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ABSTRACT
Objective: The purpose of this study was to evaluate the physicochemical properties of acrylic resin 
polymerized by microwave energy in short cycle of polymerization.
Methods: Two brands (Classico and VIPI) and two cycles were evaluated (manufacturer cycle and 
short cycle). The characteristics and properties as degree of conversion, glass transition temperature, 
impact strength-Izod, Knoop hardness, swelling degree, soluble fraction, specific mass, water 
sorption and solubility were evaluated. 
Results: Glass transition temperature, hardness, specific mass, soluble fraction and solubility were 
statistically significant between cycles and brands (p<0.05). Water sorption showed no difference 
between cycles (p>0.05) and impact strength presented difference between brands in short cycle 
(p<0.05). Acrylic resin polymerized by microwave energy with manufacturer cycle presented no 
difference in physicochemical properties between evaluated brands. 
Conclusion: The short cycle of polymerization showed reduced properties in microwave acrylic 
resin when compared to manufacturer cycle. Manufacturer cycle of polymerization should be used 
to acrylic resin devices production.
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Influência do ciclo de polimerização nas propriedades de uma  
resina acrílica polimerizada por microondas

RESUMO
Objetivos: O objetivo desse estudo foi avaliar a influência do ciclo curto de polimerização nas propriedades 
físico químico de uma resina acrílica polimerizada por energia de microondas. 
Métodos: Duas marcas (Classico e VIPI) e dois ciclos de polimerização foram avaliados (ciclo do fabricante 
e ciclo curto). As características e propriedades como grau de conversão, temperatura de transição vítrea, 
resistência ao impacto Izod, dureza Knoop, grau de inchamento, massa específica, sorção em água e 
solubilidade foram avaliadas. 
Resultados: Temperatura de transição vítrea, dureza, massa específica, fração solúvel e solubilidade foram 
estatisticamente significantes entre os ciclos e marcas avaliados (p<0.05). Sorção em água não apresentou 
diferença entre os ciclos testados (p>0.05) e a resistência ao impacto no ciclo curto de polimerização foi 
diferente entre as marcas avaliadas (p<0.05). Resinas acrílicas de microondas quando polimerizadas com 
o ciclo recomendado pelo fabricante não apresentaram diferença nas propriedades físicas químicas entre as 
marcas avaliadas. 
Conclusões: O ciclo curto de polimerização resultou em propriedades reduzidas da resina acrílica de microondas 
quando comparadas com o ciclo recomendado pelo fabricante. O ciclo de polimerização recomendado pelo 
fabricante deve ser escolhido para confecção de aparelhos.
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INTRODUCTION

The polymerization of acrylic resin starts by the 
decomposition of benzoyl peroxide molecule, resulting in 
two free radicals. This decomposition occurs with energy 
absorption, generated by heat, chemical reaction or microwave 
energy. In 1968 [1], the polymerization of acrylic resin by 
microwave energy was introduced. Polymerization process 
occurs in an electromagnetic field where molecules vibrate 
and rapidly change the direction resulting in intermolecular 
collisions and heat generation [2,3]. The heat is responsible 
for free radicals formation and the polymerization process 
initiation, and the MMA molecules connect to others by 
covalent bonds until the termination process [2,4].

The microwave energy method was introduced in dental 
practice as an alternative to the conventional heat process 
method [5]. The acrylic resin polymerized by microwave 
energy showed similar properties to heat polymerized acrylic 
resin [6,7]. Microwave energy method provided low poly- 
merization time without changing material properties when 
compared to heat polymerized method [8]. Consequently, 
polymer results at lower distortions with characteristics 
and properties as hardness, flexural strength and porosity 
were better or not different from heat acrylic resin [9] due to 
microwave method allows homogeneous heating. 

Despite of acrylic resin polymerized by microwave energy 
presents lower polymerization time when compared to heat 
cycle, there are different cycles evaluated in literature [10]. 
The cycles range between 10 to 20 minutes of exposition, with 
different powers of microwave energy. Studies that compared 
experimental cycle and manufacturer cycles of polymerization 
showed that both cycles have no effect in the flexural strength 
that was provided by ISO 1567 (65 MPa) [11]. In literature, 
still not exist a consensus about properties as glass transition 
temperature, impact strength, hardness, swelling degree, 
specific mass, water sorption and solubility in short cycle of 
polymerization. Thus, the purpose of this study was to evaluate 
the physicochemical properties of acrylic resin polymerized 
by microwave energy in short cycle of polymerization.

METHODS

Two brands of acrylic resin polymerized by microwave 
energy were evaluated in this study: VIPI WAVE (Dental 
VIPI Ltda, São Paulo, SP, Brazil) and Onda Cryl (Artigos 

Odontológicos Clássico Ltda, São Paulo, SP, Brazil). 
The color used was medium rose with nylon fibers. The 
composition and cycles of microwave acrylic resin are 
describe in Table 1.

1 Degree of conversion

The degree of conversion of specimens was evaluated 
using Raman spectroscopy. The degree of conversion was 
calculated as described in a previous study considering 
the intensity of C=C stretching vibration (peak height) at  
1650 cm-1, and using the C=O stretching vibration at  
1720 cm-1 from the polymerized and unpolymerized 
specimens, as an internal standard [12].

2  Glass transition temperature

Thermoanalytical behavior of acrylic resin was measured 
using a DSC system (DSC-4, Perkin Elmer, Beaconsfield, 
England). Approximately 10 mg of each acrylic resin were 
weighed in an aluminum sample holder and then sealed 
with a press. Specimens were analyzed at a heating rate of  
10 °C/min from 50 °C to 190 °C under a nitrogen atmosphere. 
The analysis was performed in triplicate, n=3. Two heating 
rate were realized and the glass transition temperature was 
established in the second rate.

3 Impact strength-Izod

The impact strength Izod test was performed according 
to ASTM D256 [13], except without slots. Ten specimens, 
with 64.00 × 10.00 × 3.00 mm (±0.5 mm) were analyzed 
with a universal testing machine (EMIC-AIC-1, São José 
dos Pinhais, Paraná, Brazil). The calculation of the impact 
strength Izod value was performed using the equation 1:

 Is = [(Es – Et) / t] (1)

where, Et - lost energy, Es - energy  that determines the test 
piece breaks and t - thickness of the specimen, in meters.

4 Knoop hardness

To determine the Knoop hardness (KHN), specimens, 
(32.0 mm in length, 3.0 mm in width, and 10.0 mm in height, 
n=10), for each group were polished in a polisher (Model 
3v, Arotec, Cotia, SP, Brazil) with a felt disc embedded 
in aluminium suspension (Alumina 1.0 mm, Arotec, 
Cotia, SP, Brazil). The specimens were dried and stored 

Table 1. Composition of acrylic resin polymerized by microwave energy and manufactured/ experimental cycles.

Group Compound
Cycles

Manufacturer Short

Onda Cryl (Classico)

Powder: methyl methacrylate and ethyl acrylate copolymer, 
butil ftalato, benzoyl peroxide and pigments

3 minutes with power of  
420W, 4 minutes  
with no energy and  
3 minutes of 840 W 3 minutes with power of  

560 W

Liquid: methyl methacrylate monomer

VIPI WAVE (VIPI)

Powder: methyl methacrylate polymer, benzoyl peroxide  
and pigments

20 minutes with power of  
140 W and 5 minutes  
with power of 420 WLiquid: methyl methacrylate monomer
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at 37 °C for 24 h. Thus, the specimens were subjected to 
a microhardness test in which 5 indentations (25 g/10s),  
100 µm apart, were assessed using a digital microhardness 
tester (MICROMET®, Bueller, Germany). The calculation 
of the hardness value was performed using the equation 2:

 KHN = [(14228 c) / (d2)] (2)

where 14228 is a constant, c is the load in grams and d is the 
length of the longer diagonal in mm.

5 Swelling degree

An analytical balance (SAE 2000, Bosch, Germany) was 
used to determine the initial dry mass (ω1) of the specimens 
(n=5). Then, each specimen was placed in a bottle containing 
10 mL deionized water and stored at 37 °C. After 7 days, 
the specimens were dried with absorbent paper and weighed 
using analytical balance to obtain the swollen mass (ω2). 
After that, the specimens were stored at 37 °C until there 
was stability of final dry mass (ω3). The soluble fraction (ωs) 
for each specimen was calculated according to the following 
equation (3):

 ωs = (ω1 – ω3) / ω1 (3)

where ω1 = initial dry mass, ω2 = swollen mass and  
ω3 = final dry mass.

The volume fraction of the polymer, which was swollen 
in each specimen, was calculated by the equation 4:

 Ф = [(ω3/ρ3) / (ω3/ρ3 + ω/ρ)] (4)

where, ω3 = final dry mass, ρ3 = specimen specific mass,  
ω = (ω2 – ω3) = solvent mass absorbed by the polymer,  
ω2 = swollen mass, ρ = solvent specific mass 

The degree of swelling was calculated by inverse of the 
volume fraction of the polymer which was swelled in each 
specimen (5):

 Degree of swelling = 1/ Ф (5)

6 Specific mass

Specific mass (ρspecimen) was determined with analytical 
balance (SAE 2000, Bosch, Germany), by immersion of 
specimen in non solvent, according to ASTM 792-91 [14]. 

7 Water sorption and solubility

Water sorption and solubility were determined, based on 
the ISO 1567 [11]. Acrylic resin disks (n=6) were produced 
in a polytetrafluoroethylene matrix (50 mm diameter, 0.5 mm 
thick). Specimens were placed in desiccators containing 
silica gel and calcium chloride at 37°C. The disks were 
repeatedly weighed after a 24 h interval in an analytical 
balance until a constant mass (m1) was obtained (e.g., until 
the mass loss of each specimen was not more than 0.0002 g 
in any 24 h period). Diameter and thickness of each specimen 
were measured with a digital caliper to calculate the volume 
(V) of each disk (in mm3). Thereafter, the specimens were 
stored in sealed glass vials with 50 ml of deionized water at 
37 °C for 7 days. After seven days, the disks were weighed to 
obtain a mass (m2) and then returned to the dissector. Next, 
the specimens were weighed until a constant mass (m3) was 
obtained (as described above). Water sorption (WS) and 
solubility (SL), in micrograms per cubic millimeter, were 
calculated using the formulae (6):

 WS = [(m2 – m3) / V]      SL = [(m1 – m3)  / V] (6)

8 Statistical analysis

Characteristics and properties (impact strength Izod, 
hardness, glass transition temperature, swelling degree, specific 
mass, water sorption, solubility and dynamic mechanical 
analysis) were performed using one-way ANOVA and Tukey’s 
post-hoc test, with 0.05 being the level of significance. 

RESULTS

Degree of conversion values of microwave acrylic resin 
in manufacturer cycle were 88% and 89%, and in short 
cycle were 72% and 70% for Onda Cryl® and VIPI WAVE®, 
respectively. Results of properties and characteristics are 
shown in Table 2. Glass transition temperature, hardness, 
specific mass, soluble fraction and solubility were 
statistically significant between cycles and brands (p<0.05) 
for manufacturer cycle. Water sorption showed no difference 
between cycles (p>0.05) and impact strength presented 
difference between brands in short cycle (p<0.05).

Table 2. Properties and characteristics of acrylic resin polymerized by microwave energy for manufactured and short cycle.

Properties
Manufacture cycle Short cycle

Onda Cryl VIPI WAVE Onda Cryl VIPI WAVE

Tg (ºC) 103.4±0.9a 103.0±1.0a 91.2±2.1b 91.1±3.9b

Is (J/m) 98.3±9.7a 97.2±9.9a 59.4±12.3b 48.9±13.3c

KHN 21.0±0.7a 21.3±0.7a 19.4±1.3b 19.6±1.3b

ρ (g/cm3) 1.19±0.00a 1.19±0.00a 1.16±0.00b 1.16±0.00b

ωs (g) 4.4x10-4±0a 4.5 x10-4±0a 8.4 x10-4±0b 8.8 x10-4±0b

1/ Φ 1.02 1.02 1.02 1.02

WS (mg/mm3) 24.1±1.6a 23.3±1.7a 25.8±2.8a 25.3±2.5a

SL (mg/mm3) 0.8±0.1a 0.9±0.1a 1.4±0.1b 1.5±0.1b

Different small letter indicates statistical difference in same row (p<0.05). Tg - glass transition temperature; Is - impact strength; KHN - Knoop hardness; 
ρ - specific mass; ωs - soluble fraction; 1/ Φ - swelling degree; WS - water sorption; SL - solubility.
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DISCUSSION

The effect of different microwave energy intensity 
and time of cure influenced in mechanical properties of 
microwave acrylic resin. The decrease of time in cycle of 
microwave energy is beneficial to decrease the work time 
and energy consumption. On the other hand, lower time 
of activation of acrylic resin resulted in polymer with low 
mechanical properties.  

The degree of conversion of monomer to polymer showed 
different values between two cycles of polymerization. This 
difference is due to the polymerization process of material. 
The short cycle has high power in short period, probably, 
the amount of free radicals was not sufficient to form a 
large number of polymer chains, and the heat was not 
homogeneous inside the material, which reduces its degree 
of conversion. Beyond these reasons, it was observed that 
the polymer cured in short time and with high power showed 
porosity that can be related to the volatilization of uncured 
monomer [5]. 

Lower degree of conversion and presence of pores 
resulted in decreased mechanical properties [15]. In this 
study, more time of polymerization with less power resulted 
in the increase of impact strength Izod and degree of 
conversion. The acrylic resin Onda Cryl presented greater 
value of impact strength Izod than VIPI Cryl, in short cycle. 
Probably, this difference occurs due to the composition of 
acrylic resin. Even with this difference, polymers cured 
in short cycle presented more porous in polymer which 
contributed to low impact strength Izod. Short cycle also 
showed decreased specific mass related to increase of porous 
in formed polymer.

Knoop microhardness and Tg showed no difference 
between brands in the same type of cycle. In spite of, when 
cycles were compared, they showed statistical difference 
(p<0.05), where manufacturer cycle presented high value. 
Low Tg value demonstrated that this polymer presents 
lower crosslinking [16,17] despite presented similar values 
of swelling degree. 

Results of water sorption and solubility were in 
accordance to the parameters of the ISO 1567 [11] for 
all brands and cycles. However, solubility of short cycle 
showed increased values compared to manufacturer cycle 
of polymerization. These results confirm with increase of 
soluble fraction and decreased specific mass results, since 
occurred increase of porous in polymer. The short cycle 
increased solubility and the amount of porous that resulted in 
plasticization of polymer, decrease of mechanical properties 
like color stability and longevity of polymer. Whereas, the 
swelling degree and water sorption in short cycle presented 
no difference of manufacturer cycle. 

The polymerization cycle influenced the properties of 
microwave acrylic resin, independently of brands evaluated. 
Manufacturer cycle showed improve of polymer properties 
as degree of conversion, Tg, impact strength, Knoop 
hardness, soluble fraction, specific mass and solubility, than 

short cycle (3 minutes at 560 W). Acrylic resin polymerized 
by microwave energy needs more time of heating with low 
power to result in polymer with increased properties. 

CONCLUSIONS

Acrylic resin polymerized by microwave energy with 
manufacturer cycle presented high physicochemical 
properties when compared to short cycle, independent of the 
brands evaluated. In this study short cycle of polymerization 
resulted in polymer with lower properties. Manufacturer 
cycle of polymerization should be used to acrylic resin 
devices production.
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