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ABSTRACT 
 

In this investigation, the specific heat of four fabric reinforced hybrid 

composite materials with filled stratified epoxy matrix was analysed. All hybrid 

composite materials were made of 17 layers, for which were used carbon, aramid, 

glass and hybrid fabrics. The stratified filled epoxy matrix of fabric reinforced 

hybrid composites represents a matrix, in whose structure it was used three types of 

fillers mixtures between certain plies. The investigation of specific heat of hybrid 

composite materials was performed by using of Differential Scanning Calorimetry 

instrument. It was analysed the effects of fiber orientation at various angles on 

specific heat of fabric reinforced hybrid composites with filled stratified epoxy 

matrix and the influence of fillers mixtures on these thermal properties of epoxy 

matrix. Also, it was studied the specific heat of hybrid epoxy composites in 

dependence of carbon and aramid plies number in studied materials structure. 
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1. Introduction 
 

The thermosetting composite materials 

reinforced with fibers or fabrics are widely used in 

many applications, which are carried out under 

conditions with high or low temperatures, or under 

conditions with temperature variations. So, the 

temperature increasing or decreasing leads to volume 

deformation of the composite materials, which affects 

the structural stability. Thus, the thermal 

investigations of the composite materials are 

important, because their mechanical performance 

depends on their thermal deformations [1]. 

The thermal behaviour of the fiber reinforced 

thermosetting composites can be carried out by the 

investigation of specific heat, thermal conductibility, 

coefficient of thermal linear expansion, etc. [2]. In 

case of composite materials reinforced with fibers, the 

polymeric matrix and the fibers exhibits different 

temperature fluctuations due to their different 

thermoelastic constants [3]. The epoxy systems are 

the thermosetting polymers most widely used as 

matrix for fiber reinforced composite materials, due 

to their thermal stability, chemical resistance, 

mechanical properties and high adherence to all fiber 

types and inorganic fillers [4]. 

Considering the thermal properties of the 

reinforcement and matrix of the composites 

structures, it can be predicted their thermal behaviour 

and their mechanical resistance under conditions with 

temperature variations. In order to increase the 

structural stability, for example, for different types of 

constructions, it can be used the hybrid composites 

reinforced with different types of fibers and with 

filled polymeric matrix. Through hybridization it can 

be obtained the composite materials with desired 

properties, considering the properties of each 

constituent component, their compatibility and the 

quality of the fiber-matrix and filler-matrix interfaces 

[5]. 

For this study it was made an experimental 

investigation of specific heat of the hybrid composite 

materials reinforced with plain fabrics and with 

stratified filled epoxy matrix, which were formed, 

actually, in order to obtain multifunctional advanced 

composite materials. The stratified filled epoxy 

matrix represents an epoxy matrix modified with 

three types of fillers mixtures used for certain layers 

of the laminates. In order to obtain the stratified 

epoxy matrix, it was used the fillers such as potatoes 

starch, carbon black, aramid powder, ferrite, carbon 

and glass whiskers. 
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In ref. [6] it was established that the 10 wt.% of 

corn starch had no influence on thermal stability 

(specific heat and coefficient of thermal expansion) in 

the temperature range of 70-110 ºC. The thermal 

conductivity of the epoxy composites increases with 

the increasing of the carbon black content [7, 8]. The 

specific heat of the nano-ferrites epoxy composites 

increase with the increasing of the nano-ferrite 

content in the temperature range of 70-120 ºC [9], but 

by adding 50 wt. % of clay in epoxy matrix the values 

of specific heat in the temperature range of 90-150 ºC 

decrease with the increase of ferrite content from 20 

to 50 wt.% [10]. The thermal conductibility through 

thickness of the composites reinforced with fibers can 

be improved, also, by addition of fillers in polymeric 

matrix such as graphene nanoplatelets [11–13], 

carbon nanotubes [14, 15], graphite [16], metallic 

nanoparticles as TiO2 nanoparticles [17], nickel 

particles [18], up to 2 wt.% of ZnO nanoparticles [19] 

and another filler types. For example, in ref. [20] it 

was found that the thermal conductivity through 

thickness without affecting the mechanical resistance 

of carbon fiber reinforced composite laminates 

increased with 40% by addition of graphene 

nanoplatelets (1 vol.%) together with silver 

nanoparticles and nanowires (0.5 vol.%). 

In this paper the influence of the fillers on 

specific heat of the epoxy matrix, fiber orientation 

and aramid/carbon plies number on specific heat of 

the hybrid composite materials was investigated. 

 

2. Materials and experimental method 

 

2.1. Materials 
 

As epoxy matrix of fabric reinforced hybrid 

composites with stratified filled matrix, it was 

selected EPIPHEN 4020 system (DE resin and RE 

hardener) with 100:30 ratio, due to its properties 

before and after polymerization. After 14 days the 

complete polymerization is reached at laboratory 

conditions (temperature of 23 °C and humidity of 

50%). This used epoxy system exhibits a high 

adherence to all fiber types and to the most filler 

types. 

As reinforcements for hybrid stratified 

composites it was used five plain fabric types: carbon 

fabric with 160 g/m2 density, denoted C; aramid fiber 

fabric with 173 g/m2 specific density, denoted A; 

glass fiber fabric with 163 g/m2 specific density, 

denoted 1G; glass fiber fabric with 390 g/m2 specific 

density, denoted 2G; hybrid fabric with 270 g/m2 

specific density, denoted M. 

In order to obtain the hybrid fabric M, it was 

used a carbon aramid fiber mixed fabric with 205 

g/m2 specific density, whose weave geometry 

represents an alternated carbon fiber by two aramid 

fibers in the weft direction and alternated aramid fiber 

by two carbon fibers in the warp direction. Each 

second aramid fiber in the weft direction of mixed 

fabric was replaced by a tin covered copper wire with 

diameter of 0.2 mm and a glass fiber with linear 

density of 200 tex [21–23]. 

In order to improve the quality of matrix-fiber 

interface of fabric reinforced hybrid epoxy plates, 

which depends on the adherence properties of the 

fibers, all used fabrics were treated with detergent, 

sodium hydroxide and perchloric acid solutions by 

uniform spaying and they were cleaned after each 

treatment with water. After that the fabrics were dried 

and they were covered by uniform spraying with a 

thin film made of nitro diluent and used EPIPHEN 

epoxy system mixture. 

The fillers such as aramid powder, carbon black, 

potatoes starch, barium ferrite and carbon and glass 

whiskers were selected in order to obtain the stratified 

epoxy matrix of multifunctional hybrid composite 

plates. The potatoes starch was mixed with another 

types of fillers due to experimental results obtained in 

ref. [24], which showed that the 10 wt.% of corn 

starch can be used without affecting the electrical, 

thermal and mechanical properties of the epoxy 

composites, but it lead to an increase of the 

prepolymeric liquid viscosity by its swelling. So, it 

was ensured the uniform distribution of other selected 

fillers into prepolymeric mixtures and it was avoided 

their sedimentation. The carbon black and barium 

ferrite were used to improve the thermal and 

electromagnetic properties. In order to improve the 

mechanical properties and impact performance, it was 

used the aramid powder, carbon whiskers and glass 

whiskers. 

It was formed four hybrid composites made of 

17 layers, which were denoted in this paper H1, H2, 

H3 and H4. The hybrid composites H1 and H3 are the 

laminates with fiber orientation at 0°, whose structure 

represents a symmetrical arrangement of the layers 

relative to the medial one. The hybrid composites H2 

and H4 are the laminates with fiber orientation at 

various angles, whose structure represents an anti-

symmetrical balanced arrangement of the layers 

relative to the medial one. The plies configuration of 

the fabric reinforced hybrid epoxy composite with 0° 

fiber orientation H1 is [C0/A0/A0/1G0/2G0/ 

1G0/C0/A0/M90/A0/C0/1G0/2G0/1G0/A0/A0/C0]. The 

plies configuration of composite material H2 is 

similar to that of composite material H1, but with 

fiber orientation at various angles, as [C0/A-15/A15/1G-

30/2G0/1G30/C45/A0/M90/A0/C45/1G45/2G0/1G45/A15/A-

15/C0]. The layers configuration of the hybrid 

composite H3 is 

[C0/C0/A0/1G0/2G0/1G0/A0/C0/M90/C0/A0/1G0/2G0/1G

0/A0/C0/C0]. As in case of hybrid epoxy composite H1 
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and H2, the plies configuration of composite material 

H4 is similar to that of composite material H3, but 

with fiber orientation at various angles, as [C0/C-

15/A15/1G-30/2G0/1G30/A45/C0/M90/C0/A45/1G45/2G0/ 

1G45/A15/C-15/C0]. 

The epoxy matrix of the fabric reinforced hybrid 

plates is a stratified filled matrix made of three types 

of fillers mixtures, such as: MF1 - polymeric mixture 

with 10 wt.% of potatoes starch and 10 wt.% of 

carbon black, which was used for layers 01 to 03 and 

15 to17; MF2 - polymeric mixture with 5 wt.% of 

potatoes starch, 5 wt.% of aramid powder, 5 wt.% of 

glass whiskers and 5 wt.% of carbon whiskers, which 

was used for layers 04 to 06 and 12 to 14; MF3 - 

polymeric mixture with 10 wt. % of aramid powder 

and 10 wt.% of barium ferrite, used for layers 07 to 

11. 

The hybrid epoxy composites reinforced with 

fabrics and with stratified filled matrix were formed 

by wet lay-up method. By this method each layer of 

the plates was placed into a glass mould and imbued 

with the prepolymeric and fillers mixtures. After 

complete polymerization the plates were cured 

thermally according to technical specifications and 

the water jet machine was used to extract the 

specimens for specific heat measurements. 

 

2.2. Experimental method 
 

The specific heat of these hybrid epoxy 

composites reinforced with fabrics and stratified filled 

matrix was measured using Differential Scanning 

Calorimetry (DSC 1) instrument from Mettler Toledo 

and data acquisition and evaluation software STARe. 

For these thermal tests were used specimens with 

diameter of 3 mm. The specific heat of the hybrid 

composite materials was investigated by heating in 

the temperature range of 30-330 ºC and by cooling in 

the temperature range of 330-30 ºC with 20 ºC/min. 

In order to study the influence of filled mixtures on 

specific heat of the formed composites, it was 

measured the specific heat for unfilled epoxy matrix 

(ME) and for each filled epoxy matrices (MF1, MF2 

and MF3) in the similar temperature ranges. As 

example, the averaged values of the heat flow and 

specific heat measured in the temperature range of 

30-330 ºC for hybrid composite material H1 are 

presented in Figure 1. 

 

 
 

Fig. 1. Heat flow vs temperature (above) and specific heat vs temperature (below) curves for hybrid 

composite H1 
 

3. Results and discussion 
 

The investigation of specific heat was performed 

on the limits of the linear portions of both specific 

heat vs temperature curves (heating and cooling 

curves showed in Fig. 1). So, the specific heat of 

epoxy matrices and hybrid epoxy composites 

reinforced with fabrics and with stratified filled 

matrix was analysed in the heating and cooling 

temperature ranges of 50-60 ºC, 80-100 ºC, 100-150 

ºC, 160-200 ºC and 200-240 ºC. The average values 

of the specific heat of unfilled epoxy matrix (ME) and 

filled epoxy matrices (MF1, MF2 and MF3) 

determined in the heating temperature ranges are 

presented in Fig. 2 and those determined in the 

cooling temperature ranges are showed in Fig. 3. It 
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can be observed that the values of specific heat in the 

cooling temperature ranges are, generally, lower than 

those in the heating temperature ranges, excepting 

specific heat evaluated in the temperature range of 

50-60 ºC. The addition of 20 wt.% of potatoes starch 

and carbon black into epoxy matrix led to a 

decreasing of specific heat values in all temperature 

ranges. Regarding the specific heat of the filled epoxy 

matrices measured in the heating temperatures ranges 

(Fig. 2), it can be seen that the epoxy matrix filled 

with 20 wt.% of aramid powder and barium ferrite 

showed in all temperatures ranges almost the same 

values with those obtained in case of epoxy matrix 

filled with 20 wt.% of potatoes starch and carbon 

black. The amount of 20 wt.% of potatoes starch, 

aramid powder and glass and carbon whiskers 

showed no influence on the specific heat values of 

epoxy matrix in the temperature ranges of 50-60 ºC, 

80-100 ºC and 100-150 ºC, but it led to an increasing 

of the  values in the temperature ranges of 160-200 ºC 

and 200-240 ºC. 

 

 
 

Fig. 2. Specific heat of epoxy matrices measured in the heating temperature ranges 

 

 
 

Fig. 3. Specific heat of epoxy matrices measured in the cooling temperature ranges 
 

In the cooling temperature ranges (Fig. 3), it can 

be seen that the specific heat of filled epoxy matrices 

exhibited lower value in comparison with those of 

unfilled epoxy matrix. The epoxy matrix filled with 

20 wt.% of aramid powder and barium ferrite (MF3) 

showed in all temperatures ranges the values close to 

those presented by unfilled epoxy matrix (ME). The 

lowest values of specific heat were obtained in case 

of epoxy matrix filled with 20 wt.% of potatoes starch 

and carbon black (MF1) in the temperature ranges of 

50-60 ºC, 80-100 ºC, 100-150 ºC and 160-200 ºC, but 

the lowest values in the temperature range of 200-240 

ºC were determined in case of epoxy matrix filled 

with 20 wt.% of potatoes starch, aramid powder and 

glass and carbon whiskers (MF2).  

In Figures 4 and 5 are plotted the average values 

of specific heat measured for hybrid epoxy 

composites reinforced with fabrics and stratified filled 

matrix in the same temperature ranges as in case of 

filled matrices. It can be observed that the hybrid 

epoxy laminates presented, also, higher values of 

specific heat determined in the heating temperature 

ranges compared to those determined in the cooling 

temperature ranges. Thus, the hybrid epoxy laminates 

need a larger amount of heat to increase their 

temperature with a unit, while for their temperature 
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reduction with a unit it is necessary a lower amount 

of heat to release. Regarding the number of aramid 

and carbon plies in structure of hybrid epoxy 

composite materials, it can be seen in Fig. 4 that the 

hybrid epoxy composites with more aramid layers 

(H1 and H2) showed higher values of the specific 

heat in all heating temperature ranges as compared to 

those obtained in case of hybrid epoxy composites 

with more carbon layers (H3 and H4). The fiber 

orientation at various angles (±15°, ±30° and ±45°) 

led to a significant increase of specific heat values in 

all heating temperature ranges. 

 

 
 

Fig. 4. Specific heat of hybrid composite materials measured in the heating temperature ranges 
 

 
 

Fig. 5. Specific heat of hybrid composite materials measured in the cooling temperature ranges 
 

The values of specific heat measured in the 

cooling temperature ranges of 50-60 ºC, 80-100 ºC, 

100-150 ºC, 160-200 ºC and 200-240 ºC for hybrid 

epoxy composites reinforced with fabrics and 

stratified filled matrix (Fig. 5) showed that the fiber 

orientation at various angles led to a significant 

increase, as in case of those measured in the heating 

temperature ranges. If we compare the composites 

with fiber orientation at 0°, it can be seen that the 

ones with more aramid plies presented much higher 

values of specific heat as compared to the ones with 

more carbon plies. 

But if we compare the composites with fiber 

orientation at various angles, it can be observed that 

the ones with more carbon plies showed higher value 

of specific heat in the temperature ranges of 50-60 ºC 

and 80-100 ºC as compared to the ones with more 

aramid plies. But in the temperature ranges of 100-

150 ºC, 160-200 ºC and 200-240 ºC the highest values 

of specific heat were obtained in case of hybrid 

composite material with more aramid plies. 

 

4. Conclusions 
 

The influence of filler mixture types, number of 

carbon and aramid layers and fiber orientation at 

various angles (±15°, ±30° and ±45°) on specific heat 

of hybrid epoxy composites reinforced with fabrics 

and with filled stratified matrix measured in the in the 

heating and cooling temperature ranges of 50-60 ºC, 

80-100 ºC, 100-150 ºC, 160-200 ºC and 200-240 ºC 

was investigated. It can be made the following 

conclusions by analysis of obtained and plotted above 

experimental data: 
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• The investigation of the influence of filler 

mixtures on specific heat of epoxy matrix showed 

that the amount of 20 wt.% of potatoes starch, aramid 

powder and glass and carbon whiskers had no 

influence in the heating temperature ranges of 50-60 

ºC, 80-100 ºC and 100-150 ºC, but it led to an 

increase of the values in the temperature ranges of 

160-200 ºC and 200-240 ºC. The epoxy matrix filled 

with 20 wt.% of aramid powder and barium ferrite 

and that filled with 20 wt.% of potatoes starch and 

carbon black showed in all heating temperatures 

ranges almost the same values, but lower as compared 

to the ones of unfilled epoxy matrix. 

• In the cooling temperature ranges of 50-60 ºC, 

80-100 ºC, 100-150 ºC and 160-200 ºC the lowest 

values of specific heat were obtained in case of epoxy 

matrix filled with 20 wt.% of potatoes starch and 

carbon black, but in the temperature range of 200-240 

ºC the lowest values was determined in case of epoxy 

matrix filled with 20 wt.% of potatoes starch, aramid 

powder and glass and carbon whiskers. 

• The hybrid epoxy composites with more 

aramid layers exhibited much higher values of the 

specific heat in all heating and cooling temperature 

ranges as compared to the ones determined in case of 

hybrid epoxy composites with more carbon layers. 

• The fiber orientation at various angles led to a 

significant increase of specific heat values in all 

heating temperature ranges, especially, for hybrid 

epoxy composites with more carbon layers. The 

composite materials with more carbon plies exhibited 

the highest value of specific heat in the cooling 

temperature ranges of 50-60 ºC and 80-100 ºC. But 

the composite material with more aramid layers 

presented the highest values in the temperature ranges 

of 100-150 ºC, 160-200 ºC and 200-240 ºC. 
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