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ABSTRACT: A novel superabsorbent nanocomposite was
synthesized through the intercalation polymerization of par-
tially neutralized acrylic acid and a sodium-type montmoril-
lonite powder with N,N0-methylenebisacrylamide as a cross-
linker and ammonium persulfate and sodium sulfite as a type
of mixed redox initiator. The effects of such factors as the
amounts of the sodium-typemontmorillonite, crosslinker, and
initiator and neutralization degree on the water absorbency of
the nanocomposite were investigated. The structure and
micrographs of the superabsorbent were characterized with
Fourier transform infrared spectroscopy, X-ray diffraction,
and scanning electron microscopy. The results showed that

the acrylic acid monomer was successfully intercalated into
the montmorillonite layers and banded together with them.
The montmorillonite layers were exfoliated and basically dis-
persed in the composite on a nanoscale after the polymerization.
Thewater absorbency of the nanocomposite wasmuch higher
than that of pure poly(acrylic acid). The optimum absorbency
of the nanocomposite in distilledwater and salinewater (NaCl
concentration ¼ 0.9%) was 1201 and 83 g/g, respectively.
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INTRODUCTION

A superabsorbent is a type of functional polymeric
material that can absorb a large amount of water dur-
ing a short period of time, and the absorbed water is
hardly removed even under some pressure. Because
of their excellent characteristics, superabsorbents are
widely used in many fields, such as agriculture, horti-
culture, sanitary goods, and medicine.1–3 Tremendous
developments have been achieved both in their theo-
retical study and in their applications1,4–6 since the
first superabsorbent polymer was reported by the U.S.
Department of Agriculture in 1961.7

In recent years, many layered, inorganic, mineral
micropowders such as mica,8 attapulgite,9,10 kaolin-

ite,11 and sercite11 have been used in the preparation of
polymers to achieve lower production costs and higher
properties. Montmorillonite (MMT), a layered alumi-
num silicate with highly exchangeable cations and re-
active groups (��OH) on its surface, also has been
widely used to improve the properties of polymers12,13

in this field.14,15 Lee and Yang14 reported the synthesis
of poly(sodium acrylate)/organic MMT superabsorb-
ents through inverse suspension polymerization. Luo
et al.15 reported the synthesis of starch-grafted poly
(acrylamide-co-acrylic acid)/MMT with a g-ray irradi-
ation technique.

Our main objective has been to find a simple way
of preparing superabsorbents with high properties
but low production costs. Therefore, we report the
synthesis of a superabsorbent nanocomposite via
water solution polymerization, which costs less and
is simpler than inverse suspension polymerization
and radicalization techniques, with a sodium-type
montmorillonite (Na-MMT) powder, which is less
expensive than organic MMT, and with ammonium
persulfate and sodium sulfite as a type of mixed re-
dox initiator, which can lead to a lower reaction tem-
perature for the gel point than a solitary initiator.
The effects of such factors as the amounts of the Na-
MMT, crosslinker, and initiator and neutralization
degree on the water absorbency, as well as the prop-
erties of the nanocomposite, have been investigated.
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EXPERIMENTAL

Materials

Acrylic acid (AA; chemically pure) was obtained from
Lingfeng Chemical Reagent Corp. (Shanghai, China).
N,N0-Methylenebisacrylamide (chemically pure) and
sodium hydroxide (analytical-grade) were purchased
from Chemical Reagent Corp. of the Chinese Medicine
Group (Shanghai, China). Ammonium persulfate (ana-
lytical-grade) and sodium sulfite (analytical-grade)
were supported by the Second Chemical Reagent Fac-
tory (Yixing, China). Na-MMTwas made from original
MMT (Fenghong Chemical Clay Factory, Zhejiang,
China) in our laboratory.

Preparation of Na-MMT

In a flask, the original MMT and distilled water, in a
mass ratio of 1 : 4, were stirred at room temperature
for 30 min initially and then deposited for at least
4 h to remove impurities. The Na-MMT powder was
obtained after the upper suspending solution was
modified with a sodium carbonate powder under
stirring for 30 min, dried at 808C overnight, and
milled through a 300-mesh screen.

Preparation of the superabsorbent composite

In a 50-mL beaker, the AA monomer (10.0 g) was
neutralized by sodium hydroxide (11.0M) at a low
temperature to a proper neutralization degree. After
the neutralization, the proper amount of Na-MMT to-
gether with the partly neutralized AA was added to a
reactor equipped with a mechanical stirrer and a
nitrogen line. Under a nitrogen atmosphere, the solu-
tion was stirred at a high speed (2000 rpm) for 20 min.
The proper amounts of the crosslinker and initiators
(dissolved in 2 mL of distilled water) were added to
the solution one by one during this period. After-
wards, the reactor was placed in a thermostated
water bath at 458C for 3 h and then transferred to
another thermostated water bath at 808C for an addi-
tional 2 h. The product was dried at 1108C. Thus,
being milled and screened through a 100-mesh
screen, a particle superabsorbent nanocomposite was
obtained.

Measurement of the water absorbency

A proper amount of the superabsorbent nanocompo-
site (0.1 g) was immersed in distilled water or saline
water at the ambient temperature to reach the swel-
ling equilibrium. The residual water was removed
by filtration with a 100-mesh screen. The water
absorbency (A1) and saline water absorbency (A2) of
the composite were calculated according to the fol-
lowing equation:

A ¼ ðm2 �m1Þ=m1 (1)

where A is the water or saline water absorbency and
m1and m2 are the weights of the dry and swollen
samples, respectively.

Characterization

The infrared spectra of the samples were recorded on a
170SX Fourier transform infrared spectrograph (Thermo-
Nicolet, Waltham, USA) in KBr flakes. The dried sam-
ples were scanned at a rate of 28/min by a D/Max-RC
X-ray diffractometer (Rigaku, Tokyo, Japan) (40 kV,
100 mA) with a copper target. For each interval of
0.028, the diffracted X-ray intensity was recorded auto-
matically. The morphologies of the nanocomposites
were examined with a JSM-5610LV scanning electron
microscope (JEOL, Tokyo, Japan) after the samples
were coated with gold.

RESULTS AND DISCUSSION

Infrared spectrum analysis

The infrared spectra of Na-MMT, the poly(acrylic acid)
(PAA)/MMT superabsorbent nanocomposite with an
80% neutralization degree, and PAA with an 80% neu-
tralization degree are shown in Figure 1. The character-
istic peaks at 3629 and 917 cm�1 [Fig. 1(A)], which are
ascribed to the stretching vibration and bending vibra-
tion of ��OH on the surface of layers of MMT, respec-
tively, disappear for the PAA/MMT superabsorbent
nanocomposite [Fig. 1(B)]. The absorbance peak at
2515 cm�1 [Fig. 1(C)], due to the stretching vibration of
the hydroxyl from ��CO2H, becomes weak for the
PAA/MMT superabsorbent nanocomposite [Fig. 1(B)].
The absorbance peak at 1636 cm�1, attributed to the
intramolecular hydrogen bond of carboxyl, disappears
for the PAA/MMT superabsorbent nanocomposite

Figure 1 Infrared spectra of (A) Na-MMT, (B) the PAA/
MMT nanocomposite, and (C) PAA.
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[Fig. 1(B)]. Moreover, another notable characteristic
peak at 1720 cm�1 in Figure 1(B) belongs to the vibra-
tion of ��COOR, which indicates that an esterification
reaction occurred between MMT and the monomer.
All these changes indicate that PAA reacted withMMT
during the polymerization. In addition, in Figure 1(A,
B), the absorbance peak around 1041 cm�1 can be
ascribed to the stretching vibration of Si��O in MMT,
whereas the characteristic absorbance peak around
470 cm�1 resulted from its bending vibration.

X-ray diffraction analysis

The X-ray diffraction spectra of PAA/MMT with
various amounts of MMT (all the amounts in this ar-
ticle are weight ratios of the relevant reagent to the
AA monomer) are shown in Figure 2. There is a no-
table absorbance peak in curve A, and its corre-
sponding d value is about 1.2 nm according to the
Bragg equation.16 However, there is no obvious peak
in the other curves. This means that the layers of
MMT mostly exfoliated and dispersed in the com-
posite on a nanoscale after the polymerization.

Scanning electron microscopy

Figure 3 shows scanning electron microscopy photo-
graphs of PAA, the nanocomposite with 3% MMT,
and the nanocomposite with 7% MMT. A compari-
son of Figure 3(b,c) and Figure 3(a) shows that the
layers of MMT disperse in the superabsorbent com-
posite on a nanoscale, and this is consistent with the
results of the X-ray diffraction analysis. The micro-
graph of the nanocomposite with 7% MMT [Fig.
3(c)], which has the best absorbency in our experi-
ments, shows a denser dispersion of layers of MMT
than that of the nanocomposite with 3% MMT in
Figure 3(b).

Effect of the Na-MMT amount
on the water absorbency

Figure 4 shows the effect of the MMT amount on the
distilled water absorbency of the superabsorbent
nanocomposite. The water absorbency gradually

Figure 3 Scanning electron micrographs of (a) PAA, (b)
the nanocomposite with 3% MMT, and (c) the nanocompo-
site with 7% MMT.

Figure 2 X-ray diffraction patterns of (A) Na-MMT and
(B–E) PAA/MMT nanocomposites with various amounts
of MMT (3, 5, 7, and 9 wt %, respectively).
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increases as the MMT amount increases from 1 to
7% and decreases as it further increases. The occur-
rence of this phenomenon can be explained by two
reactions between MMT and AA. The first reaction,
which is shown in Scheme 1, expresses the fact that
MMT acts as an additional network point in the
composite after the polymerization.17 The additional
crosslinking points can improve the hydrophilic net-
work because it can increase the length of the poly-
meric chain. The other reaction, which is described
in Scheme 2, means the carboxyl of PAA reacts with
��OH on the surface of layers of MMT.10 Thus, the
carboxyl, as the far end of the polymer chain has
been adequately used to form a more efficient water-
absorbent network, can chain up more water in it.
However, a greater amount of MMT results in the
generation of more crosslinker points, which increase
the crosslinking density of the superabsorbent nano-
composite and leave less space for water to enter. In
addition, MMT itself has lower water absorbency
than PAA. Therefore, a superabundant amount of
MMT reduces the absorbency of the composite.

The tendency and principle of saline water absorb-
ency of the nanocomposite, depicted in Figure 5, are
similar to those of distilled water. However, there is
a much lower absorbency in saline water than in
pure water. As reported by Zou,1 the water absorb-
ency of a superabsorbent in saline water is about 1/
10 of that in pure water. This is because the ionic in-
tensity in saline water largely reduces the infiltration

pressure of the polymer network and hence reduces
the water absorbency of the superabsorbent.

Effect of the crosslinker amount
on the water absorbency

It can be clearly seen in Figure 6 that the absorbency
increases with the amount of the crosslinker up to
0.15% and sharply decreases as the crosslinker amount
further increases. The swelling behavior of the poly-
mers can be presented by the following equation4:

Q5=3 � f½i=ð2� VuÞ � S1=2�2
þ ð1=2� X1Þ=V1g=ðVe=V0Þ ð2Þ

where Q is the absorbency of the superabsorbents,
Ve/V0 is the crosslinking density, (1/2 � X1)/V1 is the
hydrophilic affinity of the polymeric chain, i/Vu is the
concentration of the electric charge that is bonded in
the polymeric chain, and S is the ionic intensity of the
solution outside. The water absorbency of the superab-
sorbent composite depends on the density of the poly-
meric space network.8,10 According to eq. (2), an
increase in the crosslinking density will reduce the
water absorbency. The reason that this phenomenon
happens is that excessive crosslinking density pro-
duces a too dense polymeric network and leaves less
space for water to enter. However, a low concentration
of the crosslinker cannot form a fine network, and
some uncrosslinked polymeric chainswill be dissolved
in water. Therefore, if the crosslinker amount is too
low, the optimal water absorbency of the superabsorb-
ents cannot be obtained.

Scheme 2 Schematic esterification reaction of MMT and
the monomer.

Figure 5 Effect of the MMT amount on the saline water
absorbency of the nanocomposite (0.3% initiator, 0.15%
crosslinker, and 80% neutralization degree).

Scheme 1 Schematic reaction of MMT and the monomer
initiated by the initiator.

Figure 4 Effect of the MMT amount on the distilled water
absorbency of the nanocomposite (0.3% initiator, 0.15%
crosslinker, and 80% neutralization degree).
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Effect of the initiator amount
on the water absorbency

The effect of another factor, the initiator amount, on
the water absorbency of the nanocomposite has also
been studied (Fig. 7). The tendency of the initiator
amount is similar to the tendency of the crosslinker
amount shown in Figure 6. The absorbency of the
nanocomposite increases with an increasing initiator
amount initially. After reaching a peak, the absorb-
ency sharply decreases. The relationship between the
average kinetic chain length (V) and the concentra-
tion of the initiator in free-radical polymerization is
obtained from the following equation18:

V ¼ 1=2kPðfkiktÞ�1=2½I��1=2½M� (3)

where kP, ki, and kt are the rate constants for propaga-
tion, initiator, and termination, respectively; f is the ini-
tiating efficiency of the initiator; and [I] and [M] are
the initial concentrations of the initiator and reactive
monomer, respectively. According to the equation, the

greater the initiator concentration is, the shorter the av-
erage kinetic chain length is. This is because excessive
initiator produces superfluous free radicals, which lead
to a too dense grafting density between AA and MMT.
On the other hand, as reported in another study,10 the
polymeric chain ends do not contribute to the water
absorbency. Therefore, increasing the initiator amount
reduces the water absorbency. However, when the ini-
tiator concentration is below the optimal value, there
are not enough free radicals to initiate monomers to
form an efficient network, and the superabsorbent can-
not reach the optimal water absorbency consequently.

Effect of the neutralization degree
on the water absorbency

Figure 8 shows the effect of the neutralization degree
on the water absorbency of the superabsorbents. It is
obvious that the water absorbency increases as the
neutralization degree increases from 45 to 80% and
decreases as it further increases. This behavior may
be interpreted as a cooperative effect between car-
boxyl groups and carboxylate groups. Carboxyl groups
mainly contribute to the water affinity of the network,
whereas carboxylate groups contribute to the infiltra-
tion pressure when the superabsorbent is marinated
in water surroundings. Additionally, the charge den-
sity of the polymer is one of the important factors that
affect its water absorbency according to Flory’s net-
work theory.4 The extent of neutralization directly
determines the charge density: an inadequate neutral-
ization degree leads to less infiltration pressure,
whereas an overage neutralization degree results in
repulsion among carboxylate groups and decreased
water absorbency. Hence, when carboxylate and car-
boxyl groups cooperate in a suitable ratio, the cooper-
ative effect will reach its maximum. In our experiments,
the optimal absorbency of the nanocomposite was
obtained at an 80% neutralization degree.

Figure 7 Effect of the initiator amount on the water
absorbency of the nanocomposite (5% MMT, 0.15% cross-
linker, and 80% neutralization degree).

Figure 8 Effect of the neutralization degree on the water
absorbency of the nanocomposite (5% MMT, 0.15% cross-
linker, and 0.3% initiator).

Figure 6 Effect of the crosslinker amount on the water
absorbency of the nanocomposite (5% MMT, 0.3% initiator,
and 80% neutralization degree).
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CONCLUSIONS

A PAA/MMT superabsorbent nanocomposite was
synthesized through the solution polymerization of
partially neutralized AA and Na-MMT powder with
N,N0-methylenebisacrylamide as a crosslinker and
ammonium persulfate and sodium sulfite as a redox
initiator. The optimal parameters were as follows: 7%
MMT, 0.15% crosslinker, 0.3% initiator, and 80% neu-
tralization degree. The introduction of MMT into the
superabsorbent not only reduced the production cost
of the composite but also increased its water absorb-
ency. The infrared analysis indicated that the AA
monomer reacted with MMT during the polymeriza-
tion. The X-ray diffraction analysis and the scanning
electron microscopy observation confirmed that the
layers of MMT were mostly exfoliated and dispersed
in the composite on a nanoscale after polymerization.
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