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ABSTRACT: The aim of this work is to determine & compare the mechanical characterization such as tensile test, compression & 
flexure test of calcium silicate mixed with polyester resin lamina. It is well known that inorganic filler particles enhance the 
mechanical properties of polymers. Calcium silicate with different percentage is added to the resin material in order to enhance 
the mechanical property. Calcium silicate helps the polyester resin to get the hardness to the certain level higher than the 
individual polyester resin. The Calcium Silicate (CaSiOR3R) is available in powder form and is known for its high strength & 
hardness. Test Specimen is prepared with different composition of calcium silicate in polyester resin. The results have been 
plotted & compared. The morphology of the calcium silicate added polyester resin laminate are observed in Scanning electron 
microscope. The surface morphology of the laminates reveals that well distributed particles of calcium silicate. 
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1 INTRODUCTION 

                     For over 50 years, fiber-reinforced plastic (FRP) 
materials have proven to be very successful in structural 
applications. They are widely used in the aerospace, 
automotive and marine industries. Fillers added polymer 
composites show increase in the mechanical properties like 
tensile strength, Young’s modulus and elongation [1]. 
Yoshida, et al. showed that the addition of silica in a particular 
composition of the composite materials increases the tensile 
strength of materials [2]. Composite laminates are used in 
many industries because they possess high stiffness to weight 
ratios, high strength to weight ratios, resistance to fatigue and 
corrosion, and low coefficients of thermal expansion. Hence 
the composite is added with some chemical compound which 
will give the mechanical strength among the composite. Hence 
the composite laminate is added with calcium silicate along 
with polyester resin.  Polyester resins have a good balance of 
mechanical, electrical and chemical properties. The polyester 
resins are mainly used in glass fibre profiles. The calcium 
silicate is added to the polyester resin in different percentage 
in order to determine the best performance of the sample. 
Addition of nano particles will produces a new class of 
composites that exhibits a high physical, thermal and 
mechanical properties compared to that of conventional 
composites due to strong interfacial interaction between 
particles and the resin matrix 
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 The addition of ceramic reinforced material, SiC 
particles, to resin matrices, results in the improvement of the 
overall performance of the composite, allowing the application 

of these materials as tribo-materials in industries such as: 
automotive, aeronautical and medical. Used particles of size of 
0.1µm to 22µm [3]. 
 
2 EXPERIMENTAL PROCEDURES 
 
2.1 Materials 

 Unsaturated polyester (UPR 108) used as polymer 
matrix of composite in addition of methyl ethyl ketone 
peroxide (MEKPO) as catalytic reaction. Calcium silicate 
which is available commercially is used as filler in composite.        

3 Preparation of Laminate 

 The composite laminate material used in this research 
was prepared using the matrix material polyester resin. 
Looking to the relative advantages and qualities of polyester 
resin and ease of availability in nearby market vicinity 
polyester has been selected. Along with the polyester resin 
chemical compound like calcium silicate is used. Both the 
mixture of polyester resin mixed with calcium silicate is used 
as a matrix material to test the strength of the matrix. With 0%, 
2%, 4% and 6% of calcium silicate is used in order to compare 
the mechanical properties. The specimen is prepared as per 
the ASTM standard for tensile, compression and bending. The 
more sophisticated manufacturing methods now include resin 
infusion, where the resin is drawn into a closed mould under 
vacuum. In this study, four different types of laminates were 
prepared from mixture of polyester resin and calcium silicate 
and compared for there inter molecular response or strength 
response. The first panel was made of polyester resin , second 
one with 2% of CaSiOR3,R 3P

rd
P with 4% of CaSiOR3 Rand 4P

th
P with 6% 

of CaSiOR3R. The figure 1 shows the mould which is designed to 
prepare the laminates. Figure 2 shows the tensile test carrying 
out in the UTM. 
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Figure 1 : Mould box to manufacture laminates 

3.1 Characterization of prepare laminate. 

 Mechanical properties of composite were performed 
by UTM according to ASTM D-638 at room temperature and 
crosshead speed of 1 mm/min. prior to tensile test, dumbbell-
shaped specimens were cut for each film according to ASTM 
D638, type V in dimension of 250 x 20 x 4 mm3. The hardness 
of the specimen was determined by using the Vickers’s micro 
hardness. The surface of sample was put on the surface of a 
sample holder and then coated with gold for electron 
microscopy measurement. Morphological surface of cross-
sectional surface of composite was analyzed by scanning 
electron microscope (SEM), ESEM QUANTA 200, FEI, 
operated at accelerating voltage of 20 kV. Further 
characterization, i.e. compression, bending & hardness were 
also performed on the laminate. 
 

 
Figure 2 : Tensile testing machine. 

 
Figure 3 : SEM Images of 0% CaSiO3 

 

                
Figure 4: SEM image of   2% CaSiO3 

                
Figure 5: SEM image of  4% CaSiO3 
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Figure 6 : SEM image of 6% CaSiO3 

4 RESULT & DISCUSSIONS 

4.1 Scanning Electron Micrograph: 

 The laminates which are prepared by adding calcium 
silicate to polyester resin are observed under scanning electron 
microscope to study the morphology of distribution of calcium 
silicate particles inside the resin 
 
 The SEM image of the pure polyester resin laminate is 
show in the figure 3. Since it is pure resin material laminate no 
calcium silicate particles are seen or observed 

 The SEM morphology of 2%, 4% & 6% of calcium 
silicate added polyester resin laminate is shown in figure 4,5 & 
6 .It is observed from the figures that the distribution of the 
calcium silicate in the polyester is non uniform and the size of 
the calcium silicate particles are of the size of 30µm to 50µm. 

 The morphology of the SEM revealed that the shapes 
of the calcium silicate particles are irregular. And also the sizes 
of the particles were also irregular. 

4.2 Tensile test: The tensile test is conducted for the specimen 
of polyester composite with 0%, 2%, 4% and 6% of calcium 
silicate with test speed of 2mm/min on UTM machine and the 
results are noted down. And the graph is generated for the 
tested values. 

 
Figure 7 : For 0% CaSiO3 

 

 
Figure 8 : For 2% CaSiO3 

 

 

Figure 9 : For 4% CaSiO3 
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Figure 10 : For 6% CaSiO3 

TABULAR COLUMN: 

Table 1 : for tensile specimen the values obtained after test 

Samples 
CaSiO3 

in 
matrix 

Peak 
Load 
(N) 

%Elongation Break 
Load (N) 

1 0% 2568 1.05 2562 
2 2% 2953 2.27 2945 
3 4% 3822 2.67 3814 
4 6% 2728 2.66 2682 

 

4.3 Compression test: The compression test is conducted for 
the specimen of polyester composite with 0%, 2%, 4% and 6% 
of calcium silicate with test speed of 1mm/min and the results 
are noted down. And the graph is generated for the tested 
values.       

         
Figure 11 : For 0% CaSiO3 

     
Figure 12 : For 2% CaSiO3 

 

Figure 13 : For 4% CaSiO3 

 

Figure 14 : For 6% CaSiO3 

TABULAR COLUMN: 

Table 2 : for compression specimen the values obtained after test 
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Samples 
CaSiO3 

in 
matrix 

Peak 
Load 
(N) 

%Elongation Break 
Load (N) 

1 0% 2072 1.25 1292.28 

2 2% 2078 2.35 1282 

3 4% 2547 1.75 1484 

4 6% 2969 1.75 1155 
 
 
4.4 Bending test: : The bending test is conducted for the 
specimen of polyester composite with 0%, 2%,4% and 6%of 
calcium silicate with test speed of 1mm/min and the results are 
noted down. And the graph is generated for the tested values.  
 

 
Figure 15 : For 0% CaSiO3 

 

TABULAR COLUMN: 

Table 3 : for bending specimen the values obtained after test 

 

 

Figure 16 : For 2% CaSiO3 

 

Figure 17 : For 4% CaSiO3 

 

Figure 18 : For 6% CaSiO3 

Samples 
CaSiO3 

in 
matrix 

Peak 
Load 
(N) 

%Elongation 
3pt bend 
flexural 
strength 

1 0% 142 11.25 35.28 

2 2% 187 18.08 44.70 

3 4% 111 7.29 27.93 

4 6% 202 10.54 51.03 
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4.5 HARDNESS  

 The hardness of the specimen of polyester lamina and 
different percentage of calcium silicate added polyester lamina 
is determined by the Vickers micro hardness test. The test was 
conducted on the specimen by varying the load like 25gms & 
50gms. 

Vickers micro hardness (HV) = (1.854*F)/d2                              

F= load in kgf                                                                          
d=mean diagonal of indentation in mm2 

Table 4 : for hardness specimen the values obtained after test 

Sl 
N
o 

CaSiO3 
in 

matrix 

25g of  load in kgf 50g of  load in kgf 
Mean 

diagona
l in mm 

Hardnes
s in 

kgf/mm2 

Mean 
diagona
l in mm 

Hardnes
s in 

kgf/mm2 
1 0% 133 15.7 187 15.8 
2 2% 130 17.1 180 17.3 
3 4% 115 20.8 161 20.9 
4 6% 107 24.1 150 24.6 

 

5 DISCUSSION: 
 

Table 5 : comparison of all the properties 

CaSiO3 
in 

matrix 

Tensile 
(N) 

Compression 
(N) 

Bending 
(N) 

Hardness 
(HV) 

0% 2568 2074 142 15.7 
2% 2953 2078 187 17.1 
4% 3822 2547 111 20.8 

6% 2728 2970 202 24.6 
 

5.1 Tensile : 
 

 In the tensile test we can see from the obtained graph that 
the load required for the composite laminae with 4% 
calcium silicate requires more load than that of the 
composit with 0%,2% and 6% calcium silicate 

 The elongation of the composite in the 4% composite is 
more when compare to that of the 0%,2% and 6% calcium 
silicate. 

 More load is required to break the composite with 4% 
calcium silicate than the 0%,2% and 6%  

 The laminate with 4% of calcium silicate is the best for the 
tensile application . 

 

 
 
5.2 Compression: 
 

 In the compression test we can see from the obtained graph 
that the load required for the composite laminae with 4% 
calcium silicate requires more peak load than that of the 
composite with 0%,2% & 6% CaSiO3 . 

 The elongation of the composite in the 2% composite is 
more when compare to that of the 0%,4% & 6%calcium 
silicate. 

 More load is required to break the composite with 6% 
calcium silicate than the rest. 

 
5.3 Bending : 
 

 In the bending test we can see from the obtained graph that 
the load required for the   composite laminae with 6% 
calcium silicate requires more load than that of the 
composite with 0%,2%& 4%calcium silicate 

 The elongation of the composite in the 0% composite is 
more when compare to that of the 6%calcium silicate. 

 So we can conclude that the laminae has got the brittle 
property after adding the calcium silicate 

5.4 Hardness  

 The values obtained from the micro hardness test 
which was carried out on the vicker’s micro hardness 
testing instrument indicates that the hardness of the 
specimen increases as the percentage of the calcium 
silicate in the polyester increases. 

6 Conclusions: 

 From the obtained graph we can observe that, to with 
stand the maximum tensile strength, the sample with 
4% calcium silicate can be used than that of the other 
samples. 

 For the compression, the specimen with 6% of the 
calcium silicate withstands more loads. So the 
polyester resin added with 6% calcium silicate can be 
used. 

 The specimen with 6% calcium silicate got highest 
withstanding strength, so it can be used when the 
application requires the maximum load to with stand. 

 When the application of the composite with 
maximum bending strength , the composite of 
polyester added with  6% of calcium silicate can be 
used. 
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