing without other 
carpet manufacturing operation may be included in the dry processing mill category. Some carpet 
is backed with latex in a separate plant. Other carpet mills do latexing in the same plant w-ith the 
finishing. Tufted carpets consist of face yarn that is looped through a woven mat backin~ (mostly 
polypropylene. some jute). dyed or printed. and thea backed with either latex. foam or coated with 
latex and a burlap-type woven fabric baking put over the latex. 
The dominant face yam is nylon. followed by acrylic, modacrylic and polyester. The latter two 
groups taken t Jgether are about equal to nylon. Since dyeing of these fibers in carpets differs little 
from dyeing fabric. the dyeing descriptions for these fibers given in other categories applies here 
as well. 
The yam is tufted into a woven or S}nthetic non-woven polypropylene or jute primary backing 
in a dry operation. Following this, the tufted carpet can be either printed or dyed. If printed, a 
semicontinuous screen printing operation is performed, followed by a wash and rinse step in the 
same machine. If dyed. the most common method is beck dyeing. in a manner quite similar to that 
described in pre\ious categories for yam goods. The continuous dyeing appears very similar to 
the continuous pad stream process '..lsed for cotton/synthetic blend broad woven finishing. After 
it is dyed. the carpet is dried in a tunnel drier. The carpet is then ready for application of adhesive 
and secondary backing [I OJ 
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2. PROCESS DESCRIPTION 

2.1 Procns stagts dtscription 

•Carding 
Is the preliminary process in spun yam manufacture. The fibers are separated. distributed. 
equalized. and formed into a thin web and condensed imo a continuous. untwisted strand of fibers 
called a sliver. This process also removes impurities and a certain amount of short. broken or 
immature fibers 

•Spinning 
Is the process of making yam from fibers by a combined dra\\ing out and twisting operation or 
from filament tow by the combination of cutting/breaking with draffo1g and t"'isting in a single 
series of operations. 

•Slashing (Sizing) 
The thread is run through a starch solution and then dried so that it has the strength and stiffitess 
required to withstand the abrasion and friction generated in the weaving operation. 

•Weaving 
Is the process of interlacing two yams of similar materials so that they cross each other at right 
angles to produce woven fabric. 

•Knitting 
Is the process of constructing fabric by an interlocking ser ;es of loops of one or more yams 

•Tufting 
Is the process of making carpets and involves a wide multiple-machine needle process that sews 
pile yams to a broad fabric baking. 

•Desizing 
Removes the sizing compounds applied to yams to impart tensile strenb>th. The starch sizing 
compounds are solubilized with alkali. acid or enzyme. and the fabric is washec'. thoroughly. 
Alkaline desizing utilizes a weak alkaline solution to facilitate size removal. while acid desizing 
emplovs a dilute acid solution to hydrolyze the size and render it water sol1;ble. Enzyme desizing 
utilizes vegetable or animal enzymes to decompose size. After solubilizing the size. the fabric is 
rinsed clean. 

•Scouring 
Removes natural and acquired impurities form fibers and fabric. Synthetic fibers require less 
scouring than does cotton or light wool. Scouring agents include detergents. soaps. and various 
assisting agents. such as alkalis. wetting agents. formers. defoamers, and lubricants Afte!' 
scouring. the goods are thoroughly rinsed (or washed) to remove excess agents 
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•Wool Carbonizing 

Removes burrs and other vegetable matter from loose \\IOOI or woven fabric goods The process 
consists of acid impregnation. baking and mechanical agitation. A dilute solution of sulfuric acid 
is used to d~'Tade cellulosic impurities to hydrocellulose without damaging the wool The excess 
acirl is squeezed from the wool and the wool is baked to oxidize the contaminants to gases and 
a solid carbon residue The material then passes through pressure rollers to crush the solid residue 
and into a mechanical agitator to shake loose the crushed material The acid content in the 
material remains high after agitation, requiring neutralization and rinsing before further 
processing 

•Mercerizing 
is usually used in cotton processing to increase the tensile strength, luster, dye affinity. and 
abrasion resistance of the guuds. In this operation. the cotton. usually in fabric form. is 
impregnated with a cold sodium hydroxide solution The solution causes the cotton fibers 
(cellulose) to swell. After the desired contact period, the alkali is thoroughly washed out. 
somPtimes with the use of a dilute acid bath to ensure neutralization. It has been normal practice 
to recover the caustic solution for concentration and reuse in scouring or mercerization. 

•Bleaching 
is a common process used to whiten cotton, wool and some synthetic fivers by removing the 
natural coloring. It is usually perfonned after scouring and prior to dyeing or printing Bleaching 
chemicals include sodium hypochlorite, hydrogen peroxide, and sodium perborate, as well as 
optical brighteners. Batch bleaching is done in dyers (continuous processes use J-boxes) where 
fabric is tacked for a given period to allow the chemical to work before goods are withdrawn from 
the bottom of the box. Bleaching is followed by thorough rinsing 

•Dyeing 
can be performed in the stock, yam or fabric state. and single or multiple-fiber types can be dyed 
Multiple-fiber may require multiple or sequential steps. 
Stock d:y\;ing is performed before the fiber is converted to the yarn state and can be a batch or 
continuous process Yam dyeing is performed on yarns used for woven goods, knit goods, and 
carpets. Usual methods include skein, package, and space dyeing. 
Fabric dyeing is the most common method in use today because it can be continuous or 
semicontinuous, as well as a batch process. Methods employed include becks (winch). jet, jig, 
beam, and continuous range. 

•Printing 
is similar to dyeing, except that print color is applied to specific areas of the cloth. Dyes and 
dyeing assists are similar to those used in fabric dyeing; however, the color application techniques 
are quite different Textiles arc usually wet-printed by roller, rotary screen or flatbed screen 
methods. 

•Finishing 
involves the application of a wide range of chemicals to add properties to a fabric. Finishes can 
be applied, for example, to make a fabric wrinkle resistant, crease retentive, water repcllant, flame 
resistant, mothproof, mildew resistant, bacteriostatic and/or stain resistant. 



2.2 Process Diagrams 

Table I: Textile Industry- Wool Scouring Mill 
Basis I tonne of scoured wool 

Inputs Process 

Raw materials Water Energy 
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Table la: Textile industry- Wool Finishing Mill. f<'abric 
Basis l tonne of wool fabric 

Inputs Process 

Raw materials Water Ent'rgy 
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Wtxll lop NJ\ I·: NA (I) 
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(I l F\.-clm;ll\ n·:) anJ Steam (S) consumption for the process stages is nut U\'utlnhlc. 
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Table 2b: Textile Industry- Wool Finishing Mill. Fabric Finishing 
Basis I tonne of finished cloth 

Inputs Process 

Raw materials Water Energy 
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Table 2.2: Chemk:al• Pre1ent In the woolen fiber dyehath11 
T•hle 2.1: Emuent Genenatlon l.o•d F•cton In • Wooll F•hrk Ba1l1: I tonne offtnl1hed w11ol fabric l?I 

Flnbhlna Mill 
Basis: 1 tonne of"ollf•hrk f 101. 

DyeT,·pe Chemical• Pre1ent Qu11nt1a, 
(Ka> 

Amounts of Waste l.o•d Water u~"'d /\ciJ ()~·cs ()~·c N./\ 

(Kl) (ml) Sul I'uri c or 
/\cctic /\cid or NA 

BOD COD TSS Minimum Medhan Maximum /\rnrnunium Sulphutc 

5'.> x ~!14 x 17 2 I I0.9 2!06 6:57.2 < iluuhcr Sult NI\ 
Mctuli1cJ ()~·cs ()~·c N /\ 

/\cctic /\cid or 
Sulfuric /\cid or N./\ 
/\mmonium ~ulnhutc 

T11ble 2.J: Chemkal11 l.J1ed f11r dlfl'erent fullnR method• 

Table 2.-': Emuent ~haracterbtln for dlft'erent mothprooftnR method1, 
uslna • permethrin-based Mothprooftna ARen1. 
Buis: ltonneof"ool 1211. 

Ba1l1: I t11nne 11fftni1hed "'cH1I f11hric l?I. 

FulllnR Mcth11d Chemlcal11 Pre11cnt Qu11nt11,· 
<K1.> 

!\let hod Permethrin Load Wa1te"·ater dl1charae 
(Jl) (ml) 

/\lknli Soup or N /\ S:. nthcltc detergent 

Sodium l'11rh111111tc N./\ 
I lank I)\ chath XO so Scquc)ltcrin11 n~cnt N/\ 

l \m\"cl\llonal tap-: scour )O 0 (l 75 /\ciJ (I l Sulfuric /\cid N/\ 
I l~Jrogcn pcrm;idc N/\ 

Mm1-lxm I tap-: scour -to o I 

~hltfo .. -J ccntnt"ugc I: o.os 

Mct11llic l'utul~·!'lt N /\ 
c t'ronuum l'onncr unJ <.'ohultl 

( l l /\ciJ fulling is 111\\u~·s filll1mcJ h~· ulkuli fullinµ 



Table 3: Teitile Industry- Dry Processing Mill 
Basis I 000 KR of woven/knit fa bric 

Inputs Process 

Raw materials Water Energy 

' 
R..a\\ '"'"'"" l~Ol 1 \1 111~11-I I ~o l'.g NA • Opening & Picking 

' \hn.:r;al (>ii '\.\. ·'1:?5·5-1110 KWh 
''"'"""'..: ,,,111b1li.:r '\;.\. • Carding & Spinning 
Sulubh: httt- htcr '\.\. 171.11-11 

' 
St;ir.il '"' 
1wdith.-J sl..ar..-h 11io.1 ~o ..:g 6.-1 Ill I 12:?1 NA . Sizing 

~·lffiP'•Wdq 2 >I I'> I . 
. ll>ll0-1760 KWh 

WHving 
11-11 

. ' 

' 
l:?'J0-1750 KWh . Knitting 

(1-1 ( . 
1 I l Fncr!I' rcqum . .J for ~rummg onl~ Value for carJm11 is nol 11n1ilublc 
1:? l I-or colton :md collon hlcnds 1-rom .lll lo 50 Kt1 if synthetic lilam::nls nrc lhc rH\\ malcrinls 
t.l) l\>lton ma\ contam-1-l:?"o I>\ \\Cltihl ofimpunlics (.ll 
(-ll .'\\cl:tll\" \\aslc\\atcr d1schar11c '>:? m' t 1 JOI 

11.•.\'lil<'.~ liu/11.ury-17 

·-

Wastes 

Liquid Solid Gas 

. Wuslclinl 11:?1 50-HO Kg 

. NA 

"" 7.0-'J.5 . 1101> 0.5-5.0 "' Vnpor~ NA 
rs -17-67 "s (H( 1'11r11cul111c NA 
1'J.(J\\' O.M·l·'O.I ni' 1-1) (IOJ 

. 

. 
. 
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1'1•.Wi/t'.T /i11/11,Tfl'y• /I) 

Tablc·U: Emuent Generation Load Facton in a Wonn Fabrk Flniahlna Miii 
Bul•: I tonne uhrnnn rabric I IOI. 

Amountll ofWll!ltt l.c1•d (KIO W•tn UMtd (onJ) 

BOD c.·oo TSS O&G Phtnol Cr Sulphlc.Jto Minimum Mt'dl..n Mn Im um 

Sunplc 1>ro1:c"-'lllll 111 27.., Kl I ,, ·' -lO K.7 7 K I.to 12.5 7K.-l 275 2 

l'umpk' rroccs"lll!I 1:?) 22 I 11q ,, I) ·'; I 2 o .p 14.0 IO.K K<i.7 276 ., 

l'umpk' prtll.'C>"llllt Jllll" -l:i I 12:?6 1-l K -I I l.l I ;?O.'> N.A s I l.t-l 507.'> 
Jc,vmi: 

1 I I l'n'll."C>...:":. >llch 11" Jc.v11111. lil>rc m11nulactunnt1 prcparntmn 11nd d\clllll 
1:?1 Snnpk manulii.:t11nnt1 \\1th aJd1tmnal operation" such 11" prmt111111111J J\Cllll/. 

Tab&e.u: Chemkals Used In the scuurina 11roce11 
Baals: I tonne offtni1hed fabric 1121. 

Scourina Method C'hemkal1 Present Qu11ntlt,· 
<Ka) 

Kier Butl Nu Oii I 0-XO 
Nu!C<>, I 0- lO 
N11!S1t> 1 2 S· IO 
l'mc t >11 Soup NA 
I· ult~ ulc11h11I sulfates NJ\ 

l'ontmuuu,.. Scour l'uusltc ~~la NJ\ 
W1~umg Agent NJ\ 

T11ble .a.J: Pollution eftect of cotton d,·eina for dlfterent d,·e1 
Ba1i1 1000 Ka of finished cloth 181. 

w USIC\\ ull:r Amhne Busic I lcwlopcJ Direct Nuphlhul Sullltr Vnts 
chaructcnsllcs hlucl l'ulurs 

pll Ni\ (,(). i ' 5-IO <d-7" ;.10 K·lO 5· I() 

BOl>tKtzl ;.10 15-50 I ;.;?o U-117 2-S 2-250 12-.10 

IS1Kei> 100.200 150-:?50 .l25.(1:iO 25-250 200-"511 .loo. l :?no I 50-2SO 

1·1.0W 1m 11 l:?-1· l'>O 1-l'J-2'JK 7-l-207 1-l·:'i.l l'>·l.N 2-l-212 " .l 0 l l1fi 



Tahir.& .... : Chemicals prnnal in cotton d~d>alhs 
Basis: I lonne offmislled fabric 1121. 

D~·~T~~ Chftnicals Prnmt Quanlit\ 
(Kl) 

Anilill\: Blad. Anilioc h\Jn-chlori~ NA 
SoJ.iU.1\ h.'ITUl.'\3111~ NA 
SoJimr Chlorih: NA 
l'igm...'llt N !\ 
.So,1p NA 

I kw!, lJll-"ll Dn: NA 
l'~!k.'lr311l N:\ 
Sodium ::hklfldc NA 
Sodium Nitra&c NA 
i l~dmchloric AciJ or Sulphuric ,\._,J N:\ 
lk\dopcr (lkb-Naphtol) NA 
Soar or Sulfated Soar or I-alt). Alcohol N.A. 

Dirc."Ct !he NA 
Sodium Carbonatc NA 
Sodium 011oriJe ( I I 0-.~Ml 

Wcning Agent or Soluble< >ii or Sodium Sulfate NA 

Naphthol lhc NA 
C au-;tic Soda Jl.;A 
Soluble Oil NA 
Alcohol N.A 

Soar NA 
Soda Ash N.A. 
Sodium Chloride "I:\ 
Basc NA 
Sodium Nitralc NA 
SoJium Nitrite N.A 
Sodium Acetate NA 

Sulfur lhc NA 
Sodium SulliJc NA 
Sodium Carbonalc N.A 
Sodium Chlori.tc NA 

Val l~c NA 
Causlic So.ta NA 
Sodium ll\Jrn~ullilc NA 
Soluhlc Otl N.A 
Ciclatmc: N.\ 
Pcthoralc or I hdrORcn Pcrm.1dc NA 



1(•.\·11/,.,~ /11d11.1·11,·--~ I 

T~ble 5: Textile Industry- Knit "'abric Finishing 
Basis 1000 K2 of Knit Fabric 

Inputs Process 

Raw materials Water Energy 

Kn11 (irc•11•· . 
( i1><>Js N :\ N :\ (.1> NA 111 . WHh1ng 
l:l\.·1,·r11c1:h N :\ 

' lhc N :\ 
N /\ 1.1J -1:?.7 (i.11:?:?1 I~) . Dyeing 

:\\JJ1UH·~ N :\ 

. 
Scour NA 

N /\ L' > N/\ tl> . Kier Scouring A 
u1,·ach :\11;111> NA Bleaching 

' . . 
N.A tll . . Drying 

' '. 

~.\ N /\ '', NA t l) 
. P11nt1ng 

. . 
' 

~ " N /\ (.H "JI\ (I> 
• Wet P1d Fin11hrng 

Bid 

. 
~ ,\ N /\ ''I N /\ 11 I • f'1ni1h1ng & Drying 

' 

1 l 1 1·11,·r!l' t.:01i-umpho11 for 1..mth.-J h1hn• l·m1sh11111 1.161!0-:?1171 II KWh jlt.:r !011111: of ti111shcd l..111t ti1hm: 11 ~I 
1 ~' I ll•'r!l' rc4un,-J for comhmt.:J 1>1s1l\·r:.1• rc11ctl\ c J\Clll!I 11!' l'o!\cstcr Cotton Kmt hlhnc 

. 

. 

. 

1.~ 1 I ;1ok 5 l 'ho\\~ th•· dllu,·nt < 1,·11crnt1011 l.011J 1-Hctor~ 1111J lhc \\liter rc11111rcmc11t 111 n Knit 1-uhnc hmshm11 Mill. 

Wastes 

Liquid Solid Gas 

NA!.l> I 
-

NA<.'> V111'1C1r~ !'\ /\ 
I -

N /\.(.~) 

- -· 
NA!.~> N /\ 

NA1.~1 N/\ 

N /\ 

VUJlOI~ 
NA I 1'11rl1c11l11tc N /\ 



1i.·.wile.~ /11d11.W')'-~ ~ 

T•blt!li.l: Emuent Gener1&tion Loied Fiectof!I In 11 Knit Fiebrtc Flnl1hlnr, Miii 
Basis: I tonne of"·o,·en fabric I IOI. 

Amounts of Waite Load W11ter U1ed 
Kie m' 

BOD COD TSS O&G Phenol Cr Sulphide Minimum Medl11n M"xlmum 

Sunpl.: pn~..:ssm~ ( !) 27 7 Xll fd 4.0 X.7 7.X 11.0 X.1 115 I) 1'>2.X 

l'llmpl..:' pn~.:s..;mg t2J 22 I 115.4 6. 9 1.5 12 () 4.7 14.0 200 X1.4 177 x 

l lus1..:~ l'nxlu..:ts (1) 26..t X9 .t 6.7 (l.6 .t.2 (1.t 21.X 5.H (11)2 2MIJ 4 



1'ewile.~ /11d11.1·1ry-23 

Table 6: Tutile Industry- Stock and Yarn Finishing Mill 
Basis I tonne of varn -

Inputs Process 

Raw materials Water Energy Liquid 

(.'\"""''"' (.\lth.'ll '.\ 
. 

BknJ Y ;un '" NA1l> N A 
. MerceriH . 

NA ti) s1, ... -l.. '.\ 
, .. 011 '.\ 

• 
ll:O, N /\ I'< I\ 11) N.I\ 

. Bl••ch1ng . 
N.I\ CI> 

S:il>l.'I NA . 
()\1; N .'\ 1Jl~O-l IHIO KWh 11-11 . Dyeing . 
Ch1:m11::il~ N /\ 

NAii) 
11.7-1 (iJ m 1~~1 NA ti) . 

1 I~ lnJl\IJual Jata not anuial"-11: lahle 5 I shm\s the ellluenl l1111J 11nJ the \\Iller consump1111n lilr 11Stod.;1mJ Ynm hm~hing Mill 
1 ~ l Fr:erg' requm.-J ll1r Pressure Package D~·emg of Polyester Yam 

Tab~6.I: Emuenl Generation Load Faclnn In a Slnck and Yam Flnlshlnll Miii 
Ba1i1: I tonne of ~·11m I IOI 

Amounts of Waste Load (Kil> Water U1ed (m') 

BOD COD TSS O&G Phenol Cr Sulphide Minimum Median Maximum -
:!ll 7 (l~ 7 -1.h I<> 15.0 12 () 27.8 u 100. I 557. I 

Wastes 

Solid Gas 

'J11por~ N /\ 

VlljlllfS NA 



1'1•.\·tile.~ /ml11.H1'\'·25 

Table 7: Textile Industry- Carpet Mill 
Basis: I tonne of Carnet 

Inputs Process Wastes 

Raw materiads Water Energy Liquid Solid Ga!I 

' 
S\nthchc \;m1 ~/\ NA 

. Tufting . 
' 

l>w NA 
NA(~l 17 7 OJ l::?.ll(.l) 

. Dye or Print . NA(:?\ V111x1r N ,\ 
.'\Jdlll\CS NA . 

NA 
. Dry . 

NAi.!l 
Vupor~ NA 
1'11rt1eul111c NA 

' . Finishing 
1ll N /\. \::!) ~ ..... NAi::?> NA<::?> V:1por NA. 

\I> tor \Hi-11 anJ \\ool hlcnds. molhproc•ting ma\ he applied Sw Tahlc ::?.4 
1::?1 Ulll.1~·111 .:harnct~-nstrcs for each step nol 1na1luhlc Tuhlc 7 I shims the \\Hslc\\utcr chnrnctcristics and the amount of\\11tcr needed for 11 eurpct mill. 
1.ll Fncrg' rcqum:d ti1r 1hcm~ 

Tab~ 7.1: Emuent Generation Load F1u:tun in Carpet FinbhlnR Mill 
Buis: I tonne of carpet l 101. 

Amounts ofW111te Luad (Kg) Water U1ed (m') -
BOD COD TSS O&G Phenol Cr Sulphide Minimum Median Ma:dmum 

:!5 (l h::?.., 4 6 I <• 15.0 I::? o ::?/ 8 81 ·l<>.7 I <>2.<1 



frt:r:l.·.t l11<lru1n·-::fi 

3. WASTES AND ADD-ON TECHNOLOGY 

J. l W asttwattr 

T e'.\1ile process eftluents. have a high BOD high total dissolved solids and a high temperature and are generally 
grey in color. Natural impurities excracted fom1 the type of fibre iJeing processed along \l,ith the chemicals used 
for processing are the tv.-o main sources of pollution. Other factors which determine effluent quantity and quality 
include the unit operations used and the degree to which ware- and chemicals are preserved in a ... uticular 
manufacturing plwt. 

Typical textile processing operations can include the use of several non-process chemicals such as machine 
cleaners., shop chemical~ biocides, insecticides and boiler treatment. the use of which is rarely as well controlled 
as that of most process chemicals 

T iatile mill wastes are also highly colored due to the application of dyes with color units ranging between 300 
to I 000 for non-wool operations and as high a=, 2000 in the case of effluents form wool scouring. 

•Organic priority pollutants expected to be found in textile effluents (at the ppb level) are substitl!ted phenol (i.e. 
toll.ene. ethylbenzene and chlorobenzenes). naphthalene, phenol. substituted phenol (i.e chlorophenol. 
methylphenol and nitrophenol), chloroethylenes. chloroethanes. chloroform and phtalates such as bis (:!­
ethythe.xyl) phthalate and di-n-butylphtalate. These pollutants may come as trace or additives in dyes. dye carriers 
and raw materials as well as form their uses in the wet prGCessing. 

• If ·total phenols' is used as a surrogate measure for the control of organic priority pollutants in textile effluents. 
as suggested by the EPA, effluents fonn !he mills surveyed all had a loading of total oheno!s below 0.05 Kg per 
I 000 kg of products. This is below the limit set by the EPA Textile Mill Effluent Guidelines The potential 
sources for organic priority pollutants are related to the varied application of these dyes as detaile<i below 

- Those that may be present in commercial dyes or dye carriers as trace impurities or additives 
include toluene. ethylbenzene, dichlorobenzen.!, naphthalene. phenol. nitrophenol. 2.4-
dimethylphenol, pentachlorophenol and p-chlom-m-cresol. 
-Those ti .. may be used as cleaning solvents or scouring agents are 1.1.1-trichlorcethane. 
trichloroethane, tetrachloroethylene. chloroform and 1,2-dichloroethane. 
-Those that may be used as a plasticiser or in coating formulations are bis (2-ethylhexyl) phthalate 
and di-n-butylphtahalate 
-Those that are ubiquitous and may be present in ra~water supplies or raw material are 
chloroform. 1,2-dichlorethane. phenol and bis (2-ethylhexyl) phthalate. 

• Metal priority pollutants commonly found in textile effluents are zinc. copper chromium. lead and nickel; 
individual concentration (lf these metals tends to be below I mg/1, the discharge limit set by local munici;:>al sewer 
t: -law Dyes used in processing are the main sources of these metal pollutants. 

• If Chromium is used as a surrogate measure for the control of all heavy metals in textile effluents. effluents 
form the mills surveyed had a pollution '.oadi11~~ of ct.romiur. less than 0 05 Kg per I 000 Kg of product. below 
the monthly average limit set by EPA, ·,!xtile Mill Ealuent Guidelines. 

Wool effiuents are characterized by high BOD. high solids concentration and a high grease content Cotton 
finishing effluents are not as strong as those produced by the wool industry but may have a high color content 
due to cotton dyeing op.!rations. They also have 



Textiles lnchmry-J7 

Table 8: Overview of Effluent Treatment Technologies 110) 

Type of effluent Processes Normally Employed Strategy 

Wool Scouring Scret.":ling-I:qualilation ( I )-Flotation-ChL'Tllical Segregation of rinse water for rnlumc 
A.~sted Sedimentation ( 2 )-Biological Treatment n.>Juction 

Wool Finishing S...nxning-Equaliz.ation ( I )-Biological T reatmcnt- Segregation and pretn.-a~'1lt of chrome: 
Residual Chromiwn Retll\wal b\ Cht.'Olicall\ ~aring streams 
As."i~1ed Scdil11t!Tllation ( 2) 

Dry~ing &.'OXOing-Equalization ( 1 )-Biological T reatmL'1ll Segregation of latex ~1ream ti.1r St.-parate 
treatment 

Won!n and Knit Fabric Finishing Scra:ning-Equalil.ation (I )-Biological T reatmenl-
Residual COD remm·al by Chemical As.,.istcd 
Sedimentation ( 2) 

Carp:!t Mill Scra.'lling-Equalization ( 1 )-Biological T reatmL'1ll Segregation of l:itex stream l0r separate 
treatment 

Stock & Yam Dyeing Screening-Equaliz.ation ( 1 )-Biological Treatment -( 1 ) Equaliz.ation may include neutralization for the adjustment of pl I 
(2) Ch.!micalfy a.~i~tcd sedimentation 1s nonnaily pcrfonncd \\ith lime and dum. l Tse of polyelcctrol~tL"S has pnwcd hL'1leficial in some 
im;tances 



Tabl~ 9: Anticipated Treatm~nt Rrmoval Efficirncin 11 OJ 

Treatment 
Process Unit BOD~ 

Prima"· Treatmnt 

&."Tet."lling 0-5 

Equalization 0-20 

N\.'Utralizatilm -
Ch'-'tllical -to-70 
Coagulation ( 2) 

Flotation 30-50 

S«onda"· Treatment 

Com·\."lltional 70-95 
Acti,·ated Sludge 
and Clarification 

E:\temk:d Aireation 70-9-t 
and Clarification 

Aerated Lagoon and 60-90 
Ciarification 

Acrohic Lagoon 50-80 

Packed Tm\\.'I" -to-10 

Roughing Filk>r -tll-60 

Tertia"· Treatment 

Ch\.'tllical -t0-70 
Coa~'lllation 

Mixc...-d Media 25--tO 
Filtration 

C arhon Adsorpllon 25--tO 

Chlorination 0-5 

< )1oni1ation -
Adunced Treatment 

Spray Irrigation 90-95 

f:\·aporation 98-99 

Rc\"crsc < ):-.mclsis 95-99 

(I ) R\.'TTIO\"als ,-ar\" with ch\.'1Tltcals and dosages used 
(2) 20% color r\.'fTlo\·aJ for hiological treatment units 

Range of Removal Efficirncy in •;. 

COD TSS Grease 

- 5-20 -
- - -
- - -

-to-10 30-')(l 90-97 

20-t(l 50-60 90-98 

50-70 85-95 0-15 

50-70 85-95 0-15 

-t5-60 85-95 0-IO 

35-60 511-80 0-IO 

20--to - -
20-30 - -

-t0-70 30-9<1 9<1-97 

25--tO 80 -

25-60 25--tll -
0-5 - 0-5 

30--tO 50-70 -

80-90 95-98 -
95-98 99 -
90-95 95-98 -

Color 

-

-
-

0-70 

-

(2) 

(2) 

t2l 

(21 

(2) 

121 

0-70 

-

811-911 

0-5 

70-811 

-
-
-



US EPA BPT A,1'10 BAT EFFLUENT LIMITS FOR THE TE:X'TILE INDUSTRY 

Table IOa: US EPA BPT and BAT effluent limits for Wool Scouring Mills 

BPT Limitations BAT Limitations 
Kg/I 000 Kg of Fibre Kg/1000 Kg of Fibre 

Daily Maximum Monthly Average Daily Maximum Monthly Average 

BOD 10.6 5.3 

COD 138.U 69.0 IJX.O 69 () 

TSS .. ., ., 
-'-·- 16.I 

Sulphid.: 0.20 O.IO 020 O IO 

Pik.'llols O.IO !UIS o IO 0.05 

Total Chromium 0 IO 005 o IO 005 

Oil & Orease 7.2 3.6 

pH 6-9 6-9 

Table IOb: US EPA DPT and BAT effluent limits for Wool Finishing Mills 

BPT Limitations BAT Limitations 
Kg/I 000 Kg of Fibre Kg/1000 Kg of Fibre 

Daily Maximum Monthly Average Daily Ma:iimum Monthly Average 

ROD 22.J 112 

COD 1630 81.5 163.0 81.5 

TSS 35.2 17.6 

Sulphide 0.28 0.1.J 0.28 0.1.J 

Phenols 0. l.J 0.07 ') l.J 0.07 

Total Chromium 0.1.J () 07 () l.J 0.07 

pll 6-9 6-9 

Table toe: US EPA DPT and BAT effluent limits for Woven Fabric Finishing Mills 

DPT Limitations BAT Limitations 
Kg/I 000 Kg of Fibre Kg/I 000 Kg of Fibre 

Daily Maximum Monthly Average Daily Mas:imum Monthly Average 

BOD 6.6 :u 
C<>D 600 :mo 60 () :mo 
TSS 17.8 8.9 

Sulphide 0.20 o IO 0.20 OIO 

Pht.'flols o IO 0.05 fl. IO () 05 

Total Chromium o IO () 05 o IO () 05 

pll 6-9 6-9 



------------------------------------

Te.tliles lndustrt;-30 

Tai* IOd: US EPA BPT and BAT emuent limits for Knit Fabric Finishing Mills 

BPT Limitations BAT Limitations 
Kg/I 000 Kg of Fibtt Kg/1000 Kg of Fibtt 

Daily Maximum Monthly Ann~ Daily Maximum Monthly Avenge 

BOO 5 () 2.5 

COD Ol.1.0 300 60.0 :;o_o 
TSS 21.8 I0.9 

Sulphilk P.20 0 10 0.20 11. Ill 

Phc:nols () 10 0.05 0.10 0.05 

To1al Chromimn 0 10 !UIS 0 10 005 

pll 6-9 6-9 

Table IOr: US EPA DPT and BAT emuent limits for Carpet Finishing Mills 

BPT Limitadons BAT Limitations 
KgilOOO Kg of Fibtt Kg/I 000 Kg of Fibtt 

Daily Maximum Monthly Avenge Daily Maiimum Monthly Average 

BOD 7.X 3.9 

COD 70 2 35.1 70.2 35.1 

TSS 11 O 55 
Sulphilk 008 () 04 o.ox () 04 

Pht.'llols () 04 0.02 0 O.J () 02 

Total Chromium 0.04 0.02 0.04 () 02 

pll 6-9 6-9 

Table IOf: US EPA BPT and BAT effluent limi~~ for Stock and Yam Finishing Mills 

BPT Limitations BAT Limitations 
Kg/I 000 Kg of Fibre Kg/I 000 Kg of Fibre 

Daily Maximum Monthly Average Daily Maximum Monthly Average 

B<>D 6.8 l4 
('( )f) 84.6 423 M4 (1 421 
TSS 74 8.7 

Sulphide 0.24 0 12 (l 2-l 0.12 

Ph•mols () 12 0.06 012 0.06 

Total Chromium () 12 0.06 () 12 () 06 

pll 6-9 (1-<J 
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3.2 Air pollution 

rne conwntional source of air pollution form a textile mill is the boiler stack These emissions normall~'° consist 
of po~i1.aants such as suspended particulates and sulphur dioxide Regulations often speci~· t'. -e type ana 
composition of fuel used as well as the minimum stack height for satisfactory pollutant dispersal Air missions 
control methods commonly installed at textile mills include cydone separators. bag filters and \\et scrubbers 

Oil mist and \'OC emissions to air are less conventional and more difficult to control Reductions can be 
achie\·ed by controlling the application of spinning oils and finishing agents to fabrics and by checking the heat 
input to evaporators 

Proper air ducting system and the instaliation of mist eliminators are another important control technique Oil 
mist elimination generally consists of four steps: 
I . - Pre-removal of lint and dust. This is accomplished either "ith fabric filters or high energy mist eliminators 

2.- Condensation of vapors to mist prior to collection by cooling the contaminated air. This step may be 
performed either by direct contact cooling or heat recovery \la a heat exchanger Examples of direct contact 
cooling techniques are low energy scrubbers. spray towers and packed towers. These methods all generate some 
additional effluent which must eventually be taken at the effluent treatment plant. 

3.- Mist removal form air, using equipment such as electrostatic precipitators. When oil mists contain water. high 
efficiency fibre mist eliminators are better than electrostatic precipitators. Incineration with heat recovery is also 
popular. In this case no pre-cooling or condensation is neces.-;ar' Virtually everything in the exhaust is destroyed 
and the final emissions are odorless. 

4.- Collection and disposal of the contaminant. 

The other major source of air emissions is form organic solvent vapor releases during and after drying, finishing 
and solvent processing operations. These vapors cannot be treated by scrubbing because they have a limited 
solubility in water Incineration is expensive and emissions form incineration also need to be hanctled separately. 
The only effective way to solve this problem is to use activated carbon for vapor adsorption and attempt some 
form of solvent recovery. [ I 0] 

-Lint filtration form spinning. drawing, carding and twisting operations 
-fumes from wool carbonizing 
-odor form dyeing and finishing operations. Odors of acetic acid, formaldehyde, acids. dyes and other organics 
may exist (12]. 
Possible emissions form textile processing includes: 
-Oil mists and organic emissions produced when textile materials containing knitting and lubricating oils. 
plasticizers, and other materials that can volatilize or be thermically degraded into volatile substances. are 
subjected to heat Processes that can be the sources of oil mists include tentering. calendaring, heat setting. 
drying and curing 
-Acid mists :>roduced during ihe carbonizing of wool 
-Solvent vapors released during and after solvent processing operations such as dry cleaning 
-Dust and ling produced by the processing of natural fibers and synthetic staples prior to and during spinning. 
as well as by napping and carpet shearing. 2'.''.' 



4. AL TER"A TIVE TECHNOLOGIES 

-I. I Chnnicals: consrn·ation. ~usr. rttonry and substitution 

• Automated chemical dispensing [IO] 
•Optimize processing sequence and recipes (24J 
• Substitution of lo~ BOD process chemicals for those having high BOD valu~ r I ) ] 

- Synthetic Sizes ( 1-3°0 BOD) for starch (5~o BOD) and gelatins ( IOO°o BOD) 
- Ammonium Sulphate/Chloride or mineral acids (~·oBOD) for Acetic Acid (33-62% BOD) 
- Low BOD Synthetic Detergent (0-22% BOD) for Soaps ( 14~'o BOD) 
- Olive Oil applied in Wool Carding ( IOO°·o BOD) for Mineral Acids "ith Non-ionic emulsifier (2000 BOD) 
- Substitute Formic Acid (0.12 Kg BOD/kg) for Acetic Acid (0 64 KgBOD/Kg) in dye baths 

• H!O! instead of enzymes to desize the starch. When the starch is degraded by oxidation using hydrogen 
peroxide. the BOD is much lower in the eftlu~ because the starch is degraded fully to carbon dioxide and water 
[ 10]. 

• Us1! of enzymes that degrade the starch size to ethanol instead of anhydroglucose. The ethanol can be 
recovered by distillation for use as a solvent or fuel. thereby reducing the BOD load in the desized effluent 
considerably [ I 0]. 
• Eliminate phosphates wherever possible 
•Re-use of dye solutions from the dyebath (10) 34'% flow reduction and 33°·;, COD reduction 
•Recovery of Caustic in Mercerizing (10) 
• Recovery of size in cotton processing. if a sintethyc size is used [ I 0] 



4.2 Procns modifications. opttational modifications 

• Single-stage desizing-scouring-bleaching for the processing of com.1n and their blends \\ ith synthetics [ I 0) 
• Sovent-aided scouring and bleaching processes [ 10) 
• Hot mercerization in place of conventional cold mercerization (often enabling the elimination of separate 
scouring treatment [ I 0 I 
• Batch Operation for Dyeing [ I 0 l 

-Winch Dyeing By dropping the dye bath and avoid:ng overtlo" ri tSing. \\ ater consumption could be reduced 
by 25°0_ 
-High and Low: By replacing the overflo" with Pressure Jet Dyeing batch\\ise rinsing_ \\ater consumption can 
be cut by approximately 500 o 
-Beam Dyeing About 600 o of the water ::onsumption may be reduced by preventing overflow during soaking 
and rinsing_ Automatic controls proved to be quite economical with a pa~.-back period of about four months 
-Jig Dyeing: :\ \\ide range of reductions (from 15°0 to 7~o) are possible by switching form the practice of 
overflow to stepwise rinsing 
-Cheese Dyeing: reduction of around 7f1Jo is possible following intermittent rinsing 

•Continuous operation in dyeing: 20-JfYJo sa\ings by introducing automatic water stops[ 10) 
• Liquid ammonia mercerization instead of caustic [ 6] 
•Use oflow volume. high pressure nozzles for cleaning printing screens Water usage reduction by 3000 (14) 
• Reuse of final rinse water from dyeing for dye bath make-up : 6 I 
• Reu~ scouring rinses for desizing [ 6] 
• Reuse of mercerizing or hleach washwater for scouring or desizing [ 6] 
•Recycle reuse of water jet wea\ing wastewater_ Impurities and oils must be removed by in-line filters [6] 
•Foam processing 
• Segregate water use for cooling purposes 



•Water l;sing Processes [15) 

:\ \·oid under loading 

Reuse of hot water 

l-se countertlo" 

Limit idling losses 

Reduce rinsing water 

Reduce water te-nperature 

Reco\"er heat where possible 

• Dr)ing and Heating Processes [ 15) 

\1aximize mechanical dl)ing 

A void o\·er-drying 

\1inimize setting and dye-fixation times 

Reduce exhaust air to practical minimum. 
\fonitor humidity of drying processes 

Examine thermal efficiency of forced 
convection systems 

Reduce idling losses. e g . by switching off 
exhaust air 

Recover heat form exhaust air 

Typical Saving (\U/t cloth) 

proportional to loading 

1900 

1370 

950 

1370 

950 

35°0 of total 

211 

475 

211 

25~·o of total 

Small 

415 

25% of total 
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