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  ABSTRACT  
Degree of conversion, acrylic resin, 

copolymer. 

 Modification of heat cured acrylic resin to gain improved properties. The 

lines comprise modification of structure to prepare copolymers and 

testing the degree of bond conversion. The specimens were made of 

acrylic resin (heat cured) and three liquid additives: Acryester B, 

Ethoxycarbonylethylene, and Propenoic acid using two percentages for 

each additive (5% and 10%). The degree of conversion was inspected 

and related. The one way analysis of variance test display statistically 

significant difference among the tested groups and the P- value was 

(0.000). The highest value of degree of conversion found in the group of 

10% Propenoic acid which is (96.625), while the lowest value found in 

the group of 5% Ethoxycarbonylethylene which is (86.34). Acryester B 

and Propenoic acid enhance the degree of conversion. 

Ethoxycarbonylethylene does not affect the degree of conversion. 

Increasing Acryester B concentration improve the degree of conversion. 

The effect of Propenoic acid is more than that of  Acryester B. 
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1. Introduction 

Hot cured acrylic resin that gained through mixing methyl methacrylate liquid with poly methyl 

methacrylate powder is the most common material for complete denture fabrication [1]. 

 

Poly methyl methacrylate is made via addition polymerization of methyl methacrylate monomer in the 

existence of initiator, usually benzyl peroxide. By heat or chemical stimulation, benzyl peroxide breaks 

down to yield free radicals. The free radicals act on the vinyl group of methyl methacrylate leading to the 

opening of the double bond and formation of the single carbon-carbon bond [2]. The percentage of the new-

formed single bonds to the whole number of the double bonds before polymer curing is called degree of 

conversion (DC). With the progression of polymerization reaction, the free radicals and monomers 

concentration declines, and entire reaction system viscosity increases. The result is deceleration of reaction 

rate [3]. 

 

Acrylic resin is not entirely safe material as the polymerization chain reaction is certainly not complete. 
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Possible reasons of the harmfulness are by-products of polymerization reaction and the unpolymerized 

constituents [4]. 

 

Degree of conversion express the number of the double carbon bonds that converted to single bonds [5]. 

Higher degree of conversion decreases the release of unreacted monomer and reaction byproducts, because 

the long polymer chains need larger cleavage to the level where degradation byproducts diffuse out of the 

polymer matrix because they are small [6]. The free radical polymerization takes main role in the degree of 

conversion. Determination of concentration of the residual monomers is important since it assists the 

estimation of cross-linked structure, and numerous properties of acrylic resin are depend on cross-linking 

density and the structural quality of polymer network that occurred at polymerization reaction [7], [8]. 

 

The polymerization reaction in the resin materials never reaches 100% conversion, therefore free monomer 

leftovers in the material. The rate at which residual monomer exude from material depends on the degree of 

conversion, chemical composition, monomer hydrophilicity, cross-linking degree, time and media. Ideal 

material must have no constituent soluble in water or saliva and must have low rate of absorption. Acrylic 

resins have variable levels of residual monomer [9], [10]. 

 

During polymerization reaction, the degree to which monomers react to produce polymers is anticipated to 

influence the dental resins [5]. Incomplete polymerization of acrylic resin decreases mechanical, physical, 

and biological properties of the acrylic resin [4]. The degree of conversion is essential factor to determine 

mechanical characteristics of material and the biocompatibility. Low degree of conversion affect physical 

properties of acrylic resin and higher elution of unreacted monomer has been stated. To avoid clinical 

failures and reduce the elution of residual monomer, certain practical approaches are suggested, including 

modification by additives [11]. 

 

Several studies have been accomplished to enhance the mechanical features of acrylic resin by modifying 

the denture base materials [12], in clinical situations, to improve physical and mechanical properties of 

acrylic dentures which can be helpful in cases where masticatory forces are rather high, as in single 

dentures, distal extension bases opposite to natural dentition, overdentures, and implant-supported full 

dentures. Researches display that administering suitable additive to acrylic resin can enhance its properties 

[13], [14]. However, little information is available about the effect of adding acrylate derivatives (Acryester 

B, Ethoxycarbonylethylene, and Propenoic acid) on the degree of bond conversion which can inturn 

influence the mechanical and biological properties of PMMA acrylic material. Therefore, the aim of this 

invitro study was to find the correlation between the addition of these derivatives and the degree of 

conversion, and to find the optimum concentration that could increase the percentage of this conversion. 

consequently the effect on PMMA network structure through copolymerization by testing the degree of 

bond conversion. The degree of conversin is the key for appreciation of the physical, chemical, and 

mechanical performance of the prepared products. Understanding the effect of different acrylate derivatives 

on composition of PMMA can offer encouragement to design novel and more effective copolymer 

formulations with better properties. 

 

Fourier Transform Infra-Red spectroscopy is commonly used method for examining materials in gassy, 

liquefied or solid state. It depend on the interaction between electro-magnetic radiation and the natural 

vibrations of chemical bonds among the atoms that constitute the material. The FTIR is the mathematic 

device that is used to alter interferogram to spectrum, and this is done by the computer. The transmission 

technique is the most universally used presently. In transmission technique, a sensor tests the intensity of 

the infrared radiation that pass through a specimen [15]. Acrylate are family of polymers consist of acrylate 
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monomers. Acrylate monomers are generally esters contain vinyl groups. Chemically, the acrylates are 

similar to the methacrylates, they follow free radical polymerization path, But, acrylates usually have more 

degree of conversion than methacrylates [6]. 

 

2. Materials and Methods 

Preparation of specimens achieved via heat- cured acrylіc reѕin (VDBV, Holland) and acrylate derivatives 

which are: Acryester B, Ethoxycarbonylethylene, and Propenoic acid. The cоntrol ѕpecimens were prepared 

without additive. The additives and monomer were pre-measured to ensure a 5% and 10% concentration by 

volume. Each additive waѕ added to the monоmer. Processing were completed following manufacturer 

instructions. 

 

The prepared specimens were grinded by clean and dry blinder machine. FTIR spectrometer (PRKR, USA) 

was utilized as a reliable technique for evaluating and identifying degree of conversion [16]. Degree of 

Monomer-Polymer (double bond) Conversion was revealed in the near-infrared section. 

 

The degree of conversion values were determined via quantifying absorbance intensities of the methacrylate 

C=C absorbance peak at 1,637 cm−1 and the C=C internal standard peak at 1,720 cm−1. The absorbance peak 

heights are accessed by means of normal baseline way. The absorbance intensities ratios are measured and 

compared before and after polymerization. The analysis of spectrum i.e. correction of baseline, 

normalization, calculation of band intensity has been completed using Auto CAD program. 

 

The degree of conversion has been estimated according to the equation (3,17): 

" D.C = (1 – [Abs polymer] / [Abs monomer]) × 100 " 

where Abs is absorption peaks. 

 All collected data were statistically analyzed using SPSS version 17(SPSS Inc., Chicago, IL, USA), 

ANOVA and Tukey's post-hoc tests. Significance level was defined at P< 0.05. 

 

3. Result 

Statistical analysis of the collected data of the degree of conversion means of the three groups at 5%, and 

10%, concentrations as shown in (Table 1) shows that there is no significant difference in degree of 

conversion between control group (85.675) and the Ethoxycarbonylethylene group at 5% (86.34) and 10% 

(87.1075). The degree of conversion of the Acryester B group at 5% (89.025) had insignificant higher mean 

and 10% (93.51) is significantly increased than that of the control group and that at 5% concentration. The 

degree of conversion of the Propenoic acid group at 5% (96.2875) and 10% (96.625) is significantly 

increased mean than that of the control group, increased concentration of Proenoic acid from 5% to 10% 

had no significant effect. 

 

The degree of conversion of the Propenoic acid group is significantly higher than that of 

Ethoxycarbonylethylene group at both concentrations, and significant higher mean at both concentrations 

than that of Acryester B group at 5% but not at 10% concentration. The degree of conversion of the 

Acryester B group is significantly higher than that of the Ethoxycarbonylethylene group for the 10% 

concentration but not for the 5% concentration. 

 

4. Discussion 

The degree of conversion of the control group is less than that of the other groups for several reasons: 

Low degree of conversion may be explained by little elasticity and mobility of monomer. Higher number of 

double bond per molecule leads to greater degree of functionality causing more dense network. The double 
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bonds in dense network are less reachable to polymerization, and this will decrease the rate of conversion of 

double bond, thus, large ratio of double bonds remain unreacted [16], [18]. 

 

The degree of conversion is influenced by viscosity and reactivity of monomer and its motion during 

polymerization process. The higher viscosity influence reaction kinetic parameters. The distinct radicals are 

stuck because of elevated matrix viscosity, and the opportunity to terminate with a different radical reduces 

[11], [14]. 

 

The high molecular stiffness and rigid polymer structure may explain the somewhat low degree of 

conversion in the homopolymer [18]. 

 

If a solvent was used with the methyl methacrylate monomer, it would slow the whole reaction time since it 

diluted reactive species concentration. Modification parameters might decrease the adverse effect of the 

residual monomer by improving degree of conversion [14]. 

 

The increased degree of conversion in the modified acrylic resin by adding acrylate derivatives found in this 

invitro study may be attributed to copolymerization that lead to increase in degree of conversion in polymer 

networks in comparison with homopolymers. And these results are consistent with previous studies who 

found that this behavior may be related to two factors: the viscosity of the resin and the chemical structure 

that permit molecular mobility. Increase length of chain increase elasticity and mobility, increasing degree 

of conversion [14], [18], [19]. 

 

The distribution of molecular weight for free-radical polymerization is broad; so, the matrix becomes 

inhomogeneous which can influence reaction kinetics. The free radical made from MMA double bond is 

asymmetric resulting in carbon atom with asymmetric environment after reaction. The combination of high 

molecular weight and high concentration of double bonds in addition to low viscosity may reach the higher 

values of degree of conversion [2], [14]. 

 

It was confirmed that degree of conversion is strongly affected by the polymerizing monomers nature. The 

flexible monomer is demonstrated to enhance the rate of degree of conversion [11], [16]. 

 

The crosslinking agents of acrylic polymers also influence degree of conversion. Crosslinking present 

alternate path of polymerization, leading to chain transfer reactions, and increase radical sites mobility of 

network [18]. One of the limitations of this invitro study is that it was was conducted using one commercial 

type of of PMMA heat cure acrylic resin, furthermore, heat cure resin only were used. also it could be 

suggested that further researchs to evaluate the physical, and mechanical properties are requied. 

 

5. Conclusions 

The addition of Acryester B at 10% and Propenoic acid at 5% concentration to the heat cured acrylic resin 

can increase the degree of conversion. The addition of Ethoxycarbonylethylene at both concentrations does 

not affect the degree of conversion. Increasing concentration of Propenoic acid from 5% to 10% does not 

affect the degree of conversion. The addition of Acryester B at 10% and Propenoic acid at 5% concentration 

can lead to formation of new acrylic network structure and higher degree of bond conversion and 

subsequently can decrease the residual byproducts, increase the mechanical and physical properties of 

PMMA acrylic resin, and more favorable biological properties. 
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Figure 1: FTIR spectra with determination of absorbance peak heights 

 

Table 1 The mean and standard deviation of the degree of conversion (%) in the three groups at 5% and 

10% concentration of acrylate derivatives addition. 

Acrylate Degree of conversion percentage 
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derivatives 

added 

N Conc. at  

(5%) 

Conc. at   

(10%) 

Control 

 

Ethoxycarb. 

 

Acryester B  

 

Propenoic acid 

9 

 

9 

 

9 

 

9 

85.675±2.280a 

86.340±2.171a 

89.025±1.741a 

96.287±0.590b 

85.675±2.280a 

87.107±2.051a 

93.510±1.035b 

96.625±0.534b 

Means with similar letters have no statistical differences at P˂0.05. 

 

 

 

 

 


