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ABSTRACT

Jute is generally not dyed with reactive dye though it is a cellulosic fiber. Reactive dye is extensively used to dye cotton,
viscose and other cellulosic fibers whereas jute is dyed with basic dye. This paper presents a novel approach to dye the
jute fiber with reactive dye after treating with chitosan. Jute fabric was treated with chitosan solution at different con-
centrations (0.5%, 1%, 2%, 3% and 4%) and then dyed with reactive dye. The depth and fastness of shade of dyed fab-
ric were analyzed by comparing the chitosan treated samples with untreated dyed fabric samples. It has been found that,
the dyebath exhaustion is increased with the increment of chitosan concentrations. The exhaustion percentages have
found 36.79%, 41.59%, 48.33%, 54.46% and 58.75% for the fabric treated with 0.5%, 1%, 2%, 3% and 4% chitosan
solution respectively, while the exhaustion of dyebath is only 23.15% for untreated fabric. The K/S values (at Apax =
540 nm) of dyed samples have found 4.93, 6.77, 10.5, 14.07, 15.57 and 2.37 for 0.5%, 1%, 2%, 3%, 4% and untreated
fabric respectively. The color fastness to washing and rubbing of the dyed fabrics was also evaluated. In case of dry
rubbing, both types of fabric have shown almost similar fastness ratings. However, chitosan treated fabrics have shown
inferior fastness rating in case of wet rubbing and washing, particularly for the fabrics at higher chitosan concentrations.
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1. Introduction popular dyestuff for cellulose dyeing. Reactive dye is the
worldwide acceptable dye for the coloration of cotton
goods due to their ease of applicability, cost, brilliancy of
color and high wet fastness properties [7]. However, in
spite of being a cellulosic fiber, jute is normally not dyed
with reactive dye. Reactive dyeing of jute is not eco-
nomical for its high crystallinity and high degree of ori-
entation [8] which is the hindrance of high color yield.
Again the dye exhaustion is low due to presence of com-
paratively less amount of cellulose (58% - 63%) [1] than
cotton (94%) [9]. It is not possible to increase the amount
of cellulose in the fiber. However, increasing the per-
centage of dyesite in the fiber is a logical principle to

Jute is a natural cellulosic fiber obtained from the bark of
jute plant. The main chemical constituent of jute fiber is
a-cellulose along with hemicelluloses and lignin [1]. This
fiber is popular due to its bio-degradability, high tensile
strength, low extensibility and better breathability [2,3].
In recent times, due to the improvement of people’s liv-
ing standards and need for environmental protection, the
demand of natural biodegradable and eco-friendly fibers
like jute is increasing day by day [4].

The coloration of jute fiber is mainly carried out with
basic dye in slightly acidic medium. As acid degraded

the cellulose [5], there is a possibility to decrease the
strength of jute fiber. Moreover, the dyeing process of
jute with basic dye is complicated and many of the basic
dyes are not fast to acids, alkalis, washing and particu-
larly to light [6]. Again, the achievable color ranging
with basic dye is not as wide as the reactive dye which is
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improve the dye exhaustion of jute fiber. According to
Bashar and Khan [10], the introduction of cationic sites
within the cellulose is an effective way to increase the
dye adsorption. Cationic sites can be introduced either by
aminization or cationization [11]. Treatment of jute with
chitosan is an aminization technique to introduce cationic
site within the fiber polymer (Figure 1) structure and
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Figure 1. Cross-linking of Chitosan with Cotton fiber poly-
mer [20].

increase the hydroxyl group in the fiber for dye absorp-
tion. Chitosan [f-(1-4)-2-amio-2-deoxy-D-glucopyranose]
is a nontoxic and biodegradable [12] biopolymer, abun-
dantly found in nature; specially in the exoskeletons of
crustaceans [13,14] arthropods and mollusks [15,16] as
well as the cell walls of certain fungi [13,17-19] in the
form of chitin. Chitin is deacetylited in alkaline medium
to obtain chitosan. Chitosan can be applied on cellulosic
fiber in various methods [7]. Cellulosic fibers form a
crosslink with chitosan [20], resulting positive dyesites on
the fiber surface. Chitosan can easily adsorb anionic dyes
such as direct, acid and reactive dyes by electrostatic at-
traction due to its cationic nature [10].

The application of chitosan on jute fiber offers the pos-
sibility of increasing the hydroxyl group for the forma-
tion of covalent bond with reactive dye and develop de-
sired level of exhaustion. The current paper investigated
the dyeability and color performance of chitosan treated
jute fabric dyed with reactive dye and compared the re-
sults with the fabric dyed without chitosan treatment.

2. Experimental
2.1. Sample Preparation

Scoured, bleached 100% plain hessian jute fabric (261
GSM) was used in all the experiment. The fabric samples
were treated with 4 g/l caustic soda solution for 20 min-
utes at 90°C prior to dying and neutralized with acetic
acid solution. Chitosan chips (color off white, deacetyla-
tion > 70%) were collected from the laboratory of Insti-
tute of Radiation and Polymer Technology (IRPT),
Bangladesh Atomic Energy Commission, Dhaka, Bang-
ladesh. Chitosan solution was prepared by dissolving
chips in distilled water in the presence of 2% acetic acid.
Then the fabric samples were treated in chitosan solution
for 60 minutes at 60°C temperature, squeezed to remove
excess solution and dyed. The dyeing was carried out in
Sandolab infrared lab dyeing machine (Copower Tech-
nology Ltd., Taiwan) by using a commercial reactive dye
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(Novacron Red FN2BL form Swiss Colours BD). Deter-
gent (Imeron PCLF) and leveling agent (Drimagen E3R)
were collected from (Clariant, Bangladesh) and used as
received. Sodium hydroxide, soda ash and acetic acid
were used as received and all were commercial grade.
For the ease of identification, all the test fabrics were
coded as shown in Table 1.

2.2. Recipe Formulation

Fabric samples were dyed with Novacron Red FN2BL at
1% (on the weight of fabric) shade. Five different con-
centrations of chitosan (0.5%, 1%, 2%, 3% and 4%) were
used for fabric treatment. Recipes are given in Tables 2
and 3.

2.3. Dyeing Procedure

3.0 g (£ 5%) fabric samples were dyed treating with chi-
tosan and without chitosan in exhaust dyeing method.
The dyeing procedure is shown in Figure 2.

2.4. Dyeing Performance Test

The color properties of dyed goods were analyzed by
spectrophotometer (Data color D650). Colorfastness to
washing and rubbing was measured according to ISO
105 C03 and ISO 105 X 12 [22]. Wash fastness tester
(Gyrowash model no: 415/8), rubbing fastness tester
(Crock meter, model no: 670) from James H Heal & Co,
UK were used for the respective fastness testing.

3. Results and Discussions
3.1. Dyebath Exhaustion

Dye exhaustion may define as the leaving of a dye from

Table 1. Test fabric coding.

Test fabric type Code

Normal fabric without any chitosan treatment U

Fabric treated with 0.5% Chitosan solution
Fabric treated with 1% Chitosan solution
Fabric treated with 2% Chitosan solution

Fabric treated with 3% Chitosan solution

m g o w >

Fabric treated with 4% Chitosan solution

Table 2. Recipe for 1.0% (on the weight of fabric) shade
without treatment the fabric with chitosan.

. Soda  Wetting Leveling .
0, .
Ingredients Dyes (%) Salt g/l ashg/l agentg/l agent g/l
Amount 1.0 20.0 8.0 1.0 1.0 1:30
"Material liquor ratio.
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Table 3. Recipe for 1.0% (on the weight of fabric) shade treating the fabric with chitosan.
Ingredients Sample-1 Sample-2 Sample-3 Sample-4 Sample-5
Chitosan (%) 0.5 1.0 2.0 3.0 4.0
Dyes (%) 1.0 1.0 1.0 1.0 1.0
Soda ash (g/l) 8.0 8.0 8.0 8.0 8.0
Salt (g/1) 20.0 20.0 20.0 20.0 20.0
Wetting Agent (g/1) 1.0 1.0 1.0 1.0 1.0
Leveling Agent (g/1) 1.0 1.0 1.0 1.0 1.0
ML 1:30 1:30 1:30 1:30 1:30
"Material liquor ratio.
A
Add alkali & run 60°C x 60 min Hot wash at 90°C x 10 min
2 4
é Normal Neutral
= Add Sample at 40°C hot ization Cold
g wash
= v
Add Add Salt
auxiliaries
& dyes
» Time
Figure 2. Dyeing scheme.
the dye bath and attachment to the fiber being dyed. For
instance, 70% exhaustion would mean that 70% of the
total amount of dye has attached to the fiber, and 30% is 60.00 4 - ==
still in solution. Dyebath exhaustion can be calculated as N N
the mass of dye taken up by the material divided by the o s N N
o : % - N NN
total initial mass of dye in the bath, for a bath of constant £ 40.00 4 T NN NN
G -C g N N N NN
0 : _ 0 s =
Y%oExhaustion = x100 (1) 2 000 H N NN NN
Where, Cy and C; are the concentrations of dye in the N N NN NN
dyebath initially and at some time during the process, NN NN NN
respectively. 0.00 - Ui A; Bi iC Di Ei

The treatment of fabric with chitosan has enhanced the
dyesite in cellulose macromolecule of jute fiber. As a
result, the treated fabric absorbed more dyestuff than the
untreated sample and this absorption has increased the
exhaustion percentage of dye in the treated fabric. The
improved dyebath exhaustion has shown by the longer
bar diagram in Figure 3 where all the chitosan treated
fabric samples have shown longer bar than the untreated
fabric sample. From the statistical analysis, it has been
found that, the values of exhaustion percentages of chi-
tosan treated fabric has fluctuated more than the un-
treated fabric sample, resulting bigger error bar in the bar
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Sample U AB C D E Dyed fabric samples

Figure 3. Dye exhaustion percentage of chitosan treated and
untreated samples.

diagram. One possible reason for comparatively higher
error bar in treated fabric may be the unequal chitosan
absorption by different samples.

3.2. Depth of Shade

Color depth of the dyed fabrics was analyzed by meas-
uring the K/S values of samples. Higher the value of K/S
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more dye will absorb in the fabric. Color measuring in-
strument (spectrophotometer) determines the K/S value
of a given fabric through Kubelka-Munk equation as
follows [21].

Kk (1-R)

e @)

S 2R

Where R = reflectance percentage, K = absorption and
S = scattering of dyes. The values found for all the dyed
fabrics are shown in Figures 4 & 5.

It has been found that the chitosan treated fabric sam-
ples have absorbed significantly higher amount of dyes
than normal untreated fabric. The dyebath parameters
such as shade %, amount of salt and alkali, dyeing time
and temperature were constant for all the samples. The
increased K/S value in the chitosan treated fabric indi-
cates the presence of higher amount of the dye absorbed
in the chitosan treated fabric.

3.3. Fastness Properties

The fastness to washing and rubbing of the dyed samples
were also analyzed. Wash fastness had assessed for color
change and color staining with respect to medium cellu-

losic wash [22]. Rubbing fastness was evaluated in dry
and wet condition. Fastness ratings of different types of
test samples are presented in the Table 4.

Dry rubbing of all type of samples have shown almost
similar rating whereas wet rubbing and wash fastness to
color change of treated samples represent inferior rating
(U = 4/5 and D, E = 3). The staining of color has also

20.00 1
-
15.00 - S\
NN
) N N
2 | N N
g 10.00 N N N
- - N NN
sE N NN
5.00 - = N N NN
N N NN N
E N N NN N
GO NNNNNN

001 NN NN NN NN NN NN

1§ A B C D E

Sample U AB C D E Dyed fabric samples

Figure 4. The gradual increment of dye absorption (K/S
value) with the increment of chitosan concentration.

K/S value

Wave length
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Figure 5. The dye absorption or K/S value (at A,,, = 540 nm) of treated and untreated dyed samples.

Table 4. Fastness Rating of different test fabrics after dyeing with and without Chitosan.

Fabric Type Rubbing Fastness Washing fastness Color staining
Dry Wet Color change Acetate  Cotton  Nylon Polyester Acrylic Wool
U 5 4/5 4/5 4/5 4/5 4/5 4/5 4/5 4
A 5 4 4 4 4/5 4/5 4/5 4/5 4
B 5 3/4 3/4 4 4/5 4/5 4/5 4/5 4
C 4/5 3 3/4 4/5 4/5 4/5 4/5 4 4
D 4/5 3 3 4 4/5 4/5 4/5 4 3/4
E 4/5 3 3 4 4/5 4/5 4 4 4
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found lower in few chitosan treated samples (D, E) par-
ticularly in wool and acrylic fiber. In general the deeper
shade shows inferior fastness than a lighter one on simi-
lar type of fabric. As discussed above, the chitosan pre-
sent in the fabric enhance the dyesite causing deeper
shade. Hence, as a general consequence of achieving
deeper shade, the chitosan treated fabric samples have
shown slightly lower fastness rating in comparison to
lighter untreated fabric.

4. Conclusion

This study is intended to improve the absorption of reac-
tive dye by jute fiber after treating with chitosan. The
application of chitosan on jute fiber enhances the cationic
sites for dye adsorption and also increases the hydroxyl
group for fixation. Accordingly, dye exhaustion and
depth of shade improve in the treated fabric compared to
the untreated fabric. Though the fastness rating is lower
in case of wet rubbing and washing, the overall fastness
rating is still satisfactory. So the treatment of jute with
chitosan can be an effective way for the coloration of jute
fabric with reactive dye.
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