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Today, the Indian textile industry is one of the most vibrant industries with diverse spectrum of
activities from decentralized power looms, hosiery and knitting sectors to the handicrafts
segments and a wide range of man-made and natural ﬁbers. The textile industry is unique with its
close linkage to agriculture as well as culture and traditions of the country.
The industry has gone through a number of changes since Independence in 1947, and after
liberalization in the 1990s. The Swadeshi movement in the pre-independent era stimulated the
demand for Indian textile in the country and made the country self suﬃcient. The textile industry
was one of the ﬁrst industries to be nationalized in India after independence and probably one of
the most tightly regulated industries with the industry coming under the Industries (Development
and Regulation) Act for allocating licenses in 1951. The focus of government policies during the
initial decades post Independence was towards protecting domestic employment along with
development of more eﬃcient production technologies.
The Multi-Fibre Agreement (MFA) in 1974 imposed quotas on clothing exports and governed the
extent of textile trade between nations. The Indian textile industry responded to the quota
restrictions by shifting from raw material and unﬁnished cloth production to value added garment
production. The National Textile Policy in 1985 marked a shift from employment to production
as well as from labour-intensive small-scale industry to capital- and technology-intensive mill
sector.
The liberalization, privatization and globalization in the 90's, gave a boost to Indian economy and
a much-needed thrust to the Indian textile industry making it one of the leading textile industries
in the world. National Textile Policy 2000 improved the competitiveness of the Indian textile
industry with major focus on technical upgrades, productivity enhancement, diversiﬁcation of
products and ﬁnancing arrangements. The abolition of quotas that governed the international
trade in textiles and clothing in 2005 opened up Indian ﬁrms to international competition,
The Indian Government has played an important role in the development of Indian textile
industry at both national and international levels by providing various subsidies and loans. The
government has initiated many policy measures such as the Integrated Skill Development (ISDS)
Scheme to support skilled labour required for diverse textiles segments, 100% Foreign Direct
Investment (FDI) in the textile industry, Technology Up-gradation Fund Scheme (TUFS) for
easy access to capital for technological up-gradation, Production-linked incentive (PLI) scheme
and Prime Minister Mega Integrated Textile Region and Apparel (PM MITRA) are among the
few.
Today, as India celebrates 75 years of Independence, the textile industry has come a long way
since the days of the spinning wheel and the loom. The industry is now one of the most modern
and dynamic sectors of the Indian economy with a bright future ahead.
Dr. D. V. Raisinghani
Hon. Editor, JTA

Ø Take Waste out of Water
Today the National Mission for CLEAN ENVOIREMENT recognises that
combating river pollution is not possible unless we can provide every Indian with
working toilets, connected to systems that safely dispose of human excreta. The
agenda is therefore not just about building toilets but also about building
sanitation systems that are aﬀordable to all. Growth can only be sustainable when
doing aﬀordable and inclusive.
Our cities do not treat or safely dispose of the bulk of human excreta. Along with
making each toilet we should also think of sanitation. We cannot manage our rivers
sustainably unless we ﬁx our waste management system. Dumping of industry eﬄuents leads to river water
pollution.
Ø Save Earth
Prolonged and excessive use of chemicals has deteriorated soil health to such an extent that organisms that lived in
soil have either vanished or decreasing in number. This is the reasons farmers who have small land holding, ﬁnd
programmes such as the public distribution system and Mahatma Gandhi National Rural employment Guarantee
Scheme, more attractive than farming.
Mr. R. K. Vij, President - TAI

Agriculture Scientists should promote organic and natural farming and to the farmers to grow cash crops. Using
more BRICKS made from upper layer of earth in making building is also spoiling the top layer of our good earth.
Ø Save Oxygen
If current policies are not strengthened than the world is on track to warm by 3.20C by 2100. Co2 emissions from
existing Coal, Oil and Gas contribute to this failure. We have to start using technologies that suck Co2 out of the
atmosphere, so that global green house gas (GHG) must fall by 43% by 2030 as compare to 2019. The use of Coal,
Oil, and Gas must decline by 2050. We should use Solar, Wind and Lithium Batteries energy.
Ø Other STEPS required.
i. Eliminate use of Mercury in gold mining
ii. Nuclear fusion can be source of endless energy
iii. Prevent Dust from stone crushers by new technology & guidelines
iv. Facilitating Farmers, so that they should not burn the leftover crop
v. Pollution control rules should be equal in all states
vi. Dal Mills, Atta Mill Chakkies should also use technology to control their emissions. Govt. Should guide them
vii. To provide Big Boilers facilities to MSME's, in place of using small Boilers by each units where the cluster of
units are there.
viii. Recycled Bottles in the Food & Beverage Products should be made mandatory.
ix. Recycling of used Garment Units should be encouraged to again convert into yarn, fabric, garment e
x. More use of MMF Fibre instead of Natural Fibres as in growing Natural ﬁbres you need more land and water.
Same land can be used to grow more for the increasing populations.
xi. Lastly each individual person of this Planet has to think and take their responsibility to save the environment
instead of depending on the Government action.
WE HAVE ONLY ONE PLANET TO LIVE SO TO LIVE HAPPILY WE SHOULD SAVE THIS PLANET
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1. Introduction
To protect the human body from extreme weathering
conditions like water or rain, sleet or snow fall and wind,
waterproof breathable fabrics are preferred. Waterproofness
and breathability are two contradictory functions expected
from same fabric. Waterproof means fabric impervious to
water. It prevents entirely the penetration as well as
absorption of water. At the same time, it should exhibit the
breathability by allowing eﬀective transmission of moisture
from microclimate between skin and clothing, to outside
atmosphere [1]. The applications of such fabric include foul
weather leisure wear, sport wear, rain wear, specialized
medical safety equipment and military usage. The
breathability along with high standard waterproof property
from fabric is anticipated, depending on level of protection
required. The wide range of end user products have
categorised as leisure for heavy duty foul weather and
fashionable weather protection including over trouser,
cagoules, hats, gloves, rain wear, skiwear, golf suit, tents,
sleeping bags and covers. Under the work wear products
were classiﬁed as foul weather and domestic transport
including survival suits, military protective clothing,
surgical garments, hospitals drapes, mattresses and covers,
tarpaulins, ﬁltration, clean room wear, car covers, smoke
covers and cargo wraps [1].
2. Thermal Comfort
Too much always creates discomfort; too hot, too cold or
heavy rain, further wind and sleet disturb physical comfort.
Theoretically, all these factors are directed to thermal
properties of physical comfort [1, 2 & 3.] Core body
temperature for human is 37°C, and skin temperature is 3 to
5°C lower than the core. Due to physical activity, metabolic
activities or psychosomatic reasons, body temperature
increases. The core body temperature at 45°C and beyond
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may result in disastrous consequences. During physical
activity, body attains cooling mainly by producing sweat.
When water in the body evaporates in the form of moisture, it
absorbs latent heat from body and provides cooling aﬀect.
Every litre of water evaporate from body absorbs approx.
539 kcal energy as latent heat and reduces body temperature
[4]. Researchers elucidated physical activities and
corresponding wark rate [3]. Sleeping and sitting activity
have 60 and 100 watts work rate respectively. Walking
gently, actively or carrying light to heavy packs exhibit work
rate from 200 to 500 or even more than 1000 watts depending
on intensity of activity and ﬁtness. The equivalent water
evaporation rate given is 38 g day-1 Watt-1. To elucidate, the
work rate for active walking is 300 watts, for cooling,
equivalent water evaporated is 11,500 g.day-1 or 480 g.hr-1.
Some amount of water gets evaporate in respiration and
major amount through skin.
The rate of evaporation depends on relative humidity. As
physical work continues, the amount of moisture increases
inside microclimate exists between body skin and clothing
material. The moisture absorption capacity of air inside
microclimate decreases with time as amount of moisture
increases with activities [2, 3 & 5]. Therefore, even though
the temperature is lower, discomfort increases. If sweat
produced is higher than the rate of evaporation, the body is
prevented from the cooling eﬀect; the core body temperature
increases and results into hyperthermia.
On the other hand, there are chances of reduction in core
body temperature. During rest, most surplus heat energy
from body is lost either by conduction or radiation. When
cloths are wet, shivering takes place. In these cases, the body
loses heat more rapidly than it is being produced. This
phenomenon is known as hypothermia. The core body
temperature at 24°C and below may also result in disastrous
consequences. Either reduction in thermal conductivity
inside the microclimate or higher thermal transmission, both
causes loss in comfort.

3. Breathability
To maintain physiologically comfortable temperature range,
the clothing has to permit the passage of perspiration
produced during various physical activities. Clothing
comfort sensation is determined by a balanced process of
vapour and heat exchange between body and atmosphere
across clothing. The ability of the clothing fabric to allow
moisture vapour to penetrate through fabric and diﬀuse in the
atmosphere is referred as breathability; however, it is a
general, qualitative and absolute term, because it is used as
'extremely' or 'high' or 'low' breathable. It's quantitative
expression or degree of breathability is measured in terms of
moisture vapour transmission rate (MVTR) and expressed as
grams of moisture passed through fabric per square meter per
day [6]. For a medium level physical activity, a breathability
rating of 5000 – 8000 grams may be ﬁne; whereas for heavy
activities the recommended clothing shall have rating in the
range of 10,000 – 15,000 grams. In case clothing meant for
longer exposure to foul weather, the manufacturer claim
rating of MVTR >20,000 grams. In brief, larger the number,
the fabric is more breathable; however, prediction of exact
rating is always diﬃcult as moisture transportation across the
fabric or clothing assembly depends on multiple factors like
temperature, relative humidity, rate of sweating, layers in
clothing assembly etc. Normally heavy physical activity may
be for short time, which may generate uncomfortable
condition for time being; however, the lag of moisture
transportation across the fabric should be minimum to
achieve comfortable situation again.
The fabrics employed to manufacture extreme weather
clothing assembly also resists water to penetrate inside. The
evaluation of waterproofness is equivalent of placing a
square tube of 1 inch side over the fabric and height of water
column required to leak is measured. The pressure generated
by hydrostatic head breach the coated or laminated textile
material and height of water column in millimetres is
expressed as waterproof rating. The rating of 5000 mm is
considered as waterproof material. Depending on weather
conditions and degree of waterproofness required the ratings
have recommended. The rating of 5000 mm provides some
resistance to light rain, dry snow without pressure. The
clothing with 10000 mm rating resists light rain and average
snowfall with light pressure. For exposure to heavy intense
rain or slit for longer period more than 20000 mm rating is
required. Larger the number, the fabric is more resistance to
water penetration.
Commercially for hiking or skiing the recommended jackets
are of 10K/10K types. First 10K indicates fabric is resistance
to 10000 mm hydrostatic head whereas second 10K
describes breathability of fabric equivalent to 10000 grams
of water through 1 sq. m within 24 hours.
4. History of waterproof breathable fabrics
A detailed review on history of waterproof breathable
material [7] explain that in ancient time, waterproof shelters,
clothing for hunting or farming, for sports or outdoor activity

during adverse climatic condition were required and existing
materials were used. The material preferred include leather
and textile made from natural ﬁbres like silk and wool and
further cotton and linen. The record indicates the use of oil on
silk fabric was common in historic times. Oily cloth won't
allow water to penetrate and used for shelter, covering and as
containers. Linen or cotton cloth coated with linseed oil was
used as sail cloth, further oil was replaced by paraﬃn wax.
The use of intestine and stomach of seal or whale was also
recorded.
Early attempts of use of rubber were not successful because
at hot temperature it becomes tacky and at lower temperature
shown hardness, may be because of its glass transition. In
1823, a Scottish chemist – C Macintosh patented his work
involved sandwiching moulded rubber between fabric
coated with rubber – naphtha mixture. Further the process of
vulcanizing the rubber improved the quality of this product.
The use of fats, waxes, oils, varnishes, pigments, guttapercha, Indian rubber or water-insoluble metal oxides were
used to ﬁll-up the fabric interstices and block the water
permeability for serve the purpose.
Initially, these waterproof products were welcomed by
market however, very soon it was realised that they are
preventing penetration of moisture to either side and are not
suﬃciently comfortable. Staying dry is not about only
preventing water to get inside the clothing but letting sweat
out is also essential. The solution to this problem led to
introducing waterproof breathable fabric.
The development in waterproof breathable took place in
United Kingdoms, mainly due to their climatic conditions.
Ventile clothing used by British military pilots were
impenetrable to arctic winds and icy water and showed to be
tenfold better performance of existing products at that time.
Unlike rubber or plastic-coated textiles, they were made
from closely woven cotton fabric allowing sweat to transfer
to atmosphere and referred as ﬁrst-generation breathable
products.
Gore-Tex® [8] introduced PTFE polymer based waterproof
breathable fabric about 50 years before. A solid polymeric
ﬁlm was heated and subjected to a sudden, accelerated
expansion to the tune of 800% where it resulted into 70%
porosity or air content. The expanded - ePTFE – was used as
waterproof breathable membrane as it was claimed to have
1.4 million tiny holes per sq. cm. These tiny holes get blocked
due to contamination and exhibited the reduction in
performance. Further, the Gore-Tex® developed hydrophilic
PU based coated textile with improved performance and still
it is used for commercial applications like windcheater.
Based on this scientiﬁc theory, many developments were
taking place in waterproof breathable textiles.
5. Waterproof breathable fabric constructions
Many previous workers have reviewed the fabric
construction used for waterproof breathable fabric and their
assembly made for suitable end application coating like
extreme weathering conditions or sportswear [1, 2, 7, 8].

Water resistance and moisture permeable fabrics can be
manufactured by several ways and classiﬁed as:
Ÿ Densely woven fabrics.
Ÿ Membranes
Ÿ Coated
Ÿ Smart breathable and biomimetic
5.1 Densely Woven fabric
Ventile was the ﬁrst reported breathable woven fabric by
Shirley institute UK. The fabric was made from long staple,
low twist and mercerised yarn. High-dense Oxford weave
was used where in plain weave two ends run in pair. Because
of minimum weft crimp, to some extent ﬁbres are parallel to
fabric surface. This fabric has high cover factor, ﬂat surface
with good abrasion resistance and lower stiﬀness.
Normally, either water vapour or liquid water transmitted
across fabric through inters yarn spaces and diﬀusion
through individual hydrophilic ﬁbres. In addition, liquid
water transmission takes place by capillary within ﬁbres.
Initially, Ventile is not waterproof, however when it comes in
contact with water, as shown in ﬁgure 1, the cotton ﬁbres
swell and inter yarn space get reduced signiﬁcantly from
about 10μm in dry to 3 – 4μm in wet state. This can prevent
the penetration of water for about 20 minutes when the
wearer is submerged.

density fabric made from micro-denier synthetic ﬁlament /
ﬁbre ensures tiny inter ﬁbre / ﬁlament spaces. This shows
very good wind proofness and vapour permeability [9, 10].
The fabric constructions like taﬀeta, twill or oxford weave
treated with water repellent ﬁnish are used for various
functional garments. Dense fabric made up of either cotton or
synthetic material shows good permeability to water vapour
however water proofness is limited for prolonged exposure.
5.2 Membranes
Waterproof breathable fabric developed by laminating
polymeric membrane oﬀer high resistance to water
penetration and allow vapour to diﬀuse. Microporous with
0.1 – 50 μm size and thickness of about 10 microns made out
of polyurethane, acrylic, poly-tetraﬂuoroethylene,
polyvinylidene ﬂuoride or poly-amino acids are used to
laminate textile material. PU can be modiﬁed as per end use
requirement by altering base monomers are also ﬂexible and
tough and therefore, most preferably used. A thin ﬁlm of
expanded polytetraﬂuoroethylene polymer introduced by
Gore-Tex, is claimed to have 1.4 billion micropores per sq.
cm. The micropores sizing 2 – 3 μm are much smaller than
water droplet however, water vapour molecules are much
smaller and can escape through these pores as shown in
ﬁgure 2.

a.

Figure 2 - Moisture transfer through membrane: GoreTex® construction
(Curtesy: Gore-Tex®) [8]

b.
Figure 1 – a) dry (Ventile fabric), b) wet (Curtesy:
Woodhead Publishing Ltd.) [2]
The water repellent ﬁnish can improve fabric functionality
when used as rain wear, however, as it is not coated or inter
yarn pores are not blocked, it exhibits good breathability but
lack in waterproofness for prolonged exposure to rain.
Depending on end use applications, the Ventile can be
engineered with fabric weight from 170-295 g.m-2. High

However, moisture transportation through hydrophilic
polymer membrane shows diﬀusion mechanism. Polymer
containing hydrophilic functional groups like –O–, CO–,
–OH, –NH2 in block copolymer segment, with which
moisture can form reversible hydrogen bond. As moisture
vapour pressure increases at one side, vapour molecule
diﬀuses through ﬁlm by stepwise moment along the
functional groups in polymer chain, to the other side of lower
vapour pressure. The diﬀusion takes place mainly in soft
segment or amorphous region of polymeric ﬁlm and depends
on temperature, vapour pressure at either side of membrane
and thermal motion of polymeric chains as represented
schematically in Figure 3. The presence of moisture may

cause swelling of highly hydrophilic polymers and inﬂuence
the rate of vapour diﬀusion. Polyvinyl alcohol, or
polyethylene oxide containing segments may swell in
presence of water and cause poor wet abrasion resistance. A
properly balanced hydrophilic polymer segment provides
adequate swelling to allow diﬀusion of water vapour and
retains ﬁlm strength. Hydrophobic polymer containing
polyethylene oxide segment showed lower binding energy to
water vapour causing faster diﬀusion and also oﬀer
ﬂexibility and soft handle.

substrate is either conditioned in humid atmospheric
chamber or immersed in water bath for coagulation; the DMF
in the coated paste get diluted and polyurethane get
precipitated. Two-way mass transfer where water enters and
DMF comes out from coated ﬁlm helps for channelling. The
rate of mass transfer is controlled by gradual increase in
water concentration in DMF – water mixture in coagulating
bath. Further coated material is washed thoroughly and dried.
The techno economical problem encompassing use of costly
solvent and its recovery restricted its commercial use.

Figure 3 - Schematic representation of moisture diﬀusion
through hydrophilic membrane [1]

Figure 4 - Choice of inserting membrane in clothing
assembly
High performance clothing is engineered as multi-layered
assembly and membrane is introduced in clothing as per
requirement which result in to breathability and care is taken
not to aﬀect the clothing aesthetic, feel and drape. In case of
single layered clothing like rain wear or one time use medical
practitioner protective clothing, membrane is ﬁxed inside the
clothing. However, in case of multi-layered clothing
assembly, it is placed in such a way that, membrane is not
exposed to either side of cloths; it remains inside attached to
any one layer as shown in
The membrane can be laminated to underside of outer layer,
though this eﬀect on handle of garment, it exhibits good
water and wind resistance (a); right side of interlining as
insert, in this assembly outer layer handle is unaltered and
thermal insulation can be improved by proper selection of
interlining (b); lamination to inner fabric, this ﬂexibility to
use functional outer layer (c); and sandwiched membrane
between outer and inner layer as three-layered assembly
provides stiﬀ material (d).
The commonly used methods of producing micropores in
ﬁne coated ﬁlm includes wet or thermo-coagulation, foam
coating etc., where polymeric molecules oriented as desired
to form channels and orientation depends on process
conditions as shown in Figure 5. Polyurethane paste prepared
by dissolving in dimethyl formamide (DMF) and coated on
textile substrate. The DMF is miscible in water. When coated

Figure 5 - Schematic representation of moisture transfer
through porous coating
(Curtesy Sage Publication) [1]
Other wet coagulation practices include, use of polyamide
solution in acid dope, applied on textile substrate by coating
to about 50μm thick and immediately neutralised using
sodium hydroxide further washed and dried. Micropores can
also be developed on textile by leaching out of salt from
coated ﬁlm of Porvair, Porell, Permair etc., in water bath.
Coating paste additives like inorganic ﬁller – silica,
magnesium oxide of submicron size and application of water
repellent ﬁnish improves waterproofness and breathable
performance.
Thermocoagulation is another interesting method used to
develop microporosity in coated ﬁlm. 15 – 20% PU solution
is prepared using solvent mixture of methyl ethyl ketone,
toluene and nonsolvent water. Coated substrate is subjected
to heat treatment where low boiling solvent evaporates and
leading to formation of precipitation of PU in nonsolvent.
Further porosity is developed when remaining portion of
solvent and nonsolvent get evaporate from coated ﬁlm.
The mixture of Polyurethane and polyacrylic acid is added in
bath containing foaming agent and generated foam is applied
on nylon fabric. Further it is dried, calendared and treated
with water repellent ﬁnish to waterproofness. Similarly,
various other attempts are reported for generation of
microporosity in coated ﬁlm by solvent extraction method;
solubilizing one component from polymer mixture coated on
textile substrate. Owing to micron to submicron size of
channel formed in coated ﬁlm, water droplet is prevented to

penetrate whereas comparatively smaller molecules of water
vapour get diﬀused through them.
5.3 Hydrophilic coating
Hydrophilic coating exhibit same moisture vapour
transportation mechanism as hydrophilic membrane [13].
However, the diﬀerence between hydrophilic and micropore
lies in the mechanism of vapour transportation. Micropore
ﬁlm has tiny holes or channels through which water vapours
get escape from microclimate between skin and clothing to
atmosphere. In case of hydrophilic ﬁlms, because of
increasing moisture vapour pressure in microclimate,
moisture adsorb on hydrophilic site in polymeric ﬁlm and
slowly diﬀuse in the ﬁlm step by step along the hydrophilic
functional groups in polymer chain segment. Once it reaches
to other side of ﬁlm, it gets desorbed and escape to
atmosphere.
Generally, polyurethane-based coating containing soft
segment provide the space to water vapour to diﬀuse inside
[7]. The hydrophilic sites based on polyvinyl alcohol and
polyethylene oxide are introduced in PU coating base as
block copolymer. Hydrophilic component swells in presence
of excess moisture and reduces durability or abrasion
resistance, therefore, the balance between hydrophobic and
hydrophilic segments is optimised to performance in terms
of moisture vapour transmission, ﬂexibility, durability,
resistance to abrasion and dry-cleaning solvent. Polyacrylicacid based coating material also exhibit moisture
transportation through adsorption, diﬀusion and desorption
mechanism. To achieve mechanical strength, crosslinking
agents are added in coating formulations. The length of
cross-linking agent and its amount in coating formulation are
the factors inﬂuencing vapour permeability, swelling and
mechanical strength.
5.4 Smart breathable biomimetic
Understanding the phenomenon occur in nature and
modifying them to achieve on artiﬁcial product in named as
biomimetics. The trademark 'Lotus eﬀect' is based on super
hydrophobicity. the incorporation of roughness and
repositing hydrophobic particles like lotus leaf is the basis of
the achievement. the contact angle increases and spherical
droplet rolls oﬀ when leaf tilts at small angle (Figure 6). The
hydrophobic material used was carbon ﬂuorine based nano
reactants [11].

Figure 6 - A water drop on a rough lotus leaf surface:
(a) the contact angle, (b) the roll-oﬀ angle, [11]
(Curtesy- NISCAIR)

The 'Stomatex' trade name for comfortable clothing and
footwear is based on function of leaf stomata which opens
an d r eleas e mo is tu r e w h en r eq u ir ed d ep en d in g
environmental conditions. The closed cell neoprene foam
with stomata like aperture at apex helps to release moisture
when produced at higher rate and return to passive state when
user is in rest. The evolution in biological species follow the
rule of 'survival of the ﬁttest' and understanding more about
natural phenomenon can lead to new research avenues in the
ﬁeld of smart materials.
6. Development in breathable coating material
A class of material - polyurethane made remarkable market
growth as coating base owing to its versatile properties and
two-phase morphology [12, 13 & 14]. Polyurethane is scuﬀ
resistance, possess ﬂexing endurance and is permeable to
moisture vapour. Preparation of water bourn polyurethane
using as amphiphilic diol for breathable waterproof textile
coating has elaborated [15]. Upon introduction of PTMEG,
swelling in water as well as mechanical properties found
increased. When PU based coating along with silica in
aerogel form was applied, it was resulted into improved
breathability, resistance to chemical and water penetration
[16]. Further it was reported that the adhesion between and
cotton and PU coated ﬁlm was found increased against
abrasion. As amount of aerogel silica particles were
increased, the water repellence as well as water vapour
transmission properties also improved considerably. Wide
range of PU based membrane and its results were reviewed
[14] along with the developments.
A proof breathable fabric developed on basis of electro spun
nanoﬁbers and evaluated for its performance [17]. Diﬀerent
level of breathability and barrier performance were achieved
by varying layers, web density or layered structure on textile
substrate. This material exhibited the higher level of
resistivity of water penetration compared to densely woven
fabric and comparatively more water vapour permeability
than coated or laminated material. Proper selection of base
electro spun material, layer structure and textile substrate
have potential to be adopted in waterproof breathable fabric
for various end application. Another researcher [18]
developed electro spun nano ﬁbres web with ﬁner ﬁbres,
smaller pore size, higher porosity made out of polyurethane,
ﬂuorinated polyurethane, alkyl silane functionalised
graphene. Further he has developed a hot-press technique for
adhesion of this material with textile substrate. The report
showed that the material exhibits hydrostatic water head of
80 kPa and vapour permeability of 7.6 kg/m2day.
It reported that benzotriozol derivative improves UV
resistivity and ﬂuorocarbon resin type compound improves
water repellence of high pre-forming material [19]. The use
of PVA along with PPAc cross-linker showed moisture
vapour transmission through coated ﬁlm is due to diﬀusion
mechanism and coating ﬁlm has no micropores [20]. This
material exhibit resistance to hydrostatic water head at
1400mm water head and showed 2165g/m2day vapour

transmission. The modiﬁcation in base coating polymer [21,
22] for development of temperature sensitive poly (n-tertbutylacrylamide-ran-acrylamide 27:73) and is coating along
with BTCA. Below 15°C it swells more than 800% while
above 40°C swelling reduced to 50%, the deswelling took
place faster. The moisture vapour transmission of such
coated material was increase from 58 to 94% from 15 to 45°C
and suggested to incorporate such smart material in changing
environmental temperature for suitable application.

breathable fabric for various extreme weathering conditions
and also to achieve comfort in work wear. Mechanical and
chemical means were developed for waterproofness as well
as breathability. However, there is still tremendous scope for
improvement in terms of development of suitable membrane
or coating material. Diﬀerent applications, such as highaltitude clothing, medical application, sport wear and work
wear; required diﬀerent desired and essential properties and
since long they remained topic of research interest.

7. Summary
A lot of work has been carried out to achieve waterproof and
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Abstract:
To tackle unruly crowds, the police and paramilitary forces use body protectors to protect them from injuries due to attacks
of stone pelting, lathi, and stabbing. Therefore, it is an essential requirement to check the quality of body protectors for stab
and impact resistance properties. To get first-hand information regarding actual requirements of quality of body protectors,
in the first part of the study, a survey was conducted among the 200 soldiers of Rapid Action Forces. One of the important
findings of the survey was that 41% of soldiers informed that the present body protector is not suitable to protect them from
sharp objects, stones, lathi, bottles, and petrol bombs. As there is no instrument available to test stab and impact properties
of body protectors, they are not testing these qualities scientifically. In the second part of the study, an indigenous stab and
impact resistance tester has been developed. The instrument is capable to test stab and impact properties at different angles
of incidences. Body protector samples are tested on the developed tester for stab and impact properties and results of stab
resistance at 25J and 65J strike energy levels with an impact angle of incidence of 0o on the test panel are compared and
verified with the same lot of samples tested in international laboratories.
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1. Introduction
Paramilitary forces and state police have the duty to control
and regulate the crowds in internal areas of the country. The
violent crowd converts the protest and agitations into a ﬁerce
battleﬁeld with ﬂying sharp projectiles and hurling stones at
the security forces. The risk of a protest turning violent has
increased in recent times, this has resulted in injuring and
killing of security personnel. Earlier studies [1-6] on the
impact of sharp tips and sharp-edged weapons on the human
body have shown that most of the injuries were found on the
chest and abdomen. These studies emphasize the need of
providing suitable protective gadgets to defense and police
personnel which can save chest, abdomen, and pelvis areas.
Studies have also been carried out [7–15] to use various types
of fabric and structures to develop stab, cut, and impact
resistance ensembles. To protect these soldiers from attack
by rioters using stone, projectiles, sticks, Molotov cocktails,
knives, or any other type of weapons they are provided, body
protector. A full body protector includes Helmet and body
protector (antiriot suit). A body protector is a protective suit
comprising eight parts. An upper bodysuit that guards the
neck, shoulders, chest area, and groin is called a chest
protector. Each hand is covered by an upper arm, forearm,
elbow pad, and elbow guard. The lower part is protected by a
thigh guard and shin guard with the help of fasteners. These
parts are detachable from the complete suit. Each part of the
full-body protector comprises rigid hard material for the
outer layer for protecting the limbs of a wearer against sharp
objects and projectiles and soft paddings to protect them
from any impacts.
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Presently the performance of the body protector in India is
evaluated by the defense personnel themselves by throwing
stones and bricks from 45 yards distance, or by attacking by
lathi (plate) to stimulate the riot situations. These results vary
from person to person, as the force applied by an individual
of throwing a stone or attacking by lathi is vary. Due to this,
there are always chances of a dispute between buyer and
seller.
The most common standard for testing stab and impact
properties of body protectors are NIJ standard-0115.00 (only
for stab resistance) [16] and VPAM KDIW 2004 standards.
Out of these VPAM KDIW 2004 Edition, 2011 [17] is now
added in the MHA specs no L-VII-08/2015-19-Prov DA 5
(Part 1) dated 27/09/2019 [18] for body protector. In India,
there is no instrument available to test the stab and impact
resistance characteristics of the body protector as per this
standard. For testing these properties, samples need to send
abroad. This process is very costly and required a long
duration to get results. Considering all these facts in mind and
a suggestion from Rapid Action Force, an indigenous
instrument is developed to test stab and impact both
properties. The results of the instrument were also compared
with the results of the international laboratory for stab and
impact properties.
2. Materials and Methods
The study is divided into two parts. In the ﬁrst part, a survey is
conducted among the soldiers of Rapid Action Forces to
understand their requirements. In the second part, the
instrument was developed and its performance was
evaluated by testing body protector samples for stab and
impact resistance properties.

2.1 Field Survey
As antiriot body protectors are being used mainly by
paramilitary and state & union territory police, it was thought
to carry out this survey among the soldiers who are mostly
engaged in riots control. There is a special force named
'Rapid Action Force (RAF)'- a specialized wing of the CRPF
(Central Reserve Police Force). Its main activities are to deal
with riot and crowd control situations. There are many
battalions of this force located in diﬀerent areas in India.
Keeping in mind their activity, the survey is carried out
among the soldiers of RAF. Three locations were identiﬁed.
These were Wazirabad in Delhi, Meerut, and Bulandshahar.
The ﬁndings of this survey are based on the Wazirabad
location only. A total of 200 soldiers were surveyed using a
well-deﬁned questionnaire. Besides the questionnaire, the
one-to-one interview was also conducted with individual
solider to understand their actual problem. This survey
includes i) Types of activities ii) Fit and Comfort, iii) Risk
faced during riots, iv) Level of protection [19]. As the main
aim of this work is to develop a stab and impact tester, the
ﬁndings of only risk faced during riots will be utilized in this
study.
2.2 Development of stab and impact tester
For the development of stab and impact tester for body
protector testing, the guideline was taken from VPAM
KDIW 2004 Edition 2011 standard. This tester has the
provision to test the stab resistance property of the body
protector by using a knife and impact resistance by a block
(like stone) at a diﬀerent level of energy.
2.3 Collection and testing of samples
Body protector samples were collected from paramilitary
forces as well as manufacturers of body protectors. These
samples were tested for stab and impact resistance properties
using the developed tester as per VPAM KDIW 2004 Edition
2011 standard.
2.3.1 Stab resistance test
As per VPAM KDIW 2004 Edition 2004, the stab resistance
test is classiﬁed into four classes. These are K1 (25 J strike
energy), K2 (40 J strike energy), K3(65 J strike energy), and
K4(80 J strike energy). In this study, testing is carried out as
per class K1 and K3 using a 0o of incidence angle. The
energy level can be changed by changing the height of drop
mass from the striking surface of the sample by keeping the
weight of drop mass assembly constant as shown in Table 1.
The test is repeated on three specimens of the same lot of
samples on the marked position as shown in Fig. 1. The
average penetration depth (mm) due to penetration of the
knife through the body protector is measured.
To calculate the impact energy equation-(i) is used:
E = m.g.h--------(i)
E: Striking energy,
m:Drop mass ( mass of the knife with the holder in kg)
g: Gravitational force
h: Falling height (distance between the tip of the blade and
the surface of plasticine)

Figure 1 - Marking of sample
Table 1- Impact energy vs falling height
Weight of drop
Energy levels
Falling height
mass (kg)
( J)
(m)
15
0.61
2.5
25
1.02
40
1.63
65
1.33
5.0
80
1.63
100
2.04
2.3.2 Impact resistance test
As per VPAM KDIW 2004 standard, the impact resistance
test is conducted by dropping a block from the deﬁnite height
on the body protector. In this test instead of a knife, a block is
used. The instrument remains the same. There are 5
classiﬁcations in this test. These are W1 (15 J strike energy),
W2 (25 J strike energy), W3(40 J strike energy), W4(65 J
strike energy), and W5(100 J strike energy). The average
deformation depth (mm) due to the strike of the block on the
body protector is measured.
The veriﬁcation of the instrument was carried out by testing
the same lot of body protector samples for stab resistance test
keeping same energy level at H.P. White Laboratory, lnc.,
USA, an international laboratory.
3. Results and Discussion
3.1 Field survey to understand the problem of soldiers
During the survey of the soldiers of the paramilitary force, it
was observed that the ages of the soldiers were varying from
20 years to 50 years. A 27 % of soldiers were falling in the
ﬁrst age group from 20 to 30 years and 30 % of soldiers were
in the age group of 41-50 years. 43% of the maximum
number of soldiers was in the age group of 31-40 years.
Among the 200 soldiers, 34% were females and 66% were
males.
It was also noted that all the respondents wear full-body
protector including helmets and carry polycarbonate shields

and lathi while handling the crowd. During riots, soldiers
face many identiﬁed and unidentiﬁed threats. The survey
showed that 100 % of respondents faced threats from sharp
objects and stones in almost all riot situations as shown in
Fig. 2. Other than stones and sharp objects petrol bombs and
glass bottles are equally dangerous 90% of respondents
reported petrol bombs and 93% bottles. 89% of respondents
said that lathi or lathi type material was used by the rioters in
some situations.

protector. The angle of incidence can be adjusted by the gear
system provided with the box (Fig. 4) given in the bottom
part of the tester.

Figure 2 - Various threats faced by respondents
During the survey, 41% of soldiers had told that the anti-riot
suit is not capable to give protection to the wearer from sharp
objects, stones, lathi, bottles, and petrol bombs. In the case of
sharp objects, 40 to 41 respondents felt that the anti-riot body
protector gives no protection. One of the factors, which was
observed with this survey was that although procurement
was carried out as per the guideline of MHA specs No.
L.VII.54/2010-12-Prov-R, dated 13, Nov. 2013, there was a
gap in the speciﬁcation as no standard tests are provided to
test stab and impact properties of the body protector. The
speciﬁcation was revised as per the suggestions of NITRA.
The new speciﬁcation MHA specs no L-VII-08/2015-19Prov DA 5 (Part 1) dated 27/09/2019 is provided with testing
of stab and impact resistance of body protector. As stab and
impact resistance test facilities are not available in India, it
was suggested by the Inspector General of Rapid Action
Force ( RAF) to NITRA to develop this instrument. By this
facility, the performance of body protectors can be further
improved to save soldiers from injuries due to stabbing and
stone-throwing during riots.
3.2 Development of stab and impact resistance tester
The tester includes three main parts namely top, middle, and
bottom as shown in Fig. 3. The top part housed a motor
assembly to pull the stab and impact assembly from the
bottom to a ﬁxed height. The middle part is provided with a
cylindrical transparent acrylic drop tube to guide the test tool
(drop mass which consists of an engineering knife blade or
block the clamping device to hold the knife blade, or spike or
block). This part also has a control panel to control various
functions of the instrument through the motor. The bottom
part consists of a box (350 mm x 400 mm x 150 mm) ﬁlled
with plasticine clay also called backing material. Plasticine is
non-hardening modeling clay. This backing material is used
to determine the deformation depth due to block and the
penetration depth due to the strike of the knife on the body

Figure 3 - Stab and impact test assembly

Figure 4 - Box provided with gear system to adjust the
angle of incidence
A steel ball (diameter 63.5 ± 0.05 mm, mass 1039 ± 5 g) is
also fabricated (Fig. 5) to test the plasticity of the plasticine
before starting testing the body protector. This ball is allowed
to fall on the planar and horizontal surface of plasticine at a
height of 2000 ± 5 mm. This test is repeated 5 times and the
deformation depth of plasticine is measured. If all the 5 tests
show the deformation depth 20 ± 2 mm, the plasticity of the
plasticine is accepted.

Figure 5 - Dimension (in mm) and picture of steel ball
A stab resistance test was carried out with a standard Knife.
The blade of this knife has speciﬁc dimensions and sharpness
as shown in Fig. 6. The complete assembly of the knife with
drop mass is also shown in Fig. 6.

3.3 Testing of body protectors on developed stab and impact
resistance tester
Test specimens of body protector were conditioned for 12 hrs
at 20 ± 2 ºC and 65 ± 5% relative humidity before testing.
Tests were performed on the front and backsides of the chest
protectors of the body protector.

Dimensions in mm for making knife

Knife with drop mass

Figure 6 - Knife used for stab test
The impact resistance test was carried out with a block. The
block used in this test has speciﬁc dimensions as shown in
Fig. 7. The complete assembly of the block with drop mass is
also given in Fig. 7.

3.3.1 Stab resistance test
To check the workability of the fabricated stab and impact
tester, 3 specimens of one sample of body protectors were
tested at 25 J and 65 J strike energy levels with an impact
angle of incidence of 0o on the test panel (the angle between
striking knife and horizontal panel is 90o). Samples of the
same lot were also sent to the International laboratory. The
results of these samples are given in Table 2.
Table 2 - Stab resistance test at 00 incidence angle on a
test panel

Test
parameter

Strike
energy
(joules)

Test carried out on
developed Stab and
Impact resistance tester
Average penetration
depth, mm
Standard deviation

Dimensions in mm for making block

Block with drop mass

Figure 7 - Block used for impact test
A complete picture of the developed stab and impact tester is
shown in Fig. 8

Penetration
depth, mm
Test results (no.
of Specimens)
1

2

3

49

45

52

48.7
25

Test carried out in the
International laboratory
Average penetration
depth, mm

3.5
45

53

49.0

Penetration depth, mm
Test carried out on
developed Stab and
Impact resistance tester
Average penetration
depth, mm

59

Test carried out in the
International laboratory
Average penetration
depth, mm
Standard deviation

57

60

58.7

65

Standard deviation

Figure 8 -Picture of developed stab and Impact tester

49

1.527
62

62

47

57.0
8.66

From Table 2, it is clear that the average penetration depth is
around 48.7 mm and 58.7 mm for the sample tested using the
developed tester at 25 J and 65 J respectively. The same lot
samples when tested at the international laboratory, the

results of penetration depth were 49 mm and 57 mm at 25 J
and 65 J respectively. The standard deviations of the test
results are also given in Table 2. The value of standard
deviation on the lower side indicates the reproducibility of
results. Fig. 10 indicates the stab test performed on the body
protector.

Table 3 - Impact resistance test at 00 incidence angle on
a test panel

Strike
energy
(joules)
-

Figure 10 - Performing stab test on body protector
3.3.2 Impact resistance test
For this study, W 5 class is used to analyze the impact test.
The impact resistance properties of 3 specimens of one
sample were tested on a developed stab and impact tester at
100 J strike energy level. Results are shown in Table 3. From
the table, it is clear that there is the reproducibility of test
results. The standard deviation among the test rest results of
specimens was found to be 0.75 when specimens were tested
on a developed stab & impact tester.

Test carried out on
developed Stab and
Impact resistance
tester
Average deformation
depth, mm
Standard deviation

Deformation
depth, mm
Test results (no.
of Specimens)
1
2
3
9

7.5

8.2

100
8.2
0.75

4. Conclusion
An indigenous cost-eﬀective tester is developed to determine
stab and impact resistance properties of body protectors. The
tester is capable to provide useful information about the stab
and impact resistance properties of the body protectors to the
manufacturing industry as well as procurement agencies.
Before developing this tester, a preliminary survey was
carried out amongst the Rapid Action Forces soldiers to get
their actual requirements related to the safety aspects. The
results obtained from this developed tester were also veriﬁed
with the results of the same lot samples tested in international
laboratories.
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Abstract:
Promotion and marketing in textile industry is very important to attract the customers and for success of the company. To
attract customers, social media marketing and its platforms like twitter, you tube, face book etc. are playing a major role.
These type of social media platforms helps in grabbing the attention of the customer in textile and fashion industry. The
present study helps to determine how the social media marketing impacting the customer trust in purchasing the products.
Primary data was collected from 150 participants from different regions of India. The research work reveals that social
media marketing had an impact on customer trust, which helps in purchasing the products. Hence, enhancing the quality of
social media platform and websites will increase the customer trust, which finally influences the customer purchase
intention.
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1. Introduction
Textile Sector in India is playing an important role in Indian
economy. Textile Industry is contributed nearly 7% output
out of the total Industry output in India during 20218-19 and
also contributed 2% to GDP, around 12% to the export
earnings of India. Textile Sector is one of the sectors which
were aﬀected worst during Covid-19. But post-covid19
period has provided a great opportunity for the traders who
are doing their textile business through online and through
diﬀerent social media marketing. Clothes and apparels are
the basic need for any human existence, thus even during the
period of lockdown, because of social media marketing,
online sales of textiles has been enhanced. Social media
marketing with diﬀerent price discounts has given an
opportunity for buyers to purchase the apparels online. Social
media is the best to boost the sales in apparel industry. The
social media network helps to reach large audience with a
single post. Social media marketing fosters interactions with
customers, which increases awareness about the brand and
products and actively involving in purchasing the apparels.
Thus the present research objective is to identify the eﬀect of
social media marketing on the customer trust.
2. Literature Review
2.1 Social Media Marketing
Social network websites and services make public to
establish and create their personal web pages and helps to
connect with their friends to exchange information [1].
Analytics of social media provide competitive advantages to
business and also helps in building competitive strategies,
creating customer trust and also boost purchase intention of
consumer [2]. E-Commerce business has become Customerdriven by using social media [3]. Many Smart companies
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started implementing diﬀerent social media platforms to give
services to existing customer and attracting new customers
for enhancing their market share. Social networking sites has
major role to make online marketing business Successful [4].
Social media network also helps rural Women to develop
their Apparel and textile business [5]. Social media oﬀers
diﬀerent beneﬁts to companies by increasing the popularity
of their brand and providing word-of-mouth communication
to help in boosting the sales. Social media helps to share the
data of business and helps to build the customer support [6].
Social media networks created a new platform, where
anyone can easily exchange their knowledge and experience
about products with other persons [7].
2.2 Customer Trust
In all the e-business transactions, customer trust is very
important [8] and trust is an important and essential in ecommerce business [9]. Trust is based on diﬀerent dimension
like recognition, honesty, competence and capacity [10]. The
two important dimensions of trust in the e-business are
integrity and compassion [11]. Always trust relies on the
business reputation and trustworthy of the transaction and
benevolence stands on relationship between the buyer and
the seller [12]. In online community, customer trust helps to
interact with individuals and attach to customer present
network. Thus trust has an important role in customer
purchase intention and buying behavior [13, 14].
3. Research Methodology
Present work was carried through a questionnaires and the
same was distributed to get responds for analyzing the data.
3.1 Hypothesis
H1: There is a signiﬁcant impact of social media marketing
on Customer Trust.
3.2 Population & Sample Size
Primary Data was collected from the participants of diﬀerent
states of India. 200 questionnaires were distributed among

participants and 150 usable questionnaires were received for
further analysis of data. Table.1 Depicts the Demographic
proﬁle of respondents.
Table 1 - Demographic Proﬁle
Variable
Gender

Age
Marital
Status
Income

Category
Male
Female
21 to 25
26 to 30
31 to 40
Above 40
Married
Unmarried
Below 20,000/21,000/- to 30,000/31,000/- to 50,000/Above 50,000/-

Percentage
64.2
35.8
28.2
33.6
27.4
10.8
58.6
41.4
21.2
24.5
32.3
22.0

3.3 Measuring Instruments
Current research used “5-point Likert Scale, ranging from
1=strongly disagree to 5=strongly agree”. to measure the
Independent variable, “Social Media marketing”, 8 items
questionnaire was adopted from [15] and to measure the
dependent variable, “Customer Trust”, 5 item questionnaire
was adopted from [16].
3.4 Reliability
To test the reliability, “cronbach's alpha” is used. Reliability
of variables should be more than 0.7 [17]. Both the variables
i.e., Social Media Marketing and Customer trust have
internal consistency more than 7.0 and hence reliable.
Table.2 shows the reliability (cronbach alpha) of variables.
Table 2 - Cronbach's alpha of variables
Variables

No. of
Items

Cronbach’s
Alpha

Social Media
Marketing

8

0.75

Customer Trust

5

0.82

4. Data Analysis & Results
Table.3 depicts the mean and standard deviation of variables
and Table.4 depicts the correlation and signiﬁcance impact of
social media marketing on customer trust. Present study
identiﬁed the value of (F=121.99) at (P=0.000) signiﬁcant
level, which is less than 0.01. Correlation Coeﬃcient
(R=0.672), shows positive relationship between social media
marketing and customer trust and coeﬃcient of
determination (R square=0.452), which shows a 45% change
in the dependant variable (Customer trust) is being explained
by the independent variable (Social media marketing).
Hence it shows a signiﬁcant positive impact of social media
marketing on customer trust. Thus, H1 is accepted.

Research
Variables
Social Media
Marketing
Customer trust

Mean

Standard
Deviation

2.64

1.0

2.74

0.78

Table 4 - Correlation & Signiﬁcance between
social media marketing & customer trust
Coeﬃcient
Coeﬃcient of
Research
of
F- Signiﬁcance
determination
Variables Correlation
value
(R square)
(R)
Customer
0.672**
0.452
121.99
0.000
Trust
Note: **P<0.01(signiﬁcant at P<0.01)
Independent Variable (Predictor): Social media marketing
Dependent Variable: Customer trust
5. Practical Implications
Social Media act as bridge between seller and buyer.
Companies have to choose diﬀerent platforms of social
media which has more sociability and on which customer
will rely more and spend time. The analytical result of the
present study reveals that social media marketing has a
positive impact on the customer trust, which helps to enhance
the purchase intention of the customer and thus increases the
sales of company. Hence, the purchases from that particular
company product are high when customers have trust on
companies.
6. Conclusion
Social media marketing is an innovative tool which changes
the pattern of business. Sellers used various social media
platforms to communicate with their customers. Purchase
intention of the customer always relies on how customer
trusts the seller through social media marketing. Present
study integrates social media and trust and proposed a model
to identify the eﬀect of social media marketing on customer
trust and the results revealed that there is a statistical
signiﬁcant relationship between two variables and social
media marketing is inﬂuencing the customer trust. Thus the
social network sites eﬃciency increases the trust of
customer. Social media is therefore inﬂuencing customer
trust and this further helps to enhance the purchase intention
of customer.
7. Limitations and Future Research
Present Research work has certain limitations in addition to
contributions. The ﬁrst is the sample size for the research is
limited to 150 and in future the researchers may increase their
sample size for better results. Second limitation is the current
study focus on only two variables i.e., Social media
marketing and customer trust, but future work can consider
other research variables like consumer buying behavior,
brand trust etc. ﬁnally, present research is limited to textile
sector in India and in future research may carried out in
another sectors which helps to understand better about the
importance of social media on customer trust.
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Abstract
Eco-friendly environment plays a key role in the life of human beings to live in a better world with good hygiene and
freshness. The environmental problems have led the textile manufacturer to produce eco-friendly textiles. Cotton is the King
of fibres and it is the most ancient textile fibre. Bamboo fabric is breathable, cool, has fast water absorption and
antibacterial properties. It is 100% biodegradable. In the textile market, tencel fabric plays an important position for
fashion wear, bed linen and towels. Tencel fabric is an outstanding alternative to cotton. Caesalpinia Sappan, Cassia
Auriculata, Cassia Fistula, Mimosa Pudica, and Tinospora Cordifolia were the five herbs used to dye the chosen yarns.
Then, dyed yarns were wound into cone and knitted into socks. The dyes extracted from natural sources are non-allergic,
non-toxic, eco-friendly and gain significant importance due to environmental awareness. The textile fabrics finished with
antimicrobial agents have a great demand due to increase awareness in hygienic lifestyle. The antimicrobial activity of
cotton, bamboo, tencel, bamboo/cotton and tencel/cotton are showed good resistance against selected microbes.
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1. Introduction
The necessities of human beings are not only fulﬁlled with
the provision of food, clothing and shelter alone, but it is
important for the environment to be clean and liveable
through pure, safe air and water (1). Herbal dyes are
recognized as biodegradable, they do not cause any health
hazards and they can be easily used without much
environmental concerns (2). In the textile industry, cotton
ﬁbres are widely used for their outstanding properties of
hygroscopicity, air permeability, biodegradability and nonstatic electricity (3). Cotton fabric is comfortable, wearable
and breathable as it draws heat away from the skin, easily
absorbs body moisture and evaporates in the air. The cotton
fabric keeps the wearer cool and comfortable in the hot
weather (4). Bamboo fabric is breathable, cool, has fast water
absorption and antibacterial properties (5). Many apparel
manufacturers claim that textiles made from bamboo fabric
have antimicrobial properties (6). Tencel ﬁbre has the
advantages of both natural and synthetic ﬁbres. The tencel
ﬁbre is also known as “green ﬁbre” (7). The herbal cloth is
organic and totally free from synthetic chemicals and is
biodegradable (8). Socks are a vital element which helps to
maintain the optimal conditions of warmth and moisture for
the foot (9). The antimicrobial ﬁnish in textiles prevents the
growth of bacteria, prevents diseases and protects the health
of the wearer. Herbal antimicrobial ﬁnish ﬁnds wide
prospects in the ﬁeld of hygienic materials and has great
prospects in medical textiles (10).

2. Materials and Methods
2.1 a. Procedure for Dyeing
The cotton, bamboo, tencel, bamboo/cotton and
tencel/cotton yarns were selected for the study. The selected
herbs namely Caesalpinia sappan, Cassia Auriculata, Cassia
Fistula, Mimosa Pudica and Tinospora Cordifolia were
powdered and boiled in distilled water for 1 hour. The
selected yarns were immersed separately in prepared
kasayam/Concoction for absorption of herbs. Then dyed
yarns were washed thoroughly with pure water and dried.
Myrobalan mordant was used for the study. The selected
herbs are given in Figure 1.
Recipe:
Material liquor ratio
Dye source %
Dye soaking time
Dye extraction temperature
Dye temperature
pH for dyeing and mordanting
Dye extraction medium

- 1:50
- 15%
- 1 hour
- At boil
- Room Temperature
-7
- Aqueous medium
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Figure 1- Herbs

2.1 b. Socks knitting
The dyed cotton, bamboo, tencel, bamboo/cotton and
tencel/cotton yarns were knitted into socks. The knitted
socks were shown in Figure 2 and details were given in Table
I.
Table I - Particulars for knitting procedure

S. No
1.

Count
Knitting
2.
Structure
3. Machine
4. Wales/inch
5. Course/inch

Particulars used for Knitting
Bamboo Tencel/
Cotton Bamboo Tencel
/ Cotton Cotton
40s

Figure 3 - Antibacterial Activity for Untreated

Single Jersey
26
40

26
41

Soko knit
25
25
34
37

26
42

Figure 4 - Antibacterial Activity for treated
2.2.b. Antifungal Activity
T h e ﬁ n i s h e d s o c k s ( C o t t o n , B a m b o o , Te n c e l ,
Bamboo/Cotton and Tencel/Cotton) were analyzed for their
antifungal property using the standard AATCC-30 test
method. The results were shown in Figure 5 and 6.

Figure 2 - Dyed Socks
2.2 Antimicrobial Activity
2.2.a. Antibacterial Activity
T h e ﬁ n i s h e d s o c k s ( C o t t o n , B a m b o o , Te n c e l ,
Bamboo/Cotton and Tencel/Cotton) were analyzed for their
antibacterial activity using the standard AATCC - 147 test
methods (Parallel streak method). The results were shown in
Figure 3 and 4.
Figure 5 - Antifungal Activity for Untreated

against micrococcus Sp with tencel (39 mm), bamboo/cotton
(38 mm), bamboo (37 mm), cotton (36 mm), and
tencel/cotton (35 mm). As a result, it can be stated that herbaltreated fabrics can inhibit the growth of microbes such as S.
aureus and Micrococcus Sp.
3.1.b. Antifungal Activity
The assessment of antifungal activity of untreated and treated
cotton, bamboo, tencel, bamboo/cotton and tencel/cotton
fabrics analysis are presented in Table 3 and Figure 8.
Figure 6 - Antifungal Activity for Untreated
3. Result and Discussion
3.1.a Assessment of Antimicrobial Activity
3.1.a.a Antibacterial Activity
The assessment of qualitative antibacterial activity of
untreated and treated cotton, bamboo, tencel, bamboo/cotton
and tencel/cotton fabrics are presented in Table 2 and Figure
7.
Table 2 - Assessment of Qualitative Antibacterial Activity
of Finished Fabric

Zone of Inhibition (mm)
S.
S. aureus
Micrococcus Sp
Samples
No
Before
Before
Control
Control
Wash
Wash
1 Cotton
0
39
0
36
2 Bamboo
0
35
0
37
3 Tencel
0
38
0
39
Bamboo /
4
0
37
0
38
Cotton
Tencel /
5
0
36
0
35
Cotton
0* No Antibacterial Activity

Table 3 - Assessment of Qualitative Antifungal Activity of
Finished Fabric
Zone of Inhibition (mm)
S.
C.albicans
C.tropicalis
Samples
No
Before
Before
Control
Control
Wash
Wash
1
Cotton
0
64
0
60
2
Bamboo
0
63
0
62

3
4
5

Tencel
Bamboo
/ Cotton
Tencel /
Cotton

0

60

0

64

0

65

0

63

0

61

0

65

0* No Antifungal Activity

Figure 8 - Antifungal Activity
From Table 3 and Figure 8, it is revealed that the untreated
cotton, bamboo, tencel, bamboo/cotton and tencel/cotton
fabrics have no antifungal activity against C. albicans and C.
tropicalis.

Figure 7 - Antibacterial Activity
From the above Table 2 and Figure 7, it is evident that the
untreated cotton, bamboo, tencel, bamboo/cotton and
tencel/cotton fabric does not possess any antibacterial
activity against S. aureus and Micrococcus Sp. All treated
fabrics have an inhibition zone against S. aureus with Cotton
(39 mm), Tencel (38 mm), Bamboo/Cotton (37 mm),
Bamboo (35 mm), and Tencel/Cotton (38 mm) (36 mm).
Similarly, the treated fabrics exhibited a zone of inhibition

There was a zone of inhibition against C. albicans on cotton
(64 mm), bamboo (63 mm), tencel (60 mm), bamboo/cotton
(65 mm), and tencel/cotton (61 mm). In the same way, the
zone of inhibition against C. tropicalis was cotton (60 mm),
bamboo (62 mm), and tencel (64 mm), bamboo/cotton (63
mm) and cotton/tencel (65 mm).
The results showed that cotton, bamboo, and bamboo/cotton
demonstrated greater antifungal action against C. albicans
than tencel and tencel/cotton whereas the antifungal eﬃcacy
against C. tropicalis demonstrated that bamboo, tencel,
bamboo/cotton and tencel/cotton treated fabrics showed the
highest zone of inhibition when compared to cotton fabrics.

4. Conclusion
Herbal textiles have medicinal properties which are
beneﬁcial for the skin. Plant-based medicines have been in
use since time immemorial. India is a repository of medicinal
plants. The herbal textiles, or Ayurvastra, have been used to
maintain good health and help lead a healthy life. This
research study was conducted to evaluate the antibacterial
activity of herbal treated socks knitted with cotton, bamboo,
bamboo/cotton, tencel and tencel/cotton. The study has

proved that the herbal treated socks reduced bacterial growth
when compared to untreated socks. The treated socks;
namely cotton, bamboo, tencel, bamboo/cotton and
tencel/cotton are showed good resistance against selected
microbes. The developed socks were cool and comfortable to
wear. It can be recommended for long wear hours for both
indoor and outdoor usage irrespective of climate. It can also
be suggested for people with sensitive skin and skin allergies.
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Abstract
Sustainability is not just a fashionable term. Economic growth, social welfare and environmental conservation are three
pillars of sustainability, and each should be examined in relation to the others. With growing public awareness and societal
consciousness about the environment, the textile industry is driven to manufacture eco-friendly products. The primary focus
is linked to less and harmless waste formation, reduced consumption of energy, water, and chemicals, reusing/recycling and
following ethical manufacturing processes. The use of advanced technologies based on enzymes, ozone, ultrasound,
microwave, and laser-assisted processing helps achieve sustainability in the textile industry. Adopting such modern
techniques would help reduce the environmental impact, resulting in energy savings, reduced water consumption, and the
replacement of harsh chemicals in textile manufacturing. This article highlights various methodologies and explores
research efforts toward sustainable pre-treatment of textiles and the potential of these technologies for other applications
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1. Introduction
The textile sector makes a considerable contribution to the
economy of many developing nations. It is, however,
considered one of the most polluting and energy-intensive
industries in the world. The use of a high concentration of
chemicals, alkaline or acidic pH conditions and high
temperatures characterise traditional wet processing
procedures used in the textile industry. As a result, these
activities consume a lot of energy and water and pollute the
environment [1]. Therefore, the legislative regulations and
environmental concerns are pushing a transition toward the
use of sustainable processing techniques. The enzyme,
ozone, ultrasound, and microwave-assisted technologies
have found a wide range of applications in the textile
industry. These technologies reduce the environmental
impact of textile wet processing, resulting in energy savings,
reduced water consumption, and the replacement of harsh
chemicals in manufacturing textile materials.
Enzymes in textile wet processing have proved
environmental beneﬁts and signiﬁcantly contributed to
textile and garment sustainability. An operation like bioscouring in the cleaning of natural ﬁbres, bio-stone-washing
of denim to create a worn-out eﬀect, removing residual
hydrogen peroxide in the bleach clean-up stage, and
biopolishing of cellulosic materials to prevent pilling, are
some of the typical commercial applications of enzymes in
textile processing [2]. Nowadays, Ozone bleaching is a green
and sustainable approach and is accepted commercially at a
more signiﬁcant scale of production in the textile garment
washing industry. Compared to the traditional hydrogen
peroxide bleaching, the use of ozone gas helps achieve
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bleaching eﬀectively at low temperatures, thus saving energy
[3].
Microwave heating plays a signiﬁcant role in textile wet
processing thereby reducing the consumption of nonrenewable energy use. There is no direct air pollution
(indirect air pollution from electricity is still lower than that
caused by traditional heating); localised heating lowers the
amount of energy wasted during the heating process. Faster
heating enhances productivity while reducing energy use [4].
The use of ultrasonic energy in textile processes is a fresh and
exciting concept that has received much attention recently.
Ultrasound energy enables process acceleration, achieving
the same or better outcome than existing techniques while
operating under less harsh conditions, such as lower
temperatures and chemical concentrations [5].
The need for research into alternative techniques of retaining
water during dry processes is critical. Energy audits, which
are uncommon in the textile segment, are essential in
determining adequate energy management and energy
conservation possibilities. This article examines several
methodologies and research eﬀorts studied to sustainably
pre-treat textiles and the potential of these technologies for
other applications.
2. Sustainable and eco-friendly textile pre-treatment of
natural ﬁbres
2.1 Enzymatic pre-treatment
The enzyme is a biological agent with the ability to break
down complex organic substances such as starch, oils, lipids,
and dye chromophores. Because of its non-toxic and
environmentally beneﬁcial properties, enzymatic textile
processing is one of the fastest-growing sectors in the era of
textile wet processing. Enzymes are proteins that help
biological reactions move fast [6]. Each enzyme acts on a
speciﬁc substrate or reactant. Enzymes are distinguished by

their increased activity, selectivity, and sensitivity to pH,
temperature, and other environmental changes. The reaction
occurs at lower activation energy, which is achieved by
forming an intermediate enzyme-substrate (see Fig 1). The
enzymes are not used up in the process; they do not become a
part of the reaction's end product, but they inﬂuence the
outcome.

Figure 2: Cycle of formation and destruction of ozone
Photochemical process: Oxygen atoms generated by
short-wavelength UV radiation on photodissociation
react with oxygen molecules to form ozone.
Ÿ Electrolytic process: By ﬂowing water across positively
and negatively charged surfaces, ozone can be produced.
Ÿ Radiochemical process: The ozone creation can be aided
by high-energy radioactive rays irradiating gaseous or
liquid oxygen. The method's energy eﬃciency is higher
than the ozone produced by electric discharge.
Ÿ Corona (silent electrical discharge) process: Ozone is
produced by feeding air or oxygen gas into the generator,
where the electric discharge converts oxygen or air into
ozone. The most extensively utilised approach for water
treatment is ozone creation by corona discharge.
There are two areas of ozone applications in the textile
business, namely aqueous and gas ozone systems. As the
operating principle of the ﬁnishing machine is ideal for a
solution, aqueous ozone is more feasible than gaseous ozone
for wet operations. Owing to the occupational health and
comfort, the use of gaseous ozone necessitates the use of
particular airtight machinery. The leakproof gasket material
must be resistant to gaseous ozone [8].
Ÿ

Figure 1: Principle of enzyme action
Table 1: Enzymes used in textile processing
Enzyme
Amylase

Functions

Catalase

Decomposes starch in desizing
Breaks down the cellulosic chain to remove the
protruding ﬁbres
Terminates residual peroxide after bleaching

protease

Removes protein-based impurities in scouring

Lipase

Removes oil and fatty substances during scouring

Pectinase

Removes pectin-based impurities in scouring

Laccase

Removes colour molecules

Cellulase

Scientists have been studying the use of enzymes in the
textile industry for the past two decades. Bio-scouring, biowashing, bleach cleaning and bio-polishing are only a few of
the widely used bioprocesses in the industry (Table 1).
Laccases and peroxidases have gained popularity in recent
years for removing colour or polymerisation for colour
creation. These enzymes could also be used to process bast
ﬁbres to improve bleaching and ﬁbre separation. Cotton,
wool, and silk, among other natural ﬁbres, have played an
essential part in textile sustainability. On the other hand,
these ﬁbres must be cleaned using extensive wet methods
that consume a lot of water, energy, and chemicals. The ﬁbres
may be damaged as a result of these lengthy wet treatments
[7].

Gaseous ozone concentration, temperature, pressure,
solution composition (pH, ionic strength, and reactive
chemicals), gas dispersion, turbulence, and contactor type
are all factors that inﬂuence the physical mass-transfer rate of
ozone into water. Ozone treatments are explored by various
researchers and commercially used in some textile
applications (Table 2).
2.3 Beneﬁts of ozonation in the textile industry
Consumes less water and chemicals and takes less time
than traditional wet processes
Ÿ Minimises space as there is no need to store chemicals
Ÿ Prevents solid waste formation as ozone decomposes into
oxygen
Ÿ Avoids formation of halogenated organic compounds
(AOX)
Ÿ Creates distinct patterns and fading eﬀects during the
denim washing process
Ÿ Enhances dyeability of ﬁbres
Ÿ

2.2 Ozone pre-treatment
Ozone is a powerful oxidant that is found naturally in the
atmosphere. The ozone layer protects us from UV radiation
by acting as a shield as it absorbs the harmful UVB and UVC
radiations3 (see Figure 2).
Ozone is a highly reactive gas that cannot be stored or
transferred; it must be produced "in situ." The methods of
artiﬁcially producing ozone are listed below.

Makes anti-felting treatment environment friendly
Archives higher level of whiteness than the traditional
bleaching
Ÿ Sanitizes non-durable materials such as bandages,
tissues, surgical cotton
Ÿ

Ÿ

Corrodes metal parts of machines owing to the high
oxidation potential
Ÿ Requires a signiﬁcant ﬁnancial expenditure
Ÿ Necessitates onsite generation as it cannot be stored
Ÿ Hazardous if used ignorantly
Typical ﬁndings observed in the recent work related to the
enzyme and ozone-based pre-treatment of textile material,
Ÿ

2.4 Drawbacks of ozonation in the textile industry
Ÿ Causes yellowing of the fabric
Ÿ Aﬀects ﬁbre strength in case of excessive ozone
concentration
Table 2: Recent work related to the enzyme and ozone-based pre-treatment of textile material

Recent work related
to the enzyme
and ozone-based pre-treatment ofKey
textile
material
TreatmentTable 2:
Substrate
Experimental
conditions
ﬁndings
Ozone
Wool
Stainless steel ozone chamber (vol-226 Ozone treatment does not change the
cm3), conc. ozone gas- 6.2 % (v/v),
morphology of wool.
ﬂow rate 1 l/min. Temp-31 0C for 10
Increases oxygen content, and hence
min at under atmospheric.
hydrophilicity.
Helps improve dyeability [9].
enzymatic
Wool
Alkaline protease- 4.0 % (OWF),
Treatment brought the scales to ﬂatten and
MLR- 1:20 Temperature- 400C Timemade the fabric smooth and soft. Absorbency
60 min pH- 8.5
and dye uptake increased tensile strength
decreased slightly [10].
enzymatic

Wool

Pre-treatment - Fatty acid surfactant 30 mol/l, MLR - 1:50 Temperature- 20
-900C Time-60 min.
Enzymatic treatment- Alkaline
protease- 4.0 g/l, MLR- 1:50
Temperature- 500C Time- 3hr pH- 7
Enzyme- alcalase, savinase - 1 g/l,
sodium bicarbonate- 5 g/l, non-ionic
surfactant- 5 g/l, Temp- 550C, Time30- 60 min, pH- 8-9.

Fatty acid surfactant pre-treatment
accelerates enzymatic hydrolysis.
Alkaline fatty acid surfactant at high
temperatures causes damage to wool [11].

Enzymatic

Silk

Enzymatic

Silk

Enzyme fungal protease, conc.- 3
ml/gm silk, temp- 370C, time- 3 hr

Ozone

Silk

Ozone- 60 g/m3, ﬂow rate- 0.5 L/min
after treatment – soap - 2 g/l at 850C,
for 10 min.

Enzymatic

Cotton

Enzymatic

Cotton

Pectinase- 1–10 g/l, non-ionic wetting
agent-1 g/l for 30 min at 55°C, pH 8.5.
Post wash with 0.2 g/l non-ionic
wetting agent at 70°C.
Xylanase- 5.5 IU, Pectinase- 4.0 IU
glycine–NaOH, buﬀer- 50mM, EDTA1.0 mM and 1% Tween-80, pH 8.5 for
60 min at 50°C, MLR- 1: 15

Treatment with fungal proteases gives around
20 % sericin removal without damage to silk
ﬁbroin [13].
Reduction in yellowness, Reduction in tensile
properties,
The eﬃciency of treatment decreases as
increases in pH beyond 4.
Ozone destroys the dye absorbing sites present
in the side chain of the silk molecules,
resulting in less dye uptake [14, 15].
Pectinase treatment exhibits more than 95 %
pectin removal.
Post hot treatment is necessary to remove the
wax for uniform wettability [16].
Bio scouring with Xylanase and Pectinase
achieved 78 %. Whiteness and absorbency are
less than sec with minimal rupture in
mechanical properties [17].

Enzymatic

Cotton

Step1- production of hydrogen
peroxide: D-glucose-10g/l, Glucose
oxidase- 25u/mL Sodium acetate
0.1 M Temperature 37°C pH-5.1.
Step 2- bleach with hydrogen
peroxide produced by glucose
oxidase at 60°C for 30 min along
with bleach activator and non-ionic
wetting agent.

Around 20-22 % sericin removal with
minimum damage in mechanical properties is
achieved in a short treatment time compared
to conventional degumming [12].

Better whiteness along with a soft touch
of fabric.
With the increase in time and temperature
of bleaching, tear and tensile properties
decreases [18].

Treatment

Substrate

Experimental conditions

Key ﬁndings

ozone

Cotton

Ozone/oxygen mixture- 100 g/m3,
ﬂow rate- 0.5 mg/l, time – 1-3 min
pH- 5, after treatment – peroxide
bleaching and hot soaping.

An acceptable degree of whiteness is
achieved.
Two-stage ozone-peroxide bleaching
shows improvement in whiteness with
less cellulose modiﬁcation [19].

ozone

Cotton

Ozone dose- 10 g/h, pH-5,
treatment time- 45 min,
temperature- 25-300C. anionic
surfactant- 0.01- 0.5 g/l

The presence of surfactant in the ozone
bleach bath signiﬁcantly improved the
quality of bleached fabric. Non-ionic
surfactant also improved the absorbency
(1.4 sec), almost equal to anionic
surfactant but lacks in whiteness
improvement compared with an anionic
surfactant [20].

2.5 Ultrasound-assisted pre-treatment

Figure 3: Principle of ultrasonic treatment in textile
Ultrasound is mechanical energy that does not absorb
molecules and requires a medium to propagate. The eﬀects of
ultrasound (Figure 3) resulting from acoustic cavitation in
liquid media, such as bubble formation, growth, and
collapse, are widely accepted. Bubbles collapsing violently
in less than a microsecond release a lot of heat, resulting in
short-lived hot patches. Ultrasound irradiation can cause the
degradation of organic molecules, the oxidation and
reduction of inorganic compounds, and the sonolysis of
water into reactive radicals -OH and H. Some of the impacts
of ultrasound include accelerating chemical reactions,
promoting mass transfer, shortening reaction cycles,
improving reaction yield, changing the reaction pathway,
increasing surface area between the reactants, and
accelerating dissolution [21].
In textile wet processing, ultrasound has been introduced as a
promising method for reducing operation time, and energy
consumption and improving product quality. Ultrasound's
use in the textile industry dates back more than a century
when it was ﬁrst used to clean textile machinery parts like
needles in knitting machines. It was then followed by
ultrasound's dispersing eﬀect to prepare pre-treatment baths
such as quick starch sizing at low temperatures, development
of long-term stable homogeneous emulsions, dye
dispersions, and thickeners for print paste. The next step was

to apply ultrasonic technology to remove contaminants from
ﬁbre surfaces and improve dye or chemical diﬀusion into
fabrics while further studies were conducted (Table 3) [22].
Ultrasound's role in various textile applications can be
divided into two categories: removing materials/impurities
from the surface of textiles (sono-preparation process) and
the diﬀusion and insertion of dye molecules /chemicals and
nanoparticles into ﬁbres (sono-dyeing/sono-printing and
sono-ﬁnishing). Although it is diﬃcult to diﬀerentiate
between the chemical and physical parts of ultrasound that
are responsible for the two diﬀerent applications, cavitation
is a signiﬁcant factor that has been shown to improve the
involved reaction rates.
2.6 Microwave-assisted pre-treatment
The term "microwave" (MW) was introduced in 1932, and it
was initially employed in radiocommunication and radar
technology during World War II. Microwaves are now
widely recognised and used in various applications,
including mobile phones, television, wireless computer
networks, and even specialised applications like rocket
launching engines.
In the textile ﬁnishing industry, electromagnetic waves have
been utilised to dry thick textiles using radio frequency (RF)

dryers that operate at various frequencies. The ﬁrst use of
MW in textile ﬁnishing dates back to the 1970s, when
cellulose fabrics were treated with Durable Press (DP)
ﬁnishing agents and cured in a microwave oven.
The activation of polar molecules in the treated media is the
basis for microwave dielectric heating (polarisation
phenomenon). The charge changes polarity approximately
ﬁve billion times per second in a microwave electromagnetic
ﬁeld; it is pulsating at 2.5 GHz, a popular frequency for

heating purposes. Microwave heating is faster, more
uniform, eﬃcient, and easier to penetrate to the inside of
particles. However, there has been little research in the
literature describing the feasibility of using a microwave for
desizing, scouring, bleaching, dyeing, and ﬁnishing cottonbased fabrics (Table 3) [22].
Typical ﬁndings were observed in the recent work related to
ultrasound and microwave-assisted pretreatment of textile
materials.

Table 3: Ultrasound and microwave-assisted pre-treatment of textile materials

Treatment
Ultrasonic

Substrate
wool

Microwave

wool

Microwave

silk

Microwave
and
ultrasonic

silk

Microwave

cotton

Ultrasonic

cotton

Experimental conditions
Ultrasonic system capacity 14 lit, temp range30–80oC, ultrasonic power of 2 × 400 W with
frequency 40 kHz. Optimized scouring
condition- 0.5-1 g/l soda, 2-3 g/l soap, 350C,
for 30-35 min
Scoured fabric bleached with microwave
treatment. hydrogen peroxide (30%)- 1-10
volume. pH-9. Microwave input power- 150–
750 W. Temp - 45–750C. Time- 1-25 min,
MLR- 1:5-25
Microwave oven (output-1550 watt operating
at Frequency- 2450 MHz)
Recipes:
Soda ash- 2.5-10 % (owf), time 1-5 min,
microwave power- 70 %.
hydrochloric acid- 0.01-0.5 m, time 2-10 min,
microwave power- 100 %.
savinase, conc.- 0.1- 4%, time 2-15 min,
Temp- 600C, microwave power- 30 %.
Microwave parameters- (1550 watt & 2450
MHZ)- power consumption- 50 %, time -5
min.
Ultrasonic parameters - (220 W &40 KHz),
Temp- 60 0C, time- 30 min.
Recipes used in both treatment:
Hot water
Soda ash-5 g/l (pH 10.5)
Non-ionic detergent- 1 g/l (pH 7.5)
Soda ash-1 g/l + hydrogen peroxide (50%) -2
g/l (pH 9.6)
Enzyme (papain)- 5 g/l (pH 6.8)
Grey cotton is treated with desizing agents,
scouring agents, bleaching agents, and
auxiliary chemicals.

Scoured cotton were bleached with H2O2 (50
%): 10 mL/L, NaOH (50 %): 6 mL/L,
Stabilizer: 1 mL/L, Wetting agent: 1 mL/L,
liquor ratio: 20:1, pH: 10.
Ultrasonic parameters – frequency-35 KHz,
Temp- 30-900C, time- 30-60 min.

Key ﬁndings
Ultrasounds cause emulsiﬁcation of the suint.
The high frequency of the acoustic wave and
low vibration amplitude does not cause
damage and entanglements to wool ﬁbre [23].
Obtained High whiteness with a short
treatment time and Minimum destructive
eﬀect on wool ﬁbres.
Treatment increases the COD and BOD of
wastewater [ 24].
Enzymatic treatment in microwave energy
exhibits eﬃcient sericin removal without
ﬁbre damage. Microwave-assisted
degumming is possible at minimum enzyme
dosage and treatment time [25].

Soda ash + hydrogen peroxide and enzyme
(papain) show eﬃcient degumming.
Compared with conventional techniques,
microwave and ultrasonic show eﬃcient
degumming without hampering the strength
of silk fabric.
Dye uptake improvement after degumming
[26].

Complete pre-treatment is done within 5 min.
Maximum removal of starch sizing agent
obtained in the microwave oven at power 800
W for 2 min. Complete wax and impurities
removal is achieved. Whiteness obtained by
optimised microwave treatment is around 60
[27].
Ultrasonic treatment helps achieve better
fastness properties like conventional pretreated fabric with minimum time and
temperature [28].

3. Summary
The problem of environmental stress exists and will not go
away by magic. The impact of new technologies and
techniques like as ultrasonic and microwave technology,
ozone treatment, and enzymatic processing on the long-term
viability of wet processing operations has been explored in
this paper. However, even in the laboratory, the new
processes are still encountering diﬃculties, necessitating

further research and development to make them a viable
alternative to traditional processing. These sustainable
technologies would reduce the environmental impact,
resulting in energy savings, reduced water consumption, and
the replacement of harsh chemicals in manufacturing textile
materials.
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Abstract:
The present study attempts to extract natural dye from the bark of F. religiosa to dye cotton, wool and silk. The fabrics were
premordanted with alum, myrobalam, eucalyptus leaves, beetal nut, pomegranate peel and ferrous sulfate. Assessment of
the dyed samples was done in terms of colour strength (K/S), colour coordinates (L* a*, b* values) and fastness properties.
Effect of pH on dye uptake was also assessed. A range of colours i.e. from pinks to purples to browns could be obtained on
unmordanted samples. The colour was found to further intensify on mordanting and the maximum dye uptake was observed
at neutral pH. Wool fabric showed maximum dye uptake followed by silk and cotton. Excellent colour fastness properties of
most of the dyed samples were recorded. The dye extracted from Peepal bark showed excellent pharmacological properties.
Almost 100% antioxidant activity was obtained when concentration of the dye increased from 10 mg/ml to 100 mg/ml. The
dye and the dyed samples showed good antimicrobial activity as almost negligible growth of bacteria was observed for pre
mordanted dyed samples thus making the dyed fabrics as bioactive textiles. Bioactive textiles dyed with the bark of F.
religiosa can find suitable applications in the health and hygiene industry and in the field of medical textiles.
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1. Introduction
The emergent concerns about the eco-system, pollution,
ecology, environment and increasing cognizance of
problems related to toxicity and health hazards associated
with synthesis, processing and use of synthetic dyes have
resulted in the substitution of synthetic dyes by more ecofriendly products for colouration [1]. Dyes derived from
natural sources have emerged as an important alternative to
synthetic dyes. In the recent years, the increased availability
of abundant new sources of natural colours has helped to
reduce the cost of natural colourants. The use of natural
products for imparting antimicrobial properties on textile
materials has also been widely researched [2].
One such natural source is Peepal tree (Ficus religiosa Linn),
the oldest portrayed tree in India and a native of the subHimalayan tract, Bengal and Central India. Since antiquity,
F. religiosa has got mythological, religious and medicinal
importance in Indian culture. Ficus Linn being the largest
genus of the family Moraceae comprises about 755 ﬁg tree
species worldwide. F. religiosa is a Bo Tree, which sheltered
the Buddha when he was “enlightened” (Bodhi) as he divined
the “truths” [3]. 'Religiosa' refers to 'religion' because the tree
is sacred in both Hinduism and Buddhism [3].
The potential therapeutic beneﬁts of leaf juice and fruits of F.
religiosa have been documented in folk medicine. F. religiosa
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shows diverse range of pharmacological activities like,
anticonvulsant, antidiabetic, anti-inﬂammatory,
antimicrobial, analgesic, wound-healing, antioxidant,
proteolytic, and anti-amnesic [4]. The leaf juice has been
used for the treatment of asthma, cough, sexual disorders,
diarrhoea, haematuria, ear-ache, toothache, migraine, eye
troubles, gastric problems and scabies [3]; leaf decoction as
an analgesic for toothache; stem bark in gonorrhea, bleeding,
paralysis, diabetes, as antiseptic, astringent, antiinﬂammatory and analgesic [5]. The leaves have been
reported to have hypoglycemic, wound healing [6][7],
antimicrobial [8] properties and methanolic ﬁg extracts of
Ficus Religiosa are anticonvulsant [6]. Traditionally, the
bark is used for its antibacterial, antiprotozoal, antiviral,
astringent and antidiarrhoeal properties [8] and also in the
treatment of ulcers [9, 10]. The bark of Peepal tree constitutes
phytosterols like lanosterol, β-sitosterol-D glucoside and
stigmasterol [11, 12] because of which they have a wellestablished and wide spectrum of pharmacological activities.
Bark of F. religiosa also shows antidiabetic activity and
exhibits fall of the blood sugar level [13].
The fruit of F. religiosa contains appreciable amounts of total
phenolic and total ﬂavonoid content [14] which qualiﬁes
them to be used as a tonic and the fruit powder is used to treat
asthma.
Dye extracted from F.religiosa has been reported to be
applied on Chitosan treated cotton fabric [15]. Similar work
has also been reported on silk [16]. However, not many
studies have been reported on the use of natural mordants for
dyeing with the colour extracted from Peepal bark and the
measurement of antimicrobial and antioxidant properties of
the dyed substrate.

The present study investigates the extraction of dye from
Peepal bark and its application on cotton, wool and silk. The
eﬀect of various natural and synthetic mordants have also
been studied on the colour uptake using a pre-mordanting
method and the fastness properties in terms wash, rub, light
and perspiration were determined. The biological
(antimicrobial and antioxidant) properties of the dye and
dyed samples were also studied.
2. Materials and Methods
2.1 Material
Cotton, wool and silk fabrics were procured and scoured to
prepare them for dyeing. The fabric speciﬁcations are given
in Table 1.
Table 1: Speciﬁcations of the fabrics used

660

Ends per
inch (epi)
106

Picks per
inch (ppi)
62

Wool

1169

56

53

Silk

260

76

64

Fabric

GSM

Cotton

Analytical grade sodium carbonate and glacial acetic acid
were used to maintain pH.
Natural mordants such as Harda (Myrobalam), Betel nut
(Supari), Pomegranate peel and Eucalyptus leaves and
chemical mordants such as alum (Merck) and ferrous
sulphate (Merck) were also used for the study.
Peepal bark was collected from the local gardens of Delhi.
2.2. Methods
2.2.1 Characterisation of the raw material
Raw material was characterized in terms of the moisture
content and ash content.
2.2.1.1 Moisture content
Moisture content of the raw material was determined
according to ASTM D 629-99.
The percentage moisture content was calculated as given in
equation 1:
Wm - Wd
Moisture content (%) =
X 100 … … . (1)
Wm
Where Wm is the weight of dye in moisture equilibrium state
at 20°C and 65% relative humidity, and Wd is weight of dye
dried at 105°C for 60 min.
2.2.1.2 Ash content
Ash content of the raw material was determined according to
AOAC method (AOAC, 2000). The percentage ash content
was calculated as in equation 2:

2.2.2. Extraction of dye
20 g of Peepal bark was extracted in 1000 ml of distilled
water at boil for 60 mins. The extracted mixture (pH 7) was
cooled to room temperature and ﬁltered using Whatman No.
1 ﬁlter paper. The dye was extracted at three pH levels (pH 5,
7 and 9).
The extract was dried and colourant. Yield percentage was
estimated on the basis of dry weight as given in equation 3:
Yield (%)=

Weight of extract (grams)
X 100 … … … (3)
Weight of dried bark (grams)

2.2.3 Visible spectrum of the extracted dye
The visible spectra of the extracted dye were recorded in the
wavelength range from 400 – 700 nm, on D-2750 UV-Visible
spectrophotometer.
2.2.4 Application of dye on diﬀerent textile substrates
2.2.4.1 Pre-mordanting of textile substrates: Substrates
(cotton, wool and silk) were pre-mordanted with 5% owf
alum, myrobalam, eucalyptus leaves, beetal nut,
pomegranate peel and ferrous sulfate at 80°C for 30 minutes
followed by drying at room temperature.
2.2.4.2 Dyeing of textile substrates
Pre-mordanted cotton, wool and silk fabrics were dyed with
the aqueous dye extract of Peepal bark obtained at varying
pH (acidic, neutral and alkaline). The dyeing was carried out
for 60 mins at boil. M.L.R was maintained at 1:30 for cotton
and wool and 1:80 for silk. Dyeing was carried out on volume
basis, therefore, 50% of the extracted dye liquor was taken to
make the required M.L.R. To study the eﬀect of pH on dye
uptake, fabrics were dyed at pH 5, 7 and 9. The dyed samples
were cold rinsed, soaped with 0.5 g/l Lissapol N at 50ºC for
20 mins followed by drying at room temperature.
The colour value was determined by using the
Kubelka–Munk equation as given in equation 4:

K/S =

(1- R)2
2R

……………………… (4)

2.2.5 Assessment of fastness properties
For assessing the fastness to light, wash, rub and
perspiration, pre-mordanted fabrics were dyed with aqueous
extract obtained at neutral, acidic and alkaline pH. Light
fastness was assessed in accordance with AATCC 16 – 2004
on Xenotest alpha high energy light fastness tester. Colour
fastness to washing was assessed in launder-O-meter in
accordance with the method prescribed in IS: 3361 – 1984
(ISO – II); rubbing on a crockmeter as per AATCC 8 – 2007;
and perspiration on a perspirometer in accordance with the
method prescribed in AATCC 15 – 2007.
2.2.6 Biological Properties
2.2.6.1 Antioxidant Properties
Antioxidant activity of the dye extracted from Peepal bark

and the dyed samples was measured by DPPH assay. The
textile substrates pre mordanted with alum, ferrous sulphate,
harda and eucalyptus and then dyed with the dye extracted
(aqueous medium at pH 7) were analyzed for their
antioxidant activity. The undyed and the unmordanted dyed
samples were taken as control.
2.2.6.2 Antimicrobial Properties
Test organism: Gram negative bacteria (Escherichia coli)
Culture medium: Nutrient agar
Test specimens
(1) Dye solution of aqueous dye extract (neutral pH)
prepared at diﬀerent concentrations viz. 0.5 %, 1%, 5%,
10% w/v

The visible spectra of the dye extracted in aqueous medium at
pH 5 and 7 showed the λmax at 495 nm. The dye extracted at
alkaline pH showed a bifurcation in the peak with λmax at
440 nm and 520 nm, thus indicating that the colour obtained
under these conditions has undergone some structural
change. Also, it can be observed that the dye extracted at
alkaline pH has maximum absorbance at 1.5% v/v as
compared to that at acidic and neutral pH at same
concentration.
pH 5
pH 7
pH 9

(b) Dyed fabrics: The textile substrates premordanted with
alum, ferrous sulphate, harda and eucalyptus and then
dyed with the dye extracted in aqueous medium at pH 7
were analyzed for their antimicrobial activity.
Qualitative assessment of the dye in solution form was done
by AATCC 30 method (Disc diﬀusion method).
Qualitative assessment of the antimicrobial activity of the
fabric samples was done by parallel streak method (AATCC
147).
3. Results and Discussion
3.1 Characterisation of raw material and extracted dye

Figure 1- Visible spectra of dye extracted from Peepal
bark in aqueous medium at varying pH
3.2 Application of extracted dye on premordanted textile
substrates
The dye was extracted as well as applied at varying pH values
to study the eﬀect of pH on dye uptake (measured in terms of
K/S) and the results of unmordanted dyed samples are
summarised in Table 3.

3.1.1 Yield % and colour
The dye was extracted from Peepal bark in an aqueous
medium at varying pH (5, 7 and 9). Yield % was determined
and the results are presented in Table 2.
Table 2: Yield % and colour of dye residue obtained from
Peepal bark after extraction
Medium and
pH of
extraction
Aqueous, 5

Colour of dye
obtained

Yield %

Light red

13 %

Aqueous, 7

Red

11 %

Aqueous, 9

Deep red

40 %

Higher amounts of yield, ~40% was obtained when
extraction was done in aqueous medium at alkaline pH as
compared to acidic and neutral pH.
3.1.2 Moisture and Ash content
The raw material was characterized in terms of moisture and
ash content. Powder of Peepal bark was found to have a
moisture content of 0.7 % and ash content of 5.4 %.
3.1.3 Visible Spectra of extracted dye
Figure 1 shows the visible spectra of 1 % v/v dye extracted in
aqueous medium at various pH viz. neutral, acidic and
alkaline.

Table 3 - Colours obtained on unmordanted textile
substrates
Intersting colours ranging from pinks to purples to browns
could be obtained on unmordanted samples. Silk and wool
ﬁbers ﬁbres showed signiﬁcantly less aﬃnity for dyes in
neutral or alkaline media. This may be because there are
more carboxylate ions (COO-) than ammonium ions
(–NH3+) on wool and silk in the alkaline medium, due to the
formation of –NH2 groups from – NH3+ ions via their
interaction with OH- ions. Therefore, protein fabric becomes
anionic, and due to electrostatic charges, repulsion occurs
between the colorants and the protein ﬁbres, ultimately
resulting in a lowering of the dye uptake.
To study the eﬀect of mordants, the textile fabrics were premordanted with mordants such as alum, harda, eucalyptus
leaves, supari, pomegranate peel and ferrous sulphate and
then dyed. The colours obtained for cotton, wool and silk
have been presented in Tables 4, 5 and 6 respectively.

Table 4: Dyeing of Unmordanted and Mordanted Cotton
Fabric

Table 5: Dyeing of Unmordanted and Mordanted Wool
Fabric

Table 6: Dyeing of Unmordanted and Mordanted Silk
Fabric

A range of shades viz. pinks, red, browns and black could be
obtained with diﬀerent mordants. In general, it was observed
that brighter and darker shades were obtained on dyeing after
mordanting as compared to unmordanted samples. The
activity sequence for the pre-mordanting method was:
ferrous sulphate > Alum > Supari > Pomegranate peel >
Eucalyptus > Harda. It was seen that most mordants showed
maximum colour value when dyed at neutral pH for cotton
and silk samples. Ferrous sulphate yielded very dark brown
to almost black colour on all the textile substrates. The wool
fabrics in general gave very dark shades in comparison to silk
and cotton.

This can be attributed to the ferrous ion showing a secondary
valency of six in its coordination complexes instead of its
normal valency of two; it forms six coordination bonds with
donor atoms (ligands). Silk consists of amide linkages
containing nitrogen and oxygen atoms with lone pairs of
electrons which also have the ability to act as ligands.
Therefore, ferrous atoms simultaneously form coordination
bonds with silk and colorant molecules resulting in ﬁxation
to the ﬁbre [17]. The appearance of darker shades of
colorants with iron and zinc ions agrees with results reporting
that these ions form more stable complexes with
anthocyanines rather than aluminum ions [17].
3.2 Fastness properties
The unmordanted dyed cotton, wool and silk showed good
wash fastness properties. The light fastness of the dyed
samples was observed to be very good and ranged between 56. The wash fastness rating of the samples ranged between
good to excellent under all the dyeing conditions. The ratings
for staining of the adjacent fabrics for all the dyed samples
ranged from 4.5 to 5 and there was no change in colour
observed for the dyed sample under test.
The pre-mordanted samples gave excellent wash fastness
properties. Grey scale ratings ranged between 4.5- 5 for
staining of the adjacent fabric, without any corresponding
change in colour. Perspiration fastness of pre-mordanted
cotton, wool and silk was excellent with rating of 5 for both
acidic and alkaline perspiration solution. The rub fastness of
the pre-mordanted cotton, wool and silk samples was also
good. Rub fastness of the dyed cotton, wool and silk was
marginally better for dry rub fastness than wet.
3.3 Assessment of Antioxidant Activity
Oxygen-centered free radicals and other reactive oxygen
species (ROS) can be generated as by-products during
oxidative progresses of living organisms. Many human
diseases, including accelerated ageing, cancer,
cardiovascular disease, neurodegenerative disease and
inﬂammation, are linked to excessive amounts of free
radicals [18]. The antioxidants are necessary to cure these
diseases [19]. Antioxidant agents, particularly those from
natural sources are much in demand since they function as
free-radical scavengers and chain breakers.
Antioxidant activity of the dye extracted from Peepal bark
(aqueous, pH 7) and the samples (cotton, wool and silk) dyed
with aqueous extract of the dye at neutral pH was assessed by
DPPH method. Diﬀerent concentrations viz. 10, 20, 40, 60,
80 and 100 mg/ml of the dye were taken and the antioxidant
activity was determined as shown in Table 7.
It was observed that almost 90% antioxidant activity was
obtained even at the lower concentration of 20 mg/ml. When
the concentration was increased to 100mg/ml almost 95%
activity was observed. The natural dye extracted from Peepal
bark contains phytochemicals such as phenols, tannins and
serotonin which contains electron donor groups. These

donors react with free radicals and convert them to more
stable products and terminate the radical chain reaction.
Because of this unique property of this dye, it has immense
potential in medical textiles. The results of antioxidant
activity of the dyed samples are shown in Table 8.
Table 7: Antioxidant Activity of the dye extracted from
Peepal bark
Concentration
Absorbance
Antioxidant
(mg/ml)
(at 517nm)
activity (%)
0
0.692
0
10
0.15
78.32
20
0.07
89.88
40
0.04
94.21
80
0.04
94.21
100
0.04
94.21
Interestingly, all the mordanted samples showed almost 100
% antioxidant activity. This may be because the mordant in
combination with the dye together are able to able to generate
enough phytochemicals to react with the free radicals thus
giving antioxidant activity in the range of 90-100%. Most of
the mordants used also contained tannins.
Table 8: Antioxidant Activity of Fabric Samples

Absorbance
(at 517nm)

Antioxidant
Activity (%)

Absorbance
(at 517nm)

Antioxidant
Activity (%)

0.785

0

1.003

0

22.92

0.65

17.19

0.77

23.23

97

0.00

100

0.138

86.24

98.66

0.072

90.82

0.03

97.00

0.041

95.80

0.003

99.61

0.007

97.30

0.034

96.51

0.079

89.93

0.15

85.04

Undyed
0.977
Unmordan0.753
ted
Ferrous
0.02
Sulphate
Alum
0.031
Harda
Eucalyptus
leaves

Silk

0

Absorbance
(at 517nm)

Mordant

Wool

Antioxidant
Activity (%)

Cotton

3.4 Assessment of Antimicrobial Activity
The dye extracted from Peepal bark in aqueous medium at
neutral pH and the textiles dyed with them were qualitatively
assessed for their antimicrobial activity against gram
negative bacteria, E.coli. The extracted dye samples were
assessed by disc diﬀusion method and the dyed samples were
assessed by parallel streak method.
Diﬀerent concentrations of the extracted dye were taken viz.
0.5 %, 1.0 %, 5 % and 10 % w/v. No clear zone of inhibition
was observed in case of dye (Plate I). In addition to this, there
was a complete lack of growth underneath the discs at all the
concentrations, thus indicating that the dyes are bactericidal
in nature and not bacteriostatic.

The qualitative assessment of the antimicrobial activity of
the pre mordanted and dyed samples did not show any
growth of bacteria on the fabric surface (Plates II, III, IV).
Better results were obtained for silk and cotton as compared
to wool. On the contrary, bacterial growth was observed in
the case of undyed and unmordanted fabrics.

generated many opportunities for the application of
innovative ﬁnishes. Antimicrobial textiles with improved
functionality ﬁnd a variety of applications such as health and
hygiene products, especially the garments worn close to the
skin and several medical applications such as, infection
control and barrier material. Owing to this, there is
considerable interest in developing textiles based on
ecofriendly agents which can help to reduce eﬀectively the ill
eﬀects associated with the microbial growth on textile
material.

3. Conclusion
The rapid growth in medical textiles and their end uses has

In the present study, colours with a wide shade range could be
obtained on cotton, wool and silk using dye extracted from
Peepal bark with excellent fastness properties. Various
combinations of selected natural and chemical mordants not
only resulted in expanding the shade card but also
improvement in the fastness properties. Excellent
antioxidant and antimicrobial properties could be obtained
for the dye as well as dyed samples which can be successfully
used in the health and hygiene industry and other medical
textile applications.
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Abstract:
Since the beginning, when the fabric was started to be manufactured in bulk quantity, there have been many changes that
have taken place in the fabric structure by varying the different fabric parameters. A single change in fabric parameters can
create a different fabric. In this modern era, quality plays an important role. But at the same time, the look or appearance of
fabric also has equal importance. Fashion has become a buzz word in the fashion industry. The fabric properties like crease
resistance, wrinkle recovery, and durable press are related to the fabric's aesthetics. In this scenario, this study was
conducted by changing the thread spacing but keeping the yarn counts the same to check the effect of fabric cover on the
aesthetic attributes of fabric.
In this study, 100% cotton fabric samples with same count but different cover factors were manufactured. The fabric samples
were tested for aesthetic properties like tensile strength, tear strength, durable press rating, flexural rigidity, and crease
recovery angle before as well as after the finishing process. This research work revels that, better crease recovery is
achieved after resin finishing treatment for less covered fabric due to the easily removal of creases formed over the fabric
surface, which improves the aesthetics of the fabric.
Keywords: Count, Crease Recovery Angle, Cover factor, Durable Press Rating, Flexural rigidity, Seam strength
Citation: Citation: Ramesh N. Narkhedkar, Allowkika N. Patange & Shrihari S. Neje, “Fabric Cover: An Important
Property Affecting the Aesthetic Appearance of The Fabric”, Journal of the Textile Association, 83/2 (112-117), (JulyAugust’ 2022), https://doi.org/10.17605/
Article Received: 15-12-2021, Revised: 23-05-2022, Accepted: 18-04-2022

1. Introduction
Nowadays, the textile market is ﬁlled with many varieties of
fabrics. These have their own unique structure. Grey fabric
has a number of issues with its appearance, but after proper
treatment, it can be changed into the desired one [1].
Wrinkling and creases are common problems with cotton
fabric, but in this case, the creases recovery rate is quick,
whereas the wrinkles remain as it is and are diﬃcult to
remove so, these wrinkles can be overcome by the
application of a resin ﬁnish [1, 2]. In this way, one can say that
by changing the properties of fabric along with their yarn
properties, the aesthetics of fabric may be changed. Cover
factor is one of the important properties of fabric, and when
fabric thread spacing is altered, there will be a change in the
cover factor as well as in the fabric appearance. When the
cover of fabric is changed, many changes come under this
[3]. Everyone knows that one of the most important end-use
performance parameters of fabrics and other textile products
are the fabric hand and fabric aesthetics. Cover factor is a
measure of how much of a fabric's surface is covered by a
single set of threads. For any woven fabric, there are two
cover factors: warp cover factor and weft cover factor, which
gives the fabric cover when added together. This cover
depends upon thread density and thread count [4, 7]. Hence,
taking diﬀerent fabric samples having diﬀerent covers,
which is possible by varying the thread spacing of the fabric,
and proper testing, will give the results. With these results,
the eﬀects of fabric cover on the aesthetic properties of fabric
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can be obtained with informative conclusions.
2. Material and Method
2.1 Selection of raw material
Raw materials play a vital role in the characteristics of the
end product. Here, 100 % cotton fabric is used for this
project, whose end use is shirting. This research work is
carried out on sample weaving machine at textile department
of D.K.T.E Textile Engineering College Ichalkaranji. The
material was manufactured and tested on April 2021.
As cotton is a natural ﬁbre, it can have good comfort
properties, but at the same time, wrinkles are the main
problem with cotton fabric, so it was decided to use this as a
raw material [6].
2.2. Manufacturing of Fabric Samples
A total of three fabric samples of diﬀerent properties were
manufactured on sample loom and those samples were
denoted as S1, S2 and S3. Fabric sampling of the raw
material is described in the following table.
Table 1- Fabric sampling
Sr.
No.

Fabric
Samples

Count
(Ne)

EPI

PPI

Cover
Factor

1.

S1

60

86

84

17.66

2.

S2

60

80

72

16.2

3.

S3

60

64

63

13.84

With the use of following mentioned process parameters in
table 2, resin ﬁnishing treatment is applied on the above
manufactured fabric samples.
Table 2- Resin ﬁnishing process parameters
Resin Concentration
Temperature Dwell
SPEED
Time
Content
Materials
Chamber (°C) (sec) (Mt/min)
(gpl)
DMDHEU
40
1 140
Drying
MgCl2
09
2 140
(Catalyst)
SILIGEN PE
20
3 170
HOSTAPAL
02
4 170
MRZ
30
Acetic Acid
0.3
5 170
Curing
45
Silicon
20
6 170
Softener
7 170

Table 4 - Fabric tensile strength and elongation before
and after ﬁnishing process
Fabric Tensile
Fabric Elongation
Fabric
Strength
Samples
S1
S2
S3
S1
S2
S3
Before
215.3 333.2 170.8 29.43 30 27.64
Finish
After
183.5 292.4 131.7 26.75 28.5 24.84
Finish
Percentage
14.77 12.24 22.89
9.1
5
10.13
Reduction

8 170

2.3 Testing
Before and after the resin ﬁnish total seven fabric tests were
carried out as per the ASTM testing standards. List of tests
and ASTM standards for woven fabric testing is given in the
following table.

Figure 1- Fabric tensile strength

Table 3 - List of ASTM standards for woven fabric testing
Sr.
No.
1
2
3
4
5

Fabric
Testing
TENSILE
STRENGTH
TEAR
STRENGTH
SEAM
STRENGTH
DP RATING
FLEXURAL
RIGIDITY

6 DRAPE

Testing Standard
ASTM D5035 - 11(2015)

Measurement
unit
Kg-f

ASTM D1424 - 09(2013) e1 gm-f
ASTM D1683

Kg-f

AATCC 124

Rating

ASTM D1388-14e1

mg-cm

ASTM D4032-94

Drape
Percentage

CREASE
7 RECOVERY IS6359:1971 SP-15
ANGLE

Degrees

3. Result and Discussion:
With the same count of 60s Ne, fabric samples with diﬀerent
cover factors were manufactured. By using the above
manufactured samples, various tests were conducted and the
obtained results were analysed to ﬁnd the relationship
between cover factors and fabric properties.
3.1 Fabric Tensile Strength and Elongation –
The manufactured fabric samples were tested for tensile
strength and its elongation and the obtained results are
tabulated in the following Table 4.

Figure 2 - Reduction in tensile Strength
Above ﬁgure 1 revels that, after the resin ﬁnishing the tensile
strength of all the fabric samples decreases due to the acid
treatment of cotton ﬁbres. While the ﬁgure 2 shows that
fabric sample with less cover factor has more percentage
reduction in tensile strength. This is due to the combined
eﬀect of less number of threads in tensile direction and with
more resin absorption leading to the more cotton ﬁbre
degradation during ﬁnishing.
By statistical analysis it is found that before and after the
resin ﬁnish there is signiﬁcant diﬀerence in tensile strength of
all fabric samples which is proved by the 'P' value of 2.625E44 and 1.6645E-27 respectively which are less than 0.05.
Figures 3-4 shows that, elongation also shows the similar
trend like the tensile strength. This trend has been changed
after resin ﬁnish, elongation percent of S3 sample is reduced
by 10.13 % which is more than other two samples S1 and S2.
This is because, after resin ﬁnish yarn becomes rigid so the
elongation reduces.

Figure 6 - Reduction in Fabric Tear Strength

Figure 3 - Fabric Elongation %

Figure 4 - Reduction in elongation %
3.2. Tear Strength
The fabric samples were tested for their tear strength and the
obtained results are tabulated in the following Table 5.
Table 5 - Tear strength of fabric samples before and after
ﬁnishing process

Fabric
Samples

S1

S2

S3

Before Finish

724.27

855.73

2184.8

After Finish

348.6

633.27

1731.8

Percentage
Reduction

20.73

26

51.86

Above ﬁgure 6 reveals that with reduction in fabric cover the
tear strength of fabric increases. This trend has obtained
because, in case of less cover factor thread gliding eﬀect is
more and at the time of tearing of such fabric, other yarns
from that fabric comes together and forms a bundle like
structure which cannot be tear easily. After the resin
ﬁnishing, there is signiﬁcant decrease in the fabric tearing
strength because of acid treatment during resin ﬁnishing
process. Before ﬁnish, the tear strength of S3 sample is good
and it is decreased by 20.73 % after resin ﬁnish treatment.
Figure 7 reveals that, in case of Sample S3 the reduction in
fabric tear strength is high i.e., 51.86%, this is because of its
less cover factor among all three and hence it absorbs more
resin which could be the reason of more reduction in tear
strength.
By statistical analysis it is found that before and after the
resin ﬁnish there is signiﬁcant diﬀerence in tear strength of
three diﬀerent cover factors which is proved by the 'P' value
of 6.9659E-51 and 6.8183E-46 respectively which are less
than 0.05.
2.3 Crease Recovery Angle
The fabric samples were tested for CRA and the obtained
results are tabulated in the following Table 6.
Table 6 - CRA of fabric samples before and after
ﬁnishing process
Fabric Samples
S1
S2
S3
Before Finish
79.6 65.94 108.47
After Finish
83.2 72.36 120.83
Percentage Increase
4.33 8.87
10.23

Figure 5 - Fabric Tear Strength
Figure 7- Fabric Tear Strength

Figure 8 - Increase in Fabric Tear Strength

Figure 10 - Increase in Flexural Rigidity

After the resin ﬁnishing, application of resin ﬁnish results in
increase in fabric crease recovery angle because the resin
ﬁnishing leads to the cross linking of cotton cellulose
molecules of and this results in to increase in fabric CRA.
Before ﬁnish, the CRA of S3 sample is highest. The reason
for more crease recovery is thread gliding i.e., in case of less
cover factor fabric; the threads can easily glide so that
recovery is higher. Figure 9 reveals that, CRA of sample S1,
S2 and S3 is increased by 4.33%, 8.87% and 10.23%
respectively. In case of less cover factor thread density is also
less and resin absorption is more which leads to increase the
formation of covalent bonds. Due to increase in covalent
bonds, the rate of crease recovery is more.

Resin ﬁnish treatment enhances the Flexural rigidity because
there is increase in yarn rigidity after resin ﬁnishing which
leads to increase ﬂexural rigidity of fabric. Before ﬁnish, the
rigidity of S3 sample is least. Before resin ﬁnishing due to
highest cover factor among the all samples the sample S1 has
more ﬂexural rigidity but less percentage increase after resin
ﬁnish as compare to other two samples. This is because of
less resin absorption of high-density threads in the fabric.
According to statistical analysis, there is a substantial
diﬀerence in ﬂexural rigidity of three separate cover
components before and after the resin ﬁnish, as evidenced by
P values of 1.8065E-25 and 4.8016E-18, both of which are
less than 0.05.

By statistical analysis it is found that before and after the
resin ﬁnish there is signiﬁcant diﬀerence in tear strength of
three diﬀerent cover factors which is proved by the P value of
1.1086E-26 and 2.1403E-33 respectively which are less than
0.05.

2.5 Seam Strength of Fabric
The fabric samples were tested for fabric seam strength and
the obtained results are tabulated in the following Table 8.

2.4 Flexural Rigidity
The fabric samples were tested for ﬂexural rigidity and the
obtained results are tabulated in the following Table 7.
Table 7 - Flexural Rigidity of fabric samples before and
after ﬁnishing process

Fabric Samples
Before Finish
After Finish
Percentage Reduction

S1
62.98
72.51
13.14

S2
26.7
36.31
26.4

Table 8 - Seam Strength of fabric samples before and
after ﬁnishing process

Fabric Samples
Before Finish
After Finish
Percentage Reduction

S1
75.73
66.98
11

S2
86.8
75.27
13.28

S3
92.97
76.65
17.55

S3
58.59
94.51
38

Figure 11 -Fabric Seam Strength
Figure 12 reveals that, the seam strength of the S3 sample is
highest before ﬁnishing. This is because the least ﬂexural
rigidity of S3 sample enhances the fabric seam strength.
Figure 9 - Fabric Flexural Rigidity

Figure 12 - Reduction in seam strength

Figure 12 - Reduction in seam strength

However, it is found to be lowered by 11 % after resin
ﬁnishing. After resin ﬁnishing treatment, sample S2 and
sample S3 exhibit a comparable decrease trend. The stiﬀness
of all fabrics improves after the resin treatment, preventing
seam development during sewing.

According to statistical analysis, there is a signiﬁcant
diﬀerence in the fabric drape of three separate cover
components before and after the resin ﬁnish, as evidenced by
'P' values of 0.00086621 and 0.00367312, both of which are
less than 0.05.

According to statistical analysis, there is a signiﬁcant
diﬀerence in seam strength of fabric of three distinct cover
factors before and after the resin ﬁnish, as evidenced by P
values of 1.3811E-16 and 1.5834E-17.

2.7 Durable-Press rating of fabric
The fabric samples were tested for fabric DP rating and the
obtained results are tabulated in the following Table 10.
Table 10 - DP rating of fabric samples

2.6 Fabric Drape
The fabric samples were tested for fabric drape and the
obtained results are tabulated in the following Table 9.
Table 9 - Drape of fabric samples before and after
ﬁnishing process
Fabric Samples
S1
S2
S3
Before Finish
54.83
48.97
38.65
After Finish
58.82
53.37
42.57
Percentage Increase
7.27
8.98
10.15

DP rating of Fabric
Fabric Samples

S1

S2

S3

DP rating of fabric

2.5

3.15

3.5

Figure 14 - Fabric Drape

Figure 14 - Fabric Drape
Above Table 9 and ﬁgure 14 reveals that, the fabric drape
increases with fabric resin ﬁnishing process due to the
increased yarn stiﬀness. Figure 15 shows that after resin
ﬁnishing, with reduction in fabric cover the percentage
increase fabric drape is higher. This is because of the
increased resin absorption in less cover factor fabric.

Above Table 10 and ﬁgure 16 shows that, after the resin
ﬁnishing process the Durable press rating value of the fabric
increases with the reduction of fabric cover factor. This is
because with reduction in fabric cover the resin absorption
increases resulting to the increase in cross links between the
cotton molecules which helps in recovery of fabric creases.
3. Conclusions
According to the ﬁndings, the tensile strength of cloth
reduces as the cover factor falls. This is true both before and
after resin ﬁnishing. Fabric with a resin ﬁnishing treatment
has a lower elongation percentage. Before resin ﬁnishing, the

tear strength of the fabric improves as the cover factor
decreases, the tendency stays the same for after resin
ﬁnishing treatment. With a lower cover factor, the fabric's
crease recovery angle improves. Fabric with a resin ﬁnishing
treatment has a higher ﬂexural stiﬀness. After the resin
ﬁnishing process, the fabric seam strength decreases. The

resin ﬁnishing treatment improves cloth drape. As the fabric
cover factor diminishes, the cloth drape reduces. This
tendency is observed both before and after resin ﬁnishing.
The fabric DP rating rises as the cover factor is reduced. The
same trend is followed for the fabric samples both before and
after the resin ﬁnishing treatment.
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Revival of the Looped Fabric: Crocheting Flat to 3D Structures
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Abstract:
Crochet is derived from the French term Croche, meaning 'small hook', this is a kind of needlework in which loops of a
thread, yarn, or strands of other materials are interwoven using a single hooked needle (crochet hook). This craft form has
moved from Grand mom's treasures to be a trend. Crochet has revived itself from products of personal use in flat structures to
products of fashion in 3D structures. The process of crochet as well as crocheter has evolved over the years and more so in
the last decade. Product diversification is taking place at a much quicker pace i.e. from loose capes, and plate covers to wellstructured bikinis, and, thongs, skirts, and so on. Now crochet has taken the forefront in home furnishing, apparel, and
accessories for oneself and home.
As an outcome of interviewing women entrepreneurs involved in this craft, it was concluded that easy reach to the customer
base via online networks has made selling products faster across various virtual platforms and e-commerce sites.
Collaborations among organizations are making the exchange of views and ideas easier, this, in turn, has brought crochet to
mainstream business. The pandemic has seen a surge in demand and production of crocheted face masks, headgears, tote
bags, and other products. The marketing and retail strategies for a unique product have captured a big market share and
hold immense potential for future growth.
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1. Introduction :
Crochet is a craft that requires minimal materials to
construct. The requirement is basic and easily available, a
needle, yarn, and a pattern in mind. It is the versatility of the
craft to make any modiﬁcation with ease that has helped it
survive in the industrially driven world till now. India's call
for 'Vocal for local' can give impetus to hand-crafts like these.
This will certainly give a platform for domestic artisans to restart their ventures, and the ones who are doing it will
ﬂourish.

nuns around 1860 and the second one has reference Mr. and
Mrs. McCrae from Scotland being commissioned at
Godavari delta mission in 1862, to teach women the art of
crocheting [2]. Many early studies show that crochet was
used for making products for Christian ceremonies and as
prayer mats and caps for Muslims. Even the traditional attires
of Dawoodi Bohra communities like jabbho (tunic) and ijar
(harem style pants) were crotched [3]. It is very interesting to
note that since then crochet has been spread to all religions,
and slowly overcame the religion bar as a factor in working
with crochet or wearing/ using crochet products.

There is a school of thought about the origin of tambour
embroidery which happened in India. In similarities, the
Crochet hook is an Ari needle used in Uttar Pradesh and
Gujarat states of India. During the 16th Century AD, Ari
work of Gujarat was among the favorites of Mughal kings
and queens. By the 18th century, ari work traveled to Europe
via Persia and became tambour embroidery. Ari (a long thin
tool with a hook at the end and a wooden handle) is a hook in
Hindi and creates a chain stitch as it moves on the fabric [1].
Due to minuscule raw material requirements, this handicraft
was able to ﬂourish in India from a very early age.

The crochet lace industry has a very high potential for
generating employment for women, both in urban and rural
locations, leading to foreign exchange earnings as well as
providing a commercial angle to it for today's entrepreneurial
mindset. The women involved in the craft utilize their free
time for pursuing this work for supplementing family income
and derive creative satisfaction in their mundane working
life. Women artisan of this craft ﬁned the work relaxing and
thus takes this up initially as a hobby.

The history of crochet is not well known. Some say that it has
its roots in cultures like Iran, China, and South America.
Around the 19th Century, the craft got popular in Europe.
There exist two theories of its establishment in India, ﬁrst
says it was introduced in Narsapur, Andhra Pradesh by Irish
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Figure 1.1: Shrug made using 20's cotton yarn.
Source: Artisan 4

Based on the information available, artisans today have
realized and started exploring the multifarious nature of
crochet techniques as a form of fabric construction. Apparel
for ladies, as illustrated in Figure 1.1, teenagers and children,
accessories, home décor, footwear, headgear, customcreated dolls, and children's apparel are presently a large
business, with a value of 14.9 billion US dollars in 2019.
With 375 million children under the age of 15, India has a
huge client base [4].
The number of clients is increasing as Indian parents have
more disposable income. Famous designers are promoting
crochet nowadays. With Indian fashion designers such as
Rinki Sobti, Shweta Gupta, and Kaveri Lalchand
showcasing crochet designs and crochet-inspired designs, as
well as entire outﬁts, as part of their collections at fashion
weeks, the craft is gaining appeal among the country's young.
If a young person is interested in anything, there is no turning
back. To put it another way, no one can stop crochet from
becoming mainstream.
2. Materials and Methods
2.1: Sample Selection
Four artisans were contacted two from Mumbai and one each
from Gurugram and Hyderabad. The entire sample is women
entrepreneurs working with crochet products commercially.
Artisan 1: Mrs. Aruna Mukundraj, has around 45 years of
experience in the craft. Makes exclusive crochet jewelry that
is lightweight durable, trendy, and comfortable and it can be
paired with casual or formal western and Indian attire. It
believes that women love to wear unique and attractive
jewelry. It owns a page Aruni Co. on Facebook. Interviewed
on 19 January 2021, Mumbai, Maharashtra, India [5].
Artisan 2: Mrs. Preeti Goradia, is glad to choose crochet as
her full-time career. Even today after 40 years in this stream
she feels that there is so much more to learn and explore.
Believes that one should continue doing what makes one
happy as that is the best way to keep one contender. Has her
Facebook page and uses it only to project her work and sells
through friends and old clients using WhatsApp (+91 98338
61762). Interviewed on 23 January 2021, Mumbai,
Maharashtra, India [6].
Artisan 3: Preety Arora, a computer lecturer turned thread
artist. Started working with crochet professionally for the last
5 years as a stress buster, and now make jewelry, accessories,
and home decor products. Workshops conducted for
mindfulness and meditation are liked equally by children and
adults. It owns pages on Instagram and Facebook by the
brand name of 'Creative threads by Preety'. Interviewed on
18 January 2021, Gurgaon, Haryana, India. The above
artisans are Guinness world record holders, Artisan 1 and 2
both are two-time record holders [7, 8].
Artisan 4: Kajal Singh, three years into commercial crochet.
He knew crocheting for the last 22 years. It Makes products

such as slings, bags, clutches, cushions, wall hangings, tops,
tees, baby sweaters, shoes, jewelry, etc. Loves to experiment
with yarns and crochet techniques and wishes to make a
name in home decor. Instagram handle is @shop for crochet.
Interviewed on 16 January 2021, Hyderabad, Telangana,
India [9].
2.2 Tools
2.2.1 Secondary review is gathered from various online
sites, journals, newspaper articles, magazines, and other
handicraft-related e-commerce sites. Online resources are
core to the research of the essay.
2.2.2 For primary data, semi-structured interviews were
conducted with four women entrepreneurs with varying
degrees of experience and expertise in the ﬁeld of crochet.
3. Results and discussion
Three artisans say that they learned from their mothers who
were practicing the craft in their leisure time. One of them
uses to practice with an elder cousin and got interested by
seeing the beautiful edging made by her. As part of the
summer holiday activity, they were taught crochet.
Interestingly one claims to have picked this craft from the
females living next door. Only artisan 2 learned from a
Needlecraft special course from Nirmala Niketan College of
Home Science, Mumbai in 1982. Some of them were taught
the craft at a tender age of 10-12 years and others picked up
the craft in their 20s.
From the 1970s through the 1990s, most children in India
learned yarn crafts such as hand embroidery, knitting,
crochet, and macramé during their summer vacations with
their siblings. The second option was to use Englishlanguage books with written patterns, which was diﬃcult for
the majority of Indian women with limited educational
backgrounds. Nowadays learning a new craft does not
require skilled elderlies around. The Internet is full of
learning resources in form of tutorials, self-taught videos for
beginners, intermediate-skilled people, and experts in the
craft of crochet. YouTube videos, blogs, Instagram pages,
and Facebook are all ﬂooded with information about learning
procedures for crochet and its commercial viability. With the
advent of video tutorials, language is not a barrier as one can
see, learn, improvise, rewind, or re-view and adapt as many
times as one wishes to. Women in India today rely on patterns
published by others and videos available on the internet.
Nowadays, with internet access in every home, learning any
craft is simple. There are several videos available on the
internet for learners of various levels, from beginners to
professionals. Access to worldwide sites such as Pinterest,
Ravalery, and Crochet Cloud, among others, has made
learning easier. If one becomes stuck in a pattern, receiving a
response is simple since other artisans are happy to guide.

3.1 Materials used
The majority of the yarns used were natural ﬁbers such as
DMC (Dyed mercerized cotton yarn) yarn in the 20s and 40s
count for producing home furnishing items and 2 and 4-ply
woolen yarn used to construct sweaters, plate covers, and so
on. Artisan 2 recalls that thick silk threads were accessible in
Ludhiana when she was a teenager. The majority of the yarns
used previously were in light pastel hues. Other color options
include white, beige, and cream.
Wool is not new to crocheters but branded and unbranded
woolen yarns such as Ganga wool, Vardhaman wool, and
baby wool, which is incredibly soft as seen in Figure 3.1, very
thin, thick, to shimmering wool, have recently been popular.
The acrylic yarn has largely replaced wool in most items. Silk
threads and jute silk yarn are two more types of natural ﬁber
yarn. Cobbler thread, extremely thin plastic wire, twisted
embroidered yarn with 2-3 strands interwoven, Chenille yarn
(velvet yarn), polyester threads, multi-color mix threads, and
fancy yarns like slub are some of the more experimental
yarns used by artisans.
“The availability of yarns is fantastic these days,” adds
Artisan 4. According to artisan 1, a two-time Guinness World
Record holder, the previous decade has been full of
experimentation, with crocheted goods being built using
whatever strikes the eye of the artisan.

Figure 3.1: Kids frock using 4 Ply woolen yarn and
double crochet technique. Source: Artisan 2
Cords such as Malai Dori, which is commonly used for
Macramé in India, Bullet thread, and Jute cords are now in
use for crochet. Similarly, a wide range of natural ﬁber yarns
and blends are available, including cotton with zari (Balda),
Zari threads (see the product in Figure 3.2), Grey cotton yarn,
thin jute, and thick jute, to mention a few.

Material procurement is now quite simple, yarn was supplied
from Chennai, Pune, Hyderabad, Delhi, and Mumbai
throughout the lockdown time. A variety of yarns are used
since each has its specialty as woolen and thick cotton yarn,
which speeds up the work and saves money on large projects,
and thin yarn work looks lovely, delicate, and exquisite. Silk
yarns must be dry cleaned only, thus they should only be used
for low-maintenance projects. Polyester yarns are utilized in
applications that need a high level of gloss and durability.
Yarn is widely available, thus one can build exactly what the
customer wants. People are experimenting and want to try
new things; however, they are still unwilling to pay a
premium for a handcrafted item. People anticipate a
handcrafted item to be priced similarly to a factory or
machine stitch one.

Figure 3.3: Earphone case with granny square technique
and viscose yarn. Source: Artisan 4
3.2 Stitches
If one looks at the basic stitches like single crochet, double
crochet, and chain, there isn't much change. Tunisian crochet
sweaters were formerly popular in India, as were lacy blouse
sleeves and home décor items done with single and double
crochet stitches. Some ﬂat articles were manufactured in the
form of circles and squares. Increase and decrease concepts
were also taught to shape the piece. Fillet and granny square
was the most popular edge stitches. Other edgings were
created with delicate cotton threads in the Irish crochet
technique.

There is a lot of material to play with in terms of color,
texture, and range. Even international yarns, such as Ice
yarns (A brand based out of Istanbul, Turkey), are now
available in India.

Previously, books in English, Hindi, Gujarati, and Marathi
were available in India. There were weekly tabloids in
Gujarati newspapers, and Fevicryl books contained crochet
and knitting designs. Imported books were accessible in
bookstores in Mahalaxmi, Mumbai, and Connaught Place,
Delhi about 1983, to mention a few. With the advent of the
internet, many individuals in India have begun to experiment
with novel combination stitches such as Corner to Corner
(C2C), pinwheel crochet, Bavarian crochet, etc.

Figure 3.2: T-Lightweight holder with Zari (Metalic yarn)

With so much yarn available, individuals are experimenting
with a variety of diﬀerent stitches, as compared to past
periods when fundamental stitches such as chain, single
crochet, double crochet, and increase and decrease in stitches
were often employed. Fancy stitches like pineapple and
Tunisian crochet were seldom used. With the quality and
diversity of yarn available today, artisans has become more
creative and have begun to experiment with numerous

Source: Artisan 4

combination stitches such as granny square (as seen in Figure
3.3), mochila (Tapestry), C2C, and a variety of cluster
stitches such as bobble, puﬀ, and so on. There is also a lot of
use of the front and rear loops.
The technique has changed, but the scope remains enormous.
Simple stitches such as double and single crochet, as well as
Granny squares, are being employed since they are simple to
produce and artisans can see the results of their eﬀorts.
People still want variety, but at a cheap price, which can only
be achieved with thick yarn and easy techniques. Diﬃcult
designs need more work, resulting in a higher product cost.
3.3 Products
Approximately 45 years ago, crochet was conﬁned to basic
clothing, mostly for children, such as Jhabla (baby garment
popular for both genders), frock (Figure 3.4), jumpers,
mittens, booties, beanies, hats, and so on. Home décor goods
such as table mats, tableware, coasters, and so on, as well as
utility items such as purses and sweaters, were being made.
People were content with what they were producing. There
were a few specialist stores that sold woolen clothes that
were primarily knitted and seldom crocheted. Artisan 3,
claims that under her mother's inﬂuence, she made a lot of
handkerchief edging, cushion covers, bed covers, and
centerpieces for tables, telephone covers, TV covers, and
table mats with only white and beige colors.

Figure 3.4: Frock, booties, and cap (Baby set) in 3-ply
woolen yarn, a standard gift for kids. Source: Artisan 2
These products have limited appeal to a child aged 10 due to
the yarn color and also size of the projects. “I don't think
people were selling for business purposes; I think they were
simply creating for personal use and gifting purposes,” the
artisan recalls from her childhood. Other recollections
include grandma making petticoat laces, a bra, and a tote bag,
while her neighbors created entire bed sheets, sofa sets, and
chair covers out of simply white yarn. Crochet, like many
handcrafted skills, takes a lot of eﬀort to get proﬁcient. This
artist attributes her neatness and eﬃciency of construction to
her professors.
According to artisan 2, the ﬁrst crochet object taught in 1982
at a special needle craft school was a dream catcher, followed
by lamp shades, table covers, patches, and table runners. Her
ﬁrst exhibition, held in 1985, featured goods such as pillows,
cushions, and key chains. Soft toys such as balls, two-way

dolls with a wealthy look on one side and a poor look on the
other, Humpty dumpty, and rabbit were also exhibited. The
artist learned at the time that people like to buy smaller items
rather than large items at exhibitions. In 1994, the cost of
manufacturing one torang was as low as twenty rupees,
which included labor, yarn collection from the shopkeeper,
and delivery of the ﬁnal product to the shopkeeper/retailer.
Around 1998, exporters were taking large orders but paying
super cheap prices, such as 5 rupees for a phone cover and 25
rupees for a stole. By 1999, artisans were also creating yolks,
saree borders, petticoat borders, bedsheets, dresses, kurtas,
and other garments. Sweaters, women's tops with granny
square motifs, as seen in Figure 3.5, frocks for children, and
other essential items for children, such as blankets, mittens,
booties, and so on, were also created. Bed sheets, underwear,
pants, skirts, tapes, edgings, and patches on denim pants were
being made for export.

Figure 3.5: Ladies' top made using Granny Squares.
Source: Artisan 2
Artisan 2 has been making products for brides and grooms
since 2003, including varmala (Indian wedding garland),
antarpat (the cloth that blocks the couple's view of each other
at the beginning of the wedding ceremony), shoes, mindal
(sacred red thread with beads tied on the hand of the Bride
and Groom), sweet trays, tray, thal posh (Plate cover),
chappal (Slippers), mojari (A shoe with a closed upper and a
dramatically upturned toe), baskets for fruits, dandia
(bamboo sticks in bright colors used of dancing in Gujarat),
etc. Products made as oﬀerings to God include nariyal
(coconut), Haldi (turmeric), and supari (betel nut). “You
name it, and it can be constructed,” says the artist. If a family
so desires, artisan 2 may create matching themes for bridal
and groom's family members such as laces, saree borders,
blouses, bangles, earrings, key chains, key holders, garlands,
and so on. For events such as Ganpati, this artist creates aarti
ki thali (plate for praying to God), haar (neck piece) for idols,
and other items.

Figure 3.6: Long neck piece using multi-colored Zari
yarn. Source: Artisan 3

Currently, products such as tea coasters, table mats, hats,
sweaters, and socks are becoming obsolete, so people have
begun to create fresh products and have realized the
versatility of the craft, which can be molded into any form
and made into anything, emphasizing its customizable
uniqueness. Woolen product orders are largely for
outstations, namely in the north of the country, as well as for
travel abroad, personal use, and gifting.
For six years, the notion of making rakhi (holy thread tied to a
brother on Raksha Bandhan) has been popular in India, and
the artist feels that others have been inspired by her work and
have chosen to make crochet rakhi. Stuﬀed toys, Amigurumi,
jewelry, silk with zari (metallic yarn) neck pieces (Figure
3.6) with additional pendants, and Mandalas in hula-hoop are
carving a path into clients' hearts and homes. Larger items,
such as a table cover or a table runner, are more expensive.
Therefore to reduce cost patches of crochet were added to a
base cloth and an edging was added to ﬁnish the table linen.
Until around 6-8 years ago, moms or older ladies would
remark, "Oh, this I can make for you," and would not let their
children purchase items from stalls set up at exhibits.
Crochet is growing popular among younger people who are
learning to enjoy it despite their lack of knowledge of the
craft. People of today do not believe that the work is
handcrafted since it is so tidy. “Making the younger
generation aware of the art by projecting it and
commercializing it is the key to future business success,”
says artisan 1, a two-time Guinness World Record holder in
the same trade. New ideas and concepts, like wall hangings,
might play a signiﬁcant role in the future of crochet.
Nowadays, everything you can think of can be done.
Companies like Ajooba expanded into a range of caps and
bennies during the pandemic era.
Clients send photos to the artisan for reference, and the
artisan searches for patterns and goes about making them.
Women entrepreneurs are going one step at a time from
bennies/ hats to dolls or one can say they go by the demand
from the client.[10]. The product category for children's
apparel has expanded with the addition of double-breasted
jackets with hoods and crochet sweaters with simply a
crochet appliqué design. Other items made include pothali
bags and scrunches, which are oﬀered to shopkeepers and
consumers. Dresses made from a combination of crochet
patches and cloth are another type of product made in India.
3.4 Past Present Future
Crochet was almost extinct at one point since there was no
demand for it and only old ladies were interested in learning.
Crochet experienced a period of stagnation between 2002
and 2008, when only toran (a decorative door hanging), thall
posh (plate covers), and home furnishings were produced.
Sales took place exclusively during the festival season,
which lasted three months, from Ganesh Chaturthi (Lord
Ganesha's birthday) through Diwali (the festival of lights).

Even for crochet lessons, all students are above the age of 50.
Younger generations still feel it is a waste of time because
people are too preoccupied with their phones and do not have
enough spare time, and that working on a laptop would allow
them to make ﬁve times as much money as a crochet. People
are missing out on the joy of making things, which may help
them relax and disconnect from the outside world. Crochet as
a kind of therapy is gaining popularity in India. Crochet is a
fantastic method to produce dopamine, which is our body's
natural antidepressant [11]. Preety teaches crochet courses in
and around Delhi since it is relaxing due to the repetition and
calming of the nerves.
People are choosing to construct costumes and outﬁts since
there is a wide selection of yarn available. Proud crocheter
adds that making a lehnga (Skirt), choli (Top), and chunni
(Veil) for a teenager was a high point and that from then on,
signiﬁcant orders for clothing for both children and adults
were a frequent occurrence.
People obtain a greater price in posh areas of metro cities if
the goods specify "hand-made." Individuals are working at
really cheap wages only to acquire the order. Jain deﬁnes for
a long time, that local markets were overlooked since there
was so much export demand, but with Prime Minister
Narendra Modi's “Vocal for Local” program, a lot of market
potential is being envisioned. [12] “The crochet industry is
growing and will only grow with more helping hands; as a
solo worker, the cost increases if one tries to make a
livelihood out of it,” says Preety, a Delhi-based
businesswoman and Guinness World Record holder in
crochet.

Figure 3.7: Wall Decor using Zari (metallic yarn) and
white cotton using pineapple stitch. Source: Artisan 3
The Indian market is becoming more informed, and
consumers are requesting handcrafted items by sharing
images from the internet and asking whether they can be
replicated. Products for home décor with a fresh design (see
Figure 3.7) are becoming more popular. China and Thailand
are selling at extremely low prices on the international
market. It could be due to the availability of low-cost labor
and raw materials. Semi-skilled labor in India is not
inexpensive, especially in and around major cities like Delhi,
Gurugram, and Mumbai.
Most entrepreneurs do exhibits once or twice a year in their
local region during holiday seasons, but the present epidemic

has limited them to internet sales and repeat purchases from
existing clientele. During the lockout, Facebook live events
were held to showcase the newest works and entice
consumers.

yarn type, and exact copy of what is viewed on the internet. “I
wanted to create something unique and began producing
necklaces, as seen in Figure 3.9 because nothing like this was
available.

3.5 Changes in clients
Previously, crochet work was not done very regularly for
commercial selling in the market, or one might say it was not
easily available to clients, and everyone in India had some
acquaintance in extended families, distant relatives, and
elderlies who knew crochet. Older generations (50+) are less
comfortable with e-commerce venues, particularly
Instagram, thus sales are lower. Old clients are still loyal
because they know the job and are aware of the artisans'
potential, and trust is a key component in guaranteeing good
service at a reasonable price. Artisan 2 states that “Earlier
there was less pressure in terms of yarn variety, color, and
even clients used to assist source”.

My ﬁrst order was 100 long neck pieces for a cousin in
Sudan, who sold them at a premium price there,” artisan 1
explains.

The majority of jewelry customers are between the ages of 15
and 24. The consumer of this age group is willing to pay 200
INR for earrings and 600 INR for a whole set, which includes
a neckpiece and earrings, as shown in Figure 3.8.

Figure 3.8: Jewellery set with simple crochet chain and
glass beads. Source: Artisan 1
This artist maintains the price cheap so that more people may
buy it and even personalize it for the same price to increase
sales and raise awareness of this craft. There is a high demand
for silk thread neckpieces. People purchase for themselves
as well as for their peers.
Clients aged 25-60 years old, in general, look for larger
pieces such as blouses, tops, table coverings, and so on. This
may be attributed to an increase in purchasing capacity,
changing tastes, and so on when one begins to work and feels
the need to spend on sophisticated things. Mature consumers
probably end up purchasing items for their homes as a
necessity, which are slightly more expensive.
Clients nowadays are unwilling to accept even minor
modiﬁcations or wait for their orders because everything is
available online or in stores across the country. People want
their orders when they want them, and no delay is acceptable,
so Artisan 4 started creating and placing them online, and she
is not eager to customization of products.
Clients' attitude is "I am paying, and I want what I ordered,"
says artisan 2, a Mumbai-based crochet designer for the past
27 years. They are quite particular about the precise color,

Figure 3.9: Neckpiece with loops and beads using
synthetic yarn for college-going girls. Source: Artisan 1
3.6 Crochet as a profession
Artisan 2 used crochet to recover from a paralytic attack in
both her hands and legs in 1993. After recovering, the doctor
advised the patient to do whatever would help her recover
faster, and she began crocheting professionally in 1994.
During the recovery period, a lot of stuﬀ was created, thus a
decision was made to sell the products and earn some money.
Artisan 1, after learning the skill as a youngster, produced
socks, dresses, and other items for all family members. It is
started doing crochet professionally at the age of 25 after
getting married. Initially beginning with crochet lessons in
Chennai, many people appreciated her skill but were
intimidated by crochet or knitting, believing it to be an
extremely diﬃcult craft to acquire. Later, after relocating to
Delhi, because of the availability of woolen yarn, a lot of
crochet was practiced, since it is every crocheter's dream to
be in a place with an easy and plentiful yarn supply.
While working on the Guinness record, an attempt was made
to create preliminary ﬁlms of 1-2 minute duration in Hindi
and Marathi to assist people to understand the complexities
of the craft. People still ﬁnd it diﬃcult even though a lot of
work has gone into teaching a lot of women to complete the
large orders received by the artisan with over 45 years of
crocheting expertise and a proﬁtable business for the last 12
years.
Another story goes that the artist began her crochet business
approximately 7-8 years ago, shortly after giving birth to a
baby girl. Previously, the artist worked as a computer
professor and considered taking up a hobby while
babysitting. After viewing exquisite yarns at the Chandni
Chowk market (Old Delhi, India), her artistic impulses were
piqued. She chose to acquire the hooks and yarn right away,
and she's been working with delicate zari and silk threads
ever since. People liked it, and sales began to occur. For a
limited period, perhaps 3-4 years ago, an eﬀort was launched
to teach crochet at an NGO. Thus a work workforce is ready

and can get the work done through them if a big project
comes up.
In 2018, Ajoobaa, a Haryana-based business for children's
apparel in crochet was started. Their business model includes
both i.e. B-2-B and B-2-C. Ajoobaa generated a turnover of
1.4 crores in March 2020. [13] Selling both for domestic and
international clients through the platforms available in India
like India Mart, Flipkart, Myntra, and Amazon to name a few.
They construct pullovers, baby s, hoes and
bootheadbandsbands, jhabbla (frock for an infant), frocks for
girls, and pants for boys just to name a few. They were
majorly into winter wear for kids but recently ventured into
summer wear for kids as well. 'Happy Threads' was
established in 2016, in the ﬁrst year itself, over 2-lakh ﬂoral
bookmarks were crocheted by the association of women
artisans and circulated by the organization through a series of
coordinators and volunteers [14].
With the lock-down situation and stay-at-home option, a lot
of women have opted for several handcrafts as a hobby and
crochet is one such easy option. On Instagram, there are
pages with as many as 4 million posts and counting. Crochet
is being projected as a means for social empowerment of
women, as a business opportunity, and majorly as an activity
for personal delight. Mother India's Crochet Queens has over
6,000 members across the globe, being a 3-times Guinness
world record holder. They started a lockdown initiative “165
stitches in 165 days”, where participants are expected to
make a square piece that can be used later for designing a
bigger article. [15]. All this suggests that crochet has now
started to go up on the popularity index after seeing g
decrease in interest from people initially.
With videos that show the beauty and simplicity of beginning
a crochet company. The ease of taking up crochet as a
business option is easy. The ideal pricing strategies help the
artisans gain some ideas of how they should go about being
commercially viable. The video also discusses key things to
keep in mind for increasing sales, calculating wages on
hourly bases, and ascertaining material costs and details of
how to reach the ﬁnal selling price. [16].
3.7 Potential
Crochet allows for as much variety or innovation as the artist
desires. It will take time for any variation to become a strong
selling feature. Previously, people believed that because
crochet jewelry lacks diamonds, pearls, metal, and gold, no
one would wear it or pay for it (see Figure 3.10), but with
time, a lot of acceptance has been shown.
Frames have a bright future in house furniture,
ornamentation, and interior design. Home accessories,
chandeliers, and hangings for the inside or outdoors. If the
ﬁbers are altered, the possibilities for crochet items are
endless. Unlike knitting, it is quite adaptable. People are
willing to buy; therefore there is a lot of opportunity in the
home market as well as the international market.

Figure 3.10: Choker in cotton knitting yarn using only a
single crochet technique. Source: Artisan 3

Figure 3.11: Choker with pendant and glass beads in silk
yarn. Source: Artisan 3
Working with over 30 ladies from underprivileged regions,
this artist is assisting women in earning extra money through
regular orders and good pay. As orders come in throughout
the year, the company ends up making a lot of money
(because of economies of scale).
An intriguing aspect of this artist's work is her belief in
charitable donations using crochet items. Crochet has helped
create a lot of money, therefore it's a nice idea to donate, says
the artist. Some contributions include two hats for each
newborn infant and one scarf for the mother at MiraBhayandar Municipal Hospital (Mumbai, India), knockers
for breast cancer patients at TATA Institute, and other ladies,
and other items.
Insights from artisans speak of a bright future and a creative
strategy to keep the route of crochet in India on track. People
use yarn depending on the qualities required. Zari yarn is
used to make a strong neck piece that drapes nicely around
the neck. For a lengthy neckpiece that must conform to the
wearer's ﬁgure, a rayon of polyester yarn with a high luster is
used, as shown in Figure 3.11, and the details can continue.
With so many online companies sending yarn from around
the country, sourcing yarn has become eﬀortless and hasslefree. Even during the shutdown, ardent crocheters had little
trouble getting yarn because they were able to order yarn
locally as well as from Hyderabad and Delhi, to mention a
few places. Online sites like India mart, Amazon, Pradhan
embroidery stores, Yarn kart, Vardhaman knitting yarn, and
many more cater to delivery.
There is a lot of variation in the use of single crochet with the
building of 3D structures in the form of soft toys for kids such
as dolls, animals like dogs, monkeys, turtles, sheep, frogs,
and so on.

Lord Krishna and Ganpati, and their main attraction is gifts
for grandchildren. This wide age range of clients opens up a
plethora of design and product possibilities.

Figure 3.12: Loops with beads in double crochet stitch.
Source: Artisan 1
With the availability of high-quality yarn, Indian crocheters
are focusing more on adult garments, tops, and lehengas
(skirts). Jewelry with or without beads and pendants is a
popular item among young people. Earrings (Figure 3.12),
bangles, neck pieces, and anklets are becoming increasingly
fashionable.
Previously, crochet products were restricted to hats,
sweaters, tea coasters, table coverings, and petticoat edgings,
with just a few well-versed artisans producing larger items
such as bed linens.

Figure 3.13: T-light Jar cover with cotton knitting yarn
and bobble stitch. Source: Artisan 4
These women are now selling their creative items from the
comfort of their own homes via sites such as Instagram,
Facebook, WhatsApp, or personal proﬁles and live
presentations on virtual platforms. Contacting consumers is
becoming easier, but it does not imply that selling is
becoming simpler. With easy access to knowledge, everyone
is learning similar things and has comparable sources of
inspiration, thus competition in the market is quite intense
due to similarity in product variety. What distinguishes
products nowadays is their innovativeness, inventiveness,
and out-of-the-box thinking, whether in terms of design,
product line or distribution, or marketing strategy. Products
with innovations in design and yarn diversity, such as T-light
holders (see Figure 3.13 inserted), Stoles (see Figure 3.14),
shawls, coasters, and so on, are gaining popularity. If the
artisan can advertise at the appropriate moment to the right
people, the business will succeed. When you achieve
popularity on a virtual platform, the client ﬂow begins.
The interesting part is that the client age ranges from as
young as 15 years old, who is interested in jewelry and lowcost products, to a 60-year-old lady who is interested in
products such as garlands for gods and goddesses, covers for

Figure 3.14: Shawl with ombre eﬀect and a ﬂoral edging
in double treble crochet stitch. Source: Artisan 3
The simplicity of starting to learn a new trade is at an all-time
high right now. At the novice level all that is required is to
watch videos online and conduct thorough research on the
types of equipment used, including hooks, stitch markers,
stitch counters, and yarns, as well as their availability in the
market.
Artists may use patterns and designs found online.
Experience and patience are required to create a decent and
neat selection of items ranging from children's products to
utility products such as covers and bags. Covers for laptops,
as illustrated in Figure 3.15, books, mobile phones, and so on
are also constructed [17].
People feel happy buying any new object on the market with
the option of 100 percent customization, such as length,
width, or both, color, texture, stiﬀness, or drape, but as the
design grows older or more common, the price one wants to
pay decreases as the originality fades.
There is a disadvantage as well; one of the factors limiting the
bright future of crochet in India is cost. Few merchants are
selling well below market prices to keep the client. As is the
case with many trendy items, there are far too many
imitations on the market.
As a result, the items are identical, resulting in ﬁerce
competition. Even with superb design and personalization
possibilities, many ﬁnd the product costly and are hesitant to
purchase it, which is a hindrance because crochet is still a
hand-crafted product. It is a win-win situation if something
fresh is oﬀered to clients, who will then purchase and
understand the variety of crochet.

Figure 3.15: Multicolored vertical stripe laptop bag in
double crochet technique. Source: Artisan 2

5. Conclusion
Sewing machines, embroidery hoops, knitting needles,
crochet hooks, and tie-and-dye have caught individuals' eyes
as they got the time due to the epidemic. People have the
opportunity to reﬂect on their lives and the paths they have
gone or wish to pursue. People of various ages are interested
in the so-called grandma crafts. [18]. Crochet is already
popular due to the variety of textures and looks that may be
achieved. It has taken oﬀ as a result of the pandemic.
#crochetersoﬁnstagram has 5.7 million posts and counting
on Instagram. [17].
Crochet has a promising future both in domestic and foreign
markets. To maintain the interest of the next generations,
engaging articles and continual innovation are required. The
potential for creating a wide range of goods is enormous. The
method is so ﬂexible that the only restriction is the creator's
vision. Crochet will assist the creator's vision if he or she has
one. The issue is that, although being unique and
customizable, it is labor-intensive. Some products are
priceless, and artisans and customers should not always look
for ﬁnancial viability. Crochet has long been regarded as a
creative medium, and it is still regarded as an owner's pride.
The variety and distinctiveness of the objects that may be

made, deﬁne the craft's originality. The goods may be made
in a variety of colors, textures, thicknesses, and sizes; they
are aﬀordable to individuals of all economic levels. Crochet
has and will continue to have an increasing worldwide
appeal.
Crochet is getting popular among people, according to
Artisan 3. Upper-middle-class individuals prefer to buy her
work since it is more subtle and has less bling.
This trade has witnessed a colorful period in which
individuals practice it to ﬁll the creative void and gain joy
from the activity done between everyday home duties and
enthusiasm. It is also an activity done as a communal time to
spend afternoons in the company of other women folk. The
time that witnessed the growth of modernization of the
female labor force, with females becoming more active in
academics and focusing on obtaining ﬁnancial
independence, also saw a gradual fall in home practice of arts
and crafts such as hand knitting, and crochet, tatting, and
macramé. The internet's boon and easy availability through
cell phones, along with DIY culture, has rekindled interest in
crafts.
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1. Introduction :
Fashion industry is moving fast with varieties of design using
diﬀerent types of ﬁbrous and non-ﬁbrous material. To
balance this pace of moving fashion, apparel manufacturers
are continuously updating them with the production of
diﬀerent varieties of designed fabrics. But in our day to day
life such moving fashion garments are not preferable due to
the diﬃculties in care and renovation. Basically, the fashion
garments are made up of short term used concept but country
like India and all third world countries common people are
using their formal dresses with the fabric having better
durability and easy to wash. So, the fabric manufactures keep
in mind during fabric making that the fabric should be good
resistant to wear and tear. But in India we have various sizes
of industry, of which only a few having well equipped testing
lab. Keeping in mind about the infrastructure of small-scale
industries, who are not in position to check the mechanical
properties of fabric all time, but having intension to cater the
premium market segment with their eﬃcient product
structure, we have tried to formulize an equation connecting
tear and tensile strength of fabric of diﬀerent weave.
Our study starts with the objective that to support such small
size industry having fewer testing facilities to judge the
fabric performance but to supply proper quality of fabric in
domestic as well as in international market. We have tried to
establish a relationship between bivariate data through
statistical correlation and regression method, where testing
one variate other can be predicted without using testing
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machines before production in a cost-eﬀective way. Our
study involves in formulation of correlation, regression
equation are of two prime testing parameter of fabric viz.
tensile and tear strength.
The project work was aimed to analyze the tensile and tearing
strength of fabric made up of the same ﬁbre (ﬂax) within the
same condition but diﬀerent weave design. In this study, the
mechanical properties of two types of fabrics 1/1 plain & 2/1
twill weave were analyzed.
In our present study we are trying to create bivariate data like,
tensile and tear strength of plain and twill fabric of diﬀerent
count of yarn and diﬀerent GSM of fabric. We have done our
experiment in the actual mill conduction in a state of art
technology mill. The project was done by making of grey
fabric of two diﬀerent weave (plain and twill) from two
diﬀerent counts (40s and 60s) into diﬀerent automatic Rapier
loom under ambient atmospheric condition.
The produced samples are tested in Quality Control lab after
proper conditioning before the testing. Data were collected in
ambient testing condition and recorded.
The Textile Industry is always equipped with a good
statistical Quality Control lab with R&D facility. Testing of
sample in a long run produced huge amount of hard waste
which can't be reconverted into a usable ﬁbre state. In the
statistical science formulation of proper tools can help to
reduce evaluation of unnecessary hard waste as well as
eliminate time bound study including engagement of Costly
manpower. If we can establish a systematic mathematical
equation involving diﬀerent variables it will help to assess
one of the variables of a bivariate data.

During study of two variables simultaneously like tensile
strength & tearing strength of fabric two problems may arise
i. whether the data may reveal some association between
those variables or not and
ii. whether we are interested to measure numerically the
strength of that association between the variables or not
In general, when we Study some characteristics of one
variable only it is easy to establish statistical conclusion
about that variable but when situation arise in which we may
have to study two variables simultaneously like x and y, e.g.,
Tensile strength& Tearing strength, a measure will determine
how will a linear or other equation explains the relation
between the variables. This is the problem of correlation and
regression.
In short correlation is concerned with the measurement of the
degree of the association between variables while regression
is concerned with the prediction of the most likely value of
one variable when the value of the other variable is known
[1].
2. Material and Method
The purpose of the present work deals with the formulation
of regression equation of mechanical properties of twill
weave on that of plain weave on same count & same GSM.
2.1 Speciﬁc Strength
During the testing of mechanical properties of fabric, we did
the test both warp wise & weft wise. For the simplicity of the
data, we derive a new mechanical property incorporating
both warp and weft wise result in a single property called
speciﬁc strength [2, 3].
a) Speciﬁc Tensile Strength =
(Tensile Strength of warp wise+ Tensile Strength Weft wise)
/ Fabric mass per unit area
b) Speciﬁc Tear Strength =
(Tear Strength of warp wise+ Tear Strength Weft wise) /
Fabric mass per unit area
2.2 Fabric making procedure
In this study 4 diﬀerent fabric sample are produced on
PICANOL Rapier; Model: OPTIMAX-4-R; Type102779.The Linen fabrics made for our study was restricted
at grey level. We used two diﬀerent yarn count as 40s (L-111)
and 60s (L-121) made from 100% ﬂax ﬁbre. For 40s grey
linen fabric of epi 45 and ppi 47 both in plain and twill weave.
For 60s grey linen fabric of epi 51 and ppi 53 both plain and
twill weave. The ﬁnished fabric width is 58” produced form
65” reed space for 40s and that of 60” produced from 67” reed
space for 60s. For 40s linen total no of ends in the ﬁnal fabric
is 2944 and for 60s total no of ends in the ﬁnal fabric is 3440
including selvedge ends [4].
For 40s reed count was 44/2 and 60s and count were 50/2
both having 2 ends /dent.

For 40s loom no. of heald frame used= 4.
For 60s loom no. of heald frame used in the m/c= 6
For 40s 1/1 plains & 2/2 twill design
For 60s 1/1 plains 2/1 twill design
Both the fabrics were of diﬀerent weaves in same count
having same gsm and same yarn density.
2.3 Testing of samples
Tensile strength & Elongation test is done on m/c- SDL
ATLAS, Type- GRAB Test, Standard – ASTM D5034;2008,
no. of sample=16(in each direction).
Tear strength test is done on, machine James Heal, Model885 Elmatear Type- Pendulum Elmendorf, Standard –
ASTM D 1424, Calibration wt.= E (13555gm), no. of sample
=16(in each direction)
GSM Test is done on, machine Paramount, diameter =112 [5,
6].
Tables: 1 - Summary of average speciﬁc values and
average GSM
Count

Weave

40s
40s
60s
60s

Plain
Twill
Plain
Twill

Speciﬁc
Tensile
1.75
1.875
1.798
1.64

Speciﬁc
Tear
63.4
109.225
122.7
151.15

GSM
155.75
151.57
115.25
115.75

Table 2 - Summary of Table for statistical data for
mechanical properties of fabric
Mech.
Count weave
x̄
ȳ
σX
σy
Prop.
40s Plain Tensile 1.75
0.0707 40s Twill
1.88
0.174
40s Plain Tear 63.41
7.5
40s Twill
- 109.22
9.64
60s Plain Tensile 1.8
0.0846 60s Twill
1.63
- 0.1272
60s Plain Tear 122.71 8.75
60s Twill
- 151.12
11.5
X= plain & Y= Twill
bxy= Cov(x,y) / σ2y = r. σy/σX
byx=cov(x,y) / σ2X = r. σX / σy
Table 3 - Table for bxy and byx
Count
40s
40s
60s
60s

Mech.
Prop
Tensile
Tear
Tensile
Tear

Cov
σX
σy
r
(x, y)
0.0117 0.0707 0.174 +0.950
45.28
7.5
9.64 +0.996
0.0105 0.0846 0.1272 +0.977
98.26 8.75
11.5 +0.970

byx
0.386
0.775
0.6498
0.7380

2.4 Formulation of Regression equations
Regression equation of y on x is y- ȳ = byx (x- x̄)
1. Regression equation of speciﬁc tensile strength for 40s
plain & twill weave
y = 0.386x + 1.1995,
Where x= speciﬁc tensile strength for plain & y = speciﬁc
tensile strength for twill
2. Regression equation of speciﬁc tear strength for 40s plain
& twill weave
y = 0.775x + 60.09
Where x= speciﬁc tear strength for plain & y = speciﬁc tear
strength for twill
3. Regression equation of speciﬁc tensile strength for 60s
plain & twill weave
y = 0.6498x + 0.4717,
Where x= speciﬁc tensile strength for plain & y = speciﬁc
tensile strength for twill
4. Regression equation of speciﬁc tear strength for 60s plain
& twill weave
Y = 0.7380x + 60.5974,
Where x= speciﬁc tear strength for plain & y = speciﬁc tear
strength for twill
2.5 Estimation of one of the bivariate-data knowing other
Let,
Estimate of y y'
then linear regression equation for estimate of y is
y'- ȳ = byx (x- x̄)
3. Conclusion
1. Table 1 reveals that tensile strength is higher in plain
structure than that of twill due to more interlacement in the
former. Better yarn to yarn cohesion eﬀects high degree of
strength.
2. It is also shown tear strength in twill is higher than that of
plain due to Del eﬀect, i.e. mobility of bunch of yarn is
better in twill due to comparative loose packing. [7, 8]
3. It has been observed that 40s tensile strength is higher in
twill, which may be justiﬁed as higher standard deviation
in twill than plain, i.e. higher range of maximum and
minimum value contributes irregular reading. More test on
fabric property and corresponding yarn characteristics to
be checked.
4. From Table 2, we see standard deviation of plain in both
tensile and tear is lesser than that of twill. This can be

explained due to weaker dimensional stability in twill.
Plain fabric structure can contribute even resistance in
every reading of test.
5. Table 3 show higher positive value of correlation
coeﬃcient nearer to +1 signiﬁes degree of association of
data for both tensile and tear strength in plain and twill
structured fabric for each count are high and they are
directly related, showing positive gradient of correlation
straight line graph. i.e. a little change in any type of
strength of plain structure gives sharp change in twill
structure and vice versa.
6. From the table it has been shown positive regression
coeﬃcient of all strength data for both two count showing
proper computation of data.
7. The all four regression equations formulated for both count
and both strength between plain and twill structure will
help in prediction of newer value for unknown structure
having same for a known structure.
4. Summary
1. In short if we test tensile strength of plain weaved fabric,
then we can predict the tensile strength of twill weaved fabric
before making the fabric practically. Similarly, if we test tear
strength of plain weaved fabric, then we can predict the tear
strength of twill weaved fabric before making the fabric
practically. The process can be extended for any kind of
fabric and any type of fabric property.
2. Our study can be extended to take new data for plain weave
of 40s and 60s count on tensile and tear and put it in the
respective mathematical model of regression equation, the
estimated value corresponding to twill weave is highly
predicted.
5. Suggestion for further work
1. The study is restricted in two particular count 40s and 60s.
Count variation of data to be collected.
2. Data of diﬀerent popular gsm fabric to be computed.
3. Changing yarn CV, how they inﬂuence on fabric strength
in this prediction to be justiﬁed.
4. This is a short span mathematical model. To make to full
proof model extensive study and research to be performed
with diﬀerent changing parameters.
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Nowadays the high auto coner cuts
have become very severe in Dyed
ﬁbre spinning mills. Every time
there is a tussle between the
spinning department and ﬁbre
dyehouse. In some mills this
problem becomes more acute
during rainy season .These
problem can be solved by mutual
consultation of Raw material,
spinning and dye house.
Spinning department
Please go through the cuts report
and after analysis following steps can be taken or checked.
If there is problem of high short cuts:
The major area of action should be at Blow Room and card
1. Please look into the following:
a) Increase the Flat speed to 200 to 230 mm/min
b) Increase the Cylinder speed to 480rpm.
c) Wash the card wire with petrol once in every 2 days.
d) Check the bad cards and grind the same.
e) Take card wise trial to identify bad cards and then these cards can be
corrected quickly.
2. In addition to this trials can be taken with higher LV-40 but keeping water at 0.5
to 1% only.
3. A pre-opening before blowing action will be better. Maximum two Beaters
(Pin type only) in blow room after pre opening can be used.
It is advised not to use any Licker In type beater in Blow Room. Beater pegs and
lattice conditions in Blow Room Line to be checked.
4. Card settings to be checked properly:
a) Licker In to feed plate - 40 to 50 thou
b) Cylinder to Flat--12/12/10/10/10
5. Roving twist can be increased by one step to reduce short cuts.
6. Apron life at R/F should not be more than 9 to 10 months for Indian aprons. For
Hokusin aprons the life can be 18 months.
7. It depends on the type of clearer and its setting at winding. It has been found
that use of capacitor type clearer for dyed yarns.is better.
Looking to more short thick faults, it appears that the opening of the ﬁbre is
insuﬃcient. To overcome the following measures are suggested:
1) The dyed psf has to open by blender more intensely before layering. After
layering also give preferably 2 blender toppling.
2) At card the opening has to be increased. It may be necessary to increase the LI,
Cylinder and Flat Speeds. When Li Speed is increased, it is advised to keep The
Feed Plate to Li setting at 32 to 34thou.
3) 2152P is a binding agent, and its excess use is sure to lead to more N & S thick

faults. Therefore please try following combination of
overspray:
LV-40- 0.50% to 0.55
Ÿ 2152P - 0.15%
Ÿ Water - 3%
Ÿ

8. Further steps can be taken as follows
1. If the type of clearer in autoconer for Dyed yarns is of
Capacitor type clearers, then faults can be controlled.
2. The solution will depend on the type of clearer cuts in
winding. Is it short or long cuts?
In case of short, you must look at carding and simplex. In
case of long cuts, then D/F and S/F should be looked
into. Ensure that there should not be any lapping at D/F
and S/F?
3. 44mm and 38mm ﬁber should not be mixed together?
This will create drafting wave variation at D/F and S/F.
Better to go for 1.4X38mm ﬁber for all the components.
4. Increasing T.M. at S/F and this will help in reducing the
cuts. Reduce water and increase OIL content in mixing.
5. The season is rainy and hence the RH in the department
will be high. So the solution is to keep moisture in
mixing not more than 0.5% and the oil content in mixing
should be increased. This will help in running at
Simplex.
6. Arranging Lamp on simplex creel also may help. Four
1000 watt lamp over simplex creel will be enough. Also
maintain a temperature of 31 to 32 degree and RH of 46
to 48% at speed frame will help in running this.
9. After buﬃng treat the top rollers with CTC or UV lamp.
A liquimix treatment will also help.
DYE HOUSE
Looking into more autoconer, cuts in Navy blue shades in
2/30, 2/40 P/V and P/A in Spinning during the month of June,
July and August.
Following trials can be taken in polyester ﬁbre dyeing.
TRIAL – 1
Step-1 - monthly machine cleaning.
Step -2 - before dyeing treat the grey polyester ﬁbre with
following chemicals
Ÿ Caustic soda - 2 %
Ÿ Soda ash - 1 %
Ÿ Temp - 130 deg c
Ÿ Time - 30 mins
Ÿ HT drain at 130 deg c
Ÿ Then Hot wash and neutralise
Ÿ Then start dyeing as usual.
Reason - So before dyeing the oligomers are removed at 130
deg c under alkaline conditions.
TRIAL -2
Monthly m/c cleaning ,then dyeing process as usual but after
ﬁrst HT drain at 130 deg c and again ﬁll water and again
take the temp to 130 deg c and do the second HT drain .

Reason - Oligomers get drained out at 130 deg c. so if we do
two times more oligomers are removed which is good for
spinning.
Drawbacks - There will be improvement but time, steam
chemical cost will go high. If established it can be used only
during June, July and August.
Another alternative can be tried to improve the working
performance in spg. "Dark & Heavy Dark Shades"
Aﬁlan liquid (Clariant) using in the clearing bath, it is
observed that some times the grey ﬁbre do contain Oligomers
(which has to be removed before dyeing process) at the same
time the ﬁbre dyeing process itself generate the Oligomers.
If the dyeing is carried out at higher temperature i.e. more
than 135 degree centigrade temperature the chances of
oligomer generation are increased to a greater extent (safe
temperature is 128 to 132 degree centigrade).So as to
improve the performance of dyed polyester ﬁbre in the
spinning mills we feel Pre dyeing Reduction clearing with
0.5 GPL AﬁlanOR along with mild dosage of Caustic Soda
and Sodium Hydrosulphite (at 90 deg. temp. for 5 min)
followed by normal post dyeing RC with 2 GPL AﬁlanOR
along with normal dosage of Caustic Soda and Sodium
Hydrosulphite(at 90 deg. temp. for 10 min) will help to the
spinners to improve the productivity as well as quality of the
yarn.
There are also special machine cleaning process for oligomer
descaling and removal during the dyeing process.
M/C Cleaning Procedure to clean Oligomer scaling from
Dyeing Machines
Objective: Depending on the scaling of oligomer deposits
inside the dyeing vessel, carrier holes are closed, white
powder deposits etc then accordingly the type of machine
cleaning procedure can be selected. If possible once a while
the pump can be taken out and see if any oligomer scaling is
there.
Such type of machine cleaning is required because chances
are there oligomer deposites inside the pipe lines also.
Complete M/c Cleaning (Once a Year)
Chemicals to be used
i. Strong dispersing agent - 5 GPL
ii. CAUSTIC - 15 GPL
iii. HYDROS - 1 GPL
iv. Non-Ionic Detergent - 0.5 GPL
Steps
1. Take one empty carrier in the m/c
2. Add the above chemicals
3. Run at room temp for 10 mins
4. Raise temp to 130 deg c. and hold temp for 4 hrs, pump
running.
5. Stop pump and heating.
6. Leave it for 4-5 hrs
7. Take out the empty carrier

8. Wipe the empty carrier & inside of the dyeing vessel
with hessian cloth it will shine like new carrier.
9. Put the other empty carrier
10. Leave it for 4-5 hrs
11. Again start pump raise to 135 deg c and hold for 2 hrs.
12. H.T. drain
13. Hot wash at 95 deg c with non-ionic detergent -0.25
gpl, for 10 mins.
14. Drain
15. Neutralise at 95 deg with acetic acid -2 gpl.
16. Drain
17. Cold wash
18. Unload empty carrier.
19. Wipe the empty carrier & inside of the dyeing vessel
with hessian cloth .it will shine like a new carrier.
Total time required - 18-19 hrs.
Routing Cleaning once a Month
Chemicals to be used
a) Strong Dispersing Agent - 2 Gpl
b) Caustic - 5 Gpl

c) Hydros - 0.5 Gpl
d) Non-Ionic Detergent - 0.25 Gpl
Steps
1. Take one empty carrier in the m/c
2. Add the above chemicals
3. Raise temp to 135 deg c.
4. Hold for 1 hr with pump running.
5. H. t. drain
6. Neutralise with acetic acid -1 gpl
7. Hot wash with non-ionic detergent - 0.25 gpl at 90 deg
c. for 10 mins.
8. Hot drain
9. Cold wash
10. Unload empty carrier.
11. Repeat the same process for the other empty carrier
12. Both the time wipe the empty carrier &inside of the
vessel using hessian cloth. Both will shine like new.
Total time required - 7-8 hrs.

Mr. M. L. Jhunjhunwala
Former President of RSWM and member of COA of SRTEPC
Over a period of time volumes in export
and imports have increased
considerably and accordingly risks
have also increased. Competition in
global markets has intensiﬁed and thus
in order to remain competitive it has
become absolutely essential that you have a tight control on your
costs. You can survive over a longer period if your costs are under
control. Following are key risks and costs which are very
important in global trade. India's merchandise export during 202122 hit a record high of USD 418 billion. India's textile and apparel
export was all-time high at USD 44 billion registering an increase
of 41 percent in Textile Export in 2021-22 and 26 pc growth in
Apparel exports. India has been making sustained eﬀorts to
increase its exports to keep the current account deﬁcit at
manageable levels. Keeping your organization ﬁt in terms of cost
control is absolutely necessary for increasing exports.
1. Foreign Exchange Risk Management
Today foreign currency markets are very volatile. Geopolitical
situations like Russia Ukraine war, bombing of world Trade
centre, surgical strike etc. adds to the volatility in forex markets.
Fluctuation in the stock markets has also added to the volatility of
forex markets. Today it is absolutely essential that you manage
your currency risks, as per a forex policy, documented in writing,
which has to be followed consistently. The forex policy is made
keeping in mind currency ﬂuctuations and the risk appetite of the
organization.
The Forex Risk Management policy covers the following key
points.
A. Risk begins when an order for export or import is booked and
ends when the payment is made. In between there is a risk which
has to be judiciously managed. There had been cases when
companies did not manage the risk properly and they suﬀered
heavy losses.
B. Benchmark rate. For every transaction there will be a
benchmark rate. This benchmark rate is calculated by taking the
spot rate of currency on the date of order booking and by adding
the forward premium prevailing upto the date of payment. For
example - Order date. 1.8.22 -USD/INR spot rate on 1.8.22 is
Rs.79, Date of payment is 31st Jan.
Forward premium payable if we book and forward contract on
1.8.22 for payment on 31.1.22 is Rs.1.50. then the benchmark rate
will be 79+1.50=80.50.
It should be the endeavour of every organization to protect the
bench mark and if during the process if you are able to save some
money it is a bonus. Objective of Forex Risk Management policy
is to mitigate the risks on account of currency ﬂuctuations. Making
money in forex management can never be an objective but it is
incidental to risk mitigation.
2. Hedging strategy
Once a bench mark is ﬁxed then we have to make every eﬀort to
protect the benchmark. Safest route is that on the date of order
booking we calculate the benchmark rate and book a forward
contract on the same day and freeze the risk. However there are
organizations that are willing to take some amount of risks. For

example they can take a view that we will cover only 75 percent of
our outstanding exposure and in balance we will take risks where
they can either make more money or lose heavily if a market turns
against us. This strategy can be formulated depending upon the
risk appetite of the organization.
3. Stop loss mark
Whatever hedging strategy you follow, there should be a clearly
deﬁned stop loss policy. That means that while following the
existing policy, how much loss the organization can bear and if the
actual loss exceeds the benchmark for stop loss, one should
completely hedge the risk and look forward to new avenues in
future.
4. Documented Risk Management policy
Keeping in mind the areas mentioned in clause 1 to 3 a properly
documented Forex risk management policy should be in place
which has to be followed consistently over a period of time.
5. A proper MIS
It should be out in place which should calculate notional gains and
losses which occurred due to following the policy. Proper actual
losses or proﬁts which have occurred should be calculated at least
every fortnight.
6. Periodic review of forex policy
The forex policy should be reviewed every quarter. The MIS
prepared should be a base document which will show if we are on
the right track or not. If we are making gains we are right and if we
are making losses we need to modify our policy. Normally there
should be a committee consisting of CEO, CFO and Treasury
Manager who will review the policy and modiﬁcations which are
felt necessary and such modiﬁcations should be properly
documented.
C. COST of Credit
Cost of credit is another key cost which can bring a lot of savings.
There are various options available like Export Credit in Rupee,
PCFC or FCNR loans. Suppliers credit, buyers credit etc.
In many cases govt. is giving interest rate subsidy. This will also
decide which optimum credit route should be adopted.
D. BANK Charges
This is another area where it is absolutely necessary to keep tight
control. The bank charges are typically bank charges for handling
the export/import, courier charges for sending the export
documents, margin charged by the Bank while doing an import
export transaction.
E. LOGISTICS costs
These costs include, transport cost of taking the goods from
factory to port, sea freight, clearing agent expenses, marine
insurance, ECGC charges etc.
The above are typical costs which are incurred in Foreign Trade.
Proper management of these costs can bring savings which run
into crores of rupees.
Author Mr. M. L. Jhunjhunwala, is an expert in Forex
Management and Foreign Trade Aﬀairs. He is former President of
RSWM and member of COA of SRTEPC for 25 years. Now he is a
freelancer.

The Textile Association (India), Mumbai Unit organized the Hybrid Lecture on “Improved Sustainable, Environment
Friendly, Green Technology for Textile Dyeing using Supercritical Fluid” at TAI Mumbai Unit Oﬃce on 22-07-2022, which
was presented by Dr. Swapneshu Baser, Managing Director, Deven Supercriticals Pvt. Ltd.
Mr. Rajiv Ranjan, President, The Textile Association (India), Mumbai Unit welcomed the speaker and participants.
Mr. G. V. Aras, Trustee, The Textile Association (India), Mumbai Unit gave the introduction of the speaker.

Dr. Swapneshu Baser in his presentation said that Deven Supercriticals, India (DSPL) has developed innovative Supercritical
(SC) Carbon Dioxide (CO2) based dyeing and ﬁnishing technology that is uniquely suitable for not only man made (polyester,
nylon) but also for natural (cotton) and blended textiles. Further, it uses conventional dyes (No special dyes required) and recipe
as used in the conventional process, to get the desired shade BUT without use of water in the dyeing process. This innovative
process shows improved dye utilization, makes scale-up easy and has less than half dyeing time vis-a-vis prior-art SC CO2
based dyeing processes. There is no need for reduction clearing for polyester, cotton with no salt, urea added, dyes blends in a
single step, reduces overall auxiliary chemicals. Thus substantially reducing the pollution, water and energy load. This has truly
made the SC CO2 technology viable, versatile and very eﬃcient.

Mr. A. V. Mantri, Hon. Secretary, The Textile Association (India), Mumbai Unit proposed the Vote of Thanks.
Mr. Haresh B. Parekh was the Convenor of this Hybrid Lecture.
This Hybrid Lecture was an excellent, informative and was a quite enlightening academically and business potential to change
the face of the dyeing process using supercritical ﬂuids. Indian textile industry must absorb and adapt this new innovative
technology.
This event was very successful with the presence of the participation both physically and virtually. There was good interaction
between the speaker and participants who asked many questions and the same were promptly answered by the speaker.

The Textile Association (India) South India Unit was established in 1948 and the ﬁrst foundation day was celebrated on 16th
May, 1950 at WOODLANDS Hotel, Coimbatore with 20 Life members and 80 Ordinary members.
TAI - South India Unit has been conducting the foundation day programme every year during the third week of May month. 72nd
Foundation Day program was organized by TAI – South India Unit on 21st May, 2022 at Coindia Hall, Avarampalayam Road,
Peelamedu, Coimbatore.

Shri Sathyanarayana , Vice President, TAI – South India Unit delivered the welcome address and Shri K. Gandhiraj, Honorary
Secretary explained the activities of TAI – South India Unit and the role of Founders TAI – SIU with power point presentation.
Then, Chief Guest, Shri Ashwin Chandran, CMD of Precot Limited delivered a special address and released the Book
“Manufacturing Excellence in Spinning Mills” authored by Shri A. Kanthimathinathan, CEO, WINSYS SMC. The Guest of
Honour, Shri S. Hari Shankar, JMD of Lakshmi Card Clothing Mfg. Co. Pvt. Ltd. received the ﬁrst copy of the Book and
delivered Keynote Address. Then Shri A. Kanthimathinathan briefed about the book. Followed by the book release event, the
Technical Presentation was given by Shri D. Jayaraman, Deputy Director of SITRA on the topic “Moving towards Synthetics –
Challenges in Processing of Synthetic rich blends”.

The Presentation was very useful and more interesting with highly valuable information on the Synthetic Processing for about
120 minutes.
About 220 members and professionals attended the program. All
the participants appreciated the presentation and the program,
which was the need of hour for all Textile Professionals.
Finally, Shri A. Sivaramakrishnan, Honorary Joint Secretary,
TAI- South India Unit delivered the Vote of Thanks and ended
with dinner participation. .
The entire programme was well organized and the master of
ceremony was done by Mr. Sivakumar, Honorary Joint General
Secretary of TAI – Central Unit. TAI – South India Unit
committee members have extended their full co-operation and
support for the success of this program.

Visit to Himalaya Cotton Yarn Ltd.
The Textile Association (India) – South
Gujarat Unit with their 14 members
and 6 SCET students visited the
Himalaya Cotton Yarn Ltd. at Sachin,
Surat. The visit was very fruitful for all
those who had attended. The Spinning
Unit is equipped with latest technology
of machines like Ring Frames ﬁtted
with automatic doﬃng mechanism,
electronic slub motion, Automatic
Winding machines etc.

Industrial awareness Program for the Manufacturers of Textile Products in
Association with Bureau of Indian Standards (BIS)
SUBO organized Industrial Awareness Program for the Manufacturers of Textile Products with The Textile Association (India) South Gujarat Uniton 17-07-2022. First, Shri S. K. Singh (Head & Director) welcomed the Manufacturers of Textile Products,
brieﬁng on objectives of this program and Quality Control Orders on Textile Products. After that, Keynote Address given by Dr.
P. A. Khatwani, President, TAISGU, highlighted the diﬀerences in quality measurements with the introduction of standards by
International Standards Organisation (ISO) in the year 1987. Presentation on Standardization and Quality Certiﬁcation of
Textile Products was given by Shri Ishan Trivedi Sir (Sc-C & Deputy Director). Product Speciﬁc Guidelines and Online
Application Procedure for BIS Certiﬁcation had given by Shri Kunjan Kumar Anand Sir (Sc-C& Deputy Director). Presentation
on IS 17265:2022 Indian Standard 100 Percent.
Polyester Spun Grey and White Yarns, By Shri Abhishek Naidu (Sc-C & Deputy Director). After the Question Answer Session,
asked by the Manufacturers were answered satisfactorily by Shri S. K. Singh (Head & Director).
In feedback, the participants from the industries had very much appreciated the program and expecting many more such
programs to be organised during the days to come for the beneﬁts of textile industries.
In last Vote of Thanks by Shri Satyendra Kumar Pandey (Sc-D & Joint Director). Total 87 registrations were of participants for
the program.

Visit to Sters Fashion Designing Institute
37 TAI South Gujarat Unit had visited the Fashion Institute at Piplod, Surat on 18-06-2022. All the members had seen the basics
of all the processes which are the part of any garment industry, right from sketching, creation of ideas on a paper to
ornamentation, designing and development of garments. Also they got the chance to go through the functions and role of
software packages to be used during the process of garment manufacturing.

Being one of the leading Textile Research and testing
facilities in India, The Bombay Textile Research Association
(BTRA) already has a wide range of sophisticated equipment
for research and testing in the ﬁeld of technical textiles and
allied ﬁelds. Under the leadership of Dr. T.V. Sreekumar,
Director, BTRA has set-up the nation's ﬁrst and unique HighPerformance Fibre research facility under the “National
Technical Textile Mission” with Carbon nanotubes
reinforced PAN precursor spinning cum testing facility to
promote and support the manufacturing of world-class
Carbon ﬁbre in India on the pilot scale with leading cuttingedge technologies.
It was indeed a proud moment as this research facility was
inaugurated on 14th July, 2022 by Shri. Upendra P. Singh,
Textile Secretary, GOI along with Ms. Roop Rashi, Textile
Commissioner, GOI and S. K. Saraf, Chairman, BTRA
Governing Council. Other prominent dignitaries Mr. V. K.
Kohli, Jt. Textile Commissioner, Mr. S. P. Varma, Addl.,
Textile Commissioner, Mr. P. K. Agarwal, CMD, CCI and
Mr. Ajit B. Chavan, Secretary, Textile Committee also graced
the occasion. While the interaction, Shri. Upendra P. Singh,

The KARL MAYER Group draws an extremely positive
conclusion after its participation in the Techtextil trade fair in
Frankfurt am Main. From June 21 to 24 2022 the global
player presented itself as an innovative partner in the
production of high-performance textiles and showed
innovative samples and application examples from its warp
knitting and ﬂat knitting departments. Apart from the last
day, the KARL MAYER stand was well attended throughout.
Most of the guests came from Germany and from the
neighboring countries of Switzerland and Austria. Important
visitor nations were also India, Turkey, the USA, Italy,
Portugal and Korea.
The atmosphere on the KARL MAYER stand was
exceptionally good. "The trade visitors were very interested
and were looking forward to the exchange after the long
Corona break," said Jochen Schmidt. The President of KARL

Textile Secretary & Ms. Roop Rashi, Textile Commissioner,
GOI congratulated and appreciated BTRA's initiative in
developing these facilities.
These facilities consist of DMA and TMA facility which has
a wide application for all types of technical textiles and
materials. BTRA is in process of procuring a PAN-precursor
spinning machine to promote high-performance PAN
precursor spinning. Other Research and testing facilities
consist of Polarized optical microscope, Dynamic
mechanical analyzer, Thermo-mechanical analyzer, High
shear homogenizer, Brookﬁeld viscometer and Highfrequency probe sonicator. The vision behind establishing
these facilities in BTRA is to provide cost-eﬀective solutions
of nano-ﬁller reinforced ﬁbres for high performance and
Industry implementation.
Over the years, BTRA has been in the forefront in carrying
out advance research in the futuristic technologies viz.
plasma, conductive, E-beam, Nano-technology, besides
others. Now, it is another step forward in the 'Made in India'
initiatives, by establishing such world-class research facility.

MAYER Technische Textilien and his team held intensive
technical discussions about textile solutions for relevant
challenges of our time. Topics included sustainable
composites made from natural ﬁbers - a snowboard was
exhibited for this purpose - and textile products for water
treatment, e.g. by ﬁltration or seawater desalination, but also
about textiles for higher-quality and more sustainable
construction. Here, warp knitted fabrics with weft insertion
have already become ﬁrmly established.
There was also great interest in solutions from the world of
new technologies: in a warp knitted fabric with directly
integrated electrically conductive material that can be used
for gesture control, and in a sports shirt with 3D printing. The
3D printing process can be integrated inline into series
production.

The STOLL
team also had
their hands full at
the KARL
MAYER stand.
Many existing
customers,
particularly from
the medical, shoe
and automotive
sectors had come
to ﬁnd out about the latest ﬂat knitting innovations. In
addition, curious visitors looking for new business ﬁelds as
well as sportswear and fashion brands had a wide range of
questions. They all found what they were looking for.
STOLL had a wide range of technical knitwear in its trade

fair luggage, including form-knitted seat covers, innovative
articles for bandage technology and the latest shoe uppers
that meet 100% of the required sustainability expectations.
For more details, please contact:
Press release
Postanschrift / post address:
KARL MAYER Gruppe
Industriestraße 1
63179 Obertshausen

Market success through technology leadership, proﬁts
strongly impacted by signiﬁcant cost increases and
supply chain bottlenecks.
Ÿ Order intake of CHF 869.4 million, order backlog of
more than CHF 2 100 million
Ÿ Sales of CHF 620.6 million, preproduced deliveries in the
three-digit million range had to be postponed until the
second half of 2022
Ÿ EBIT of CHF -10.2 million, net result of CHF -25.2
million due to signiﬁcant cost increases, additional costs,
and acquisition-related expenses
Ÿ Action plan to increase sales and proﬁtability
Ÿ Rieter site Winterthur
Ÿ Outlook
Rieter continued to be successful in the market in the ﬁrst half
of 2022. Based on the company's technology leadership,
innovative product portfolio and the completion of the ringand compact-spinning system, a high order intake and a
signiﬁcant increase in sales were generated. The increase in
sales was achieved even though pre-produced deliveries in
the three-digit million ranges had to be postponed until the
second half of 2022. The order backlog is at a record level.
Despite higher sales, the signiﬁcant increase in material and
logistics costs, additional costs for compensation of the
material shortages and the expenditure incurred for the
acquisition in the years 2021/2022 resulted in a loss. Rieter is
implementing an action plan to increase sales and
proﬁtability. The sales process for the remaining land owned
by Rieter was initiated.

spinning capacity outside China along with investments in
the competitiveness of Chinese spinning mills continues.
Rieter beneﬁts from its technology leadership, the innovative
product portfolio and the completion of the ring- and
compact-spinning system through the acquisition of the
automatic winding machine business. The largest order
intakes came from India, Turkey, China, Uzbekistan, and
Pakistan.

Order Intake and Order Backlog
Rieter posted an order intake of CHF 869.4 million, which
included CHF 176.6 million from the businesses acquired in
the years 2021/2022. As expected, demand has thus returned
to normal compared with the exceptionally high ﬁgure for the
prior-year period, but remains well above the average ﬁgure
for the last ﬁve years of around CHF 570 million (ﬁrst half
2021: CHF 975.3 million, ﬁrst half 2022 excluding
acquisition eﬀect CHF 692.8 million).
The regional shift in demand with investments in additional
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On June 30, 2022, the company had an order backlog of more
than CHF 2 100 million (June 30, 2021: CHF 1 135 million).
Cancellations in the reporting period amounted to around 5%
of the order backlog.
Sales
The Rieter Group posted sales of CHF 620.6 million, which
included CHF 68.9 million from the businesses acquired in
the years 2021/2022 (ﬁrst half 2021: CHF 400.5 million).
As a result, sales were signiﬁcantly higher than in the prioryear period, although preproduced deliveries, which mainly
aﬀected the Business Group Machines & Systems, in the
three-digit million range had to be postponed until the second
half of 2022. The reasons for the postponements were the
COVID lockdown in China and supply chain bottlenecks.
EBIT, Net Result and Free Cash Flow
Rieter posted a loss of CHF -10.2 million at the EBIT level in
the ﬁrst half of 2022.
Earnings were impacted by signiﬁcantly higher material and
logistics costs. The price increases already implemented are
having a delayed eﬀect, mainly in the Business Group
Machines & Systems, and were therefore unable to
compensate for the high increase in costs. In addition, costs
in connection with material shortages negatively impacted
proﬁtability. The result also includes acquisition-related
expenses of CHF -11.2 million.
The loss at the net result level was CHF -25.2 million, of
which CHF -17.6 million was due to the acquisition.
Free cash ﬂow was CHF -57.1 million, attributable to the
build-up of inventories in connection with the high order
backlog and postponed deliveries.
Action Plan to Increase Sales and Proﬁtability
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Rieter is implementing a comprehensive package of
measures with the aim of increasing sales and proﬁtability in
the second half of 2022.
The package focuses on two main priorities: Firstly, Rieter is
continuing to systematically implement price increases
while working to improve the quality of margins of the order
backlog, so as to compensate for cost increases in materials
and logistics.
Secondly, Rieter is working closely with key suppliers and is
developing alternative solutions to eliminate material
bottlenecks, as far as possible, in order to safeguard
deliveries.
Rieter Site Winterthur
The Board of Directors has decided to begin the process for
the sale of the remaining land at the Rieter site in Winterthur
(Switzerland). In total, around 75 000 m2 of land will be sold.
The Rieter CAMPUS is not part of this transaction; the
construction project is progressing according to plan.
Outlook
As already reported, Rieter expects demand for new systems
to normalize further in the coming months. Due to the
capacity utilization at spinning mills, the company has
anticipates that demand for consumables, wear & tears and
spare parts will remain at a good level.
For the full year 2022, due to the high order backlog and the

An innovative and well-known weaving machine
manufacturer from Italy, SMIT's rapier looms are reputed for
their versatility, high productivity, superior quality fabric
production, and capability to handle a wide range of weft
material and yarn counts. Other notable features of SMIT
weaving machines include grippers which are easily
adjustable and remain stable while weaving. SMIT rapier
looms can be equipped with rapier weft insertion optimised
for home textiles, garments, terry towels, and customized
solutions to produce special technical fabrics.
2FAST
FAST stands for Flexible Advanced Shuttleless Technology.
SMIT's 2FAST is a high speed, shuttleless rapier loom that
features free-ﬂight rapier ribbon movement, which
exchanges the weft at the centre. This enables 2FAST to
operate at weft insertion speeds of up to 1650 metres/min,
depending on the style and machine width. It is thus able to
achieve the best fabric construction at the highest speed with
the lowest stress for yarn – thanks to the longest beating time
among machines of this kind.
SMIT's free ﬂight system does not have ribbon guide hooks
which ensures a 'clean shed'. Furthermore, the optimised
shed geometry translates into perfect fabric construction. As
a result, 2FAST can handle diverse fabric applications such
as apparels, home textiles, and technical textiles.
2FAST is the most compact loom in the market today, with

consolidation of the businesses acquired from Saurer, Rieter
expects sales of around CHF 1 400 million (2021: CHF 969.2
million). The reduced sales forecast compared to early 2022
(March 2022: CHF 1 500 million) reﬂects the impact of
global supply bottlenecks. The realization of sales revenue
from the order backlog continues to be associated with risks
in relation to the well-known challenges.
Despite signiﬁcantly higher sales, Rieter expects EBIT and
net result for 2022 to be below the previous year's level. This
is due to the considerable increases in the cost of materials
and logistics, additional costs for compensation of material
shortages as well expenses in connection with the acquisition
in the years 2021/2022. Despite the price increases already
implemented, global cost increases continue to pose a risk to
the growth of proﬁtability.
As market and technology leader, Rieter will beneﬁt from the
exceptionally high order backlog and the continuation of the
regional shift of demand.
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Rieter Holding Ltd.
Media Relations
Investor Relations
Relindis Wieser
Kurt Ledermann
Head Group Communication
Chief Financial Oﬃcer
T +41 52 208 70 45
T +41 52 208 70 15
F +41 52 208 70 60
F +41 52 208 70 60
media@rieter.com
investor@rieter.com
www.rieter.com
www.rieter.com

simple and low, strain-free
access to the front of the
loom. Additionally, the
'robust design'
methodology employed by
SMIT means a stiﬀer
frame, which guarantees
the longest machine life and the lowest spare parts
consumption.
Technical speciﬁcations:
Ÿ Width: 170 - 380 cm
Ÿ Suitable for dobby and jacquard
Ÿ Suitable for a wide range of yarn
Ÿ Weft selection: 8 - 12 colours
Ÿ Quick style change
Ÿ 2SAVE – weft saving device
Applications:
Ÿ Classic shirting
Ÿ Linen fabrics
Ÿ Worsted suiting
Ÿ Saree and dress materials
Ÿ Home furnishings
Ÿ Woollen shawls and stoles
Ÿ Denim
Ÿ Terry towels
Ÿ Technical textiles
2FAST is a well proven machine with excellent performance
demonstrated in several installations in Surat (India).
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