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ABSTRACT

Aims: To evaluate some of the physical properties which are transverse strength, tensile strength,
surface hardness, water sorption and solubility of the auto—cured acrylic resin when copolymerized
with epoxy resin at two different ratios 10% and 20% of its weight and then compared with that of
auto—cured alone and heat—cured acrylic resin alone. materials and methods: The tested samples were
divided into four groups according to the materials to be used and the samples of each group were
subdivided according to the test to be done. The samples were prepared according to ADA
Specification No. 12. Statistically analysis of the physical properties was with (ANOVA) and Duncan's
multiple range test to determine significant different at (p < 0.05 ) level of significance, and the mean
value of the water sorption and solubility ratios compared with accepted limit of ADA Specification
No. 12. Results: The transverse strength, tensile strength and surface hardness in this study showed that
there was a highly significant difference between the four tested groups. The result appeared improving
of the mechanical properties and decreasing the ratio of water sorption and solubility of the auto—cured
acrylic resin and the resin was reinforced when copolymerized at 10%, but the values still not reached
that of the heat—cured acrylic resin and they became worse when copolymerized at 20%.

Key words: Acrylic resin, epoxy resin, copolymerization, reinforcement

Rejab LT, Hasan NH, Mohammad AA. Evaluation of some physical properties of the copolymerized
temporary crown and bridge auto—cured acrylic resin (Reinforcement). Al-Rafidain Dent J. 2007; 7(2):
160-165.

Received: 27/3/2006

Sent to Referees: 3/4/2006 Accepted for Publication: 7/6/2006

INTRODUCTION ylate (MMA) coupled with significant te-

Temporary crown and bridge resins
are used to provide immediate coverage
following tooth preparation and are ceme-
nted into place with temporary cement.””
Polymethyl methacrylate acrylic resins
(PMMA) are the principal materials in fab-
rication of temporary crown and bridge,
these are, essentially, similar to the denture
base acrylic resins.** Polymethyl metha-
crylate acrylic resin gained wide spread
usage due to its ease of use and available
in range of shade can be matched with too-
th substances. The problems of PMMA are
low toughness, low fatigue resistant, prem-
ature failure, the material has irritant effect
due to residual monomer methylmethacr-
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mperature rise caused by exothermic poly-
merization reaction, and considerable setti-
ng contraction.™

The mechanical properties of the che-
mically activated (auto—cured) acrylic res-
in are inferior when compared to heat—cur-
ed resin because the degree of polymerize-
tion achieved is lower so there is a great
amount of un—reacted monomer.® Efforts
made to reinforced multiphase acrylic res-
in polymer.”’ Improving the physical pro-
perties of the polymer can be achieved by
alteration of its composition to produce a
copolymer.®? A copolymer is formed wh-
en two or more different monomers react
during polymerization and the process cal-
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led copolymerization. The composition
and the properties of the copolymer are de-
fer from original monomer matrix alo-
ne.""'"" Acrylic resin polymer (PMMA)
are multiphase in nature typically made fr-
om polymer powder and monomer liqu-
id."? In case of the auto—polymerizing
PMMA, liquid contain chemical activator
which is an aromatic tertiary amine, and
cross linking agent. Powder polymer cont-
ain an initiator which is benzyl peroxide
which is decomposed by the action of the
chemical activator into the reactive species
which are a free radical in nature. In case
of free radical addition polymerization cr-
oss linking agents are invariably difunctio-
nal alkenes (glycol dimethacrylate) in whi-
ch each of the tow double bonds present is
able to become polymerized into a separa-
te chain thus affecting linking two chain
together.!"-1?

Another resin family of interest to cli-
nical dentistry is an epoxy resin which is
the diglycidyl ether of bisphenol-A
(DGEBA). These thermosetting resins are
viscous, liquid, cured at room temperature
by used of reactive intermediate, they have
desirable adhesive strength, low curing
shrinkage, low temperature, and low press-
ure and have high strength and curing wit-
hout evolution of by—product with ease of
use.""*' Epoxy is used in dentistry as a die
material, and the resin of (Bis—GMA ) for-
mula which based upon the(DGEBA) star-
ting material is being used as a pit and fis-
sure sealant and as the matrix for the com-
monly used composite restorative materi-
als.>'? Epoxy resins manufacturing bas-
ed on two raw materials which are epichl-
orhydrin and bisphenol. A Reaction of mi-
xture of these two raw materials with a ba-
se give a linear epoxy resins."® Epoxy res-
in may be cured by use of reactive interm-
ediate to join the resin chains. The primary
cross linking agents are organic bases, tert-
iary amines (R3;N: ). The epoxy resin mole-
cule is characterized by the reactive oxir-
ane groups which serves as a terminal po-
lymerization points. It is possible to take
advantage of the remaining oxirane groups
and hydroxyl groups in the linear polymer
and form cross—links between polymer ch-
ains.!*!'¥

The purpose of this study to evaluate
the transverse strength, tensile strength,

surface hardness, water sorption and solu-
bility of the copolymerized auto—cured ac-
rylic resin when mixed with epoxy at two
different ratios 10% and 20% of weight
and then compared with that of auto—cured
alone and heat—cured acrylic resin alone.

MATERIALS AND METHODS

The tested materials used in this study
were auto—cured and heat—cured acrylic
resins (Major2, prodotti Dentari, Italy ).
Auto—cured epoxy resin (EAGLESTAR,
USA).

The tested samples were divided into
four groups according to the materials to
be used as follow, Group I (control group)
include auto—cured acrylic resin alone, Gr-
oup II include auto—cured acrylic resin mi-
xed with 10% of its weight epoxy, Group
III include auto—cured acrylic resin mixed
with 20% of its weight epoxy, Group
IV(control group) include heat—cured acr-
ylic resin alone. The samples of each gro-
up were subdivided according to the test to
be done, 8 samples for each of the tran-
sverse strength test, tensile strength test
and surface hardness test and 2 samples
for water sorption and solubility test.*'*2"
So the total number of the samples for ea-
ch group was 26 and the final total number
for the four groups was 104 samples.

The auto and heat—cured acrylic resi-
ns were mixed at powder / liquid ratio of
(2.5/1) by weight.*" The mixture was left
for about 10 minutes at room temperature
(21#1 °C) to reach the required dough sta-
ge at which the epoxy resin was mixed wi-
th curing agent in a ratio recommended by
the manufacturer's instructions and then
added to the auto—cured acrylic resin mixt-
ure at the two different ratios in Group II
and Group III. Samples were prepared by
dough molding method with the conventi-
onal denture—flasking procedure. Dependi-
ng on the material being used the resins in
Group I, Group II and Group III were ben-
ch cured at room temperature (211 °C)
for 15 minutes. The heat—cured resin in
Group IV was cured in two steps polymer-
rization, 70 °C for 30 minutes, then proce-
ed at 100 °C for 30 minutes in a thermost-
atically controlled water bath. The prepa-
red samples for transverse strength, tensile
strength and surface hardness tests were
conditioned at 37 °C for 48 hours in dist-
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illed water before testing.*”

For the evaluation of the transverse
strength and surface hardness tests the sa-
mples were prepared with a dimension (
65%10%2.5+£0.03 mm) (length, width and
thickness respectively ) according to ADA
Specification No. 12.*' The transverse
strength was evaluated with a 3— points
bending test machine (Instron testing mac-
hine, Clock house, Germany). The surface
hardness was evaluated with Rock well ha-
rdness tester ( Wolpert, Germany ).

The samples for evaluation the tensile
strength were prepared in dumbell-shaped
with a dimension of total length 65 mm of
the specimen, 2.5 mm in thickness, the wi-
dth of the specimen at the widest part was

12.5 mm and 5 mm at the narrowest pa-
1t.!%?” Textile Tensile Strength Tester
(UENOYAMA KIKO Co., Kyoto, Japan)
was used for the evaluation.

The samples of the water sorption and
solubility were prepared according to the
ADA Specification No. 12 as disks with a
dimension (50 = 1 mm in diameter and 0.5
+ 0.1lmm). Electronic balance ( Mettler
PM 460 , Germany ) was used to measure
the weight of the disks. The disks were im-
mersed in distilled water for 7 days. The
weight of the disks was measured before
and after immersion. The ratios of the wat-
er sorption and solubility was calculated

with the following equations®:

weight after immersion(mg) — weight before immersion(mg)

Water sorption =
(mg/ cm?)

After the final weighing the disks dri-
ed (conditioned) in desiccator containing
silica gel at 37 & 2°C for 24 hours then we-
ighed. The soluble matter lost during imm-

surface area (cm)

ersion which represent ratio of water solu-
bility was determined as follow for each
disk :

weight before immersion(mg) — dried weight (mg)

Water solubility =
(mg/ cm?)

The values of the water sorption and
solubility ratios for the disks were determi-
ned and recorded.

Statistically analysis the mean values
and standard deviation of the collected da-
ta of the transverse strength, tensile streng-
th and surface hardness tests were calcul-
ated and the results were compared with
one—way analysis of variance (ANOVA).
This was followed by Duncan's multiple
range test to determine significant differe-
nt at (p < 0.05 ) level of significance, and
the mean value of the water sorption and
solubility ratios for the disks were calcula-
ted and compared with accepted limit of
ADA Specification No. 12 for acrylic resin

RESULTS AND DISCUSSION
The results of the transverse strength,
tensile strength and surface hardness in th-
is study were represented in Tables (1 and
2). The results showed that there was a hi-
ghly significant difference between the fo-
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surface area (cm)

ur tested groups. The highest values were
for the group IV while the lowest values
were for group II1.

The results showed that the values of
the mechanical properties of the control
Group I was lower than that of the control
Group IV. The physical and mechanical
properties of auto—polymerizing acrylic re-
sin lower than that of the heat—polymeriz-
ing resin."? The results appeared that the
values of the mechanical properties of the
Group II were higher than that of the
Group I, the increasing of the values was
significant for transverse strength and surf-
ace hardness but it was not for tensile stre-
ngth, also these values still not reached the
highest values of that of the Group IV, the-
re were still a significant differences. So
this give an indication that the epoxy resin
provides toughness and other desirable pr-
operties to the acrylic resin. The results al-
so showed that the values of the mechan-
ical properties of the Group III were lower
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ior mechanical properties than other three
tested groups.

than that of the Group I, the differences
were significant, that means it has an infer-

Table (1): analysis of variance for Transverse strength , Tensile strength and Surface hardness values of
the tested groups.
Tensile strength

Surface hardness

Source Of Transverse strength
variance df MS  F-value df MS F-value df MS F-value
mgg?ll;ﬁ)ssl?:ed 3 1981.228 **260000 3 1394.667 **2440.67 3 214.458 **343.13
Error 28 0.008 28 0.571 27  0.625
Total 31 31 29

df: degree of freedom; MS: mean of sequare.
** Means are highly significant different at P<0.01

Table (2): Duncan Multiple Range test for Transverse strength, Tensile strength and
Surface hardness values of the tested groups.
Transverse strength Tensile strength

Surface hardness

(N/mm?) (Mpa)
Groups of > o
materials g = =
used No M SD (:;‘;- No M SD § No M SD §
6 O ©)
Group 1. 8 722 01195 A 8 38 0756 A 8 87 0.756 A
Group Il 8 81.075 0.07 C 8 40 0.756 A 8 90 0.756 C
Group 111 8 48.6 0075 D 8 20 0.756 C 8 8525 0886 D
Group IV 8 82.76 0.0744 B 8 52 0.756 B 8 97 0.756 B

M: Mean; No: Number of samples; SD: Standard deviation; Group I: Control group (auto—
cured acrylic resin alone); Group II: auto—cured acrylic resin mixed with 10% of its weight with
epoxy resin; Group III: auto—cured acrylic resin mixed with 20% of its weight with epoxy resin;
Group IV: Control group (heat—cured acrylic resin alone).

Means with different letters are significantly different.

The results of the water sorption and
solubility tests are shown in Table (3). The
results showed that the ratios were highest
for group III and were out the accepted li-
mit of ADA Specification No. 12. While,
the ratios for the other groups were within
the accepted limit. The results showed that
the ratio of the water sorption of the Group
I was higher than that of the Group IV, and
the ratio of the Group Il became the same
as that of the Group IV, but the ratio of the
Group III became higher than that of the
Group 1. This increasing of the water sorp-
tion will affect the properties of the resin.
High uptake of water can soften a resin be-
cause the absorbed water can act as a plas-
ticizer of the resin and reduce the strength
of the material.***¥ The results appeared
the ratio of the water solubility for the Gr-
oup I wear higher than that of the Group

IV and this come in agreement with find-
ing of Varpu and Vallittu > in that beca-
use the monomer in chemical-cured
PMMA is higher than in heat—cured
PMMA, it should also solubility values. It
has been suggested that there might be a
correlation between residual monomer and
the weight loss determined by the solubi-
lity test. Also the results appeared the rat-
ios for the Group II were lower than that
of the Group I, while the ratios for the Gr-
oup III were higher than that of the Group
L

To explain the effect of the copolym-
erization process on the physical proper-
ties of the copolymerized (PMMA) acrylic
resin, the chemical structures of the
(PMMA) resin and epoxy resin should be
discussed.
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Table (3 ): Ratios of water sorption and solubility of the tested groups

Groups of tested Water sorption after 7 days = Water solubility after 7 days

materials No (gm/cm?) * (gm/cm?) *
Group | 2 0.6 0.04
Group Il 2 0.55 0.03
Group 111 2 0.8 0.07
Group IV 2 0.55 0.025
**ADA Sp. No. 12 2 not more than 0.7 not more than 0.04

Number 12 for acrylic resins .

(2)

Combination of epoxy and acrylic of-
fer interesting means of modifying both ty-
pes of resins. Thus it was possible to bring
about polymerization by mean of the conv-
enient benzyl peroxide—tertiary amine cur-
ing systems commonly employed for the
self curing acrylic resins. The reaction sit-
es (oxirane groups) of the epoxy molecule
were replaced by methacrylate group. In
this way of hybrid molecule was produced
that could be polymerized through the
methacrylate group. Incorporation of a sm-
all number of epoxy groups in acrylic res-
ins provides a convenient rout to thermo-
setting acrylics and makes available the
whole gamut of epoxy resin curing agents
as modifiers so epoxy resins may be used
to provide cross—linking the acrylic resin
molecules to increase hardness and heat st-
ability. Cross—linkage strengthens the pol-
ymer and decreases its solubility also decr-
eases the swelling ability of the re-
sin.>*'" This explain the improving of
the mechanical properties and decreasing
the ratios of water sorption and solubility
of the auto—cured acrylic resin when copo-
lymerized at 10% .

The size of monomer and comonomer
molecules, coupled with a rapid increase
in viscosity during setting, causes relative-
ely high concentration of acrylate or meth-
acrylate groups to remain unreacted after
setting.") The lower the degree of polym-
erization of a given solid polymer, the less
will be its strength and stiffness.*>'¥ The
epoxy resin is a viscous material at room
temperature."*'® So mixing ratio at 20%
caused increasing in the viscosity of the
mixed resins, later on caused high unre-
acted methacrylate groups, and high perce-
ntage of residual monomer, this explain
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No: Number of samples; * : Mean; **ADA Sp. No.12: American Dental Association Specification

why the mechanical properties of the auto—
cured acrylic became worse and the water
sorption and solubility ratios increased.

The improving of the mechanical pro-
perties and reinforcement of the auto—cur-
ed acrylic resin by a copolymerization pro-
cess with epoxy resin at 10% may give the
dentist a new option to treat patient with a
less invasive FPD treatment and with som-
ewhat lower cost than with traditional
FPDs. The reinforced copolymerized au-
to—cured acrylic resin could be used in sel-
ected case of the conservative bridge wh-
ich made by acid etching enamel and bon-
ding a pontic to the adjacent natural teeth.
Conservative tooth preparation is neces-
sary to achieve optimal retention.***® In
addition bonding of the teeth to auto—cured
acrylic resin was increased by roughing
the teeth surface and pre—wetting with sw-
elling solvent in connection with methacr-
ylate monomer probably improve the relia-
bility of the join.*” The major advantages
are conservation of natural tooth structure
in circumstances when age (young), expe-
nsive, or clinical practically are consider-
ations.

CONCLUSION

The physical properties of the tempo-
rary crowns and bridges auto—cured acr-
ylic resin was improved and the resin was
reinforced when copolymerized with 10%
of its weight epoxy resin, but the values
still not reached that of the heat—cured acr-
ylic resin and they became worse when co-
polymerized with 20%.
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