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A novel chemical modification method of acrylic fiber was employed by grafting of casein—a natural polymer, onto the surface of acrylic
fiber. The effects of reaction conditions, such as chlorination time, chlorination temperature, grafting time and temperature, and pH value on
grafting efficiency were investigated systematically. The structure and morphology of the casein grafted fiber were characterized by Fourier
transform infrared spectroscopy (FTIR) and scanning electron microscope (SEM). The results showed that casein had been grafted onto the
acrylic fiber. Moisture absorption, water retention and specific electric resistance were found to be improved compared with the untreated
fiber. Mechanical properties of the grated fiber could still meet the requirement for wearing fiber. The possible mechanism is proposed to

explain the grafting of casein onto the synthetic acrylic fiber.
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1 Introduction

Acrylic fiber, due to its relatively cheap price and many
superior characteristics such as soft, wool-like hand,
machine washable and dryable and excellent color retention,
is widely used in the textile industry. But acrylic fiber also
exhibits some obvious disadvantages, such as low moisture-
absorbency and electrostatic tendency, which greatly limits
its further applications. Chemical grafting has proved to be
a successful technique to provide the synthetic fiber with
desirable properties without deterioration in the bulk proper-
ties of the fiber (1—3). The presence of polar groups in natural
polymers, such as hydroxyl -OH and amine -NH, has made
them a highly promising substance for modifying the
acrylic fiber. A large amount of research published has been
focused on the graft copolymerization of acrylonitrile (AN)
and natural polymers, such as wool (4—6), silk (7—9) starch
(10—13), cellulose (14—16), and chitosan (17—19), etc.
Casein makes up approximately 80% of the protein in milk
with molecular weight ranging from 19,007 to 25,230 daltons
(20). Casein contains many polar groups, such as -COOH,
-NH,, and -OH etc., which contribute to the hydrophilicity,
as well as the reactivity of the casein molecules. Casein
abounds in the world as a natural polymer and thus made it
an attractive natural resource for improving the characteristic
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of synthetic fibers (21, 22). In recent years, more and more
attention has been paid on the graft copolymerization of
AN and casein. Dong Q. et al. have studied the grafting of
casein with AN in aqueous solution of sodium thiocyanate
(23, 24). N. Somanathan, et al. have made a study on
grafting of casein with AN in a water medium using potass-
ium persulphate at 60°C (25, 26). However, to our knowl-
edge, little research has been done on the direct grafting
modification of the acrylic fibers themselves.

In this article, the results of the direct surface modification
of acrylic fiber via grafting of casein were presented. The
effects of varying chlorination and grafting conditions on
the grafting efficiency were reported. The structure, mor-
phology, moisture absorption, water retention, specific
electric resistance and tensile properties of the grafted
acrylic fiber were investigated. The results showed that
casein had been grafted onto the acrylic fiber and the
casein-grafted fiber exhibited improved hygroscopicity and
proper mechanical properties.

2 Experimental

2.1 Materials

Acrylic fiber was kindly supplied by the Sinopec Qilu
Company Ltd. The dried casein was obtained from Beijing
Abxing Biological Technology Co, China. The other chemi-
cals were all of analytical reagent and used without further
purification.
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2.2 Grafting Modification

The grafting modification involves three steps: (a) hydrolysis
of acrylic fiber; (b) chlorination of the hydrolyzed fiber; (c)
grafting of casein onto the above made chlorinated fiber.

First, the hydrolyzed acrylic fiber was prepared according
to the reported procedure (27, 28). Then, the hydrolyzed
acrylic fiber was put into a hermetically sealed vessel,
which was filled with SOCl, to make the chlorinated fiber.
2.0 g casein was dispersed in 50 mL distilled water and pH
was adjusted to 10—11 with 10% (w/w) NaOH aqueous
solution at room temperature under constant stirring for
10 min. The chlorinated acrylic fiber was put into the above
made mixture directly for some time. After completion of
the grafting reaction, casein grafted acrylic fiber was separ-
ated and washed thoroughly with both water and ethanol
and then dried under vacuum at 50°C to get the modified
acrylic fiber.

2.3 Definition of the Grafting Efficiency
Grafting efficiency can be calculated as follows:

Grafting efficiency (%) = MM 100
m

where m; and m, are the mass of original and casein grafted
acrylic fiber, respectively.

2.4 Measurements

The FT-IR spectra of original and casein-grafted acrylic fibers
were recorded on a Nicolet 5700 spectrometer using the pot-
assium bromide pellets technique and the scanning was
carried out from 400 cm ™' to 4000 cm ™', The surface mor-
phology of both samples coated with gold was carried out
on a Sirion 200. The moisture absorption experiments were
performed as follows: Fibers were balanced for 48 h at
25°C, 65% RH, and then weighed (m;/g). After balancing
for 60 h at 60°C in vacuum baking oven, it was weighed
(my/g). The moisture absorption (%) of the fibers was calcu-
lated by the following formula:
Moisture absorption (%) = % x 100
1

Water retention capability was studied as follows: Samples
of both the ungrafted and grafted PAC fibers were dried for
1 h at 110°C and weighed as DRY. Subsequently, the fibers
were emerged in distilled water for 20 min. After that, the
fibers were taken out and placed in a glass tube, centrifuged
for 15 min at 1500 rpm to remove the excess water, and
then weighed. This weight of the samples was recorded as
WET. Water absorption was expressed as the water retention
and was calculated as follows:

WET — DRY y

1
DRY 00

Water retention (%) =

Jia, Du, and Tian

Specific electric resistance of the blend fiber was determined
by using YG321 Specific Resistance Indicator. Mechanical
properties of fibers were determined by using YG-003 fiber
tensile machine, length between two holding jigs was
10 mm, and drop rate was 20 mm/min at room temperature.

3 Results and Discussion

3.1 Mechanism of Grafting Modification

The graft modification is illustrated in the chemical scheme in
Figure 1. The nitrile group -C==N in acrylic fiber is converted
to carboxyl group -COOH and amide group -CONH, after
acrylic fiber is hydrolyzed in NaOH aqueous solution. After-
wards, chloroformyl group -COCI is obtained by treating
with SOCIl,. Finally, nitrogen acylation and esterification
are carried out when -COCI group reacts with amino
group-NH, and hydroxyl group -OH of casein under the con-
ditions of room temperature and constant pressure.

3.2 Effect of Chlorination Time on Grafting Efficiency

As shown in Figure 2, when the chlorination temperature,
grafting time, grafting temperature as well as pH value are
kept invariably, the chlorination of hydrolyzed acrylic fiber
was carried out for different periods. Results show that the
grafting efficiency increased steadily with the increasing
reaction time at first. Beyond 40 min, the chlorination time
had a small effect on the grafting reaction. With increasing
time, the chlorinating extent is rapidly increased due to
more availability of SOCI, reacting with -COOH or
-CONH,, which enhances the grafting sites for casein to be
grafted onto the fiber and so increases the grafting efficiency.
However, the number of active sites remains almost stable
with a longer chlorination time. So, after 40 min, the
tendency of increase leveled off.

3.3 Effect of Chlorination Temperature on Grafting
Efficiency

When the other reaction conditions are invariable, the
grafting efficiency at various chlorination temperatures is
shown in Figure 3. The grafting efficiency showed an increas-
ing trend up to 100°C and maintained a plateau. The improve-
ment in grafting efficiency can be explained as follows: The
dynamic energy of both SOCI, and acrylic fiber are
enhanced with the increasing reaction temperature, and the
number of grafting sites is increased too, which ultimately
leads to the increasing grafting efficiency. At higher tempera-
ture, the extent of increase was not much and the maximum
grafting efficiency of 4.34% (w/w) was obtained, which
may be due to the almost completion of chlorination reaction.

3.4 Effect of Grafting Time on Grafting Efficiency

The effect of grafting time on the grafting efficiency was
studied for different reaction time while other effective
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Fig. 1. Graft modification of acrylic fiber.

factors were unchanged. As shown in Figure 4, the grafting
efficiency increased significantly first, reaching a maximum
value with the increasing grafting time and then declined
with further grafting time. As the -COCI group has a high
activity, the grafting sites are increased with rising grafting
time. As a result, the grafting efficiency increases at first.
However, the denaturation of casein in the alkaline aqueous
solution is exacerbated with longer time (29). Meanwhile,
the hydrolysis of acrylic fiber is intensified too with a pro-
longed reaction time. Therefore, the grafting efficiency
decreases with a further increasing grafting time.
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Fig. 2. Effect of chlorination time on grafting efficiency: chlori-
nation temperature, 100°C; grafting time, 20 min; grafting tempera-
ture, 70°C and pH = 11.
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Fig. 3. Effect of chlorination temperature on grafting efficiency:

chlorination time: 40 min grafting time, 20 min; grafting tempera-
ture, 70°C and pH = 11.

3.5 Effect of Grafting Temperature on Grafting Efficiency

Keeping the other variables constant, the grafting reactions
were carried out at different temperatures between 40°C
and 90°C. In Figure 5, grafting efficiency increased in the
beginning up to 70°C, and then decreased with further
increasing of temperature. The increase of grafting efficiency
initially can be ascribed to the high reaction activity of casein
and acrylic fiber, which provides more grafting sites for the
reaction with the increase of temperature. However, beyond
70°C, the grafting efficiency declined dramatically, which
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Fig. 4. Effect of grafting time on grafting efficiency: chlorination
time, 40 min; chlorination temperature, 100°C; grafting tempera-
ture: 70°C and pH = 11.
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Fig. 5. Effect of grafting temperature on grafting efficiency:
chlorination time, 40 min; chlorination temperature, 100°C; grafting
time: 20 min and pH = 11.

could be partly due to both the over-hydrolysis of acrylic fiber
and denaturation of casein with increasing reaction tempera-
ture (30).

3.6 Effect of pH on Grafting Efficiency

The effect of pH on the grafting efficiency, while keeping all
other conditions constant is presented in Figure 6. It can be
seen that the grafting efficiency increased at first and then
decreased obviously with increasing pH value. The
maximum grafting efficiency of 2.38 wt% was achieved at

4.0

35

3.0 -

| 1
25| i-/

1 n 1 " 1 L 1 L 1

9 10 11 12 13
PH

Grafing efficiency(%)

Fig. 6. Effect of pH on grafting efficiency: chlorination time,
40 min; chlorination temperature, 100°C; grafting time, 20 min;
grafting temperature, 70°C.
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Fig. 7. SEM photographs of original acrylic fiber.

pH = 11. In the grafting of casein onto acrylic fiber, NaOH
is employed to neutralize the hydrochloric acid HCl which
is produced in the nitrogen acylation and esterification reac-
tions as depicted in Figure 1 (c) and (d). PH also affects the
hydrolysis of the acrylic fiber and the denaturation of the
casein. With increasing the addition of NaOH, the hydrolysis
of acrylic fiber will be performed excessively which may
result in the decrease of the weight of the fiber itself.
Besides, the denaturation of casein intensifies at high pH
value (31). Therefore, the grafting efficiency decreases rapidly.

3.7 Scanning Electron Microscopy

The surface morphology of the original and casein-grafted
acrylic fiber is presented in Figures 7 and 8, respectively.

|
L}

Ty
FE| Sirion200 SEM

Fig. 8. SEM photographs of grafted acrylic fiber.
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Fig.9. FTIR spectra of (a) original acrylic fiber; (b) casein grafted
acrylic fiber.

As shown in Figure 7, the surface of ungrafted fiber is quite
smooth and there are a number of longitudinal cracks
during the high-ratio stretching in spinning. After grafting,
the surface of the modified fiber (Figure 8) became much
rougher and both the surface and the original cracks were
covered with some deposition, which indicated that the
casein has been grafted onto the acrylic fiber.

3.8 FT-IR Spectroscopy

The structure of the original and grafted acrylic fiber was
characterized by FT-IR, respectively. As shown in
Figure 9(a), the FTIR spectra of untreated acrylic fiber
shows characteristic absorption peaks at 2244 (y C=N),
1732 (y C=0), and 1454 (8 CH,) cm™ !, where vy represents
a stretching vibration and 6 a blending vibration. The FT-IR
spectra of the casein grafted fiber (Figure 9(b)) exhibits a
characteristic absorption band at 1650 cm ™!, amide I band,
resulting from the amide C=0O vibration. A strong amide II
band, which arises from the coupling of N-H bending of
C-N-H group, is observed at 1517 cm ™. Strong absorption

band at 3400 cm ™' is due to N-H stretching of casein (32).
The presence of these intense absorption bands indicates the
successful grafting of casein onto acrylic fiber.

3.9 Moisture Absorption, Water Retention and Specific
Electric Resistance

Moisture absorption and water retention reflect hydrophilic
properties of fibers, and they have a great effect on the appli-
cations of fibers. Specific electric resistance is an index of
antistatic property and spinnability for fibers. Fibers with
high value of the specific resistance are easy to accumulate
static charge, inhibiting spinning of fiber.

The comparison of moisture absorption, water retention
and specific electric resistance of original and grafted
acrylic fiber is shown in Table 1. Moisture absorption,
water retention capability and specific resistance of untreated
fiber are 2.07%, 14.51%, and 1.94 x 10°Q) - g/cmz, respec-
tively. However, on the case of grafted fibers they were all
improved. The percentage of moisture absorption and water
retention was found to increase with the increasing of
grafting efficiency and their maximum value were 5.39%
and 25.32%, respectively. At the same time, the specific
electric resistance was found to decrease as the grafting effi-
ciency increased. Generally, the antistatic property depends
on the moisture content of fiber materials. Grafting with
casein increases hydrophilicity of the fiber as a result of the
introduction of the polar groups. This change in the hydrophi-
lic nature is responsible for the enhancement of the moisture
absorption and water retention with increasing the percentage
of grafting efficiency and thus consequently reduces specific
electric resistance of the fiber. So, the antistatic properties
of the grafted fibers are improved, too.

3.10 Mechanical Properties

The mechanical properties of both ungrafted and grafted
acrylic fibers are recorded in Table 2. The breaking strength
and breaking elongation were 2.41 CN/dtex and 25.4% for
the untreated acrylic fiber, respectively. However, compared
with the untreated acrylic fiber, the breaking strength of the
grafted acrylic fiber was lower while the breaking elongation
did not changed much. Similar observations have also been
reported by a number of authors, and it is believed (33—34)

Table 1. Moisture absorption, water retention and specific electric resistance of acrylic fiber before and after grafting

Grafting Moisture Water Specific electric
Sample efficiency (%) absorption (%) retention (%) resistance () - g/ cm?)
Ungrafted 0 2.1 £ 0.1 145 + 0.6 (1.9 +0.1) x10°
Grafted 1.2 + 0.1 3.1+0.1 179 £ 0.5 (32 +0.1) x 10*
Grafted 23+02 40+02 192 + 1.0 (1.3 +0.2) x 10*
Grafted 35402 46+ 0.3 218+ 14 (9.9 + 0.4) x 107
Grafted 43+03 54403 253+ 1.5 (5.4 +0.3) x 107
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Table 2. Mechanical properties of acrylic fiber before and after
grafting

Grafting Breaking Breaking

efficiency strength elongation
Sample (%) (CN/dtex) (%)
Ungrafted 0 24+ 0.1 254 + 1.7
Grafted 1.2 + 0.1 21402 255+13
Grafted 23402 21402 27.6 + 1.6
Grafted 35402 2.0 £ 0.1 279 + 1.7
Grafted 43403 1.9+02 26.6 + 2.0

that the alkaline treatment leads to the surface erosion of the
acrylic fiber and loosening of the structure. So the intermole-
cular interaction between the polymeric chains decreases,
which results in the decline of the tensile strength. In spite
of all these factors, the grafted polymer still meets the require-
ment for wearing fiber.

4 Conclusions

As a combination of natural polymer and synthetic fiber,
casein grafted acrylic fiber was prepared after a series of
hydrolysis and chlorination reactions. The individual factors
of the reaction, such as chlorination time and temperature,
grafting time and temperature and pH value of the solution
affected the grafting efficiency obviously. FTIR spectroscopic
analysis and SEM micrographs of the original and grafted
fiber were used to confirm the grafting of casein onto the
acrylic fiber. This morphology has important implications
for moisture absorption, water retention, antistatic properties
and mechanical properties of the fiber. Casein-grafted acrylic
fiber exhibits better hygroscopicity, anti-static property and
spinnablity, which gives the proof that the surface properties
of the original acrylic fiber have been improved. Therefore, it
is necessary and significant to investigate other properties of
casein-grafted acrylic fiber in future work.
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