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ABSTRACT

A novel wheat straw cellulose-g-poly(potassium acrylate)/polyvinyl alcohol (WSC-g-PKA/PVA) semi-
interpenetrating polymer networks (semi-IPNs) hydrogel was prepared by polymerizing wheat straw
and an aqueous solution of acrylic acid (AA), and further semi-interpenetrating with PVA occurred during
the chemosynthesis. The swelling and deswelling properties of WSC-g-PKA/PVA semi-IPNs hydrogel and
WSC-g-PKA hydrogel were studied and compared in various pH solutions, salt solutions, temperatures,
particle sizes and ionic strength. The results indicated that both hydrogels had the largest swelling capac-
ity at pH=6, and the effect of ions on the swelling of hydrogels was in the order: Na* > K* > Mg?2* > Ca?*.
The Schott’s pseudo second order model can be effectively used to evaluate swelling kinetics of hydrogels.
Moreover, the semi-IPNs hydrogel had improved swelling-deswelling properties compared with that of

Swelling WSC-g-PKA hydrogel.
Deswelling

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Hydrogels are defined as three-dimensional networks of
hydrophilic polymer that can absorb and retain a significant
amount of water (Juby et al., 2012; Zhao, Kang, & Tan, 2006).
With superior hydrophilic properties, hydrogels can hold a large
amount of water even under intense pressure. This superiority of
hydrogels made them as important materials in a variety of indus-
trial applications as well as in consumer items (Keshava Murthy,
Murali Mohan, Sreeramulu, & Mohana Raju, 2006). The hydrogels
have found a variety of applications such as components of drug
delivery devices, microfluidic devices, biosensors, tissue implants,
and contact lenses (Ekici, Ilgin, Butun, & Sahiner, 2011; Ji et al,,
2010; Jin, Xi, Lv, Wu, & Lin, 2011). Hydrogels exhibited changes
in their swelling and deswelling ratio in response to external
stimuli, such as temperature, pH and ionic concentration (Chen
et al., 2010). A low absorption rate at high concentrations of elec-
trolytes and undesirable water-keeping capacity also restrict the
application and development of hydrogels. In order to overcome
these shortcomings, interpenetrating polymer networks (IPNs) and
semi-interpenetrating polymer networks (semi-IPNs) hydrogels
have been paid more attention and became an important class of
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materials. IPNs are conventionally defined as intimate combination
of two polymers, at least one of which is synthesized or crosslinked
in the immediate presence of the other (Lipatov, 2002). Semi-IPNs
is a way of blending two polymers where only one is crosslinked in
the presence of another to produce a mixture of fine morphology
(Culinetal., 2005; Jin, Liu, Zhang, Chen, & Niu, 2006). Semi-IPNs sys-
tems usually exhibited surprising properties superior to either of
the two single polymer alone (Kozhunova, Makhaeva, & Khokhlov,
2012; Myung et al., 2008).

Recently, some natural resources, e.g. polysaccharides, have
been used to produce polymer hydrogels (Ji, Kuo, Wu, Yang, &
Lee, 2012; Vakili & Rahneshin, 2013). Among numerous polysac-
charides, cellulose is the most potential one due to its excellent
biodegradability and biocompatibility (Wang & Wang, 2010).
Wheat straw (WS), as a by-product of grain crops, is an impor-
tant biological resource in the crop production system (Talebnia,
Karakashev, & Angelidaki, 2010). Wheat straw contains a high con-
tent of cellulose, so it could be chemically modified and used as
backbone material for hydrogels (Xie, Liu, Ni, Zhang, & Wang, 2011).

In the present study, in order to obtain an eco-friendly hydro-
gel with better swelling and deswelling behaviors, a novel wheat
straw cellulose-g-poly (potassium acrylate)/polyvinyl alcohol
(WSC-g-PKA/PVA) semi-IPNs hydrogel was synthesized by copo-
lymerization of wheat straw cellulose (WSC)and acrylicacid (AA) in
the presence of PVA, which also has been widely explored as water-
soluble polymers for numerous biomedical and pharmaceutical
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applications due to its advantages of non-toxic, non-carcinogenic
and bioadhesive properties. The structure and morphologies of
the semi-IPNs hydrogels were characterized by Fourier Transfor-
mation Infrared Spectra (FTIR) and Scanning Electron Microscope
(SEM). The swelling kinetics and swelling-deswelling proper-
ties of WSC-g-PKA/PVA semi-IPNs hydrogel in various pHs, salt
solutions, temperatures, particle sizes, and ionic strength were
evaluated and also compared with that of wheat straw cellulose-g-
poly(potassium acrylate) (WSC-g-PKA) hydrogel.

2. Experimental
2.1. Materials

Acyclic acid (AA), polyvinyl alcohol (PVA), N,N'-
methylenebisacrylamide (MBA), potassium persulfate (K;S;0g),
ammonium cerium nitrate ((NHg),Ce(NO3)g), sodium sulfite
(Na,S03), potassium hydroxide (KOH) and other agents were all
of analytical grade, and purchased from Dengke Factory, Tianjin,
China. Distilled water was used for polymerizations and swelling
experiments. The concentration of MBA and initiators were
2.0g/100 ml dist. water.

2.2. Preparation of WSC-g-PKA/PVA semi-IPNs and WSC-g-PKA
hydrogel

The washed and dried wheat straw was smashed and sifted
through a 100-mesh sieve. Then the wheat straw powder was
soaked in 10% ammonia at the mass ratio of 1:12 for 48 h, and the
mixture was washed with distilled water and filtered by a vacuum
filter. The filtered residue was dipped in 1 mol/L nitric acid at a
mass ratio of 1:12, and heated at 100°C for 45 min. Then the mix-
ture was washed and filtered by the same way. Finally, it dried at
70°C to obtain WSC.

The WSC-g-PKA/PVA semi-IPNs hydrogel was prepared by AA,
WSC and PVA in aqueous solution. They were synthesized by graft
copolymerization and semi-IPNs technology. 1.0 g WSC was trans-
ferred in a three-neck flask equipped with a stirrer. The water
bath was heated and maintained at 50 °C. Stock solutions of 10 ml
K5S,0g and 2 ml (NH4),Ce(NO3)g were added into the flask. After
15 min, 3.3 ml Na;SO3 and 10.0 g AA with neutralization degree of
65% were successively added. After 15 min graft copolymerization
reaction between AA and WSC, 2.0g PVA was put in. Then, 2 ml
of MBA was added after 45 minutes. The solution was stirred at
50°C for 4h to complete the polymerization reaction. WSC-g-PKA
hydrogel was prepared by the same method without added PVA.
After that, the formed hydrogels were oven dried at 70°C until to
reach constant weight. The products used during the absorption
process were milled through 20, 40 and 60 mesh screens.

2.3. Characterization

The FTIR of the WSC-g-PKA/PVA semi-IPNs hydrogel and WSC-
g-PKA hydrogel were recorded using a NEXUS-470 series FTIR
spectrometer (Thermo Nicolet, NEXUS). The samples were pow-
dered and mixed with KBr to make pellets. The morphological
variations of the samples were investigated using a Hitachi S-520
SEM (Tokyo, Japan).

2.4. Study of water absorption properties

2.4.1. Measurement of swelling and deswelling

In the experiment, 0.20 g sample was immersed in excess dis-
tilled water and kept undisturbed to reach swelling equilibrium.
Then swollen samples were filtered through a 100-mesh gauze to

separate from unabsorbed water and weighted. The water absorp-
tion amount Qeq (g/g) was calculated as follows:

_ My - M,
==

where M; (g) and M, (g) are the weights of the dry and swollen
sample, respectively. Qeq was calculated as grams of water per gram
of sample.

For the deswelling study, the swollen samples equilibrated
in distilled water were transferred to 0.9 wt% NaCl solution. At
predetermined time intervals, the hydrogels were taken out and
weighted. The percentage water retention was calculated using the
following equation:

Qeq (1)

Water retention (%) = % x 100 (2)
3

where M3 (g) and M4 (g) are the weights of swollen hydrogel and
deswollen hydrogel in 0.9 wt% NaCl solution.

2.4.2. Swelling kinetics

Swelling kinetics of hydrogels in distilled water was measured
as follows: an accurate amount of samples (0.20 g) were contacted
with distilled water in 500 ml Erlenmeyer flask. The swollen gels
were filtered using a 100-mesh gauze at different intervals. After
weighing, the swelling capacity of hydrogels at a certain moment
was calculated according to Eq. (1). All samples were carried out
three times repeatedly and the averages were reported in this
paper.

2.4.3. Swelling in various pH and saline solutions

To study the swelling behaviors of hydrogels in solutions with
different pHs, various pH solutions were adjusted using 1 mol/L
NaOH and 1 mol/L HCI aqueous solutions. Then the measurement
condition was the same as described in Section 2.4.1.

To investigate the effect of different ions on the swelling prop-
erty of hydrogels, various saline solutions (NacCl, KCI, CaCl,, MgCl,)
with 10 mmol/L were used.

2.4.4. Effects of temperature, particle sizes and ionic strength on
swelling and deswelling

The swelling-deswelling behaviors of hydrogels were studied
at temperature 10, 25 and 40 °C to investigate the effect of temper-
ature. In order to study the effect of particle sizes on swelling and
deswelling properties, the hydrogels were milled through 20, 40
and 60 mesh screens. The swelling and deswelling of hydrogels in
5,10, 50,100 and 150 mmol/L NaCl solutions were also determined
to study the effect of ionic strength. The measurements of water
swelling and deswelling capacities were carried out according to
Sections 2.4.1 and 2.4.2.

3. Results and discussion
3.1. FTIR results

FTIR was carried out to characterize the chemical structure
differences between WSC-g-PKA/PVA semi-IPNs hydrogel and
WSC-g-PKA hydrogel. The FTIR spectrums of them were shown
in Fig. 1, which had similar characteristic absorption peaks. Com-
paring with the FTIR spectrum of WSC-g-PKA hydrogel (b), the
absorption bands of WSC-g-PKA/PVA (a) at 3449cm~! (O—H
stretching vibration influenced by hydrogen bond), and 2943 cm~!
for methylene shifted to 3453 cm~! and 2925 cm™!, respectively.
In Fig. 1(a), the appeared absorption bands at 2525cm~! (—OH
stretching of PVA) and 1716cm~! (C=0 stretching vibration of
—COOH), and the disappeared absorption bands at 1650cm™!
(carboxylate), suggesting the interpenetrating reaction of PVA on
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Fig. 1. FTIR spectra of WSC-g-PKA/PVA semi-IPNs (a) and WSC-g-PKA (b) hydrogels.

WSC-g-PKA (Rémond, Aubry, & Cronier, 2010). Furthermore, the
absorption peaks of WSC-g-PKA hydrogel (1560 cm~! for C—0—C
stretching and 1410cm~! for uC=0 of acrylic acid) were larger
than WSC-g-PKA/PVA semi-IPNs hydrogel, which was assigned
to the reaction occurred between PVA and the grafted polymer
WSC-g-PKA. The results obtained from FTIR analysis showed that
WSC-g-PKA/PVA semi-IPNs hydrogel was prepared during the
polymerization process.

3.2. SEM results

As a widely employed technique, in this paper, SEM was used
to investigate and identify the differences of surface morphol-
ogy, size, shape and porosity between WSC-g-PKA/PVA semi-IPNs
hydrogel and WSC-g-PKA hydrogel (Fig. 2(a) and (b)). It was
observed that compared with WSC-g-PKA/PVA, the sample without
PVA had a relatively smooth and tight surface. Obviously, WSC-
g-PKA/PVA semi-IPNs hydrogel presented a relatively coarse and
undulant surface. The crosslinked densities were higher and net-
work structure was more obvious than WSC-g-PKA. This porous
microstructure increased surface area and was useful for water
penetrating into the network of hydrogels, which was conducive to
the improvement of water absorbency. Due to numerous intercon-
nected pores in the hydrogel network, water molecules can easily
diffuse.

3.3. Swelling kinetics

The swelling kinetics of WSC-g-PKA/PVA semi-IPNs hydrogel
and WSC-g-PKA hydrogel in various conditions were evaluated by
Schott’s pseudo second order kinetics model (Schott, 1992).

t 1 1
ot (a) ®
where Q; (g/g) was the water absorption of hydrogels at time
t; Qx (g/g) was the theoretical equilibrium swelling capacity;
Kis was the initial swelling rate constant (g/gs). Swelling kinetic
parameters for hydrogels in different conditions were shown in
Table 1. As can be seen from the linear correlation coefficient R2,
the plot of t/Q; versus t gave straight lines. The results indicated
that the pseudo second order model can be effectively used to
evaluate swelling kinetics of hydrogels. Q. and K;js of the WSC-
g-PKA/PVA semi-IPNs hydrogel and WSC-g-PKA hydrogel can be
calculated by the slope and intercept of each fitted straighted line.
Q. values were 322.58 g/g and 277.77 g/g, K;; were 0.2806 g/gs

Fig. 2. SEM of WSC-g-PKA/PVA semi-IPNs hydrogel (a) and WSC-g-PKA hydrogel
(b).

and 0.2421 g/g s for WSC-g-PKA/PVA and WSC-g-PKA, respectively,
indicating that the incorporation of PVA improved the swelling
capacity and initial swelling rate of hydrogel. This phenomenon was
assigned to that moderate PVA contents participated in the con-
struction of the three-dimensional network of WSC-g-PKA, which
would benefit the diffusion of water molecules into the network
and facilitate to the relaxation of polymer chains (Wang & Wang,
2010).
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Table 1
Swelling kinetic parameters for SARs in different conditions.
Conditions WSC-g-PKA/PVA WSC-g-PKA
Q. (g/g) Kis (g/gs) R? Q. (g/g) Kis (g/gs) R?
2 63.29 0.0715 0.9944 62.5 0.0679 0.9921
4 344.82 0.2721 0.9946 300 0.1230 0.9978
H 6 333.33 0.3466 0.9956 321.46 0.1438 0.9928
P 8 330.31 0.1941 0.9885 302.50 0.1603 0.9903
10 327.31 0.2085 0.9922 300.14 0.1363 0.9837
12 322.58 0.1952 0.9921 293.86 0.1155 0.9733
NacCl 158.73 0.1976 0.9908 156.25 0.0745 0.9874
KCl 140.84 0.1586 0.9828 135.13 0.0794 0.9909
Salt solution MgCl, 140.84 0.1947 0.9887 129.87 0.0777 0.9825
CaCl, - - - - - -
Na, S04 128.20 0.1538 0.9894 12451 0.0742 0.9821
10 256.41 0.1848 0.9899 227.27 0.1846 0.9895
Temperature (°C) 25 322.58 0.2806 0.9983 277.77 0.2421 0.9974
40 294.11 0.2238 0.9948 256.41 0.2231 0.9907
10-20 302.58 0.2806 0.9983 227.27 0.1846 0.9895
Particle size (mesh) 20-40 312.50 0.3397 0.9947 294.11 0.2745 0.9906
40-60 312.50 0.5876 0.9962 297.77 0.4209 0.9906
5 169.49 0.1782 0.9924 153.84 0.0720 0.9929
10 160.93 0.1761 0.9925 149.25 0.0632 0.9921
NaCl concentration (mmol/L) 50 93.45 0.1470 0.9935 111.11 0.0451 0.9802
100 70.92 0.1101 0.9965 80.64 0.0334 0.9837
150 59.17 0.0975 0.9976 59.52 0.0209 0.9753
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Fig. 3. Effect of pH on swelling kinetics of WSC-g-PKA/PVA semi-IPNs and WSC-g- IPNs hydrogel (a) and WSC-g-PKA hydrogel (b)

PKA hydrogels.
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3.4. Effect of pH on swelling behavior

Generally, pH value is one of the most important parameters
affecting the absorption process (Zheng, Liu, & Wang, 2011). In
order to investigate the influence of pH values on water absorp-
tion, swelling behaviors of both hydrogels were studied at various
pHs ranged from 2 to 12. Because absorbency of hydrogel was
strongly affected by ionic strength, no additional ions (through
buffer solution) were added to medium for setting pH. As shown
in Fig. 3, it can be found that the swelling behaviors of both WSC-
g-PKA/PVA semi-IPNs and WSC-g-PKA hydrogels were depended
on pH, which revealed that they had pH stimuli-responsive prop-
erties. Compared with WSC-g-PKA, WSC-g-PKA/PVA had similar
variation tendency of swelling, except the larger water absorp-
tion. As pH changing in the range of 2-6, the swelling capacity of
hydrogels increased, but decreased at pH 8-12. At lower pH values
(2 <pH<4), the low swelling degree was due to the higher protona-
tion degree of carboxylic groups. While, when pH value increased
to 6, the carboxylic groups become ionized and the electrostatic
repulsion between the molecular chains was predominated, which
leads to the network more expanding (Li, Xu, Wang, Chen, & Feng,
2009). At higher pH values (8 <pH <12), the decreased of swelling
capacity can be explained by ‘charge screening effect’ of excessive
Na* in the swelling media (Lanthong, Nuisin, & Kiatkamjornwong,
2006). Table 1 obviously showed that Q., and K;s of both the two

hydrogels increased as pH increasing from 2 to 6 and reached the
maximum at pH=6, but decreased at pH 8-12. From Table 1, it
also can be concluded that Q. and Kj; of WSC-g-PKA/PVA were
greater than WSC-g-PKA, which revealed that the introduction of
PVAinto grafted polymer WSC-g-PKA can enhance the swelling rate
and swelling capacity.

3.5. Effect of various salt solutions on swelling

To better understand the swelling behaviors of hydrogels in
presence of various cations, the chloride salts of Na*, K*, Mg2*
and Ca%* with the concentration of 10 mmol/L were employed as
swelling media. The swelling curves of WSC-g-PKA/PVA semi-IPNs
hydrogel and WSC-g-PKA hydrogel in different salt solutions were
shown in Fig. 4(a) and (b). The results appreciably demonstrated
that comparing with distilled water, the swelling ratio in saline
solutions was clearly decreased. Table 1 indicated that Q., and Kj,
in saline solution were much lower than in distilled water. This
phenomenon which could be observed in the swelling behaviors of
ionic hydrogels (Zhao, Su, Fang, & Tan, 2005), was often attributed
to a charge screening effect of the additional cations causing a non-
perfect anion-anion electrostatic repulsion, leading to a decreased
osmotic pressure (ionic pressure) difference between the hydrogel
network and the external solution (Bao, Ma, & Li, 2011).
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As can be seen, (a) and (b) had similar water absorption varia-
tion tendency and the introduction of PVA could increase water
absorbency of hydrogel. Furthermore, the water absorbency in
all salt solutions reached swelling equilibrium within 60 min and
followed the order of swelling ratio, i.e., Na*>K*">MgZ*>Ca2*
(cations). This fact was mainly caused by the size of the ions, with
increase in the size, the ions were much difficult to penetrate into
the semi-interpenetrated networks of the SAR. The absorbency of
the hydrogel in salt solutions was monovalent > bivalent cations. It
may be additionally caused by complexing ability arising from the
coordination of the bivalent cations with superabsorbent hydrogel
groups (Zheng, Li, Zhang, & Wang, 2007). The complexing ability
of carboxylate groups on the hydrogels could induce the formation
of intramolecular and intermolecular complexes with the bivalent
cations, resulting in the reduction of water penetrated into the
networks of hydrogels. Meanwhile, there were more Cl~ ions in
MgCl, and CaCl, solutions, leading to a decreased osmotic pres-
sure difference, so water absorbency of hydrogels in MgCl, and
CaCl; was lower than that of NaCl and KCl. However, swelling
behavior in CaCl;, solution was quite distinct from others and the
swelling kinetic cannot be evaluated by the pseudo second order
kinetics model. With the increase of immersing time the water
absorbency of both hydrogels increased during the first 45 min,
and then decreased close to 5g/g. This phenomenon was actu-
ally known as the overshooting effect, which can be interpreted

as the consequence of a swelling-deswelling process (Diez-Pefia,
Quijada-Garrido, & Barrales-Rienda, 2003). In CaCl, solution, the
spread of polymer network was attribute to the water penetration,
meanwhile, a much more crosslink degree was formed during the
interaction between CaZ* ions and carboxyl groups of hydrogels,
which led to a lower swelling.

3.6. Effect of temperature on swelling—deswelling behaviors

The swelling curves of WSC-g-PKA/PVA semi-IPNs hydrogel and
WSC-g-PKA hydrogel at different temperatures (10°C, 25°C and
40°C) were shown in Fig. 5(a) and (b). The swelling ratios of both
hydrogels increased with the prolongation of immersing time and
reached swelling equilibrium within 75 min. The swelling ratio
followed the order, i.e., 25°C>40°C>10°C. As can be seen from
Table 1, Qx and Kjs of both hydrogels reached the maximum at
25°C. Compared with 10 °C, the swelling capacity at 25°Cand 40°C
were higher because that water penetrating into the hydrogel was
in a bound state at low temperature. However, during the rise
of temperature the water molecule would gain an enthalpy and
the hydrophilic group in hydrogels would be turned into an intra-
molecular hydrogen bond (Guo & Gao, 2007). As a consequence,
the swelling capacity increased. As temperature rised from 25 °C to
40°C, a part of hydrogen bonds will be destroyed, consequently the
hydrogels become much less hydrophilic, which resulted in lower
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swelling capacity (Chen et al., 2010). Additionally, both Q,, and Kijs
of WSC-g-PKA/PVA were higher than WSC-g-PKA, indicating that
semi-IPNs hydrogel with PVA had improved property and better
swelling capacity.

The deswelling kinetics curves of WSC-g-PKA/PVA semi-IPNs
hydrogel and WSC-g-PKA hydrogel which were from equilibrated
swollen state at different temperatures in 0.9 wt% NaCl solution
were shown in Fig. 5(c) and (d). The deswelling rate followed the
order, i.e., 25°C>10°C>40°C. The water retention of hydrogels
decreased quickly during the first 30 min and reached equilibrium
within 60 min. With temperature changed from 10°C to 25°C, the
water release rate increased because that the water diffusion rate
was higher at 25 °C. However, the water release rate decreased with
the further increase of temperature to 40 °C, which was assigned to
the difficulty of water molecules from the inner of hydrogels diff-
used to the outer region at high temperature. The WSC-g-PKA/PVA
semi-IPN hydrogel had a faster deswelling rate and lost more water
than WSC-g-PKA hydrogel with the change of external temperature
within the same time. It can be ascribed that the introduction of the
hydrophilic chains, PVA, could inhibit the formation of the dense
skin layer, and the hydrophilic chains act as releasing channels for
water molecules when the collapse occurred (Muniz & Geuskens,
2001; Zhang, Bhat, & Jandt, 2009).

3.7. Effect of particle size on swelling-deswelling behaviors

The water absorption and water retention of WSC-g-PKA/PVA
semi-IPNs hydrogel and WSC-g-PKA hydrogel with different parti-
cle sizes were shown in Fig. 6. As can be seen, water absorption of
WSC-g-PKA/PVA (a) and WSC-g-PKA (b) increased rapidly within
45min and the swelling capacity increased with particle size
changed from 20 mesh to 60 mesh. It can be concluded from
Table 1 that both swelling capacity (Q.,) and initial swelling rate
(K;js) increased with the decrease of particle size. The swelling rate
of the small particles was much faster than that of the large ones
and the swelling capacity in the equilibrium of the small ones was
a little larger than that of the large particles. The reason would be
expected from the increase in surface area with decreasing particle
size (Omidiana, Hashemi, Sammes, & Meldrum, 1999). This space
left between the swollen particles which was called free or inter-
stitial volume (Bao et al., 2011), could be used to absorb additional
water by a typical capillary action (Lipponen et al., 2012). So the
interstitial volume between per unit mass hydrogel was larger, the
water absorbency was higher.

The same phenomenon was found in water retention of WSC-g-
PKA/PVA (c)and WSC-g-PKA (d)in 0.9 wt% NaCl solution. Compared
with swollen sample with larger particle size, the smaller ones
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had faster deswelling rate. The water retention increased with the
decreasing of particle size at equilibrium, which was mainly caused
by higher surface area or contact area between fine particles and
water (Baoetal.,2011). The same mass of small particles has alarger
interstitial volume than the large particles, so small particles have
a larger water retention at equilibrium. Moreover, both swelling
capacity and water retention of WSC-g-PKA/PVA were larger than
WSC-g-PKA with the same particle size, which resulted from the
incorporation of PVA and the change of network structure.

3.8. Effect of different ionic strength on swelling and deswelling
behaviors

The change of swelling and deswelling ability of hydrogels
caused by external stimuli such as different ionic strength have
been reported (Liu, Wang, & Wang, 2010; Murali Mohan, Keshava
Murthy, & Mohana Raju, 2005). The swelling and deswelling kinet-
ics curves of WSC-g-PKA/PVA semi-IPNs hydrogel and WSC-g-PKA
hydrogel at different concentrations of NaCl solution were shown
in Fig. 7. According to reports, the presence of weak hydrated
cation and weak hydrated anion would not influence hydrogen
bond in the hydrogel (Jin, Liu, Chen, & Chen, 2005; Muta, Ishida,
Tamaki, & Satoh, 2002). It can be drawn from this study that water
absorbtion of hydrogels was influenced and low even that the con-
centration of NaCl was 5 mmol/L. The factors that affected water
absorption and release included the osmotic pressure difference
between internal and external of hydrogel, the hydrophilic inter-
action of the groups in the hydrogel and the repulsion between
these groups. The osmotic pressure difference was most important
among these factors. As can be seen in Table 1, with the con-
centration of NaCl increased, swelling capacity at equilibrium and
swelling rate were decreased. This phenomenon can be explained
that with the increasing of NaCl concentration, the ionic strength
and osmotic pressure of the external solution were strengthened.
So the osmotic pressure difference between internal and external
of hydrogel was reduced and water from the outer region would
be difficult to diffuse into the inner of the hydrogel, which led to
the decreasing of swelling capacity and swelling rate. Meanwhile,
in the same NaCl concentration, the swelling capacity and swelling
rate of WSC-g-PKA/PVA were higher than WSC-g-PKA, ascribing to
the reaction between water molecules and the hydrophilic chains
PVA.

In the process of deswelling of hydrogels, the larger of NaCl con-
centration, the higher of deswelling rate and the lower of water
retention at equilibrium. It was chiefly because that when ionic
strength was high, the water in hydrogels tended to spread to the
external solution so that decreased the external osmotic pressure
and regulated osmotic pressure difference. Furthermore, more Na*
entered the internal structure of hydrogels and combined with the
carboxyl with the increase of NaCl concentration, resulting in the
reduction of hydrophilicity and repulsion of these groups. As a
result, the water retention at equilibrium reduced.

4. Conclusions

A novel wheat straw cellulose-g-poly (potassium acrylate)/PVA
semi-IPNs hydrogel was prepared by polymerizing wheat straw
and an aqueous solution of AA, and further semi-interpenetrating
with PVA occurred during the chemosynthesis. The results of FTIR
and SEM confirmed that PKA chains had been grafted onto WSC,
and PVA chains were interpenetrated throughout the polymer net-
work WSC-g-PKA. The Schott’s pseudo second order kinetic model
agreed very well with the dynamical date for the water absorp-
tion in different conditions. WSC-g-PKA/PVA semi-IPNs hydrogel
showed rather faster swelling/deswelling rate and higher swelling

ratio by the influence of various pHs, salt solutions, temperatures,
particle sizes, and ionic strength, which reflected that the introduc-
tion of PVA into the WSC-g-PKA polymeric network was helpful
for the improvement of swelling capacity of semi-IPNs hydrogels.
The superior performances of WSC-g-PKA/PVA semi-IPNs hydro-
gels could promote them as water retention materials in agriculture
and horticulture fields. Furthermore, it accelerated their applica-
tions in biotechnology fields.
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