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 الخالصة

هذه الدراسة هو توضيح سلوك الراتنج االكريلي البارد ادلستخدم يف طب األسنان من خالل اختبارات لبعض اخلواص ادليكانيكية  اذلدف من: فااألهد
لكل خاصية مت حتضري أربعة وعشرين منوذج من الراتنج البارد الوردي :طرائق العمل و المواد )الصالدة،االنضغاطية،قوة ادلقاومة)الصدمة((حتت درجات حرارية خمتلفة .

ذلك لتغطي نسبة واسعة مشاهبة لدرجات احلرارة ادلطلوبة حقيقة.نقعت مجيع النماذج يف ماء  C°(20,24,28,32,37,45,50) فيزيائية عند درجات حرارة
أظهرت النتائج بان : النتائجبارات. مقطر .اختري ثالثة اختبارات للنقع احدمها دلدة ساعة واحدة مث ساعتان وبعدها ثالث ساعات ومت تسجيل ادلتوسطات لكل االخت

النقصان يف : االستنتاجات ( مث تبدأ  بالنقصان.oC82االنضغاطية والصالدة اخنفضت مع زيادة درجات احلرارة، أما قوة ادلقاومة فإهنا تزداد مع زيادة الدرجة لغاية )
غاطية وزيادة قوة الكسر ناتج عن زيادة مقاومة االحتكاك الداخلية حلركات سالسل درجة االنضغاطية والصالدة متوافق مع النتائج احملصل عليها حتت شروط االنض

 البوليمر طبقا حلمل ادلقاومة.
ABSTRACT 

Aims: The purpose of this study is to explore the behavior of cold curing acrylic resin which used in 

dentistry during some mechanical properties (hardness, compression and impact)tests under different 

temperatures. Materials and Methods: Twenty four pinks from cold cured samples for each mechani-

cal-physical properties tested were prepared under temperatures(20,24,28,32,37,45,50) C0 to cover a 

wide range similar to actual service temperatures. All specimens were soaked in distilled water. One 

hour ,two hours ,three hours were chosen as the time for soaking and the means of the tests were rec-

orded. Results: The results show that the compression  and hardness decreasing with the increasing of  

temperature and increase of impact strength with the increase of temperature up to (28) C0 then fol-

lowed by a decrease in impact strength. Conclusions: The decrease of compressive strength and hard-

ness is compatible with the results obtained under compressive Conditions. 
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INTRODUCTION 
 The suitability of any material for 

structural applications may be determined 

by mechanical tests. Such testing includes 

a determination of the ability of a material 

to with stand various stress systems which 

'may be tensile, compressive, shear or cy-

clic in nature. The behavior of any materi-

al is also influenced by the presence of 

defects, the intrinsic micro structural fea-

tures and the rate of application of stress, 

which may vary from exceedingly slow 

rates of deformation to impact loading.
(1,2)

  

Cold-cured acrylic resin is one of the 

most frequently used materials in dentistry 

for repairs, relines, orthodontic appliances, 

maxillofacial prosthesis in addition to its 

use in crown and bridge work as a tempo-

rary coverage of prepared tooth.
(3-11) 

 

An optimized resin material should 

exhibit a positive biologic response   while 

maintaining the desired physical proper-

ties. Physical and mechanical properties of 

polymers are crucial in achieving clinical 

success and longevity of complete den-

tures fabricated. Important physical prop-

erties include the following: compressive 

and tensile strengths, elongation, hardness, 

thermal characteristics, molding proper-

ties, polymerization shrinkage, solubility, 

dimensional stability, and dimensional 

accuracy.
(4-13

)  

Denture base fractures have been ex-

amined using different testing protocols. 

Strength testing can include compressive, 

shear, tensile, transverse, impact, and fa-

tigue strength. Earlier study exhibited 

some physical properties that warrant fur-

ther investigation. Micro cracks were ob-

served under light microscope, especially 

in modified PMMA samples that had 

higher meth acrylic acid content suggest-
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ing that increasing the ratio of meth acrylic 

acid may compromise the physical proper-

ties of the resin.
(9,10)

 In light of these find-

ings, it is important to elucidate the physi-

cal properties of these surface-modified 

resins.
(5-12)

    

Because heat affects maturity of the 

chemical reaction of acrylic resin, there-

fore, its maintenance during polymeriza-

tion may affect the mechanical properties 

of cured resin.
(6-14)

 

At the higher temperatures the speci-

men deforms plastically prior to cata-

strophic failure. At the lower temperatures, 

the specimen exhibits little or no plastic 

deformation and fails predominantly by 

brittle ineer-crystalline cleavage. In the 

transition zone between these two ex-

tremes, the material fails by a mixture of 

ductile and brittle fracture. A transition 

temperature, T 
o
 c, sometimes taken as the 

temperature in the. middle of the transition 

zone characterizes this behavior of a mate-

rial for a given testing condition. To pro-

tect a component from brittle failure it is 

necessary that the transition temperature of 

the material be below the lowest expected 

service temperature impact testing . Since 

this represents a high strain rate and since 

the transition temperature is raised by in-

creasing the strain rate, Using this charac-

teristic of the material  helps to ensure that 

the structure will not undergo brittle fail-

ure.
(1,7,8,13)

 

This paper is devoted to explore the 

behavior of a widely used cold cured 

acrylic denture base  material during  me-

chanical  properties(hardness, compression 

and impact) tests at different temperatures 

to determine the relative resistance of 

acrylic resin.  

MATERIALS AND METHODS 
   A- Specimens grouping: 
 Seventy-two specimens were prepared 

from pink cold-cure acrylic resin denture 

base .The study includes three groups of 

specimens depending on the method of 

processing of the cold-cure acrylic resin 

and each group of them contain 24 speci-

mens for each test. Pink cold cure acrylic 

resin(RESPAL-NF liquid  - Pro Base cold 

powder) was mixed according to manufac-

turer's instruction (1:2) by volume.
(9,10)

 

B- Impact Tests 

This test aims at subjecting the denture 

to sudden load. Charpy’s pendulum impact 

testing machine(ZEIZZ-West Germany) 

(Fig1) was used to determine the relative 

impact resistance of acrylic resin at differ-

ent temperatures. The machine is a pendu-

lum-type with a disc-shaped hammer car-

rying a knife edge. Rectangular specimens 

were prepared (40 mm long, 5  mm in both 

thickness and width), each having a 1 mm 

deep standard notch with 60° angle in the 

middle of the bar. All specimens were 

immersed in distilled water before tested.  

The specimen was simply supported hori-

zontally at both ends and not clamped. The 

impact strength means of a specimen was 

recorded at temperatures (20, 24, 28, 32, 

37, 45, 50) C
0
 as the number of kg .mm of 

energy absorbed in breaking the specimen. 

The specimens must be changed at each  

temperature degree after each test. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Charpy’s pendulum impact testing machine (ZEIZZ-West Germany) 

 

C-Compressive Strength Test: 

Specimens for this test were in the 

form of a cylindrical with dimen-

sions(20mm × 10 mm)  were subjected to 

compressive load until failure, using a 

universal testing machine (Figure 2). 
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Figure (2): universal testing machine for compressive strength test 

 

All specimens were immersed in dis-

tilled water  before tested. Each specimen 

was placed between two parallel flat sur-

faces and the compressive load was gradu-

ally increased until sample failure oc-

curred. Great care was required to insure 

proper transfer of load from testing ma-

chine to specimen. The load was made 

axially and applied uniformly over the end 

of the specimen. The compressive strength 

means calculated at temperatures (20, 24, 

28, 32, 37, 45, 50) C0 as stress in  N/mm2 

from the following equation: 

Compressive Strength = F/A 

F : Force at failure (Newton ) 

A : Minimum cross sectional area 

(mm2 )(The specimens must be changed at 

each  temperature degree after each test). 

D-  Hardness test 

Specimens were  prepared in the form 

of a spherical disk with diameter(14cm) 

,(Amsler,KARL-KOLB/Germany) Rock-

well tester was used in this study for 

measuring the indentation hardness(fig 3).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Figure (3): (Amsler,KARL-KOLB/Germany) machine  for measur-

ing the indentation hardness. 

 

All specimens were immersed in dis-

tilled water before tested. The test load 

was set from (10 to 60 Kg). The contact 

period between the specimen and the in-

denter was six seconds. After that the 

measurement were taken directly from the 

scale, three reading were done on different 

areas of each specimen and the mean of 

three reading was calculated. Hardness 

calculated at temperatures (20, 24, 28, 32, 

37, 45, 50) C0.The specimens must be 

changed at each  temperature degree after 

each test. 

RESULTS AND DISCUSSION 
Impact strength, hardness and com-

pressive strength  results are shown in Ta-

ble (1). 
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Table (1): The (impact strength, hardness and compressive strength)means under different 

temperatures. 

Impact Test  Kg.m           Compression Test N/mm
2            

 Hardness Test HRR         TemperatureT(c
0
)         

75.5   345   119 20 

73    337   118 24 

71.5   332   117 28 

69.5 322   116 32 

69 312  115 37 

68.5 305 115 40 

65.2 293 112 45 

64.6 260 111 50 

 

Statistical analysis of data by using 

analysis of variance "ANOVA" test re-

vealed that there is a statistically signifi-

cant difference (p<0.001) between the 

temperature among the three groups, as 

shown in Table (2). 

  

Table (2): Analysis of Variance (ANOVA) test for(impact strength, hardness and com-

pressive strength) groups. 

 

 

Impact tests 

The variation of Charpy impact energy 

with temperature is given in (Figure 4). 

The results did not show a clear transition 

temperature similar to metals. However, a 

slight increase of fracture energy was de-

veloped with the increase of temperature 

then followed by a decrease in fracture 

energy with further increase of tempera-

ture. An explanation of fracture energy 

increase is due to the increase of internal 

frictional resistance of polymer chains 

movement due to the impact load. This 

movement becomes easier at higher tem-

peratures. which contribute to a decrease 

in fracture energy with further increase in 

temperature.

 

 

 

 

 

 

 

 

 

 

 

 

 Figure (4):The variation of Charpy impact energy with temperature. 

 
Hardness and Compressive Strength tests 

The variation of  hardness and com-

pressive strength values of the cold-cure 

acrylic resin samples with temperature is 

given in Figures (5,6).As expected, the 

material gives higher hardness values at 

lower temperature.  The difference in the 

actual value of hardness and compressive 

Source of Var-

iance  SOV   

Degree of 

freedom DF 

Sum of 

Squares SS 

Mean of 

squares MS 

F -value        p-value 

Factor 3     388025     129342 1186.80 *    0.000 

Error 28 3052 109   

Total 31 391076    
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strength in indentation and scratch for 

each temperature is due to the difference 

in strain rate applied during both tests. An 

explanation of fracture energy increase is 

due to the increase of internal frictional 

resistance of polymer chains movement 

due to the impact load. This movement 

becomes easier at higher temperatures, 

which contribute to a decrease in fracture 

energy with further increase in tempera-

tures. 

 

CONCLUSIONS 
The Conclusions of this study shows a 

decrease of the compressive strength and 

hardness as the temperature is increasing. 

In the same range of temperature. The de-

crease of compressive strength and hard-

ness is compatible with the results ob-

tained under compressive conditions and a 

slight increase of fracture energy with in-

crease of temperature then followed by a 

decrease in fracture energy with further 

increase of temperature.  
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