
J Bagh College Dentistry               Vol. 27(3), September 2015                       The influence of 
    

Restorative Dentistry  33 
 

The influence of adding of modified ZrO2-TiO2 
nanoparticles on certain physical and mechanical 

properties of heat polymerized acrylic resin 
 
Tiba A. Salman, B.D.S. (1) 
Hanan A. Khalaf, B.D.S., M.Sc. (2) 
 
ABSTRACT 
Background: The mechanical and physical properties of Polymethyl methacrylate (PMMA) don’tfulfill the entire ideal 
requirements of denture base materials. The purpose of this study was to produce new modified polymer 
nanocomposite (PMMA /ZrO2-TiO2) andassess itsimpact strength, transverse strength and thermal conductivity in 
comparison to the conventionalheat polymerized acrylic resin. 
Materials and Methods: Both ZrO2 and TiO2nano fillers were silanized with TMSPM (trimethoxysilyl propyl methacrylate) 
silane coupling agent before beingdispersed by ultrasonication with the methylmethacrylate (monomer) and mixed 
with the polymer by means of 2% by weight in (1:1) ratio, 60 specimens were constructed by conventional water 
bath processing technique and divided into 2 groups: 30 specimens for control group 0% nanofillers and 30 
specimens for experimental group 2% of (1:1) ZrO2 and TiO2nano fillers  then each group was subdivided into3 sub-
groups according to the test to be conducted with 10 specimens for impact, transverse and thermal conductivity 
test. 
Results: The interaction of TMSPM silane and the nanofillers was confirmed by FT-IR (Fourier Transform Infra-red 
spectrophotometer). High significant increase in impact strength (9.838) Kj/m2 and transverse strength (101.705) 
N/mm2 and non-significant increase in thermal conductivity (0.286) W/m.C° of heat cured acrylic resin of the new 
polymer nanocomposite were observed.  
Conclusions: The addition of 2 wt.% of ZrO2:TiO2 by means of 1:1 ratio considerably improved the impact and 
transverse strength and had a positive effect on the thermal conductivity. 
Key words: Polymethyl methacrylate, nanofillers, polymer nanocomposite. (J Bagh Coll Dentistry 2015; 27(3):33-39). 
 
INTRODUCTION 

PMMA acrylic resin is the most extensively 
used material for the fabrication of dentures as it 
possess a combination of favorable characteristics  
such as  easy laboratory manipulation, light 
weight, inexpensive fabrication, stability in the 
oral environment, lack of toxicity  and appropriate 
aesthetic and color matching ability (1). However 
it’s not ideal in every aspect and have several 
drawbacks that need to be addressed including 
low impact resistance, fatigue failure, low thermal 
conductivity which compromises the patients 
appreciation of taste and palatability (2). 

Many attempts were advocated to overcome 
these drawbacks and improve the performance of 
PMMA denture base material mainly either by 
modifying the structure of PMMA by 
copolymerization with rubber (3) or reinforcement 
by incorporation of different forms and types of 
fillers like metallic wire (4), fibers (5-7) and the use 
of metallic oxides (8). 

With the great development of nanotechnology 
and nano-phased materials, great attention is 
directed toward the use of nano –sized fillers to 
reinforce the denture base resins thus producing a 
polymer nanocomposite with improved mechani- 
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cal and physical properties as compared to those 
filled with micro-scale particles. Furthermore the 
use of multiple nanofillers rather than single 
additive develops a high performance composite 
which cannot be achieved by using single filler (9). 

The mechanical properties of the resultant 
polymer nanocomposite depend strongly on the 
dispersion and adhesion of the filler at the filler 
matrix interface thus surface treatment of the 
fillers with silane coupling agent is necessary to 
improve compatibility between the filler and 
matrix (10,11). 

Both ZrO2 and TiO2 nanoparticles have 
interesting mechanical, physical and 
photocatalystic properties that make them suitable 
additives.Furthermore, many properties of this 
mixed nanostructured metal oxides (ZrO2:TiO2) 
were reported to be better than single additive 
mainly due to the size difference between titanium 
and zirconium (12). 

This study is performed toproduce a new 
modified polymer nanocomposite by adding 
surface treated ZrO2:TiO2 nanoparticles to heat 
polymerized acrylic resinand assess its impact 
strength, transverse strength, and thermal 
conductivity. 
 
MATERIALS AND METHODS 

The materials that were used in the current 
studyare illustrated in table 1. 
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Table 1: Some of the materials that were used in the study 
 Materials Trade Manufacturer 

1 
Zirconium oxide 

(ZrO2) nanofiller 70-
80nm 

HWNANO (China) 

2 Titanium oxide (TiO2) 
nanofiller<50 nm. Nanoshell (USA) 

3 
Trimethoxysilylpropyl 

methacrylate 98% 
Silane 

No 2530-
85-8. 

Sigma-Aldrich 
(Germany) 

4 Heat-curing acrylic 
resin 

Vertex-
Dental 
B.V. 

Holand 

 
Surface modification of nanofillers 

Introducing the reactive groups onto the 
surface of  nano fillers was achieved by the 
reaction of Tri(methoxysilylpropylmethacrylate)  
silane coupling agent with  the nanofillers using 
5% wt. of TMSPM for Surface modification of 
ZrO2 nanoparticles (13) and 75% wt. of TMSPM 
for Surface modification of TiO2 nanofillers (14). 
 
Preparation of test specimens 

Three plastic patterns were constructed 
according to the required test. For impact strength 
test, a bar shaped specimen with [(80mm x 10mm 
X 4mm) ± 0.2mm] length, widthand thickness 
respectively (15) was used while for transverse 
strength test a bar shaped specimens with 
dimensions of [(65mm length, 10mm width, and 
2.5mm thickness)± 0.2mm] (16).  

Thermal conductivity test: disk with 
dimension of 40mm in diameter and 2.5mm in 
thickness according to instrument specification 
(Thermal constant apparatus) as shown in figure1. 
 

Mold preparation  
The plastic patterns were coated with a thin 

layer of separating medium (Isodent. Spofa 
dental, Europe) and allowed to dry before being 
invested. Investing started by filling the lower half 
of the metal flask with type IV dental stone (Elite 
stone, Italy) mixed with the ratio of (powder to 
water was 100g/25ml) according to the 
manufacturer instructions, then plastic patterns 
were inserted incompletely into the stone and after 
the investing stone sets it was coated with 
separating medium and allowed to dry, then the 
upper half of the flask was fitted upon the 
invested one and filled with stone on the vibrator 
to avoid air babbles.  

After complete setting of the stone the flask 
opened carefully to separate the two halves as 
shown in figure (2) and the plastic patterns were 
removed from the molds carefully. The two 
portions of the flask were coated with a separating 
medium (cold mold seal) to be ready for packing 
of acrylic resin.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Proportioning and mixing of acrylic   
      Amounts of polymer and monomer for control 
group along with the percentage of silanized nano 

fillers used in the study group are presented in 
table (2). 

 
 
 
 

Figure 1: Test specimens A: 
Impact test, B: Transverse test, 
C: Thermal conductivity test. 

Figure 2: Mold preparation for 
transverse test specimens 
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Table 2: Proportioning and mixing of acrylic resin 
Conc. of  

the addition 

Proportion 
1       :      1 Polymer  

 (g) 
Mono-mer  

(ml) ZrO2 TiO2 
0% (control) 0 0 22g 10 ml 
2% (study) 0.22 g 0. 22g 21.56 g 10 ml 

 
For test group 2% of a mixture of the modified 

nano fillers (ZrO2 :TiO2)was added by weight in 
equal proportion (1:1) with the aid of an 
electronic balance of (0.0001g) accuracy, the 
fillers were well dispersed in the monomer by 
ultra-sonication  using  probe sonication apparatus 
(Soniprep-150, England)(120 W, 60 KHz) for 3 
minutes (17). Then it was immediately mixed with 
acrylic powder to reduce the possibility of particle 
aggregation and phase separation. The mixing of 
acrylic resin was carried out and manipulated 
according to manufacturer’s instructions in a clean 
and dry mixing container and by a clean wax 
knife for 30 seconds; thenpacking of the heat cure 
acrylic resin was done in the dough stage (16). 

After collecting dough mix, it was rolled and 
packed in the molds that were already painted 
with a separating medium and allowed to dry, 
then clamping was done and impart to the water 
bath. 
 
Curing  

The Curing process was carried out according 
to the manufacturer’s instructions, startedby 
placing the clamped flasksin adigital water bath 
(Memert, Germany) at room temperature (25º C 
±2), then temperature increases gradually until 
reaching the boiling point (100º C) at which the 
processing was completed  for 30 minutes, the 
entire cycle took about 2 hours. When the curing 
cycle is completedthe metal flasks were allowed 
to cool at room temperature for 30minutes, then 
left to cool under tab water for 15 minutes before 
deflasking (18). 
 
Finishing and polishing 

After the specimens were carefully de-flasked, 
flashes of acrylic were removed with an acrylic 
bur and stone bur was used followed by (120) 
grain size sand paper with continuous water 
cooling. Polishing was accomplished by using 
bristle brush and ruge wheel with pumice in lathe 
polishing machine  then a  gloss surface was 
obtained by using chamois baff and polishing 
swab on dental lathe, both were at low speed 
(1500rpm) with continuous cooling to avoid over 
heating which may lead to distortion of the 
specimens.  
 
 

Impact strength test 
A- Test specimen: Ten specimens for 

control and ten for study group were 
constructed for impact strength 
measurements. Acrylic specimens were 
conditioned by storing in distilled water 
at 37°C for 48 hours in an incubator 
before being tested (16). 

B- Testing equipment and procedure 
Impact strength test was conducted with 

charpy impact testing device shown in Figure (3). 
The specimen was supported horizontally at its 
both ends ad struck by a free swinging pendulum 
which released from a fixed height in the middle. 

A pendulum of 2 joules testing capacity was 
used. The scale reading gives the impact energy 
absorbed to fracture the specimen in joules when 
its strocked by a sudden blow. The charpy impact 
strength of unnotched specimen was calculated in 
Kj/m2 as given by the following equation: 

 (19) 

Where:- : is the impact absorbed energy in 
Joules, : is the width in Millimeters of the test 
specimens, : is the thickness in Millimeters of 
the test specimens. 
 
Transverse strength test 
A.  Test Specimens: Ten specimens for the 

studygroupwere constructed in addition to ten 
for   the control group which makes total of 
(20) specimens for the measurement of 
transverse strength. All the specimens were 
immersed in distilled water in the incubator at 
37°C for (48) hours before being tested (16). 

B. Testing equipment and procedure 
       The transverse strength was measured by 
three point bending using a universal Instron 
testing machine (Fig. 5). Each specimen was 
positioned horizontally on the bending fixture 
which consists of two parallel supports that are 
(50) mm apart and the  load was  applied with a 
cross head speed of 1mm/min by a rod placed 
centrally between the supports making deflection 
until fracture occurs Fig. (6) The transverse bend 
strength was calculated using the following 
formula: 
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Where: : is the peak load, : is the span length 
(50mm), : is the sample width, : is the sample 

thickness           (19). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thermal conductivity test 

A. Test specimens: Twenty specimens were 
prepared 10 for the control group and 10 for 
the experimental groupto measure the 
thermal conductivity. 

B. Testing equipment and procedure    
The Lee's disk method was used to measure the 
thermal conductivity of the specimens using Lee's 
disk apparatus shown in Figure (7) which consists 
of three brass discs that are 12.25 mm in thickness 
and numbered (1,2,3), each one is attached to a 
thermometer also numbered (1,2,3). An electric 
heater is fixed between the first (1) and second (2) 
brass discs and connected to D.C power supply. 
The specimen-polished from both sides- placed 
between the second (2) and third (3) brass discs. 
The electric set up of the apparatus was conducted 
to power supply after covering the whole 
assembly to minimize the effects of draughts and 
providing laboratory condition (25º C± 2º C). 
Thereafter (6V) voltage and (i=0.25A) current 
were applied to heat the brass disks (2, 3), 
temperatures of all disks increases gradually and 
were recorded every (5 minutes) until reaching to 

a constant temperature of all thermometers which 
means that the specimen can no more conduct 
heat. This process takes about 2 hours for each 
sample. The losses in heat (e) were calculated 
from the following equation (20) 
 
 
  
The thermal conductivity (k) was calculated from 
the following equation (20) by using the 
experimental reading (T1, T2, T3) and the 
dimensions of specimen(r, ds).  
 
 
 
 
Where:i: The flowed current  (A), v: The voltage 
(Vol), r: The radius (mm), d: The thickness of the 
specimen (mm), d1, d2, d3: Thickness of bras discs 
(1,  2, and 3) respectively (mm), T1, T2, T3: The 
temperature of discs (1, 2and 3) respectively(C), 
k: Thermal conductivity, e: The amount of the 
thermal energy per unit area per second 
(W/m2.°C). 
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Figure 5: Instron testing 
machine. 

Figure 6: Specimen under 
stress. 

Figure 3: Impact testing devise 
(charpy type) 

Figure 4: Impact test specimens: A. Before 
testing B. After testing 

A B 



J Bagh College Dentistry               Vol. 27(3), September 2015                       The influence of 
    

Restorative Dentistry  37 
 

 
Figure 7: Thermal conductivity testing apparatus. 

 
RESULTS AND DISCUSSION  
Impact strength  

Mean values, standard deviation, standard 
error, independent- t test and significance results 
of impact strength test in (KJ/m²) are shown in 
table (3). 

 
Table 3: Descriptive statistics and groups' difference of the impact strength test (Kj/m2). 

Groups N Mean S.D. S.E. t-test p-value Sig. 
Control 10 8.57 0.43 0.13 -3.845 0.001 HS Study 10 9.83 0.94 0.29 

 
The results of impact strength test in Table (3) 

showed that addition of 2% nano ZrO2: TiO2 in 
equal proportion to PMMA caused a high 
significant increase in impact strength and this 
may be due to the surface modification of the 
nanofillers with TMSPM coupling agent which 
provide better dispersion of particles in matrix; 
avoid agglomeration and in the same time 
improves  inter facial adhesion  of the fillers to 
polymer matrix due to the formation of cross-links 
or supramolecular bonding covering the 
nanofillers which in turn prevent the propagation 
of crack by transferring the stress from matrix to 
fillers (10). 

On the other hand the different nanoparticle 
sizes of metallic fillers used in the study (ZrO2 
was70-80 nm, TiO2 was<50 nm) provided 

additional improvement to the mechanical 
properties by inhibiting the spaces between oxide 
particles thus they fill the interstitial of polymer 
particles to give a heterogenous mixture and will 
not force the displacement of the segments of the 
polymer chain.(11) 

Additionally the nanoparticles characterized 
by large specific surface area thus they have the 
ability to dissipate energy thus may enhance 
impact strength.   

The result of this study agreed with that 
obtained by Safarabadi et al. (21). 
 
Transverse strength test  
         Table (4) showed theMean values, standard 
deviation, standard error and independent t test of 
the transverse strength test results. 

 
Table 4: Descriptive statistics and groups' difference of the flexural strength (N/mm2) 

Groups N Mean S.D S.E t-test p-value Sig. 
Control 10 85.17 3.49 1.10 -10.593 0.000 HS Study 10 101.70 3.48 1.10 

 
As presented in Table (4) the result of 2% of 

ZrO2-TiO2 nanoparticles caused highly significant 
increase in transverse strength of PMMA as 
compared to control group, this could be 
attributed to the good distribution of the very fine 
and different sizes of nanofillers used in the study 
that enable them to enter between linear 
macromoleculars chains of the polymer and fill 
spaces between chains, there by restricting the 
segmental motions of the macromolecular chains 
and increasing strength and rigidity of the resin, 

so this improve fracture resistance and lead to 
improve transverse strength.  
          In addition the increasein transverse 
strength could be due to the transformation 
toughening, when sufficient stress develops and 
micro crack begins to propagate, a transformation 
of nanoparticles from the meta stable tetragonal 
crystal phase to the stable monoclinic phase 
occurs which depletes the energy of crack 
propagation, also, in this process expansion of 
crystals occurs and places the crack under a state 
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of compressive stress and crack propagation is 
arrested (19). 
Additionally both van der waal forces and 
covalent bonding increases strength and adhesion 
force. 
     The result of the present study agrees with 
those obtained by Safarabadi et al., (21)Alhareb and 
Ahmed (22) and Acosta-Torres et al.(23). 
 
Thermal conductivity test  
        The mean values, standard deviation, 
standard error and independent t test of the 
thermal conductivity test results are shown in 
table (5). 

There was a non-significant increase in the 
values of thermal conductivity with the addition 

of ZrO2/TiO2 nanoparticles, this may due to 
metallic properties of oxides & their ability to 
conduct heat as compared to the acrylic resin  
(thermal conductivity of ZrO2 1.8- 3.0 W/m.K and 
that for TiO2 11.7 W/m.K) additionally the 
surface treatment of the nano fillers which 
increases the cross linking during polymerization 
of PMMA these cross links help in heat 
transmission through atoms in covalent bonds as 
the cross-linking of the double bonds and the 
other strong groups decrease the spaces and 
increase the crosslink, thus the heat transfer is 
more rapid due to the free- volume diminishing. 
(24) 
 

 
Table 5: Descriptive statistics and groups' difference of the thermal conductivity (W/m.C°) 

Groups N Mean S.D. S.E. t-test p-value Sig. 
Cont. 10 0.28 0.03 0.01 -0.597 0.558 NS Study 10 0.29 0.03 0.01 
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ةالخلاص
لممیزات لازال راتنج الاكریلك الحراري المادة الاكثر شیوعا واستخداما في تحضیر قواعد الاطقم المتحركة  للاسنان نظرا لامتلاكھا مجموعھ من ا:بیان المشكلة
نظرا لضعفھا في تحمل الصدمة  التي تتسبب غالبا في كسر قواعد الاطقم  النواحي لاسیما میكانیكیا بالرغم من ذلك فانھا لیست مثالیھ من جمیع. المرغوبة

 بالاضافة الى رداءة التوصیل الحراري 
وتقییم بعض  )راتنجالاكریلكالحراري/ ثنائیاوكسیدالتیتانیوم -ثنائیاوكسیدالزركونیوم(الھدف من الدراسة ھوتصنیع متراكببولیمرنانوي  :الھدف من الدراسة

  بالمقارنة مع راتنج الاكریلك الحراریز التوصل الحراريو قوة المستعرضة, مثل قوة الصدمةالخواص  الفیزیائیة والمیكانیكیة لھ 
اكریلیت او المونومیر تمت معاملھ الجزیئات النانویة لاوكسید الزركونیوم واوكسید التیتانیوم بالمادة الرابطة من ثم تم مزجھا مع المیث:المواد وطریقة العمل

عینھ  60تم تحضیر .ومن ثم خلطھا مع البولي میثل میثكریلیت او البولیمیرمن اوكسید بنسب وزنیة متساویة % 2بتركیز باستخدام جھازالموجات الفوق صوتیھ 
ة مجامیع بالاعتماد على الفحص ثلاثتم تقسیم كل منھا الى , عینة 30مجموعة السیطرة و المجموعة التجریبیة كل منھما تحتوي على , قسمت الى مجموعتین

  .التوصیلیة الحراریة, متانھ الكسر, قوة الصدمة:عینات لكل من الفحوصات التالیة  10المجرى بواقع 
ید التیتانیوم مع  المادة الرابطة اكد فحص الامواج التحت الحمراء حدوث الترابط بین الجزیئات النانویة لكل من اوكسید الزركونیوم واوكس:النتائج

اما نتائج التحلیل الاحصائي فاظھرت وجود زیادة معنویة في قوة الصدمة ومتانة الكسرلراتنج الاكریلك الحراري  بعد ) الترایمیثوكسي سیلیل بروبیلمیثاكریلیت(
 .الاضافة بینما كان ھناك زیادة غیر معنویة في قابلیة التوصیلیة الحراریة 

كان لھ اثر مما تبین من النتائج  یمكن ان نستخلص انھ معاملة الجزیئات النانویة لكل من اوكسید الزركونیوم واوكسید التیتانیوم بالمادة الرابطة :تاجاتالاستن
دة في قوة الصدمة ومتانھ الكسر ایجابي على انتشارو قوة ترابط الجزیئات النانویة مع المادة الاساس لراتنج الاكریك الحراري بعد الاضافة حیث ادت الى زیا

 .باللاضافة الى الاثر الایجابي في زیادة التوصیلیة الحراریة 


