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Abstract 

Due to their diverse qualities, glass and carbon fiber composites have been used in a wide range of 

applications. The composites are expected to have better thermal stabilities for long-term performance. 

Also, the thermal stabilities and thermal degradation behaviors of composites are crucial governing 

properties as well. Several successful initiatives and research have been undertaken in light of these issues, 

including attempts to blend various reinforcements with matrix materials to hybridize composites. Recent 

attempts to hybridize glass and carbon fiber composites, in particular, have been a startling approach. 

Taking this advantage of hybridization into consideration, the thermal properties of this the carbon fiber 

T300 and S glass fibers composite laminates with different stacking configurations fabricated through the 

hand layup method were investigated in this study. The influence of the thermal stability and thermal 

degradation behaviors for all Carbon(C)/Glass (G) stacking configurations (CGGC, CGCG, CCGG, GCCG, 

GCGC, and GGCC) were addressed and conclusions were drawn. Fracture surface analysis was also 

analyzed. From the experimental results, it has been observed that the possible optimal combination can 

be the stacking sequence CGCG for better tensile characteristics when it is subjected to unidirectional 

loading in the in-plane direction. The results obtained from TGA and DSC characterizations indicate that 

the stacking sequence is influencing the thermal behavior of hybrid laminates. The GCGC has exhibited 

the highest thermal stability and GGCC has exhibited the lower thermal stability compared to all other 

stacking configurations. From DTG curves the thermal degradation of CCGG configuration exhibited the 

highest degradation rate and lowest for laminate GGCC stacking configuration. 

Index Terms– Hybrid composites, Fiber Reinforced composites, Glass fibers, Carbon Fibers, Stacking 

sequence, Thermal characterization. 

 

NTRODUCTION 

In recent ages, tremendous growth has been observed in the area of using fiber-

reinforced composite materials as they exhibit more interesting properties like flexibility, 

durability, stiffness-weight ratio, etc. [1-5]. More progress can widely be observed in the 

I  
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last few decades in the area of material sciences after emerging of these composites. 

Lovato zku et al. in 2021[6], established a kinetic model based on crane and Kissinger 

equations. Curing kinetics for the readily available resin of epoxy/glass fiber has been 

studied. The results that were obtained proved that the variations in mechanical 

properties conducted for the samples are comparatively smaller which indicates the 

settings are acceptable for the process. Mathieu Robert and Brahim Benmokrane in 

2010[7], researched to evaluate the variation in mechanical properties for a GFRP which 

is sand-coated and subjected to lower as well as higher temperatures. SEM, TGA, and 

DSC are also conducted to evaluate the degradation of matrix, fiber, and matrix/fiber 

faces which happens because of extreme temperature ranges. Higher et al. in 2006[8], 

presented a paper based on the results from pyrolysis on FRPC to recover the carbon 

fiber. The process of pyrolysis has been conducted through TGA and different factors like 

rate of heating, isothermal dwelling time, and pyrolysis temperature that are affected 

during the process have been investigated. The composite materials could be explained 

as the mixture of two or greater than two individual materials. 

The main constituents of composites are fiber and matrix. In major cases of preparing the 

hybrid composites, the phase of reinforcement is more strong, hard, and stiff than that of 

the base matrix. Composite materials can differ from alloys as they are made of two or 

more individual matters that are bonded to form a single solid material on the other side 

alloys forms a solidified continuous solution to mixtures of metal atoms. Composite 

materials could provide the most attractive and solitary properties as they enhance the 

most wanted properties and suppress the least wanted properties while hybridizing [9-

13]. Concerning the high-end applications, the epoxy matrix has been widely used in 

marine, aircraft, etc. as the materials are made to be light in weight, great in strength, and 

can sustain at elevated temperatures to enhance the application performance. H.A. 

Aisyah et al. in 2019[14], studied the hybridizing effect of carbon fiber on woven kenaf-

epoxy reinforced composites. The study proved that these hybridization effects can have 

higher thermal stability and decomposition temperature. R. Ambigai and S. Prabhu [15] 

aimed to analyze, evaluate and also compare the thermal and mechanical properties of 

composites based on epoxy and also various fibers. TGA and DSC were also conducted 

for studying the behavior of composites. Bhasker et al. [16] studied the thermal 

characteristics of CFRP, GFRP. The specific heat capacity and thermal conductivity have 

also been calculated using DSC, TGA, and DMA methods. Vivekanandhan et al. in 

2020[17], aimed to evaluate the thermal properties like capacity of specific heat, thermal 

conductivity for reinforced composites. Using TGA and DMA analysis, it was concluded 

that upon hybridization of glass and Kevlar the glass transition temperature was raised 

without altering the thermal stability. Samal et al. in 2008[18], conducted experimental 

analyses on hybrid composites like glass and bamboo fibers reinforced with 

polypropylene. TGA and DSC were performed to show a rise in the thermal stability of 

matrix material. Sushanta et al. in 2013[19], conducted experiments on hybridized 
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composites of mixed glass fibers and short bananas with polypropylene. Various methods 

like TGA, SEM, and DSC had been employed for indicating a drop in thermal stability and 

crystallization temperature. 

Ana X. H. Yang et al.[20] tested a new method where various specimens over a wide 

range of heat rates to eliminate the thermal lag effect and for estimating the independent 

heating rate. This work had shown additional support for techniques like TGA and DSC 

for improving comparisons, consistency, and precision for measuring Tg. Vanaja and Rao 

[21] in 2002, conducted experiments on carbon/glass-reinforced composites and studied 

the thermal degradation in a system of bifunctional epoxy resin. The patterns hence got 

through TGA were compared with fiber fractions of composite materials. N. Guermazi et 

al. [22] in 2013 fabricated the glass/epoxy, carbon/epoxy, and carbon/glass hybrid 

reinforced laminates and conducted the experiments for various characterizations on the 

same. The effect of strength for all composites by exposing them to hydrothermal 

conditions was studied and concluded that the composites of carbon/epoxy are having 

less aging damage. The related thermal properties investigated on composites recent 

were represented in Table 1. 

The composites as of date are giving satisfying results for mechanical properties [23-27] 

but not for thermo-mechanical properties like glass transition temperature, loss factor, 

storage modulus, etc.  But, as the composites applications are being widely increased in 

day-to-day life, there is a need to conduct more research to enhance the thermo-

mechanical properties too. Hence, the hybrid composites made of both GFRP and CFRP 

are aimed to test thermal properties through the methods DSC and TGA.  

From the above literature review, it has been noticed that very little research work has 

been found in the thermal and mechanical characteristics of carbon T300 and S glass 

hybrid fiber-reinforced composites with different stacking configurations. 
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Matrix 
Materia

l 
Filler type Size 

Processing 
techniques 

Thermal properties 

Results 
Obtained 

REF 

Glass 
transition 

Peak 
Temp. Tg 

(0c) 

Peak Weight 
Loss (%) 
@Peak 

Temp. (0c) 

Epoxy 
E-Glass 
fibers 

- 
Vacuum hot-

pressing 
technique 

1540c 
100c/min 

54.4% wt loss 
@ 4340c 

Good agreement 
of results 

comparable with 
theoretical 

calculations 

[6] 

Vinyl 
ester  

E-Glass 
fibers  

 
Pultrusion 
process  

1120c 
18% wt loss 

@ 3500c 

Tensile, Shear, 
Flexural 

strengths, and 
flexural modulus 

increased at 
decreased 

temperatures 

[7] 

Epoxy 
Carbon 

fiber 

0.12 
mm 
thick 

Pyrolysis - 
45% wt loss 

@ 6500c 

Optimal ways for 
manufacturing, 
recycling, and 
recovery using 
the pyrolysis 

method 

[8] 

Epoxy  

Woven 
kenaf and 

carbon 
fibers 

0.2 
mm 
thick 

Hand layup 
method and 

vacuum 
infusion 

- 
82% wt loss 

@ 3360c 

More thermal 
stability due to 
hybrid effect  

[14] 

Epoxy 

Woven 
carbon 
fiber, 

Woven 
glass fiber 

- 
Hand layup 
technique 

2400c 
75% wt loss 

@ 2800c 

Increased flexural 
strength, tensile 
and elongation 

percentage 
through hybrid 

effect 

[15] 

Epoxy 

Woven 
carbon 
fiber, 

Woven 
glass fiber 

0.35m
m thick 

Hand layup 
technique 

and 
compression 

molding 

680c 
64% wt loss 

@ 4100c 

Improvisation in 
Tg using the 
hybrid effect  

[16] 

Epoxy 
and 2 

wt.% of 
Cloisite

30B 

Glass, 
Kevlar 

fibers, and 
Nano clay 

 
Hand layup 
technique  

1200c 
50.2% wt loss 

@ 7960c 

Increased 
thermal 

properties and Tg 
without affecting 

the thermal 
stability through 

hybrid effect 

[17] 

Polypro
pylene 

Glass and 
banana 

fiber 

BF (40-
60 

µm), 
GF (5-
25 µm) 

Melt blending 
and 

compression 
molding 

1620c 
80% wt loss 

@ 4000c 

Improved 
strength, storage 

modulus, loss 
modulus, and 

dynamic 

[18] 
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Review of Various Processing Techniques and Results of the Carbon and Glass Hybrid 

Composites. 

2. MATERIALS AND METHODS 

2.1 Materials  

Among the hybridized fiber configuration, the carbon fibers with a density of 1.6 gm/cm3 

and diameter of 0.16 mm and glass fibers with a density of 2.53 gm/cm3 and diameter of 

0.10 mm were adopted. For matrix material, liquid epoxy resin Araldite LY 556 having 

medium viscosity 10000 mPa.s with density 1.15 gm/cc and hardener Araldite HY 951 

aliphatic polyamine having low viscosity 10 mPa.s with density 0.97 gm/cc, were adopted 

from HUNSTMAN Corporation.  

2.2 Hybrid laminates fabrication 

The hand layup technique was utilized to fabricate the carbon/ glass fiber laminates 

[00/900] with eight different stacking configurations.  Initially, the matrix material was 

viscoelastic 
properties.  

Polypro
pylene 

Glass and 
bamboo 

fiber 

BF (85-
120 
µm), 

Injection 
molding 

1640c 
100% wt loss 

@ 5000c 

Increased 
thermal stability 
and mechanical 

properties  

[19] 

Epoxy  
Carbon 

and Glass 
Fibers 

0.25-
35mm 
thick 

Prepreg 
layup and 
cured by 
autoclave 

cycle 

t=0.25mm-
62.50c, 
0.5mm-

650c, 1mm-
103.450c, 

2mm-
106.50c 
and for 
3mm-
66.20c 

- 

The DMA gives 
accurate Tg 

results using their 
proposed 
measuring 
technique 

[20] 

Epoxy  
Carbon 

and Glass 
Fibers 

- 

Resin 
transfer 

vacuum bag 
molding 

technique  

- 
58.6% wt loss 

@ 5000c 

Good agreement 
of results and 
validated with 

developed 
empirical 

relations with 
experimental 

results 

[21] 

Epoxy  
Carbon 

and Glass 
Fibers 

- 
Hand layup 

method 
- 

33.6% wt loss 
@ 7000c 

Good tensile, 
flexural, wear, 
and thermal 
properties of 

prepared 
specimens 

[22] 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/  
Journal of Tianjin University Science and Technology 
ISSN (Online): 0493-2137 
E-Publication: Online Open Access  
Vol:55 Issue:04:2022 
DOI 10.17605/OSF.IO/Q6J8H 

 

April 2022 | 53  

 

prepared with a 10:1 epoxy to hardener ratio by blending manually for 30 mins until the 

proper mixture is ensured. The Hardener as a curing agent was added slowly was, it 

started to react with epoxy causing crosslinking. The mold surface was cleaned and 

greased up for easy removal of finished laminates. A single layer of epoxy was applied 

and a layer of carbon fiber laminate at [00/900] is laid upon it, then a layer of epoxy is 

applied. Then using a hand roller, the resin is distributed evenly until ensuring the desired 

thickness and low air gaps. After allowing this layer to cure for 24 hours at room 

temperature of 300c, the second layer with the same procedure is applied and allowed to 

cure. A similar procedure is followed for all stacking configurations of carbon/glass fiber 

laminates preparation, the sample representation was shown in Fig 1. 

 
 

Fig 1 All Stacking configurations of prepared Carbon (C)/ Glass (G) unidirectional 
composite laminates. 

 

3. CHARACTERIZATION  

3.1 Thermo Gravimetric analysis (TGA) 

An approach that can be used to calculate the difference in measurements conducted for 

a sample of mass which is a function of time or/and temperature. In general, 

thermogravimetric analysis is used to estimate the temperatures at which polymer 

degrades, moisture content that was absorbed, levels of residual solvent, and the quantity 

of inorganic filler within the composite or polymer material. The residual solvent 

volatilization is barely related initially with the process of weight loss in a 

thermogravimetric analysis heating run. In certain cases, the liberation of absorbed 

moisture can also occur at the same range of temperature. After this initial process of 

weight loss, TGA displays hardly a plateau up to some standard level of weight up to the 

time where the temperature reaches polymer degradation range. In detailed factors that 
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cause the thermal stability that based on the temperature at initial decomposition, the 

temperature of initial decomposition, the temperature of integral procedure 

decomposition, weight loss maximum rate temperature, decomposition reactions 

activation energy, and range of decomposition temperature can be easily obtained 

through thermogravimetric analysis. Here, the thermogravimetry and differential thermal 

analyzer (TG-DTA) STA 7200 from HITACHI shown in Fig 2 a), have been utilized to 

characterize the thermal stability in a nitrogen environment at a heating rate of 10oC min-

1.  

3.2 Differential scanning calorimetry (DSC) 

Differential scanning calorimetry is a technique that measures the flow of heat and 

temperature which are related to the transition of materials using a function of 

temperature and time within the controlled ambiance. Tests with DSC calorimetry will give 

much qualitative and quantitative information regarding the chemical and physical 

changes which contain either exothermic and endothermic processes or variation in heat 

capacity by the measure of energy release or absorption. In the experiment of DSC, the 

variation in the input energy as a sample and the material considered as a reference can 

be measured when placed in controlled ambient conditions. This method needs two pans 

for which both are equipped using thermocouples besides a gas controller, programmable 

furnace, and recorder. Concerning the case of polymer composites or polymer materials, 

the temperature at the glass transition phase can be considered as a vital aspect that is 

got by DSC. If values of DSC output raise suddenly at a particular temperature, it is meant 

that to make the balance of temperature heat flow is required. Hence a rise in heat 

capacity can be observed. Particularly, this will happen as the polymer has crossed 

through the phase of glass transition. Polymers can bear higher capacities of heat much 

above the temperature at the glass transition. Here, the DSC equipment DSC 7020 from 

HITACHI shown in Fig 2 b), has been utilized to characterize the heat capacity in a 

nitrogen environment at a heating rate of 10oC min-1.  

 
 

Fig-2 a) TGA b) DSC 
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RESULTS AND DISCUSSIONS 

4.1 Tensile characteristics 

The uniaxial tensile tests were performed on all the carbon/glass fiber specimens along 

the in-plane direction of loading using UTM at room temperature with the range of load 

(0-20) KN. The tensile characteristics were evaluated for the specimens having 165 mm 

length and 3mm thickness subjected to the displacement of 1mm/ min under ASTM 

D638M-89 standard in UTM (Mikrotech, Pune). Among all the hybrid combinations of 

carbon and glass fibers with different stacking sequences 

(CGGC/CGCG/CCGG/GCCG/GCGC/GGCC), the specific combination of CGCG had 

shown better tensile strength shown in Fig 3. So, this indicates that the stacking sequence 

of laminates was influencing the tensile strength with a range from 270 to 3450 N for all 

the pure and hybrid combinations.  

 
Fig 3: Tensile strength for all stacking configurations. 

 

4.2 Fracture Surface morphology utilizing Scanning Electron Microscopy (SEM) 

The fracture surface morphology of the samples was studied using scanning electron 

microscopy (Nova Nano 450) with an enhanced voltage amplitude of 15 kV. The 

morphology of the carbon/glass fiber interfacial features within the matrix was evaluated 

using SEM, to ensure minimal voids and well-bonded fibers with the matrix. However, the 

hand layup method used for the fabrication of all stacking configurations, ensured the 

proper fiber distribution with fewer voids and rough surfaces were observed through this 

surface morphology. From the SEM images, the fiber pullouts and matrix fiber distribution 

and a few micro-cracks were seen in GGCC stacking sequence between fiber and matrix 
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were shown in Fig 4. So, the proper distribution and well-bonded laminates which were 

obtained with negligible imperfections were able to characterize the thermal properties. 

       

 
 

Fig 4 SEM micrographs of fiber dispersion in matrix material for (a) GCGC and (b) 

GGCC, respectively. 

 
4.3 Thermo Gravimetric analysis (TGA)  

In this study, the TGA is utilized to determine the heat resistance of hybrid laminates as 

well as the matrix and fiber decomposition behaviors. This analysis was performed to 

determine the variations in weight percentage of the composite subjected to increased 

temperature. Initially, at the temperature 2700C the variation in weight reduction began 

due to the moisture content evaporation and the samples began to vaporize. At these 

elevated temperatures, the interactions between the matrix and fibers began to break 

down slowly, indicating that thermal stability is steadily deteriorating. At, temperatures 

2700C to 4500C the sudden drastic shift in weight reduction is seen for all stacking 

configurations indicating the combustion of the carbon content present in the epoxy resin. 
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Further, oxidation of the fibers, which turned into a vapor of CO2 was complete 100% 

decomposition at 8000C was evident as shown in Fig 5. The thermal stability of stacking 

configurations, CCGG and CGGC are almost similar, the CGCG and GCCG are 

comparable and the GGCC shows lower thermal stability among all stacking 

configurations. The GCGC showed better thermal stability compared to all other stacking 

configurations. This is evident that the thermal properties are being influenced by the 

stacking configurations chosen for Carbon/Glass hybrid composites laminates. However, 

except for the specific stacking sequences indicated, there may not be a significant 

difference in decomposition behaviors and they are mostly comparable. Here, the DTG 

curve peaks represent the maximum rate of degradation for respective laminates. In 

comparison, the CCGG stacking configurations exhibited the highest degradation rate 

and lowest for GGCC laminates, where other laminates showed almost similar 

degradation rates.   

 

 
 

Fig 5 Results obtained for laminates with all stacking configurations a) TGA 
and b) DTG curves. 

 
 

4.4 Differential scanning calorimetry (DSC)   

In this study, the DSC has been utilized to investigate the thermal transitions of prepared 

laminates for all stacking configurations when subjected to the temperature. The thermal 

response was recorded for the uniformly heated reference and sample pans at a constant 

rate. The heat flow is obtained with the comparison in difference between temperatures 

among sample and reference pans. Initially, the sudden transition in curve delivers a peak 

in heat flow vs. temperature plot as shown in Fig 6, which indicates the glass transition 

temperature. At this temperature, the change in heat capacity is evident, where the 

material undergoes a phase change from solid-state to a rubbery state. For the stacking 
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configuration GGCC, at the Tg -3500c indicates the highest change in the heat capacity 

compared to the rest. The Tg for other stacking configurations was observed at 

temperatures ranging from 3600c to 3750c. The step-like transition specifies the change 

in heat capacity which is considered as the second-order endothermic transition 

otherwise melting transition ranging from 4100c to 5200c. Where, the exothermic reaction, 

the crystallization temperature is around 3000c for all stacking configurations of hybrid 

laminates.  

     
  

 
Fig 6 Results obtained for laminates with all stacking configurations a) DSC 

Endothermic and b) DSC Exothermic curves. 
 

CONCLUSION 

In this study, the influence of thermal properties on a different combination of stacking 

sequences of carbon/glass hybrid laminates fabricated through the hand layup method 

was investigated. The morphology is studied for ensuring the proper distribution of fibers 

in the matrix and targeting less imperfection. Then, the carbon/glass fiber laminates were 

arranged in different stacking configurations were subjected to TGA and DSC thermal 

analysis techniques, and the following conclusions were drawn: 

 The possible optimal combination can be the stacking sequence CGCG for better 

tensile characteristics when it is subjected to unidirectional loading in-plane 

direction. 

 The considerable influence on thermal degradation behavior for different stacking 

configurations has been observed when samples were subjected to TGA. 

 The GCGC has exhibited the highest thermal stability and GGCC has exhibited 

the lower thermal stability compared to all other stacking configurations.  

 From DTG curves the thermal degradation of CCGG configuration exhibited the 

highest degradation rate and lowest for laminate GGCC stacking configuration. 
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 From DSC the phase transition temperatures were obtained. The least glass 

transition temperature was for the laminate GGCC at 3500c and for other stacking 

configurations was observed at temperatures ranging from 3600c to 3750c.  

 The step-like transition specifies the change in heat capacity which is considered 

as the second-order endothermic transition otherwise melting transition ranging 

from 4100c to 5200c.  

 From the exothermic reaction, the crystallization temperature is around 3000c. 
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