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Effect of Different Polymerization curing times and Water 

Temperatures on Transverse Strength of Self-Cure Acrylic 

Resin Material 
 

 نُهً يىسً عىدة انُذاوٌ / يذسط يسبعذ

 قسى حقُُبث الاسُبٌ / كهُت انخقُُبث انطبُت وانصحُت 

 هُئت انخعهُى انخقٍُ

 

Abstract 
The self-cured acrylic resin is inferior to heat cured acrylic resin from stand point of strength 

and degree of polymerization. Many attempts have been made to improve these properties. 

Because heat affects maturity of the chemical reaction of acrylic resin therefore its 

maintenance during polymerization will affect the mechanical properties of cured resin. This 

study was carried out to evaluate the effect of different curing time and heat application during 

polymerization of the self-cured acrylic resin on transverse strength compared with that 

polymerized in air at 23C ± 5C. 

Nineteen (90) Self-cured acrylic resin specimens were prepared and divided as follow:- (10) 

specimens polymerized in air at 23C  5C under press (bench curing) as a control group. (40) 

specimens polymerized in water at 20C, 40C, 60C, and 80C, under (30 psi) pressure for 15 

minutes . (40) specimens polymerized in water at 20C, 40C, 60C, and 80C, under (30 psi) 

pressure for 30 minutes. All specimens were tested for transverse strength. 

Results showed that self-cured acrylic resin specimens polymerized in 15 minutes has a 

significant lower transverse strength than polymerized in 30 minutes. The transverse strength of 

the test specimens polymerized in water at 20C lower than control group, while all degree of 

polymerization improved transverse strength, however, in 80C highest transverse strength 

compared with the other temperatures control group. 

It can be concluded that increasing curing time and water temperature during polymerization 

will improve transverse strength of self-cured acrylic resin. 

 

-:الخلاصة  
َعخبش الاكشَم انشاحُجٍ انًعبنج راحُب أدًَ يٍ الاكشَم انشاحُجٍ انًعبنج حشاسًَب فٍ َقطت ثببخت يٍ انقىِ واكخًبل   

انحشاسة عهً َضىج انخفبعم انكًُُبئٍ نلاكشَم بسبب حأثُشاث  وقذ جشث انعذَذ يٍ انًحبولاث نخحسٍُ هزِ انصفبث. .انبهًشِ 

انشاحُجٍ نزنك وجىدهب اثُبء انبهًشِ سىف حؤثش عهً انخىاص انًُكبَُكُت نهشاحُج انًخبهًش. هزِ انذساست أجشَج نخقُى حأثُش 

يقبسَخهب يع رنك اخخلاف وقج انطبخ واسخخذاو انحشاسة أثُبء حبهًش الاكشَم انشاحُجٍ انًعبنج راحُب عهً يقبويت الاَحُبء و

بهًشة فٍ انهىاء  (10) كبلأحٍحضشث وقسًج  (00) حسعىٌ عُُت اكشَهك دسجت سُهُضَت.  5 ±23 انًخبهًش فٍ انهىاء عُذ 

دسجت  40دسجت سُهُضَت و 20عُُت بهًشث فٍ انًبء عُذ ( 40)  ,دسجت سُهُضَت ححج انضغط كًجًىعت سُطشة 5±23 عُذ

أَج /ببسسكبل 30دسجت سُهُضَت ححج ضغط )  00دسجت سُهُضَت و  60سُهُضَت  و 
  2

                         عُُت   (40, )دقُقت 15نًذة  (

                        دسجت سُهُضَت ححج ضغط 00دسجت سُهُضَت و  60دسجت سُهُضَت  و  40دسجت سُهُضَت و 20بهًشث فٍ انًبء عُذ 

أَج /ببسسكبل 30) 
  2

 . Instronفحصج قىة الاَحُبء ببسخخذاو جهبص الاخخببس  دقُقت  .   30نًذ  (

( يٍ P < 0.05 ) ًَهك قىة اَحُبء اقم حبثُش تدقُق 15انُخبئج أٌ الاكشَم انشاحُجٍ انًعبنج راحُب وانًخبهًش فٍ  ثأظهش

هُضَت كبَج اضعف يٍ دسجت سُ 20دقُقت واٌ قىة الاَحُبء نعُُبث الاخخببس انًبهًشة عُذ  30الاكشَم انشاحُجٍ انًبهًش فٍ 

 00م دسجبث انبهًشة حسُج قىة الاَحُبء , حى انحصىل عهً اعهً قًُت يىثشة نقىة الاَحُبء عُذ بًُُب كيجًىعت انسُطشة  , 

 دسجت سُهُضَت يقبسَت يع دسجبث انحشاسة الاخشي ويجًىعت انسُطشة .

بهًشة سىف ححسٍ قىة الاَحُبء نلاكشَم انشاحُجٍ ًَكٍ الاسخُخبج ببٌ صَبدة وقج انطبخ ودسجت انحشاسة اثُبء عًهُت ان

 انًعبنج انزاحُب
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Introduction 
Self-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 temporary coverage of prepared tooth
 1,2,3,4

. 

The wide use of self-cured acrylic resin in prosthetic work is mainly related to its simple 

technique at room temperature, less time consuming and less equipment required 
5
. While the 

strength properties of the self-cured acrylic resin is lower than that of the heat cured type due to 

lower degree of polymerization of the self-cured acrylic resin with high residual monomer which 

act as a plasticizer and lower its strength properties
 6,7,8,9

, residual monomer concentration resulting 

from incomplete conversion of monomers into polymers varies with the method and the condition 

of polymerization 
10,11

 

Although the cold-curing acrylic resins have less polymerization shrinkage and less dimensional 

change during curing, they leave more porous surface on denture, therefore many investigation have 

been reported to study the effect of curing method on the porosity of the self-cured acrylic resin 
12,13,14

 referred that the porosity of chemically activated acrylic resin can be reduced by 

polymerizing under pressure and elevated temperature.  

Because heat activates the chemical reaction of the acrylic resin therefore, placing the 

provisional resin restoration in hot water is an accepted procedure and often is recommended in the 

manufacturer's direction
  15

. 

Several studies were obtained less residual monomer in the resin whenever the effect of time, 

heat and pressure on polymerization reaction and strength of the self-cured acrylic resin was 

concluded a greater degree of conversion
  16,17,18,15

. 
 

Materials and Methods: 

Methods: 
 (90) Specimens were prepared from pink cold-cure acrylic resin denture base as follow:- 

Group A: (10 samples) Self-cure acrylic resin processed in air, bench curing method, for two hours 

at 23C  5C 
 19

  under (20 bar) pressure 
 20

  (control group).  
Group B1: (40 samples)subdivided into 4 groups(10 for each) self-cure acrylic resin processed 

in Ivomat curing method, under 30 psi pressure for 15 minutes
21

  , at different water temperatures 

(20C, 40C, 60C, 80C).  

Group B2:(40samples) subdivided into 4 groups(10 for each) self-cure acrylic resin processed in 

Ivomat curing method, under 30 psi pressure for 30 minutes, at different water temperatures(20C, 

40C, 60C, 80C).  

Specimens were constructed according to ADA specification No12(1999),a rectangular metal 

pattern specimens were prepared with dimension of(65mm x 10mm x 2.5  0.03mm)length, width, 

thickness respectively and then a mould was prepared by using dental flask which was filled with 

dental stone mixed according to manufacture, s instruction (i.e 31 ml/ 100 gm) allayer of stone mix 

was placed on metal flask to avoid trapping of air when inserting the metal specimen into the stone 

mix after coating with separating medium after stone setting, both the stone and metal patterns was 

coated with separating medium. The upper half of the flask was then positioned on top of the lower 

portion and filled with stone then covered. 

Stone was allowed to harden for 60 minutes before the flask was opened. The flask was then 

opened and metal patterns were removed from the mould carefully, mould was  packed with pink 

cold-cured acrylic mixed according to manufacturers instruction (2.5:1) by volume, curing 

procedure was performed for each group as follow,(group A)cold- cure acrylic resin dough was left 

to cure in air for two hours in a bench under press at 23C  5C 
19

 . (group B1) of samples, flasks 

with acrylic resin dough were transferred for curing in the ivomat curing device, as shown in Figure 

(1) containing water under air pressure 30 psi for 15 minutes
 21

  at different water temperature 

(20C, 40C, 60C,and 80C),same procture for preparing(group B2)except using 30 minutes for 

curing. After complete curing, bench cooling and deflasking was done and then finishing and 
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polishing was performed Figure (2), all the tested specimens were conditioned in distilled water at 

37C  1C for 2 days before testing. 

Transverse strength of acrylic resin specimens were measured in air by three points bending 

using an Instron testing machine. The device was supplied with a central loading plunger and two 

supporting rollers of 3.2mm in diameter and (10 mm) in length. The supports were parallel to each 

other and perpendicular to the longitudinal center line. The distance between the centers of the 

supports was (50mm) as shown in Figure (3). 

Tested specimen was held at each end of two supports, with a constant cross head speed 

(5mm/minute) and the load was measured by a compression load cell of maximum capacity (5 KN). 

Transverse strength value was calculated according to the following equation: 

 
 

 

 

where 

S = Transverse strength (N/mm
2
). 

P = Maximum force exerted on specimen (N). 

I = Distance between the supports (mm). 

b = Width of a specimen (mm). 

d = Depth of a specimen (mm). 

 

 

 

 

 
 

 

 

 

 

Figure (1): Ivomat curing device.                    Figure (2): Tested specimens for transverse strength                                                                                                              
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Three point transverse testing machine 
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Results: 
The highest mean values of transverse strength were obtained in specimens cured in (15and 30) 

minutes at 80C (78.91 N/ mm
2
, 82.78 N/mm

2
), while the lowest mean values of transverse strength 

were obtained in specimens cured in (15and 30) minutes at 20C(55.73 N/ mm
2
,59.46 N/ 

mm
2
)respectively as presented in Table(2) and Figure(4). 

One way ANOVA with LSD of multiple comparison test, showed that there was a significant 

difference at (P<0.05) between the two curing time in favour of cured in 30 minutes over the cured 

in15 minutes in all tested groups. In addition to that, multiple comparison tests between tested 

groups in each curing time are included, the results indicate a significant difference at (P<0.05) 

between different water temperature and control group as shown in Table (3). 

 
Table (2): Descriptive and inferential statistics for transverse strength of control and specimens polymerized at 

different curing times and water temperatures. 

Number = 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Bar chart for transverse strength mean values of control and specimens polymerized at different 

curing times and water temperatures. 

 

 

 

 

80C 60C 40C 20C 

 
Control 

 
Statistics 

Groups 

Curing Time 

78.91 75.20 68.34 55.73 62.86 Mean 

Ivomat curing (I.C.)  
(15 minutes) 

0.926 1.059 0.546 1.041 0.794 SD 

76.25 72.94 64.35 53.20 60.95 Min. 

81.39 78.11 70.57 57.75 64.25 Max. 

82.78 80.41 71.85 59.46 62.86 Mean 

Ivomat curing (I.C.)  
(30 minutes) 

0.877 1.202 0.737 0.640 0.794 SD 

80.73 77.80 69.76 58.71 60.95 Min. 

84.52 82.24 73.68 61.43 64.25 Max. 

0
10

20

30

40
50

60

70
80

90

Transverse  

Strength 

(N/mm2)

Control 20°C 40°C 60°C 80°C

Temperature

15 Minutes

30 Minutes



  Journal of Kerbala University , Vol. 8 No.1 Scientific . 2010 

 330 

 

 

Table (3): One way ANOVA with LSD of multiple comparisons tests. 

                                                                                                                                                                                                                     

          

 

                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 P < 0.05  Significant (S.)  
 

Discussion 
The result showed that the transverse strength was significantly improved in specimens 

polymerized in water at elevated temperature in both curing time compared with that polymerized 

in air. Similar results were observed by other worker Leong and Grant(1971);Ogawa et al.,(2000). 

While McCrorie and Anderson (1960); Smith et al.,(1961) and Furnish et al.,(1983)found no 

significant changes in transverse strength of self cured acrylic resin when polymerized in water 

under pressure and elevated temperature. 

The transverse strength was significant improved in specimens polymerized in water at elevated 

temperature in 30 minutes compared with that polymerized in 15 minutes, it might be due to 

increased time of exposure to heat could which produce greater degree of conversion of monomer 

into polymer and less residual monomer level that may increase the transverse strength 
 
Beech 

(1975); Ruter and Sevendson (1980); Al- Doori (1987) and Ogawa et al .,(2000). 

The increase in transverse strength of specimens polymerized in both curing time at 40C, 60C, 

and 80C in comparison with that polymerized in air could be related to the high molecular weight 

and long polymer chain length resulted from more complete polymerization at these temperatures 

that would increase the transverse strength. This explanation is agreed with work done by Ray 

(1998).     

The significant reduction of transverse strength in specimens polymerized in water at 20C 

might be due to high water sorption in specimens polymerized at this temperature. Thus increasing 

the distance between the molecular chains which may lower the transverse strength. This is in 

agreement with Davenport (1972). Other explanation could be related to the presence of porosity in 

specimens cured at this temperature. This agreed with Davenport (1972); Al-Kafaji (1998); Harcout 

et al.,(2007);El-Hadary and Drummond.,(2008); Berg and Gjerdet.,(2008) who found that if 

porosity reaches the surface the transverse strength will be lowered, also may be related to the 

presence of higher residual monomer resulted from lower temperature of polymerization which acts 

as plasticizer which may be responsible for lowering the transverse strength. This explanation 

agreed with Lamb et al., (2006) and Yaw et al., (2008). 

 

 

80C 60C 40C 20C 
Control 

(air) 

Groups 

Curing Time 

S. S. S. S.  I.C. 15 x I.C. 30 

S. S. S. S.  air 

Ivomat curing (I.C.) 
(15 minutes) 

S. S. S.   20C 

S. S.    40C 

S.     60C 

S. S. S. S.  air 

Ivomat curing (I.C.)  
30 minutes 

S. S. S.   20C 

S. S.    40C 

S.     60C 
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Conclusions: 
 

1.The curing time have a considerable influence on the transverse strength of self-cured acrylic 

resin. 

2.Acrylic resin specimens cured in 15 minutes had a lower transverse strength compared with that 

cured in 30 minutes. 

3.Acrylic resin specimens processed in water at 20C produce lower transverse strength for both 

curing time when compared with other temperature and control group while specimens 

processed in water at 80C was significantly superior to other specimens cured 

at(20C,40C,and 60C) and control group.  

4.Polymerizing of the self-cured acrylic resin in water at 40C, 60C and 80C in both curing time 

improved transverse strength. 
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