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Dense and porous polyHEMA hydrogels were synthesized by bulk and solution radical-initiated
polymerization techniques. The morphologic analysis (SEM) of obtained hydrogels showed an
amorphous dense structure for the samples obtained by bulk polymerization and a porous structure
with non connected porous as a result of bulk polymerization in the presence of water soluble crystals
(sucrose/NaCl). The use of solution polymerization technique using different amounts of water as
diluent resulted in the formation of a sponge-like structure with connected microporous in case of
using water amount equal or higher than 57.5%. The saline solution uptake and dynamic mechanical
behavior of dense hydrogels were influenced by the amount of crosslinking between the polymer
chains.

Keywords: hydrogel, poly(2-hydroxyethyl methacrylate), biomaterial

1. Introduction

Hydrogel is a class of polymeric material which have
the ability to hold substantial amount of water, showing soft
and rubbery-like consistency and low interfacial tension1.
The structural feature of these materials dominates its sur-
face properties, permeselectivity and permeability that
gives hydrogels their unique and interesting properties and
similarity of their physical properties to those of living
tissue2,3. Hydrogels are materials that have a potential for
use in biomedical applications since they show some ad-
vantages in relation to other polymeric biomaterials3-6. The
nature of the hydrogel structure, due to its high water
content, allows the extraction of the undesirable reaction
by-products before implantation and the flow of body fluids
between the tissue and implant in vivo. The possibility of
fabrication in various geometric forms and the easy altera-
tion of its physical form allow the adjustment of the physi-
cal properties according to a specific application. Generally
the physical characteristics of hydrogels are determined by
the synthesis methods and parameters.

Hydrogels obtained from 2-hydroxyl methacrylate
(HEMA) are very commonly studied for use as biomaterial
in different applications. This material was first studied by
Wicherle4 that suggested its use as soft contact lenses, but
today there are still some difficult for using them as implant

devices because of the low mechanical strength showed by
the polyHEMA hydrogels.

According to Chirilla et al.7, the bulk polymerization of
HEMA result in a glassy and transparent material that is
considered non porous. By the other side, the solution
polymerization of this monomer allow the formation of
porous structures which are influenced by the type and
amount of diluent used.

Optically transparent hydrogels in the dense form are
used in soft contact lenses while porous hydrogel can be
used as a sponge biomaterial such as a synthetic graft for
the repair of cartilaginous, osseous and other tissues8-11. To
improve the graft fixation in the implant site is desirable
the tissue growth to the interior of the porous hydrogel
structure. Thus, the pores of the material need to be inter-
connected and larger enough to permit the cell invasion and
vascularization of the neoformed tissue9,12.

The fundamental knowledge concerning the mecha-



synthesis of low prices, sterilizable hydrogels with differ-
ent physical characteristics.

2. Experimental

Dense polyHEMA hydrogel samples were prepared by
thermal polymerization (75 °C / 2 h) using 2-hydroxyethyl
methacrylate monomer (Aldrich, WI, EUA), trimetilol pro-
pane trimethacrylate crosslinking agent (Retilox, SP, Bra-
zil) and benzoil peroxide (Laporte Chemicals, SP, Brazil),
as the polymerization initiator. Different crosslinking agent
amount was used: 1.0, 3.0 and 5.0% (w/w).

In order to obtain porous sponge hydrogel samples, two
different approaches were used: bulk polymerization of the
monomer and crosslinking agent in presence of water sol-
uble crystals and solution polymerization technique using
water as a diluent for the monomer and crosslinking agent.
In the former, sucrose (Merck) and NaCl (Merck) crystals

of different sizes (125-250) µm e (250-350) µm were added
to the monomer and crosslinking agent mixture before
polymerization.

In case of solution polymerization, distilled and deion-
ized water was added to the monomer solution in concen-
trations from 20% to 60% (w/w). The obtained samples
were characterized by measuring the saline solution uptake
(NaCl 0.15 Mol/L); scanning electron microscopy (SEM)
using a JXA840 JEOL equipment.

In case of dense samples, the mechanical behavior was
verified by dynamic mechanical analysis using a DMA 242
NETZSCH equipment. For the dynamic mechanical analy-
sis dried samples were submitted to a sinusoidal deforma-

tion under tension using a 240 µm for displacement
amplitude and 1.0 Hz frequency.

3. Results and Discussion
Dense hydrogels obtained showed the behavior of a

rigid and fragile material when dried and an elastomeric
consistence when swelled in water. The samples prepared
by bulk polymerization showed an amorphous morphology
without porous (Fig. 1). The morphology in this case was
independent of the crosslinking agent content.

Generally dense hydrogels show an amorphous struc-
ture since it is very difficult the arrangement of the macro-
molecules and formation of crystallites is in the presence
of crosslinks1
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Figure 2. Photomicrography of polyHEMA porous sponge fractures in case of using: (a) NaCl crystals of diameter between 125-250 µm and (b) sucrose

crystals of diameter between 250-350 µm, in bulk polymerization.

Figure 3. Photomicrography of polyHEMA porous sponge fractures in case of water concentration used in solution polymerization (a) 20%; (b) 55%;
(c) 57.5% and (d) 60%.



crosslinking agents in the solution polymerization of
HEMA using water as a diluent. These authors have con-
cluded that the porous formation is dependent of the capac-
ity of water sorption by the network formed, which change
with different crosslinking type and density. However these
authors did not observe the effect of the diluent in the
mechanical behavior of the hydrogels obtained.

The results for saline solution uptake of different hy-
drogels obtained in this study are shown in the Fig. 4. It was
observed a decrease in the saline uptake for hydrogels with
higher percentage of crosslinking agent content.

The capacity of hydrogels to absorb high amount of
water is an advantage of this material for use as implant in
soft tissue replacement/restoration. In this work the hydro-
gels saline solution uptake was measured in order to know
its behavior in an in vivo condition. Hydrogel saline solu-
tion uptake was decreased as a result of the crosslinking
agent content increase. The increase of crosslinking be-
tween the macromolecules caused the decrease of network
flexibility, making difficult the accommodation of water in
the interior of the polymer structure.

In case of the hydrogels obtained by solution polymeri-
zation technique, the crosslinking agent content remained
constant and the saline solution uptake was increased for
samples with a microporous structure, that is, for amount
of diluent used equal or higher than 55,7% (Fig. 5). This is
a result of porous structure formed.

The elastomeric consistency showed by water swelled
hydrogels is another advantage of this material for use as
implant. Besides this, depending on the case, the implant
material needs to be mechanically resistant. In this study
the mechanical behavior of dense hydrogel samples was
verified by performing dynamic mechanical analysis. For
a material submitted to dynamic loading, the stress and
strain responses are out of phase:

ε = ε0 sin ωt

σ = σ0 sin ( ωt + δ)

where ε is the strain, σ is the stress, ω is the angular
frequency (2πf) and δ is the phase angle by which stress
leads to strain. The complex modulus (E*), of a material
under dynamic loading, is defined as the ratio between the
stress amplitude and strain amplitude (E* = σ0 / ε0). In this
study, stiffness of the hydrogels under study was measured
by the complex modulus.

The dynamic mechanical analysis showed changes on
the storage modulus (E’) and on glass transition tempera-
ture (Tg) of bulk polymerized hydrogels with different
crosslinking agent content (Table 1) and in case of solution
polymerization for different amounts of diluent used (Table
2). The storage modulus (E’) is related to the rigidity of the
material. Increasing on crosslinking agent content led to a
decrease in the macromolecular network flexibility and
consequent increase on the material rigidity. Besides this,
a crosslinking agent content increase caused an increase in
the glass transition temperature (Tg), since more energy is
needed for material softening.

The polymerization of crosslinked polyHEMA in pres-
ence of water did not cause a significant change on the
storage modulus (E’), but resulted in a decrease in the glass
transition temperature (Tg). Probably this was a conse-
quence of the polymer arrangement during polymerization.
Water acts as a plasticiser, decreasing the interactions
between polymer chains. If water is present during the
polymer network synthesis, some water molecules remains
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Figure 5. Saline solution uptake of polyHEMA obtained by solution
polymerization using different amount of water as diluent.

Figure 4. Saline solution uptake of polyHEMA with different crosslink-
ing agent content.

Table 1. Storage modulus (E’) and glass transition temperature (Tg) of
polyHEMA with different crosslinking agent content measured by dy-
namic mechanical analysis.

Crosslinking agent content (%) E’(MPa) Tg (°C)

1 3596 95.9

2 3485 94.6

3 4328 99.9



entrapped and strongly bonded to the polymer crosslinked
structure13 causing influences on the polymer Tg. The
dynamic mechanical tests was carried out with dried sam-
ples of hydrogel in order to obtain information related to
polymer network structure. The complete elimination of
inside water for hydrogels is very difficult.

The mechanical strength was not evaluated, but it is
known that it is decreased by the presence of pores in the
hydrogel structure. Besides this, the results obtained in this
study allow to conclude that the presence of water as a
diluent for the monomer during the hydrogel synthesis do
not change the rigidity of the polymer network at the
environment temperature if the crosslinking agent amount
do not change.

Results obtained in this work showed that the synthesis
parameters for polyHEMA hydrogels determine its physi-
cal chemical characteristics. Thus the synthesis technique
and parameters have to be chosen according to the desirable
hydrogel characteristics.

4. Conclusions

The choice of synthesis technique for poly(2-hy-
droxyethyl methacrylate) hydrogels should be done ac-
cording to the characteristics desirable for these materials
since its physical, chemical and mechanical characteristics
changes according to the synthesis method and parameters
used. Bulk radical-initiated polymerization of poly(2-hy-
droxyethyl methacrylate) result in dense hydrogels with
mechanical behavior influenced by the crosslinking den-
sity. It is possible to obtain poly(2-hydroxyethyl methacry-
late) hydrogels with an interconnected porous structure by
using the solution radical-initiated polymerization tech-
nique with water as a diluent.

Poly(2-hydroxyethyl methacrylate) hydrogels shown to
be a class of materials that have great versatility, with a
broad range of possible uses in the biomedical area since

these materials can be easily prepared in different forms
and are sterilizable in boiling water or in an autoclave.
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Table 2. Storage modulus (E’) and glass transition temperature (Tg) of
polyHEMA with different amount of water used during the synthesis,
measured by dynamic mechanical analysis.

Amount of water (%) E’(MPa) Tg (°C)

0 3485 94.6

20 3740 84.5

40 3568 86.0


