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ABSTRACT

Denim garment isgetting popular day by day. It ishighly demandablebecause of itsver satility, comfort
and durability. Different techniquesof denim washingincreasethisdemand drastically. Denim washing
istheprocessto enhancetheappear anceof agar ment. Thisenhanced appear ancemay betheaged ook,
faded look, greyer cadt, or any other shadesettingor resin application. Thetwomost advanced washing
techniques are; ozone wash and laser wash. The effects of ozone on environment aswell ason the
garment aresignificant and cannot be neglected because number of benefits achieved such astime
saving, lessener gy consumption, chemical, labour cost reduction, lessdischar geof water and chemicals.
Therefor e, effectsof processpar ameter son ozonewashing for denim fabric havebeen investigated in
thisresear ch work usingthreelevel factorial design. 3*factorial design hasbeen designed and conducted
to investigate the effect of gas concentration, time and speed on the response variables namely;
Shrinkage, Tensileand Tear strength of ozonewashing. Theinfluenceof individual factorsand their
interactions hasbeen critically examined using softwar e Design Expert 8.0. Prior to theanalysis of
variancemodel accur acy hasbeen examined through variousresidualsplots. Thestudy of residuals
plotsshown that theresidualsarenormally distributed and significant evidence of possibleoutliers
wasnot found. Sothemodel can beused to predicted resultswith 95% confidenceinterval. Theresults
from theexperiment suggest that two out of threefactor sweresignificant, which are speed and time
that influencesmainly on thetear strength of thedenim garment.

KeyWords: Factorial Design, OzoneWashing, Shrinkage, Tensile Strength, Tear Strength.

1. INTRODUCTION

enim garment is getting popular day by day processwhich improvesthe chemical, mechanical aswell
and becomes highly demandable because of asthe aesthetical propertiesof denim garment [2-4]. Ozone
its versatility, comfort and durability [1]. Washing for denim garment is an advanced waterless
Different techniques of denim washing increase this technology whichisnot being utilized at production level
demand drastically. Washing is the process to enhance in industry due to lack of awareness The influence of
the appearance of adenim garment; it isthe value added washing on the properties of the denim garment had been
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investigated earlier [5-8]. Technology of industrial denim
washing including stone wash, micro sanding, denim
bleaching, enzyme wash and acid wash had been reviewed
by some researchers [9]. Sustainable and ecological
finishing technology for Denimincluding laser finishing
and ozone fading had been studied [10]. The authors
discussed that the integration of such technologies into
the conventional washing lines will ensure that vintage
looks and other fashion effects can be created on jeans
with much less water. In such cases, the effluent output
is reduced to a negligible quantity, thus transforming
denim washing to an environmentally friendly process.
Some parameters affecting dry and wet ozone bleaching
of Denim fabric had been investigated earlier [11].
However, most prior studies did not experimentally
evaluate the effect of ozone gas concentration, speed
and time on mechanical properties of denim fabric.
Furthermore, DOE (Design of Experiment) isastatistical
technique used to identify key factors and levels that
influence system performance and variability. This
technique is especially useful when there is need to
understand the interactions and effects of system
variablesin an absence of concreteinformation [12]. This
research work scrutinizesthe effects of process parameter
of ozone washing on the properties of denim garment
using factorial design. After an extensiveliteraturereview,
key factors namely gas concentration, speed and time
had been identified which are statistically examined
through 32 factorial design. Ozone effect on mechanical
properties of the denim was studied through the
measurement of ultimate tensile strength, tear strength
and shrinkage respectively.

2. EXPERIMENTAL
21 Fabric

The composition of fabric under consideration is 70%
cotton, 28% PET and 2% Lycra. The quality of thefabric
is3/1twill weighs9.50 Oz. Thefabric wasdyed withindigo
dye and used without any prior distortion.

22  Method

The ozone washing process is carried out as follows;
in the first stage denim fabric sample was rinsed with
tap water and squeezed with hydro extractor. In the
second stage the sampleis placed in the ozone washing
machine and the process parameters namely gas
concentration, speed and time have been set according
to the 3% experimental design arrangement as stated in
Tables1-2.

2.3  Experiment Design

38 factorial design was used to investigate the effect of
different factorsnamely: (i) gas concentration, (ii) speed
and (iii) time on ozone washing of denim garment. A 32
factorial design of 27 was run according to the design
matrix shown in Table 1. The experimentswere performed
inrandom order. Theresultswere analyzed using software
Design Expert 8.0. The responses investigated were the
shrinkage, tensile and tear strength in both warp and weft
directions. The details of the experimental design

arrangement are shown in Tables 1-2.

TABLE 1. POTENTIAL DESIGN FACTORSAND RESPECTIVE LEVELSUSED IN IN 3* FACTORIAL DESIGN

Levels
Factor Name
-1 0 +1
A Gas Concentration 30% 60% 90%
Gas Concertration Speed 10 rpm 15 rpm 20 rpm
B Time 10 min 30 min 40 min
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2.4  Evaluation of FabricProperties

The samples processed were conditioned (at temperature
25+1°C and relative humidity 65 +1%) before the
evaluation of fabric properties. Tensile strength values
were assessed by grab test method [13]. Tear strength
valueswere evaluated used EImendorf [14]. Shrinkage of
the fabric is evaluated by standard test procedure [15].

TABLE 2. 33 FACTORIAL DESIGN MATRIX

Run Comgﬁation ?r?)erﬁ? '(I’::S
(Wt/wi%b)
1 60 10 30
2 30 15 10
3 30 10 30
4 90 20 20
5 90 10 10
6 30 20 20
7 90 15 10
8 60 10 10
9 60 20 10
10 30 10 10
n 30 20 30
12 60 15 10
13 90 20 30
14 90 15 20
15 60 15 20
16 60 20 20
17 60 20 30
18 90 20 10
19 30 10 20
20 30 15 20
21 60 10 20
22 30 15 30
23 90 15 30
24 30 20 10
25 90 10 30
26 60 15 30
27 90 10 20

3. RESULTS AND DISCUSSION

After processing the experimental trials, shrinkage, tensile
and tear strength values were measured. The results
obtained from the different experimental trials are
presented in Table 3. All the response variables were
statistically analyzed using software Design Expert. The
ANOVA (Analysisof Variance) isshown in Table 4. The
results from the experiment suggest that two of the three
factors namely speed and time were significant for the
Tear strength.

TABLE 3. EXPERIMENTAL RESULTS OF 3 FACTORIAL

DESIGN

an | S0 | e | T S

Warp Weft Warp Weft Warp Weft
1 -04 -0.4 72.0 64.0 8.064 7.68
2 -0.8 -0.8 73.1 70.1 9.6 9.152
3 -1 -1.0 69.1 63.0 7.424 | 9.088
4 -04 -0.4 73.0 63.4 7.424 | 7.808
5 0.2 0.2 74.6 71.0 9.024 9.088
6 -1.0 -1.0 714 69.5 7.808 8.832
7 -1.0 -1.0 69.5 69.6 9.6 9.984
8 -1.0 -1.0 73.8 74.0 9.088 8.96
9 -14 -14 73.1 72.1 8.704 9.6
10 -0.4 -0.4 78.1 65.9 8.448 8.32
1 -1.0 -1.0 72.3 65.2 7.296 | 8.448
12 0.6 0.6 794 64.1 8.704 | 9.984
13 -1.0 -1.0 72.5 65.0 7.808 9.088
14 04 04 78.4 66.2 8.064 | 8.832
15 0.2 0.2 77.2 70.6 8.96 8.512
16 -1.0 -1.0 73.9 711 8.064 9.6
17 -20 -2.0 71.2 66.2 7.552 8.832
18 -0.4 -0.4 74.0 71.6 8.32 8.832
19 0.4 04 73.8 67.1 9.6 8.0
20 -14 -14 714 75.0 7.808 8.064
21 -0.6 -0.6 68.1 67.5 8.064 | 8.576
22 0.0 0.0 73.0 62.2 7.936 7.04
23 -1.0 -1.0 73.9 71.1 8.064 9.6
24 -1.0 -1.0 76.2 75.3 8.448 | 9.728
25 0.2 0.2 69.1 64.8 7.296 | 7.424
26 0.0 0.0 69.4 65.2 8.192 | 8.192
27 -0.6 -0.6 70.0 74.2 7936 | 8576
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Table 4 shows the ANOVA results of ozone washing for
denim garment. Themodel p-value of 0.0012 implied that
the respective model issignificant for ozonewashing. As
can be seen in Table 4, the p-value of factor B-speed and
C-Timeislower than 0.05 therefore, both B-speed and C-
time are significant model terms for ozone washing of
denim garment.

Themainfactor plots of speed and timeareshownin Figs.
1-2. Fig. 1 showed that Tear strength increases as the
speed increasestill level of 15rpm and start decreasing as
the speed goes above this value. Fig. 2 depict that the
Tear strength decreases as the time increases from 10
min. Asmore contact of fabric to the machine along with
0zone gas, abrade the surface of the denim due to which
strength decreases. After the statistical analysis, it is
evident that speed and time are the main potential
parameters of the ozone washing that influences mainly
on the tear strength of the garment.

Influence of Gas Concentration: Ozone gas
concentration is not playing a significant role on any of
the mechanical property of denim fabric. Thisisbecause,
when weincrease the concentration of the ozone gas, the
speed of the machinewill increase and the treatment time
will reduce respectively. So there is no noticeabl e effect
on tear strength of the denim fabric. However, tear
strength will certainly reduce, if gas concentration will
increase keeping speed and time constant.
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FIG. 2. EFFECT OF TIME ON TEAR STRENGTH

TABLE 4. ANOVA FOR SIGNIFICANT RESPONSE

Source Sum of Squares df Mean Square F -Value p-Value
Model 7.90 6 1.32 5.87 0.0012
A-Gas Concentration 0.19 2 0.096 0.43 0.6578
B-Speed 1.73 2 0.86 3.85 0.0386
C-Time 5.98 2 2.99 13.32 0.0002
Residual 4.49 20 0.22
Cor Tota 12.39 26
Std. Dev. 0.47 R2 0.9376
Mean 8.27 Adj R2 0.9001
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Influence of Speed: Tear strength increases asthe speed
increases at level of 15rpm and start decreasing as the
speed goes above this value this is because at the start
ozone strengths the material but as it goes on with high
speed the tear strength get reduced.

Influence of Time: Tear strength decreases as the time
increases. Because the more contact of fabric to the
machine along with gas, abrade the surface of thedenim,

consequently strength decreases.
4. CONCLUSION

The statistical analysis of significant factors namely gas
concentration, speed and timeincluding ANOVA has been
conducted for ozone washing of denim fabric. During
this experimental study, following levels of process
parametersfor ozone washing are recommended that will
help to improve the quality of denim fabric aswell asthe
economy of industry. As the gas concentration does not
have significant effect on any of the considered
responses, so it should be taken at the minimum level of
30%. This will reduce the consumption of gas that will
ultimately increase the economy. Keeping rest of things
constant, speed and time arethe main potential parameters
of ozone washing that influences mainly on the tear
strength of the garment. Speed and time should be
maintained at 15 rpm for 10 min, if high tear strength of
denim fabric is required. The remaining mechanical
propertiesi.e. tensile strength (warp & weft) and shrinkage
(warp & weft) do not have significant effect asundertaking
the three parameters i.e. Gas Concentration, Time and
Speed.

S. FUTURE WORK

The optimization of the process parameters on tear
strength isrecommended by the authorsfor the extension
of this work. Furthermore, as the effect of mechanical
properties of denim garment on exposure to 0zone gas

was successfully analyzed, future work may comprises
of analysisof chemical properties of the garment such as
colour fastness to washing, crocking and laundering.
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