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THERMAL GRAVIMETRIC ANALYSIS OF GLASS FIBER
REINFORCED COMPOSITE FOR UNDERSTANDING THE IMPACT
OF COPPER OXIDE IN RELATION TO TITANIUM OXIDE
FILLER PARTICLES

In this work, the composite samples required to investigate their thermal properties were fabricated employing the con-
ventional hand lay-up technique, followed by a light compression molding process. A fixed weight of plain woven glass fiber
and epoxy with four different types of fillers as calcium carbonate (CaCO;), aluminum oxide (Al,Os), magnesium oxide (MgO)
and titanium oxide (TiO,) or copper oxide (CuO) of different weights (5, 10 and 15 g) were studied. According to thermal
gravimetric analysis (TGA), it was observed that the melting point (T,,) and glass-transition temperature (T,) are affected by
the presence of CuO and TiO,, which indicate the degree of composite crystallinity established by the stronger interfacial in-
teraction by the CuO than that of the TiO, particles and the amorphous region of the chain. These studies were supported by
examination of the surface morphology of the composites by means of scanning electron microscopy (SEM).
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INTRODUCTION

Because of their adaptable and widespread use,
flexibility in design, enhanced thermal characteristics
and desired mechanical properties compared with sim-
ple alloys, composites have already attained a strong
position in modern industries. Tremendous work has
been done on thermosetting polymers [1-4] and their
composites [5-7] over the decades. Epoxy resins
are some of the most frequently used polymer matrices
in glass fiber composites due to their versatile applica-
tions in the engineering field [8-10]. Composites fabri-
cated with epoxy as the base material can possibly
replace conventional metal designs. The modification
of current polymer composites is one of the approaches
to develop new polymer composites to be used for
intended applications. In most engineering applications,
functional fillers are used in fiber reinforced polymer
matrix composites (PMCs) to draw attention to the
development of advanced PMCs as well as hybrid
PMCs, which are presently going through huge innova-
tive research [11].

Many researchers have studied the influencing fac-
tors of composites, the characteristics of composites
[12-14] and several modifications have been made
to improve the thermal stability of the material. In com-
posite production, it is absolutely essential to measure
the thermal stability of the material to ascertain

the range of temperature in which it can be used with-
out degradation. Thermoplastics are used to increase
the toughness of thermosetting resins for their high
glass transition temperature [15-17]. Thermogravimet-
ric analysis (TGA) is an important thermal analysis
technique, which has wide applications in characteriz-
ing polymer materials [18]. Through thermal analysis,
the properties of polymeric materials are ascertained as
a function of temperature.

The principal potential benefits of exploiting modi-
fied composites containing a similar nature of fiber are
to change the thermal, mechanical and physical proper-
ties to suit the end use application. Hence, it is obvious
to modify the polymer matrix to use it for the intended
purposes. A popular method to modify the properties of
the base materials is to add fillers to the polymer matrix
[19]. The modification of epoxy resins by the addition
of filler materials reduces the cost and improves the
mechanical, thermal and electrical properties of the
resins significantly [20]. Various filler materials are
introduced into fiber reinforced polymer composites
(FRPCs) to develop the stiffness and heat deflection,
reduce shrinkage and voids and to give composites
amore solid appearance. Research is continuing in
fillers incorporated into FRPCs to obtain high mechani-
cal and wear resistance properties to employ these ma-
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terials in various mechanical parts, for example, chute
liners, brake pads, clutches and gears [21]. Glass fiber
composites modified with CaCOs, Al,05 and TiO, have
numerous applications in different industrial sectors and
leading technologies like armor, ballistics, helicopter
blades, air turbine blades, pneumatic reinforcement and
sporting goods [22-24]. Against this background, the
objective of this work is to investigate the thermal
characteristics of glass fiber reinforced composites by
analyzing the impact of CuO in relation to TiO, when
modified with CaCOs, Al,03;, MgO and TiO, or CuO in
two different instances.

Waoight (%)

Exalp Tomparatee T (€) ]

(f) TGA

(b) Fabricated composites

E 100
(e) Particle analysis by

EXPERIMENTAL PART

Fabrication and investigation of composites

Six types of epoxy-based fiber reinforced plastic
(FRP) composites containing various fillers were pro-
duced using the hand lay-up method (Fig. 1a). Various
percentages (weight related) of resin, epoxy hardener,
fillers, and fibers were used in the experiments, as
presented in Tables 1 and 2. To obtain the ideal degree
of homogeneity, all the composite samples were laid
up similarly and comparable light pressure was applied
in each cases.

(d) Pseudo-color view of surface

threshold detection

Fig. 1. Fabrication and investigation of sample composites

TABLE 1. Composition of FRP for experiment — 1 (by weight)

Compositions
Composite Fiber stacking Matrices Wt [g] Reinforcement Wt [g]
sample sequence Epoxy Araldite Glass fiber Fillers
(LY556) (HY951) CaCO; ALO; MgO TiO, Total
S1 G/ G/ G/ G/ G 150 15 265 5 5 5 5 20
S2 G/ G/ G/ G/ G 150 15 265 10 10 10 10 40
S3 G/ G/ G/ G/ G 150 15 265 15 15 15 15 60
TABLE 2. Composition of FRP for experiment — 2 (by weight)
Compositions
Composite Fiber stacking Matrices Wt [g] Reinforcement Wt [g]
sample sequence Epoxy Araldite Glass Fillers
(LY556) (HY951) fiber CaCO; ALO; MgO Cu0 Total
S4 G/ G/ G/ G/ G 150 15 265 5 5 5 5 20
S5 G/ G/ G/ G/ G 150 15 265 10 10 10 10 40
S6 G/ G/ G/ G/ G 150 15 265 15 15 15 15 60
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Analyzing techniques

Thermal investigation

Thermal gravimetric analysis (TGA) was carried out
somewhere in the range of 50 and 1000°C in liquid ni-
trogen, with the heating rate of 5°C min”' by means of
a TGA Instrument (SDT650 Serial No 0650-0180) as
shown in Figure 2. Thereafter, the specimens for differ-
ential scanning calorimetric (DSC) and thermogravi-
metric (TG) analysis were acquired from the fabricated
samples to measure the heat deflection temperature
(HDT) by cutting perpendicular to the glass mat.
Specimens weighing 25-45 mg were employed for each
round of TG analysis.

. 5

Fig. 2. TGA of prepared composite

The information collected from the thermal response
was compiled in a plot with either the underlying mass
percentage or the quantity of heat along the y-axis when
correlated with the temperature along the x-axis. The
previously mentioned plot is called a TGA graph, which
showed a gradual downward slope. It is possible to plot
the first order of the TGA graph (DTG graph) to deter-
mine the inflection points that are useful for differential
thermal investigation and the required correlations.
Imaging technique

The microstructure of the composites was examined
by means of a Hitachi SU-1510 scanning electron mi-
croscope (SEM), as seen in Figure 3. The specimens

were prepared for SEM examination according to
ASTM standard D 5299.

The composite specimens presented in Figure 3a
were properly cleaned, air-dried and prepared for SEM
observation. Thereafter, a thin and small sized platinum
film was evaporated on the above composite specimens
so as to augment the conductivity before taking the
micrographs. Figure 3b shows the SEM set up and
analysis.

RESULTS AND DISCUSSION

Thermal investigation

The plotting of the TGA is performed based on the
change in temperature happening inside the substance,
which is developed by applied changes or internal reac-
tions. Usually, the specimen loads are sensitive to an
ascent in temperature. This resultant graph is known as
a thermogram and provides the basic data concerning
the underlying thermal structure/stability of the speci-
men, as well as the soundness, structure of the fabri-
cated samples and the composition of the components.
Usually every material has a separate composition as
well as a separate thermogram that helps in its recycling
process.

The plotting of the weight loss against time or tem-
perature (termed as a TGA graph) and heat flow versus
temperature (known as a DSC graph) are the ultimate
consequences of TGA investigation as demonstrated in
Figures 4 to 9. There are two temperatures notable in
the TGA graph (Fig. 4): the start of the decomposition
temperature (7; = 275°C) and the final temperature
(T7 = not seen), which indicates the most minimal con-
ceivable temperature wherein weight loss starts to be-
come visible, as well as the least conceivable tempera-
ture wherein its decomposition is completed. The
stretch and reaction temperatures are firmly predicated
on the conditions of the analyses. Therefore, they can-
not have any fixed quantities. Melting (7)) happens to
crystalline polymer, whereas glass transition (7,) hap-
pens exclusively to the polymer inside a nebulous con-
dition. It is possible for the crystalline polymer of
a composite sample to contain and display both the
temperatures of glass transition and melting point. Nev-
ertheless, the melting chain and amorphous areas of the
composites may not experience the same.

a) Composite specimens for SEM (ASTM D5299)

S1 S2 S3 S4 S5 S6

b) Scanning of composite

Fig. 3. Scanning of composites
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The test composites (S1, S2 and S3) from investiga- (a) DSC Curve
tion 1 with TiO, have glass transition temperatures (T,) 0
of 72, 74 and 72°C, respectively, as demonstrated in \
Figures 4-6. Then, test composites (S4, S5 and S6) from 10
investigation 2 have glass transition temperatures of g
. . . E 104
75, 75 and 88°C, respectively, which are presented in =
Figures 7- 9. 3
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Fig. 5. Differential scanning calorimetric (DSC) and thermogravimetric
analysis (TGA) of composite sample 2

TA Instruments Trios V4.3.0.38388.

Fig. 8. Composite sample 5 DSC/TGA curves
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Fig. 9. Composite sample 6 DSC/TGA curves

The test composites fabricated with the TiO, filler
material exhibit a lower glass transition temperature
than that of the composites produced with the CuO
filler material. This demonstrates the enhanced thermal
and mechanical properties of the composites fabricated
with CuO than of the composites produced with TiO,.

Two factors were considered to take a decision on
setting the ranges of temperature regarding the weight
loss (decomposition) of the composites. Volatility is the
first challenge — this includes water as well as residual
solvents. As indicated by the temperature, a similar re-
sult was found across all the conducted tests (approxi-
mately 1-2%) at 275°C. The subsequent issue is the in-
flection point because all the previously mentioned tests
were found to mirror a progressive adjustment of the
gradient within the range of 580-590°C. The develop-
ment of the primary curve was expected to precisely
indicate the point of inflection. As shown in Table 3
and Figure 10, there are changes in the results among
the specimens.

TABLE 3. TGA results of prepared composites
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S1 72 165 | 5135 | 580 830 2.50
S2 74 1.80 | 5420 | 590 840 325
S3 72 175 | 5025 | 590 820 4.50
S4 75 190 | 4750 | 575 820 2.50
S5 75 1.60 | 3940 | 580 820 2.50
S6 88 190 | 4810 | 580 900 4.00
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Fig. 10. Trends of glass transition temperature of composite samples

Micrograph analysis

SEM examination of the composites was performed
to determine the morphology of the materials, verify
uniform distribution of the filler materials and assess
the continuity of the glass fibers. Many variations in the
inner construction and the distribution of the filler
materials of the fabricated composites were noticed. All
the specimens (Fig. 11) showed consistency in the filler
distribution and continuation of glass fiber all through
them. Important changes in the microstructure of the
materials fabricated with CuO were observed.

The SEM micrographs of the cross-sectional layer
of the specimens are shown in Figure 11. From this
Figure, it can be seen that the bonding between the
matrix, fillers and fibers is stronger in the S4, S5 and S6
test specimens as compared with S1, S2 and S3. This is
the reason why these samples show enhanced mechani-
cal properties. Furthermore, specimen S2 (Fig. 11b)
exhibits inadequate bonding and interfacial adhesion
between the fibers, fillers and matrix of the specimen
and also some voids were found in it, which ultimately
degrade the thermal and mechanical properties of fabri-
cated composite sample 2.

The microstructure of the cross-section of the glass
fiber composite filled with CuO showed a smooth shape
(when contrasted with the TiO, filler) and an internal
construction free from voids as demonstrated in Figure
11c. The lack of adhesion between the glass fiber lami-
nate and the filler materials is evident on the fractured
surfaces. This is indicative of insufficient interaction at
the interfacial level and potentially elucidates the
decline in the quality of the thermal and mechanical
properties, as depicted in Figure 11b. There is a positive
relationship between the reinforcing fibers and func-
tional fillers. Therefore, the above fact may clarify the
reasons for the poor characteristics of the composite
considering the fact that the stress transformation was
less efficacious in that particular type of composite.
In general, the two composites showed good adhesion
at the interfacial level with CuO and TiO,. However,
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the composite that includes CuO displayed better stress  increased, the interfacial adhesion and bonding of the
distribution. Moreover, when the mean equivalent particles with the fibers are improved (Figs. 11-13 and
diameter and projected area of functional particles are  Table 4).

(a) Sample 1 (b) Sample 2

e
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(e) Sample 5 (f) Sample 6
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Fig. 11. Cross-sectional SEM micrographs of all composite samples

Composites Theory and Practice 21: 1-2 (2021) All rights reserved



18

S. Alam, M.A. Chowdhury

(a) Sample S1

(b) Sample S2

Partide and ysis

mm

| _ | vEGA3 TESCAN
200um

Performance m nanospace

SEM HV: 20.0 kV
SEM MAG: 200 x
o IREEE

WOx 15.00 mm
Det: SE
Date{rmidiyc 081918

Paride ;ndsis

nm

180
B0

10

v )
80

&0

W 15.00 mm

Information Information
IMethod Threshald  detection Iéethnr Threchnlr  detertinn
rumber of particles 34 Mimber of partides 9593
Parameters Default classificatlon  Frojected area  Equhalent  diameter  Form Factor Paramelers Delault classification  Pojectad aea  Equialent dismeter  Form factor
Linit m? mrm Lhit i mrm
Farticle #2624 < JeED 20.E0 0.005621 Fartlcle #4:54 B 2130 1621 0.017T
Particle #2557 C 6944 29.73 0.005955 Fatticle #5226 B 156.3 14.55 0.01599
Pairle #3130 l 429 2400 N.AN9A5 Farticle  #ZE56 B 9402 1100 004455
Farlicle #2179 B 2295 17.09 onizzy Farticle #5<2 A f.bt JURFY [IATE 20
Farticle #2652 B 1534 13.97 0.0244 Farticle #5090 & F203 9.576 0.03531
Particle #3702 B 1408 13.28 00216 Farticle #4200 A 107 9.000 005401
Me=an ek 1519 0.717e 07673 Mean Heikdck: 0.E07E 0.5E27 0.7303
(c) Sample S3 (d) Sample S4
Partide and ysis Partide and ysis

mm mn

180 182

180 182

140 14

120 122

100 100

80 8l

&0 4]

40 4

20 2

a b

Information Information
Method Threshold  detection Method Threshold - detection
Mumber of particles 4822 Murnber of peticles 639
Paramelers Delaull dassifivalion  Frujecled ared Eguivalenl diaeler  Fonn Faclur Parameters Default classification  Projected area  Equivalent diameter  Form Fador
Linit mm? mrm 1t mm? mrm
Farticle #1152 e 47 R 24.40 n.nisi4 Particle #6437 & 53.24 5.234 0.36085
Fatticle #2460 C 460.2 2421 0.01552 Particle #3820 & 52.13 8.147 0.16952
Farticle #261 B 711 15.58 0.02479 Particle #643: & 4532 7646 019546
Fatticle #1376 B 2553 17.31 0.05266 Particle #3559 & 41.20 Fa42 0.1071
Farticle #3921 B 2169 16.62 0.05028 Particle #2735 & 3592 6763 0.1830
Farticle #2564 B 1954 15.59 0052835 Particle #5662 & 3234 6.417 01789
Mean ettt 1.671 0.7454 07700 Mean Hobtesk 0,568 0.5483 0.7837

Composites Theory and Practice 21: 1-2 (2021) All rights reserved




Thermal gravimetric analysis of glass fiber reinforced composite for understanding the impact of copper oxide in relation ...

19

(e) Sample S5
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Fig. 13. Pseudo-color view of surface of composite samples
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TABLE 4. Particle parameters of composite samples using
threshold detection method by default classification

. Mean . Mean
Composite . Mean equivalent

sample projected area diameter [mm] form

[mm?] factor

S1 1.52 0.72 0.767

S2 0.61 0.55 0.780

S3 1.67 0.75 0.770

S4 0.51 0.55 0.784

S5 1.09 0.66 0.772

S6 1.25 0.70 0.769

Thermal surface morphology characterization

Figure 14a-c shows the change in the cross-sectional
morphology of the sample S4 at different temperatures.
It is observed from the figure that the embedded fibers
distort significantly with the increase in temperature.
The bonding strengths of the fibers with the resin de-
formed in an irregular manner due to the drastic change
in the mechanical properties.

(b) Sample S4 at 40°C

-

SU1510 15.0k\V9.Zinm

e

Fig. 14. Cross-sectional SEM micrographs of S4 sample at different
temperatures
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FTIR analysis was performed to ascertain the func-
tional groups which may be responsible for the chemi-
cal reaction or elemental components or resin, hardener
and fibers with the rise in temperature. The changes in
the spectrum are indicated in Figure 15a, b.

(a) FTIR of Sample 1 at ambient temperature

98+
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92

4000 3500 3000 2500 2000 1500 1000 500400
1

Description Saved or Spectrum quality
unsaved check summary
State
Composite Sample 431 Saved The quality checks
sample 1 By Administrator. indicate a weak band
September 19, 2018 warning for
the sample

(b) FTIR of Sample S1 at 60°C

104:
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4000 3500 3000 2500 2000 1500 1000 500400
cm-1

Description Saved or Spectrum quality
unsaved check summary
State
Composite Sample 431 By Saved The quality checks
sample 1 Administrator. indicate a weak band
September 19, 2018 warning for
the sample

Fig. 15. Change in nature of FTIR spectrum at different temperatures

CONCLUSIONS

In the commercial industry, the use of filler materi-
als for polymers is a typical practice. This helps to en-
hance the stiffness, toughness, hardness, thermal stabil-
ity, and mold shrinkage, as well as minimizes the
production costs to a great extent. Different fillers were
used to fabricate glass fiber composites to observe how
they affect the interfacial adhesion behavior of the fiber
with the matrix as well as the thermal stability of the
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composites. The agglomeration of the micro filler mate-
rials in the composite matrix was examined in the mi-
crographs of the composite samples, which revealed the
microstructural details of the underlying cracked sur-
faces of the composites. The SEM examination also
demonstrated that the light compression molding tech-
nique is suitable to decrease the number voids in the
composites. The fibers, matrix and fillers are well
bonded in the case of the composites fabricated with
CuO than in those fabricated with TiO,. The test com-
posites fabricated with the CuO filler material show
a higher glass transition temperature (22.22%) than that
of the ones made with the TiO; filler. In the composites
fabricated with CuO, greater interfacial adhesion and
stress distribution among the fibers, matrices and the
fillers were observed, and consequently they exhibited
enhanced thermal characteristics, better than that of the
composites produced with TiO,. The surface morphol-
ogy of the composites also supports these findings.
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