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Organisational, statistical and technological aspects of the textile coleration and related industries
of India are reviewed, whilst examining the functioning of some of the typical centres where
coloration is carried out. The impact of government policy planning, modernisation efforts, role of
viscose and synthetic fibres, existing traditional coloration practices, exports, etc. are analysed to
bring out the strengths and weaknesses of the coloration industry in India. The serious efforts to
increase exports of value-added textiles and garments and to compete in the world markets have
given impetus to the growth of modern coloration and related industries. However, it may still be said
that a review of the coloration industry of India takes the reader through several centuries of

developments in coloration technology.

INTRODUCTION

The roots of the coloration industry in India are buried
deep in history, going back several centuries. One ex-
ample of an early involvement can be found from the
term ‘calico printing’, originating from Kalicut, the har-
bour on the western coast of India from where indigo-
printed cotton fabrics were exported in the 15th century.
By comparison, the first mechanical weaving mill started
in the last century. Now the textile industry is the second
largest employer of labour, next only to the agriculture
sector.

In today’s textile and coloration industries, the old
arts and techniques coexist with modern technologies,
materials and sciences. Fibre substrates, dyes and pig-
ments, auxiliary products, machinery, organisations,
technologies, manpower, production techniques, ex-
ports, etc. are considered in the current review.

The Indian population is now 843 million. It is pro-
jected to be 902 million by 1995 and 972 million by the
turn of the century. The need for fabrics to clothe the
population will clearly also increase. However, cotton
cultivation, involving about 8 million hectares, currently
gives a maximum of 13-14 million bales of cotton (1 bale
= 170 kg). In future, it seems likely that more and more
synthetic fibres will have to be used. At present the per
capita consumption of textile fabrics in India is about 2.2
kg, the world average being 6.6 kg per capita. The pattern
of textile use in India during the 1980s is shown in Table
1. The governmental textile policy of 1985 has recognised
the need for the promotion of synthetics through lower-
ing of excise duties, and minimising controls on produc-
tion, product mix, size of a fibre producing unit, etc.
Vigorous efforts are now being made to use synthetic
fibres in the handloom sector. Thus, since 1985, growth
in production of synthetics has been phenomenal. The
coloration industry is also going through a phase of
modernisation. The emphasis is on the utilisation of
human labour, and not on automation or replacement
of handlooms or hand processing. The Indian coloration
industry has to be reviewed in the light of these facts.
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Table 1 Consumption of textiles in India

Consumption per capita (m)
Estimated
mid-year
Period population {(x 105 Cottan Non-cotton Mixed fibre Total

1980 675.2 11.05  1.94 14.81
1985 750.9 10.98  2.40 1.65 15.03
1986  766.1 1070 2.54 1.86 15.10
1987 781.4 1049 2.54 1.70 14.73
1988 796.6 948 3.19 1.67 14.34
1989  B812.1 929 324 1 13.94
FIBRES AND FILAMENTS

India produces raw cotton in many varieties. These can
be spun into single-fibre or blended yarns in counts
ranging from 2 to 120. The size of the cotton crop is
increasing every year and is now more than 11.5 million
bales. The production of important groups of fibres is
shown in Tables 2 and 3. Those fibres that cannot be
produced in India have to be imported in small quanti-
ties, as shown in Table 4.

Table 2 Production of tibres in India

Production (tonnes x 103} in (year)

Fibre 1970 1975 1980 1985 1990*
Cotton 809 1011 1191 1785 1780
Wool 33 35 35 40 43
Silk 2.9 3.1 5 7.5 11
Viscose, etc. 101 102 118 135 160
Synthetics 16 31 60 169 490

Total 962 1182 1409 2137 2484
* Tentative



Table 3 Production of synthetic fibre and filament yarn (including viscose)

Production (tonnes) in (year)

Installed capacity

Filament 1970 1975 1980 1985 1988 {tonnes per year)
Nylon 9731 13587 19929 38882 35142 62704
Polyester 586 249 9251 65001 138708 88250
Viscose staple 35914 33118 41483 39625 44191 51 366
Polyester 5331 14321 22715 43197 97918 224 062
Acrylic NH Nil 7888 22232 21857 36000
Viscose 63146 66831 74636 94991 121519 114 250
Polypropylene Nil Nil 137 795 1000 4 300
Total* 114708 130348 176042 304 723 460 336

* Cellulose acetate was produced up to 1985, the installed capacity being 3000 tonnes per year;
small quantities of other fibres have also been praduced

Table 4 Imports of fibres in 1988/89
(not produced in India)

Imports
Textile (tonnes)
Cupro yarn 2140
Acetate filament yarn 354
Acetate staple/tow 718
Spandex 9.21
Nylon 6.6 stapie/tow 92.6

Polyester staple and filament yarns have exhibited
the fastest growth in production in the fibre sector, par-
ticularly in the last five years. The projected demand for
polyester filament yarn for 1995 is 207 000 tonnes, call-
ing for 300 texturing units and 2000 twisting units.
Polyester staples were produced in India for the first
time in 1965. Now there are six manufacturers of staple
fibres and about 15 manufacturers of filament yarns.
Polyester staples for blending with cotton, viscose or
wool are produced having high, medium or low mod-
ulus, pill resistance, high to medium tenacity, at 1.3 to
6.7 dtex and 38-80 mm staple length. Sparkling, bright,
semi-dull and fully dull varieties are available as are
mass coloured staples and filaments. Cationic polyester
and easy-dye (carrier-free) polyester are also produced.
The annual growth rate of demand for polyester staples
is above 30%. The multifilament polyester yarns are
produced in different lustres, in round, trilobal, triangu-
lar and muitilobal cross-sections as flat, draw-textured,
and partially oriented and fully oriented yarns by high-
speed spinning and spin-draw processes. The flat yarns
are used for weaving, knitting and some texturing op-
erations, for apparel making, for sewing threads and in
other applications. Draw-textured yarns are primarily
used in apparel knit, woven, tricot fabrics and for yarn
dyeing. In India polyester was developed primarily as a
substitute for silk, 50/30 bright trilobal, 50/48 bright,
45/40 textured, and 30/24 flat bright yarns being pro-

duced for sarees and ladies” dress materials. About 75%
of the total flat yarn production is of 83-167 dtex.

In 1960 the production of nylon 6 was started using
imported chips. Now ten manufacturers produce about
38 000 tonnes of filament yarns per annum. In recent
years nylon has been losing ground to polyester and
viscose. Furthermore, the most attractive feature of ny-
lon 6, i.e. the ease of dyeing with water-soluble acid and
metal-complex dyes at 100°C, is losing its importance with
the availability of high-temperature/high-pressure dye-
ing machines and of disperse dyes for dyeing polyester.
So-called cationic-dyeable polyester gives bright shades
similar to those achievable on nylon dyed with acid
dyes. Nylon 6 filament yarns are produced in flat form
with the desired brightness, cross-section and number
of filaments. The flat yarns are textured and dyed for
knitting. Mass-coloured flat yarns are also produced on
a small scale.

The production of viscose was begun in 1951. The
seven manufacturers now produce filament yarns, and
regular and modal fibres suitable for blending with cot-
ton, polyester and wool. Bright, semi-dull and dull, dope-
dyed viscose fibres and filament yarns are available at
various levels of dry/wet modulus, strength, fineness
and staple length. Shortages of raw materials, partic-
ularly o-cellulose pulp, high production costs and pol-
lution are some of the problems of the viscose industry.
Viscose fibre is most popular in blends. Finer and round
cross-sectional cupro (cuprammononium rayon) filament
yarns are used as a substitute for silk in sarees. The share
of the market held by regenerated cellulosics has dropped
from 86.6% in 1970 to 36.0% in 1988, the proportion of
synthetic fibres rising from 13.4% to 64.0% in the same
period. Cellulose acetate had been produced in India up
to 1985. Now only small quantities are imported (Table
4).

In 1979 acrylic fibre was produced in India by the wet
spinning process using poly(acrylonitrile-vinyl acetate)
copolymers. Now there are three manufacturers pro-
ducing staples and tops for knitting yarns and for blend-
ing with polyester and wool. Bright, variable-shrinkage,
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tow-dyed, flame-retardant acrylic staples of standard or
variable cut (staple) lengths are some of the varieties.
Brilliant shades are produced on acrylic yarns by dyeing
with basic and cationic dyes.

Many other vegetable, animal or insect fibres are used
by the Indian textile industry, and a small quantity of
polypropylene staples and filament yarns are produced.
All these various natural, synthetic, and cellulosic fibres
and filament yarns described above, and their unions
and blends, form the substrates used in textile coloration
in India [1-4].

DYES AND PIGMENTS

The Indian dyestuff industry began in earnest around
the year 1950. Now it has become self-sufficient for the
local coloration industry and is also able to export. In
1947/48 dyestuffs worth Rs 150 million were imported.
In 1970/71 exports realised Rs 2,250 million (388 tonnes).
The dyestuff industry reached its peak capacity utilisation
of 85% (20 500 tonnes) in the year 1978. After this there
was a steady decline in the early 1980s, production
reaching 17 400 tonnes in 1984/85. This is partly because
of the general recession in the textile user industries
(which consumes nearly 75-80% of dyestuff production)
and also because of the prolonged strike in the Bombay
textile mills from January 1982 to July 1983. During this
period the decentralised powerloom sector and the wet-
processing houses flourished. These consumers preferred
to buy dyestuffs from small-scale units, which could
offer competitive prices because of the government’s
decision to extend excise duty concessions to these units.
Thus, when the organised sector of the dyestuff industry
suffered, the small-scale counterpart flourished, to be-
come an important segment of the overall dyestuff in-
dustry. There was a sudden growth in the number of
small-scale units in the industry from 128 to 900 in the
period 1975 to 1984. This sector of the dyestuff industry
has been vigorously growing since then. Today the share
of these small-scale units is 40% of total dyestuff pro-
duction and 50% of exports.

There are about 40 dyestuff manufacturing units of
medium and large size. Now they have recovered from
the recession by diversifying with broad-based product
ranges to cater to the coloration needs of other industries.
They also produce sophisticated intermediates, dyestuffs
and formulations. Furthermore, the growth in the textile
industry, particularly in synthetics and blends, has in-
creased the demand for disperse dyes, cationic dyes and
fluorescent brighteners. With the increased use of com-
puter colour matching and automation, quality stand-
ardisation and reproducible dyeing/printing properties
are demanded, along with better technical service from
the dyestuff suppliers. Many of the small-scale units are
therefore tying up the marketing for their products to
that of the big units, which are in a position to guarantee
the product and to offer an effective after-sales service.

The revival of the industry can be attributed also to
the increased exports of intermediates and dyestuffs to
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developed countries. In 1988/89 exports were valued at
Rs 4,020 million (compared with Rs 460 million in 1955/
56). They are estimated to reach more than Rs 6,000
million in 1991. The major groups of dyes and pigments
produced in India are shown in Table 5. Intermediates
for dyes and pigments are produced locally. For example,
the production of anthraquinone was 4500 tonnes in
1989, while in 1968 the production was only 843 tonnes.
The estimated demand for anthraquinone is 6500 tonnes
in 1995 and 7550 tonnes by the year 2000. Anthraquinone-
based intermediates such as amino and sulphonic acid
derivatives are produced by five or six manufacturers
for home consumption. H-acid (6000 tonnes) is exported
in large amounts.

Table 5 Indian dyestuft industry profile [6,7)

No. of
manufacturing  Production in
Class of dye units 1988 (tonnes)
Azoic 4 2359
Acid/direct 11 219
Basic 4 73
Disperse 13 1977
Reactive 15 2542
Stabilised azoic 2 26
Vat 7 1740
Suiphur black 3 165
Sulphur (other) 1 169
Ultramarine blue 4 6021
Naphthol 6 922
Fast Colours Base 6 535
Food 2 46
Pigment formulation 5 2415
Solvent 2 56
Pigment 9 3486
Flucrescent brightener 9 909
Other 2 137

Many units preduce more than one class of dyes: total number of
units in the organised sector is 37

During the last five years the production of disperse
dyes has been increasing rapidly. This expansion has
been assisted by the installation of spray dryers and
sand-mill grinding units. Typical production data for
two years are shown in the Table 6. Recently the demand
for cationic dyes for modified polyester has increased.
However, these dyes are not manufactured in India.
Similarly dyes and pigments that are suitable for the
mass coloration of polyester and nylon 6 are also not
manufactured in the country. Tinting colours, for
marking nylon 6 yarns, which can be removed easily
without the use of hydrosulphite reduction treatment,
are not available [5,6].

AUXILIARY PRODUCTS

Until 1950 there was hardly any processing of grey fab-
rics needing auxiliaries. The position relating to feedstock
chemicals needed for auxiliary products is shown in



Table 6 Production of disperse dyes [6,7)

Dyestuff production

1986/87 1989/90

Hue (tonnes) (%) (tonnes) (%)
Yellow/orange 408 12 661 12
Red 476 14 777 14
Brown 340 10 565 10
Blue 1292 38 2027 38
Violet 340 10 484 10
Black 544 16 861 16

Total 3400 100 5375 100

There is no impact of increased consumption or changes in
fashions on the pattern colour consumption over the years

Table 7. The restricted availability of the basic raw mat-
erials has kept, and continues to keep, developments in
the application of auxiliaries in a highly suppressed state.
However, the Indian petrochemical industry has grown
rapidly in recent years, so the expansion in production
of feedstock chemicals can be expected to be very rapid
in the near future. This, in turn, will boost the growth of
the auxiliary chemical industry. Presently the export of
these chemicals is around Rs 60 million per annum. The
total business is about 86 000 tonnes valued at about Rs
10 billicn per annum, analysed in Table 8 [8-10].

Table 7 Basic chemicals for auxiliaries [8]

Consumption (tonnes x 108)

Alkyl Ethylene Ethanol  Alky!
Period benzene oxide amine phenol
1847-60 Nil 5 Nil Nil
1961-80 Nil 10 24 Nil
1981-980 150 18 2.8 5
1990-2000 500 40 5.0 10

Table 8 Production of basic chemicals for Indian
textile industry

Production
Product {tonnes x 10%)
Ethylene oxide based 20
Linear alkylbenzene based 10
Softeners 10
Silicone oil based 10
Fat and fatty acid based 5
Fatty alcohols 5

Poly({vinyl acetate) based 25

MACHINERY

The organised textile industry of India is now about 135
years old. Initially grey fabrics were subjected to wet
processing and finishing treatments abroad, mainly in
Manchester, UK. Wet processing and finishing technol-
ogy in India remained in an undeveloped state. The
modern textile processing machinery industry therefore
depended on technical collaborations for growth and
development. Such foreign collaborations started around
the year 1953, and have been an important factor in the
Indian textile machinery industry ever since. About 50%
of the more recent collaborative ventures involve West
German companies.

Present and future requirements of the local wet
processing industry are very large. These can now be
met by the machinery makers of India. Fully fledged
dyeing and processing houses are now established that
do not need to import machinery. Units for wet pro-
cessing as used in India may be summarised as follows
[11].

Scouring and bleaching

J-box bleaching ranges of the Du Pont and Becco types,
open-width J-box bleaching units for synthetics and
blended goods, positively driven roller (fabric) convey-
ing and combi steamers for bleaching, small scouring
units for a batch of 10 000 meters [12,13].

Yarn dyeing machines

Yarn dyeing machines for hanks of wool, acrylics and
cotton, high-temperature/high-pressure vertical-package
rapid dyeing plants with low liquor ratios or fully flooded
systems (Jagri system, West Germany).

Fabric dyeing machines

Normal and jumbe automatic jiggers, modern winch
dyeing machines with low liquor ratios, high-tempera-
ture/high-pressure beam dyeing machines, jet dyeing
machines with soft flow and overflow, rapid dyeing,
low liquor ratio, etc.; continuous dyeing ranges, newer
types of padding mangles, Thermosol dyeing ranges,
universal pad-steam dyeing ranges.

Printing machinery

Fully automatic multicolour flat-bed screen printing
units, rotary-screen printing plants, flat/rotary screen
making machines, dye paste making and dosing units,
printing carriage, panel printing units.

Drying machinery

Yarn chamber dryers, closed circulation dryers, conveyer
dryers for hanks, loose stock etc., cylinder drying ranges,
float dryers, hot-flue dryers, stenters for Thermosolling,
finishing, heat-setting and knit-goods drying.

Other machinery

Ranges for controlled-tension, continuous fabric soap-
ing and washing with a variety of water flow possibilities.
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The limitations affecting the textile machinery indus-
try of India [14] include shortages of raw materials, high
costs and long (two to three years) delivery times. Also,
the processing industry can import the latest machinery
against export obligations. The textile policy of the Indian
government, as finalised in June 1985, gave a boost to
the industry by reducing excise duties on equipment
and by other concessions. This helped the production of
textile machinery and accessories to rise to Rs 5,632
million in 1989 from Rs 4,595 million in 1988. The industry
is emerging from deep depression, which has lasted for
nearly seven years. It now has good prospects for be-
coming the leading capital goods industry in India in
view of the extent of modernisation required by the
Indian textile industry.

Small laboratory machinery units for wet processing
have also been developed locally. Many sophisticated
testing units are also made in India under agreements
and collaborations with manufacturers of international
renown. Microprocessor-controlled units are assembled
locally. Many software systems are also developed in-
digenously. There are more than 200 computer colour
matching units in use in the coloration industry, yet
there is still considerable room for expansion in this area
of quality control and production monitoring.

SILK

Sericulure is an ancient industry in India, dating back to
at least to the second century BC. India produces many
varieties of silk such as mulberry, tussah, eria, muga, etc.
Silk farming is now practiced in more than 50 000 villages,
producing about 10 800 tonnes of raw silk and 3300
tonnes of silk waste. India imports also about 2000 tonnes
of silk yarn per annum. The industry is distributed all
over India from Kashmir to Tamil Nadu. Important cen-
tres for silk fabrics/sarees are Kanchivaram, Bangalore
and Benares. At Madurai blends of mass-coloured cupro
fibre (warp) and acid-dyed silk (weft) are woven on
handlooms. Around Benares mass-coloured nylon
monofilaments are used as warp and dyed silk yarn as
weft. In Rajasthan cotton and silk are used in the pro-
duction of Kota sarees, which are printed with pigments
by hand (block) printing techniques. Throughout the
country silk is woven on 182 000 handlooms and 29 000
powerlooms [15-17].

Silk fabrics and garments are widely exported to de-
veloped countries. India stands third among the leading
exporters to Germany, the total value of silk fabrics and
goods being DM 584 million during 1987, while silk
carpet exports were valued at DM 20.5 million in that
year [16]. The exports of silk fabrics in the 1980s are
given in the Table 9. The total silk production in 1987/88
was 9498 tonnes.

Degumming of silk yarn is done in hank form with
hot water, by alkaline treatment, or by enzymatic diges-
tion in the presence of soap or non-ionic detergent, at a
liquor ratio between 30:1 and 40:1. Final degumming in
fabric form is carried out in open becks or tanks, star
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Table 9 Exports of silk fabrics

from India

Quantity
Year (m2 x 10%)
1980/81 12.5
1981/82 14.3
1982/83 14.1
1983/84 14.8

1984/85 174
1985/86 19.4
1986/87 24.4
1987/88 32.7

machines or winches. Oxidative bleaching with sodium
peroxide (pH 9, 40-90°C), followed by reduction treat-
ment with sodium hydrosulphite (50-60°C), is commonly
used. Silk is dyed with acid dyes at 40-85°C. Cold-dyeing
reactive dyes and solubilised vat dyes are used to achieve
better fastness properties. Hand block printing and
screen printing with steam fixation are accomplished
using direct and discharge (white and with illuminating
colours) styles. Some success in transfer printing on silk
has been achieved at IIT (Delhi), though the process is
yet to be adopted commercially.

WOOL

Most of the Indian subcontinent has a tropical climate
with mild winters. The need for wool materials is there-
fore not very high. Small-scale wool processing is a cot-
tage industry spread over northern and western India.
The first woollen mill was started in 1876 at Kanpur to
produce woollen blankets. Now there are about ten
large units using the latest machines and modern
processing techniques. There are more than 7000
powerlooms and many handlooms in operation for
woollen and wool/synthetic blend weaving and carpet
making.

The sheep population in India is around 44 million,
with 42 breeds. The wool yield is slowly increasing by
cross-breeding; from 600 g per sheep per year it has
increased to almost 1200 g, the average being about 800
g. The fineness of the wool has also improved. Indian
wool is less greasy and has more vegetable matter than
much imported wool. The diameter is 30-40 pm (25-30
um for cross-breed wool), with 15% hetero-hairy fibres
which give high bulk suitable for rugs and carpets. Out
of the 36 000 tonnes of wool produced per annum, 21 000
tonnes are used in carpet production. Wool imports in
1988/89 were 28 000 tonnes. Rags for shoddy are also
imported (34 000 tonnes in 1985/86). Projected require-
ments for the year 1994/95 for the wool sector are shown
in Table 10, while the 1988/89 position is shown in Table
11

Synthetic fibre mills and cotton mills are using wool
in blends to produce dress materials and suitings. Small
and medium-sized wool spinners and weavers are dis-



Table 10 Projected requirements for 1994/95 for the

wool sector

Requirement
tem {tonnas x 10%)
Raw greasy wool (imported) 53
Carpets 25.7
Other coarse 18
Fine (combing) 5.8
For decentralised sector 14.2
Acrylics (wool type) 15.25
Woollen/synthetics rags 66.25

Synthetics 6.25
Polyester/viscose (for unions)  24.48

Table 11 Requirements for 1988/89 for the woo! sector

Worsted Non-worsted Knitting

Spindles (x 105) 4.29 2.63

Yarn (tonnes x 10%)  39.39 59.19

Cloth (m2 x 10%) 79.55 44.66

Hosiery (tonnes x 10%) 7.55
Acrylic (tonnes x 103) 7.48

tributed all over northern and western India. Ludhiana
and Panipat are known for shoddy and woollen knit-
wear. Rajasthan (Bikaner, Jaipur, etc.) is noted for spin-
ning woollen yarn for carpets. Varanasi and Jaipur are
associated with carpet weaving. Hand-tufted carpets,
durries, rugs and dress materials are produced at Panipat.
Tops prepared on modern machines are used by small-
scale spinners. Fine wool is used in Kashmir, Bikaner
(Rajasthan), Himachal Pradesh and Uttar Pradesh to
produce fabrics, embroidered shawls, tweeds, blazers,
blankets and knitted goods.

Imported wool is scoured to remove grease, while
Indian wool is carbonised to remove vegetable matter.
Imported rags are processed for the shoddy industry.
Carding, combing, gilling (blending) to obtain tops; rov-
ing, spinning, doubling/twisting and weaving are the
usual steps in the manufacture of woven goods. Modern
Sulzer, air jet and water jet looms in modern mills are
used, as are old powerlooms and handlooms.

Wool is mainly dyed in the form of fibre (tops), al-
though yarn dyeing is common in the carpet industry.
Fabric (piece) dyeing is rarely carried out. Finishing
houses are situated mainly in Bombay, Panipat and
Ludhiana. One modern mill in Bombay is using com-
puter-aided designs for blankets and the production is
completely controlled by microprocessors.

The exports from the woollen sector are shown in the
Table 12. As pointed out above, the Indian wool indus-
try is heavily dependent on imported wool and rags;
therefore, considering the tight foreign exchange posi-
tion of India, it appears that there a severe restriction on

Table 12 Exports from Indian wool and associated

industries
Value (Rs x 108)
Projected

ltem 1987/88 1994/95
Wool fabric 51 150
Knitwear (wool) 165.5 1200
Knitwear (acrylic) 59.4 130
Blankets 21 90
Shawls 51 80
Synthetic fibre carpets 10 150
Wool tops 33 150
Hand-knotted carpets 2450 7040

its rapid growth. Carpets, knitwear and blended textiles
are the only areas that are likely to show growth in the
foreseeable future.

The Wool Research Association (Bombay) was estab-
lished in 1963 as a cooperative semi-governmental or-
ganisation. Its activities include the development of
computer software for design developments and colour
matching, research into processing of wool and blends,
technical service to the wool industry, and the training
of personnel in related fields. The Indian government
established a Wool Development Board in 1986 to help
the industry in marketing, quality control, etc. [18].

ZARI

India has a tradition of weaving silk fabrics and sarees
with ornamental designs and borders using zari, a met-
allic thread made either of pure gold or of silver plated
with gold which is then twisted with dyed silk fila-
ments. Such pure zari is still used in expensive silk
materials. However, as the price of gold rose, it began to
be replaced by silver and copper, especially in fabrics of
cotton and viscose. Such imitation zari lost its sheen and
metallic look on repeated wear and washing, which
made the fabrics unpopular. Now the imitation zari
made of silver and copper alloy has largely been replaced
by an artificial zari made of metallised PVC/polyester
film coated with aluminium by vacuum vaporisation
techniques. This is then lacquered with dyes or pigments
and cured to give a bright and lustrous coloured film.
The film is then cut into thin strips, which are twisted
with dyed polyester filament yarn to produce the artifi-
cial zari fabric. Such zari threads give a metallic sheen,
glitter and appearance resembling pure zari. White zari
is also used as an alternative to artificial silver zari. Apart
from natural gold colour, these zari threads come in
many other hues. The artificial or plastic zari must be
able to withstand mild alkaline washing, dry cleaning
and ironing, and exhibit good dimensional stability and
light fastness. The total zari business is of the order of Rs
1,000 million per annum, with exports of Rs 150 million
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per annum. The artificial zari is now very popular and
used in many non-traditional products such as dress
materials, tapestry, etc.

YARN TO FABRIC

The textile industry of India is divided into three well
defined sectors, namely the organised mill sector [19],
the decentralised powerloom sector and the handloom
sector [20,21]. The contribution of these sectors to the
total production of fabric is shown in the Table 13.

Table 13 Production of fabric in india (million meters)

Production (m x 108} in (year)

Sector 1986/87 1987/88 1988/89
Organised mills 3317 3027 2808
Powerloom 6 222 6 452 7 008
Handlooms 3 449 3508 3 466
Total* 14 246 14 246 14 905

" Including silk, wool, knitted fabric, etc.

Organised sector

The first cotton mill in India started weaving in Bombay
on 7 July 1854, and the industry has grown considerably
over the years. The number of composite mills has shown
little growth. Some such units were closed down while
others were taken over by the government and handed
over to National Textile Corporation. However, the
number of small units in the decentralised sector is in-
creasing rapidly because of government policies, and
particularly the labour troubles in the organised sector.
The contribution of the organised mill sector to fabric
production is decreasing rapidly (Figure 1).

Many mills do possess very modern machinery for
the preparation of yarn and fabric, as well as for wet
processing. Such units have a high degree of automation
and computer control in production and in colour
matching, etc. They also exhibit high growth rates in
their production and exports. Exports of mill-made cot-
ton piecegoods are shown in Table 14.

National Textile Corporation

Many old cotton textile mills were not modernised and
therefore started to suffer serious financial losses. The
old machinery gave low productivity and was labour
intensive. The older processing machinery was not
suitable for blends and synthetic fibres, and produced
low-quality material at high cost for which there were
no markets. Such outdated units were nationalised to
avoid unemployment on a large scale. About 125 of the
mills taken over were amalgamated into the National
Textile Corporation, with nine subsidiaries. By means of
rationalisation, modernisation and voluntary retirement
schemes for excess labour, the losses were cut. The
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Figure 1 Production of fabric in organised mill and decentralised
sectors from 1960 to 1990

Table 14 Exports of mill-made cotton fabrics [19]

Exports (m2 x 106}

Fabric type 1978 1980 1982 1984 1986 1988
Grey 148.67 188.12 42.72 196.25 164.16 260.89
(54.6) (53.82) (21.5) (46.7) (46.2) (B67.1)
Bleached 58.73 59.45 29.71 4411 18.87 19.54
(21.8) (17.0) (14.9) (10.5) (5.3) (5.0)
Printed 4524 77.69 106.64 142.87 134.29 83.20
(16.7) (22.2) (53.5) (33.9) (37.7) (21.4)
Piece dyed 1417 19.08 16.71 29.11 2255 16.25
(5.2) (5.5) (8.4) (6.9) {6.3) (4.2)

Yarn dyed 5.14 5.19 3.38 6.39 14.77 5.01
(1.9) {1.5) (1.7} {1.5) 42y (1.3)
Miscellaneous 2.15 0.97 3.82
(0.5) 0.3y (1.0)

Total* 271.97 34953 199.16 420.88 355.74 388.71

(100.0) (100.0) (100.0) (100.0) (100.0} (1G0.0)

Figures in parentheses indicate percentage of total

workforce has been reduced from 180 000 to 130 000 in
the last three years. The drop in annual losses for the
same period was from Rs 2,700 million to Rs 400 million,
and it appears likely that the NTC will soon reach a
break-even point.

The NTC has shifted its attention from pure cotton to
blended textiles. It has started to implement a Rs 8 bil-
lion modernisation programme with an emphasis on
rapid returns, high value addition and wiping out all



the accumulated losses over a fixed period. As part of
this modernisation 10% of the new machinery will be
imported while the rest will be obtained from local
sources. NTC mills are currently exporting goods worth
Rs 400 million per annum. Three woollen mills were
also nationalised and are now run by the NTC.

Decentralised sector

There were 27 000 powerlooms in 1956; now there are
more than 900 000, half of which are at Malegaon,
Ichchalkaranji, Bhivandi, Sholapur, Pune and Surat,
employing over 1.5 million people. They produce fab-
rics using cotton and synthetic yarns, and compete
mainly with the organised mills (Figure 1 and Table 13).
Their output goes mainly to the smaller making-up
companies.

The rapid growth of this sector of the textile industry
can be attributed to many factors. Handlooms have be-
come uneconomical, with their low productivity and
uneven product quality, and have been replaced to a
great extent by powerlooms. These production units
have many tax benefits, less stringent labour laws and
no labour unions as they fall into the category of cottage
or small-scale industry. They also have low overhead
charges. Many mills and garment producers are provid-
ing them with raw materials and buying the grey fabrics
they produce.

This sector will become the main producer of fabrics
in India.

Handlooms

Handlooms were used for centuries to weave fabrics,
and are still producing over 3500 million metres of fabric
every year, i.e. 35% of the total textile production, on 2.5
million handlooms, and employing 20 million people.
On an average 6 m fabric is woven in an 8 h shift. But the
handloom sector is not able to withstand the onslaught
of the powerloom operators, and has a level of machin-
ery under-utilisation of around 60%. Attempts have been
made to help this sector by improving looms, weaving
technology and productivity, and by the use of synthetic
yarn. Three handloom technology institutes and 24
weavers’ service centres are providing technical assist-
ance. Special concessions in taxes and duties, subsidies
in prices, reservation of certain types of fabrics, organi-
sation into in cooperative societies, etc. have all helped
this sector to survive. Andhra Pradesh, Tamil Nadu,
Uttar Pradesh and Assam account for 60% of the
handlooms. Now, apart from silk, fabrics of cotton, re-
generated cellulose and synthetic fibres are produced
on handlooms. Handloom goods worth Rs 6,320 million
were exported in 1988/89.

THE KNITTING AND READY-MADE

GARMENT INDUSTRIES
There are about 10 000 knitting units in India, 90% of
which are in the small-scale/cottage sector. Exports of

knitwear increased from Rs 1,080 million in 1983 to Rs 6
billion in 1989, of which 75% was cotton based. Knitting
of synthetic fibre and wool yarns is concentrated in
Punjab at Ludhiana. Nylon socks are knitted from
texturised dyed yarn. High and low shrinkage acrylic
fibres are spun together and dyed with basic dyes to
give bulked wool-like knitted yarns.

Articles such as pullovers and hosiery were the only
ready-made knitted garments commonly available in
India until recently. Woven fabrics were used for fully
fashioned women'’s wear, which became very popular.
Over the last decade ready-to-wear men’s garments have
become available in an array of designs and ranges. In
the last five years the growth in this market has been
phenomenal; its current value is about Rs 6 billion, and
is growing at a rate of 30% per year. The composite
textile mills extended their activities to convert their
fabric into ready-mades. Many companies farm out the
manufacture of shirts and trousers to small factories,
providing them with fabric and designs. For example,
Delhi has more than 2000 such small factories that stitch
garments for big brands, which are now 100 in number,
Many world-famous garment manufacturers are em-
barking upon joint ventures. For example, 75% of the
production of works producing denim garments is ac-
quired by a major US company. A chain store in the UK
is selling shirts and trousers produced in India under its
own brand names. Thus garments of many sorts, from
exclusive high-priced ones to cheap casualwear, made
of all types of fibres and fabrics, and in a variety of
designs and colours, are produced in India.

Woven fabrics used in ready-made garments are pro-
duced from dyed yarns or are dyed and/or printed in
the conventional manner. The dyeing and finishing of
fully fashioned articles has yet to be considered as an
important aspect of textile finishing in India, although a
limited amount of garment dyeing is carried out by
some dyers using rotary washing machines. In such
cases fastening accessories such as buttons, zippers and
buckles are sewn on after dyeing. Poor dye penetration,
chafe marks, creases, shade variations and shrinkage are
some of the problems faced by the dyers. The finishing
of garments after dyeing cannot include wash-and-wear
resin finishing of cellulosics and blends. Coloured fabric
with woven designs is therefore more commonly used.
Because of the increasing need for ‘quick response’
manufacture, the industry will have to switch over to
dyeing garments on a larger scale, and the major garment
producers are moving in this direction. Transfer printing
of knitted polyester garments is practiced on a small
scale using locally produced printing papers.

The garment industry is labour intensive, capital in-
vestment of only Rs 5,000 is needed per person. The
industry has a high employment potential in the decen-
tralised sector. This industry is the fastest growing in-
dustry in India especially in terms of exports. From the
humble beginning of Rs 500,000, exports have catapulted
to a staggering figure of over Rs 31 billion per annum in
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only 25 years. The garment industry therefore is receiv-
ing attention from government agencies, and from the
rest of the textile industry and research organisations in
India [22-26].

SMALL-SCALE PROCESSING HOUSES

The independent processing industry has grown in the
course of time in an ad hoc manner to cater for the de-
mand arising out of proliferation of powerlooms in the
country. The small powerloom establishments sell their
grey fabric to the intermediaries who in turn sell it after
processing. This industry can be divided into two sectors:
{a) Those using electrical energy

(b) Those using human energy.

In the latter case, no motors or electrical pumps are
used for the movement of fabric. If there is any mech-
anical operation, such as felt calendering, to be done in
the processing sequence, the goods are sent out to a
power processing unit, many of which are based in
Surat. The hand processing industry processes goods
consumed in rural India, because of their attractive low
prices; it employs over 2 million unskilled workers in
about 5000 units spread all over India, although Pali is
the main centre [27].

Pali (Rajasthan)
Pali is the biggest hand processing centre in India for
cotton textiles, with about 1000 small processing units
employing between 40 000 and 50 000 unskilled workers
[28]. Its energy requirements are met by human energy,
making the industry free of excise duties charged on the
processed fabrics. The great success of Pali processors is
attributed to factors such as zero excise duty, minimum
capital, maximum productivity, low labour costs and
hard work by the entrepreneurs. Solar energy is used
for heating the water and for drying processed fabrics
and wet prints on outdoor tables. For direct heating,
wood is consumed at a rate of 150 tonnes per day. Water
is obtained from tube wells, government or municipal
water works or by 3 m? capacity tankers from long dis-
tances. There is hardly any weaving activity around
Pali. Therefore all the grey fabric is procured from the
decentralised weaving centres far away in the south,
such as Ichchalkaraniji, Malegaon, Bhivandi and Tirupur.
The production in a typical unit is 20 000 to 30 000 m
per day (12 h). Total turnover at Pali is estimated to be
about Rs 2,000 million per annum. Dyed and printed
cotton goods, mainly sarees and lungis, produced in
Pali are sold chiefly in Bengal, Uttar Pradesh, South
India, Sri Lanka and Thailand. Desizing, kier boiling,
bleaching, caustic treatment, dyeing, printing and fin-
ishing are the main processing operations. The caustic
treatment is given with 30° Bé sodium hydroxide on a
locally made hand-driven machine costing Rs 15,000.
Five workers on the machine process 20 000 m fabricin a
day. Kier boiling and desizing is done for 5-8 h.
Hypochlorite bleaching and washing complete the
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pretreatment and preparation of the fabric for dyeing or
printing. The washed goods are dried in the open air in
sunlight. The goods are printed on waxed printing tables
with reactive dyes and/or pigments using direct and
discharge styles. One printing table gives about 400 m
fabric in a 12 h shift. Prints are fixed by the silicate pad-
batch method. The printed fabric dried on the printing
tables is padded with silicate solution (1 kg silicate per
10 m fabric) and stored in a drum. After the desired
dwell time, the goods are washed and finished with
cationic softeners. A hand-operated stenter costing Rs
250,000 to 300,000 is used for the final operation. Special
felt calendering is done on a power-operated machine
elsewhere.

Sophisticated designs are prepared in Bombay and
Ahmedabad. The screens, having wooden frames and
width up to 120 cm, are made locally; there are about
100 screen and design makers. The monopoly of any
design is valid for 30 days after which anyone can use it.
Many machines are developed and produced locally to
suit the local processing technology and the budget of
the small processor. There are hardly any boilers used in
Pali process houses.

The unskilled and uneducated labour comes from the
nearby villages. Many of them return to farming activi-
ties in the rainy and harvesting seasons, and then several
processors have to minimise their printing work or even
stop it completely. Some of them switch over to dyeing
activities, needing less labour.

Water pollution is a serious problem created by the
small-scale processing units, particularly of Pali. Some
cooperative attempts to collect the effluents and to pro-
cess them at a central effluent treatment plant have not
solved the problem. Since water is scarce in the Pali
area, recycling of effluent is doubly attractive. Some
units treat the effluent with alum, filter and reuse it
wherever possible.

Meerut (Uttar Pradesh)

Meerut has been famous for handloom fabrics for cen-
turies and is still known as the major khadi production
centre of India [29]. In the last two decades powerlooms
have been replacing handlooms. Thus, from 50 power-
looms in 1968, the number in use has now reached
20 000, for weaving cotton, both as a single-component
fabric and in blends with synthetics fibres. This has led
to a proliferation of manual processing units for printing,
so that about 200 are in existence in and around Meerut,
printing fabric produced locally and from other
powerloom centres.

The fabric processing units started to spring up around
1972, most employing two screen printing tables, but a
few with up to eight or even 15. Sheets, curtain fabric,
lungis and dress materials are printed with Rapid Fast
(HOE) (azoic) and Indigosol (S) (solubilised vat) dyes. In
a unit consisting of two tables, one colour master, five
printers and eight helpers are employed. The capital in-
put is from Rs 100,000 to 1 million. The prints are washed,



starched and air dried in the open fields under the sun.
Printing is suspended during the rainy season.

Surat (Gujarat)

Surat is probably the largest centre in the world for the
production of nylon and polyester fabrics [30,31]. Daily
production exceeds 4.5 million meters, valued at Rs 45
million. There are about 160 process houses employing
more than 100 000 workers. In the 1950s there were
about 7000 powerlooms, whereas now there are more
than 175 000 looms, and this number is increasing every
day, many being state-of-the-art weaving machines.
These machines are supported with modern sizing ma-
chines, zero-twist warp sizing machines, twisting and
crimping machines, etc.

A substantial portion of the grey fabric woven in
Surat still goes to Bombay, Ahmedabad, Ankleshwar
and elsewhere for processing. Big individual weavers
and traders set up their own process houses, so that 20
large process houses account for 50% of the fabric pro-
cessed. These large houses mainly carry out dyeing and
printing of polyester, while the smaller ones dye mainly
nylon fabrics. The extent of modern machinery installed
in 1984 is indicated in Table 15, and within the last six
years many more units have been installed.

Table 15 Extent of modern machinery installed in the
Surat textile coloration industry by 1984

Machine type Number

High-temp./high-pressure beam dyeing 270

Jet dyeing 24
Semi-automatic screen printing 350
Automatic screen printing 20
Rotary-screen printing 6
Soaper ranges 20
Stenters 200

Printing is carried out on tables using manual, semi-
automatic or fully automatic screen printing/rotary
printing techniques. Roller printing is not commonly
practised in Surat. The prints are developed on steam-
agers, universal steamers and loop steamers. For clean-
ing the printed goods, tensionless open-width washing
machines, washing drums, tubes and rope washing
machines are used. The goods are hydroextracted before
drying on stenters, and calenders, felt calenders,
polymerisers (ovens), etc. are used in many houses. There
are a few embossing machines and decatising machines.
Vertical and horizontal cylinder ranges are also used for
drying.

The recent growth in the number of process houses
has been accompanied by a change from processing of
nylon fabrics at atmospheric pressure to that of poly-
ester fabrics under high pressure; shirtings and dress
materials are processed as well as sarees. This change

entails the use of rapid dyeing machines, high-tempera-
ture/high-pressure beam and jet units, clip/pin stenters,
loop agers, etc. and the adoption of automatic printing
techniques. The industry in Surat prepares more than
500 designs every day for the local markets and for
export. A single process house may export from 50 000
to 200 000 m nylon 6 and polyester fabric in several small
lots each month, the total exports having a value of
more than Rs 1,500 million per annum. The Man-made
Textile Industry Research Association in Surat caters to
the needs of the industry for research, development,
education and technical consultancy services.

TIE AND DYE TECHNIQUES

The antiquity of Indian civilisation is reflected in the
existence of highly developed artistic forms of clothing.
In recent years the art of making this decorative clothing
has been dying, indeed in some aspects is already dead.
Some such fabrics are still produced in the newer forms.
However, synthetic fibres and filaments are not used in
these fabrics because of the difficulties in dyeing (poly-
ester yarns) and their dimensional instability under ten-
sion {nylon 6 yarns). Thus these materials are produced
using cotton, silk and woollen yarns. Typical examples
produced commercially are given below [32-36].

Ikats

Ikats are produced on handlooms using resist-dyed warp
and/or weft, mainly in Andhra Pradesh, Orissa and
Gujarat. The yarns are tie-dyed in such a way that,
when woven, a predetermined pattern appears in the
finished fabric. Telia rumals, using vegetable and alizarin
colours to give red, chocolate brown and black shades
on white grounds, were woven at Pochampalli (Andhra
Pradesh) in the early 1930s. Now vat dyes and azoic
combinations are used for cotton, and acid colours for
mulburry and tussah silk. Ikats of Orissa, known as
bandha, are produced by dyeing bundles of threads by
tie-dip dyeing techniques. They are then woven into
fabrics without prior marking of design on the yarns,
producing warp ikats, weft ikats or combined ikats. The
sharpness and brightness of the designs are therefore
limited, and bold designs are favoured. The use of extra
weft threads complements the design. A large variety of
ikats for the traditional and modern types of garment is
produced in cotton and silk fabrics in Orissa.

Patola of Patan (Gujarat) is a double ikat silk fabric in
which both warp and weft are resist-dyed, so that when
woven the elements of pattern on warp and weft mesh
to create a richness of figures and ground with very
slight run-on in texture. The design can be geometrical,
floral or random, with animal, bird and human dancing
figures. The process of production is rather elaborate.
First the design is marked on graph paper, which indi-
cates how the warp and weft are to be dyed in different
colours at different places. The warp sheet is spread out,
the design is marked on it, portions to be resisted are
tied, and the exposed yarn is dyed. The sheet is then
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washed. The process is repeated for each colour and
each depth of colour by fresh tying and dyeing stages.
Finally the warp sheet is thoroughly washed to com-
plete its colouring processes. The weft is spread on a
semicircular pegged board. The design is marked, picks
are individually tied and dyed repeatedly as required
by the design. Weaving is done on a pit loom with fly
shuttles to fit each pick in the design, giving patola very
clear and fairly permanent patterns. Patola fabrics and
sarees therefore take a long time to weave and are very
expensive.

Tie and dye fabrics

The fabric is tied into knots using sticks, rubber/plastic
threads, etc. to develop physical resistance to penetra-
tion of dye liquor. After dyeing, the knots are untied
and the fabric is opened up to give a white resist on a
coloured ground. Various geometric patterns can be
developed by this technique using azoic dye combina-
tions. The technique has been developed to the greatest
extent in Rajasthan, where it is used to produce cotton
sarees.

Two-tone fabrics

Two-tone fabrics are produced by using two types of
yarns, e.g. nylon and polyester, or cationic-dyeable and
normal polyester yarns. Designs incorporating black in
combination with other colours can be produced by
using black-dyed yarn with white yarn and overdyeing
the white yarn with the desired colour, which does not
affect the black yarn. Nylon warp and dyed polyester
yarn as weft give a fabric that can be overdyed with acid
dyes to give two-tone sarees. Mass-coloured flat nylon
yarn is used as warp in some nylon/silk union fabrics.

EXPORTS

There has been a dramatic change in the pattern of
India’s textile exports. Now, in addition to cotton goods,
textiles consisting of regular and medified viscose, acrylic,
polyester, wool, and their blends and unions are ex-
ported [37,38]. Textile processing obviously has to meet
international specifications in export markets, in terms
of dimensional stability, strength and colour fastness.
This concentration on exports has improved the overall
quality of finished fabrics produced in India. The markets
are becoming more and more demanding, forcing the
pace of modernisation in the processing industry. It is
only long runs of high-quality blemishless fabric that is
in demand in export markets. Longer and wider fabrics
have to be processed during dyeing and printing, and
short delivery times in international markets have to be
met.

Fabrics made from synthetic fibres that are in de-
mand in export markets are in the form of sarees, dress
materials, nightgowns, shawls, stoles, dupattas, etc.
Scarves and stoles are also stitched and exported, mainly
to the Middle East and European countries. Bright de-
signs, traditionally associated with Indian textiles, are
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popular. Discharge prints on polyester find a ready
market; many of them are given an alkaline reduction
treatment to bring about a weight loss of up to 15% to
give a silk-like handle. Carbonisation of polyester/
cellulosic blends with sulphuric acid to give 100% poly-
ester sarees with a springy handle is practiced on goods
printed with disperse dyes. Acrylic materials are exported
only in the form of knitted garments.

Cotton textile exports reached a level of Rs 14,813
million in 1989/90. For the period April-July 1990 exports
amounted to Rs 5,960 million, representing a 47% in-
crease over the figure for the corresponding period in
1989. The ready-made garment export industry is also
rapidly expanding; in 1989/90 garments worth Rs 30
billion were exported. The fabric itself accounts for about
65% cost of the garment. The organised mill sector at
present is producing only about Rs 3 billion worth of
fabrics for the garment export industry. Hence it has
ample scope to grow rapidly to supply more of the
needs of the garment industry. The viscose and synthetic
fibre exports reached a record high of Rs 4,250 million
during the first nine months of the year 1989/90 (full
year about Rs 5,450 million), compared with only Rs
1,914 million in the previous year. Made-up garments,
which are becoming quite popular in Europe, including
acrylic knitwear, amounted to Rs 1,142 million in the
same period (Rs 469 million in 1988/89). Exports in 1989
showed rises of 87.6% to Japan, 57.2% to Australia, and
250% to the UAE compared with those in the previous
year. The steady erosion of the value of the rupee has
helped Indian exporters, quite apart from the improved
quality they can now achieve. The total number of pieces
exported climbed from 193.5 million in 1983 to 494.1
million in 1989, a 34% rise in terms of rupee value.

The Indian clothing industry’s share of the total world
trade in garments is only 2.0% and of the global export
trade is only 0.5%. India is unable to step up its share in
garment exports mainly because of bilateral allotment of
quotas restricting the volume of certain types of gar-
ments that can be exported to particular countries;
around 60% of exports are still covered by quotas. The
government has estimated that by 1995 textile exports
will amount to Rs 100 billion, subdivided as shown in
Table 16, and it appears that this target will be reached
ahead of schedule.

Table 16 Amount of Indian textile exports

predicted for 1995

Exports
Sector {Rs billion})
Clothing 50

Cotton textiles

including handloom goods 30
Silk goods 9
Synthetic fibre goods 11




EDUCATION AND RESEARCH

Undergraduate and postgraduate textile programmes
in India are conducted in more than 20 institutions, with
728 undergraduate and 80 graduate students. The intake
for textile chemistry, including synthetic fibre technol-
ogy, is about 150 undergraduate students and 25 post-
graduate scholars every year. Diploma courses and home
science courses, covering wet processing technology,
are available in many colleges and technical institutes.

The organised sector of the textile industry has set up
many cooperative research institutes that work for the
member organisations and on sponsored research
projects. These include ATIRA (Ahmedabad), BTRA and
SASMIRA (Bombay), MANTRA (Surat) and the Wool
Research Institute (Bombay). These institutes organise
seminars, meetings, symposia and workshops to update
knowledge on textile sciences and technology, including
coloration.

The Textile Association of India has 25 units located
in different parts of the country, with over 16 000 mem-
bers. It was founded in 1938 as a professional body of
technologists, scientists and managers. It runs consul-
tancy cells on technical subjects, publishes books, sym-
posia proceedings and a journal, and arranges technical
meetings and conferences where subjects of topical in-
terests are discussed.

There are many journals devoted to the field of tex-
tiles. Journal of Fibre and Textile Research, Colourage, Dyer
and Printer and New Textile Market may be mentioned.
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