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H I G H L I G H T S

• Synthesis of Carboxymethyl Cellulose/Acrylic acid by gamma irradiation.
• Irradiation dose of 20 kGy can be considered suitable for the preparation of CMC/AAc.
• CMC/AAc SAPs synthesized with irradiation method may be used in medical applications specially in baby diapers.

A B S T R A C T

In this study a super absorbent polymer (SAP) based on acrylic acid (AAc) and
carboxymethyl cellulose (CMC), as an environmentally friendly material, was prepared
using gamma irradiation. Gamma radiation was applied to synthesize CMC/AAc
SAPs in the range of 5 to 20 kGy absorbed doses. Fourier Transform Infrared (FT-IR)
spectroscopy was used to determine the polymerization and grafting monomer to CMC
in SAP formation. The effect of radiation dose, CMC concentration on the gel content,
swelling behavior and absorption under load (AUL) in water and saline solution were
investigated. Based on the results with increasing irradiation dose from 10 to 20 kGy
the water and saline solution absorption of the SAP decrease in SAPs containing 1 and
2% CMC, but increases in SAP containing 0.5% CMC. Also, by raise in the irradiation
dose from 10 to 20 kGy AUL decreases. The results suggest that 0.5% CMC/AAc SAPs
synthesized using the irradiation method may be suitable for medical applications.
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1 Introduction

Superabsorbent polymers (SAP) are three-dimensional,
hydrophilic functional polymeric network systems that can
absorb large amounts of water even under high pressure
or temperature (Esposito et al., 1996). SAPs are widely
used in various applications such as drug delivery, hygiene,
foods, cosmetics, and agriculture (Zhou et al., 2011). In
the health care products, the water absorption capacity is
a very important parameter. This parameter is a function
of the network structure, crosslinking density, hydrophilic-
ity, and ionization of the functional groups (Hariharan and
Peppas, 1993). To prepare this kind of products gener-
ally functional monomers such as acrylic acid, methacrylic
acid, acrylamide, hydroxymethyl acrylamide, diacetone
acrylamide are used because of their hydrophilicity and
ionization of the functional groups (Zhang et al., 2021).
The network structure is also related to hydrogel prepara-
tion method. Hydrogels can be prepared by various meth-

ods including chemical and radiation induced crosslinking.
Ionizing radiation is a very convenient technique for the
crosslinking and preparation of SAPs. An initiator, cata-
lyst, and cross-linker are not required in radiation process-
ing. The main advantage of this method is easy process
control (Pérez-Álvarez et al., 2019). Rosiak and Ulanski
provided an inclusive investigation of the synthesis of hy-
drogels through the irradiation of homopolymers in aque-
ous environments (Rosiak and Ulański, 1999). Numer-
ous initial studies have been conducted on the radiation-
induced synthesis of pure poly (acrylic acid) hydrogels.
Furthermore, the radiolysis mechanism of poly (acrylic
acid) in water has been thoroughly investigated. These
studies mostly focused on the reaction mechanisms in-
volved in the crosslinking and degradation processes of
poly (acrylic acid) due to irradiation (Rosiak and Ulański,
1999).

Todays, superabsorbents specially with healthcare and
medical applications are prepared with a natural poly-
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mer, such as cellulose, chitosan, starch, carrageenan and
alginate due to their non-toxic nature and biocompatibil-
ity (Hien et al., 2005). CMC, a linear glycosidic macro-
molecule is the most popular and the cheapest cellulose
ether that can also be used for this purpose. Several in-
vestigations have explored the swelling characteristics of
CMC/AAc hydrogels that are cross-linked through chem-
ical methods (Yu et al., 2014; Suo et al., 2007). But little
work has been published on gel properties of radiation
crosslinked of CMC/AAc SAP (Fekete et al., 2016). Fur-
thermore, in above reports, irradiation conditions, radia-
tion source, concentration of AAc solutions were different
from each other. Obviously mentioned terms have the in-
fluence on the structure and subsequently swelling prop-
erties of the prepared hydrogels. Hence in this study we
synthesized a biodegradable SAP by substituting a part
of the acrylic acid content with CMC in various concen-
trations and irradiation conditions, different from the pre-
vious studies. The obtained hydrogels were characterized
according to the gel content and swelling behavior. The
structure of superabsorbents were determined by FT-IR
spectroscopy.

2 Experimental

2.1 Materials

CMC (99.5% purity) was obtained from Sigma-Aldrich
Co. AAc (99.5% purity) was acquired from Merck and
kept in refrigerator prior to application. Sodium hydrox-
ide (NaOH, 84%) was also obtained from Merck for the
purpose of neutralization. Additionally, sodium chloride
(NaCl) was purchased from Merck. Distilled water served
as the medium for the polymerization and swelling exper-
iments. All reagents utilized were of analytical grade and
were employed without further purification.

2.2 Method

The CMC/AAc samples were poured in 20 ml vials. Ir-
radiations were performed within a g-irradiation system
using 60Co source (Gammacell-220), at a dose rate of 2.52
kGy.h−1 calibrated by Fricke dosimeters.

2.3 Preparation of SAPs

A beaker containing CMC (0.5%, 1%, and 2% wt) was
combined with distilled water and stirred for one hour at
ambient temperature. Next, a partially neutralized solu-
tion of acrylic acid was prepared, using NaOH for neutral-
ization and mixed with CMC solution (15% AAc). The
resulting mixture was transferred into glass test tubes,
sealed, and subjected to gamma irradiation at 5, 10, 15,
and 20 kGy absorbed doses. The resultant CMC/AAc
SAPs, formed in a cylindrical configuration, was cut into
small pieces and, after drying, was grinded.

Figure 1: AUL tester.

2.4 Characterization

2.4.1 Free swelling capacity (FSC)

The swelling capacity was measured using a free absorp-
tion measurement test conducted in both deionized water
and a physiological saline solution (0.9% sodium chloride),
employing the tea bag method. A sample of 0.1 g (W1)
of the superabsorbent material was immersed in 500 g of
either deionized water or saline solution for a duration
of thirty minutes, allowing the sample to achieve equilib-
rium swelling. Next, the bag was removed from the liquid,
and excess fluid was eliminated by hanging the bag for a
predetermined period before weighing it (W2). A control
bag, empty of the sample, experienced the same procedure
and was weighed as well (W0). The absorption capacity,
or equilibrium swelling (g.g−1), was determined using the
following equation:

FSC =
W2 −W0

W1
(1)

2.4.2 Absorption under load (AUL)

To measure the absorbency under load (AUL) of SAPs,
specifically the absorption rate of a 0.9% sodium chloride
solution subjected to a pressure of 0.3 psi, a glass strainer
with a diameter of 80 mm and a height of 7 mm was po-
sitioned within a Petri dish. The filter was secured to
the end of a glass cylinder, which had an inner diameter
of 63 mm, an outer diameter of 67 mm, and a height of
50 mm, using a metal fastener (Fig. 1). Subsequently,
0.5 grams of the superabsorbent material was regularly
spread within the cylinder. A Teflon piston, also with a
diameter of 63 mm, was then placed on the superabsorbent
particles to maintain the specified pressure of 0.3 psi. Fol-
lowing this setup, saline solution was introduced into the
Petri dish until the filter was fully submerged. To miti-
gate evaporation of the saline solution and to maintain its
concentration, the entire apparatus was covered. After a
duration of 60 minutes, the swollen superabsorbent sam-
ple was weighed, and the AUL value was calculated using

48



M. Radmehr et al. Radiation Physics and Engineering 2024; 5(4):47–51

Figure 2: FT-IR spectra of CMC powder (a), Acrylic Acid (AAc) (b), and SAP from CMC/AAc(c).

Eq. (2) (Zohourian and Kabiri, 2008):

AUL =
W2 −W1

W1
(2)

where W1 and W2 are the weights of dried hydrogel and
swollen hydrogel.

2.4.3 Determination of Gel Fraction

The SAP samples, which had reached a constant weight
(Wi), were submerged in distilled water for a duration
of 24 hours. Following this immersion, the samples were
taken out of the distilled water and subsequently dried in
a vacuum oven until a constant weight (W1) was achieved.
The gel fraction was then determined using the following
calculation:

Gel fraction(%) =
W1

Wi
× 100 (3)

where W1 is the weight of the dry sample after extraction
in water, and Wi is the initial weight of the dry sample.

2.4.4 FT-IR spectroscopic analysis

The vibrational spectra were obtained using a Fourier
Transform Infrared Spectrometer (FT-IR), TENSOR 27
model from Brucker, Germany. KBr disks prepared by
combining KBr with a fine powder of the SAPs. The mea-
surements were conducted across a frequency range of 500
to 4000 cm−1.

3 Results and discussion

3.1 FT-IR Spectra of SAP and Identification

FT-IR spectroscopic analysis was employed to explain the
characteristics of the samples. The FT-IR spectrum of
pure CMC powder, AAc, and CMC/AAc has been pre-
sented in Fig. 2. Pure CMC had absorption bands related
to O-H stretching at 3461 cm−1, -CH−

2 stretching on anhy-
droglucose units at 2922 cm−1, C=O carbonyl stretching

in the anhydroglucose unit of the cellulose at 1642 cm−1,
C-OH in in-plane bending at 1418 cm−1, OH bending vi-
bration at 1322 cm−1, C=O stretching from an asymmet-
ric oxygen bridge at 1157 cm−1, and ring stretching at 905
cm−1 (Fig. 2-a). These values were consistent with those
reported by Rim Dusit et al. (Rimdusit et al., 2008) and
Wang et al. (Wang et al., 2004). As shown in Fig. 2-c.
the characteristic absorption bands of CMC at 1064 and
1157 cm−1 were obviously weakened after the reaction in
the CMC/AAc composite hydrogel. Figure 2-b illustrates
the spectra of AAc. The peak assigned to the vibration
of H in C=C-H at 988 cm−1 is very clear, however, it dis-
appears in the spectrum of the CMC/AAc showing that
polymerization has occurred. Also, the peaks appeared
at the 1636 and 1705 cm−1, are assigned to C=C and C-
O vibrations in AAc. In Fig. 2-c the new band at 1728
cm−1 (C=O stretch of COOH groups) showed the C=O
stretch of the carbonyl group of polyacrylic acid, which
was not present in the CMC spectrum. Also, in Fig. 2-c
the band shift towards a less obvious wavenumber at 1629
cm−1 (which was at 1642 cm−1 for CMC) indicates the
formation of copolymer hydrogels. These results also in-
dicate that AAc monomers were grafted onto the CMC
backbone.

Figure 3: Effect of absorbed dose and concentration of CMC
on the gel fraction of CMC/AAc SAP.
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Figure 4: Effect of absorbed doses and CMC content on SAPs water absorption.

3.2 Gel fraction of SAP

The gel fraction of CMC/AAc SAPs prepared at the vari-
ous irradiation doses with different concentrations of CMC
was shown in Fig. 3. In the absorbed dose of 5 kGy, a
viscose liquid was formed indicating that gelation was not
occurred. With increasing absorbed dose, the gel fraction
of SAP increases and the maximum value is obtained at 15
kGy and after that, it levels off. In addition, the gel frac-
tion increases from 73 to 78% following the variation of the
CMC concentration from 0.5 to 2% at an absorbed dose of
15 kGy. In fact, when an aqueous solution of CMC/AAc
is irradiated with gamma rays, free radicals are generated
on the CMC and AAc. Random reactions of these radi-
cals lead to formation of a graft copolymer of CMC and
AAc. When the irradiation dose increases beyond a cer-
tain value, the polymer chains become more cross-linked,
and a gel-like material is obtained. As the concentration
of CMC increases, a slight increase is observed in gel frac-
tion due to the presence of more CMC leading to more
cross-linking phenomena (Rosiak and Ulański, 1999).

3.3 Water absorption of SAP

The effects of the radiation dose and the concentration
of CMC on the water absorption of SAP prepared from
CMC/AAc are shown in Fig. 4. The results show that
with increasing CMC percent in solutions both the water
and saline solution absorption increase due to increasing
of hydroxyl groups in the CMC. When the samples are ir-
radiated from 10 to 20 kGy the water and saline solution
absorption of the SAP decrease in solutions contain 1 and
2% CMC. This result might be due to the increased cross-
linked density with the increase in the irradiation dose.
For the solution with 0.5% CMC increasing dose lead to
increasing water and saline solution absorption. Measured
water and salt absorption were 437 and 76 g.g−1 respec-
tively for the 0.5% CMC, which occurred at a dose of 20
kGy. Although gel content at 20 kGy for three samples is
almost in the same range the high amount of absorbed wa-
ter for the sample with the lowest concentration of CMC
is may be because of the pores geometry and size related
to their specific location in the matrix which is also im-
portant in water absorption (Erizal et al., 2015).

3.4 Absorption under load (AUL)

The Absorbency under load (AUL) test measures the ca-
pacity of the SAP sample to absorb fluid under specific
pressures. Figure 5 displays that by raise in the irradi-
ation dose from 10 to 20 kGy and subsequently content
of cross-link density the AUL decreases. Also, the fig-
ure shows that with increasing the CMC content the AUL
decreases in both 10 and 15 kGy. However, there is no def-
inite trend for the amounts of AUL at 20 kGy. It should
be noted that at the dose of 20 kGy, the AUL for 0.5%
CMC, which had the best saline solution FSC (76 g.g−1),
is 24.6 g.g−1. This amount of AUL is in the range of com-
mercial baby diaper brands, indicating that the prepared
CMC/AAc can be used in personal health care products
especially in baby diapers (Bachra et al., 2020).

Figure 5: Effect of absorbed dose and concentration of CMC
on AUL.

4 Conclusions

CMC/AAc SAPs were synthesized by gamma irradiation
technique at different absorbed doses in the range of 5 to
25 kGy. The gel fraction of SAP increases with increas-
ing absorbed dose, and the maximum value is obtained at
15 kGy and after that, it levels off. Gel formation and
grafting of AAc on CMC were also confirmed by FT-IR
spectroscopy. With increasing irradiation dose from 10 to
20 kGy the water and saline solution absorption of the
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SAP decrease in SAPs containing 1 and 2% CMC, but
increases in SAP containing 0.5% CMC. Also, by raise in
the irradiation dose from 10 to 20 kGy AUL decreases.
It should be noted that at the dose of 20 kGy, the AUL
for 0.5% CMC is 24.6 g.g−1. This amount of AUL is in
the range of commercial baby diaper brands. Therefore,
gamma irradiation technique is a suitable method to syn-
thesize CMC/AAc SAP for biomedical applications.
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