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Abstract:
This work aims to investigate the tensile and compression strengths of heat- cured acrylic resin denture
base material by adding styrene-butadiene (S- B) to polymethyl methacrylate (PMMA). The most wellknown issue in prosthodontic practice is fracture of a denture base. All samples were a blend of (90%, 80%)
PMMA and (10%, 20%) S- B powder melted in Oxolane (Tetra hydro furan). These samples were chopped
down into specimens of dimensions 100x10x2.5mm to carry out the requirements of tensile tests. The
compression strength test specimens were shaped into a cylinder with dimensions of 12.7mm in diameter and
20mm in length. The experimental results show a significant increase in both tensile and compression
strengths when compared to control (standard) results for the preparation material.
Keywords: Acrylic resin, Compression strength, Denture base, Styrene-butadiene, Tensile strength.

Introduction:
Acrylic polymers are based on acrylic acid
and its homologs and their classifications (1).
Acrylic polymers as denture base materials in the
form of powder was first presented by Du Pont De
Nemours in the mid-twentieth century (2). Recently,
materials such as porcelain, vulcanite, nitrocellulose
and vinyl plastics were utilized as denture bases (3).
Because of its tremendous potential for application
in prosthetic dentistry, such as in denture repair,
impression tray, artificial teeth, restorations, facing
in crown and bridge as well as base plate, acrylic
plastics have received a lot of research attention (4).
Pure polymethyl methacrylate PMMA is a
colorless transparent thermoplastic (5). The polymer
might be adjusted to give any translucency degree
and shade. Polymerization of acrylic resins can be
achieved by chemical activation, visible light or
heat activation using microwave energy or heated
water (6). The monomer molecules of polymers
vibrate when exposed to a high- frequency
electromagnetic
field
which
leads
the
intermolecular collisions to produce the necessary
energy for the activation process (7). A major
clinical issue is the fracture of acrylic resin dentures
and it is an unresolved issue in prosthodontics. The
causes of denture fracture might be difficult to
diagnose due to a number of variables such as
denture function, handling, and processing (8).

Also, fracture has been attributed to
porosity, the presence of cracks, residual monomer,
or poor adaptation of the removable prosthesis to
the residual ridge. Therefore, studies on the
structural behavior, surface defects, and fracture
initiation sites may lead to the identifying of the
causes of fractures (9). In recent years, considerable
attention has been paid to investigating the causes
of such fractures (10). Different reviews have been
made of the mechanical properties of these
materials keeping in mind the end goal of enhancing
dentistry (11–14).
Nowadays, polymers play a prominent role in
the field of denture bases (15). The most wellknown material to construct both removable and
complete dentures is polymethyl methacrylate.
However, this material shows some weaknesses
especially in terms of compression strength (16).
The compression strength of these materials is not
ideal due to recurrent fractures of denture base
acrylic resins polymerized either by hot water bath
or microwave energy (17). Styrene- butadiene
powder dissolved in Oxolane has been added to
PMMA in order to create more fracture- resistant
denture base materials (18, 19).
Tensile property
Elasticity can be defined as the ability of a body
to resist a deforming force and to return to its
original size and form whenever the force is
relieved (20). A well-known example is a spring
that has been deformed slightly, thus the applied
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potential energy to the spring causes it to return to
its original shape. The elastic region is the initial
part of the stress-strain curve as shown in Fig 1. In
this area the modulus is given by Hooke’s law
equation F = k x, where k is a constant factor of
the spring. The point where the curve starts to
digress from linearity is called the proportional
limit point (21). Another vital feature of the stressstrain curve is the beginning of permanent
deformation assigned as the yield point (22).
Outside the limits of the yield point, the material is
permanently deformed. Thus, if the stress is
removed, the material may not return to its original
shape. The region after the yield point is called the
plastic region.

because of the difference in the ability of the
polymer material to support a columnar load versus
a pulling load. In general, compression strengths
and modulus are lower than tensile values for
polymers.
Compression strength is not as significant in
most plastics as some of the other mechanical
properties. Because of the low modulus of most
plastics, the compression samples must be quite
thick or be supported. The dependence of the test
results on sample geometry has led to a
recommendation of the testing association that
compression values be used for structural studies
only if the test samples are the same shape as the
parts that will be in actual use.
For foam samples, the compression test is very
important but is usually run under quite different
conditions than these which would be used with a
rigid plastic sample. The compression test for foams
is therefore somewhat unique, as are many other
tests associated with foam materials such as opencell content, compression set, tear-resistance, and
the various cushioning tests. Test results are
compression strength (Pa), compression modules
(Pa) and strain-to-failure (%). When the yield point
is exceeded in compression, a permanent
deformation or compression set occurs. This
compression set is important in characterizing the
behavior of flexible foams (25) .

Figure 1. Stress-Strain behavior over the entire
strain range for a typical polymeric material
(22).

Materials and Methods:
Styrene-butadiene
(SB),
a
wide-ranging
synthetic rubber, produced from the combination of
styrene and butadiene, is a mixture of
approximately 75% butadiene (H2C=CH−CH=CH2)
and 25% styrene (C6H5CH=CH2). Styrenebutadiene powder was dissolved in Oxolane
(Tetrahydrofuran), which is a colorless organic
liquid with low viscosity, and its chemical formula
is (CH2)4O. It has been classified as heterocyclic
compound. All the specimens were cured by using a
short curing cycle (90 mins. at 74 ºC followed by 30
mins. at 100 ºC). There were three groups, each of
which contained ten specimens. The first group
specimens included poly (methyl methacrylate) and
methyl methacrylate as control, 2.5:1 by weight.
The second group specimens included 90% of poly
(methyl methacrylate) and methyl methacrylate
2.5:1 by weight, styrene- butadiene 10% as
experimental. While, the third group specimens
included 80% of poly (methyl methacrylate) and
methyl methacrylate 2.5:1 by weight, styrenebutadiene 20% as experimental. All the specimens
were kept in distilled water at 37 °C for two weeks
before testing.

The most common type of mechanical force is
tension force. One of the major mechanical
properties is tensile strength, which is the capacity
of a material to bear loads before breaking.
Entanglement and intermolecular attractions make
for high tensile strength (23). The energy levels of
the molecules increase when they are pulled
opposite directions. This effect generates more
molecular movement (rotation, vibration, and
translation). Applying more tensile force creates
more disentanglement until the molecules are free
to slide relative to each other. Accordingly, the
more entangled the molecules, the more tensile
force is required to cause them to slide (24).
Compression property
Compression force indicates the strength and
stiffness of a columnar sample that is supported
vertically and then pressed on its ends. The
equations and symbols for stress, strain, and
modulus (σ, ε, E) developed for the tensile force are
also applied to the compression force but are named
compression strength, compression modulus, etc.
The compression strength and modulus can be quite
different from the tensile strength and modulus
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specification D638M (26). All specimens were
subjected to tensile testing by using Testomeric AX
with a crosshead speed of 5 mm / min. The results
show that the tensile strength for experimental
specimens was higher than for the control
specimens, as shown in Tables 1 and 2.

Results and Discussion:
Tensile test results
To evaluate the tensile strength of experimental
and control specimens, all specimens were prepared
with dimensions (10x2.5x100) mm (cross sectional
area was 25 mm2 for all specimens). Specimens
preparation and testing was according to ASTM

Table 1. Tensile test results for control, and experimental specimens of 90% PMMA with 10% (S- B).
Samples No.
1
2
3
4
5
6
7
8
9
10

Max. load
(N)
480.5
487.2
490.3
498.7
502.6
509.5
512.4
513.4
521.6
527.8

Control specimens
Elongation % Tensile strength
(MPa)
0.805
20.21
0.705
20.45
0.802
22.13
0.807
20.31
0.806
19.84
0.709
21.86
0.707
19.82
0.805
19.66
0.706
21.24
0.609
19.77

Max. load
(N)
495.9
520.8
580.6
601.2
592.3
602.1
585.5
608.7
612.4
678.6

Experimental specimens
Elongation % Tensile strength
(MPa)
0.607
29.90
0.509
29.98
0.701
30.12
0.602
30.10
0.508
31.01
0.601
28.84
0.609
28.96
0.706
30.16
0.702
29.73
0.608
30.64

Table 2: Tensile test results for control and experimental specimens of 80% PMMA with 20% (S- B).
Samples No.
1
2
3
4
5
6
7
8
9
10

Max. load
(N)
480.5
487.2
490.3
498.7
502.6
509.5
512.4
513.4
521.6
527.8

Control specimens
Elongation %
Tensile
strength (MPa)
0.805
20.21
0.705
20.45
0.802
22.13
0.807
20.31
0.806
19.84
0.709
21.86
0.707
19.82
0.805
19.66
0.706
21.24
0.609
19.77

This is because most polymer materials,
especially PMMA shrink under the high tensile
strength and have long molecular chains which
cross-link with each other when it becomes hard.
The resistance of these materials depends on the
direction, regularity and cross-linkage degree of the
molecular chains. External forces play an active role
in the effect on cross-linkage chain strength.
Applying the external load on PMMA material
would affect nature and direction of cross-linkage
polymer chains and that causing breaking the
polymer chains. The fraction region will exhibit a
breakable behavior because it has not found
reinforced materials that prevent the cracks from
propagation inside the specimens, and the
specimens will separate into two parts as shown in
Fig 2.

Experimental specimens
Max. load
Elongation %
Tensile
(N)
strength (MPa)
589.9
0.408
31.26
590.8
0.507
32.29
653.6
0.605
30.26
655.5
0.506
30.91
660.4
0.502
31.45
661.2
0.508
29.39
670.5
0.406
32.45
682.7
0.604
32.19
702.3
0.601
29.86
719.7
0.409
29.12

Figure 2. Fracture regions of control specimens

In the case of the experimental samples group,
the results show that the elasticity of these
specimens was lower than the elasticity of the
control specimens, and the values of tensile strength
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increased with increasing the concentration of
styrene- butadiene, as shown in Fig 3.
Control

Exp. 10 %(S-B)

Compression test results
Head cured acrylic cylinder specimens were
prepared with a diameter of 12.7mm and a length of
20 mm. The specimens were subjected to
compression load by using a compression machine
with a crosshead speed of 0.5 mm/min to calculate
the compression strength by dividing maximum
load on the cross-sectional area, as shown in Fig 5.

Exp. 20 % (S-B)

Tensile strength (MPa)

35
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Figure 3. Tensile strength of control, and
Experimental
specimens
with
various
concentrations of (S-B)
When comparing the control and experimental
specimens, the applied stresses and the tensile
strengths until failure for the experimental
specimens were higher than for the control
specimens. This is because of the good coherence
strength between PMMA and S- B for experimental
samples. The specimens are separated into two parts
and the fracture region will brittle without
undergoing any deformation, as shown in Fig 4.

Figure 5. Schematic illustration
compression instrument (27).

of

the

Tables 3 and 4 show that the compression
strength values of the experimental specimens were
higher than those of the control specimens. Because
of the addition of S- B to PMMA in the
experimental specimens, the S- B effect is achieved
through the formation of cross-links between the
PMMA chain and the hardener. Composite
materials using PMMA with S- B have better
chemical resistance, mechanical strength and
environmental stability than those made only from a
PMMA base.

Figure 4. Fracture regions of experimental
specimens
Table 3. compression test results for control and experimental specimens 90% PMMA with 10%
(S- B).
Samples No.
1
2
3
4
5
6
7
8
9
10

Control specimens
Max. load (N)
Compression strength (MPa)
1600
107.62
1650
104.80
1700
102.67
1750
109.84
1760
105.45
1770
125.25
1800
106.53
1870
98.95
1890
102.96
1900
100.70
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Experimental specimens
Max. load (N) Compression strength (MPa)
2210
168.69
1980
175.76
2101
149.98
1870
154.85
1795
170.16
1996
171.53
2041
169.66
1885
168.83
2116
170.05
1998
150.88
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Table 4. compression test results for control and experimental specimens 80% PMMA with 20%
(S- B).
Samples
No.
1
2
3
4
5
6
7
8
9
10

Control specimens
Max. load (N) Compression strength (MPa)
1600
1650
1700
1750
1760
1770
1800
1870
1890
1900

107.62
104.80
102.67
109.84
105.45
125.25
106.53
98.95
102.96
100.70

On the other hand, when comparing the control and
experimental samples, the values of compression
strength increase with increasing concentrations of
styrene- butadiene. Also, the applied loads for the
experimental samples were higher than for the
control samples, as shown in Fig 6.
Control
Exp. 20 % (S-B)

Compressive strength (MPa)

200

will fail at compression strength higher than control
specimens.

Conclusions:
In this study, it can be concluded that the
experimental specimens have tensile strength values
higher than the control specimens. Both the control
and experimental specimens were separated into
two parts and exhibit brittle behavior when
subjected to applied loads in a tensile test. The
propagation of cracks in the control specimens was
greater than in the experimental specimens. The
compression strength values of the experimental
specimens were higher than of the control
specimens. Both tensile and compression strengths
were enhanced by increasing the concentrations of
S-B.

Exp. 10 %(S-B)
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Experimental specimens
Max. load (N)
Compression strength
(MPa)
2480
170.75
2490
180.64
2500
155.25
2530
178.95
2550
160.14
2600
179.85
2650
180.19
2680
186.29
2700
168.31
2750
186.64
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Figure 6. Compression strength of control and
Experimental
specimens
with
various
concentrations of (S-B).
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تحسين خاصيتي الشد واالنضغاط لراتنج االكريليك المبلمر حراريا لمادة طقم االسنان
1

مؤيد محمود مطلك

2

ابراهيم حمد الفهداوي

1

محمد غازي حمد

. العراق، االنبار، جامعة االنبار، كلية العلوم،قسم الفيزياء1
. العراق، االنبار، جامعة االنبار،كلية طب االسنان2

:الخالصة
يهدف هذا البحث إلى التحقق من خصائص متانة الشد واالنضغاط للمادة التي تدخل في صناعة طقوم األسنان المعاملة حراريا عن طريق
 إن الكسر الذي يحدث في طقوم األسنان المصنعة من هذه.(PMMA) ) إلى البولي مثيل ميثا أكرياليتS- B(  بيوتادين- إضافة الستايرين
 و٪ 90(  ان جميع العينات المحضرة عبارة عن خليط من البولي ميثيل ميثا أكرياليت بنسبة.المواد هي من احد المشاكل التي يجب معالجتها
100x10x2.5  تم تقطع هذه العينات باألبعاد.)Tetra hydro furan(  المذاب في أوكسوالنS- B ) من مسحوق٪ 20 ، ٪ 10( ) و٪ 80
 ملم بالنسبة20  ملم بالنسبة لقطر العينة و12.7  اما عينات اختبار متانة االنضغاط فهي أسطوانية الشكل بأبعاد.ملم ألجراء اختبارات الشد لها
. أظهرت النتائج التجريبية زيادة ملحوظة في كل من متانة الشد واالنضغاط للعينات مقارنة بنتائج العينات القياسية لمواد التحضير.للطول
. الستايرين بيوتادين- متانة االنضغاطية – طقوم األسنان- راتنج االكريلك – متانة الشد:الكلمات المفتاحية
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