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ABSTRACT

This research investigated the influence of fiber type
and surface treatment on the thermal resistance of
polymer matrix composites (PMCs) using
thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC). Three composites were
prepared: carbon-fiber-reinforced (Sample A), glass-
fiber-reinforced  (Sample B) and  hybrid
carbon/glass-fiber (Sample C). Surface treatments
were applied to enhance fiber-matrix interfacial
bonding. Results demonstrate that thermal response
is strongly dependent on reinforcement architecture
and surface treatment. Sample C exhibited multiple
exothermic peaks extending to the highest
temperatures with delayed multi-step mass loss and
higher char yield, signifying the best overall thermal
resistance. These findings confirm that combining
carbon and glass fibers with appropriate surface
treatment outperforms single-fiber systems in high-
temperature stability, providing a simple DSC-TGA
framework for ranking composite formulations.

Keywords: Polymer Matrix Composites, Thermal
Resistance, Surface Treatment, TGA, DSC, Hybrid
Composites, Carbon Fiber, Glass Fiber

I. INTRODUCTION

Polymer Matrix Composites represent a
significant class of engineered materials consisting
of polymeric matrices reinforced with fibers,
particles, or fillers. These composites have gained
widespread attention due to their lightweight nature,
high strength-to-weight ratio and exceptional
corrosion resistance, making them valuable across
aerospace, automotive, marine and construction
industries. The polymer matrix serves as a binder
surrounding  and  supporting  reinforcement,
distributing  applied loads and protecting
reinforcement from environmental damage, while
the reinforcement phase provides mechanical
strength and stiffness [1, 2].

One critical concern in PMC applications,
especially in high-performance contexts, is their

behavior under thermal stress. Thermal resistance in
PMCs is fundamental to ensuring reliability and
lifetime performance, as these materials often
operate in environments subjected to elevated
temperatures or rapid temperature fluctuations. The
inherent thermal conductivity of polymers is
generally low (0.1-0.5 W/(m-'K)), which aids
thermal insulation but limits heat dissipation.
Consequently, improving thermal resistance and
stability through innovative design and material
processing is a major research focus [3].

Surface treatment of reinforcements and
the composite interface is vital to optimizing overall
PMC performance. Effective methods such as
chemical functionalization, plasma treatment and
sizing enhance interfacial bonding between polymer
matrix and reinforcing fibers, thereby improving
mechanical properties and thermal stability. Poor
interfacial adhesion leads to premature failure
modes such as delamination or fiber pull-out,
exacerbated under thermal cycling conditions [4, 5].

Given increasing demand for PMCs in
high-temperature and high-stress applications, this
study comprehensively  investigates  thermal
resistance characteristics and surface treatment
methods. The research contributes to developing
PMCs with enhanced durability, thermal
management capabilities and mechanical integrity.

II. MATERIALS AND METHODS

2.1 Materials

Composite laminates were produced by manual wet
lay-up using an epoxy resin system reinforced with
glass fiber and carbon fiber mat. Epoxy resins were
selected for superior adhesion to glass fibers, low
cure shrinkage and better thermo-oxidative stability
than unsaturated polyester systems [7, 8].

2.2 Composite Fabrication
The lay-up followed conventional wet hand lay-up
sequence :

DOI: 10.35629/5252-08077788

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 1



\" ]h , International Journal of Advances in Engineering and Management (IJAEM)

= Volume 8, Issue 7 July. 2026, pp: 77-88  www.ijaem.net ISSN: 2395-5252
IDAEM

i.  Initial resin coat: Mixed epoxy (resin and
hardener, 2:1 ratio) was poured onto prepared
mold surface and spread evenly

ii. Placement and wet-out of first ply: Glass-
fiber mat positioned on wet surface, additional
epoxy applied until uniformly translucent

iii. Successive plies: Second ply placed and
impregnated similarly, with orientation rotated
for quasi-isotropic behavior

iv. Resin content control: Laminate approached
approximate 50 vol.% fiber/S0 vol.% matrix
composition [9]

Laminate was cured at ambient laboratory

conditions for 24 hours. All samples underwent the

same cure schedule to ensure consistent thermal
behavior prior to TGA and DSC testing . Safety
procedures followed OSHA  guidelines for

composite fabrication shops .

Sample A Sample B Sample C
Plate 1.0 All samples subjected to the same cure schedule, Source: (workshop)

2.3 Thermal Characterization
Thermogravimetric Analysis (TGA): Measurements carried out using PerkinElmer TGA 4000 analyzer with
platinum crucible and microbalance . Samples (5—15 mg) tested under nitrogen purge at 10-20 °C/min heating
rate from 30 °C to 750-900 °C .
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Plate 2.0: Thermogravimetric analyzer (PerkinElmer TGA 4000) , Source: (Laboratory)

Differential Scanning Calorimetry (DSC): Performed using Mettler Toledo DSC 2 calorimeter with
refrigerated cooling system and nitrogen purge . Samples (2—10 mg) tested with linear heating ramp at 10
°C/min from -40 °C to above glass-transition temperature .

5.

Plate 3.0: DSC pressing machine, Source: (Laboratory)
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Plate 4.0: Differential scanning calorimeter (Mettler Toledo DSC) , Source: (Laboratory)

Data Processing: TGA and DSC data were processed using respective vendor analysis software. Characteristic
temperatures such as onset of degradation, maximum decomposition rate and residual mass were extracted .

III. RESULTS AND DISCUSSION
3.1 Result of Thermogravimetric analysis (TGA)
3.1.1 Result of Thermogravimetric analysis (TGA) for Sample A
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Filename: Ci\Users\Administrator\Desk.. \Sample A .t6d

Operator ID: Abdulrahman

Sample ID: Sample A

Sample Weight: 15.611 mg

Comment: TGA
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\ 1) Heat from 30.00°C to 750.00°C at 10.00°C/min

Figure 1.0 Graph of Weight(%) Versus Temperature(°C) for Sample A

DOI: 10.35629/5252-08077788 | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal ~ Page 5



“' ]k International Journal of Advances in Engineering and Management (IJAEM)
\‘F" Volume 8, Issue 7 July. 2026, pp: 77-88 www.ijaem.net

IJAEM
Filename: C:\Users\Administrator\Desk...\Sample A.t6d
Operator ID: Abdulrahman
Sample ID: Sample A
Sample Weight: 15.611 mg
Comment: TGADTA
PerkinElmer Thermal Analysis
0.1436 104.2
0.0 4
100
-0.5 4
- 90
1.0
- 80
1.5 4
| - 70
204 .
E i
£ a
& 60 —
2 E
E 2
g -2.5 :S’
Q
2 =
®
£
a - 50
-3.0 4
- 40
-3.5 1
- 30
-4.0 +
5 - 20
45 S R
-4.978 + T T T T T T — 8.917
29.48 100 200 300 400 500 600 712.9

Temperature (°C)

04/11/2025 17:01:44

| 1) Heat from 30.00°C to 750.00°C at 10.00°C/min

Figure 2.0 Graph of Derivative Weight(%) Versus Temperature(°C) for Sample A

DOI: 10.35629/5252-08077788 | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal ~ Page 6



\" )h , International Journal of Advances in Engineering and Management (IJAEM)
= Volume 8, Issue 7 July. 2026, pp: 77-88 www.ijaem.net

IJAEM

3.1.2 Result of Thermogravimetric analysis (TGA) for Sample B

Filename: C:\Users\Administrator\Desk.. \Sample B.t6d
Operator ID: Abdulrahman
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Sample Weight: 15.226 mg
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‘ 1) Heat from 30.00°C to 950.00°C at 10.00°C/min

Figure 3.0 Graph of Weight(%) Versus Temperature(°C) for Sample B
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Filename: C:\Users\Administrator\Desk...\Sample B.t6d
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Sample ID: Sample B
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Comment: TGA/DTA
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| 1) Heat from 30.00°C to 950.00°C at 10.00°C/min

Figure 4.0 Graph of Derivative Weight(%) Versus Temperature(°C) for Sample B

3.1.3 Result of Thermogravimetric analysis (TGA) for Sample C
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Figure 5.0 Graph of Weight(%) Versus Temperature(°C) for Sample C
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‘ 1) Heat from 30.00°C to 950.00°C at 10.00°C/min

Figure 6.0 Graph of Derivative Weight(%) Versus Temperature(°C) for Sample C

DOI: 10.35629/5252-08077788 | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal ~ Page 10



\’*‘ )k , International Journal of Advances in Engineering and Management (IJAEM)

= Volume 8, Issue 7 July. 2026, pp: 77-88 www.ijaem.net
IJAEM

3.2 Result of Differential Scanning Calorimeter (DSC) analysis
3.2.1 Result of Differential Scanning Calorimeter (DSC) analysis for Sample A
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Figure 7.0 Graph of Heat flow (mW) Versus Temperature(°C) for Sample A

3.2.2 Result of Differential Scanning Calorimeter (DSC) analysis for Sample B
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Figure 8.0 Graph of Heat flow (mW) Versus Temperature(°C) for Sample B
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3.2.3 Result of Differential Scanning Calorimeter (DSC) analysis for Sample C
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Figure 9.0 Graph of Heat flow (mW) Versus Temperature(°C) for Sample C

3.3 Thermogravimetric Analysis Results

TGA curves for all samples showed single dominant
degradation steps typical of PMCs but differed in
onset temperature and final residue [10] .

Sample A (Carbon-fiber): Curve began steep
decline at highest temperature, indicating highest
onset degradation temperature and better resistance
to thermal decomposition initiation . Final residue
around 15-20% at 750 °C suggested lower fraction
of inorganic constituents .

Sample B (Glass-fiber): Exhibited slightly steeper
mass-loss slope reaching low residual mass more
quickly than Sample A. However, final residue at
850-900 °C was much higher (80-90%), reflecting
thermally stable glass fibers remaining as inorganic
ash.

Sample C (Hybrid): Presented intermediate
behavior with onset and slope between Samples A
and B. Final residue approximately 60-70%,
consistent with hybrid reinforcement containing
both oxidizable carbon and inert glass fibers .

3.4 Derivative Thermogravimetry (DTG) Results
DTG curves showed all composites underwent
major single-step thermal decomposition between
250-450 °C with different onset temperatures and
maximum degradation rates [11, 12] .

Sample A: DTG peak located around 380-400 °C,
indicating primary matrix decomposition
Noticeable shoulder on DTG curve at lower
temperature implied minor earlier process such as
moisture loss .

Sample B: DTG minimum in 300-380 °C range
with shallower TGA slope and broader DTG peak
suggesting more gradual degradation process .

Sample C: DTG traces lay between Samples A and
B, with onset and peak positions indicating slightly
higher thermal stability than Sample B and
marginally improved stability compared to Sample
A.

3.5 Differential Scanning Calorimetry Results
DSC curves indicated all samples underwent
exothermic processes on heating, but onset
temperatures, peak shapes and number of peaks
showed significantly different thermal behavior [13,
14].

Sample A: Single dominant exothermic peak
centered roughly in 240-260 °C region, indicating
main thermal event occurred earlier than other
samples with moderate thermal resistance window
up to about 230 °C.

Sample B: Broad exothermic region starting later
(around 260-280 °C) extending to 380—400 °C with
smooth peak shape, implying thermal reactions
distributed over wider temperature interval
indicating slightly higher onset temperature .
Sample C: More complex trace with several distinct
exothermic peaks: initial strong peak around
210-230 °C, followed by additional peaks in
320-380 °C and 390-430 °C regions . Multiple
exothermic events indicated overlapping processes
such as staged curing, secondary cross-linking and
multi-step degradation of different phases .

3.6 Correlating DSC and TGA Data

Combined DSC and TGA behavior confirmed
Sample C offers the best overall thermal resistance
among the three composites [15]. This conclusion
considered:
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i.  Wider high-temperature reaction window: REFERENCES:

Multiple peaks up to >400 °C
ii. Later major degradation stages: Inferred
from comparable TGA profiles
iii. Higher char yield: Due to
reinforcement and surface treatment
Surface treatment effects on fiber-matrix interaction
and formation of thermally stable interphases
significantly influenced onset temperature, slope of
main degradation step and char yield . Sample A's
higher onset temperature indicated favorable
balance of thermal stability, while Sample B's more
rapid mass loss suggested less resistant interface .

hybrid

IV. CONCLUSIONS

This study demonstrates that thermal response in

polymer matrix composites is strongly dependent on

reinforcement architecture and surface treatment.

Key findings include:

i.  Hybrid reinforcement superiority: Sample C
(hybrid carbon/glass-fiber) exhibited the best
overall thermal resistance with multiple
exothermic peaks extending to highest
temperatures and higher char yield

ii.  Fiber type influence: Carbon-fiber composite
(Sample A) showed earliest exothermic peak
with narrowest safe operating window, while
glass-fiber composite (Sample B) displayed
delayed and more gradual thermal response

iii. Surface treatment effectiveness: Appropriate
surface treatment combined with hybrid
reinforcement design serves as powerful tool
for extending safe operating temperature range

iv. DSC-TGA framework: Study contributes
simple but effective analytical framework for
ranking composite formulations

These findings confirm that combining carbon and

glass fibers with appropriate surface treatment

outperforms  single-fiber systems in  high-
temperature stability. Interface engineering and
hybrid reinforcement design are powerful tools for
developing PMCs for thermally demanding
applications in  aerospace, automotive and
construction industries [5, 6].

V. RECOMMENDATIONS

Manufacturers should adopt hybrid
carbon/glass-fiber reinforced PMCs with
appropriate surface treatment for enhanced thermal
resistance and cost-effectiveness. Further research
should optimize surface treatment methods, explore
high-temperature fillers for applications above 400
°C, investigate combined mechanical-thermal
properties, and develop standardized DSC-TGA
testing protocols.
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