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Abstract: Objectives: The aim was to investigate the effect of different softener/hardener monomer 
ratios on the dynamic mechanical thermal properties of a multipurpose thermo-elastic acrylic resin 
“Versacryl”. Materials and Methods: Versacryl specimens were prepared using three 
softener/hardener monomer ratios including 100% softener, 83% softener / 17% hardener ratio , and 
50% softener / 50% hardener ratio. Dynamic mechanical thermal analysis was performed using a 
viscoelastometer over a temperature range 5-55ºC. Results: a significantly highest G′ values were 
observed for 50% softener across the entire temperatures range. Shifting in the tan δ toward the higher 
temperature with the decrease in softener ratio was also observed. Conclusions: Using different 
softener/ hardener monomer ratios significantly affect the dynamic mechanical thermal properties of 
Versacryl. Where soft and more damping is indicated, softener more than 50% could be used, while 
50% softener or less could be used where strength and stiffness are required. 
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INTRODUCTION 

 
A multipurpose thermo-elastic acrylic resin material called “Versacryl” was introduced in the last decade, 

supplied as either heat cured or chemical cured type.  “Versacryl” is a multi-purpose heat-sensitive cross-linked 
acrylic resin that remains thermo-elastic after polymerization and chemically bond to the acrylic denture base. 
As claimed by the manufacturer; it can create any part of a denture to become adjustable, using only warm 
water.  It can be used to replace clasps, utilize undercuts, and produce repeatable thermo-relines and to enhance 
retention and comfort. It is also used as stress breaker, shock absorber for implants, flexible denture flanges, and 
tissue conditioning material. The thermo-elastic property of Versacryl after polymerization, allows better 
adaptation to the soft tissues. 

Each Versacryl laboratory kit contains: Versacryl softener monomer liquid, Versacryl hardener monomer 
liquid, and Versacryl powder polymer. The Versacryl softener monomer liquid is a plasticized methacrylate 
monomer, while Versacryl hardener monomer liquid is a methacrylate monomer. Versacryl consistency is pre-
determined during mixing through controlling the mixture of the supplied two liquid monomers. Their 
proportion determines an infinite range of consistencies with different viscoelastic properties: from cushiony 
soft, to as hard as denture base. As recommended by the manufacturer; the 50% softener is to be used when 
flexible denture flanges are required, 83% softener as denture relining material, while 100% softener is used as 
stress breaker or tissue conditioning material. 

Dental restorations and appliances are susceptible to large temperature variations in the oral environment 
ranging from 5 to 55°C. These intraoral temperature variations may be induced by routine eating, drinking and 
breathing. These extreme temperatures can produce a hostile environment for dental materials and compromise 
their long-term stability (Draughn, 1981). The temperature and time-dependent behavior of visco-elastic 
materials would indicate that the only way to accurately evaluate material performance for a specific application 
is to test the material under the actual temperature and time conditions the material will see in the application 
(Mark et al, 1996). Thermo-mechanical properties of materials are mechanical properties when the material is 
subjected to controlled temperature histories. Changes in mechanical properties can be monitored using dynamic 
mechanical thermal analyses (DMTA) also called dynamic mechanical analysis (DMA) (Mohamad et al, 2010). 

Dynamic mechanical thermal analysis (DMTA) is a technique that measures the viscoelastic properties of 
polymeric materials under periodic stress and continuously monitors material modulus with temperature, hence, 
provides a better indication of long-term performance at various temperatures. When specimen is subjected to a 
small, usually sinusoidal, oscillating force, as a function of time and temperature, the measured viscous 
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component is referred to as the loss modulus (G”), while the measured elastic component is referred to as the 
storage modulus (G’). The ratio of the loss modulus to the storage modulus is referred to as the loss tangent 
(G”/G’), or tan delta (Saber et al, 1999; Whiting et al, 1980 ). DMTA supplies information about major 
transitions as well as secondary and tertiary transitions. It is used to measure glass transition temperature (Tg), 
which is essential in the selection of materials for various applications. It allows characterization of bulk 
properties directly affecting material performance (Ferry, 1980; Aklonis and McKnight, 1983).  

No information however, is available on thermo-mechanical properties of the thermo-elastic resin 
“Versacryl”. This study was therefore conducted to examine the visco-elastic properties of three softener / 
hardener monomer ratios of Versacryl under the influence of clinically relevant temperatures and constant 
frequency. 
 

MATERIALS AND METHODS 
 
Table 1 lists information regarding different components of the multi-purpose thermo-elastic resin material 

(Versacryl), their compositions, batch number and the manufacturer.  
 
Table 1: Characteristics of Versacryl. 

Versacryl components Composition Batch no. Manufacturer 
1.Powder Polymethyl methacrylate (PMMA) 4002 Key stone industries 

USA 

2.Liquid 
monomers 

a. Softener: 

Plasticized methacrylate 
monomer(Dibutyl Phthalate, Dioctyl 
Phthalate, Methyl Methacrylate, n-
Butyl Methacrylate, Ethylene Glycol 
Dimethacrylate and N,N-Dimethyl-P-
Toluidine) 

122280f 
 

b. Hardener: 

Methacrylate monomer 
(Methyl Methacrylate and Ethylene 
Glycol Dimethacrylate) 

 
Specimens preparation: 

A total of 30 specimens of a heat cured Versacryl material, using three hardener/softener monomer ratios 
were prepared. They were divided into three groups (n=10) according to the investigated hardener/softener 
monomer ratios including; 100% softener (with no hardener) (100% softener), 83% softener / 17% hardener 
ratio (83% softener), and 50% softener / 50% hardener ratio (50% softener). Rectangular specimens 1mm x 30 
mm x 10 mm were prepared by packing materials at dough stage, into a prepared dental stone moulds; that had 
been prepared by investing standardized metal blanks in a flask. Proportioning, mixing, and curing procedures 
were followed as recommended by the manufacturer.  
 
Dynamic mechanical thermal analysis: 

Dynamic mechanical thermal analysis was performed using viscoelastometer (Anton Paar, MCR301 
SN80218500, Austria, Europe). Specimens were set in a shearing jig and tested at a frequency of 1 Hz at 0.7% 
strain (Murata et al, 2002). Testing was done over a temperature range of 0 to 55°C using nitrogen as coolant 
and scanned at 3ºC/ min. During the test the material’s response was continuously measured where shear storage 
modulus (G'), shear loss modulus (G''), and loss tangent (tan δ), were determined as a function of temperature. 
 
Statistical analysis: 

All statistical analyses were performed using SPSS software package (Statistical Package for Social 
Sciences, version 10, SPSS Inc, Chicago, IL, USA). Comparisons of data were made by one-way Analysis of 
Variance (ANOVA) with a Tukey’s multiple comparisons test at p<0.05 level to establish significance of 
differences.  
 
Results:  

The effects of thermal variations on viscoelastic behavior of the thermo-Elastic resin reline (Versacryl) 
were represented in figures. 1 and 2. Significant differences were observed for the three tested ratios of 
Versacryl for all measured parameters (P<0.05). 

Figure (1) shows typical plots of the storage modulus of the three tested ratios as a function of temperature. 
The storage modulus changes showed a similar trend with temperature in the three Versacryl ratios. A 
significant drop in G′ with the increase in temperature was observed with the highest decreasing rate was 
measured for the 50% softener (P<0.05).  The 50% softener showed the highest G′ value across the entire range 
of temperatures (P<0.05). It was also clear that the value of G′ decreased with the increase in the  softener 
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content, although it was less pronounced at high temperatures for 100% and 83 % softener between 30 and 
54ºC, where insignificant difference in G' in the plateau region was measured (P>0.05).  Minor peaks in G′ were 
observed for the 50% ratio around 6ºC and 30ºC corresponding to γ and ß-transitions.  

Figures (2); shows plots of tan delta values, again as a function of temperature. When the temperature was 
raised from 3ºC to 36°C, 100% and 83% softener underwent significant increase in loss tangent (P<0.05). This 
was followed by a significant decrease in loss tangent, with the highest decreasing rate was measured for the 
100% softener. On the other hand 50% softener showed a gradual significant increase in loss tangent with tan δ 
peak (tan δmax) at 54ºC (P <0.05). The major peak (tan δmax) was taken as the glass transition temperature. The 
three tested ratios are characterized by different tan δmax. The peaks were observed in the temperature range, 30-
33oC reaching 1.168 for 100% softener, 33 to 39oC to be 0.70067 for 83% softener and 51ºC to 54ºC to be 0.555 
for 50% softener.  Results showed shifting in the Tg toward the higher temperature with the decrease in softener 
ratio.  A broader peak of the tan δ was observed for 83% softener. 

 

 
 

Fig. 1: Shear storage modulus (G') curves as function of temperature for the three tested Versacryl softener 
/hardener ratios.                                                                                                                                                

 

 
 
Fig. 2: Tanδ curves as function of temperature for the three tested Versacryl softener /hardener ratios. 
 
Discussion: 

Dynamic mechanical analysis helps to study polymer/ polymer miscibility in polymer blends and also helps 
the measurement of the various transitions in a polymer where it exploits the greater sensitivity to measure Tg ’s 
more than other methods. Moreover, we can obtain an idea about the storage modulus, loss modulus and 
damping behavior (Aklonis et al, 2007). 

Versacryl depends on blending of polymethyl methacrylate with different plasticizers, dibutyl phthalate and 
dioctyl phthalate present in the softener monomer. Plasticizer is a compound designed to weaken intermolecular 
bonds in the polymer in order to increase its workability, toughness and flexibility (Shah et al, 2003). 
Plasticizers increase the free volume of the chain segment; therefore its ability to move in various directions will 
increase. This increased mobility in either side chains or small groups of adjacent backbone atoms results in a 
greater compliance (lower modulus) of the molecule (Bird et al, 1987). This finding is in agreement with results 
obtained in this study where 100% softener showed the least G' which progressively increased with decreasing 
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the softener content. Additionally the increase in hardener monomer content resulted in an increase in the cross 
linking agent content (ethylene glycol dimethacrylate) which imposes some restriction towards cyclic loading.  

At very low temperature, the molecules are tightly compressed, and the solid state transitions take place. By 
increasing temperature the material expands, the free volume increases so that localized bond movements 
(bending and stretching) and side chain movements (gamma transition, Tγ), can occur. As the temperature and 
the free volume continue to increase, the whole side chains and localized groups of four to eight backbone atoms 
begin to have enough space to move and the material starts to develop some toughness (beta transition Tß). The 
strength of the solid state transitions is taken as a measurement of how effectively a polymer will absorb 
vibrations (Kevin, 1999). In the present study; the solid state transitions were clearly seen in G' curve of 50% 
softener between 6-30 ºC. This might indicate the ability of the 50% softener to dampen impact via localized 
chain movements. 

With increasing temperature, the free volume continues to increase and the Tg is reached. At Tg, micro-
Brownian motion of molecular segments begins where short range diffusion can take place and physical 
properties changes drastically, as the material goes from a hard glassy to a rubbery state (Ferry,1980; 
Vaidyanathan et al 1995). Tg could be measured from the peak of the tanδ curve, the onset of the G’ drop, or 
peak of the G” curve. The values obtained from these methods can differ up to 25 °C from each other on the 
same run (Kevin, 1999). In the present study the Tg was determined from peak of the tan δ curve.  

As the temperature increases, damping goes through a maximum near Tg in the transition region, and then a 
minimum in the rubbery region. The 50% softener showed the lowest tan δ along the temperature range 3-51ºC 
than the other ratios, indicating that more thermal energy is required to cause rotational and transnational 
movement of the molecular segments and that the resistance for the free movement of molecular segments, are 
higher than the other ratios. This is probably due to the decrease in the plasticizing effect of the softener and the 
increase in cross linking. This could also explain the shift in the Tg to higher temperature, by decreasing the 
softener and increasing the hardener content.  

Although a close Tg was detected for the 83% and 100% softener, the 83% softener showed a significantly 
lower tan δmax than 100% softener. This indicates the insignificant increase in cross linking between the two 
ratios. This was also confirmed by the insignificant difference in G' in the plateau region between the two ratios, 
between 30 and 54ºC. The relative value of G' in the plateau region is known to be proportional to the number of 
crosslinks and it shows the relative changes in the number of cross links with different ratios (Komalan et al, 
2007; Kevin, 1999). Another important observation is that, in 83% softener; more gradual decrease in tan δ with 
increasing in temperature was recorded indicating some restriction towards cyclic loading than 100% softener. 
For the 50% softener the exact Tg may be at 54ºC or above the testing range, indicating that the rubbery state of 
the material will not be reached during the operating temperature.   

Tg helps to define one end of the temperature range over which the polymer could be used, often called the 
operating range of the polymer (Ferry, 1980; Komalan et al, 2007). Since the Versacryl is a multi-purpose 
material, therefore when strength and stiffness are required during service, 50% softener or less could be used. 
On the other hand; where soft and rubbery state with more damping or cushioning effect is needed, softener 
more than 50% should be used.  

Further investigations are required to study the dynamic mechanical thermal properties of more hardener 
softener ratios and to extend the examination temperature more than 55ºC.   
 
Conclusions: 

Within the limitations of this in vitro study it may be concluded that blending of polymethyl methacrylate 
powder with different softener/hardener monomer ratios significantly affects the dynamic mechanical 
properties. Fifty percent softener or less could be used where strength and stiffness are indicated; while softener 
more than 50% could be used where soft, rubbery and more damping is required during clinical intraoral service 
of Versacryl. 
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