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ABSTRACT

The acrylic fabric pretreated with NaOH were immersed in (0.2% (w/v) diluted chitosan or casein at room
temperature for 1h, padded to pick up 100%. Then treated acrylic fabrics were exposed to 8 diversified methods
for e.g., curing, ultraviolet, microwave and dyed with reactive, acid and natural dyes. It was found that the
nitrogen content was increased for treated acrylic fabrics than untreated one. The color values of the dyed
treated acrylic fabrics were significantly enhanced by the treatments. Dye exhaustion was determined as well as
fastness properties. Furthermore, the physical properties of untreated and treated acrylic fabrics such as fiber
diameter, pilling, moisture content % and roughness were evaluate. The untreated and treated acrylic fabrics are
characterized by infrared spectroscopy FTIR

Key words: Acrylic fabric, chitosan, casein, ultrasonic radiation, microwave, UV, infrared spectroscopy and
(anionic and natural dyestuffs), physical properties.

Introduction

Acrylic fabric is widely used in the textile industry because it is relatively cheap price and wool- like hand,
machine washable and durable and excellent color retention (Marcandalli, 2006). The quality and properties of
acrylic fibres can be improved by chemical means, for instance, using co-monomers, additives and polymer
blends (Burkinshaw, 1995). In recent years, fiber has been modified to improve some of its disadvantages
through graft copolymerization by natural polymers such as chitosan and casein. The results showed that
moisture absorption, water retention and specific electric resistance were be improved for treated acrylic fibre
compared with the untreated fiber . (Zhao et al., 2007). Otherwise pretreatment of acrylic and polyester fabrics
with chitosan render them enable for printing with acid dye (Hakeim et al., 2008). Anionic dyes namely
reactive, acid and direct dyes are not usually used for acrylic colouration as these dyes suffer from being not
substantive for the fibres as a result of the repulsive effects that occur between the anionic groups present in the
fibres and those present in the dye molecules. These problems have been realized by rendering the surface of
acrylic fibres with modified acrylic fibre with hydroxylamine hydrochloride (El- Shishtawy et al., 2005).
Therefore hydrazine treatments on acrylic were investigated. The modified acrylic fibres host active basic
groups, which can enable the availability of acid and reactive dye interactions, proportional to the amount of
hydrazine hydrate fixed on the fibres (Bendak et al., 1995, and L .El- Gabry et al., 1994) As one of the major
techniques developed to achieve surface modification of polymeric materials, UV-induced surface graft
polymerization has been widely applied as a simple, useful and versatile approach to improve the surface
properties of acrylic fibres (Deng et al., 2009). On the other hand the dyeing of acrylic fabrics is carried out by
ultrasonic bath method. The influence of ultrasonic on the dyeing system has three effects namely, dispersion
effect i.e. breaking up of micelles and high molecular weight aggregates into uniform dispersion in the dye bath,
degassing by the removal of dissolved or entrapped gas molecules or air from fibre capillaries and interstices at
the cross over points of the fabric into liquid thereby facilitating a dye-fibre contact and accelerating the rate of
diffusion of the dye inside the fibre by breaking the boundary layers covering the fibre and accelerating the
interaction between dye and fibre (Smith et al., 1988 and Suslick et al., 1989). In the present study, acrylic
fabrics were treated with environmentally friendly natural materials casein or chitosan using diversified methods
to improve dyeability with anionic and natural dyes and other physical properties such as pilling.

Materials and Methods
Fabrics:

Acrylic fabrics, supplied from Misr Mahalla for Spinning and Weaving, El-Mahalla El-Kobra, Egypt were
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used. The fabrics were washed with (2 g/l) a non ionic detergent at 45 °C for 30 min then rinsed thoroughly with
water and air dried at room temperature.

Chemicals:
Chitosan [Poly-(1, 4)-2-amino-2-deoxy-B-Dglucan] from crab shells (Sigma-Aldrich Chem.) (Germany)

minimum 85% deacetylated and their molecular weight 150,000 product was used. Casein of laboratory grade
was used.

Dyestuffs:
Dye Functional class C.lL Supplier
Supranol Brilliant Blue Monosulphonic C.I. Acid Blue 203 Egypt Colours,
BLW Egypt
Lanasol Red 69 a-bromo acrylamide C.I. Reactive Red 84 Ciba-Geigy,
Switzerland
Logwood (haematein/haematoxylin) C.I. Natural Black 1 Maiwa Handprints Ltd.
(natural dye) Canada
WWWw.maiwa.com
Haematein Haematoxylin
Logwood:

Logwood — is the heartwood of the logwood tree, Haematoxylon campechianum. The logwood tree grows
in Mexico, Central America, Dominican Republic, Venezuela, Brazil, the Guyannas, Madagascar, and India. It
gives good blacks — a colour difficult to achieve with natural dyes. Logwood has good wash fastness. If using
the extract, it is very easily dissolved and can be used directly in the dyebath

Extraction of natural coloring matter:

Logwood was crushed to the powder form, and then the coloring matter was extracted using (20 g of the
powder in 100 ml water) at the boil for one hour. At the end, the solution was filtered off and left to cool down
(Ghillean, 2005).

Apparatus:
-Ultrasonic:

A CREST Ultrasonic, TRU-SWEEPTM ultrasonic bench top cleaner bath, model 575 D with a capacity
5.75 L, was used. The experimental setup used was composed of an electrical generator at a frequency of 38.5
kHz and power ranging from 135W average/ 500 W. The output power levels are from 50 up to 500 W was
used.

-Ultraviolet radiation:

Ultraviolet radiation (SVL, Vilber Lourmat 77202/France).
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-Microwave oven:

Microwave oven (Samsung M 245, with an output of 1550 watt operating at 2450 MHz., Japan).
Treatment:
Pretreatment of Acrylic fabrics:

An alkaline pretreatment in water solution containing 8% w/v of NaOH for 10 min at 80°C with a liquor
ratio 1:25 was performed. Subsequently, the samples were rinsed twice in cold tap water and then dried at room
temperature.

Treatment methods:

Mechanism of grafting with casein involves three steps: a) hydrolysis of acrylic fibre. b) chlorination of
hydrolyzed fibre using thionyl chloride (SOCl,). ¢) grafting of casein onto the above made chlorinated fibre.
This method takes place in several steps and requires the use of inappropriate materials to the environment, such
as (SOCl,). Also because acrylic fabrics lacks some of their properties, including softness and the ability to
pilling or dyeability with acid dyes. The fiber requires heat to set the shape of the finished garment, and it isn't
as warm as alternatives like wool. On the other hand, it can be useful in certain items, like garments for babies,
which require constant washing, because it is machine-washable and extremely color-fast. Therefore in this
study, we applied several methods environmentally friendly alternative instead of harmful chemical methods to
improve acrylic fabrics and overcome their disadvantages. These 6 methods will be explained as following:

Method 1:

The acrylic fabrics pretreated with NaOH were immersed in chitosan or casein solution, at liquor- to- goods
ratio of 25:1, padded to pick up100%, then curing at 140°C for 5 min. The samples were rinsed twice in cold tap
water and then dried at room temperature.

Method 2:

The acrylic fabrics pretreated with NaOH were immersed in chitosan or casein solution, at liquor- to- goods
ratio of 25:1, and padded to pick up100%, then curing at 160°C for 5 min. The samples were rinsed twice in
cold tap water and then dried at room temperature.

Method 3:

The acrylic fabrics pretreated with NaOH were immersed in 0.2% chitosan or casein solution, at liquor- to-
goods ratio of 25:1, padded to pick up 100%, then exposed to ultraviolet radiation (325 nm) at 70°C for 4 h. The
samples were rinsed twice in cold tap water and then dried at room temperature.

Method 4:

The acrylic fabrics pretreated with NaOH were immersed in 0.2% chitosan or casein solution, at a liquor-
to- goods ratio of 25:1, padded to pick up 100% , then curing at 160°C for 5 min., and exposed to ultraviolet
radiation (325 nm) at 70°C for 4 h. The samples were rinsed twice in cold tap water and then dried at room
temperature.

Method 5:

The acrylic fabrics pretreated with NaOH were immersed in 0.2% chitosan or casein solution, at liquor- to-
goods ratio of 25:1, padded to pick up 100%, then put in microwave oven for 1min., power 1000. The samples
were rinsed twice in cold tap water and then dried at room temperature.

Method 6:

The acrylic fabrics pretreated with NaOH were immersed in 0.2% chitosan or casein solution, at liquor- to-
goods ratio of 25:1, padded to pick up 100% and put in microwave oven for Imin., power 1000. Then curing at
160°C for 5 min. The samples were rinsed twice in cold tap water and then dried at room temperature.
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Dyeing methods:

The acrylic fabrics treated with aforementioned 6 methods were dyed with 1% (o.w.f) of different dyestuffs
(reactive, acid and natural dyes) at liquor- to- goods ratio of 50:1, for 1h., pH 4.5-5. Dyeing was carried out in
ultrasonic radiation bath (power 9 at 70 °C). In case of dyeing with reactive dye (40g/l ammonium sulfate was
added after 30 min). The dyed samples were then thoroughly rinsed with cold water followed by washing with
2g/1 sodium carbonate and 5g/1 nonionic detergent at liquor- to- goods ratio of 50:1 at 60°C for 30 min. Finally,
the fabrics were rinsed with warm and cold water and air-dried.

Measurements:
Nitrogen content:

The nitrogen content of the modified acrylic fabric with casein and chitosan samples was estimated by a
micro —Kjeldhale method (Vogal, 1975) and calculated as follows:

(V,=V,)xN, ><O.014><
W

Where V,: volume, in ml. of standard acid used in the titration,
V1: volume, in ml. of standard acid used in the blank titration,
Na: normality of the acid, and W: weight in g., of sample.

100

Nitrogen Content% =

Color value:

Spectral reflectance measurements of the dyed fabrics were carried out using a recording
Spectrophotometer (Hunter lab, Ultra Scan Pro, USA). The color values expressed as K/S values of the dyed
samples were determined by applying the Kubelka—Munk equation (Judd et al; 1975).

Washing fastness:

Color fastness to washing was determined according to the AATCC test method 61-1075 using a
laundrometer (ATLAS—Germany) (5 g/L, lig. ratio 1: 50) and 2 g/L sodium carbonate (0.w.f) for 45 min at 40
°C (Aatcc, 1993).

Dye exhaustion:

Measurement of the amount of residual dye in the dyeing bath was determined spectrophotometrically using
6405 UV-visible Spectrophotometer JENWAY, U.K.)

Fabre diameter:
Projectina tester (Japan) is used to determine the diameter for untreated and treated acrylic fabrics.
Pilling test:

Pilling tester is used to determine the pilling resistance of all kinds of textile structures. Sample was rubbed
against the same material of sample at low pressures and the amount of pilling is compared against standards
parameters. Pilling test was carried out according to standards ASTM standard D4970 (pilling), all samples and
standard fabrics should be conditioned in the standard atmosphere for testing (10, 20°C, £ 2 and 65% RH + 2%).
The specimens assed are using 5 point scale.

Moisture Regain:

The measurement of the moisture regain of the polyamide sample was performed according to ASTM
Standard 2654-76 (Astm, 1982). The moisture regain of the samples were calculated according to: Moisture
regain % =W;- W,/ W,

Where ; W ;. Weight of sample after saturation in the standard humidity atmosphere. W2: Constant weight
of dried sample.
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Roughness:

Surface roughness was measured according to JIS 94 Standard, using Surface Roughness Measuring
Instrument, SE 1700 a (Kosaka Laboratory Ltd. Japan).

Infrared Spectra:

Infrared spectra were recorded on FT-IR Nicolet 5 DX Spectrophotometer. The samples were examined as
1.5% KBr pellets.

Results and Discussion
Nitrogen content:

Tablel, show the nitrogen content percentage of the acrylic fabrics untreated and the treated with
aforementioned 6 methods. The nitrogen content percentage for the treated acrylic fabrics gives higher values
than untreated one. This is may be attributed to conversion some nitrile groups in the treated acrylic fabric to
amide groups. Confirms this result increase the color value of treated acrylic fabrics with anionic dye. Also this

is compatible with the results of infrared spectroscopy .

Table 1: Nitrogen content (%) of the acrylic fabrics untreated and treated with aforementioned 6 methods.

Samples Nitrogen content (%) Increase of Nitrogen content %
Untreated acrylic fabrics 24 -

Method 1:

Treated acrylic fabrics with casein 254 5.83

Treated acrylic fabrics with chitosan 25.3 5.40
Method 2:

Treated acrylic fabrics with casein 255 6.25

Treated acrylic fabrics with chitosan 25.6 6.60
Method 3:

Treated acrylic fabrics with casein 252 5.00

Treated acrylic fabrics with chitosan 24.9 3.75
Method 4:

Treated acrylic fabrics with casein 25.7 7.08

Treated acrylic fabrics with chitosan 25.6 6.60
Method 5:

Treated acrylic fabrics with casein 25.0 4.16

Treated acrylic fabrics with chitosan 25.1 4.58
Method 6:

Treated acrylic fabrics with casein 25.6 6.60

Treated acrylic fabrics with chitosan 25.7 7.08

Colour value (K/S):

In table 2, It is observed that the higher color value of the treated acrylic fabrics with casein using the
aforementioned 6 method and dyed with anionic dyes (acid and reactive) than untreated one. This may be due to
the important characteristic of acrylic fabrics that requires heat to set the shape of the finished garment. This
heat can be obtained from curing, ultraviolet and microwave. They contain strong anionic acid groups that
resulted from exposure to pretreated with NaOH in hard sever conditions that act as casein sites on acrylic
samples. During the alkaline hydrolysis of acrylic fibres the nitrile groups may be converted to the carboxylic
groups and are saponified more easily (Bajaj et al., 1988). This suggest led to react between pretreated acrylic
fabrics and chitosan or casein solution. In case of reactive dye, it can be observed that higher colour value is
obtained using the method 4 and 6 because ultraviolet radiation is useful in preparing low surface energy
polymers for adhesives. Polymers exposed to UV light will oxidize, thus raising the surface energy of the
polymer. Once the surface energy of the polymer has been raised, the bond between the adhesive and the
polymer is stronger. Also the microwave radiation causing polarized molecules are useful for rapid heating
known as dielectric heating . Consequently the acrylic fabrics are modified to give a positive charge -NHR+.
This charge interacts with the negative dye charge, allowing the formation of ionic interactions.

Herein, the present a study in table 3 shows the comparative between aforementioned 6 method for treated
with chitosan and dyed acrylic fabric with anionic dyes (acid and reactive) on the colour value than untreated
and. It can be observed that pretreatment of acrylic fabric with chitosan solution (0.2 %w/v) enhanced the color
value upon dyeing with reactive as the same as acid dye using method 4, 6 with acid dyes. A reactive dye is a
colored compound which has a suitable group. This dye consists with chromophoric grouping - contributing the
color, reactive system - enabling the dye to react with functional group in treated acrylic, a bridging group that
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links the reactive system to the chromophore and one or more solubilising groups. Addition reactions of a
nucleophile and substitution to show a wide variety with amide groups in treated acrylic fabric. While the
presence of reactive amine groups in chitosan gave it as a promising adsorbent. The amine groups of chitosan
are protonated and interact with sulfonyl groups of anionic dyes. The results are confirmed through scheme 1.

Table 2: Effect of treatment with casein on the colour value (K/S) and washing fastness of the dyed acrylic fabric.

C.I. Reactive Red 84 C.I. Acid Blue 203
Colour Washing Fastness Colour Washing Fastness
Samples value value
K/S K/S
Alt St w St n Alt St w St. n
Untreated dyed acrylic fabric 0.13 3 4-5 4-5 0.18 - - -
Method 1 0.47 4 5 4-5 0.43 3 3 3
Method 2 0.51 4 5 4-5 0.46 4 4 4
Method 3 0.78 4 4-5 4-5 1.01 3 3 3
Method 4 1.01 4 4 4 1.65 3 3 3
Method 5 0.55 4 4-5 5 1.29 3 33 4
Method 6 2.04 4-5 4-5 4-5 2.32 4 3-4 4
Dyeing condition: 1% C.I. Reactive Red 84 (0.w.f), 85 °C, pH 4.5, 1h, liquor ratio 1:50.
Dyeing condition: 1% C.I. Acid Blue 203 (o.w.f), 85 °C, pH 4.5, 1h, liquor ratio 1:50.
Alt: alternation St. y: staining on wool St. x: staining on nylon
Table 3: Effect of treatment with chitosan on the colour value (K/S) and washing fastness of the dyed acrylic fabric.
C.I Reactive Red 84 C.I. Acid Blue 203
Colour Washing Fastness Colour Washing Fastness
Samples value value
K/S K/S
Alt St. w St. n Alt N St. n
Untreated dyed acrylic fabric 0.13 3 4-5 4-5 0.18
Method 1 1.18 4-5 5 4-5 1.21 4 3-4 4
Method 2 1.36 4 5 4-5 1.74 4 3-4 4
Method 3 1.42 4 4-5 5 2.58 4 3-4 4
Method 4 1.54 4 5 4-5 2.71 3-4 4 3-4
Method 5 1.84 4 4-5 4-5 2.06 3-4 3-4 3-4
Method 6 2.58 4 4 4 2.32 4 3-4 4

Dyeing condition: 1% C.I. Reactive Red 84 (0.w.f), 85 °C, pH 4.5, 1h, liquor ratio 1:50.
Dyeing condition: 1% C.I. Acid Blue 203 (o0.w.f), 85 °C, pH 4.5, 1h, liquor ratio 1:50.
Alt: alternation St. y: staining on wool St. x: staining on nylon

Although the discovery of man-made synthetic dyes in the mid-19th century triggered a long decline in the
large-scale market for natural dyes but also Natural dyes are friendly and satisfying to use. They are familiar
substances that can spark creative ideas and widen your view of the world. Try experimenting with them. Colour
can be coaxed from all kinds of natural sources. Once the cloth or fibre is prepared for dyeing it will soak up the
colour, yielding a range of shades from vibrant jewel tones to dusky heathers and pastels. Three treatment
methods (curing at 160 °C, curing at 160 °C + ultraviolet and curing at 160 °C + microwave) have been applied
to acrylic fabrics for dyeing by neutral dye , because they gave the best results, as shown in the previous tables
(2, 3). In table 4 illustrates the effect of the treated acrylic fabrics with aforementioned 3 methods on the colour
value (K/S) and washing fastness of the dyed acrylic fabric with natural dye (logwood). It can be seen that the
higher color value of dyed treated acrylic fabrics with natural dye is obtained than untreated one, especially
using the method 6 than other method .Furthermore, washing fastness results shows better value for all treated
acrylic fabrics than untreated one.

Table 4: Effect of treatment with casein and chitosan on the colour value (K/S) and washing fastness of the dyed acrylic fabric with natural

dye (logwood).
Casein Chitosan
Colour Washing Fastness Colour Washing Fastness
Samples value value
K/S K/S

Alt St. St. n Alt Sty St. n

Untreated dyed acrylic fabric 5.53 3 4 4 5.53 4 4 4
Method 2 6.02 4-5 4 4 6.58 4 4 3-4

Method 4 8.25 4-5 4-5 4-5 7.63 4-5 4 4

Method 6 10.09 4-5 4 4 8.65 4-5 4 4

Dyeing condition :1% natural dye (Logwood) (0.w.f), , pH 4.5, 100 °C 1h., liquor ratio 1:50
Alt: alternation St. y: staining on wool St. y: staining on nylon
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Washing fastness:

Tables 2-4 summarize the results of washing fastness of the dyed untreated and treated acrylic fabrics. It is
clear that the dyeing display good wash fastness properties ranging from 3-4 irrespective of the fabric used with
acid dyes. The reactive dyes and natural give good wash fastness for both treated fabrics with chitosan and
casein.

The optimum condition:

The optimum condition to improve dyeing acrylic fabrics with (reactive, acid and natural dyes) and physical
properties such as fiber diameter, pilling, tensile strength, moisture content , and roughness is obtained from
method 6.These is will be show in.,1,2 and table 5.

Dye exhaustion:

The optimum conditions to improve dyeing acrylic fabrics with reactive, acid and natural dyes is obtained
from method 6.These is realized from the results of dye exhaustion that are shown in shown in fig., 1 . It was
found that the dye exhaustion % of dyed treated acrylic fabrics is enhanced from 0. 2 % for untreated to 35%
and 16% for treated fabric with chitosan and casein respectively.
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Fig. 1: The dye exhaustion % of the untreated and treated acrylic fabrics by method 6.

Diameter of fibre:

Fig. 2: shows that the diameter of treated fibers by method 6 is higher than the untreated one. This may be
attributed to the coverage or coating of the fibres with casein or chitosan which indicates in scheme 1.

Diameter (micrometar)

15 | mDimeter (micrometar)

2
I

=]
|

Untreatad Chitosan Casine

Fig. 2: Diameter of treated fabrics by method 8.
Pilling, moisture regains%, and roughness:

Data of table 5 shows the pilling after 1000 cycle and 2000 cycle for untreated and treated acrylic fabric by
method 6. It can be observed that there is an enhancement in anti pilling for the treated acrylic fabric more than
the untreated one. Appreciable increase in moisture regain % of acrylic fabrics relative to the untreated one, and
it is shown that increase in the surface roughness of the treated fabrics, but however still in acceptable limit.

Table 5: Effect of treatment on the physical properties of the fabrics.

Pilling After 1000 | Pilling After 2000 Moisture Roughness
Samples cycle cycle Regain %
Untreated acrylic fabric 3 3 1.0 19.23
Treatment with chitosan: ( Method 6) 4 4 2.2 20.84
Treatment with Casien : ( Method 6) 3-4 3-4 2.5 19.94

Infrared Spectra:

Infrared spectra are shown in fig., 3, and 4. The band changed for all treated acrylic fabrics than untreated.

This may be attributed to shifting for peaks and stretching O-H and N-H bonds. Also peak appeared at 2245.7
em(C = N: 2220-2260 cm™) for untreated acrylic fabric which was shifted to 2808.81 cm™ (carboxylic acid:
2500-3000, hydrogen bonded). Alkene group (=C-H) for treated acrylic fabric with casein and 2635.25 cm™, for
treated acrylic fabric with chitosan ( S-H ). Over and above new peaks appeared for all treated acrylic fabrics
between 1362.46 cm™ to 456.082 cm™ (Lau, 1999 and John, 2004).



J. Appl. Sci. Res., 9(6): 3520-3529, 2013

3528

| J-Wr.v'."\ "

e

| '\:r" !

]|! 1” .‘gv#. :'

100
=
i1
A
\\ Y
\
| IANRY
" <o \/
2 \'II sk
s \‘| [.
R 4')
T !
1 . ...\I .\\ flr
\ |
= Y
4D
w000 2000

090

Wavenumber [cm™]

Fig. 3: Infrared spectra of untreated and treated acrylic fabrics with casein.
1- Curing at 160 °C for 3min then microwave for 1min power 1000.

2- Ultraviolet for 4 h., at £m 325, at70°C, 1h.
3- Curing at 160°C for 10 min
4- Untreated acrylic fabric
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Fig. 4: Infrared spectra of untreated and treated acrylic fabrics with chitosan.
1- Curing at 160 °C for 3min then microwave for 1min power 1000.

2- Ultraviolet for 4 h., at £m 325, at70°C, 1h.
3- Curing at 160°C for 10 min
4- Untreated acrylic fabric

Conclusion:

The acrylic fabrics are treated with aforementioned 6 methods. It is shown that the best methods are
obtained using curing, ultraviolet and microwave methods. The nitrogen content % results were increased from
24 % for untreated to 25.7 % for treated acrylic fabrics. The optimum condition to improve dyeing acrylic
fabrics with (reactive, acid and natural dyes) and physical properties such as fiber diameter, pilling, moisture
content % and roughness is obtained using method 6. The pilling is improved from 3 to 3-4 for untreated and
treated acrylic fabrics respectively.Infrared spectra are investigated appearance the amide groups and change
C=N group to C-N for treated acrylic fabrics than untreated one compatible with different methods.. The results
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of characteristic analysis FTIR and nitrogen content % confirm the results of treated acrylic fabric with casein
and chitosan. This is appropriate for color value results for all dyes. Moreover, the washing fastnesses for the
colored samples of trated acrylic fabric are enhancement rating 3—4 and 5.
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