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Abstract. A novel post-crosslinking method by heating the composite polymer with dispersed reactive microgels was used
to prepare microgel composite (MC) hydrogels. This MC hydrogels were crosslinked by reactive microgels instead of traditional crosslinkers. The reactive microgels contained hydroxymethyl groups, which acted as post-crosslinkers. They were
prepared by inverse emulsion polymerization. The formed MC hydrogels at appropriate conditions had high equilibrium
swelling ratio and excellent mechanical properties. The heating conditions and the polymer water content influenced the
hydrogel properties. For MC hydrogels prepared by direct heating the as-prepared composite polymers with 75% water
content, their properties were influenced by heating conditions. When the heating conditions were 90°C for 4 h, the MC
hydrogel had a tensile strength of 32 kPa and a high elongation of 960%. In addition, for MC hydrogels prepared by heating
the partly evaporated composite polymers, their properties can be adjusted by the polymer water content. Appropriate
reduction of the polymer water content was beneficial to improve the mechanical strength of the MC hydrogels. The appropriate polymer water content was important to prepare MC hydrogels with excellent mechanical properties. When the composite polymer with 50% water content was heated at 90°C for 3 h, the MC hydrogel had high tensile strength of 130 kPa
and high tensile elongation of 503%.
Keywords: mechanical properties, hydrogels, reactive microgels, post-crosslinking

1. Introduction

Polymeric hydrogels have attracted much scientific
interest over the past several decades and have
found uses in many fields such as superabsorbents,
in medicine, hygiene, and in biomedical applications [1]. Given increasing environmental issues,
the idea of replacing plastics with hydrogels also
seems reasonable [2]. However, the applications of
the conventional hydrogels crosslinked by the traditional crosslinkers such as N,N!–methylenebisacrylamide are strongly limited by their poor mechanical
properties. In recent years, several synthesized
hydrogels with excellent mechanical properties
have been successfully prepared such as topological
hydrogels [3], double-network hydrogels [4, 5], and
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composite hydrogels [6–15]. The composite hydrogels include the nanocomposite (NC) hydrogels
using inorganic clay as a crosslinker [6, 15], the
macromolecular microsphere composite (MMC)
hydrogels using hydrophobic macromolecular microsphere as a crosslinker [11, 14], and the hydrophilic
reactive microgel (HRM) composite hydrogels using
hydrophilic reactive microgels containing C=C
double bonds as a multifunctional crosslinker [13].
The HRM composite hydrogels are made from
hydrophilic organic monomers only and do not
require inorganic or hydrophobic fillers. They have
a two-level hierarchic network structure, a primary
network inside reactive microgels and a secondary
network between microgels similar to NC or MMC
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hydrogels [13]. Reactive microgels have also been
used as multifunctional crosslinkers for photopolymerized thin films or thermosets to improve their
mechanical properties [16, 17]. In addition to the
direct polymerization method by adding the reactive microgels containing C=C double bonds, the
crosslinked structure can also be obtained by postcrosslinking of the polymers through irradiation,
peroxide, drying, heating, and so on [18–21]. Amide
groups of acrylamide can react with other groups
[22]. The chemical reactions can occur between the
amide groups of acrylamide (AM) and the hydroxymethyl groups of N-methylolacrylamide (NMA) at
appropriate temperature [13]. Microgel composite
(MC) hydrogels can be designed by the postcrosslinking method through heating the composite
polymer with dispersed reactive microgels using
the reaction between the microgels containing
hydroxymethyl groups and the polymer linear chains
containing amide groups. High mechanical strength
hydrogels were obtained easily by the post-crosslinking method and the crosslinking did not affect the
polymerization process. The method might open a
new field to manufacture composite hydrogels with
novel structures.
In this paper, AM and 2-Acrylamido-2-methylpropane sulfonic acid (AMPS) was used as main
monomers. NMA was used as a functional monomer.
First, the reactive microgels with hydroxymethyl
groups were synthesized by inverse emulsion polymerization. Then, they were dispersed into the
monomer solutions to synthesize composite polymers. Finally, the as-prepared composite polymers
or partly evaporated composite polymers were heated
to prepare MC hydrogels. Effects of the heating
temperature, heating time and polymer water content on the swelling and mechanical properties of
the MC hydrogels were investigated.

2. Experimental Part
2.1. Materials

AM (chemically pure, Dia-Nitrix. Co., Tokyo,
Japan), AMPS (chemically pure, Shandong Lianmeng Chemical Group Co., Shouguang, China) and
NMA (chemically pure, Shandong Zibo Xinye
Chemical Co., Zibo, China) were used directly. The
other reagents were all analytically pure, commercially available and were used without further

purification. Distilled water was used in the whole
experiments.

2.2. Preparation of reactive microgels with
hydroxymethyl groups
Reactive microgels were prepared by inverse emulsion polymerization. AM solutions (98 ml 43 wt%)
and AMPS (5 g) as monomers, NMA (5 g) as a
functional monomer, sorbitan monolaurate (9 g) and
octylphenol ethoxylate (2.5 g) as emulsifiers and
N,N!–methylenebisacrylamide (0.003 g) as crosslinking agent were added into a 500 ml round-bottomed
three-neck flask with a refluxed condenser, a mechanical stirrer, a vent-plug and a thermometer. The
resulting solution was stirred for 20 min, and then
cyclohexane (110 ml) was added into the flask.
After bubbled by nitrogen for 20 min, the polymerization was initiated at 25°C using redox initiator of
ammonium persulfate (0.004 g in 1 ml water) and
sodium bisulfite (0.01 g in 1 ml water). Nitrogen
atmosphere was maintained throughout the polymerization. The microgel emulsions were obtained
after 3 h reaction. First, 13 g of the microgel emulsions were precipitated by enough acetone to obtain
microgel powder. Second, the microgel powder was
dried at room temperature. Last, the dried powder
was dispersed in 87 ml distilled water to obtain dispersed solutions for further use.
2.3. Preparation of composite polymer
The composite polymer was prepared by solution
polymerization. The above dispersed solution
(13.6 g), distilled water (61.7 ml), AM (20.3 g) and
AMPS (4 g) were added into in a beaker. After nitrogen bubbling for 30 min, the solution was initiated
by redox initiator of ammonium persulfate (0.004 g
in 1 ml water) and sodium bisulfite (0.01 g in 1 ml
water) at 20°C. The polymerization was carried out
under airproof conditions for 5 h to obtain composite polymers and was cut into appropriate size to be
used further. The as-prepared composite polymer
has 75% water content. Polymer water content x%
was calculated by the Equation (1):
x 3,4 5

W 2 Wpd
W

(1)

where W and Wpd were the wet polymer weight and
the corresponding dry polymer weight, respectively.
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2.4. Preparation of MC hydrogels
MC hydrogels were prepared by heating the as-prepared composite polymers or partly evaporated
composite polymers with different water content
under airproof conditions at 80 to 99°C. When the
polymer achieved the designed water content by
evaporation, it was wrapped by plastic wrap and
tape. It was held at room temperature for two days
for uniform diffusion of the water within the whole
polymer. Then, it was heated to prepare MC hydrogels. The MC hydrogels were referred to as MC-yzh and MCx%-y-zh for heating the as-prepared
composite polymers and the partly evaporated composite polymers, respectively. Here x, y and z were
the partly evaporated polymer water content, heating temperature and the number of hours for heating time, respectively. The schematic illustration of
preparing MC hydrogels by post-crosslinking is
proposed in Figure 1a.

them natural drying in air. Dynamic light scattering
measurements were performed on a Malvern Zetasizer 3000 instrument (Malvern Instruments Ltd.,
Malvern, UK) at 25°C and at a scattering angle of
90° to obtain the swollen size of microgel particles
in water.

2.5. Measurements of microgel particle size
The particle size of the reactive microgels was
detected by JEM-100CX II transmission electron
microscopy (TEM, JEOL Ltd., Tokyo, Japan). TEM
samples were prepared by placing a dilute drop of
microgel particles onto a sample grid and allowing

2.7. Measurements of the degree of hydrolysis
of the MC hydrogels
During the heating process for preparing MC
hydrogels, amide groups of acrylamide can hydrolyze
at high temperature. The degree of hydrolysis (z%)
of the amide groups was determined by the titration

2.6. Measurements of the swelling properties
The swelling experiments were performed by
immersing the hydrogels in a large excess of water
at room temperature to reach the swelling equilibrium. The swelling ratio was calculated by the
Equation (2)
Q5

W e 2 Wd
Wd

(2)

where We is the weight of the equilibrium swollen
hydrogel and Wd is the corresponding dried hydrogel, respectively.

Figure 1. Schematic illustration of a MC hydrogel formation and crosslinking reactions between microgels and polymer
matrix. (a) MC hydrogel formation, (b) hydrogen bond formation, (c) covalent bond formation

462

Qin et al. – eXPRESS Polymer Letters Vol.5, No.5 (2011) 460–469

method. The carboxyl groups produced by hydrolyzing were neutralized by excess 0.1 mol/l standard
solutions of sodium hydroxide. The remaining
sodium hydroxide was titrated by 0.1 mol/l standard solution of hydrochloric acid. The Equation (3)
was used to calculate the degree of hydrolysis of the
product:
z 3,4 5

1V1C12V2C2221V01C12V02C22
? 100
n

(3)

where C1 and C2 are the molar concentration of
sodium hydroxide and hydrochloric acid standard
solution, V1 and V2 are the total volume of sodium
hydroxide solutions used for neutralization and the
consumed volume of hydrochloric acid solution for
hydrogels, V01 and V02 are the total volume of
sodium hydroxide solutions used for neutralization
and the consumed volume of hydrochloric acid
standard solution for polymer without heating, n is
the amount of the amide groups [mol], respectively.
About 80 g swollen sample was used to measure the
degree of hydrolysis. The amount of the amide groups
was calculated by the corresponding acrylamide
weight of the swollen sample. Three samples were
tested and their results were averaged.

2.8. Measurements of the mechanical
properties of the MC hydrogels
The mechanical properties of the hydrogels were
measured by an electronic pulling tester
(LR10KPLUS, 10 kN Universal Materials Testing
Machine, Lloyd Instruments, West Sussex, UK).
The conditions were as follows: temperature 25°C,
sample water content 90%, the sample size 8 mm
(thickness) " 15 mm (width) " 60 mm (length), the
gauge length 35 mm and crosshead speed
100 mm/min. 90% water content of the sample was
prepared as follows. The hydrogel was immersed in
water. Its water content was calculated by Equation (1) and controlled according to monitoring its
weight. When its weights attained 90% water content, it was removed and put in plastic bags for uniform diffusion of the water within the whole gels.
The tensile stress was calculated on the basis of the
initial cross section of the specimen and the strain
was defined as the change in the length with respect
to the initial gauge length. Three samples were
tested for each type of hydrogels and the data was
averaged.

3. Results and discussion
3.1. Influence of heating conditions on MC
hydrogels prepared by heating the
as-prepared composite polymers.

The reactive microgels were prepared by inverse
emulsion polymerization. The conversion of the
monomers in microgel synthesis exceeded 99.5%.
It was determined by bromation of the residual double bond according to Liu et al. [23]. TEM was used
to observe the microgel particle size. The microgel
particles have sphere morphology. Their average
dry particle size is about 100 nm (Figure 2). The
average swollen size of the microgel particles is
about 298 nm (Figure 3) and the polydispersity in
microgel particle size was 0.449, which was deter-

Figure 2. TEM images of the reactive microgel particles

Figure 3. The swollen size of the microgels by dynamic
light scattering measurements
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The AM and AMPS copolymer without microgels is heated at 90°C for 5 h. AM and AMPS copolymer and composite polymer matrix has the same AM/AMPS ratio.
The as-prepared composite polymer with 75% water content is heated at 90°C for 2 h.
cMC58%–90–3h: After the composite polymer is evaporated to 58% water content at ambient conditions, it is heated at 90°C for 3 h.
bMC–90–2h:

aP–90–5h:

Tensile strength
[kPa]
–
20
27
32
31
21 (bubbles)
16
107
130
135
105
69
brittle
Degree of hydrolysis
[%]
–
6.1
6.6
7.3
13.4
–
–
–
–
–
–
–
–
Swelling ratio
[g/g]
soluble
1200
1050
880
1150
900
1100
540
390
260
105
22
insoluble
Polymer and heating
conditions for hydrogels
P–90–5ha
MC–90–2hb
MC–90–3h
MC–90–4h
MC–90–5h
MC–99–10min–90–4h
MC–80–4h
MC58%–90–3hc
MC50%–90–3h
MC45%–90–3h
MC40%–90–3h
MC30%–90–3h
P30%–90–3h

Table 1. The conditions for MC hydrogel preparation and the properties of MC hydrogels

Elongation
[%]
–
no precise
790
960
970
750
no precise
518
503
347
190
51
brittle

Water content for test
[%]
–
90
90
90
90
90
90
90
90
90
90
90
–

Equilibrium water content
[%[
–
99.92
99.90
99.89
99.91
99.89
99.91
99.81
99.74
99.62
99.05
95.45
–

0.1 mol/l NaOH

mined by dynamic light scattering. The reactive
microgels contain hydroxymethyl groups, which
were introduced into the microgel particles by using
NMA as a functional monomer. The schematic illustration is shown in Figure 1. The hydroxymethyl
groups can further react with other active groups
such as amide groups and hydroxymethyl groups
themselves at suitable temperature [13, 24]. The
schematic illustration of preparing MC hydrogels
by post-crosslinking is proposed in Figure 1a. The
reactive microgels containing hydroxymethyl groups
act as potential post-crosslinking agents. The postcrosslinking reaction can occur between the hydroxymethyl groups and the functional groups of the
polymer linear chains.
The composite polymer with embedded reactive
microgels was prepared by solution polymerization.
Reactive microgels containing hydroxymethyl
groups were uniformly dispersed in the AM and
AMPS solutions before polymerization. As shown
in Table 1, the formation of MC hydrogels by direct
heating the as-prepared composite polymer strongly
depends on the heating temperature and time. The
as-prepared composite polymer is still soluble when
it is heated at 90°C less than 2 h. When the composite polymer is heated at 90°C for more than 2 h, it
cannot dissolve in large excess water but swells in
water and shows equilibrium swelling behavior. It
suggests that the MC hydrogels are formed. As
shown in Table 1, when the heating temperature
decreases, it requires a longer heating time such as
more than 3 h at 80°C to form hydrogels. It shows
that the crosslinking reaction occurred more easily
at high temperature for the as-prepared composite
polymers.
In order to investigate the action of the reactive
microgels, AM and AMPS copolymer without
microgels was also prepared by solution polymerization under the same experimental conditions. As
shown in Table 1, using the same heating time 5 h
and the same temperature 90°C for the as-prepared
AM and AMPS copolymer, which is named P–90–
5h, the polymer fails to form a hydrogel and is still
soluble. Compared with the composite polymer, the
AM and AMPS copolymer is lacking of functional
hydroxymethyl groups because it does not contain
the reactive microgels. It indicates that the reactions
of hydroxymethyl groups are the direct cause of the
above MC hydrogel formation and the MC hydro-

–
soluble
soluble
soluble
soluble
soluble
soluble
insoluble
insoluble
insoluble
insoluble
insoluble
insoluble
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gels are crosslinked by microgel particles. Hydroxymethyl groups can form covalent bonds with
amide groups [13] and hydrogen bonds with C=O
ester groups of amide (or carboxyl in case of hydrolysis). Either hydrogen bonds or covalent bonds
between the hydroxymethyl groups and the amide
groups of linear chains in the composite polymer
can lead to crosslinking reaction for MC hydrogel
formation as illustrated in Figure 1. To determine
the hydrogen bonds or the covalent bonds crosslinking for forming the MC hydrogels, the swelling properties of the hydrogels in the 0.1 mol/l sodium
hydroxide solution was investigated [11]. As shown
in Table 1, no matter how long heating for the asprepared composite polymers at 90°C, the hydrogels are always soluble in the sodium hydroxide
solution. Therefore, it is mainly due to the hydrogen
bonds crosslinking rather than the covalent bonds
crosslinking for forming the MC hydrogels.
The swelling character of the MC hydrogels from
the as-prepared composite polymers were also investigated. As shown in Table 1, the swelling ratio
decreases from 1200 to 880 when the heating time
increases from 2 to 4 h. Because the crosslinks of
MC hydrogels are not points but nanoparticles, the
swelling ratio of the MC hydrogels depends on the
degree of crosslinks between microgels and the
hydrogel matrix. According to the swelling theory
[25], the hydrogel swelling ratio is inversely related
to the crosslinking density. It indicates that the
longer the reaction time, the more crosslinked bonds
between the polymer matrix and the microgels are
formed. However, when the heating time increases
from 4 to 5 h, the swelling ratio has a sudden increase
from 880 to 1150. This is inconsistent with the
above crosslinking bonds forming character. Ionic
carboxyl groups can be formed under high temperature because of the hydrolysis of amide groups. As
shown in Table 1, the degree of hydrolysis of the
amide groups increases from 7.3 to 13.4% when the
heating time increases from 4 to 5 h at 90°C. However, more carboxyl groups in the MC hydrogel
hardly can significantly increase the swelling ratio.
Increase of swelling ratio can be, probably, due to
the self-reaction of methylol groups, as longer
times at elevated temperature result in less crosslink
degree of MC gels.

Mechanical properties were performed on the MC
hydrogels with 90% water content. As shown in
Table 1, for the above MC hydrogels from the asprepared composite polymers, both the heating
temperature and heating time influence the mechanical properties. The tensile strength increases as the
heating temperature increases from 80 to 90°C. However, the tensile strength decreases as the temperature increases sequentially to 99°C, because large
numbers of bubbles generated in the hydrogel. The
appropriate heating conditions for high tensile
strength are 90°C and 4 h. The tensile stress–strain
curve of the MC–90–4h hydrogel is shown in Figure 4. It has a high elongation of 960% and a high
tensile strength of 32 kPa, which is much higher
than that of the conventional N-isopropylacrylamide hydrogels (tensile strength of 8–9 kPa and
elongation of 20–50%) [9] or conventional AM
hydrogels (tensile strength of 14 kPa and elongation
of 35%) [26]. The excellent mechanical properties
are attributed to the unique structure that the hydrogels are crosslinked by rubber microgels. However,
the tensile strength is lower than that of the MC
hydrogels crosslinked by covalent C–C bonds
reported by our groups [13]. As described above,
the MC hydrogels by heating the as-prepared composite polymers are crosslinked by hydrogen bonds.
This is consistent with the fact that hydrogen bonds
are weaker than the covalent bonds. It suggests that
the covalent bond crosslinking will benefit to
improve the mechanical properties of MC hydrogels.

Figure 4. Stress–strain curves of the MC hydrogels at different heating conditions by heating the as-prepared composite polymers. (All hydrogel samples
used for test has 90% water content.)
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3.2. Effect of polymer water content on the
MC hydrogels prepared by partly
evaporated composite polymers
When NMA was used as an efficient crosslinking
agent, covalent cosslinking bonds could be formed
by thermal activation at around 110°C after water
was evaporated in the acrylate latex films [27–29].
After water was completely evaporated to form drying films, covalent cosslinking bonds could also be
formed under ambient conditions [20]. It is suggested that decreasing the polymer water content is
beneficial to the covalent bond formation when
NMA is used as a crosslinking agent. When polymer water content decreases, the equilibrium water
content decreases as shown in Table 1, which indicates the hydrogel has more crosslinking density.
The as-prepared composite polymer has 75% water
content. As described above, the hydrogels cannot
form covalent crosslinking bonds between the
microgels and the polymer matrix by directly heating the as-prepared composite polymer. Considering the influence of the water content on the covalent bond formation, partly evaporated composite
polymer was used to prepare MC hydrogels.
First, natural drying polymer with near equilibrium
water content (about 30%) in natural environment
was used. For MC30%–90–3h hydrogels, after the
polymer was evaporated to 30% water content, it
was heated at 90°C for 3 h. As shown in Table 1, it
is insoluble and has low swelling ratio (about 22). It
shows that the hydrogel is formed and has high
crosslinking density. However, the hydrogel was
very brittle and non-elastic. The tensile strength
could not easy be obtained because it was difficult
to clamp the hydrogel tightly enough for tensile
tests and often broke before obtaining precise
mechanical data. As shown in Table 1, although the
tensile strength can reach 69 kPa, the elongation at
break is only about 51% which is similar to the conventional hydrogel [9] and much lower than that of
MC hydrogels prepared by the as-prepared composite polymers. As shown in Table 1, this hydrogel is
insoluble in 0.1 mol/l sodium hydroxide solutions.
It indicates that covalent crosslinking bonds are
formed in the above hydrogels. In order to investigate the reactions between the linear chains in the
polymer matrix, the AM/AMPS polymer with the
same water content (30%) and heating conditions
(90°C and 3 h) as the above composite polymer was

investigated, which is named P30%–90–3h. For
P30%–90–3h polymers, it is also insoluble in
0.1 mol/l sodium hydroxide solutions. It suggests
that covalent crosslinking bonds occur between the
linear poly(AM co AMPS) chains at 90°C and 3 h
for polymer with 30% water content. Therefore, for
MC30%–90–3h, the hydrogel matrix between microgels also has crosslinking network structure similar
to conventional hydrogels rather than linear chains.
NC hydrogels with excellent mechanical properties
cannot be obtained when the hydrogel matrix has
crosslinked structure by adding N,N!–methylenebisacrylamide [6]. For MC30%–90–3h, excessive crosslinking of the linear polymer chains also
form crosslinked hydrogel matrix causes the weak
mechanical properties of the MC hydrogels.
As described above, the hydrogels cannot form
covalent crosslinking bonds by heating the as-prepared composite polymer. However, the excessive
drying of composite polymer will lead to conventional hydrogels with weak mechanical properties.
That is, the polymer water content directly affects
the hydrogel properties. For MC58%–90–3h, after
the composite polymer was evaporated to 58% water
content, it was heated at 90°C for 3 h. As shown in
Table 1, the MC hydrogels is formed and their
swelling ratio is 540. They also cannot dissolve in
0.1 mol/l sodium hydroxide solution. This MC
hydrogels have excellent mechanical properties (Figure 5). It could withstand high levels of deforma-

Figure 5. Photographs demonstrated the mechanical properties of MC58%–90–3h hydrogels. (a) and
(d) original length, (b) bending, (c) knotting,
(e) elongation, (f) recovered after elongation
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tion such as bending, torsion, knotting, and elongation. When it was allowed to recover after elongation, it could recover its original length. As shown
in Table 1, it has a high elongation of 518%, and
high tensile strength of 107 kPa. This tensile strength
is close to that of the NC hydrogels [6] and much
higher than that of the hydrogels prepared by heating the as-prepared polymers or 30% water content
polymers.
As the stress–strain curve shown in Figure 6 and
Table 1, the tensile strength increases first and then
decreases as polymer water content decreases. At
45% water content, the tensile strength can reach
135 kPa. However, the elongation always decreases
as water content decreases. The composite polymer
contains microgel and polymer matrix. For MC
hydrogels, the crosslinkers are nanoparticles and
the hydrogel matrix consists of linear polymer
chains. This is different from the reported nanocomposite hydrogels that contain crosslinked hydrogel matrix by N,N!–methylenebisacrylamide [30,
31]. Our groups reported that the strength of composite hydrogels with network hydrogel matrix is
much lower than that of the MC hydrogels with linear hydrogel matrix [13]. The linear chains for
hydrogel matrix between the particles can improve
the mechanical properties of the composite hydrogels. For this reason, the mechanical properties of
crosslinked hydrogels depend on the matrix, the
microgels and the degree of crosslinks between the
matrix and microgels. As the polymer water content
decreases, the polymer chain length between the
microgels decreases because the distances between
the microgels decrease [6]. Since the decrease of

Figure 6. Stress–strain curves of MCx%–90–3h hydrogels.
(x% making on the curves is the polymer water
content for preparing hydrogels. All hydrogel
samples used for test has 90% water content.)

distance between microgels during the synthesis is
supposed to cause the higher crosslink degree of
MC hydrogels, which leads to the decrease of the
tensile elongation. As polymer water content
decreases, the more covalent bond formation
between the microgel and matrix will lead to higher
tensile strength. However, with further decrease of
polymer water content, the hydrogel matrix is also
crosslinked and is similar to traditional hydrogels
because of the reaction between the linear chains,
which leads to the decreasing of the tensile strength.
As described above, the tensile strength and the
elongation can easily be adjusted by the composite
polymer water content. As shown in Figure 6, for
composite polymer with 50% water content, both
tensile strength and elongation has high values with
130 kPa of tensile strength and 503% elongation.

4. Conclusions

The MC hydrogels have been successfully prepared
by post-crosslinking method by heating the composite polymer. The MC hydrogels prepared at suitable conditions has excellent mechanical properties
such as high elasticity, high tensile strength, and
high elongation. This post-crosslinking method
might open a new convenient method to manufacture soft and wet hydrogels with high mechanical
properties.
For MC-90 hydrogels prepared by heating the asprepared composite polymers with 75% water content, the formation of hydrogels and their properties
strongly depend on the heating conditions. More than
2 h is required at 90°C. As temperature decreases,
more time are required to form hydrogels. With the
heated temperature increasing, the swelling ratio
decreases first and then increases. However, it is
soluble in 0.1 mol/l NaOH solution. Hydrogen
bonds are the main crosslinking bonds. For MC–
90–4h, the MC hydrogels have a tensile strength of
32 kPa, which is higher than that of the conventional hydrogels but lower than that of the MC
hydrogels crosslinked by covalent bonds.
The mechanical properties and swelling ratio of
MC hydrogels are influenced by the polymer water
content. When the polymer water content is lower
than 58%, the MC hydrogel cannot dissolve in
0.1 mol/l NaOH solutions. For MC hydrogels prepared by heating the partly evaporated composite
polymers, as water content decreases, the tensile
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strength increases first and then decreases. However, the elongation always decreases as water content decreases. The tensile strength and the elongation can be adjusted according to the polymer water
content. When the composite polymer with 50%
water content is heated at 90°C for 3 h, the hydrogels have high tensile strength of 130 kPa and tensile elongation of 503%.When the polymer water
content is 30%, the hydrogels have low swelling
ratio and weak mechanical properties similar to the
conventional hydrogels.
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