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Abstract— Acrylic acid is a hydrophilic monomer which becomes the most popular material used to synthesize superabsorbent 
polymer. In this recent study, acrylic acid was partially neutralized with KOH and mixed with chitosan to form a superabsorbent 
hydrogel poly (acrylic acid) – graft – chitosan by using of gamma ray irradiation technique. The aim of this study was to determine 
the optimum composition of KOH in acrylic acid partial neutralization process for enhancing the production of grafted polymer. The 
degree of neutralization was varied (0, 25, 50, 75, and 100)% and the effect on the superabsorbent characteristics were studied. 
Hydrogel products were characterized by Fourier Transform Infrared (FTIR) and Scanning Electron Microscopy (SEM). The gel 
content, swelling ratio, Equilibrium Degree of Swelling (EDS), and Thermal Analysis were also performed. The highest water swelling 
capacity was 715 (g water/g dry hydrogel), and the gel content was 91.23%, resulted from 75% of acrylic acid neutralization. The 
swelling capacity of the products was also tested in urea and NaCl solutions and reached 750 (g urea solution/g dry hydrogel) for urea 
and 378,33 (g NaCl solution/g dry hydrogel) for NaCl. The huge water absorption capacity indicated that the hydrogel from this 
research was a superabsorbent product which was suitable for hygiene products application. The degree of neutralization did not 
show a significant influence on the thermal resistance of the grafted hydrogel produced in this study. 
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I. INTRODUCTION 

Hydrogels are polymeric structures held together as 
water-swollen gels by primary covalent cross-links, ionic 
forces, hydrogen bonds, affinity or “bio-recognition” 
interaction, hydrophobic interactions, polymer crystallites, 
physical entanglements of individual polymer chains, or a 
combination of two or more interactions. Depending on their 
method of preparation, ionic charge, or physical structure 
features, hydrogels may be classified in several categories; 
they may be homopolymer hydrogels, copolymer hydrogels, 
multi-polymer hydrogels, and interpenetrating network (IPN) 
hydrogels [1]. Hydrogels are 3D networks of polymer chains 
that bring great interest in some applications. A strong 
repulsive force is generated among those abundant 
functional groups with the same charge, which enables the 
hydrogels to be initially applied to the superabsorbent 
materials [2]. 

Furthermore, in accordance with the development of 
technology and the need for new materials that can be 

applied in the field of health, in recent years hydrogels 
researched and developed for applications in the biomedical 
field such as wound dressing [3]-[6] and personal hygiene 
products (baby diapers and sanitary napkins) [7]-[8]. In 
water absorbing applications such as baby nappies and adults 
incontinence pads, superabsorbent hydrogels are ideal due to 
their ability to absorb and retain large volumes of water and 
aqueous solutions. Desired features of superabsorbents are 
high swelling capacity, high swelling rate, and good strength 
of the swollen gel. Hydrogels produced years ago 
(conventional hydrogels) have the very low swelling 
capacity and rate. They mainly need several hours to reach 
to maximum swelling capacity. In the absorbents 
incorporated in the baby napkins application, high 
absorbency and high rate of swelling are very important 
criteria [9]. Recently, high absorbency and high swelling rate 
of hydrogels were reported by using different materials and 
technologies [10]-[11]. 

Current superabsorbent hydrogels commercially applied 
in the disposable diapers have disadvantages such as weak 
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mechanical strength, poor biocompatibility, and lack of 
antimicrobial activity, which may include skin allergy of the 
body. Lack of biocompatibility and biodegradability is the 
major hassle for the present superabsorbent materials used 
worldwide as they are made from petroleum-based 
monomers like acrylic acid and acrylamide [12]. The remedy 
for this problem is to design the hydrogels by using natural 
polymers that usually biocompatible and biodegradable, but 
they have inferior mechanical properties compared to 
polymers synthesized from petroleum-based materials [13]. 

Technological science needs innovations in the hydrogel 
synthesis. One of them is by combining synthetic material 
with natural material. Many studies conducted to modify 
polymers with other ingredients to enhance the absorption 
ability and durability of its physical properties by utilizing 
natural materials like chitosan. Chitin derivative of chitosan 
is the most common natural polymer that attracted to be 
explored in the hydrogel synthesis. Chitosan is a material 
that has the immense structural possibility for chemical and 
mechanical modification [14]. Like any other natural 
materials, chitosan is biocompatible and can be easily 
degraded [15]. The hydrophilicity of chitosan, due to the 
presence of amino and hydroxyl functional groups in its 
repeat unit, makes the polymer soluble in dilute acidic 
solutions and yield a rubbery hydrogel in water [16]. The 
abundant hydroxyl and amino groups distributed on its chain, 
allow chitosan to be modified via chemical reactions, graft 
copolymerization constituting one such modification for 
chitosan [17]. Chitosan-based hydrogels have been widely 
studied for some purposes area and also combined with other 
natural materials [3], [6], [18], [19] or synthetic materials 
[20]-[22].  

Acrylic acid is a well-known polymer that is usually used 
to produce superabsorbent hydrogel [23]-[25]. Chitosan 
grafted poly (acrylic acid) polymers have been reported by 
some researchers and showed great properties for some 
fields of applications [26]-[29]. This present study focuses 
on the effect of acrylic acid neutralization by using of 
potassium hydroxide to the swelling ability of chitosan-
grafted polymer.  

Covalently cross-linked hydrogels are usually prepared by 
bringing together small multi-functional molecules such as 
monomers and oligomers, and reacting to form a network 
structure. Sometimes large polymer molecules may be cross-
linked with the same small multi-functional molecules. Such 
cross-linking may be achieved by reaction of two chemical 
groups on two different molecules, which can be initiated by 
catalysts, by photo-polymerization or by radiation cross-
linking [1]. The radiation processing has several advantages 
such as the simultaneous crosslinking and sterilization in one 
step and the easy control of physical properties of hydrogels 
by combining dose with polymer composition; it allows 
fabricating a pure and human-friendly product non-
contaminated with ballast materials or the residuals of toxic 
initiators [30]. Irradiation technique was successfully 
reported by some researchers to synthesize superabsorbent 
hydrogels, some were using gamma-irradiation [24], [25], 
[30], [31], blue and green LED irradiations [32], microwave 
irradiation [26], and electron beam irradiation [33]. The aim 
of this research is to synthesize the superabsorbent hydrogel 

from chitosan and partially neutralized the acrylic acid by 
using the gamma-irradiation method. 

II. MATERIAL AND METHOD 

A. Materials 

Acrylic acid 99% (Merck) was as main material, 
potassium hydroxide (KOH) for acrylic acid neutralization 
(Merck), industrial grade of chitosan with deacetylation 
degree 85%, NaCl and Urea (Merck) are used for salt and 
urea absorption measurements. Swelling measurements were 
done by using an analytical balance (Scaltec), homogenizer 
and stirrer (WiseStir HSH-200) for homogenization before 
irradiation, oven (Heraeus) was for polymer drying process. 
Synthesis of the superabsorbent polymer was performed by 
gamma irradiation procedures using irradiators Co60, and 
the FTIR spectra were recorded on Spectrophotometer 
Fourier Transform Infrared Shimadzu Prestige-21. 

B. Preparation of Chitosan-g- poly (potassium acrylate) 
Hydrogel 

An amount of 85 mL of distilled water were put in the 
container glass beaker 250 mL and then 15 mL of partially 
neutralized acrylic acid with the variation of mol 
concentration of potassium hydroxide (0%, 25%, 50%, 75%, 
and 100%) were added to form a solution of potassium 
acrylate. 0.5 g of chitosan were then added and homogenized 
with a stirrer. The solution mixture is packed in a plastic 
container and then irradiated with gamma rays at a constant 
dose of 5 kGy. Results of irradiation in the form of gel is 
then removed from the plastic container and dried at 60°C 
for 24 hours. The dried hydrogels were then cut into smaller 
pieces and ground to form granulated superabsorbent resins. 

C. Equilibrium Degree of Swelling (EDS) Analysis 

EDS shows the hydrogel ability to absorb water at 
equilibrium condition. A number of 0.1 g of superabsorbent 
hydrogel sample were placed in a glass beaker containing 
100 mL of distilled water and allowed to immerse for 24 h. 
Tests have been carried out by 3 replications. EDS (g 
water/g dry hydrogel) can be calculated using the following 
equation: 

 
0

0

W

WWs
EDS

−
=                              (1) 

Where Ws is the weight of the hydrogel in a state of 
optimum swelling after 24 h of immersion (g) and Wo is the 
initial weight of  the dry hydrogel  (g). 

D. Gel Content Analysis 

A weight of 0.01 g of hydrogel was measured (W0), then 
placed in a tea bag and soaked in 200 mL of distilled water 
at room temperature for 24 h. After 24 h, the hydrogel was 
then dried in a vacuum oven to 60°C for 24 h until a constant 
weight and then weighed (Wg). The gel content (%) was then 
calculated by the following equation: 

%100
0

0
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W
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g −
=                   (2) 

where Wg is the dry weight of the hydrogel after immersion 
(g) and W0 is the initial dry weight of the hydrogel before 
the immersion (g). 
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E. Swelling Ratio Study 

In the water swelling ratio analysis, 0.1 g of hydrogels 
with varied neutralization of acrylic acid (0%, 25%, 50%, 
75%, and 100%) (n/n) were placed into a glass beaker 
containing 100 mL of distilled water then allowed to stand 
with the time variations of 30, 60, 90, 120, 150, and 180 s. 
Furthermore, the swollen water hydrogel was filtered, and 
the water is coming out of the hydrogel is collected in a 
container and weighed. Water that is absorbed in the 
hydrogels is calculated from the difference between the 
initial dry weight and the weight of swollen hydrogel at the 
time t. 

The swelling ratio was also measured in salt and urea 
solution. 100 mg of dry hydrogel was immersed into varied 
concentration of NaCl solution (0.9%, 0.09%, and 0.009%) 
(w/v) within 1 h. The same way was used to measure the 
absorption capacity of the hydrogel in the urea solution. The 
swelling ratio (g water/g dry hydrogel) of 15 minutes time 
intervals can be calculated by the following expression: 

0

0

W

WWt
RatioSwelling

−
=                       (3) 

where Wt is the weight of the hydrogel in a state of swelling 
(g) at time t and W0 is the weight of dry hydrogel (g). 

F. FTIR Study 

The powdered hydrogel was mixed with potassium 
bromide, and then the spectrum of each sample was obtained 
using Shimadzu IR Prestige-21 spectrometer model 800 
series from 4000 to 500 cm-1. 

G. DTG 

Thermal degradation of 15 mg sample of hydrogel was 
measured using a DTA-TG at the range temperature of 30-
500°C. 

H. SEM 

Superabsorbent hydrogel samples were immersed for 24 h 
until the equilibrium and then freeze for 24 h. The samples 
were freeze-dried at a temperature of -105°C and then coated 
with a thin layer of gold and analysed using SEM. 

III.  RESULTS AND DISCUSSION 

In this study, the hydrogel was synthesized by using Co60 
gamma irradiation at a constant dose of 5 kGy. This dose 
was selected based on the previous study [24]. A Higher 
dose of irradiation caused the increasing of the density of the 
crosslinked polymer, and as a result, the amount of water 
absorbed in the hydrogel matrix was decreased [10]. The 
physical behavior of hydrogels is a dependent on their 
dynamic swelling and equilibrium in water and in aqueous 
solutions. Much of the water within swollen hydrogels may 
be bound to the polymer chains by either polar or 
hydrophobic interactions [1]. 

Chitosan is a natural polysaccharide which can be 
degraded during the irradiation. On the other hand, acrylic 
acid is well known to be polymerized and crosslinked in an 
aqueous medium. When a mixture containing acrylic acid 
and natural polymer (chitosan) is gamma irradiated, the 
formation of an interpenetrating polymer network (IPN) can 
be occurred [25]. 

The physical performance of superabsorbent hydrogel 
from chitosan and partially neutralized acrylic acid 
compared to superabsorbent hydrogel produced from 
chitosan and unneutralized acrylic acid was shown in Fig. 1. 

    
(a)                            (b) 

Fig. 1  Physical performance of the superabsorbent a) Chitosan-g-Poly 
(potassium acrylate) and (b) Chitosan-g-Poly (acrylic acid) 
 

The photograph proofed that acrylic acid neutralization 
with potassium hydroxide resulted in the more chewy texture 
of gel compared with acrylic acid which was not neutralized 
with potassium hydroxide. When acrylic acid is neutralized 
with potassium hydroxide then forms potassium acrylate. 
The colour of chitosan-g-poly (potassium acrylate) was 
white as milk (Fig. 1a), while chitosan-g-poly (acrylic acid) 
was slightly brown in colour (Fig. 1b). A hydrogel that has 
been formed after irradiation was then dried in an oven at 
60oC for 24 h to eliminate the solvents (Fig. 2a) and then 
blended to result in powder resin (Fig. 2b). 

    
(a)                                          (b) 

Fig. 2  Physical performance of (a) dry hydrogel and (b) powder hydrogel. 

A. FTIR Study 

Fig. 3c is the IR spectra of acrylic acid which was not 
irradiated. The functional group of -O-H exist at a 
wavelength of 2500 cm-1, and the group of  C = C at 1750 
cm-1. Fig. 3b is the IR spectra of irradiated chitosan, where 
the group of N-H appeared at a wave number of 3500 cm-1, 
and a group of -O-H at 2500 cm-1. Fig. 3a shows the spectra 
of acrylic acid which was 50% partially neutralized with 
potassium hydroxide grafted onto chitosan. The band at 3500 
cm-1 can be attributed to NH group, the band at 2500 cm-1 
attributed to -OH or -OK of salt acrylate, and at 1350 cm-1 
shows the existing of CH functional group [34]. The peak at 
1750 cm-1 (cluster H2C = CH2) did not appear in the 
spectra of chitosan-g-poly (potassium acrylate). This fact 
indicates that chitosan and neutralized acrylic acid was 
successfully crosslinked. 
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Fig. 3  FTIR Spectra of (a) chitosan-g-poly(potassium acrylate) (b) chitosan 
and (c) acrylic acid 

 

Fig. 3c is the IR spectra of acrylic acid which was not 
irradiated. The functional group of -O-H exist at a 
wavelength of 2500 cm-1, and the group of  C = C at 1750 
cm-1. Fig. 3b is the IR spectra of irradiated chitosan, where 
the group of N-H appeared at a wave number of 3500 cm-1, 
and a group of -O-H at 2500 cm-1. Fig. 3a shows the spectra 
of acrylic acid which was 50% partially neutralized with 
potassium hydroxide grafted onto chitosan. The band at 3500 
cm-1 can be attributed to NH group, the band at 2500 cm-1 
attributed to -OH or -OK of salt acrylate, and at 1350 cm-1 
shows the existing of CH functional group [34]. The peak at 
1750 cm-1 (cluster H2C = CH2) did not appear in the spectra 
of chitosan-g-poly (potassium acrylate). This fact indicates 
that chitosan and neutralized acrylic acid was successfully 
crosslinked. 
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Fig. 4 TGA test for hydrogel with the variation of mol concentration of 
KOH 0%, 25%, 50%, 75% and 100% 

B. DTG Study 

Thermal gravimetric analysis at a temperature range of 29 
to 500oC was done by using a tool called DTG-60 
Simultaneous DTA-TG Apparatus. From the test resulted in 
Fig. 4, hydrogel with 0% mol of potassium hydroxide 
degraded through one stage, shown by one peak in the 
thermogram. For 75 mol % of potassium hydroxide 
composition resulted in two stages of degradation, shown by 
the appearance of two peaks which indicates an imperfect 
reaction. The effect of temperature on the amount of 
degraded hydrogel can also be seen from Fig. 4. Hydrogel 
with 0%, 25%, 50%, 75%, and 100% degree of 
neutralization was degraded 60%, 65%, 5%, 0%, and 10% 
(w/w). The higher degree of neutralization causes the higher 
value of the hydrogel melting point. 

C. Swelling Study 

Fig. 5 shows that swelling ratio increases with the longer 
time of immersion due to the increasing number of H+ and 
OH- ions that bind to the hydrophilic group of hydrogels (a -
COO- group of the carboxylic acid which easily absorb 
water). 

 
Fig. 5  Effect of time immersing to the swelling ratio of polymer with the 
variation of neutralization 

 

At this stage, there is an interaction between the polymer 
with water molecules. Hydrogel swelling ratio at 50% 
acrylic acid neutralizing has a swelling ratio of 240 g/g after 
180 s time of immersion. It is the best value compared to the 
others because of the presence of ions COO in the network 
causes the distance between the matrix becomes wide which 
allows hydrogel  to absorb more water. But the neutralization 
above 75% causes the value of swelling water decreases due 
to growing number of K+ ions contained in the network that 
will interact with the COO group, thereby reduce the 
repulsive force between the group refused COO, as a 
consequent the distance between the fixed network and the 
ability to swell decreases. 

The smaller concentration of urea and NaCl resulted in 
higher hydrogel swelling ratio (Fig 6). The highest value of 
swelling reached in this study are 750 g/g for urea and 378 
g/g for NaCl.  

a 

b 

c 

1/T 
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Fig. 6  Swelling behavior of hydrogel in the salt and urea solution 

D. Gel Content Analysis 
In Fig. 7 presents the influence of acrylic acid 

neutralization to the gel obtained by gamma irradiation. 
From Fig. 7 shows that neutralization of 50% resulted in 
relatively high gel content reached up to 96.34%, and the 
increasing of neutralization degree causes the decreasing of 
gel content of up to 6%, which the gel content of 100% 
neutralization is 91.23%. This may be due to the formation 
of a homopolymer or a water-soluble peroxide. In addition, 
it can also be caused by the degradation of chitosan or 
acrylic acid during the irradiation process. 

E. EDS Study 

EDS of a hydrogel is an important parameter which 
indicates the ratio of swelling in the maximum condition of 
swelling within a certain period. The maximum swelling 
condition occurs as a result of hydrophilic group bonds with 
water, and there is an attraction in the superabsorbent 
network in a state of equilibrium. In general, each 
superabsorbent hydrogel has a particular EDS value depends 
on the components inside. Therefore, the applications are 
relatively wide for superabsorbent hydrogel [21]. 

 

 
Fig. 7  Effect of mol concentration of KOH used for neutralization to the gel 
content 

 
In Fig. 8 presents the influence of mol concentration of 

KOH used for acrylic acid neutralization at a constant 5 kGy 
of irradiation to the EDS which were measured for 24 hours 
of immersion in distilled water at room temperature. It can 
be seen that the equilibrium swelling ratio of hydrogels 

increased during the increasing of mol concentration of 
KOH for neutralization in the range of 0% to 75%. It is 
indicated that the prepared homopolymer hydrogels with 0% 
and 100% of KOH resulted in a small amount of crosslinked 
hydrogel network. As a result, the hydrogel products can 
only absorb and retain small quantities of water [31]. 

 

 
Fig. 8  Effect of neutralization to swelling ratio after 24 hour 

 
When the hydrogels synthesize from partially neutralized 

of acrylic acid irradiated together with chitosan dissolved in 
water, the carboxyl anions were exposed to water then the 
hydrogels rapidly swell. The optimum result of EDS 
obtained in this research was 715 g water/g dry hydrogel and 
reached the use of 75% mol concentration of KOH. 

F. SEM Study 

SEM photos of hydrogels generally provide information 
on pore geometry and size in a specific location. Therefore, 
the SEM images provide relevant information related to 
homogeneity and heterogeneity of the hydrogel network [15].  

 

 
Fig. 9  Photomicrograph hydrogel poly (potassium acrylic-chitosan) with 
75% mole concentration of KOH (25x) 

 

For this purpose, the surface SEM images and the inside 
of the hydrogel poly (potassium acrylate-chitosan) with the 
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neutralization by using of 75 % mole of KOH are presented 
in Fig. 9, 10 and 11. It is seen that the hydrogel surface 
consists of large pores which allow more water to be 
absorbed. There is also a thick polymer skin appears which 
may be caused by the collapse of the pores in the surface 
during the freeze drying process. This study resulted in large 
pore diameter which was estimated at 274.8 µm.  

 
Fig.10 Photomicrograph hydrogel poly (potassium acrylic-chitosan) with 
75% mole concentration of KOH (50x) 

 

 

Fig. 11  Photomicrograph hydrogel poly (potassium acrylic-chitosan) with 
75% mole concentration of KOH (75x) 

IV.  CONCLUSIONS 

Based on research that has been done, there are some 
things that can be inferred, the acrylic acid in partial 
neutralization with potassium hydroxide by the addition of 
chitosan as a natural material can be synthesized by gamma 
irradiation technique to produce poly (potassium acrylate-
chitosan) are crosslinked. The concentration of the acrylic 

acid neutralization optimum is 75 mol% KOH with 5 kGy 
irradiation dose, and chitosan mass of 0.5 grams provide the 
maximum swelling value of 715 g / g with a gel fraction 
value of 91.23 %. Effect of NaCl and urea concentrations 
affect the absorbency. The highest absorption capacity was 
obtained from 0.009% concentration of 750 g / g of urea and 
378.33 g / g for NaCl. 
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