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ABSTRACT: The effects of heating mode (conventional
isothermal heating (CIH) and microwave isothermal heat-
ing (MWIH) on the kinetics of polymerization and the
properties important for the application (residual mono-
mer, hardness, and water absorption) of three commercial
poly(methyl methacrylate) (PMMA) base dental materials
were investigated. The degree of monomer conversion was
determined by infrared spectrometry. The hardness of the
polymerized samples was measured by shore D method,
whereas the water absorption was measured gravimetri-
cally. Kinetics models for polymerizations using different
heating modes were determined by model fitting method.
The rate of the MWIH polymerization was eight times

higher compared with the CIH polymerization. The CIH
polymerization is found to be the phase–boundary con-
trolled reaction for which the rate of contracting volume is
the rate limiting step, whereas MWIH polymerization is
found to be the first-order reaction and the monomer con-
centration in the polymerization mixture is the rate limit-
ing step. The samples of PMMA base dental materials
synthesized by MWIH polymerization exhibit better appli-
cation properties (hardness and water absorption). VC 2010
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INTRODUCTION

Microwave heating (MWH) is a widely accepted,
nonconventional energy source for organic synthesis1

and different physicochemical processes such as sin-
tering,2 nucleation and crystallization,3 combustion
synthesis,4 calcinations,5 solvent-free reactions,6 het-
erogeneous catalysis,7 and combinatorial chemistry.8

Microwave synthesis represents a major break-
through in synthetic chemistry methodology, a re-
markable change in the way chemical synthesis is
performed and in the way it is perceived in the sci-
entific community.9 Microwave-assisted heating
could accelerate the rates of polymerization reactions
and improve properties of the products, which is the
reason why microwave-assisted chemical synthesis
has attracted wide attention.

In the field of dental materials, microwaves found
their earliest applications as simple and effective
methods for prosthetic disinfection.10,11 Apart from

that, microwaves have also been used in dentistry for
methyl methacrylate (MMA) polymerizations.12–16

One of the most important unmodified acrylic mate-
rials is poly(methyl methacrylate) (PMMA). Although
it was first discovered and commercialized many
years ago, PMMA is one of the most widely used
industrial and commercial polymeric materials and
still remains an active material for research. PMMA
dental materials are widely used in dentistry because
of their good mechanical properties, biocompatibility,
reliability, dimensional stability, relative ease of
manipulation, and good esthetic appearance.17,18 Poly-
merization of MMA under conventional conditions
has been studied comprehensively.19 Conventional
and microwave kinetics of MMA polymerization were
compared with each other and discussed.20 It was
found that at all the investigated temperatures and
powers, polymerization rates increased in the presence
of microwave energy by up to 8.9 times compared
with conventional polymerization.20

Microwave processing of PMMA denture base
materials has been shown to provide similar trans-
verse strength, Knoop hardness, density, and residual
monomer content as in conventional heat-polymerized
materials.14 Wallace et al.21 compared dimensional ac-
curacy of microwave- and heat-polymerized denture
materials and found that microwave-polymerized
samples had equal or better dimensional accuracy
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Contract grant sponsor: Ministry of Science and

Technical Development of the Republic of Serbia: 142025G
and 142023.

Journal ofAppliedPolymerScience,Vol. 119, 3598–3606 (2011)
VC 2010 Wiley Periodicals, Inc.



than the conventionally polymerized materials. Geerts
and Jooste22 concluded that bond strength of micro-
wave-polymerized PMMA to denture teeth was supe-
rior to that of conventional heat-polymerized PMMA.
Baffle et al.23 compared the porosity of denture resin
cured by microwave energy with that of denture resin
cured by the conventional heat method and found
that microwave-processed dental materials made of
MMA monomer and polymer showed significantly
higher mean porosity because of vaporization of the
monomer, which produced porosity in the final set
material. Lai et al.24 also found that microwave-cured
materials have higher porosity than heat-cured mate-
rials and that the amount of porosity increased with
an increase in microwave energy level. Thus, the
water bath–cured specimens showed better flexural
strength and flexural modulus than the microwave-
cured specimens. Lai et al. also investigated surface
hardness and rubber phase distribution and found no
significant differences in the surface hardness and the
domain size distribution of the effective rubber phase.
Usanmaz et al.25 investigated the thermal and me-
chanical properties of dental base materials cured by
microwave and conventional methods. The mechani-
cal properties of the samples were determined from
tensile and three-point bending tests. The elastic mod-
ulus and ultimate stress were higher for samples
obtained by the conventional polymerization when
compared with microwave polymerization.

The aim of this work was to compare the proper-
ties of base dental materials (residual monomer,
hardness, and water absorption) important for their
application, synthesized by conventional isothermal
heating (CIH) and isothermal microwave heating
(MWIH). Also, the kinetic models of polymerization
were determined and compared.

MATERIALS AND METHODS

Materials

The PMMA base dental materials, Biocryl (Galenika,
Serbia), Poli Hot (Polident, Slovenia), and Futura Ba-
sic Hot (Schutz, Germany), all in powder-liquid
forms, were used as received. The liquid component
consists of MMA as monomer and ethylene glycol
dimethacrylate as a crosslinker. The powder compo-

nent consists of prepolymerized beads of PMMA
coated with dibenzoyl peroxide as an initiator.
The values of basic physicochemical properties of

powder component of used base dental materials
(number average molar mass (Mn), weight average
molar mass (Mw), polydispersity index (PI), monomer
content, and average particle size) were kindly sup-
plied by manufacturers and are shown in Table I.

Sample preparation

Denture base materials were prepared according to
the respective manufacturer’s instruction. The for-
mulations were mixed in proportions recommended
by the manufacturer’s instructions (2.1 g of powder
component and 1 mL of liquid). Specimens were
prepared by conventional and isothermal microwave
polymerization. The mixed resins were packed into
teflon molds designed to produce disk measuring 25
mm in diameter and 3-mm thick samples, which
were used for all measurements. The molds were
then clamped tight and placed in a thermostatically
controlled water bath (NE1B-8, Progen Scientific,
London, UK), and the denture base dental materials
were polymerized for 5, 10, 15, and 20 min at 90�C
(61�C). For isothermal microwave polymerization,
samples and the dough preparation, as well as the
polymerization, were same as in the case of conven-
tional polymerization. Microwave polymerization
was conducted in a focused microwave reactor (Dis-
cover, CEM Corp., Matthews, North Carolina, US)
supplied with a programmed temperature control
system. All the reactions were carried out in the
microwave field of 2.45 GHz, maintaining the
desired temperatures at 90�C (61�C). The tempera-
ture in the microwave system was controlled by an
IR sensor. At least three samples prepared under the
same conditions were used for each measurement.

Determination of the degree of monomer
conversion

Degree of monomer conversion (DMC) was deter-
mined by both high-performance liquid chromatog-
raphy (HPLC)26 and Fourier transform infrared spec-
trometer (FTIR)27–31 methods.

TABLE I
The Physical and Chemical Properties of Powder Component of Used Dental

Materials

Material
Mn

(g/mol�10�5)
Mw

(g/mol�10�5) PI
Monomer
content (%)

Average
particle size (lm)

Biocryl 1.27 3.82 3.01 4.3 55
Poli Hot 1.40 4.82 3.44 3.5 62
Futura Basic Hot 1.52 4.07 2.66 3.2 68
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HPLC method

Surveyor HPLC system (Thermo Fisher Scientific,
Pittsburgh, United States) was used for the determi-
nation of the residual monomer on the reverse-phase
Zorbax EclipseV

R

XDB-C18 column, 4.6 mm � 75 mm
i.d. and 3.5 mm particle size (Agilent Technologies,
Santa Clara, United States), and a UV detector at 220
nm. Before the separation column, precolumn was in-
stalled 4.6 mm � 12.5 mm i.d. and 5 mm particle size
(Agilent Technologies). Peak heights were calculated
by using Waters Baseline 810 Software Program. A
four-point calibration curve was constructed by plot-
ting peak areas against concentrations (external
standard method) at a flow rate of 0.8 mL/min of
mobile phase (67% methanol and 33% water) under
isocratic conditions. Polymerized specimens were
mechanically crushed (Cross Beater Mill SK 100,
Retsch, Germany) under a rotation of 3420 rpm. One
hundred milligrams of each specimen were taken
and placed in glass container. In each container, 10
mL of methanol was added, and containers were
sealed and kept in dark for 3 days. Twenty microli-
ters of each solution was injected into the column.
Triplicate measurements were made. On the chromat-
ogram, the peak that possessed the same retention
time with reference MMA was accepted as residual
MMA. The residual MMA concentrations were deter-
mined by comparing the peak areas with that of ref-
erence standard via calibration curve. The residual
MMA content was calculated and expressed as a
wt% of the original weight of the crushed specimen.

FTIR method

DMC of polymerized samples was determined by
infrared spectrometry. The spectra were recorded on
Bomen MB 100 Fourier transform infrared spectrom-
eter (FTIR), Hartmann and Braun, Canada. The 10
mg from each polymerized sample was finely
ground with 100 mg of KBr. The mixture was trans-
ferred to pneumatic pellet-making press and left for
3 min under pressure. The KBr discs with the poly-
mer sample were placed in the IR cell, and the spec-
trum was recorded. All spectra were obtained from
10 scans at resolution of 4 cm�1. The height of the
absorption peak of the C¼¼C at 1638 cm�1 and car-
bonyl peak at 1730 cm�1 was determined by baseline
technique. Measurements were repeated five times.
The DMC was calculated according to eq. (1):

DMC ¼ 100�
AP

1638

AP
1730

AM
1638

AM
1730

� 100 (1)

where AP
1638 is the height of absorption peak of the

C¼¼C at 1638 cm�1 for polymer, AP
1730 is the height

of absorption peak of the C¼¼O at 1730 cm�1 for poly-
mer, AM

1638 is the height of absorption peak of the C¼¼C
at 1638 cm�1 for monomer, and AM

1730 is the height of
absorption peak of the C¼¼O at 1730 cm�1 for monomer.
Degree of conversion (a) was calculated by equa-

tion:

a ¼ DMC

DMCmax
(2)

where DMCmax is the maximal DMC.

Model fitting method

Kinetic models of the CIH andMWIH polymerizations
were examined by the so-called model fitting proce-
dure. The model fitting procedure is widely used to
determine the suitability of various kinetic reaction
models for solid-state reaction.32 According to the
model fitting method, the kinetic reaction models, for
any solid phase reaction, generally occurring at a reac-
tion interface are classified into five groups depending
on the theoretical reaction mechanism: (1) power law
reaction, (2) phase–boundary controlled reaction, (3)
reaction order, (4) reaction described by the Avrami
equation, and (5) diffusion controlled reactions.
The model fitting method is based on the follow-

ing. The experimentally determined conversion
curve aexp ¼ f(t)T has to be transformed into the ex-
perimental normalized conversion curve aexp ¼
f(tN)T, where tN is the so-called normalized time. The
normalized time, tN, was introduced to normalize
the time interval of the monitored process and was
defined by the equation:

tN ¼ t

t0:9
(3)

where t0.9 is the moment in time at which a ¼ 0.9.33 The
kinetic model of the investigated process was deter-
mined by analytically comparing the experimentally
normalized conversion curves with the normalized
model’s conversion curves. Based on that comparison,
a theoretical kinetic model for which the sum of squares
of the residual from the experimentally normalized con-
version curves is minimal was then chosen.
A set of the reaction kinetics models used to deter-

mine the model, which best describes the kinetics of
the polymerization of PMMA base dental materials,
is shown in Table II, where f(a) is the analytical
expression describing the kinetic model and g (a) is
the integral form of the kinetic model.

Hardness measurements

Hardness was measured on Instron durometer D-XD
(Instron, Norwood). The measurements were taken
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at 10 measuring points at each sample, and mean
value and standard deviation were calculated.

Water absorption measurements

For water absorption measurements, prepared dental
material samples (2.0 6 0.2 g) were kept in distilled
water at 37�C for 28 days. They were weighted (with
60.1 mg accuracy) on analytical balance Precisa
XT220A (Precisa Gravimetrics AG, Dietikon, Switzer-
land) at interval of 3 h for the first 3 days and then ev-
ery 24 h. The excess water on specimens was removed
before weighing by blotting with a filter paper.

RESULTS AND DISCUSSION

The FTIR spectrums of liquid and powder component
of used base dental materials were kindly supplied
by manufacturers. Sample spectrum of Biocryl liquid
and powder component are shown in Figure 1(a,b).

As shown in Figure 1(a,b), the characteristic bands
appear at wavenumber 1730 cm�1 that corresponds
to C¼¼O stretching vibration of ester group and at
1638 cm�1, which corresponds to C¼¼C stretching
vibration. The bands at wavenumbers 3000 cm�1

and 2950 cm�1 correspond to the CAH stretching of
the methyl group (CH3), whereas the bands at 1300
cm�1 and 1450 cm�1 are associated with CAH sym-
metric and asymmetric deformation vibration,
respectively. The band at 1165 cm�1 corresponds to
the stretching vibration of the ester group CAO,
whereas CAH out of plane vibrations are at 990 cm�1,

800 cm�1, and 750 cm�1. FTIR spectra of liquid com-
ponent (Fig. 1a) differ from powder component in in-
tensity of peak height at 1638 cm�1, which is 17 times
higher than that for powder component (Fig. 1b).
Figure 2(a–c) shows FTIR spectra of dental mate-

rial (Biocryl) conventionally polymerized with differ-
ent polymerization time.
It could easily be seen that as the polymerization

time increases, the peak height at 1638 cm�1

decreases, which indicates the advancement of poly-
merization through the disappearance of the carbon–
carbon double bond.
The changes of the DMC with time (at 90�C) for

the microwave and conventional polymerization,
determined by FTIR and HPLC method, are shown
in Table III.
On the basis of the results presented in Table III, it

could be observed that the increasing polymerization
time leads to the increase in the DMC for all the inves-
tigated base dental materials. Also, for the same
polymerization time, the DMC is higher for MWIH-
polymerized samples compared with the CIH-poly-
merized samples, but as the polymerization time
increases this difference decreases. As shown in Table
III, the results obtained by both HPLC and FTIR meth-
ods give similar results with a difference less than 2%.
Established changes in the DMC lead to the con-

clusion that the models of the kinetics of polymer-
ization are different for MWIH and CIH polymeriza-
tions. To investigate these hypotheses, the kinetics of
MWIH and CIH polymerization are examined by
the model fitting method.

TABLE II
The Set of the Kinetic Reaction Models Used to Determine the Model of Polymerization Kinetic

Kinetics models f(a) g(a)

Power law 4a3/4 a1/4

Power law 3a2/3 a1/3

Power law 2a1/2 a1/2

Power law 2/3a�1/2 a3/2

Zero order (Polany–Winger equation) 1 a
Phase–boundary controlled reaction
(contracting area, i.e., bidimensional shape)

2(1�a)1/2 [1�(1�a)1/2]

Phase–boundary controlled reaction
(contracting volume, i.e., tridimensional shape)

3(1�a)2/3 [1�(1�a)1/3]

First order (Mampel) (1�a) �ln(1�a)
Second order (1�a)2 (1�a)�1�1
Third order (1�a)3 0.5 [(1�a)�2�1]
Avrami–Erofe0 ev 2(1�a)[�ln(1�a)]1/2 [�ln(1�a)]1/2

Avrami–Erofe0 ev 3(1�a)[�ln(1�a)]2/3 [�ln(1�a)]1/3

Avrami–Erofe0 ev 4(1�a)[�ln(1�a)]3/4 [�ln(1�a)]1/4

One-dimensional diffusion 1/2a a2

Two-dimensional diffusion (bidimensional particle shape) 1/[�ln(1�a)] (1�a) ln(1�a)þa
Three-dimensional diffusion (tridimensional particle shape),
Jander equation

3(1�a)2/3 /2[1�(1�a)1/3] [1�(1�a)1/3]2

Three-dimensional diffusion (tridimensional particle shape),
Ginstling–Brounshtein

3/2 [(1�a)�1/3�1] (1�2a/3)�(1�a)2/3

f (a) is the analytical expression describing the kinetic model and g(a) is the integral form of the kinetics model;
g að Þ ¼ R a

0
da
f að Þ ¼ kt
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Figure 3 shows the normalized experimental con-
version curves (in the form of experimental points)
and the normalized theoretical conversion curves for
kinetic models that best fit experimental data for
conventional and microwave polymerization for Bio-
cryl, as a representative sample.

From the results presented in Figure 3, it can be
clearly observed that the conversion curves differ for
conventional and microwave polymerization, which
is a direct confirmation of the difference in the
kinetics models of these polymerization modes.

By analytical comparing of the experimental nor-
malized conversion curves with theoretical models
of the normalized conversion curves, it was estab-
lished that the CIH polymerization kinetics could be
described by eq. (4):

1� 1� að Þ1=3¼ kmt (4)

and MWIH polymerization kinetics could be
described by eq. (5):

� ln 1� að Þ ¼ kmt (5)

In eqs. (4) and (5), the km is the polymerization
rate coefficient.

Figure 1 (a) The FTIR spectra of Biocryl liquid compo-
nent. (b) The FTIR spectra of Biocryl powder component.

Figure 2 (a). The FTIR spectra of Biocryl sample CIH
polymerized 0 min. (b) The FTIR spectra of Biocryl sample
CIH polymerized for 5 min. (c) The FTIR spectra of Biocryl
sample CIH polymerized for 10 min.
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The dependences of [1�(1�a)1/3] and �ln(1�a)
versus time for Biocryl, as a representative sample,
are shown in Figure 4.

As can be seen from the results presented in Fig-
ure 4, both of the examined dependencies give
straight lines in the entire range of the investigated
degree of conversion, which proves the correctness
of the assumed kinetic models and allows calcula-
tion of the polymerization rate coefficients. Calcu-
lated values of the km for all of the used base dental
materials are shown in Table IV.

The values of the rate coefficient for the MWIH
polymerization for all of the investigated materials
are significantly higher (� 8 times) than for the CIH
polymerization. The increase in the rate coefficient is
most probably a consequence of a quick transfer of
microwave energy in the reaction system, which

leads to the rearrangement of the energy of the reac-
tive species and further leads to the different model
of the kinetics of polymerization.20

Established kinetics models of polymerization for
investigated samples clearly indicate that the rate
limiting step for the CIH polymerization is the rate
of the decrease of the volume of interaction interface
between monomer and polymer beads, whereas for
MWIH polymerization the limiting step is the
remaining concentration of the MMA in the reaction
mixture.
The established different kinetics models of poly-

merization under the CIH and MWIH and calcu-
lated different values of the km are the cause of the
decreasing differences in the degrees of monomer
conversion (DDCM) with increasing time of polymer-
ization. Actually, for the degrees of monomer con-
version greater than 95%, the rate of polymerization

TABLE III
The Effect of Polymerization Time on the Degree of Monomer Conversion for the Used Base Dental Materials

Determined by FTIR and HPLC methods (DDMC 5 DMCMWIH2DMCCIH)

Sample
Polymerization

time (min)

FTIR method HPLC method

Degree of monomer
conversion (%)

DDMC (%)

Degree of monomer
conversion (%)

DDMC (%)DMCCIH DMCMWIH DMCCIH DMCMWIH

Biocryl 5 81.3 90.9 9.6 81.5 90.4 8.9
10 92.2 95.8 3.6 92.1 95.9 3.8
15 96.5 98.5 2 96.5 98.7 2.2
20 97.8 98.9 1.1 97.9 99 1.1

Poli Hot 5 81.5 90.2 8.7 81.3 90.4 9.1
10 91.8 95.5 3.7 91.8 95.4 3.6
15 96.3 98.4 2.1 96.6 98.6 2
20 97.7 99 1.3 97.9 99.2 1.3

Futura Basic Hot 5 82.1 90.8 8.7 82.5 90.6 8.1
10 91.7 95.7 4 91.8 95.5 3.7
15 96.2 98.3 2.1 96.5 98.5 2
20 97.6 98.9 1.3 97.7 98.9 1.2

Figure 3 The normalized theoretical conversion curves and
experimental points for (n) CIH polymerization and (l in
red) MWIH, for Biocryl. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 4 The plot of [1�(1�a)1/3] versus time for (n) CIH
polymerization and –ln(1�a) for (l) in red MWIH poly-
merization, for Biocryl. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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for the CIH is greater than the polymerization rate
for the MWIH and because of that the differences
between monomer conversions with increasing time
decrease.

The established kinetic model of polymerization
under the CIH implies that the kinetic of polymer-
ization depends on the average particle diameter of
the polymer beads.

Dependence of polymerization rate coefficient of
the average particle diameter for CIH and MWIH
polymerization is examined and shown in Figure 5.

From Figure 5, it could be observed that the aver-
age particle diameter has insignificant effect on the
km of MWIH, whereas the km of CIH significantly
decreases with increasing average particle diameter
of polymer beads, which further confirms the valid-
ity of determined kinetic models.

One of the most important properties for the
application of dental materials is their hardness, and
hence, the effect of polymerization mode on the
hardness of the produced dental materials was
investigated. The values of hardness for the samples
obtained by MWIH and CIH polymerization are
shown in Table V.

As can be seen from the results presented in Table
V, as the polymerization time increases, the values
of hardness increase also for all of the used base

dental materials. The values of hardness are higher
for the MWIH-polymerized samples than for the
CIH-polymerized samples for the same polymeriza-
tion time. There is no significant difference in hard-
ness for the samples prepared from different base
dental materials under the same conditions.
With increasing polymerization time, the differ-

ence in hardness for the MWIH- and CIH-polymer-
ized samples decreases. If we compare the obtained
values of hardness with the corresponding DMC,
the hardness can be found to be the linear function
of the DMC. As presented in Figure 6, the depend-
ence of hardness on the DMC for the obtained sam-
ples by using Biocryl chosen as a representative se-
ries of samples gives straight lines both for CIH-
and MWIH-polymerized samples.
Because the dependence of hardness on the DMC

gives straight line for all of the examined base dental
materials, the obtained equations for the linear

TABLE IV
The Polymerization Rate Coefficients for Different Base

Dental Materials and Polymerization Modes
(R22correlation coefficient)

Material

CIH MWIH

km (min�1) R2 km (min�1) R2

Biocryl 0.0355 0.981 0.258 0.986
Poli Hot 0.0286 0.997 0.255 0.986
Futura Basic Hot 0.0268 0.999 0.252 0.995

Figure 5 Dependence of the polymerization rate constant
(km) on average particle diameter for (n) CIH polymeriza-
tion and (l) in red MWIH polymerization. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

TABLE V
The Hardness of Investigated CIH and

MWIH-polymerized Samples (DH 5 HMWIH2HCIH)

Sample
Polymerization

time (min)

Hardness
(Shore D) DH

(Shore D)HMWIH HCIH

Biocryl 5 68 6 2 54 6 5 12
10 74 6 2 65 6 4 9
15 78 6 2 74 6 3 4
20 80 6 1 75 6 4 5

Poli Hot 5 65 6 2 51 6 7 14
10 73 6 2 63 6 2 10
15 75 6 2 70 6 4 5
20 77 6 2 74 6 3 3

Futura
Basic Hot

5 67 6 2 54 6 3 13
10 72 6 2 64 6 4 8
15 76 6 2 72 6 3 4
20 78 6 2 75 6 2 3

Figure 6 The dependence of hardness on the degree of
monomer conversion for (n) CIH polymerization and (l)
in red MWIH polymerization, for Biocryl. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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correlations for the used base dental materials are
shown in eq. (6)–(11).

H ¼ 129DMC � 51 R2 ¼ 0:961 (6)

H ¼ 136DMC � 61 R2 ¼ 0:975 (7)

H ¼ 132DMC � 55 R2 ¼ 0:984 (8)

H ¼ 135DMC � 55 R2 ¼ 0:992 (9)

H ¼ 129DMC � 51 R2 ¼ 0:927 (10)

H ¼ 130DMC � 51 R2 ¼ 0:958 (11)

where H is hardness, shore D.
The eq. (6)–(8) correspond to the CIH-polymerized

samples of Biocryl, Poli Hot, and Futura Basic Hot
respectively, and the eq. (9)–(11) correspond to
MWIH-polymerized samples of Biocryl, Poli Hot,
and Futura Basic Hot, respectively.

Higher values of hardness for microwave than for
conventionally polymerized samples could be
explained by the amount of residual monomer. As
the amount of residual monomer gets higher, the
hardness decreases.

Another important property of dental materials is
water absorption. The results of equilibrium water
absorption at 37�C for used base dental materials are
presented in Table VI.

It has been found that the samples of each base
dental materials prepared by the CIH polymerized
for 5 and 10 min and MWIH polymerized for 5 min
gave negative values for water absorption. Water
absorption decreases with increasing polymerization
time, and the values were smaller for the MWIH
than the CIH-polymerized samples.

By comparing the values of water absorption ver-
sus the DMC for the MWIH- and the CIH-polymer-
ized samples, it can be seen that for the DMC below

95%, the negative values for water absorption are
obtained, whereas for the degrees of monomer con-
version higher than 95% positive values for water
absorption were obtained. The results can be
explained in the following manner. Residual mono-
mer leached in water,34 and water absorption was
the overall effect of monomer released and absorbed
water. Also, the decreasing water absorption for
MWIH-polymerized samples is the result of a
smaller amount of residual monomer.

CONCLUSIONS

The heating modes significantly affect both the ki-
netic and the investigated properties of the PMMA
base dental materials. Polymerization rate is approx-
imately eight times higher for the MWIH than for
the CIH polymerization. The MWIH polymerization
is found to be the first-order reaction, which means
that the monomer concentration in the polymeriza-
tion mixture determines the polymerization rate. The
CIH polymerization is found to be the phase–bound-
ary controlled reaction for which the rate of contract-
ing volume is the rate limiting step. The samples of
PMMA base dental materials synthesized by MWIH
polymerization exhibit better application properties.
The hardness of material is increased while the con-
tent of residual monomer, and water absorption is
decreased in the MWIH compared with the CIH-
polymerized samples for the same polymerization
temperature and time.

Mr. P. Spasojevic is PhD scholarship holder of theMinistry of
Science of Serbia on project 142023.
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30. Oréfice, L. R.; Discacciati, A. C. J.; Neves, D. A.; Mansur, S.

H.; Jansen, C. W. Poly Testing 2003, 22, 77.
31. Viljanen, K. E.; Skrifvars, M.; Vallittu, K. P. Dent Mater 2007,

23, 1420.
32. Chung, H. K.; Sharma, B.; Greener, H. E. Dent Mater 1986, 2, 275.
33. Viljanen, K. E.; Lassila, V. J. L.; Skrifvars, M.; Vallittu, K. P.

Dent Mater 2005, 21, 172.
34. Bayraktar, G.; Guvener, B.; Bural, C.; Uresin, Y. J Biomed

Mater Res B: Appl Biomater 2006, 76B, 340.

3606 SPASOJEVIĆ ET AL.

Journal of Applied Polymer Science DOI 10.1002/app


