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ABSTRACT

This study investigates the surface modification of normal denier
polyester and micro denier polyester single jersey fabrics. The surface
modification was done by alkaline hydrolysis and lipase enzyme. Micro
denier fabrics is dimensionally more stable than normal denier fabrics
because of less loop shape deformation and characterized by better stitch
density and tightness factor. Among the treatment given enzyme
treatmeént improves the capillary action in the normal denier as well as
micro :denier fabrics by causing surface modification wick ability 1s
good for enzyme treated fabrics because of the more number of pores

and modified surface.
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CHAPTER 1

INTRODUCTION

Microdenier fibers have many favorable properties such as high strength
and resilience, resistance to many chemicals, resistance to abrasion, better smooth
good moisture and air transmission. It has a demerit of moisture absorbency when
compare with hydrophilic fibres. In order to modify the surface of the polyester,
enzymes are used. Lipase is a enzyme that acts by cleaving the polymer chain

through hydrolysis of ester bonds of the polyester fibers

Alkaline hydrolysis is one of the most documented methods for modifying

the chemical and physical characteristics of polyester fabrics.

The nucleophilic attack of a base on the electron deficient carbonyl carbon in
PET causes chain scissions at the ester linkages along the PET chain, producing
carboxyl and hydroxy! polar end groups. The increased surface polarity leads to

better wittability and soil-release properties.

Lipases are known to catalyze the hydrolysis of lipids of fatty acids and
glycerol at the lipid-water interface. It is therefore conceivable that the hydrolyzing
enzymes may also catalyze the hydrolysis of ester linkage in PET. These
hydrolyizing enzymes improve the water wetting and retention properties of the
polyestér fabrics with negligible changes in fabric mass and pore structure. From the
above ﬁoints, this project is taken and an attempt has been made to investigate the

effect of enzyme treatment on microdenier polyester knitted fabrics.



CHAPTER 2

LITERATURE REVIEW

Ramakrishnan et al [1] from their research work entitled “An investigation
into the properties of knitted fabrics made from viscose microfibers” concluded that
microdenier fabrics are more dimensionally stable than normal denier fabrics which
is because of less loop shape deformation and they also concluded that moisture
transmiskion properties of micro fibre knitted fabrics were found to be good. This in

turn can be used for apparel purposes.

Hsieh et al [2] found that alkaline hydrolysis can modify the surface of
normal and microdenier polyester fabrics and also concluded that wetting has
improveid for both normal and microdenier fabrics. This was because of change in

the surface energy and the contact angle.

Hsieh [3] found that alkaline hydrolysis is one of the evident methods of
modifyililg the physical and chemical properties of polyester fabrics. Due to the
carbonyl carbon in polyester causes chain scissions at the ester linkages which
produceé carboxyl and hydroxyl polar end groups. This polarity gives better
wettability for alkaline treated polyester fabrics. Alternatively enzyme hydrolysis
can be than using lipases. This lipase can catalyze the hydrolysis of lipids of fatty
acids and glycerol at the lipid-water interface. This causes hydrolyzing of ester

linkage in polyester.

Ian Holme [4] from his paper entitled on “Enzymes for innovative textile
treatments” found that lipase enzymes can be used for improving surface

characteristics of polyester fabrics without affecting the strength of the fabrics.



Das et al [5] from their research work on “Studies on moisture transmission
properties of PV blended fabrics” concluded that moisture transmission
characteristics of fabrics affected by yarn count , yarn twist and proportion of
polyester content and also concluded that linear density of yam can play a
significant role for determining air permeability and water vapor permeability of the

fabric .



CHAPTER 3

AIM AND SCOPE

To produce single jersey fabric with normal denier polyester and

microdenier polyester.

To modify polyester surface using lipase enzyme and alkaline

hydrolysis (NAOH)

To Characterize the above produced fabrics.



CHAPTER 4

MATERIALS AND METHODS

4.1 MATERIAL

Polyester microfilament having 80 denier with 108 filaments specification
and normal polyester filament having 80 denier with 36 filaments kindly supplied by
Reliance Industries Limited , Ahmedabad were used.

4.2 SAMPLE PREPARATION

Both micro and normal filament were knitted on a single jersey knitting

machine With the following specifications.

Table 4.1 Knitting Machine Details

Knitting machine make PMW, Ludhiana

Spef:ed pm 25
Neiedle . Groz — Beckert
Nol of feeders 16
Di%meter 16
Gahge 26




4.3 PROCESS SEQUENCE
The procured yam is converted to knitted fabric . This knitted fabric 1s

treated with alkali and enzyme seperately . Then the fabric is dyed and compared.

4.3.1 Soaping

Soaping is a process done to normal polyester and micro polyester knitted

fabric to remove oil stains. It is done in soft flow machine at 60° C at normal

pressure. The parameters are given below:



Table 4.2 Process Details of Soaping

‘K/Iachine ’ Soft flow
Temperature j : 60 deg
Pressure ) Normal
Wash \ Cold wash
Duration ) 45 min
EVI:L ratio \ 1:20

4.3.2 Alkali treatment

The soaped polyester is taken and treated with alkali. This is done to see the
change in the structure and various properties. It is also used to compare the fabric

with enzyme treated fabric.

Table 4.3 Process Details of Alkali treatment

’mchine \ Winch

ﬁfemperature ‘ 55 deg

‘Eessure l Normal

ash ‘ Hot wash

‘Duration ’ 45 min
Concentration \ 15%

M:L ratio \ 1:20 J

4.3.3 ‘Enzyme treatment

The soaped polyester and micro polyester is taken and treated with enzyme.
The fabric that is dyed is also treated with enzyme in order to compare with each

other.



Table 4.4 Process Details of Enzyme Treatment

Enzyme Lipase
Temperature Room temperature
pH 7.5
Concentration 2 gpl

M:L ratio 1:10
Duration 90 min
After wash Cold wash

4.3.4 Dyeing

The soaped polyester and micro polyester fabric is dyed. All the above
produced samples were dyed with the following particulars. Then finally the results

are compared.

Table 4.5 Process Details For Dyeing

Machine Soft flow

;Dye Disperse dye blue-79
Temperature 140 deg

ML ratio 1:20
@Concentration 2 gpl -
Duration 75 min

pH 4

After wash Cold wash

4,4 ~TESTING METHODS

The processed fabric is subjected to various tests. These tests are done in

order to know the change in fabric properties.




4.4.1 Fabric dimensional stability

Fabric properties have been studied by conducting various tests. Course per
cm, Wales per cm, areal density, stitch density, loop length, Kc, Kw, Ks, tightness
factor and loop shape factor were done. The above tests were done using GSM cutter

and counting glass.
4.4.2 Bursting strength

Table 4.6 Bursting Strength Details

Standard (IS 1966-1975 reaffirmed 1999)
Unit kgs/sq.cm

RH 65%

Tei:mperature 21 deg

The sample to be tested is placed in the diaphragm and the air is blown. This
is used to test the bursting strength of the fabric.

4.4.3 Air permeability

Table 4.7 Air Permeability Test Details

Standard ASTM D 737
Unit CC/sq.cm/sec
pressure 125Pa
Sample 38 sq.cm
RH 65%
Temperature 21 deg

o~

Air permeability is used to measure the amount of air passing through the
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diaphragm and the air is sucked through it then the level of pointer is noted down

and the air permeable value is found out.

4.4.4 Spray test

Standard Spray Test - Ratings

(O

101 (150 5) QU (150 43 a0 (130 3)

70 (WSO 2) w0 (ISC 1}

SPRAY RATING TEST

° 100 ISO 5- No Sticking or wetting of the specimen face

° 90 ISO 4 - Slight Random sticking or wetting of the specimen face
° 80 ISO 3 - Wetting of Specimen face at spray points
. 70 ISO 2 - Partial wetting of specimen face beyond the spray points
° 50 ISO 1 - Complete wetting of the entire specimen face beyond the
Spray points
® 0 - Complete wetting of the entire face of the specimen
Table 4.8 Spray Test Details
Standard AATCC-22 & CNS 10461
Sample size 152 sq mm

The above figure shows the spray test result .It is a standard comparison for



different absorbency of the fabric sample at each process. It is passed with 250 ml

water 1s sprayed on Sample size.

4.4.5 Wickability

Table 4.9 Wickability Test Details

Standard In-House test method
Sample size 23x2.5cm
Time 5 min

This is a bias wicking test. The sample is hung on the clamp and it is
immersed in the water then after some time , the water transport action is noted and
measured by a ruled scale. This test method measures the distance water will wick
up a cut| edge of fabric. Caution is advised when using the results obtained by this
test to measure comfort, as comfort involves the ability of a textile to absorb water

in the flat state.
4.4.6 Computer Colour Matching

Computer Color Matching (CCM) was done using Gretag Macbeth color1 5.

25mm circular specimen was used as sample size.
4.4.7 FTIR Test

Table 4.10 FTIR Test details

Machine SHIMADZU

Sample 1 sq.inch

Fourier Transform Infrared Spectroscopy (FTIR) is a powerful tool for

identifying types of chemical bonds in a molecule by producing an infrared
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4.4.8 Scanning Electron Microscope

Scanning electron microscope was used to investigate the surface structure of
the fabric knitted from normal denier as well as micro denier fibre. Samples were

investigated at the magnification levels of 300x, 1000x, 2000x, 4000x, and 10,000x.



CHAPTER 5

RESULTS AND DISCUSSION

5.1 FABRIC DIMENSIONAL STABILITY

Table 5.1 Fabric Dimensional Stability of Polyester Fabrics

Fabic | Course | Wales | Stitch Loop Ke | Kw | Ks= | Tightness| Loop Areal

per per Density | length KosKw factor shape | density

m Cm Per Cm Factor

5q.cm (KoKw}

Soaped: 30 22 560 0.2 5 | 4.4 | 264 15 1.36 136
polyestey
NaOH: 31 24 744 0.2 5.2 | 48 | 28.76 15 1.29 121
treated:
polyester
Dyed | 32 25 8§00 0.2 6.4 5 32 15 1.34 132
po!yeste'r
Dyed; 34 24 816 0.2 68 | 4.8 | 32.64 1.5 1.41 136
polyester
[NaOH;
treated)
Enz_yme: 34 24 816 0.2 68 | 48 | 3264 1.5 1.41 132
treated
potyastér
Dyedi 34 24 816 0.2 6.8 | 48 | 32.64 15 1.4%1 127
potyester
{Enzymp
treated)
Enzymé 33 25 825 0.2 6.6 5 32 1.5 1.32 132
polyester
(dyed
polyestir]

From the table we can observe that there is no much change in loop shape

factor among the normal polyester fabrics.



Table 5.2 Fabric Dimensional Stability of Micropolyester Fabrics

Fabric Course | Wales | Stitch Loop | Ke § Kw Ks= | Tightness | Loop Areal

per Cm | pet Cm | Density | length KesKw | factor shape density

per m Factor
sg.cm {KeMw)

Soaped micro | 33 30 950 0.2 6.6 |6 33,6 1.5 11 130
polyester
NaQH treated | 34 31 1054 0.2 658 L 6.2 | 42.16 1.5 1.08 123
micro
polyester
Dyed micro 35 32 1120 0.2 7 6.4 | 44.8 1.5 1.08 132
polyester
Dyed micro 35 32 1120 0.2 7 64 448 1.5 1.08 128
potyester
{NaOH
treated)
Enzyme 34 31 1054 0.2 68 | 6.2 |[4216 1.5 1.09 126
treated micro
polyester
Dyed micto 35 33 1155 0.2 7 65 |46.2 1.5 1.06 126
polyester
(Enzyme
treated] ;
Enzyme mhiero | 35 32 1120 0.2 7 |64 |448 15 1.09 132
polyester
(dyed
polyester}

From the table we can find that the same observation found in the loop shape
factor. But when we compare loop shape factor of Normal and Micro denier fabrics,
micro denier fabrics are more stable than normal fabrics. This may be attributed due
to more no of filaments in the yarn cross-section. Hence we can say that micro

denier fabrics are more dimensionally stable than normal denier fabrics.




5.2 BURSTING STRENGTH
Table 5.3 Bursting Strength of Polyester Fabrics
. Bursting strength (IS 1966-1975
Material
reaffirmed 1999)kgs/sq.cm

Soaped polyester 6.9

NaOH treated polyester 6.05

Dyed polyester 6.85

Dyed polyester(NaOH treated) 6.8

Enzyme treated polyester 6.25

Dyed polyester(Enzyme treated) 6.95

Enzyme polyester (dyed polyester) 7.25
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From the above table and figure we can conclude that there is a loss of
strength due to Alkaline hydrolysis. This may be due to molecular level damage in

the polyester fibre.



Table 5.4 Bursting strength of MicroPolyester Fabric

Material Bursting strength (IS 1966-1975

reaffirmed 1999)kgs/sq.cm
Soaped micro polyester 6.25
NaOH treated micro polyester 6.2
Dyed micro polyester 6.9
Dyed micro polyester(NaOH treated) 6.05
Enzyme treated micro polyester 5.95
Dyed micro polyester(Enzyme treated) 6.9
Enzyme micro polyester (dyed polyester) 7

1
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Bursting strength of the micro polyester is found and made as standard
sample. Because of alkali treatment the surface of the fabric is corroded so the value
of bursting strength is less. Similarly for enzyme followed by dyeing and dyeing

followed by enzyme treatment there is improvement in bursting strength .Plain



53 AIR PERMEABILTIY

Table 5.5 Air permeability results for Polyester Fabrics

Air permeability
(ASTM D 737)
CC/sq.cm/sec

) Minimum | Maximum
Material

Soaped polyester

NaOH treated polyester L 93.7
‘E)yed polyester ‘ 95
rDyed polyester(NaOH treated) \ 87.5
rEnzyme treated polyester T 93
\Byed polyester(Enzyme treated) ' 128

Enzyme polyester (dyed 91.5

polyester)

AIR PERMEABILITY_POLYESTER
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Figure 3

The polyester knitted fabric is soaped first and then treated with NaOH and

T imace enzvine separately. This soaped polyester is made as standard sample for the



test result comparison. The fabric treated with NaOH is compared with the standard
sample it js found that the air permeability is improved because of the pores
formation. These pores are other wise called as corrosion. This damage in the
surface is caused by the alkali treatment. At the same time when we treat the fabric
with lipase enzyme we found that the air permeability is improved because of
surface variation. This is because of the enzyme attack on the surface but the impact
is not as much as NaOH treatment . The corrosion is more in alkali treatment but in
enzyme treated the fabric corrosion is less. We find certain variation in the air
permeability in dyed, NaOH treated followed by dyeing, enzyme treated followed by
dyeing and dyeing followed by enzyme treatment, this is because of the surface
modification at various processes. In dyed polyester (enzyme treated) we can see
some drastic variation in the airpermeabilty, from this we can say that enzyme has

mote impact on the polyester surface.

Table 5.6 Air permeability results for MicroPolyester Fabric

Mini Maxi Air permeability
Material Inimm aximum | \QTM D 737)
value value
CC/cm2/sec
Soaped micro polyester 58.7 65.8 61.7
NaOH 'treated micro 51.7 60.4 55.6
polyester
Dyed micro polyester 60.4 71.8 66
Dyed micro 63.7 68.9 66.1
polyester(NaOH treated)
Enzyme treated micro 55.1 63.3 57.8
polyester
Dyed micro 90.7 118 105
polyester(Enzyme
treated)
Enzyme micro polyester 62.1 72.3 67.4
(dyed polyester)
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The soaped micro polyester knitted fabric is made as standard sample for the
test comparison. The fabric treated with NaOH is compared with the standard
sample it is found that the airpermeability is improved because of the pores
formation. This damage in the surface is caused by the alkali treatment. At the same
time wheén we treat the fabric with lipase enzyme we found that the air permeability
1s impro;ved because of surface variation. This 18 because of the enzyme aitack on
the surface of micro polyester but the impact is not as like as NaOH treatment. The
corrosion is more in alkali treatment but in enzyme treated the fabric corrosion is
less. We find certain variation in the air permeability in dyeing followed by NaOH
treated, dyeing followed by enzyme treated and enzyme treatment followed by
dyeing. This is because of the surface change at various processes. In dyed micro
polyester (enzyme treated) we can sec some drastic variation in the airpermeabilty,
from this we can say that enzyme has more impact on the micro polyester surface.
Higher number of yams per unit area of fabric causes improvement in air
permeability. There is improvement in air permeability in enzyme cum dyed when

compared to soaped micro polyester. Because of enzyme treatment, morc number



5.4

SPRAY TEST

Table 5.7 Spray Test results for Polyester Fabrics

Material , . Spray Test (AATCC)
Soaped polyester , 501801
NaQH treated polyester 501801
Dyed polyester 0
Dyed polyester(NaOH treated) 501SO 1
Enzyme treated polyester 0 \

Dyed polyester(Enzyme treated)

Enzyme polyester (dyed polyester)

—

Spray test done for the polyester fabric at soaped stage. Then the fabric is

compared with AATCC standards for spray test and found the above results. The

absorbency of the enzyme treated fabric is more when compared to the NaOH

treatment 'and normal soaped fabric. Also the dyeing followed by enzyme treated

and enzyme treated followed by dyeing have the same property In terms of

absorbency.

Table 5.8 Spray Test results for Micropolyester Fabrics

Material Spray Test (AATCC)
Sodped micro polyester 70180 1
Na@H treated micro polyester 0

Dyed micro polyester

0

Dyed micro polyester(N aOH treated)

501SO 1

Enzyme treated micro polyester

Dyed micro polyester(Enzyme treated)

FEnzyme micro polyester (dyed polyester)

0

:
]
-




The soaped micro polyester is tested for spray analysis. In micro polyester
soaped fabric shows 70 ISO 1. That is partial wetting of the fabric. Similarly it
shows good improvement in terms of absorbency in Enzyme treated, enzyme treated
followed by dyeing and dyeing followed by enzyme treated. That is, ‘0’ means
complete wetting. This can be finalized that there will be improvement when the

micro polyester is treated with enzyme.
55  WICKABILITY

Table 5.9 Wickability of Polyester Fabrics

Material Wickability
(cm)
Soaped polyester 3
NaQH treated polyester 5.8
Dyed polyester 6.8
Dyed polyester(NaOH treated) 6.1
Enzyme treated polyester 7.5
Dyed polyester(Enzyme treated) 7.1
Enzyme polyester (dyed polyester) 5.0
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The wickability behavior of polyester knitted fabric is as follows. The
normal polyester has low wickability. But after NaOH treatment and enzyme
treatment the wickability 1s improved. Enzyme treatment and Enzyme treatment
followed by dyeing has improved the wickability but in dyeing followed by
enzyme treatment the wickability property is lowered. More pores cause more

dragging of water because of capillary action.

Table 5.10 Wickability of Micropolyester Fabrics

i Matorial Wickability
(cm)
Soag)ed micro polyester 4.4
NadH treated micro polyester 7.0
Dyed micro polyester 7.2
Dyéd micro polyester(NaOH treated) 7
Enziyme treated micro polyester 7.2
Dyéd micro polyester(Enzyme treated) 7.5
Enéyme micro polyester (dyed polyester) 6
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The wickability behavior of micro polyester knitted fabric is as follows. The
normal micro polyester has low wickability but slightly better than normal polyester.
But afier NaOH treatment and enzyme treatment the wickability is further improved.
Enzyme treatment and Enzyme treatment followed by dyeing bas improved in
wickability but in the case of dyeing followed by enzyme treatment the wickability
property is lowered. Yet the wickability is more than soaped micro polyester.
Micropolyester has more pores compare to normal polyester, sO the wickability has

been improved.

56 COMPUTER COLOUR MATCHING

Polyester

Table 5.11 Strength results for polyester fabrics by CCM

Polyester Material
‘Dved Polyester (NaOH Treated) 98.02

‘Dyed Polyester (Enzyme Treated) m
Enzyme polyester(Dyed Polyester) m

Here in Computer Colour Matching test the fabric taken are NAOH treated

Strength-Sum %

|

followed by dyeing. Enzyme treated followed by dyeing and dyeing followed by
enzyme treatment. From the results it is found that the strength of dye 1s good 1n

NAOH treated followed by dyeing.



Micro polyester

Table 5.12 Strength results for Micropolyester fabrics by CCM

Micropolyester Material Strength-Sum %
Dyed micro Polyester (NaOH Treated) 107.27
Dyed micro Polyester (Enzyme Treated) 82.18
Enzyme micro polyester 107.4
(Dyed micro Polyester)

L

Here in Computer Colour Matching test the fabric taken are NAOH treated
followed by dyeing, Enzyme treated followed by dyeing and dyeing followed by
enzyme treatment. From the results it is found that the strength of dye is good in

dyeing followed by enzyme treatment. This is because of molecular level change.



5.7 FTIRTEST

In FTIR test, we found that hydroxyl group is improved in NaOH treatment

as well as enzyme treatment. Among the these two samples, enzyme treated has

given better results. The figures are attached in the appendix.
58 SCANNING ELECTRON MICROSCOPE

SOAPED POLYESTER

. 7 4
SOV K300 S0Lm 0000 1221 SEl 30KV X000 ] fopm 003 1224EE / 1okv , X200 1Dpgh 000§ 42 21 SEI

AGKY  X4000 um  OBI0 1221SEl 30KV X0,000 fum 0000 12218E:

Soaped polyester is the standard for our SEM analysis. In this photograph we

can see the structure of the soaped polyester at various magnifications. We took the
photograph at the magnification of 300X, 1000 X, 2000 X, 4000 X, 10000 X. In

those miagnifications we took several range of length like 50 um, 10 um, 5 pm, 1

pm.



NaOH POLYESTER

X300 E0@n 0020 131 SEl SeRy XK1000 “Ogm 0303 1121SE Seny KLOJD  10pm 0000 1121 SEi

10KV X4000  Spm 0000 1121SE 30kY K10080 gm o CODO 1123 SE

This treated fabric is now taken with SEM photograph. On comparing with
the standard, we find no difference at 300 X but at the magnification of 4000 X we
find mild change on the surface. At 10000 X magnification we can clearly see the
surface corrosion on the polyester. So, this comparison shows the change in the

surface of the NaOH treated polyester.

DYED POLYESTER (NAOH TREATED)

3 0KV 0%y X000 10um  CO0R 1121 SEI S0kV %2000 10pm 000G 1121 SEI




The fabric is dyed with disperse dye blue 79. Here in the SEM photograph,
on comparison with the standard and NaOH treatment we find that the pores created
during plain NaOH treatment is covered by the dye. Tt is clearly visible that the
structure damage is less at Sum and 1pm. From this we can say that the pores are

filled up.

ENZYME TREATED POLYESTER

3chy xipgf  SOpm @GOG 1121 SEI Lok X4I30 10mm 0BT 1% 21 8EI 30Ky X200 0pm, DO 11 215E

{

30KV X4000  Spm  JOS0 11 21SE Sev 10000 dgm 0000 1129E §

Now the soaped polyester is treated with enzyme. In this photograph at 4000
X and 10000 X , it is visible that the pores are formed but not as much as in NaOH
treatment. Even though the structural change is not more, we still find some pores
and there is no corrosion type of photograph is seen. This photograph is taken at
S5um, 1 pm length.



DYED POLYESTER (ENZYME TREATED)

Shny KLU0 0pm €ODR 221 8E

a0ky X4000  Spm  0D0GD 12 2% SEl 10ey X100E5  dm 0080 4223 SEl

After the enzyme treatment the fabric is dyed with blue 79 disperse dye. In
these photographs certain changes are visible at 4000 X and 10000 X. The pores that
are formed during the enzyme treatment are reduced by the dyeing process. This is

because the dye reacts with the surface of the polyester and fills the pores.

ENZYME POLYESTER (DYED POLYESTER)




This is a process of treating the fabric with enzyme after dyeing treatment.
We can take the magnification of 4000 X and 10000 X. In those magnifications, the
enzyme reacts with the dyed surface and forms similar surface structure as like in

enzyme treatment followed by dyeing.

SOAPED MICROPOLYESTER

S0RY X2CO0 10pm GOBD 112% SEI

0KV K400 Spm 0000 112188 J0ky X13600 T 0G0 1121 SEI

Soaped micro polyester is the standard for our SEM analysis. Photograph
taken from SEM shows the structure of the soaped polyester at various
magnifications. We have taken the magnification of 300 X, 1000 X, 2000 X, 4000
X, 10000 X. In those magnifications we took several range of length like 50 pm, 10
pum, 5 pm, 1 pum. we made the SEM photograph of soaped micro polyester as

standard ialso we did the same magnification for the succeeding processes.



NaOH MICROPOLYESTER

3OkY  A30)  S0wn 0000 11%% SEl JoRy XKiGCD  T0pm 00O J0KY  A2000  10wm 000 1% 21SEl

30KV X4000  Apm DO0L 11 218E 0ky X13800  Aper 90CC 1121 BRI

Micro Polyester fabric is treated with NaOH. This treated fabric is now taken
with SEM photograph. On comparison, we find no difference between the standard
and NaOH treated fabric at 300X but at the magnification of 4000X we find mild
change on the surface. At 10000X magnification we can clearly see the surface
corrosion on the micro polyester surface. So, this comparison shows the change in

the surfate of the NaOH treated micro polyester.



DYED MICRO POLYESTER (NAOH TREATED)

30kV X200 BOpm GOGD 1121 SEI

3ghy %4000 Sum  GOOC 1129 SEI 30ey KI0000  Tpm COBO 1121 SR

The micro polyester knitted fabric is dyed with disperse dye, blue 79. In the
SEM photograph, on comparing with the standard and NaOH treatment, we find that
the pores created during plain NaOH treatment is covered by the dye. It is clearly
visible that the structure damage is less at Sum and 1pm by this we can say that the

pores are filled up.



ENZYME TREATED MICRO POLYESTER

3.0y X300 SDpm DOQU-‘1EZ4SEI 30k X1.000 1ﬂ_pr;1 gooe 15 24 SEY 300¢  X2000  i0pm 0000 16 24 SE

J0k¢  X4000 Sym 000U 1624 SEI 30ky X10.000 ;‘;L; 0030 16 24 SE

The soaped polyester is now treated with enzyme. In this photograph at

4000X and X10000, it is visible that the pores are formed but not as much as in

| NaOH treatment. Even though the structural change is not more, we still find some
pores and there is no corrosion type of photograph is visible. This photograph 1s
taken at Sum, 1 pm length. Also the surface has some improved whiteness than the

previous, soaped micro polyester.



DYED MICROPOLYESTER (ENZYME TREATED)

\

sQky X250 i00pm OBOD 15 21SEI

- p— : ;
d X4.300  Spm 0000 5 21 Skl Syy ! X10.000 1 000D 11 21 SE!

After the enzyme treatment, the micro polyester fabric is dyed with blue 79
disperse dye. In these photographs certain changes are visible at 4000X and 10000X.
The pores that are formed during the enzyme treatment are reduced by the dyeing
process. This is because the dye reacts with the surface of the micro polyester and
fills the pores. Here there is a difference in whiteness of micro polyester when we

comparelto normal polyester treated in the same manner.



ENZYME MICRO POLYESTER (DYED MICRO POLYESTER)

SOk A20C0 10pmi JuG 121K

30KV X4000  Sum L0030 1 11SEl 10Ky XI0000 um 0000 1121 5§

This is a process of treating the fabric with enzyme after dyeing treatment.
We can:take the magnification of 4000X and 10000X at Spm and 1um respectively.
In those magnifications, the enzyme reacts with the dyed surface and forms some
kind of variations in the surface of micro polyester. This enzyme treatment shows

differerice between the normal polyester and micro polyester.



CHAPTER 6

CONCLUSION

From the results we conclude the following:

Dimensional stability of microdenier fabrics are good when compare
with normal denier fabrics. This is due to less deformation in the loop

shape factor.

e There is a reduction in the bursting strength of both the normal as well as

microdenier fabrics. This is due to the change in the chemical structure.

o Air permeability of enzyme treated fabrics of both the normal as well as

microdenier fabrics are good.

o Wickability of both micro as well as normal denier fabrics shown better

results. This is due to more number of pores formed after treatments.

e Surface analysis of the micro as well as normal denier fabrics shown

mixed results.



CHAPTER 7

SCOPE FOR THE FUTURE WORK

e Mass production study can be done.
¢ Blends of microdenier polyester and other fibres can be done.

¢ Further finishing can be given and thorough study can be made.
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Samples Tested at : R.H. 65% #/- 23 and Temp. 21 Degree C +/- 1 Degree {

lLab Code No. C_981 C_982 C_983 C_984

Sample Particuiars,: FABRIC SANPLE FARRIC SANPLE FABRIC SAMPLE FABRIC S
KARK-2. 1 NaRE-2,2 AARE-3.1 HARE-3.2

FABRIC - BURSTING STRENGTH

{As per 05 1966-1975) Reaffirned 1999

Kgs/sq.ca 6.9 4,25 &.05 4.7

Lab Code No. C_985 . 986 C_987 ;. 988

Sawple Particulars.: FARRIC SAMPLE FARRIC SAMPLE FABRIC SAMPLE FABRIS ssaj
HARK-4.1 NARK-4.7 NARK-5. | RE-6.2

FABRIC - BURSTING STRENGTH

{#s per IS 1966-1975) Reatfiraed 1999

kas/sg.cu &£.85 &£.9 6.8 7.05

Lab Code Mo. C_98% C_90 C_991 C_592

Sample Particulars.: FAERTS SAMPLE FABRIC SANPLE FABRIC SaHPLE FABRIC S4M

HeRK-T. 1 FiARK-7.2 HARK-8. § ARK-8.2
FABRIC ~ BURSTING STRENGTH :
{hs per IS 1964-1975) Reaffirmed 1399

Kgs/sq.cn &.25 595 .33 &.90



~ THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
SITRA PHYSICAL I.ﬂBﬂRMIIRV

> Grams SITRA Phone‘(0422) 2574367-9, 6541488, 6544188 Fax : (0422) 2571896

" E-mall: sitaincia @ dataone.in Wabsite:htip://www.sitra.org.in
Address all corespandanca to the Director ISOMEC 170252005 NABL ACCREDITED oom Mimber T34
Fabric Test Report HNo. 468 Rmuawm College of Tachnology,

e e v e e i Y S AR et it e o e A L1 Y T ke e e b Vit VAR R T S A e v e

Sagples Tested at @ A%, 655 #/- 2% and Teap. 71 Degreg C #/- 1 Degree

ettt 1t <t 2P S e o e o e o 1 e e e S S i o A A7 T A 0 ! o A i A T S o 1 o

Lab Code MNo. 5993 C_594
Sasple Particulars.: FABRIC SAMPLE FABRIC SRMPLE
AR%-9.1 HARE-9.2

FABRIC - BURSTING STRENGTH
(As par 15 1966-1975) Reaffirmed 19%%

kgs/sq.c 7.25 7.0

End of Report
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Sample Particulars.: FABRIC $SANPLE FABRIC SANPLE FABRIC SANPLE FABRIC SA%
KARK-2.1 BARK-Z.2 KARK-3.1 WARK-3.2
FABRIC ~ ALIR PERMEABILITY
(As per ASTH D 737)
Air Parmeability in c.cfon.sq./sec. 101 &7 5.9 55.6
Lab Code NoO. LB C__9o7 8_988
Sanple Particulars.: FABRIC SARPLE FRER]C SAMPLL FRBRIC SANPLE FABRIC S
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FABRIC - AIR PERMEABILITY
{As per ASTN D 737}
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F’aniQIC - AIR PERMEABILITY
{As per ASTH D 737}
air peraeability in c.c/ce.se./sec. 27 .0 LG iaz 168
Lab Code Mo. 3% ’
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Style
SAMPLE 1D

PARTICULAR 2:

Test Report no. 2010.03.17, 08.28.45.LBD

STYLE- Dateftime: 17.03.2010, 0828 - 17.03.2010, 08:1 "

C- 981 Operator: SN

PARTICULARS 1:  FABRIC SAMPLE

MARK : 2.1

3 LBD240 |

Static Air Permeability

Testipressure: 125 Pa Datedtime: 17.03.2010, 08:28 - 17.03.2019, 0331
Testarea; 38 cm? Instrument: Textest FX 3300-11', sin: 1158 ;
\
|
1 105 cmiemis :
2 98.8 -cmPiem?s |
3 100 cmelem?s '
4 101 emlems ;
5 102 cméiomis i
& 991 cmliem¥s b
T 99.9 emYem¥s '
8 100 emfem?s i
9 100 em¥ems |
10 9.2 cm¥ems i
Commentary: |
Avg: 101 cmiem®s Nominal: 101 cmPicmis i cm‘!cm‘!ﬂ l|
Mir 9.8 cmfom®fs Min: 904 cmems 1 et ‘ 1
Mak; 105 cmifem?s Mas: 111 cmfoms Y G - v et e sy
Cv: 1.8 % Testis: 10 90 ¢ oS
) 13 % c: Eﬂf.cm’!cm‘."[ o
e \Q __________ ‘ ‘|
N 1
\\\\ N i
04 cmizm 804 omifomtls 101 crlentls 111 glerls 121cm’iu1ffsi )

Test Report no. 2010.03.17, 08 28 45.L8D
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Test Report no. 2010.03.17, 08.55.23.LBD 3 L80240 ‘
Sige: STYLE Datettime: 17.03.2010, 08:55 - 17.03.2010, 08:58 I‘.

PARTICULARS 1 FABRIC SAMPLE

SAMPLE ID: ¢ 982 Operalor SN ‘;
PARTICULAR 2. MARK:2.2 ‘

Static Air Permeabilty |
Test pressure: 125Pa Dateftime: 17.03.2010, 08:55 - 17.03.2010, 08:58
Test area: Bom? Instrument: Textest FX 330011, sin: 1188 |
1: 645 cmlem¥s
Z 50.0 emicmis 1
3 652 cmlom?s
4 3.2 cmcm?s
5 58.7 cmlemls
B 814 cm¥emifs
& 508 cm¥cmys
& 61.7 em¥omiis ;
& 632 cmlemils i
100 §0.1 cmcmis "
Commentary:
Avg. 61,7 covliemys Nominal: 1.7 cmilem¥s ?ﬂ1cm’fUﬂ"5| —
Min: 587 em¥em¥s M 556 cmtiemlls | S%ememic . |
Max: 658 cnlemlls  Max; B7.9 omifemils | 617 cmnils: i e e :
Cv. 19 % Tests: 10 556 el :
Ci: 28 % cl 4 4 cmiieis) J
NI i
| oy
| \ § WA il
| NN 1h
54 eSS S G s 5 Qaias 41 vl
; |
Test Report no. 2010.03.17. 08.55.23.L.B0 Page 1
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Test Report no. 2010.03.17, 09.00.09.LBD

4 LBD240 |

Style: STYLE-1 Dateftime: 17.03.2010, 09:00 - 17.03.2010, 0%:.02 i
SAMPLE 1D: C. 983 Qperalor. SN |
PARTICULARS 1:  FABRIC SAMPLE i
PARTICULAR 2. MARK:3A !
|
. . e \
Static.Air Permeability I
Test pressure: 125Pa Dateftime: 17.03.2010, 08:00 - 17.03.2010, 09:02 l
Test area: Bom? instrument; Textest FX 3300-11, sin: 1198
:
1 101 cm¥emifs ‘
2 938 cmem?s
3 BT cm¥emils |
4 958 emilem?s )
5 94.8 cm¥emlis 1
& 956 cm¥cmils
7 93.3 cmfem?¥s
8 845 cmdiemils
g 975 cmilem®s
10: 4.0 cm¥em®s ‘l
Commentary:
e |
Avg. 659 em¥em¥s  Nominal 959 cmiomds 1 el 4‘| :
Min: 937 cm¥em¥s M 86.3 cmiemis Doartentts : R
Max: 101 cmems Max: 105 cmifemfs 05 § mHQfgi S g s g e
Cv 25 % Tests: 10 33 el : iE
ck 18 % {: 76,7 eneleatls, 1 |
I T T ok
o . S\ SIS L
1 N
i RN .. V‘rl'-lti_... |
i \‘ AN b- . J
76,7 creicmifgs 3amlendls 99 onvlomils 105 enelomls 115 omlems|
Test Reportno. 2010.03.17, 09.00.09.LBD Page 1 l
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— |
Test Report no. 2010.03.17, 09.08.52.LBD 3 LBD240 |
Style: STYLE-1 Dateftime: 17.03.2010, 09:08 - 17.02.2010, 09:12 1
SWPLED: (-3¢ Operator SN |
PARTICULARS 1: FABRIC SAMPLE I
PARTICULAR 2. MARK:3.2 |
41’“
| Static Air Permeability |
| Test pressure: 125Pa Dateftime: 17.03.2010, 09:08 - 17.03.2010, 09:42 [
\1 Test aree: 38 ¢m? instrument: Textest FX 33001, sfn: 1198 i
. . |
¥ kl
1 582 cmtfem?s |
| 2 530 emonls |
\ 3 530 cmfermds ”
‘ 4 5§7.2 cm¥lems ;
5 578 cmlicmis L
6 517 enlemls i
7. 25 cmicm*s |
8 538 cmifcm?ls :
9 60.4 cmiemis \
10 580 cmdfcm®s i
|
Commertary; ‘
Avg 656 clomdls  Nomnal 556 omomdls [ S5Tcaftry |
Min: 517 cmdlem?is Min: 50.1 cmlicm’s \ Braamiemis’ o 1
Max: 604 cmtemts  Max: 612 emtfemis S8 G emtanils e |
cv. 54 % Tests: 10 I 501 ciemiis, - | '
Gl 8% ct: ‘ 48 5 emiemls _9 i
‘ : N \\ " i
| \\\ TTRNTON Ll

N h
[N\ I\ |
e Emiicrien 1 oriomite 555 cvlomels 61,2 crelan's €6.7 cm‘!un’u‘iﬁ
]
| Test Réport no. 2010.03.17, 09.08 52LBD Page 1 |




SITRA, COIMBATORE, INDIA

\ Siyle: STYLEA
SAMPLE 1D C-985
PARTICULARS 1:  FABRIC SAMPLE
PARTICULAR 2. MARK: 41

Test Report no. 2010.03.17, 09.28.33.L8D 4 LBD240 \

17.03.2010. 09:28 - 17.03.2010, 08:33

—

\

Test prassure; 125Pa
Test area: 3gem?

rStatlc; Air Permeability
l i 111 em¥ems
|2 97,1 cmfcratis
3 111 emem’/s
4 878 cmbicm?s
5 9.6 cm'fem?s
6: 114 cm¥em?s +
7 100 cmdiem?fs
& 108 cm¥femfs
g 102 cmdicm¥s

17.03.2010, 02:28 - 17.03.2010, 0932
Texlest FX 33001, s/ 1188

103 CNJJDITFIS“"__‘."_":."""‘T"“ ..4,..‘___.__‘2“7.;: it < ||

10: 95.0 cm¥iem?fs
Commientary:
Avg. 103 cm¥fondls  Nominal
Min 960 cmVem?s Min:
| Max: 114 em¥iemiis +  Max.
Il ov 68 % Tests:
Cl: 48 % Ct

Vst
L

El s
o

b=}

TestReport no. 2010.03.17, 09.28.33 LBD
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SITRA, COIMBATORE, INDIA

I ]
_\h Test Report no. 2010.03.17, 09.35.36..BD 4§ LBD24O |
sy STYLE-1 Dalefine: 7 032016, 0935 - 17032010, 0940 |

SPLEID C-98 Opeater SN l

PARTICULARS 1 FABRIC SAMPLE
PARTICULAR 2,  MARK 42

;:‘:L;

Static Air Permeability
Test pressure. 125Pa Dateftime: 17.03.2070, 08:35 - 17.03.2010, 0935
Test area: om? nstrument; Textest FX 3300-1il, sin: 1198 i
It
|
1 656 cmdemils ‘|
2 718 cm’iemys I
3 673 omlemls |
2 853 cmilemils ' y
5 67.1 cmifemiis “:
B. £9.1 cmifomis 1
T 613 cmliemls |
& 669 cmfcmils [
g: B4.8 crticmts H
10 604 cm¥em®s !
I
Commentary: '\‘i
fvg: 660 cmemls  Nominal 660 criemds | ezewhmT Aﬂl HI
Min; 604 cmem¥s  Min: 504 omomds | T2BOTRRE e _ I
Max: T8 oot Max 728 Cnlomils | 60anlsmmriner Dt = |
Cv. 51 % Tests: 10 594 Tl 4 ' ‘
Ch 37 % Cl L saaris, 9
e
£ N \ i {
| NRN i .
| §\\ )
\.___\i’\\ | | |
528rm omiES & cmtiomly  66.0 el 726m‘icm‘s rgzcm‘Icm_fs.] ‘
TestReport 0. 2010.03.17, 09.35.36 LED Page 1 \'
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SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17, 10.11.01.LBD

!
\

- L BD240

Sfy\e: STYLE Dateftime: 17.03.2010, 10:11- 17032010, 1022

| SAMPLE iD: C-987 Operator. SN ?

PARTICULARS 1. FABRIC SAMPLE !

| PARTCULARZ.  MARK 61 !

| Static Air Permeability

Test pressure: 125 Pa Datedime: 17032010, 10:41-1703.2010.10:22 |}

Test area: 38 cm? Insteument: Textest FX 3300-I1i, s/n: 1198 |

l

|

|

i 87.5 cm¥ems - i

2 105 emorls |

3 987 cmifemls l‘

4 104 cmdfems wl

5 105 cmdfemls ”

6. 104 cmfem’/s I

T 102 condlermifs |

§ 478 cmtiomils |

e 95 cmicmils !

|| 10: 106 cmdicmils |

“ Commentary, |‘

Avg: 104 omerds  Nominal 101 emtiemils [ 12t orfenis— 'H

Min: 875 cmiicmls- - Min: 906 omiemiis | e . = 0

Max; 106 emifemiis  Max. 11 emtiem?s 01 Gl g A \
cv: 55 % Tests: 10 90 §emtemils,

cr 40 % o3 807cm‘rum‘!<L A |

T T TR ot '——'_"——P

12 | i B

] NN i

| | .- \Q \\ : b

| ‘ di

| R ANENA }

“ B0 7 omiomie0 S omdlomils 10N careiemls 11 emlomils 121 emifemtly) I\

"
! Test Report 10, 2010.03.47, 10.11.01 LBD Page |

—]




e —

Static'Air Permeability y

=
F SITRA, COIMBATORE, INDIA J
r Test Report no. 2010.03.17,10.26.16.LBD J LBDZ40\
Siyle‘. STYLEA Dateftime: 1703.2010,10:28 - 17.03.2010, 4032 )
SAMPLEID:  C-988 Coerator. SN ‘
PARTI{:L}LARS‘lz FABRIC SAMPLE |
PARTICULAR 2. MARK 6.2 h

|

Testpressure:  125P2 Dateftime: 1703.2010, 10:29 - 17.03.2010,10:32 i\
Test area: 3B o Instrument Textest FX 3300-I1, sin: 1188 1‘
L} 66.2 cm¥loms |
2 845 emlemils ‘
¥ B7.1 cmdlemis |
4 651 cmYcms |
5. 656 cmfemis I
& §37 cmicmls |
7 665 cmlcms '|
& 663 cmems )
g 889 cmem's ‘
1 664 cmiicmis - |3
Commientary: I
|

Avgy 1 clorls  Nominal 661 ovdntls 79 3 ceonl] j ;
in; 837 ciemtis  Mim 505 cmtigmys | T27emionts ) 1
Max. 589 emlemils  Max. 727 erdlomtls | 88 tomials e s |
o 22 % Tests: 10 | 595cm‘frm’fs‘ i
C': 18 % C' | 529Uﬂ"wzn‘ﬁh J% 3

| \i A

| NN
1‘ W — hY \ A\ L
s evn 4 Sors 851 ot TLTars 193 ettt |

Liest!Repoﬂ no. 2010.03.47,10.28.16..30




SITRA, COIMBATORE, INDIA

_4:—_“)-_-‘—%‘

Style: STYLE-1
SAMPLEID; - 988

PARTICULAR 22 MARK:71

PARTICULARS 1. FABRIC SAMPLE

|

Static Air Permeability

Test pressure: 125Pa

Test area: 38 om?
1: 980 cmems
z 97.8 cmem?s
K 842 cmem?s
& 964 cmtlems

5 930 cm¥em?fs
B 97.2 cm¥emis
T 971 em’em?s
B 980 cmYemds
9 988 cfemtls
10: 993 cmilemdls

Commentary:

Avg: 97.0 cm¥iemis

Min; 930 cmifemis

Max. . 99.3 cmiiemls

Cv: 21 %

0% 15 %

Test Report no. 2010.03.17, 10.42.1 1.LBD 4 |.BD240
Dateftime: 17.03.2010, 10:42 - 17.03.2010, 10:44
Qperator: SN
Dateftime: 17.03.2010, 10:42 - 17.03.2010, 10:44
Instrument: Textest FX 33001, sin; 1198

Nominal:
Min:
Max;
Tests.
Cl:

97.0 cmfcmfs
87.3 emYemds
107 emilomls
10

‘ 116 eorloneld
107 cimetoamtls'

1 97 0 enfem?fg-m--t=—

g Jemieals

| 776 o

776 cosiome/ 7 3 cmbemls

AN 3
o7 Goicrdis 107 amlomils {116 crtntls)

Test Report no. 201€.03.17, 10.42.11 LBD

Page ! .
i




SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17, 10.54.06.L8D

- LBD240

1

Style: STYLE- Dateftime: 17.03.2010, 10554 - £7.03.2010, 1108 |
SAMPLE (D C- 990 Operator 5N !
PARTICULARS 1: FABRIC SAMPLE
PARTICULAR 2. MARK:72
Static Air Permeability
Test pressure: 125Pa Dateftime: 17.03.2010, 10:54 - 17.03.2010, 11:05
Test area; 3 em? Insirumen: Textest FX 3300411, s/n: 1198
1 5.1 cmYemds
z 556 cmicmils
3% 57.2 cratem?s
4: 561 erm¥fomis
& 63.3 cm¥em?s
8; 53.1 cmlfomis
T 589 cm¥fomis
8 5§70 cmYem?s
9 594 cmiicmis
10: 574 cm¥emts
Commentary;
fug: 578 onflorils  Nominal 578 omonfls [ <o !
Min; 55.1 emdiemis Min; 520 cmflem?fs 836 cmle?ls. N |
Max. 633 cmlemils  Max: 636 omilomfls | 57 Bemmis e St |
' 41 % Tests: 10 s20¢mieni, ;
Cl: 28 % C 48 2 emicaris) 19
| \ |
‘ NN
| WA |
[B.2emficis2 Gemiienls 578 omfomls  636cmlomls 89.4 cmPlones

Test Rerrt no. 2010.03.17. 10.54.06.LBD

Page 1




SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17, 11.16.18.LBD

- LBD240

Style: STYLE- Dateftime: 17.03.2040, 11:16 - 17.03.2010, 11:20
SAMPLE ID; £-991 QOperator, SN
PARTICULARS 1. FABRIC SAMPLE
PARTICULARZ  MARK: 81
Static Air Permeability E
Test pressure; 125 Pa Dateftime; 17.03.2010, 11:18 - 17.03.2010, 11:20 I
Test area: 38 cm? Instrument Textest FX 330011, sin: 1198 |
\
1: 147 cm¥fom?ls
Z 146 cmifem?ls
k3 146 em¥em™s
4 128 emifemis
5 142 ¢mifemfs
6 137 cmfem?fs
T 147 cm¥icmis
8: 145 cmicms
) 143 em¥emls
10: 138 em¥em¥s
Commentary
Avg 142 cmiiem?s  Nominal: 142 el [ t0emonish
Min: 128 cm¥omdls  Min: 127 emifemdls 186 a'ins
Max 147 cmiemdls Max 156 cmticmifs 142 ety —— - SN
cv: 42 % Tests: 10 127 embiems N
Cl 30% Cl 113 s 9 |
g RN\ i
; N\ § ‘
N\ S
3 Q §§ ik
{513 Sl 127 cviomls 142 s _onns ()Gt |
| TestRepprtno, 2010.03.47, 11.16.46.L8D

Page 1




SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17, 11.25.45.LBD 4 LBD240
Style: STYLE- Dateftime: 17.03.2010, 11:25 - 17.03.2010, 11:32
SAMPLE ID: C-992 Operator. SN

PARTICULARS 1. FABRIC SAMPLE
PARTICULAR 2. MARK:82

Static Air Permeability

Test pressure: 125 Pa Dateftime: 17.03.2018, 11:25 - 17.03.2010, 11:32
Test area: B\em? Instrument: Textast FX 3300-11i, sin: 1198
1 101 ¢m¥iem¥'s
z 111 em¥emdls [:
¥ 107 em¥emis
4 12 cmdiems
5 90.7 comems -
6: 18 cm¥emdls +
T 108 emdlemiis
8 117 cm¥em?is +
& 93.0 cmom®s -
10 95.6 cmYem®s
Commentary.
Avg: 105 cr¥emils  Norminal 105 ey | 127 aniiontls .‘
Min: 907 cmifemis - Min: 949 cmlemds | vbomoms AN i
Max. 18 em¥ferm¥s + Max 196 cmomdls | 10 ammts e I
oy 93 % Tests: 10 P gagomicns o
Cl: 57 % ¢l 84 3 e, ) 10}
ey - . |
T NIRRT
‘ NN ¥
NN S i
N
RN QN N
B4 3 amfen?iBd S omPiemis 105 cmemls 11Ecm'lcm‘ﬁs 127 cw‘fcmfs'

Test Report 10, 2010.03.17, 11.25.45.L8D Page 1 |




SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17,11.37.43.LBD

STYLE-1 Dateftime:
C-993 Operstor;

PARTICULARS 1: FABRIC SAMPLE

17.03.2016, 11:37 - 17.03.2010, 11.42

< 1LBD240

—y

MARK : 9.1

Static Air Permeabilty
12593 : Cate/time: 17032010, 11:37 -17.03.2010, 11:42
3B om? instrument; Textest FX 330011, si: 1198

91.5 cm¥cmfs
895 cmlomds
977 cmemils
106 emdiems
100 cmlemtls
10 cm¥ems
11 emomdls
104 emem?s
- 976 cmifemils
918 cm¥em®s

101 em¥emfs Nominal: 101 em¥fem?s 121 ool

815 em¥em¥s M 08 cmiemils i1 o'y

11 em¥iem®fs Max: 11 cm¥fem¥s 101 ersientls:

67 % Tests: 10 908 emiiemls

48 % Cl | ®Tann
2 \‘
| \
| N
} N
I
BO7 crriom T & erinels

/:/75
)

Sl A

@

T enflemts 129 emim?rs

Test Report no. 2010.03.17, 11.37.43.LBD

Page1




SITRA, COIMBATORE, INDIA

Test Report no. 2010.03.17, 12.03.58.LBD

S LBDZ4U

Styse: STYLE Datehime:; 17.03.2010,12:03 - 17.03.2010, 12:08
SAMPLE IO C- 994 QOperator: SN
PARTICULRRS 1:  FABRIC SAMPLE
PARTICULAR 2. MARK:92
Static Air Permeabifity
| Test pressure: 125Pa Date/time: 17.03.2010,12.03 - 1703 2010, 12:0¢
Test area: 38 cm? instrument: Textest FX 3300-11l, s/n: 1158
1: 663 cmYicm¥s
2 621 cm¥omifs
3 723 cmiems
4 69.0 cm¥lem¥s
5 65.0 cmPicmils
6: 68.0 cmdicms
T 74.9 cmYcmls
& 64.3 cm¥lem¥s
8 69.3 cm¥ems
10: 846 cmilcmifs
Commentary
Bvg: 674 cmfem¥s  Nominal 874 cm¥iemis Sﬂﬂffﬂ"cm%i "
Min: 621 cm'lems  Min: 806 cmilems 741 eitem’ls o "
Mazx; 723 em¥femis Max. 741 emiemfs [ 67domilenls - —, LA =
Cv: 49 % Tests: 10 506 cilomels |
cl 35 % cl 539cm’!cm’!! 1
I
! N Q i
, N .
\\ \ N
ENNIEN |
538 i i606 cm’fcm‘-s 6? 4 wr‘!rm'ls T41 ciontis 60,3 omvienrle

Test Report no. 2010.03.17, 12.03.58.LBD

Page 1




