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ABSTRACT  
 

Background: Still Heat cure acrylic  is the Most widely used denture base materials.but it has some inadequate 

properties like strength and antimicrobial activity .the present aimed to  study  the  use of  ascorbic acid as fillers  
with water bath and autoclave  heat cure denture base material .And evaluate  its effect on some properties  of 
heat cure acrylic. 
Materials and Method: in this study , vertex regular heat polymerized resin were used to prepare specimens in 

two method of polymerization autoclave and water bath polymerization .the curing cycle for autoclave was (134 
°C ,2bar,15minutes).while for heat cure  (20 °C to100 °C, for 30 minutes at 100 °C).  The effect of Ascorbic acid 
was used in two form addition for and immersion form with a concentration of 1%.   And 30 minutes was the time 
for immersion. the data were analyzed using ANOVA tests   which was considered statistically significant at a 
level of< 0.05. 
Results: Autoclave polymerized showed a non-significant increase for flexural strength with incorporation and 

immersion form with highest mean value (101.05+SD 5.02) (100+SD 4.19) respectively. Also, for hardness the 
water bath showed a non-significant increase in incorporation form with highest mean value (83.76+ SD1). While 
a non-significant decrease in the flexural and impact for water-bath with two form, and non-significant decrease in 
the immersion form for water bath. Also, there was a non-significant decrease for autoclave in hardness and 
impact with two forms 
Conclusion: Adding 1% ascorbic acid to the heat cure acrylic showed no effect on the mechanical properties for 

heat cure polymerized by Autoclave and water-bath meanwhile there was a significant increase in the mean 
value of Autoclave polymerized when compare with water-bath polymerized.   
Keywords: Ascorbic acid, Autoclave polymerization, water-bath polymerization, Micro-Particles, impact strength, 

flexural strength, hardness. 

 

INTRODUCTION 
 

Polymethylmethacrylate was introduced as a denture base 
material In 1937 (1,2) .  Heat cure acrylic resin provided 
adequate physical properties that were readily available, 
inexpensive, and easily manipulated (3). However, this 
material still has some disadvantages that the material has 
barely adequate strength (4). Also It has been shown that 
the material has inadequate antimicrobial activity especially 
if the patient is a carrier to a certain virus or bacterium (5) 

.Different methods of polymerization used such as: heat, 
light, chemical, and microwave energy and this was to 
improve the physical and mechanical properties of resin 
material (6). Ascorbic acid is a potent reducing and 
antioxidant agent that functions in reducing bacterial 
infections.Ascorbic acid used as effective disinfectant 
solution on the soft contact lens in a concentration range 
from 0.1% to 20% by weight was an effective concertation 
in killing bacteria(7). so the present study aimed to study the 
effect of ascorbic acid on some mechanical properties of 
heat cure resin cured by water bath or autoclave . 
 

MATERIALS AND METHOD 
 
Grinding of ascorbic acid: There is a wide range of 

difference between particle size of the ascorbic acid 
powder and heat cure acrylic powder grinding of ascorbic 
acid powder was performed by using an electrical grinding 
machine (Retsch DM 200). 
Fourier transforms infrared analysis (FTIR): FTIR 

spectrophotometer used to analyze the chemical structure 
of natural material ascorbic acid (8) . And this was 

performed to evaluate the effect of grinding procedure on 
the structure of ascorbic acid. . 
Particle size analysis: The particle of ascorbic acid was 

analyzed by using a laser particle size analyzer, 
the mechanism of the device use a beam with the dual-lens 

that recognize the scattered signals from nano to micro 
size particles. Powder mixed with water before particle size 
been tested (9) 

Pilot study: The pilot study was done to select the proper 

concentration based on the result of the transverse 
strength test. The ascorbic acid was added to the heat cure 
acrylic powder in two form each form cured by autoclave 
and water-bath. The first form, ascorbic acid powder was 
incorporated in acrylic with concentration 0.5% 
,1%,2%,3%.The second form powder was mixed with water 
for immersion the acrylic with concentration 
0.5%,1%,2%,3%. Also three times were used for immersion 
30, 60 & 90 minutes. For result of pilot study,1% ascorbic 
acid whether incorporation and immersion showed the 
highest mean value of Transvers strength in both type of 
heat curing autoclave and water bath  . And the appropriate 
time for the immersion is 30 minutes when the result 
compares to control group. 
Specimens’ Preparation: This step started with mold 

preparation from plastic patterns as following:  
For the transverse test, the plastic pattern was prepared 
with these dimensions (65x10x2.5) mm length, width, and 
thickness respectively (10). While for the surface hardness 
test, it followed the instructions of the device which were 
the same dimensions for the transverse strength test used. 
Impact strength test (80 x 10 x 4) mm length, width, and 
depth respectively (11) .The procedure for sample 
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preparation including flasking, it was done as the same 
procedure applied for complete denture fabrication. 
Ascorbic acid in percentages of 1% wt. were added to 
monomer and dispersed by prope sonicator apparatus(Soni 
prep– 150/England) then acrylic powder quickly added to 
monomer containing ascorbic acid according to 
manufacturer instructions of regular conventional heat-
cured acrylic denture base material by Vertex (P/L ratio 
2.2g/1ml). After that, the acrylic dough was loaded into a 
stone mold and a pressure of (100KPs/cm2) using a 
hydraulic press for 5 min., then the flask was placed in a 
water bath (20 °C to100 °C, 30 minutes at 100 °C) and for 
Autoclave (134 °C, 2bar) Later those specimens were 
finished and polished using a dental lathe machine 
(Germany). All specimens were kept in distilled water for 48 

hr. before testing 
(12)

.  
Testing procedure 
Transvers strength test: The Instron testing machine had 

been used to perform this test, the specimen was carried 
on a fixed holder with a distance of 50mm apart and the 
load was applied with speed 1 mm/min by putting the bar in 
the middle between the two supports of the holder to make 
the deflection until fracture occurred. It was calculated 
through the following equation:  

𝑇𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  
3𝑃𝐿

2𝑏𝑑2
 

Where (13) 

T = Transverse strength (N/mm2), P = maximum force 
exerted on specimens (N), L = distance between 
supporting wedges (mm), b = width of specimens (mm)d = 
depth of specimens (mm)  
Impact strength test: the impact test procedure was done, 

with an impact testing machine and charpy method 
according to ISO 179- 2000. The specimen was held 
horizontally from each end and hit by swinging pendulum 
which was released from a fixed height in the center. the 
pendulum had been used with capacity 2 joules. The 
impact force to break the specimen was in joule and impact 
strength of the specimen calculated in KJ/mm2 as shown in 
the following equation:  

𝐼𝑚𝑝𝑎𝑐𝑡 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  
𝐸

𝑝. 𝑑
 𝑥 103 

Where (13) 
E: The impact force in Joules,  b: The diameter of the 
specimen in millimeters ,  d: The thickness of the specimen 
in millimeters 

Surface hardness test:  shore D hardness test was used 

for this test  as shown in figure (1) . 
Each specimen was marked at standardized sit with marker 
into three equal parts .The hardness value measured by 
read the penetration depth of the indenter (0.8) mm , 
reading show on digital scale range between (0-100) then 
the mean of three reading selected. 

 
Figure 1: Shore D hardness tester 
Scanning electron microscope examination: This was 

performed for control specimen (0% ascorbic acid) and 
specimen containing (1% ascorbic acid ) by using field 
emission SEM (TESCAN/Czech).  
 

RESULT 
 

Ascorbic acid powder’s size confirmation: The particle 

size of ascorbic acid was 1.6618 μm.  
FTIR analysis: FTIR spectrum of non grinding particle and 

grinding particle of ascorbic acid showed the same 
chemical structure for both as shown In figures 2. 
Experimental tests: Table 1 showed non-significant 

increases in the Mean value of the  flexural strength 

(N/mm2) for Autoclave groups with two forms while  in 
water bath groups showed non-significant decrease in the 
two form  
Table 2 showed non-significant decrease in the Mean value 
of the impact test (KJ/mm2) for the Autoclave groups and 
water bath groups. 
Table 3 showed non- significant increase in the hardness 
strength (kg/mm2) with incorporation form for water bath 
group and non-significant decrease for immersion form of 
water bath group and non-significant decrease for 
Autoclave groups with two forms 

Figure 2: FTIR spectrum of A: Ascorbic acid non-grinding particle B: Ascorbic acid grinding particle 

 
(A) Ascorbic Acid-Non grinding particle  
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(B) Ascorbic acid -grinding particle   

 
Scanning electron microscope examination: Figure (3) shown field emission SEM image for control specimens for 

Autoclave control group and water bath control group(A,B) and the 1% of ascorbic acid for both Autoclave and water bath 
groups (C,D) 
 
Figure 3: Field emission SEM image for A: Control specimen water bath ,B: control specimen Autoclave , C: 1% incorporation 
water bath , D: 1% incorporation Autoclave 

 
 

Table 1: Mean value (N/mm2) of flexural strength for Autoclave and water-bath groups and ANOVA test 

Transverse 

 Water-bath Auto-clave 

 Mean SD Confidence interval 95% Mean SD Confidence interval 95% 

Lower bound Upper bound Lower bound Upper bound 

Control 90.6140 3.23229 88.3018 92.9262 98.0270 5.68912 93.9573 102.0967 

Addition 90.1210 2.62597 88.2425 91.9995 101.0510 5.02173 97.4587 104.6433 

Immersion 90.6080 4.35216 87.4947 93.7213 100.0030 4.19443 97.0025 103.0035 

F-test .066  .941  

P-value .936 .403 

F-test .837 

P-value .439 

 
Table 2: Mean value (KJ/mm2) of impact strength for Autoclave and water-bath groups and ANOVA test 

Impact 

 Water-bath Auto-clave 

 Mean SD Confidence interval 95% Mean SD Confidence interval 95% 

Lower bound Upper bound Lower bound Upper bound 

Control 9.9460 .97041 9.2518 10.6402 10.2390 .50260 9.8795 10.5985 

Addition 9.1040 1.38304 8.1146 10.0934 9.6460 1.03495 8.9056 10.3864 

Immersion 9.0170 1.24332 8.1276 9.9064 9.5420 1.33441 8.5874 10.4966 

F-test 1.795  1.366  

P-value .185 .272 

F-test .077  

P-value .926 
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Table 3: Mean of hardness strength (kg/mm2) for Autoclave and water-bath groups and ANOVA test 

Hardness 

 Water-bath Auto-clave 

 Mean SD Confidence interval 95% Mean SD Confidence interval 95% 

Lower bound Upper bound Lower bound Upper bound 

Control 83.4930 .92873 82.8286 84.1574 85.5700 2.22415 83.9789 87.1611 

Addition 83.7670 1.00159 83.0505 84.4835 85.2000 1.52688 84.1077 86.2923 

Immersion 83.4630 .86125 82.8469 84.0791 85.0500 1.61744 83.8930 86.2070 

F-test .323  .217 

P-value .727 .806 

F-test .271  

P-value .763 

 

DISCUSSION 
 

Ascorbic acid proves its antimicrobial effect especially 
when used with eye lenses. The effect of ascorbic acid play 
role as disinfecting solution especially when ascorbic acid 
compound killed bacteria in concentration range from 0.1%  
to 20% by weight of the total aqueous composition7 . The 
present work study the effect of ascorbic acid as 
incorporated and immersed with heat cured acrylic resin 
powder and study its effect on mechanical properties. Due 
to wide range of difference between particle size of 
ascorbic acid and heat cure acrylic powder grinding of 
ascorbic acid powder was done with electrical grinding 
machines as to have a match between particle size of two 
material. Fourier transform infrared analysis (FTIR) analysis 
was performed to evaluate the effect of grinding procedure 
on the chemical structure of ascorbic acid.   
Flexural strength: The transverse (flexural) strength test is 

mainly helpful in comparing denture base materials in 
which a pressure of this type is applied to the denture 
during mastication. The transverse (flexural) strength is a 
mixture of compressive, tensile, and shears strengths, all of 
which directly reflect the stiffness and resistance of a 
material to fracture14. The results in ANOVA test showed 
that there was a non-significant increase in the flexural 
strength for Autoclave polymerized group with two form 
incorporation and immersion form also with water-bath 
group the flexural strength showed non-significant increase 
when compare to control group,  but the result showed a 
significant increase in the flexural strength for Autoclave 
group when compared Autoclave polymerized group with 
water-bath polymerized group this increase due to the 
pressure which play important role in accelerate  the initial 
polymerization by increasing the temperature of the steam 
and elevating the boiling temperature of the monomer and 
thus might suppose a reduction in the residual monomer 
content due to reduce in porosity (15)  and this result agree 
with Gad et al., 201916. 
Impact strength: Impact strength is defined as the energy 

required to fracture a material under an impact force (17) . 
impact strength is an essential property for acrylic denture 
base materials which have a tendency to fracture if 
randomly dropped onto a hard surface (18). The results in 
ANOVA test showed that there was showed non-significant 
decrease in the impact test for the Autoclave groups and 
water bath groups while significant increase in the impact 
strength for Autoclave group when compared Autoclave 
polymerized group with water-bath polymerized group this 
increase agree with result of (Abdulwahhab, 2013)19 due to 
complete polymerization and reduction of residual 
monomer and porosity. 

Hardness strength: Hardness may be broadly defined as 

the resistance to permanent surface indentation or 
penetration20. In this study, shore (D) hardness tester was 
used which is suitable for measuring the hardness of 
acrylic resin .The results in ANOVA test showed that there 
was showed non- significant increase in the hardness 
strength with incorporation form for water bath group and 
non-significant decrease for immersion form of water bath 
group and non-significant decrease for Autoclave groups 
with two forms ,but the result showed  significant increase  
in the hardness strength for Autoclave group when 
compared Autoclave polymerized group with water-bath 
polymerized group this increase agree with result of  

(Abdulwahhab, 2013)19 due to complete polymerization and 
reduction of residual monomer and porosity, considering 
that the hardness should establish an inversely proportional 
relationship with the amount of residual monomer21. 
 

CONCLUSIONS 
 

it could be concluded that Adding 1% ascorbic acid to the 
heat cure acrylic showed no effect on the mechanical 
properties for heat cure polymerized by Autoclave and 
water-bath while there was significant increase in the mean 
value of Autoclave polymerized when compare with water-
bath polymerized, more detailed studies should be carried 
out in the future.  
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