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ABSTRACT: Novel amphoteric superabsorbent polymers
(SAPs) based on carboxymethyl cellulose, acrylic acid, acryl-
amide, and [2-(methylacryloyloxy)ethyl]trimethylammo-
nium chloride were prepared by inverse suspension copoly-
merization. The SAPs were characterized by Fourier trans-
forms infrared spectroscopy, thermogravimetric analysis,
and scanning electron microscopy. The absorbency or swel-
ling behaviors in deionized water, saline solutions, and pH
value solutions were investigated. Experimental results indi-

cate that the absorbency in various solutions decreases with
an increase of the ion concentration, which was attributed to
osmotic pressure of water and ions between the polymeric
gel and the external solutions. Biodegradability of the am-
photeric SAPs was also reported. © 2007 Wiley Periodicals,
Inc. ] Appl Polym Sci 107: 4116-4120, 2008
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INTRODUCTION

Superabsorbent polymers (SAPs) are lightly cross-
linked functional polymeric materials with strong
hydrophilic groups, which can absorb a large
amount of water during a short time and the
absorbed water is hardly removable even under
pressure. Therefore, SAPs have great advantages
over traditional water-absorbing materials such as
cotton, pulp, and sponge, and have found a variety
of valuable applications, such as disposable diapers,
feminine napkins, soil for agriculture, water blocking
tapes, and numerous biomedical and pharmaceutical
applications.”

Recently, cellulose-based SAPs were finding
increasing interest in the scientific and industrial
field due to their biodegradable character and the
high swelling capacity.”'* Most cellulose-based
SAPs were obtained by cross-linking of cellulose
derivatives using difunctional molecules as cross-
linkers, which covalently bind different polymer
molecules in a three-dimensional hydrophilic net-
work, or by graft copolymerization of hydrophilic
vinyl monomers onto cellulose or its derivatives. In
this article, we reported the characterization and
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biodegradability of novel amphoteric cellulose-based
SAPs, which were obtained by free-radical inverse
suspension graft copolymerization of sodium acry-
late, acrylamide (AM), and [2-(methylacryloyloxy)
ethyl]trimethyla-mmonium chloride onto carboxy-
methyl cellulose (CMC). There are anionic, nonionic,
and cationic hydrophilic groups on the backbone of
the copolymer, which prove contribution to high
absorption capacity and salt-tolerance. The graft
copolymers were characterized by Fourier trans-
forms infrared spectroscopy (FTIR), thermogravimet-
ric analysis (TGA), and scanning electron micros-
copy (SEM). The absorbency or swelling behaviors
in deionized water, saline solutions, and pH value
solutions were investigated, respectively. Biodegrad-
ability of the amphoteric SAPs was tested by soil
burial method.

EXPERIMENTAL
Materials

Acrylic acid (AA) (chemically pure) was distilled
under reduced pressure and stored at —8°C until it
was used. [2-(methylacryloyloxy)ethyl]trimethylam-
monium chloride (MAETAC) (76.12 wt %, aqueous
solution) was purchased from Xinyu Chemical
Industry, China and was used without purification.
AM, NMBA, SBS, and APS were all chemically pure
and used as purchased. Ethanol and cyclohexane
were of analytical grade. Deionized water was used
in the reaction system and water absorbency meas-
urements.
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Inverse suspension copolymerization

Copolymerization was carried out in a 250-mL four-
necked flask equipped with mechanical stirrer, ther-
mometer, condenser, and nitrogen gas line. About
120-mL cyclohexane and the surfactant mixed with
Span60 and Tween 80 (1 : 1 in weight) for stabilizing
the suspension were added. It was used at a concen-
tration of 6% (w/w) of the dispersed phase. The
mixture was heated in a water bath, which was
stirred until the complex surfactant was dissolved
into continuous phase.

AA solution with 75% neutralization degree was
prepared by gently dropping AA in a predetermined
amount of aqueous sodium hydroxide solution
under cold water bath to avoid polymerization in a
beaker. Exact amounts of AM, and MAETAC were
dissolved in the above-mentioned AA solution. The
weight ratio of AA : AM : MAETAC is 1.86 : 1.00 :
0.31. CMC dosage was 5% of the total three mono-
mers. The weight percentages of the crosslinking
agent (NMBA) and initiator (SBS and APS) with
respect to the monomers were 0.1 and 3.0%, which
were added into the monomers solution and stirred
until a homogeneous mixture was obtained. The
weight ratio of CMC and monomers to distilled
water was 1 : 4, and the volume of the reaction sys-
tem was 40 mL.

The reaction system was added into the continu-
ous phase, while being agitated at 200 rpm and
purged with a stream of nitrogen at room tempera-
ture for a 20-min period. The mixture was heated to
a desired reaction temperature using a water bath
and the reaction was allowed to proceed for 3 h to
ensure complete consumption of the monomers.
After graft copolymerization, the suspension solution
was cooled and then precipitated by 500-mL ethanol
(95%) under stirring. The product was filtered and
washed several times by ethanol. The product was
then dried in a vacuum oven at 60°C for 24 h. The
dried copolymers were ground and white powdered
SAPs were obtained.

Characterization
Infrared spectra

IR spectra of the superabsorbent samples were
recorded with Nicolet 550 FTIR spectrophotometer
(KBr disk).

Thermogravimetric analysis

TGA of the samples was carried out using a TA
Instrument Q500. The temperature range in the
experiment is 50-800°C at a heating rate of 20°C/
min using nitrogen at a flow rate of 20 mL/min.
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Morphology

The dried samples were examined for morphological
details by FEI quanta 200 SEM instrument with an
acceleration voltage of 30 kV and magnification of
3000.

Measurement of property
Absorbency in deionized water

The dried sample (0.1 g) was immersed in the excess
of deionized water for at least 10 h to reach the
swelling equilibrium at room temperature. The swol-
len gel was filtered on sieve to remove residual
water for 5 min, then it was weighed and equilib-
rium absorbency, Q.q, was calculated by the follow-
ing equation:

_ swollen gel (g) — dried sample (g)
Qeq (8/8) = dried sample (g)

Absorbency in saline solutions

The dried sample (0.5 g) was immersed in an excess
of NaCl saline solutions with different concentra-
tions, retained there for at least 10 h and then fil-
tered and weighed. The water absorbency in the
above saline solutions was obtained.

Absorbency in solutions of various pH values

The method was the same as the water absorbency
in saline solutions. The pH values of the external so-
lution were adjusted by adding HCl or NaOH in
water.

Soil burial degradation

Soil burial'*'® is a traditional and standard

method for degradation because of its similarity to
actual conditions of waste disposal. Biodegradabil-
ity of the amphoteric SAPs was studied by weight
loss of the polymers over time in soil, which was
collected from Zijin mountain forest in Nanjing,
China. Samples were weighed (1 g) and then bur-
ied in the soil for up to 100 days. The soil was
maintained at ~ 20% moisture by weight, and
samples were buried at a depth of 15 cm. The bur-
ied samples were dug out at certain intervals,
washed with deionized water, dried in a vacuum
oven at 60 = 1°C for 24 h before evaluation, and
were equilibrated in a desiccator for at least a day.
The samples were then weighed to determine the
weight loss.
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Figure 1 FTIR spectra of amphoteric SAPs.

RESULT AND DISCUSSION
IR analysis

IR spectroscopy is a valuable tool of identifying graft
copolymerization reaction, which is used to establish
the evidence of grafting, and to determine the func-
tional group of the grafted samples.'*

Grafting AA, AM, and MAETAC onto CMC was
established by IR spectroscopy shown in Figure 1.
The broad absorption band at 3443 cm ™' was attrib-
uted to N—H stretching of the AM unit, which over-
lapped the O—H stretching band of the CMC por-
tion of the copolymer. The peak at 1731 and 1672
cm ™' was due to >C=O stretching vibration in am-
ide moiety of the MAETAC and AM unit. The peaks
at 1562 and 1405 cm ™' were attributed to the car-
bonyl stretching of the carboxylic acid and acrylate
groups, respectively. In addition, peak at 1121 cm ™/,
corresponding to C—O—C stretching vibration of
CMC, were also observed. From the above IR data,
it was observed that the monomeric units were
incorporated into the copolymer chain.

Thermal analysis

The thermal behavior of amphoteric SAPs modified
by CMC was shown in Figure 2. The completely
dried powder sample was taken for TGA. Because of
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Figure 2 TGA thermogram of amphoteric SAPs.
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Figure 3 SEM micrograph of amphoteric SAPs.

the high absorbency of water, weight loss below
100°C is due to the loss of the bound water mole-
cules. From the curve, the temperature of decompo-
sition (Tp) was found to be 353°C. A sharp weight
loss within the range of 353-500°C was suggested to
be due to the thermal decomposition of the cross-
linked graft polymer chain. The residual weight at
524°C was 37.18%. The result of thermal analysis
indicated that the copolymer sample was thermally
stable.

Morphology

The surface morphologies of the amphoteric SAPs
were shown in Figure 3. As shown in these pictures,
surfaces of the samples were irregular, and micropo-
rous. These observations were in good agreement
with high water absorbency of the copolymers.

Effect of salt solution on water absorbency

The water absorbencies for amphoteric SAPs, as a
function of different saline concentration for
NaCl(aq), CaCly(aq), and AlCl3(aq), were shown in
Figure 4. The absorbency of amphoteric SAPs was
2184 g/g. The data in Figure 4 indicated that the
absorbency decreased with increasing of the saline
concentration. This is suggested to be due to the
increase in the concentration of the mobile ions
such as Na®, Ca®", and AI’* outside the gel
network in comparison with the osmotically-active
ions inside the hydrogel, which leads to a decrease
in the osmotic pressure and therefore a reduction in
absorbency.'® From data of these curves, decreased
swelling capacity was also observed with an increase
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Figure 4 Absorbency of amphoteric SAPs in different
saline solution.

in the charge of the cationic ions. In case of same
concentration, the absorbency sequence of samples
in different solutions was found to be Na™ > Ca®"
> AI*". This could be attributed to the higher com-
plexing ability arising from the complexation of the
multivalent cations with anionic groups of grafted
copolymers.

Absorbency in solutions of various pH values

The pH values of external solutions could affect the
swelling capacity of SAPs. The tendency of absorb-
ency in different pHs depended upon the network
charge density and also the nature of the ionizable
groups attached to the backbone of the polymeric
chains for the hydrogel including nonionic, cationic
and anionic groups. Swelling behavior of the ampho-
teric SAPs was investigated in pH values solutions
ranged from 1 to 13. The pH values of the external
solutions were adjusted by adding HCl or NaOH in
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Figure 5 Effect of pH values on swelling capacity of
amphoteric SAPs.
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TABLE I
Soil Burial Degradation of Amphoteric SAPs
Derived from CMC

Time period (days) Weight loss in soil (%)

20 5.1
40 13.8
60 20.5
80 32.3
100 43.6

deionized water. As shown in Figure 5, the absorb-
ency decreased in acidic and basic pHs. In acidic sol-
utions, decrease in swelling was due to carboxylate
groups on the polymeric chain having been reduced
to the carboxylic acid group by H'. In addition, the
ionization of quaternary ammonium groups on the
polymeric chain was inhibited by CI". A decreased
repulsion of ionic groups lead to a decreased swel-
ling capacity. The decreased absorbency at higher
basic pHs was related to “screening effect” of excess
cations (Na™) in the external solutions.

Soil burial degradation

The biodegradability of amphoteric SAPs synthe-
sized in this work was measured by soil-burial test.
Degradations of samples for different time period
were shown in Table 1. After 100 days, the weight
loss of the sample in soil was 43.6%. As a result, the
superabsorbent copolymers prepared in this work
proved to have biodegradability together with high
swelling capacity.

CONCLUSIONS

Novel cellulose-based amphoteric SAPs were pre-
pared by the grafting polymerization of AA, AM,
and MAETAC onto CMC. The SAPs were character-
ized by FTIR and TGA. FTIR studies suggested that
the three monomers were graft-copolymerized onto
macromolecular chains of CMC. TGA data revealed
that the amphoteric SAPs were moderately thermally
stable. The maximum absorbency 2184 g/g was
obtained in deionized water. The swelling behavior
of the grafted copolymers was significantly influ-
enced by the nature of the external solution. Experi-
mental results indicated that swelling capacity exhib-
ited high sensitivity to the pH and ionic concentra-
tion of solutions. In addition, the SAPs showed good
biodegradability in soil.
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