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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 
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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. 

 
 



 

 

 

Glass
temp
 

R

3.2  Mec

The test 
s transition 

perature in °

Formulat

Resin matrix 

Epoxy 

 
 
 
 

Fig. 4:

Fig. 5:

chanical Pr

results hav
temperatur

°C. Table 3 

Table 3

tion of sampl

Glass fi
Wt(g

28

 Stress-Strai

 Stress-Strain

roperties N

ve been plot
e (Tg) in °C
shows the v

3: Test Repo

les 

tember in 
gm) 

8 

 
in Curve for 

 

 
n Curve for 

Nano-Comp

tted for furt
C and Comp
value of Tg 

ort of Therma
 

Glass trans
mperature (T

63.2°C

Int. J. Nano

5wt% Nano 

as-Received 

posites  

ther analysis
plete decom
and melting

al Testing for

sition 
Tg) in °C

d

C 

oelectronics and

Composite. 

Composite. 

s which con
mposition tem

g temperatu

r Composite 

Complete 
decompositio

temperature
in °C 

322 °C 

d Materials 7 (2

ntains the v
mperature o
ure.  

 

on 
e 

Specif
capac

J/ (g

0.0

2014) 93-102 

99 

 

 

values like 
or melting 

fic heat 
city in 
g*K) 

045 



A Arockia L

100 
 

T
DSC/(mW
glass tran
the mid v
the comp
with 322

 

R
es

in

Ep

 
 

Linson, et al. / M

The tempera
W/mg) in y
nsition is ob
value. Fig. 6
posite the c
°C that show

Ta

Formul

R
es

in
 

m
at

ri
x 

poxy 

Mechanical and

ature in deg
- direction w
bserved with
6 shows the
complete de
ws the mate

able 4: Test R

lation of sam

G
la

ss
 f

ib
er

  
in

 W
t 

(g
rm

) 

28 

Fig. 6: DSC

d thermal behav

gree Celsiu
with the ma
h change in
e glass trans
ecompositio
erials is hav

Report of Th

mples 

N
an

o 
fi

ll
er

 w
t%

 

5 

C Graph for A

vior of hybrid n

us value be
aximum hea
n specific he
sition and c
on starts fro
ving the dec

hermal Testin
 

G
la

ss
 tr

an
si

ti
on

   
te

m
pe

ra
tu

re
(T

g)

51

 
As-received 
 

ano composite

een taken i
at supplying
eat capacity
complete de
om the tem
omposition

ng for Nano C

te
m

pe
ra

tu
re

 (
T

g)
 

in
 °

C
 

C
om

pl
et

e 

.7 

Composite.

n the x- d
g of 500°C.
y of 0.045 J/
composition

mperature of
rate is nom

Composite 

p
de

co
m

po
si

ti
on

 °
C

te
m

pe
ra

tu
re

 
in

 °
C

 

358 

direction an
. The exoth
/(g*K) by t

on temperatu
f 220°C and

minally high

S
pe

ci
fi

c 
he

at
 

ca
pa

ci
ty

 in
 J

/ 
(g

*K
) 

0.045 

 

nd the 
ermic 
taking 
ure of 
d end 

h. 



 

DSC
glass
the m
the n
358°
        
comp
Base
been
MPa
has n
brittl
brittl
impr
diffe
absor
comp
temp
This 
energ
 
 

great
and t
that 
chan

The tem
C/(mW/mg) 
s transition i
mid value. F
nano compo
C that show
    The test 

posite mater
ed on the te
n studied. T
a with the ad
noticed.  Si
le and has 
leness. The 
rovement in
rential scan
rbed and t
posite and 5
perature of 

shows the
gy with the 

4.  Conc
       
As per t

t job in imp
thermal stab
is 21% of 

nged that sho

mperature in
in y- direct
is observed
Fig. 7 show
osite. The d
ws the mater

reports and
rial have be
ensile test a
he maximu
ddition of 5
ince the as 
not display
Nano part

n tensile st
nning calori
the glass tr
51.7°C for 
322°C for 

e material h
resin and N

clusion and

the earlier r
proving of m
bility. The 
improveme
ows the ma

Fi

n degree C
tion with th
with chang

s the glass t
ecompositio
rials is havi
d other rele
een taken fo
and stress-s
um tensile s
5wt% functi

received co
y significan
icle added 
trength in 
imetry test 
ransition te
Nano comp
as received
has adopted

Nano particl

d Future W

reports and 
mechanical 
improved v

ent and the 
aterial can p

ig. 7: DSC G

Celsius valu
he maximum
ge in specifi
transition a
on starts fro
ing high dec
evant data o
or analyzing
strain curve
strength of 
ionalized ir
omposite ha
nt effect in
Nano comp
its class. B
the endoth

emperature 
posite. The

d composite
d by good 
le and also t

Work 

discussion 
properties 

values of te
modulus o

produce mor

 
Graph for 5wt

 

Int. J. Nano

ue been tak
m heat suppl
ic heat capa

and complet
om the temp
composition
of the resin 
g the results
e the effecti
the compos
on oxide N
as produced
n the yield 
posite mate

Based on th
hermic and 
occurs at 
 complete d

e and 358°C
curing pro

the glass fib

the adding
such as ten
ensile stren
of the Nano
re durable a

t% Nano Com

oelectronics and

ken in the x
lying of 500

acity of 0.04
te decompos
perature of 
n temperatur
coated non
 of the proj
iveness of t
site has bee
ano particle
d only 190 

stress and
erial could 
he studies 
exothermic
the temper
decomposit
C for Nano 
ocess and h
ber. 

g of Nano p
nsile strengt
gth from 19

o composite
against the e

mposite. 

d Materials 7 (2

x- direction
0°C. The ex
45 J/ (g*K) 
sition temp

f 340°C and
ure. 
n added Nan
ect in the fi
the tensile 
en observed
e and the yi
Mpa, the p

d necking c
offer the s
of thermal

c reaction h
rature of 63
tion will sta
 composite

having good

particles hav
th, young’s 
91MPa to 2
e value hav
external loa

2014) 93-102 

101 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n and the 
xothermic 
by taking 
erature of 

d end with 

no hybrid 
irst phase. 
specimen 

d that 240 
ield stress 
product is 
caused by 
ubstantial 
l stability 
have been 
3.2°C for 
arts at the 
 material. 
d binding 

ve done a 
modulus, 

240 MPa, 
ven’t been 
ad. Finally 



A Arockia Linson, et al. / Mechanical and thermal behavior of hybrid nano composite 

102 
 

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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