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a  b  s  t  r  a  c  t

A  biodegradable,  �-cyclodextrin-based  superabsorbent  resin  was  synthesized  by the  inverse  suspension
method.  The  microstructure,  chemical  structure,  and thermal  performance  of  the  resin  were character-
ized  by  scanning  electron  microscopy,  Fourier  transform-infrared  spectroscopy,  and  differential  scanning
calorimetry.  The  effects  of the  synthesis  conditions  (dosage  of  cross-linking  agent,  mass  ratios  of  acrylic
acid  to acrylamide,  mass  ratios  of  �-cyclodextrin  to  total monomer,  neutralization  degree,  initiator
dosage,  and  reaction  time)  were  optimized  to achieve  a resin  with  a maximum  swelling  capacity.  The
eywords:
-cyclodextrin
uperabsorbent
iodegradable
alt resistance
hree-dimensional network structure

water absorbency  of  the  optimized  resin  in distilled  water  was  1544.76  g/g  and  that  in  0.9  wt.%  NaCl
was  144.52  g/g.  The  resin,  which  is thermoplastic  as  well  as  pH-sensitive,  had  good  salt  resistance  and
underwent  a maximum  in  swelling  with  time  in  CaCl2 and AlCl3 solutions.  The  fracture  surface  of  the  dry
resin  contained  many  pores.  After  swelling,  the internal  hydrogel  showed  a typical  three-dimensional
network  structure.  The  biodegradation  of  the resin  reached  71.2%  after  18 days  treatment  at  30 ◦C  with
Lentinus  edodes.
. Introduction

Super absorbent polymers (SAP) are a new type of functional
olymer that has been developed in recent years. This material
an absorb water at hundreds or even thousands of times of its
eight. SAP, with its super water absorbency and retention, have
ide applications in areas including personal health products, civil

onstruction, industrial and agricultural production, and medical
aterials (Silberbush, Adar, & De, 1993; Zhang & Li, 2005; Sun et al.,

006; Liu, Zhang, & Zhu, 2008; Wang, Zhang, & Wang, 2008). Fur-
hermore, SAP can be used in industries dealing with food crops,
ash crops, flower vegetables, forest, lawn cultivation, and desert
mprovement because of its super water absorbency and retention.
hus, SAP is gradually becoming an important part of the agricul-
ural technology system with excellent water-saving abilities (Han,
ang, & Luo, 2010; Yao & Zhou, 2003; Abedi-Koupai, Eslamian, &
sadkazami, 2008; Bhardwaj, Shainberg, Goldstein, Warrington, &
evy, 2007). In addition, a number of studies are being conducted on
he use of SAP as a waterproofing agent in communication cables,
umidity regulator, active enzyme carrier, artificial snow, and so on

Ficarra et al., 2002; Kabiri, Omidian, Hashemi, & Zohuriaan-Mehr,
003).

∗ Corresponding author. Tel.: +86 451 82192905.
E-mail address: huangzh1975@163.com (Z. Huang).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.12.002
© 2012 Elsevier Ltd. All rights reserved.

SAP, can be classified into two  types depending on their raw
material source. Polymerized resins that are based on petrochemi-
cal products such as acrylic acid, acrylamide, polyvinyl alcohol, and
acrylonitrile. This type has better water absorbency, but has poorer
penetration performance, is more expensive and is nonbiodegrad-
able. The biodegradable resins that are synthesized from natural
polymers such as starch, cellulose, chitosan are the second type of
SAP. Although this type is biodegradable, their water absorption
and retention performance are poorer. Therefore, the preparation
of SAP with super water absorbency, excellent machinery perfor-
mance, and low cost through the modification of natural polymers
by copolymerization is a popular area of research (Chang, Duan, Cai,
& Zhang, 2010; Buchholz, 1996).

�-cyclodextrin (�-CD), a cyclic oligosaccharide composed of
seven glucose molecules with �-1,4-glucosidase linkages, is pro-
duced from amylose by cyclodextrin glucosyltransferase from
Bacillus, which has a micro-environment of a chiral, hydrophilic
outside and a hydrophobic interior cavity (Szejtli, 1998; Dell Valle,
2004). Previous studies have focused on the use of the �-CD struc-
ture in forming inclusion compounds that are mainly used for
organic compound adsorption and applications in fields dealing
with environmental protection, cosmetics, slow-release drugs, and
so on (Banerjee & Chen, 2010; Cobos, Martinez Perez, Monreal

Romero, & Garcia Casillas, 2007; Guo & Jiang, 2007). �-CD is
biodegradable and contains a number of alcoholic hydroxyl groups
for chemical reactions such as etherification, esterification, oxida-
tion, cross-linking, and so on (Dell Valle, 2004). �-CD is suitable

dx.doi.org/10.1016/j.carbpol.2012.12.002
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:huangzh1975@163.com
dx.doi.org/10.1016/j.carbpol.2012.12.002
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s starting material for the synthesis of SAP due to the abundant
ydrophilic hydroxyl group. However, the molecular weight of �-
D is low. In order to increase molecular weight of the product,
ydrophilic monomer could be link with �-CD by chemical cross-

inking reactions. Meanwhile, the cyclic oligosaccharide chemical
tructure of �-CD could increase three-dimensional network struc-
ure of product in cross-linking reactions, favoring the swelling
apacity of the product.

In the present study, we took advantage of the �-CD chemi-
al structure with many hydroxyl groups, and we synthesized SAP
ith three-dimensional interpenetrating network structure, which
ave several advantages such as superior water absorption abil-

ty, excellent salt resistance, and biological degradation through
elf-assembly graft polymerization. We  studied the influence of
eaction factors, such as initiator dosage, reaction time, temper-
ture, and raw materials ratio on the swelling capacity of the resin.
he chemical and surface structures of the products were character-
zed, and their biodegradability in fungi and thermal performance

ere determined and discussed.

. Experimental

.1. Materials

�-CD, acrylic acid (AA), N,N′-methylenebisacrylamide (NMBA),
crylamide (AM), K2S2O8, NaCl, CaCl2, and AlCl3, were purchased
rom the chemical reagent development center of Kemiou Engi-
eering (Tianjin, China). Penicillium,  Aspergillus niger (A. niger), and
entinus edodes (L. edodes)  were obtained from the Laboratory of
orest Protection of Northeast Forestry University. All agents used
ere of analytical grade, and all solutions were prepared with dis-

illed water.

.2. Synthesis of ˇ-CD-based resin

Cyclohexane (50 mL)  and arlacel-80 (10 mL)  were mixed in a
50 mL  four-neck reaction bottle. Nitrogen flowed through for
0 min, and the reaction temperature was raised to 65 ◦C. After-
ards, �-CD, AA, and AM were added based on their mass ratio.
aOH (1 mol/L) solution was used to adjust the mixture to a spec-

fied degree of neutralization. The mixture was  uniformly mixed
o dissolve the solid samples. K2S2O8 (quantitative initiator) and
MBA (cross-linking agent) were then added dropwise using a fun-
el at a constant rate of 1–2 d/s with stirring. The mixture reacted
nder nitrogen protection. The temperature was maintained for
.5 h after the reaction. The mixture passed through a filter, and the
ltered cake was dried at 50 ◦C for 48 h until a constant weight was
btained. The cyclohexane filtrate was recycled to achieve granular
esin products. A range of products were obtained by changing the
eaction factors such as the mass ratio of �-CD, AA, and AM,  the
osages of K2S2O8 and NMBA, reaction time, and neutralization
egree. The optimum synthesis conditions for the super absorbent
esin were explored using water absorbency in distilled water and
aline solution as the evaluation indicator.

.3. Characterization

The Fourier transform-infrared (FTIR) spectrum was obtained
rom a MAGNA 560 FTIR spectrometer (Thermo Nicolet Corpora-
ion, USA) using KBr discs in the range from 4000 cm−1 to 400 cm−1.
canning electron microscopy (SEM) images were obtained using

 FEI QUANTA 200 microscope. The swollen resin hydrogel were

rozen in liquid nitrogen and immediately snapped and freeze-
ried. The fractured surface of the resin hydrogel was observed.
ifferential scanning calorimetry (DSC) was done using a DSC2004
eat flux differential scanning calorimeter (NETZSCH, Germany) at
ers 92 (2013) 2314– 2320 2315

a temperature range from 293 K to 773 K with a heating rate of
10 K/min and an argon gas flow at 40 mL/min.

2.4. Swelling and absorbency of resins in chloride and pH buffer
solutions

NaCl, CaCl2, and AlCl3 solutions were prepared at different con-
centrations (0.1 mol/L, 0.05 mol/L, and 0.01 mol/L), where 0.1 g of
the resin products was mixed with 200 mL  of each salt solution.
The water absorbency was measured. Buffer solutions with pH val-
ues of 2, 4, 6, 8, 10, and 12 were prepared, where 0.1 g of the resin
was mixed with 200 mL  of the buffer solution at different pH values.
After saturation, filtered and weighed, the hydrogel characteristics
were determined, and the absorbency was  calculated.

2.5. Determination of biodegradability

Resin sheets measuring 1 cm × 2 cm were weighed and labeled
separately. The sheets were then placed in 18 PDA plates containing
mycete (six plates each of Penicillium,  A. niger, and L. edodes), sealed
with tape, and incubated at 30 ◦C. Afterwards, the resin products
were filtered, dried, weighed, and the biodegradation was observed
every 3 days.

3. Results and discussion

3.1. Effects of synthesis conditions on the water absorption
properties of the resin

Fig. 1(a) shows that the increase in the mass ratio of AA:AM
caused an increase in the swelling capacity of the resin. When the
mass ratio of AA:AM was 7:1, the swelling capacity was relatively
high and the gel strength was  good. The increase in the concen-
tration of acrylic acid favors the movement of ion groups into the
resin. The osmotic pressure inside the resin increases accordingly
and facilitates the penetration of water molecules into the interior
of the resin upon contact with water. Moreover, the repulsion of the
ion groups that were relocated inside the resin toward one another
promotes swelling. Further increase of the AA content resulted in
the increase in ionic group content inside the resin. However, the
water absorbance was  less because the absorption properties of the
resin did not solely rely on osmotic pressure as a consequence of
the ionic groups, but also due to the synergistic interaction between
the various groups in the resin.

Fig. 1(b) shows that the reaction time greatly influences the
water absorbency of the resin, which increases with time. When
the reaction time was 4 h, the resin water absorbency in distilled
water was  1083.9 g/g, and 95.62 g/g in 0.9 wt.% NaCl. At a reaction
time of 5 h, the resin water absorbency decreased. These observa-
tions are in line with the free radical reaction rule, which states that
if the reaction time is too short, polymerization does not proceed
to completion and results in low relative molecular mass and
small network size after swelling with low resin water absorbency.
Therefore, the prolonged reaction time can increase the degree
of polymerization at the beginning of the reaction. Steady-state
polymerization was  reached after 4 h of reaction. In this stage, the
generation rate of the free radical is equal to its consumption rate,
which establishes a dynamic equilibrium wherein the reaction time
has no influence on water absorbency. On the other hand, a very
long reaction time causes the degradation of resin and results in
a low molecular weight (Xu, Li, & Sun, 2010). In addition, stirring
causes shear stress in the reaction system for a long time, thereby

decreasing its viscosity. The decrease in viscosity is not conducive
to polymerization, therefore, decreases the water absorbency.

Fig. 1(c) shows that the increase in the concentration of the
cross-linking agent NMBA resulted in the initial increase, and then
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Fig. 1. Effects of the experimental c

ecrease of the swelling capacity of the resin. This result was
bserved because when the cross-linker concentration is too low,
he cross-linking density of the resin would also be low, which
auses the formation of a sparse three-dimensional network that
acilitates water entry. Moreover, the adsorption ability decreased,
nd the solubility of the material increased on a macroscopic per-
pective, which led to a decrease in water absorbency. This decrease
as direct effects on the hydrogel strength after swelling. The resin
id not become an elastic gel but a colloid with low strength.
he swelling ability of the resin was reduced. However, when the
ross-linker concentrations are too high, the reaction activity of the
ross-linker NMBA would also be high, with enough trace amounts
f NMBA to facilitate cross-linking reactions and form a mesh struc-
ure (Peng, Xu, Peng, Wang, & Zheng, 2008; Pourjava, Barzegar, &
ahdavinia, 2006). The increase in cross-linking sites and cross-
inking density makes the resin network distances closer and the
esin hard to stretch, which result in the reduction of the vol-
me  of liquid it can hold and the reduction of swelling capacity.
ons on water absorption capacities.

Considering the resin water absorbency and hydrogel state results,
the cross-linker concentration was  found to account for 0.04% of
the total monomer mass at optimal experimental conditions.

As the neutralization degree of AA increased (Fig. 1(d)), the
swelling capacity of the resin increased, and then decreased
thereafter. This result was observed because the increase in neu-
tralization degree led to an increase in the concentration of COO−

on the resin surface. The atomic oxygen of COO− has coordina-
tion effects on heavy metal ions and is capable of chelation, which
improve the adsorption capacity of the resin. The increase in neu-
tralization leads to an increase in COONa ion concentration in
the reaction system. The dissociation of COONa into COO− in
water is much more favored. The dissociation of COOH increases
in COONa and leads to more COO−. More carboxylic acid anions

on the network chain made the chain more stretchable. In addition,
the repulsion between and among different chains is enhanced. The
water absorbency increases as the force caused by chain expansion
in the network increases (Pourjava & Amini-Fazl, 2007). However,
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hen the neutralization degree is too high, the Na+ concentration
n the network of graft copolymers being formed increases, and the
lectrostatic repulsion between charges causes the contact of the
eavy metal and coordination groups on the surface of the resin
nd chelate formation difficult. The excess in the degree of neu-
ralization is not conducive to resin adsorption. However, with the
ncrease in the neutralization degree, the shielding effect of Na+ on
he carboxylic acid anion in the system gradually appears, which
eakens the repulsion among the chains or adjacent carboxylic

cid anions on the same chain and reduces the extension driving
orce of the network. Therefore, when the neutralization degree is
oo high, the swelling capacity is reduced.

The selection of the initiator and the dosage directly affects the
eaction process and its results. Dosage determines the number of
ctive sites in a system, which affects the reaction rate. The reac-
ion rate is a very important factor for controlling experiments (Ma
t al., 2011). Fig. 1(e) shows the effect of the initiator dosage on the
esin absorption rate in distilled water and salt solutions. Further-
ore, as the initiator concentration was increased, the absorbency

f the resin, both in distilled water and salt solutions, initially
ncreased, and decreased thereafter. When the initiator dosage
ccounted for 0.3% of the total monomer, the water absorbency
f the resin for both distilled water and 0.9 wt.% NaCl was the high-
st at 1183 g/g and 117.6 g/g, respectively. Lower dosages result in

 very few active sites in the reaction system, which do not allow
he resin to form an effective three-dimensional cross-linked struc-
ure. On the other hand, when the initiator dosage is very high,
he polymerization reaction becomes too fast and the resin forms

 three-dimensional space structure with many branched chains.
his resin has a poor water absorbency. Therefore, choosing the
ight initiator dosage is important. In the current experiment, the
ptimal initiator dosage for resin formation accounts for 0.3% of the
otal weight of the monomer.

Fig. 1(f) shows the effect of �-CD use on resin absorbency.
he primary role of �-CD is to provide a skeleton of cross-linked
etwork. In addition, �-CD also contributes to the promotion
f polymerization (Peng et al., 2008). �-CD dosage is 10–30%
f the monomer weight. Fig. 1(f) further reveals that water
bsorbency initially increased and then decreased with increasing
-CD dosages. When the mass ratio of �-CD to the monomers was
:6, the best swelling performance of the resin was  observed. The
ater absorbency in distilled water was 1382.11 g/g and that in

.9 wt.% NaCl was 129.54 g/g. If the dosage of �-CD was  too low, the
A and AM concentrations would have been relatively too much
nd the cross-linking degree would have been too high, which
esult in a low water absorbency of resin. When the �-CD dosage
s too high, the resin water absorbency decreases with increasing
-CD dosage because the dosage of AA and AM,  as well as the cross-

inking, is relatively too low, which results in a decline in water
bsorbency. In addition, graft polymerization could not completely
ccur at very high dosages, and the products are soluble in water,
hich result in a low-strength hydrogel.

.2. FTIR spectra analysis

The FTIR spectra of �-CD and the resin are shown in Fig. 2.
he strong and wide OH peak for �-CD at 3404 cm−1 moved
oward a lower wave number, and the resin had a strong and broad
bsorption peak at 3363 cm−1 (Ficarra et al., 2002). The introduc-
ion of acrylic acid increased OH, which led to the shift of the
OH peak toward a lower wave number. Furthermore, the OH
roup absorption peak became broader because of the increasing

ydrogen bonding between molecules. The CH2 stretching vibra-
ions at 2925 cm−1 and 2846 cm−1 were significantly increase for
he resin, which is mainly due to the formation of CH2 in the
olymerization process during the introduction of acrylic acid and
Fig. 2. FTIR spectra of �-CD and resin.

acrylamide monomer. Strong overlapping peaks at 1671 cm−1 can
be attributed to C O stretching vibration peaks in acrylamide and
carboxylic acids (Kuang, YuK, & Huh, 2011). The strong stretching
vibration peak at 1570 cm−1 was the N–H absorption peak in the
acylamino group. The asymmetric stretching vibration peak of the
carbonyl group of COONa in sodium polyacrylate was  observed
at 1451 cm−1, whereas the strong bands at 1410 cm−1 were either
a stretching vibration peak for C–N or a bending vibration peak for

CH2 , which indicates the presence of acylamino groups in the
resin (Huang, Liu, Zhang, Xu, & Hu, 2012). Based on these results, we
can conclude that carboxyl and amide groups were introduced to
the resin products, and the lack of a characteristic C C absorption
peak indicates that a polymerization reaction occurred between
�-CD, AA, and AM.

3.3. Morphological analyses

Fig. 3 shows the SEM images of the resin incubated in differ-
ent liquid media. The SEM images of the dry resin surface and the
cross section are shown in Fig. 3(a) and (b). From Fig. 3(b), the
resin produced through graft copolymerization of �-CD with AA
and AM had a clear, stratified rock structure with a large num-
ber of pores (Fig. 3(b)), which increased the adsorption surface
area and improved the exchange and adsorption processes. The
SEM images of the resin in distilled water and in NaCl, CaCl2,
and AlCl3 solutions are shown in Fig. 3(c)–(f), respectively. After
absorption, the internal structure of the resin assumes an obvious
three-dimensional polygon network on the inside, while the net-
work size decreased with increasing valence state of the metal ions.
The three-dimensional network structure of the resin in Ca2+ and
Al3+ solutions was damaged to a particular degree. This observation
is related with the swelling behavior of resin in high-state positive
ion solutions. The swelling capacity also decreased with increasing
valency of the metal ions.

3.4. Time-dependent swelling behaviors in chlorine saline
solution

Fig. 4 shows the swelling curves of resin in NaCl, CaCl2, and
AlCl3 solutions at different concentrations. In all these solutions
at different concentrations, the resin swelling curve revealed that
as the absorption time increased, the swelling capacity decreased
with increasing valency of the metal ion and concentration of chlo-
ride in the solution. However, with the absorption time increased,

the curves for CaCl2 and AlCl3 initially rapidly increased, then
decreased, and finally leveled compared with the curve of the resin
in NaCl. This trend reflects the swelling behavior, and no swelling
observed in the NaCl solution. A large number of interconnected
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Fig. 3. SEM micrographs of (a, b) resin, (c) in distilled wate

penings in the resin enable the entry of an external solution to
ecome easier. In the early phase of liquid absorption, the resin
etwork expanded more. When the swelling reaches a particular
xtent, the network expansion power became much smaller, and
he complexing action of COO− on the resin graft chains with
ivalent and trivalent metal cation causes the graft chains that
ross-link the resin network structure to shrink (Pourjavadi, Amini-
azl, & Hosseinzadeh, 2005; Hua & Wang, 2009). This result leads
o the leakage of absorbed water; thus, a maximum in swelling
ith time was observed (Wang & Wang, 2010). The stability con-

tant order of the complexes produced by bivalent and trivalent
etal ions with COO− is greater for Ca2+ than in Al3+ because the

tability of the complexes formed by bivalent and trivalent metal
ations with the resin is much higher than that by monovalent

ations (Zhao, Su, Fang, & Tan, 2005). The resin in bivalent and triva-
ent metal cation solutions exhibits overswelling. The ionic radius
f Na+ is smaller than that of Ca2+ and Al3+ at the same plasma
trength conditions, and the swelling capacity of the resin in Na+

NaCl 

CaC

Fig. 4. Kinetic swelling curves of the polyme
) in 0.01 mol/L NaCl, CaCl2, and AlCl3 solution, respectively.

is higher than in Ca2+ and Al3+. At concentrations from 0.01 mol/L
to 0.1 mol/L, the swelling capacity of the resin was  highest in NaCl
(NaCl > CaCl2 > AlCl3).

3.5. Effects of pH

Fig. 5 shows the moisture absorption of the resin in buffer solu-
tions with different pH values. The pH significantly affects the
swelling capacity of the resin. When the pH was  less than 2, the
resin almost did not swell. From pH 2 to 6, water absorbency rapidly
increased with increasing pH. At pH 6–12, the swelling capacity was
almost constant. In strong acidic conditions, most COO− in the
three-dimensional network chain of resin exists as COOH (Wang
& Wang, 2010). This result lowers the repulsion power of the three-

dimensional network chains; therefore, the swelling capacity is
very low at low pH conditions. The COO(H) in resin chains mainly
exists as COO− in high pH conditions, and the hydrogel net-
work chains are mutually exclusive. The swelling capacity greatly

AlCl3 

l2 

r in different chlorine saline solutions.
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Fig. 5. Effects of pH on water absorption capacity.

ncreases because of the osmotic difference and hydrogen bonding
etween ions and the expansion of mesh space after the forma-
ion of a large envelope of water (Zhao et al., 2005). The osmotic
ifference decreases and retraction forces increase with increas-

ng swelling capacity, which then limits the amount of water that
an enter the network. When equilibrium is reached, the swelling
apacity becomes constant.

.6. Analysis of differential scanning calorimetry

The DSC curve for resin in a temperature-dependent heat flow
s shown in Fig. 6. Two broad and weak exothermic peaks can
e observed at 320 ◦C and 373 ◦C. The graft polymerization and
olecular weight of the resin were high, which imply that a

igh temperature is required to change the resin morphology. The
xothermic peaks observed were caused by the heat produced dur-
ng the transformation of resin from solid to a highly elastic state
Giammona, Gavallaro, Maniscalco, Craparo, & Pitarresi, 2006). The
xothermic peak of the resin had a wide peak shape and revealed

 wide range of molecular weights, which indicate that the resin is
ade up of different polymers of various molecular weights (Stark

 Jaunich, 2011). Two strong and sharp exothermic peaks at 427 ◦C
nd 464 ◦C disappeared above 400 ◦C, which indicates that the resin

ransformed from being highly elastic into either a viscous phase
r a more rigid phase. The resin is thermoplastic because it can
ransform from highly elastic to a more viscous state at high tem-
eratures (Ficarra et al., 2000). As shown in Fig. 4, the resin is stable

Fig. 6. The DSC of the resin.
Fig. 7. Mycete degradation of resin.

below 300 ◦C where it does not undergo decomposition or state
changes (Voncina, Majcen, & Marechal, 2005).

3.7. Biodegradation of resin

The degradation efficiencies of the resin gel in Penicillium,  A.
niger, and L. edodes are shown in Fig. 7. The degradation was
observed to be very slow with Penicillium with only 5.4% of the
resin gel was degraded after 3 days and 8.9% after 10 days. The
degradation efficiency reached a maximum at 13.5% after 20 days.
Penicillium almost did not grow in the resin. After 20 days, the
resin samples were able to keep their original shape. In A. niger,
the resin gel degradation efficiency rapidly increased with time.
After 3 days, the degradation efficiency was  just 9.6%, but in day
12, it was 62.7% and reached 64.2% after 18 days. A. niger grew
abundantly in the resin, and the shape of the samples changed
(no longer a rectangle). With L. edodes,  the degradation efficiency
reached 37.2% after 3 days, and 71.2% after 18 days. And, in day
3, the block samples turned into fluid. These results demonstrate
that L. edodes degrades better than the other mycetes, and that the
resin gel is biodegradable. The ranking of the mycete based on the
influence on resin degradation efficiency is as follows: L. edodes > A.
niger > Penicillium.  The results also indicate that microorganisms
degrade some of the resin components. The observations that the
mycete attach to the resin surface and produce various enzymes
imply that the organisms could enter the active sites of resin macro-
molecules and penetrate into the functional points of the polymer.
The resin gel that was  contaminated by microorganisms such as
fungi and bacteria gradually disappeared. The pores that were
formed in the polymer during contamination mechanically weak-
ened the structure of the material. The skeletal macromolecules
may  incur fractures in some chain segments, which may  eventually
lead to its degradation to smaller and more stable molecular prod-
ucts; therefore, facilitating further natural decomposition (Kuang
et al., 2011). This result further shows that the polymer is an eco-
friendly material.

4. Conclusions

This study used the polyhydroxy structure of �-CD for the syn-
thesis of �-cyclodextrin-based resin with super water absorbency.
In this optimized condition, the water absorbency of the resin was

1544.76 g/g in distilled water and 144.52 g/g in 0.9 wt.% NaCl. Signif-
icant overswelling of the resin occurred in CaCl2 and AlCl3 solutions.
The synthesized resin (dry) exhibited a clear stratified rock struc-
ture and had a large number of pores. The interior of the resin
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ydrogel showed a polygon structure with a three-dimensional
etwork structure. The resin was thermoplastic, pH-sensitive, and
iodegradable. This paper is merely a preliminary work. Further
esearch on the role of resin in metal ion elimination will be con-
ucted to explore other possible application of this material.
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