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Abstract Denim garments are most preferred of today’s youth for the amelioration of its aesthetic sensibilities after
washing which can be delineated as a magnanimous approach of imparting worn-out look, embellishment of appearance
and improvement in the comfort ability of the garments. This project aimed to represent the pragmatic scope of reactive dye
as an alternative of profusely used vat dye and has been successfully introduced on woven denim to mitigate the drawbacks
of water insolubility of dye, extra processing of dye reduction, physical attachment of dye-fiber and finally long dyeing
time of indigo, vat or sulphur dye. Various washing effects like Bleach, Potassium Permanganate (PP), Enzyme and
Enzyme-Stone washing techniques were developed assiduously to obtain the desired fashion effect in terms of color fading
and high wear performance in terms of longevity/minimum breaking strength losses of denim. 100% cotton denim (woven)
with twill weave 3/1 construction was used in this project. At the denouement of the project, physical and mechanical
properties of treated and untreated cotton denim fabric was investigated in terms of breaking strength, elongation at break,
weight loss%, shrinkage% and color fading. Reflectance, whiteness, K/S value and CMC value of the washed samples were

also investigated to bolster the washing performance of reactive dyed denim.
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1. Introduction

Denim is sturdy cotton warp-faced twill weave textile
fabric in which the weft passes under two or more warp
threads and produces a diagonal ribbing that distinguishes it
from cotton duck and is considered a very strong, stiff and
hard wearing fabric [1,2]. Popularity of garment washing
especially of denim garment in the world market is
increasing day by day. Large number of washing factory is
being established in Bangladesh to execute the buyer
increasing requirement [3,4]. In the rough, washing
technology is used to modify the appearance, size, outlook,
comfort ability and fashion of the garments and mainly
applied on denim goods and any other garments to provide
with a lucrative economical and glassy appearance along
with performing the key treatments like removing insoluble
matters, matters already in solution or an emulsion of other
impurities from the fabric [5-7]. It is drastically one of
the most widely used finishing treatments that have vastly
used due to its effect on appearance and comfort ability and
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without washing, denim garment is uncomfortable to wear
due to its weaving, printing and dyeing effects. It essentially
needs a finishing treatment to make it soft, supple and
smooth which enhance wearer’s comfort [8,9].

From the very beginning, natural indigo are being
extensively used for denim dyeing specially the warp yarn
since dyeing of cotton warp yarns with indigo is usually
considered key to the denim fabric manufacturing process
and usually colored warp and grey or white weft yarn and
used for jeans, work clothes, casual wear even for Vehicles
and art business also [10]. Though in earlier stages, warp of
denim used to be dyed with natural indigo but with the
development and characterization of first synthetic indigo
dye in 1880's German chemist Adolf von Baeyer has
brought a revolution in textile dyeing techniques which
triggered off the culmination gradually with the
improvement in denim wear [11]. Due to the reason of its
insolubility in water and lack of affinity to the fiber, in
ancient years indigo dyestuff used to be fermantated in
wooden vats in vatting process, is supposed to be the origin
of vat dyes. Indigo dyes are used for fashion dyeing of
denim and fibers dyed with indigo are not included in
fiber-transfer examinations rather the dye remains on
surface through ring dyeing mechanism which refers to lack
of full penetration of dye all the way to the core of the yarn
[12,13]. Maximum dyes are stained on to the fiber surface
that form layer of dyes there while only a few dyes are
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partially diffused to the interior of fiber in perimeter dyeing
mechanism and show poor washing fastness also [14].
Before dyeing denim warp, indigo dye needs to be activated
and converted into water soluble leuco-form to increase the
affinity towards fiber. Activation or reduction of indigo dye
takes place in certain conditions with the presence of
hydrosulfite in alkaline medium and caustic soda (NaOH) is
used to assert the medium. Reduction of indigo dye is
highly hazardous for human health and environment since
toxic, carcinogenic reducing agents are used for this
purpose and fume generated during dye reduction causes
different health hazard also. Due to this reasons a big
portion of industries are now motivated to practice
sustainable design and production throughout the textiles,
like the use of prereduced indigo, vat or sulphur dye which
is considered environmentally safe. The another reason for
indigo dyestuff not being fully penetrated into the fiber is its
bigger molecule size and hence dye only adheres to the
surface and remains at outer surface of the fiber. The inside
stays white. After reducing and dyeing, dyed ropes have to
be aerated through oxidation process so that the dye and
fiber can be fixed together [15,16]. All of these characters
of indigo lets denim fabric to have its final look with
different types of washing and finishing applications and
enables denim fabric to gives a real life to the fabric since it
abrades or fades continually.

Different wet washing processes of garments like normal
wash or rinse wash, pigment wash, caustic wash, silicon
wash, enzyme wash, stone wash, stone enzyme wash,
bleach wash, acid wash are being frequently used [17,18].
Characterization and process optimization of indigo dyed
cotton denim garments along with investigation of
sustainable and consumer friendly approach are practiced
by researchers [19]. To keep up with the quickly changing
demands of customers and environment issue, technologists
are experimenting with new design and fashions not only by
using different washing methods for denim garments but
also different dyeing techniques also. Scope of knit denim
and dyeing of knit denim with reactive dye are also
discussed by researchers and established a motto that
besides indigo dye, reactive dye has also been used
now-a-days in denim dyeing which creates strong covalent
bond with cellulose and fixed with fiber with a strong
dye-fiber interaction [20].

Though indigo dyeing of denim provides a real and living
look after washing, it consumes time and money more
and extra processes like reduction of dye before yarn
dyeing process, oxidation after dyeing, desizing before
implementation of washing techniques and extra manpower
is also needed to handle those processes. In This study, to
overcome the limitations reactive dye (Novacron group) has
been proposed and successfully introduced on woven denim
(denim of 100% cotton yarn). By this way extra process of
reduction which is considered hazardous for human health,
oxidation, yarn dyeing and even fabric desizing before
washing can also be omitted. Denim fabric dyeing with

reactive dye also provides washing effect when treated
with different wet washing techniques like bleach wash,
PP wash, Enzyme wash and enzyme-stone wash also.
Characterization in terms of mechanical and physical
properties of the washed sample shows that it can be a good
alternative for the high cost indigo dye in near future.

2. Materials and Methods

2.1. Materials

The denim (woven) fabric comprised 100% cotton having
specification Warp Count of yarn - 7.10°, Weft Count of yarn
- 7.94°, EPI-71, PP1-40, GSM (Grams per Square Meter) 368,
3/1 warp faced twill. The denim fabric was dyed using a
typical recipe with reactive dye (Novacron, Bangladesh)
yellow, red, blue and Combine (RYB) and followed by
different washing techniques. During these processes
different auxiliaries were used like, Sequestering agent
(Resotex-600S, India), Detergent (SDC Enterprise, UK),
Bleaching powder (Eastern scientific LTD. Dhaka,
Bangladesh), Soda Ash (Merck KGaA, Germany),
Potassium Permanganate (Merck KGaA, Germany),
Cellulase Enzyme (Dysin, China), Anti back staining agent
(Dysin, China), Hydrose (Dysin, China), Caustic Soda
(Merck specialties Pvt. Ltd, India), Acetic Acid (India),
Sodium metabisulfite (Merck specialties pvt. Itd, India),
Pumice Stone (Bangladesh), L-histidine mono hydrochloride
mono hydrate (Sigma-Aldrich, USA), Disodium hydrogen
orthophosphate dehydrate (Sigma-Aldrich, USA) etc.

2.2. Methods

2.2.1. Dyeing Method

To prefer the effective dyeing process a typical recipe of
dyeing was used where 2% shade of reactive blue, reactive
yellow, reactive red and reactive combine (RYB) dye
(Novacron) was used separately to get 4 reactive dyed
samples. Common salt (50g/l) and soda (10g/l) were used by
dosing. Dyeing was carried out in sample dyeing machine at
1:30 (M: L) ratio. Hydro extraction after dyeing was carried
out to remove excess water from fabric and finally fabric was
dried at 60°C temperature. Reactive blue dyed sample is
indicted as S*, reactive yellow by S? reactive red by S* and
reactive combine (RYB) dyed sample was marked as S* for
easy understanding.

2.2.2. Washing Effect on Reactive Dyed Sample
Bleach Wash

Bleach wash of reactive dyed samples were carried out by
a typical recipe of bleaching powder (10g/l), soda ash (5g/l),
sequestering agent (2ml/l) at pH —10, and 1:5 material-liquor
ratio. Washing was carried out for 20 min at 40°C
temperature in Rota Wash machine (SDLM228B, SDL
Textile Machine Co. England). After washing hot wash
was carried out at 60°C for 5 min and followed by cold
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wash for 5 min. After that processed denim fabric was
squeezed in a laboratory scale hydro-extractor machine
(NISHO-NH-EX-10, CHU CHEONG CO. PFE. LTD,
Singapore) at 200 rpm for 4 min and dried in a tumble drier
(TVR2, SDLATLAS, UK)) at 75°C for 40 min.

Potassium Permanganate (PP) Wash

Potassium Permanganate wash of reactive dyed samples
were carried out by a typical recipe of Potassium
permanganate (5g/l), Sodium metabisulfite (1.5g/1),
Sequestering agent (2ml/lI) at 1:5 material-liquor ratio.
Washing was carried out at 40°C for 20 min in Stone
washing m/c (NISHO-NH-WH-25, CHU CHEONG CO.
PFE. LTD, Singapore). After PP wash, hot wash was carried
out at 60°C for 5 min followed by cold wash for 5 min
and finally neutralized in Sodium metabisulfite solution
for 20 minutes. After that processed denim fabric was
squeezed in a laboratory scale hydro-extractor machine
(NISHO-NH-EX-10, CHU CHEONG CO. PFE. LTD,
Singapore) at 200 rpm for 7 min and dried in a tumble drier
(TVR2, SDL ATLAS, UK) for 30 min.

Enzyme Wash

The process was conducted in liquor containing acetic
acid (Iml/l), anti back staining agent (2g/l), wetting agent
(1g/), sequestering agent (2ml/l) at pH 5.5 and material to
liquor ratio of 1:5 with cellulase enzyme in the washing

machine. Concentration of cellulase enzyme was kept 1.5g/1.

The process was carried out at 50°C temperature for 40 min.
After enzymatic treatment hot wash (60°C) and cold wash
were carried out chronologically. Finally Processed denim
fabric was squeezed in hydro-extractor machine (7min) and
dried in tumble drier for 30 minutes.

Enzyme & Stone Wash

Enzyme and stone wash was carried out in liquor
containing Acetic acid (1ml/l), Anti back staining agent
(2gm/l), Wetting agent (1gm/l), Sequestering agent (2ml/l)
at pH 5.5, material to liquor ratio 1:5 with cellulase enzyme
(1.5g/1) and pumice stone (10kg). The process was carried
out for 40 minutes at 50°C in stone washing machine. After
enzymatic treatment hot wash (60°C) and cold wash were
carried out chronologically. Finally Processed denim fabric
was squeezed in hydro-extractor machine (7min) and dried
in tumble drier for 30 minutes.

2.2.3. Testing and Analysis

To obtain product performance, washed denim fabric
samples were tested using Abrasion Tester (SDL, UK),
perspirometer (FINEETE, Hong Kong), crock meter
(MESDAN, Italy) and tensile strength tester (Goodman,
England). The specimens used for breaking strength
investigation were cut in the warp direction only. Before
testing samples were conditioned in testing laboratory at
65% relative humidity and at 20°C for 24 hour (ASTM D
1776 2008). All experiments were carried out in standard
atmosphere for testing according to the standard 1SO 139.

Color fade of the fabric due to rubbing (ISO 105 X12)
wash (ISO 105 CO3) and alkaline perspiration (ISO 105 —
EO4 1994) was examined and rated using gray scale for
color change according to AATCC test method 61 (2010).
Verivide Light Cabinet (K-50-3, Verivide, UK) was used
to assess the samples. Breaking strength and elongation
at break was determined using fabric strength tester
according to ASTM D 5034 (2009). Dimensional changes
(shrinkage %) was calculated from the difference in fabric
length before and after treatment according to AATCC test
method 96 (2009). Abrasion resistance was examined by
Martindale (Abrasion Tester). Weight loss (%) in fabric was
calculated from the difference in fabric weight (GSM) before
and after the treatment according to ASTM D 3776 (1996).
Electric Balance (Precisa, BJ1000C, Precisa Gravimetrics
AG, Switzerland) was used for precision weighing of
samples and chemicals. CMC, Whiteness and reflectance
were assessed by using Data color spectrophotometer & K/S
values were examined by -

K _ (1-1)2
s T e

Where, K/S is the color strength and R represents

reflectance of the sample.

Kubelka - Munk equation,

3. Result and Discussion

3.1. Measurement of Weight Loss%

Weight loss% of the denim washed samples is a crucial
aspect of washing as it is related to profit, washed fabrics
quality, durability, comfort ability & other properties.
Weight loss% of reactive dyed denim fabric is negligible
than the typical vat or indigo dye which merely attached
with yarn by physical attachment. This is because, reactive
dye creates strong fiber-dye covalent bond with cellulose
chain; hence there is less scope to provide chance to the other
agencies to destroy fiber. However, among all types off
washing techniques in case of bleach wash & PP weight
loss% is moderately high because oxidative treatment of
cellulose caused some damage on cellulose. In contrary,
during enzyme wash, cellulase hydrolyzes cotton attacking
projecting fibers (micro-fibrils) on surface, then attacked on
yarn portion but hydrolyzes them very slowly. That’s why,
cellulose degradation or weight loss% in case of enzyme and
enzyme-stone wash is insignificant.

Table 1. Weight loss% of washed samples

Weight loss% of reactive dyed Average

Washing Type samples of different color Weight
s1 S2 S3 S4 loss%
Bleach wash 0.23 0.22 0.20 0.33 0.245
PP wash 0.40 0.13 0.09 0.30 0.23
Enzyme wash 0.03 0.016 0.03 0.28 0.09
Enzyme -Stone |05 | 010 | 009 | 028 | 0.3

wash
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3.2. Dimensional Change & Shrinkage%b after Washing

Denim shrinkage after washing is closely related to the
change in its structural characteristic. In the phase of garment
design, it is necessary to assess fabric shrinkage; otherwise
dimensions of a ready-made article will mismatch with the
designed ones. Analysis of the obtained results demonstrates
that upon the influence of washing a garment shrinks,
however, with different shrinkage value. From below table
(Table 2) it is clearly noticed that, none of the samples of
reactive dyed denim exceeds the allowable standards of
Shrinkage % (allowable standard is 2% according to LST EN
25077:1996) in the both warp and weft direction. From the
below graph of average shrinkage% of the washed samples it
can be observed that, average shrinkage% in warp direction
(lengthwise) in case of bleach wash process is more than
others but in weft direction (widthwise) Enzyme wash shows
more average shrinkage% than other washing techniques.

3.3. Breaking Strength and Elongation at Break

Washing processes should not create any adverse effect on
the breaking strength and elongation at break of the samples
while compared with the untreated samples. Noticeable
higher drop in breaking strength values after PP wash than
any other wash is clearly indicative of a relatively higher
response of the PP (oxidative reagent) on cotton yarns.
Moderately higher breaking strength and negligible change
in elongation at break after enzyme and enzyme-stone wash
than the other washes is the sign of slow and mild attack or
hydrolysis of projecting fibers or micro-fibrils and then on
the yarn portion by cellulase and minimal distortion of the
fabric samples after enzyme treatment.

Table 2. Dimensional Change & Shrinkage% after washing

Fabric length in cm Fabric length in cm .
Wash Name Sample (Before wash) (After wash) Shrinkage?
Color

Warp Weft Warp Weft Warp Weft

st 33.75 29.00 33.6 28.75 0.44 0.86

s? 31.05 28.65 30.45 28.5 1.93 0.52

Bl s 34.15 28.80 34.05 28.65 0.29 0.52
st 33.30 28.00 33.2 27.95 0.30 0.17

st 32.35 28.75 32.15 28.6 0.62 0.52

s? 30.65 28.35 30.55 28.2 0.33 0.53

PR Sy 33.90 28.65 33.75 28.55 0.44 0.35
st 33.80 28.35 33.65 28.05 0.44 1.06

st 34.70 28.70 34.55 28.55 0.43 0.52

EwW. s? 31.90 28.80 31.75 28.5 0.47 1.04
s 33.60 27.80 335 27.6 0.30 0.72

st 34.35 28.50 34.25 28.35 0.29 0.53

st 35.60 29.00 354 28.85 0.56 0.52

Esw s? 30.55 28.40 30.35 28.25 0.66 0.53
s 33.70 28.35 33.45 28.15 0.74 0.71

st 33.95 28.90 33.75 28.75 0.59 0.52

Here, BL.W. = Bleach Wash, PP. W. = Potassium Permanganate Wash, E.W = Enzyme Wash, E.S.W = Enzyme-Stone Wash

0.8 ,
0.6
0.4 M Average Shrinkage%
02 Warp
0 - , . . M Average Shrinkage%
Weft
Bleach PP Wash Enzyme Enzyme -
Wash Wash Stone
Wash

Figure 1. Average Shrinkage% of samples after washing
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Table 3. Breaking Strength and elongation at break (Warp) of samples before and after wash

Reactive dyed Samples of different colors
Wash st = = st
Type
F € F F € F €

B.W 981.3 215 862.4 20.1 946.7 211 1029.8 21.8
BlL.W 859.6 21.0 852.3 20.9 831.5 19.3 798.9 18.7
P.P.W 535.9 18.7 702.4 18.4 463.8 18.3 470.5 17.7
E.W. 803.9 20.5 829.7 19.3 870.1 20.5 923.8 20.5
E.S.W. 847.3 21.2 836.4 20.6 860.7 20.9 896.3 215

Here, B.W. = Before Wash, BI.W. = Bleach Wash, PP. W. = Potassium Permanganate Wash, E.W = Enzyme Wash, E.S.W =
Enzyme-Stone Wash, F = Breaking Force (N); € = Elongation at Break (mm)

3.4. Reflectance

Spectrophotometers differ from colorimeters in that they
measure reflectance for various wavelengths in the spectrum.
In the case of reflectance measurement, the quantity
measured is termed Reflectance Factor and is defined as the
reflectance of the sample at a given wavelength compared to
the reflectance of the perfect diffuse white measured under
the exact same conditions.

The reflectance value describes the reflection of a
particular dye by a particular fiber. The reflectance values of
the tested specimens are shown in Table 4. It has been found
that reflectance% of the samples after PP wash and
enzyme-stone wash show comparatively better performance
than the other samples. This is the pellucid indication that
oxidative agent like potassium permanganate (PP) increases
the reflectance of washed samples. When reactive dyed
samples are treated by enzyme along with pumice stone,
reflectance also increased due destruction of floating fibers
by enzyme and strike of pumice stones.

Table 4. Reflectance of samples before and after wash

Sample Reflectance value of Different Washing Techniques
Color Before Bleach PP Enzyme Enzyme -
wash wash wash wash Stone wash
st 19.22 40.37 54.61 20.20 20.63
s? 83.24 82.39 83.46 83.06 84.14
s? 83.43 82.71 83.59 83.84 84.03
s 34.13 59.57 66.50 38.19 35.60

3.5. Whiteness

In general, the hair-like cotton fibrils are degraded and
partly detached from the main fiber chain and indigo dye
bonds are broken from the yarn surface. Rotating garments
inside washing machine hydrolyzes more bonds due to
mechanical friction, restores their original white color. But,
reactive dye is not merely surface attached rather it is
strongly bonded with cellulose that’s why restoring original
color of the denim yarn is hardly happened in this case. This
is the reason of finding the decrease of whiteness index of
samples after wash. The values of whiteness of different
washed samples are depicted in Table 5. After bleach wash
there is a little bit increase of whiteness due to bleaching
action.

Table 5. Whiteness of samples before and after wash

Whiteness of Different Washing Techniques
Sample -
Colgr Before Bleach PP Enzyme Enszt)é:wee
wash wash wash wash

wash
st 268 127.54 59.34 257.57 -248.86
s? -298.40 | -229.30 | -297.70 | -298.40 -295.90
s -32.89 57.69 26.93 -37.96 -26.65
st -87.43 -33.89 -204.50 | -81.55 81.44

3.6. Colour Strength

It was observed that color strength of denim fabric
decreased significantly after they were exposed to bleach
wash and PP wash but after enzyme treatment decrease in
color strength is minimal. A portion of the primary wall of
cotton is always in contact with enzyme during washing and
hence at the contact point, surface of fibers are decomposed
by the aqueous solution of the enzyme. Consequently,
enzyme washed denim become duller and color is faded than
the original one. But adverse effect of oxidative agent breaks
the conjugated bond of dyes and hence destroy the color
making the denim fabric fade and duller. For this reason
color strength after bleach wash and PP wash was drastically
reduced.

Table 6. K/S of samples before and after wash

K/S value of Different Washing Techniques
Enzyme -

Sample Before Bleach PP Enzyme Stone
Color wash wash wash wash wash

st 18.00 3.00 1.80 16.30 15.40

s? 18.10 3.95 16.10 17.10 16.10

s? 18.60 4.90 7.97 18.70 17.00

st 18.40 2.50 8.70 12.90 11.50

3.7.CMC

During washing, the part of the primary wall of cotton is
always in contact with washing agent like bleaching powder,
PP, enzyme or stone etc., so at the contact point fiber
surfaces are hydrolyzed by the catalysis of the washing
agents and then treated fabric becomes duller and color is
faded which is not a curse rather willingly obtained during
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washing. L, C, H values of washed fabric samples along with
the original one is shown in Table 7. The color difference
values which describe how far closes the trail closed to
standard sample are also listed in Table 7. It has been found
that, the color difference values of washed sample are more
for bleach and PP wash than enzyme and enzyme-stone
wash. This is due to the reason that concentration of enzyme
or activity of enzyme is not strong enough to break
covalent bond between dye and fiber. Hence enzyme and
enzyme-stone washed sample shows negligible deviation of
the before washed samples in terms of lightness/darkness,
chroma, hue angle and finally CMC value. But in case of PP
wash and bleach wash washed samples color was adversely
deviated from the untreated one and shows a great change in
appearance and outlook.

3.8. Abrasion Resistance

Abrasion resistance shows the ability of a fabric to resist
surface wear caused by flat rubbing contact with another
material in terms of wear index%. From the graph stated
below it is clear that, all the reactive dyed denim washed
samples show a great resistance against abrasion result is
almost zero which is the indication of maximum longevity,
serviceability and wear ability of the washed fabric.

Table 7. CMC values of samples before and after wash

Sample Color Wash Name L C H CMC
Before Wash 29.361 25.532 261.127 -
Bleach wash 48.054 14.712 255.212 13.26
st PP wash 60.794 7.259 219.935 23.63
Enzyme wash 30.205 24.895 259.162 0.98
Enzyme - Stone wash 31.053 24.382 258.199 1.65
Before Wash 65.838 88.423 64.001 -
Bleach wash 74.939 61.493 71.698 11.56
s? PP wash 68.080 88.675 65.495 1.91
Enzyme wash 65.998 87.052 64.651 0.84
Enzyme - Stone wash 66.680 87.030 64.467 0.75
Before Wash 40.237 61.976 6.557 -
Bleach wash 49.520 50.897 353.424 9.28
s? PP wash 48.842 58.504 358.943 6.32
Enzyme wash 40.109 61.726 7.277 -43.00
Enzyme - Stone wash 41.138 61.164 5.889 0.68
Before Wash 25.885 12.194 41.960 -
Bleach wash 49.397 13.944 30.734 16.78
s PP wash 47.714 40.993 53.924 27.67
Enzyme wash 29.059 13.190 39.386 2.52
Enzyme - Stone wash 27.270 12.052 41.099 1.03
Wire Index%
0.00025 X X
0.0002
0.00015
0.0001
0.00005 o o
0 - T T T 1 B Wire Index%
X R e 4
\e,bo N '\7\6\ &00
Q <& &
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Figure 2. Abrasion resistance of washed samples in terms of wire index% after 5000 cycles
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3.9. Color Fastness

After washed fabric should show resistance towards
different agencies like wash, water, perspiration, rubbing etc
which is described in a short term “color fastnesses. Washed
samples show moderate to high rubbing fastness and
comparatively better result was obtained in case of enzyme
and enzyme-stone wash. This is because dye -—fiber
interaction was rarely disturbed by the enzyme during
washing and enzyme did not engender any potential scope of

47

losing color due to rubbing. Comparatively less rubbing
fastness was observed in case of PP and bleach washed
sample for their retaining effect on washed samples. Washed
samples show excellent fastness properties to wash and
perspiration. Almost all the samples retain their original
color against further which is the indication of problem free
end-uses of the washed fabric. In case of enzyme washed
sample, denim fabric was noticed to show excellent fastness
to color fading and color staining.

Table 8. Color fastness to rubbing of samples after wash

Bleach Wash PP Wash Enzyme Wash Enzyme - Stone Wash
Sample Color
Wet Dry Wet Dry Wet Dry Wet Dry
st 4 5 3 4/5 3 4 3/4 4/5
s? 3 5 3 4/5 3 4 3 4/5
s 3 % 213 4/5 3/4 4/5 4 5
st 3/4 4/5 3 4/5 4 5 4/5
Table 9. Color fastness to washing of washed samples
Staining
Wash Name Fading Acetate Cotton Nylon Polyester Acrylic Wool
Bleach 5 4/5 4 5 4/5 4 3/4
PP 4/5 4 213 4 4/5 3/4 4
Enzyme 4/5 4/5 4/5 4/5 4/5 4/5 3/4
Enzyme - Stone 5 4 3/4 4/5 5 4/5 3
Table 10. Color fastness to alkaline perspiration of washed samples
Staining
Wash Name Fading Acetate Cotton Nylon Polyester Acrylic Wool
Bleach 4/5 4/5 3/4 4/5 5 4/5 3
PP 5 4/5 4/5 5 4 3/4
Enzyme 5 4/5 4/5 4/5 4 3/4
Enzyme - Stone 4/5 5 4/5 5 4/5 3

4. Conclusions

Denim dyeing with reactive dye saves time, cost and extra
arrangement of processes eradicating extra processes like
vatting before dye application, oxidizing after dyeing and
even desizing before implementing denim washing effect
also. Rudimentary step of denim fabric dyeing with reactive
dye and washing effect on different reactive dyed denim
fabric was investigated in this work and then different
characterization such as breaking strength, elongation at
break, shrinkage, weight loss%, depth of shade, finally color
fastness to rubbing, wash and perspiration were done. After
completing the project, on the basis of different test results it
was found that, weight loss% of bleach washed sample is
more than that of PP wash, Enzyme wash, and Enzyme Stone
washed sample. The shrinkage% in warp direction of bleach
wash is more than others but in weft direction enzyme wash
shows more shrinkage % than others. Reflectance of PP
washed sample is better than all other washed samples even
though whiteness of every sample is lower. K/S value is

greater in case of Enzyme washed sample while CMC value
of PP washed sample is greater than all other samples.
Rubbing fastness of bleach washed sample is greater in both
wet and dry condition. Wash fastness of bleach and enzyme
wash are almost same and greater than the others.
Perspiration of enzyme washed sample may be considered as
good than others. Bleach and enzyme washed sample are
more abrasion resistant than others. In a nutshell, different
fastness properties are commendable. And it can’t be
gainsaid that, washing effects with chemical treatment are
the best for reactive dyed denim. For the above possibilities
in future denim with reactive dye will cover the most of the
consumers demand.
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