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ABSTRACT: The dispersion of attapulgite (APT) as nanorod-like single crystals is crucial to fully develop its functionality of one-
dimensional nanometer material as a filler of composite materials. In this study, APT was dispersed by the assistance of ethanol dur-
ing the high-pressure homogenization process to form individual nanorod-like crystals. The dispersed APT was used to prepare new
sodium alginate-g-poly(sodium acrylate-co-styrene)/attapulgite (NaAlg-g-P(NaA-co-St)/APT) superabsorbent nanocomposites. The
effect of ethanol/water ratio on the dispersion of crystal bundles of APT was investigated by field emission scanning electron micros-
copy, and the results indicate that APT crystal bundles were effectively disaggregated in v(CH;CH,OH) : v(H,O) — 5 : 5 solution af-
ter homogenized at 50 MPa. The better dispersion of APT in NaAlg-g-P(NaA-co-St) matrix has clearly improved the gel strength
(from 1300 Pa to 1410 Pa, @ = 100 rad/s), swelling capacity (442-521 g/g), swelling rate (3.3303—4.5736 g/g/s), and reswelling ability
of the superabsorbent nanocomposite. Moreover, the nanocomposites showed fast swelling—deswelling responsive behavior in different

saline solutions. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 129: 1080-1088, 2013
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INTRODUCTION

Superabsorbent materials have raised great attention owing to
their excellent water absorbent and retention properties, which
have found potential application in many fields, such as agricul-
ture,' hygienic products,” wastewater treatment,™® drug deliv-
ery,”® and so on. Recently, the organic inorganic nanocompo-
sites based on natural polymers and silicate clays have been
focused because the resultant superabsorbent materials com-
bined the renewable, nontoxic, and biodegradable characteristics
of natural polymers as well as the abundant, low-cost, heat-re-
sistant, and reinforce advantages of inorganic nanoclays.”® Thus
far, many natural polymers (e.g., starch,”'® cellulose,'"'? chito-
san,"’ guar gum,'* alginate,'> carrageenin,'® etc.) and various
clays (e.g., kaolin,"” mica,'® vermiculite,'® attapulgite (APT),*
montmorillonite,”" rectorite,”> medicinal stone,” etc.) have
been used, and the introduction of these clays into the natural
polymer-based superabsorbents can not only improve their gel
strength, swelling ability, swelling rate, and salt resistance, but
also reduce the production cost,”* and it was confirmed that the
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dispersion of nanoclays is responsible for the performance of
the composite materials.

Sodium alginate (NaAlg) is an anionic natural polymer com-
posed of a-1,4-1-glucuronic acid (G units) and poly-f-1,4-p-
mannuronic acid (M units) in varying proportions by 1-4 link-
ages. NaAlg can be extracted from marine algae or produced by
bacteria, and hence it is abundant, renewable, nontoxic, water
soluble, biodegradable, and biocompatible. In addition, NaAlg
can be easily modified through grafting copolymerization or
compounding with clay to derive superabsorbent materials with

higher water absorption capacity.*”

APT is a natural hydrated magnesium aluminum silicate con-
taining ribbons of a 2 : 1 phyllosilicate structure. The reactive
—OH group on the surface of APT endows it with better reac-
tion activity, and hence APT is convenient to participate in
grafting polymerization with hydrophilic vinyl monomers. In
addition, the one-dimensional nanoscale rod structure makes
APT, having better reinforce performance as a filler of
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composite material. Thus, APT was considered as a promising
candidate to prepare superabsorbent nanocomposites.”® In the
previous study of our group, it was found that the suitable pre-
treatment of APT nanoparticle renders it more compatible with
the organic matrix and better dispersion in the nanocompo-
site.”’*° For this reason, the incorporation of modified APT
can improve the properties of superabsorbents to a higher
degree than the raw ones. Currently, the common modification
methods for APT are ion-exchange, organification, acidification,
and heat activation treatment.”’ >’ However, these methods can
not efficiently disaggregate the APT crystal bundles as expected.
Our latest research showed that high-pressure homogenization
technology could disperse APT crystal bundles effectively by the
cavity effect, which overwhelms the interactions among the fi-
brous crystals.’® In addition, it is well known that ethanol solu-
tion is often used as dispersed medium in many applica-
tions.”*? Thus, it is expected that the usage of ethanol during
high-pressure homogenization process could disperse APT crys-
tal bundles into nanoscale rod crystal, and the gel strength and
swelling properties of the superabsorbent can be improved by
the dispersion of APT. But, to the best of our knowledge, rare
research regards to the effect of APT dispersion by ethanol on
the properties of superabsorbent.

On the basis of our previous study about sodium alginate-based
superabsorbents,” the APT clays treated with different ethanol/
water ratio via high-pressure homogenization process were
introduced to prepare the sodium alginate-g-poly(sodium acry-
late-co-styrene)/attapulgite (NaAlg-g-P(NaA-co-St)/APT) super-
absorbent nanocomposites. The chemical structures and surface
morphology of the nanocomposites were confirmed by field
emission scanning electron microscopy (FESEM) and Fourier
transform infrared spectroscopy (FTIR). The influence of the
ethanol/water treatment for APT on the gel strength, water
absorbency, swelling rate, reswelling ability, and other swelling
properties was investigated in detail.

EXPERIMENTAL

Materials

NaAlg was purchased from Shanghai Chemical Reagents (Shang-
hai, China). APT, obtained from Jiuchuan Technology, (Jiangsu,
China), is composed of 1.29% CaO, 10.47% Al,Os3, 1.52% Na,O,
20.41% MgO, 64.31% SiO,, 0.13% K,O, and 0.87% Fe,O; as
determined by X-ray fluorescence spectrometer (Minipal 4, PANa-
lytical, Almelo, The Netherlands). Acrylic acid (AA, chemical
pure, Shanghai Shanpu Chemical Factory, Shanghai, China) was
distilled under reduced pressure before use. Styrene (St, chemical
pure, Shantou Xilong Chemical Factory, Shantou, China), Am-
monium persulfate (APS, analytical grade, Tianjin Chemical Rea-
gent, Tianjin, China) and N,N-methylenebisacrylamide (MBA,
chemical pure, Shanghai Yuanfan Auxiliaries, Shanghai, China)
were used as received. The other reagents used were all of analyti-
cal grade, and all solutions were prepared with deionized water.

Ethanol-Assisted Dispersion of APT via

High-Pressure Homogenization

In brief, 50.0 g of APT was dispersed in 500 mL of various dis-
persed media (v(CH;CH,OH) : v(H,O0) -0:10,2:8,4:6,5:
5,6:4,8:2,and 10 : 0, respectively) and mechanically stirred
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at 800 rpm for 120 min to obtain a homogeneous suspension.
The obtained suspension was filtered through a vibrating sieve
to remove quartz and other impurities. Subsequently, the col-
lected APT suspension was homogenized with a high-pressure
homogenizer (GYB-3004, Shanghai Donghua High-Pressure Ho-
mogenizer Factory, Shanghai, China) at 50 MPa. The homoge-
nized suspensions were centrifuged at 5000 rpm for 20 min,
and the solid products were dried at 105°C for 4 h. Finally, the
dry products were grounded and passed through a 200-mesh
screen. The sample dispersed in water and prepared according
to the similar procedure without homogenization treatment was
also obtained to compare the effect of a homogenization process
on dispersion properties of APT. All APT samples with a parti-
cle size smaller than 74 um were used for further experiments.

Synthesis of NaAlg-g-P(NaA-co-St)/APT

Superabsorbent Nanocomposites

NaAlg (1.20 g) was dissolved in 30 mL distilled water in a 250-
mL four-necked flask equipped with a mechanical stirrer, a
reflux condenser, a thermometer, and a nitrogen line. The reac-
tor was immersed in an oil bath at 60°C and kept for 1 h, at
the same time, purged with nitrogen to remove the oxygen dis-
solved in the system. Then, APS (0.100 g, dissolved in 5 mL dis-
tilled water) was added to the slurry, and the reaction mixture
was stirred continuously (250 rpm) at 60°C for 15 min. Then,
the reactants were cooled to 40°C, and the mixture of AA (7.2
g, partially neutralized by 8.8 mL 8M NaOH solution), St
(0.1439 g), and APT (0.928 g) was added. Keeping the mixture
stirred for 10 min, MBA (0.018 g) was added. Again, the oil
bath was slowly heated to 70°C and maintained for 3 h to com-
plete the polymerization. Finally, the obtained gel products were
dried in an oven at 70°C for 72 h. All the samples were passed
through 40 80 mesh sieve (180 380 um) after ground.

Determination of Gel Strength

The gel strength of the superabsorbent nanocomposite at swelling
state was measured on a Physica MCR 301 rheometer (Germany)
by a rheological method developed previously.** Typically, the dry
sample was swelled in distilled water to a swelling ratio of 100 g/g.
The storage modulus (G') was determined using parallel plates of
25 mm diameter at 25° and the rheological curves of storage mod-
ulus (Pa) versus angular frequency (w, rad/s) were recorded. The
constant deformation strain of 0.5% was used, and the angular
frequency @ was defined in the range of 0.1-100 rad/s. The
reported results are the average of at least three measurements.

Measurements of Equilibrium Water Absorbency

and Swelling Kinetic

To determine the equilibrium water absorbency of the superab-
sorbents, dried sample of 0.050 g was immersed in 200 mL dis-
tilled water or other swelling media at room temperature for 3
h to reach swelling equilibrium. The swollen gels were filtrated
from the unabsorbed water by a 100-mesh sieve and drained for
10 min until no residual free water. The equilibrium water
absorbency (Qeq, g/g) was calculated by eq. (1).

Qeq = (Ms_Md)/Md (1)

Here, M, and M; are the masses of dried sample (g) and swol-
len hydrogel (g), respectively. Each measurement was repeated
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for three times to obtain a mean value of Q. and the =SD
range is <3%.

Swelling kinetics of the superabsorbents was measured as fol-
lows: sample of 0.050 g was soaked in 200 mL solution. The
swollen gels were filtered out using a sieve at the consecutive
time intervals (1, 3, 5, 7, 10, 15, 20, 30, 60, and 120 min,
respectively), the swelling capacity (Q,) of the superabsorbents
at a given time t was measured by weighing the swollen (Mj,)
and the dry (M,) samples and was calculated according to eq.

(1).

Deswelling kinetics of the swollen hydrogels in different saline
solutions (15 mmol/L) was also measured as above. The fully
swollen hydrogels were soaked in 200 mL saline solution for dif-
ferent time intervals, and then the hydrogels were separated
from the saline solution and weighed. The amount of water
retention (WR) by the hydrogel network at a time moment was
calculated by the following equation:

WR — (M, — My)/M, x 100 2)

where M, is the mass of hydrogel deswelling at time #, M, and
M, are the masses of gel at dry state and swelling state,
respectively.

Reswelling Capability

The sample (0.05 g) was soaked in 100 mL of distilled water to
achieve the swelling equilibrium, and then the swollen sample
was placed in an oven to dehydrate at 100°C. After dried thor-
oughly, the equal volume of water was added to the recovered
superabsorbent to reach swelling equilibrium. The swollen sam-
ples were dehydrated by above procedure again. Similar proce-
dure was repeated for several times to evaluate the reswelling
capability of the superabsorbents.

Characterizations

The FTIR spectra were recorded on a Nicolet NEXUS FTIR
spectrometer in the range of 4000400 cm' region using KBr
pellets. The morphologies of the samples were examined using a
JSM-6701F Field Emission Scanning Electron Microscope
(JEOL) after coating the sample with gold film.

RESULTS AND DISCUSSION

FTIR Spectra Analysis

The FTIR spectra of the different ratio of ethanol/water-treated
APT and the corresponding superabsorbent nanocomposites are
shown in Figure 1. As it can be observed [Figure 1(a, ¢)], the
characteristic absorption bands of APT at 3420-3614, 1654, 1197,
1030, and 982 cm' have no obvious change after dispersed with
different volume ratios of ethanol/water solutions. This reveals
that the treatment process of APT can only disaggregate APT fi-
brous bundles and will not alter chemical structures of APT. As
shown in Figure 1(e, f), the FTIR spectra of the superabsorbent
nanocomposites also made no difference as expected. The Si—OH
stretching vibration of APT at 3551 cm' disappeared, indicating
that the APT took part in the graft polymerization by the —OH
groups on the surface of clay. The absorption band at 1738 cm'
was ascribed to the C—O asymmetric stretching vibration and the
peaks at 1632, 1458, and 1404 cm' were owing to the asymmetric
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Figure 1. FTIR spectra of (a) APT treated by water, (b) APT treated by
v(CH3;CH,OH) : v(H,O) = 5 : 5 solution, (c) APT treated by ethanol,
and (d-f) the corresponding superabsorbent nanocomposites.

and symmetric stretching vibrations of the —COO™ groups,
respectively. This reveals that AA monomers grafted on the back-
bones. The characteristic absorption of St cannot be obtained in
FTIR spectra owing to the tiny amount of St in nanocomposite.
The proof of the existence of St by UV-vis has been reported by
the previous study.” In other words, the ethanol/water treatment
has no influence on the structures of APT and superabsorbent
nanocomposites, and the APT, AA, and St grafted onto the NaAlg
backbones successfully.

SEM Analysis

FESEM photographs of the modified APT are observed and
shown in Figure 2(a—d). The untreated APT crystal bundles
[Figure 2(a)] were aggregated and only a few single rod-like
crystals can be seen. In contrast, the APT crystal bundles
[Figure 2(b)] treated by high-pressure homogenization process
can be disaggregated effectively and the agglomerates were
reduced evidently. The APT crystal bundles were disaggregated
further with increasing the ethanol/water ratio [Figure 2(c)].
After treated by v(CH;CH,OH) : (H,O) — 5 : 5 solution, the
single rod-like crystals of the APT can be observed clearly. The
excessive increase of ethanol/water ratio led to the reunite of
some APT fibrous crystals [Figure 2(d)]. This phenomenon was
caused by different properties of varying dispersion medium.
Treated with the dispersion medium with low vapor pressure,
high surface tension, and viscosity, APT clay tends to disaggre-
gate easily during the homogenization.”® Furthermore, relatively
low surface tension of dispersion medium is benefit to reduce
the reagglomeration of APT during drying process. As summar-
ized in Table I, with the increasing ethanol/water ratio, the
vapor pressure is increased, and the viscosity of dispersion me-
dium first increases and then decreases. The change trend of
viscosity is in accordance with the results about the dispersion
state of APT clay. When v(CH3;CH,OH) < v(H,0), the drying
process is the main factor influencing the APT dispersion. The
decreasing surface tension inhibited the reagglomeration of
APT single crystals, and thus the APT crystal bundles were
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Figure 2. SEM images of (a) untreated APT, (b) APT treated by water, (c) APT treated by v(CH;CH,OH) : v(H,O) = 5 : 5 solution, (d) APT treated
by ethanol, and (e-h) the corresponding superabsorbent nanocomposites.

disaggregated better with increasing of ethanol/water volume ra-

Table I. The Vapor Pressure (P) and Viscosity (y) of Ethanol/Water tio. However, when v(CH3;CH,OH) > v(H,0), the homogeniza-

Solution tion process plays a dominate role. The increasing vapor pres-
sure and the decreasing surface tension cause the agglomeration

v(CH3CH0H) : v (Ho0) P/kPa (25°C) n/mPa-s of APT. As a result, the optimal dispersion can be obtained at

CH;CH,OH) : v(H,O) — 5: 5.

0:10 317 08o5 (CH:CHO0H) - v(H0)

4-6 6.01 2 o5g Figure 2(e, f) shows the surface morphology of the correspond-

5.5 6 44 21393 ing nanocomposites. The large aggregates are shown in Figure
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ing APT-treated with v(CH;CH,OH) : v(H,0) — 5 : 5 exhibited
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Figure 3. Effect of APT treated with different ethanol/water ratios on gel
strength. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

a rough and loose surface. The nanoscale APT rods were uni-
formly dispersed in the matrix. According to the FESEM obser-
vation, ethanol/water treatment of APT has great influence on
the microstructure of the nanocomposite which was related to
the swelling behaviors. Thus, the effect of different ethanol/
water ratio dispersed APT on the swelling properties of the
nanocomposite was investigated.

Gel Strength

The gel strengths of the superabsorbent nanocomposites were
determined by a rheological method and denoted as a function
of storage modulus (G') versus angular frequency (w) (Figure
3). The result indicated that the G values increased with an
increase of ethanol/water ratio until an optimum was reached at
the ratio of v(CH;CH,OH) : v(H,O) — 5 : 5. The main reason
is that the APT can act as crosslinking agent in the formation
of three-dimensional network of the nanocomposite.”® The bet-
ter dispersion of APT, the more regular network can be formed,
which could increase the strength of the gel network. Beyond to
this ratio, the G’ value of the nanocomposite decreased. This is
because the agglomeration of APT makes the gel matrix discon-
tinous, and thus the gel strength decreased.

Effect of Ethanol/Water Ratio on Water Absorbency and
Swelling Rate

As shown in Figure 4, the water absorbency of NaAlg-g-P(NaA-
co-St)/APT in distilled water and 0.9 wt % NaCl solutions
increased with the increase of the ethanol/water ratio, reaching
the maximum absorbency at v(CH;CH,OH) : v(H,O) — 5:5
and then decreased. This can be attributed to the fact that the
ethanol-assisted dispersion of APT during high-pressure ho-
mogenization can disperse APT bundles better than in aqueous
solution. With the increase of the ethanol/water ratio, the APT
crystal bundles can disaggregate effectively. The well disaggrega-
tion and dispersion of APT bundles into nanorod make more
surface active —OH groups were exposed, and hence it can dis-
tribute in the three-dimensional network more even and form
stronger bonding action with the polymer matrix. Thus, the
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Figure 4. Effect of APT treated with different ethanol/water ratios on
water absorbency.

water-holding network can be regularly formed under the “sup-
porting” action of one-dimensional APT nanorod, and the
water absorbent of the superabsorbent can be improved
(Scheme 1). In addition, the APT that often acts as an inorganic
crosslinker could disperse uniformly in NaAlg-g-P(NaA-co-St)/
APT nanocomposite, which is benefit to form regular network
structure and responsible for the enhancement of water absorb-
ency. However, the higher ethanol/water volume ratio treatment
often results in some aggregation of APT. The APT aggregation
filled in the polymeric network, which was easy to block the
absorption channels to restrain water movement. Thus, the
water absorbency was decreased.

The effect of different ethanol/water ratio-treated APT on the
swelling kinetics of the nanocomposites was also studied and
shown in Figure 5. For the swelling kinetics analysis, the
Schott’s second-order swelling kinetics model can be used in
this section®”

t/Q = 1/Kg+(1/Q)t (3)
where Q, is the swelling ratio at time #, Q. represents the theo-
retical equilibrium swelling ratio. On the basis of the

NaAlg-g-P(NaA-co-St)APT
dnspcrscd APT

cthonal/water

// homﬂgemmnor\’ \l\mcn/'mon

@ chemical-bonded APT

@ physical-filled APT

Scheme 1. Schematic illustration of the formation of (NaAlg-g-P(NaA-co-
St)/APT) superabsorbent nanocomposite. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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Figure 5. Effect of APT treated with different ethanol/water ratios on
swelling rate. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

experimental data, we can get an excellent straight line (Figure
6) with good linear correlation coefficients from the plots of
t/Q, against time t, indicating that the swelling of NaAlg-g-
P(NaA-co-St)/APT nanocomposite acts in accordance with the
second-order swelling kinetics. The values of the swelling
kinetics obtained from Figure 6 are listed in Table II, suggesting
that APT treated with moderate ethanol/water ratio brought a
significant enhancement of the swelling rate as well as the initial
swelling rate K. This is because the good dispersion of APT in
the matrix could regulate the physical entanglement and the
repulsion force of the macromolecule chains, which altered the
network structure to increase the penetration and diffusion of
water.”® Thus, the swelling rate was increased. In a word, the
ethanol/water-treated APT via high-pressure homogenization
has a remarkable effect not only on water absorbency but also
on swelling rate.

20
18|
16
14F
12}
Swof
= - v(C2H50H) :v(H0)=0:10
. [ o v(C2H50H) :v(H(01=4:6
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4r v v(C2H50H) :v(H200=6:4
2 b < ¥(CaH50H) v (H20)=10:0
0

1 1 i 1 1 1 " 1 " 1 1 1 " 1 n ]
0 1000 2000 3000 4000 5000 6000 7000 8000
ts
Figure 6. Swelling kinetics fitting curves of the superabsorbent nanocom-
posites introduced by APT treated with different ethanol/water ratios.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Table II. Swelling Kinetic Parameters for (NaAlg-g-P(NaA-co-St)/APT)
Superabsorbent Nanocomposites Introduced the APT Treated with
Different Ethanol/Water Ratios

V(CH3CH,0H) :

v(H20) Qeq(0fd) Q. (gfd)  Kislglgls)  R°
0:10 442 454 3.3303  0.9996
4:6 481 490 3.9832  0.9999
5:5 521 515 45736  0.9999
6:4 425 409 42682  0.9998
10:0 378 380 3.5172  0.9996

2The initial swelling rate constant; (g/g)/s.
bLinear correlation coefficient.

Swelling and Deswelling Kinetics

The swelling kinetics of superabsorbent nanocomposites in dif-
ferent saline solutions (5 mmol/L) was investigated as shown in
Figure 7. The change tendency of the swelling kinetics of the
superabsorbent nanocomposite containing APT treated by dif-
ferent ethanol/water ratio was similar to that in distilled water.
This agrees with the above views that the proper ethanol/water
treatment can improve the dispersibility of APT in the matrix
to alter the polymeric network for which the swelling rate can
be increased in various saline solutions. As shown in Figure 7, it
is found that the swelling behavior in MgCl, and AICl; solution
was different from that in NaCl solution. As the time increased,
the water absorbency in MgCl, and AICl; solution initially
increased and then decreased. This can be attributed to that the
multivalence cations in the polymeric network have high com-
plexing ability to interact with —COO™ of the polymer chains,
which could increase the crosslink density and result in the ex-
pelling of the absorbed water.

To study the deswelling kinetics of the superabsorbent nanocom-
posites in NaCl, MgCl,, and AlCl; solutions, the profiles of the
water retention as a function dependent on the time t are shown
in Figure 8. As it can be observed, the water retention was
decreased quickly in the first second. This phenomenon can be
explained by the fact that the osmotic pressure between gel net-
work and external solution decreased and the polymer network
sharply shrinked.”® Moreover, it can be observed that the better
dispersion of APT corresponds to a faster deswelling kinetics in
this study. This is because that the uniform dispersion of the
APT can provide water-release channels to break the skin layer.*’

This fast swelling—deswelling behavior can further demonstrate
that the good dispersion of APT improved the polymeric net-
work greatly. Owing to the favorable elasticity of macromolecu-
lar chains in the relative regular network, the network can relax
and shrink freely for which the movement of water molecules
become fast. Thus, the nanocomposite containing APT treated
with v(CH;CH,OH) : v(H,O) — 5 : 5 solution has fast swel-
ling—deswelling kinetics.

Reswelling Capability

Reswelling capability of a superabsorbent material is of great
significance in many application fields such as agriculture and
horticulture. Figure 9 shows the water absorbency curve for the
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Figure 7. Swelling kinetics of the superabsorbent nanocomposites in (a)
NaCl, (b) MgCl,, and (c) AICl; solution. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

nanocomposites plotted against reswelling times. As it can be
observed, each nanocomposite can retain certain degree of water
absorption after several reswelling cycle, whereas the APT
treated with different ethanol/water ratio has a big impact
on reswelling ability of the nanocomposites. The water absorb-
ency of the nanocomposite containing APT treated with
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v(CH;CH,OH) : v(H,0) = 5 : 5 solution reached 400 g/g after
five reswelling times and the reswelling ability is better than
other nanocomposites. This behavior can be attributed to the
crosslinker role of the well-dispersed APT in the nanocompo-
site, which prevents the collapse of polymeric network structure
during drying process. Thus, the decrease of water absorbency
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Figure 8. Deswelling kinetics of the superabsorbent nanocomposites in
(a) NaCl, (b) MgCl,, and (c) AICl; solution. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 9. Effect of APT treated with different ethanol/water ratios on
reswelling ability.[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

was not so evident with the increasing of reswelling times. This
is in keeping with the result of gel strength analyzed above.

CONCLUSIONS

In this study, a series of ethanol/water-treated APT was intro-
duced into the NaAlg-based superabsorbent network to study
the effect of APT dispersion on the swelling properties of the
nanocomposite. The FTIR and SEM analyses confirmed that the
treatment can only disaggregate APT fibrous bundles and will
not alter chemical structures. The improved dispersion of APT
after treated by v(CH;CH,OH) : v(H,O) — 5 : 5 solution
resulted in the enhanced gel strength and swelling behavior
(water absorbency, swelling rate, and reswelling ability) of the
nanocomposite. In addition, the superabsorbent nanocomposite
displayed fast swelling—deswelling performance in different salt
solutions. Based on this study, it is concluded that the ethanol/
water-treated clay via high-pressure homogenization had a good
dispersion in the nanocomposite to better the polymeric net-
work of the nanocomposite, which contributes to the improve-
ment of the swelling properties.
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