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2.4  Thermal Testing 
 
Differential scanning calorimetry or DSC is thermo analytical technique in which the 

difference in the amount of heat required to increase the temperature of a sample. The 
reference is measured as a function of temperature. Both the sample and reference are 
maintained at nearly the same temperature throughout the experiment.  
            Generally the temperature program for a DSC analysis is designed such that the 
sample holder temperature increases linearly as a function of time. The reference sample 
should have a well-defined heat capacity over the range of temperatures to be scanned [7, 8]. 
 Thermal stability is a mechanical test to ensure the hybrid composite at high 
temperature operation. Differential scanning calorimetry will show the quality of the hybrid 
composite. For thermal stability test minimum quantity of material (20mg) is required to 
find the output.  
            The Glass transition temperature (Tg) and complete decomposition temperature is a 
two different panels measured by the weight reduction of mass of the specimen and based 
on the peak formation by the endothermic and exothermic reaction based on the heat 
supplied. The stability process of the scanning calorimetric operation is used to determine 
the thermal behavior of the composite. All values of peak and thermal values will carry over 
by degree Celsius. The NETZSCH DSC 200 F3 Maia differential scanning calorimeter 
covers a temperature range from –170°C to 600°C. The instruments work according to the 
heat flow principle and are characterized by a three- Dimensional symmetrical construction 
with homogeneous heating. Sensors with high calorimetric sensitivity, short time constants 
and a condensation – free sample chamber in the differential scanning calorimetry cell 
guarantee high detection sensitivity. 
 Automatic sample changers for up to 64 samples are available; however the 
configuration available in the lab covers a temperature range of -70 to 600oC by using 
Intercooler. Instrument control and data acquisition are accomplished via a 32-Bit MS-
Windows software and electronics system. 
            Data evaluation is carried out by a comprehensive PC software package allowing 
computation of peak and onset temperatures, inflection points, partial area integration, 
specific heat, transformation energetic, etc. The tests were performed according to, ASTM 
D 3418-82(88). The varying parameters described below 
 
 Mass of initial sample : 32.502mg 
 Temperature range      : 30°C to 500°C 
 Rate of heating          : 10°C/min 
 Crucible                 : Al, pierced lid 
 Protective gas             : Nitrogen  
 Flow rate of gas         : 20ml/min 
 Time consumption       : 45 min ( total process) 
 Checking parameters  : Tg and complete decomposition temp 

 
 2.5  Nano Fillers  
 

Iron oxide is the inorganic compound used as nano filler. It is one of the main oxides 
of iron. The magnetite particle (Fe3O4) size varies from 1-100nm. The organic and inorganic 
combination will effectively carry out by surface modification of inorganic materials such as 
iron oxide, aluminum oxide to produce the coupling effect between the particle and the resin 
product. 
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Table 1: Test Report for Composite Material 
 

Formulation of samples 

U
lt

im
at

e 
br

ea
ki

ng
 lo

ad
 

(N
) 

A
re

a 
in

m
m

2 

U
lt

im
at

e 
te

ns
il

e 
S

tr
en

gt
h 

(M
P

a)
 

S
.n

o 

R
es

in
 

m
at

ri
x 

G
la

ss
 

F
ib

er
 in

 
W

t (
gr

m
) 

1. Epoxy 28 4900 27.5 179 

2. Epoxy 28 4300 22.5 191 

3. Epoxy 28 4316 23 188 

 
 

Table 2: Test Report for 5wt% of Nano Composite 
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1. Epoxy 28 5 6350 26.4 240 

2. Epoxy 28 5 6307 26.5 238 

3. Epoxy 28 5 5865 25.5 230 

 
The Table 2 shows the value of tensile strength varies from 230 MPa to 240 MPa. 

The adding of 5wt% surface functionalized nano iron oxide particles produced the 
significant improvement in the tensile strength and the Fig. 4 and 5 shows the stress-strain 
distribution and the elongation, in two images we could see that the material has offer less 
yield strength since it is brittle. The value of young’s modulus also quite same that shows 
there is no improvement in the ductility of the material. 
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the thermal stability in that also we could able to see the significant improvement by Nano 
particle addition hence the complete decomposition temperature improved 10% from 322°C 
to 358°C.  
            This values has shown that the adding of Nano particles have improved the 
mechanical properties. The scored values after adding the Nano particles are the evidence 
for good and reasonable bonding of Nano particle with resin matrix and glass fiber since the 
CH2 group in the iron oxide Nano filler have been reacted with the resin matrix (amine 
group) and also with the glass fiber in the OH group. That imparts the significant 
improvement in the Nano composite after adding the iron oxide Nano particles 
             The same methods can be implemented to reinforce the particles like Al203, Sio2, 
and other metal oxides. Aluminum Nano particle once added the tensile and toughness of 
the composite change. Similarly SiO2 is used to improve the thermal stability rate of the 
composite. Hence the adding of Nano particles will produce substantial improvement in the 
composite material without changing its physical dimensions. 
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