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Abstract – In general, epoxy resins are known for 
their excellent adhesion, chemical and thermal 
resistance, unique mechanical properties and excellent 
electrical insulators. The various fibres are 
incorporated into epoxy resin matrix materials. With 
the prepared samples, the fibre tests are passed. The 
results of the investigation are also taken into account 
due to the strength of the connection between the fibre 
and the matrix. The aim of our research is the 
preparation and subsequent testing of epoxy-based 
composite materials during their manufacturing 
operations, specifically by casting technology. The 
properties of fibre-reinforced composites depend 
significantly on the choice of fibre and matrix, and how 
they are combined, the fibre-matrix ratio, the fibre 
length, its orientation, the thickness of the composite 
and the presence of a bonding agent to improve fibre-
matrix bonding. 
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1. Introduction

Epoxy adhesives are most often prepared by the 
condensation of epichlorohydrin and a hydroxy 
compound (polyalcohols or more functional phenols) 
[1].  
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When these compounds are mixing, the amine 
groups react with the epoxide groups to form a 
covalent bond [1]. Each amine group can react with 
the epoxy group so that the resulting polymer is 
cross-linking and is thus relatively stable and robust 
[2]. During curing, by-products are not split off, and 
only small total polymerization shrinkage occurs, this 
property is used mainly in production with the high 
required accuracy [2]. Cured epoxy resins have the 
best mechanical and primarily electrical properties, 
excellent electrical insulating properties in a wide 
range of temperatures, they are resistant to water and 
solutions of alkalis and acids [3]. Chemical resistance 
increases with the chain length of the molecule and 
the degree of crosslinking. Thermoset polymers are 
usually available as liquid resins or as solid particles, 
powders or granules [3]. Many liquid resin systems 
require two or more components to be mixed to 
initiate crosslinking or curing. For example, a liquid 
epoxide often requires a polymeric resin (e.g., based 
on bisphenol A and epichlorohydrin) and a hardener 
such as a polyamide. The resin and hardener are 
mixed to initiate a crosslinking reaction [1],[3]. 

Similar to thermoplastic resins, some thermosetting 
resins are commercially available as the reaction 
proceeds as the viscosity of the resin increases [3]. At 
this point, excess water is removed from the reaction 
under reduced pressure to obtain a viscous resin that 
is soluble in the solvent (known as the A-phase resin) 
[4]. The A-phase resin is cooled to a solid and 
ground to a fine powder. Ingredients such as fillers, 
colorants or lubricants are mixed with the powder. 
The powder is then processed on heated mixing 
rollers, where some crosslinking takes place. If the 
polymer is almost insoluble in the solvent but still 
meltable under heat and pressure, the reaction is 
terminated to obtain a B-stage resin [4]. The B-stage 
resin is cooled and coarsely ground into granules or 
pellets. The resin is heated until it liquefies and then 
consolidated in a mould, for example by injection or 
compression [4].   With time and temperature, the 
liquefied B-stage resin crosses to a solid [3], [4]. The 
curing method is shown graphically in Figure 1. 
From the graphical representation, when the liquid 
resin is cured under temperature-controlled 
conditions, the viscosity increases with time. 

https://doi.org/10.18421/TEM94-22
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Figure 1.  Influence of time and temperature on hardening 
of epoxy resin a)Vulcanization of the polymer to B-grade 

b)Vulcanization of the epoxy resin at a controlled 
temperature [1] 

 
Once the thermosets are formed, they cannot be 

remelted. This makes the press very difficult to clean, 
which is the main reason why thermosets are often 
moulded in a device that is simpler than that used for 
thermoplastics [3]. 
 
2. State of the Art 

 
Fibre-reinforced composite structures have become 

highly competitive engineering materials in recent 
years, and they have gradually replaced conventional 
metallic and other polymeric materials in many 
important industries [3]. Epoxy-based composite 
materials are used in load-bearing structures such as 
aircraft, military vehicles, ships, structures and 
offshore structures due to their advantageous 
mechanical, physicochemical properties and high 
strength-to-weight ratio [5]. Improving fire resistance 
has been given top priority to increase market 
penetration and given the current strict aviation 
legislation and other safety measures [5], [6]. In the 
aerospace, automotive or other areas of preference, 
epoxy matrix composite materials are expanding due 
to their large specific properties [3]. However, in 
these areas, it is not enough to use these materials, 
but rather to ensure that their use is beneficial in 
terms of reliability and durability, regardless the 
application or environmental conditions [7]. 

 
 
 
 
 
 
 
 

3. Manufacturing of Epoxy Resin Composites- 
Experimental Work 

 
3.1. Epoxy Resin as a Matrix 

 
Epoxy resins (EP resins) are compounds that have 

at least one epoxy group, also called glycidyl group 
or ethylene group, in their molecule [4]. 
The following properties make EP resins particularly 
suitable for use as a matrix system [3], [4]: 
 

 Excellent mechanical and thermal behaviour. 
 Good adhesion with the reinforcing fibre. 
 The adjustability of the reaction mass in a wide 

viscosity range between solid and liquid by 
mixing with plasticizers. 

 Acceleration of the curing process at different 
temperatures by a selection of the curing agent. 

 Curing by polyaddition, i.e. without splitting off 
low molecular weight products. 

 Especially low shrinkage after reaching the 
gelling point. 

 
Table 1. Handling and mechanical properties of 105/206 
Epoxy resin [4] 
 

105/206 Epoxy resin  105 Epoxy resin 
206 Slow Hardener 

Mix ratio 5:1 
Working time (thin film)  90 to 110 minutes 
Cure to a solid (thin film) 10 to 15 hours 
Cure to working strength 1 to 4 days 
Minimum recommended 
temperature 

16 °C 

Hardner SHORE D 83 
Tensile strength 50,3 MPa 
Tensile elongation 4,5% 
Tg by Differential 
scanning calorimetry 

52 °C 

Standard ISO 527-2E 
Laboratory internal 
temperature 

21 °C 

Humidity 60% 
 

105/206 forms a high-strength, moisture-resistant 
solid with excellent adhesion and barrier properties. 
It wets and binds to wood fibre, glass fibre, 
reinforcing fabrics, foam and other composite 
materials and various metals [4]. 
 

 
3.2. High-strength Fibres Characterization 

 
By our research was tested selected high- 

strength fibres, as follows: 
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Glass fibre (GF) 
 

Glass is a ceramic material with a particular 
property - below a transformation range (glass 
transformation temperature) the toughness is so high 
(supercooled liquid) that the body first transforms 
into another plastic and finally into a solid brittle 
state [7]. Silicic acid SiO2 is mainly used as the glass 
former. The excellent mechanical properties of glass 
fibres are based on the strong covalent bonds 
between silicon and oxygen [8]. The addition of 
various metal oxides changes the structure of the 
network, and thus the properties of the glass fibre. 
 
Carbon fibre (CF) 
 

If higher demands are placed on the mechanical 
properties, the use of carbon fibres is advantageous 
[6]. Exist several types of carbon fibres on the 
market, with the features such as high tenacity ("high 
tenacity HAT"), high stiffness ("high modulus HM"), 
high strain fibres (HS), as well as intermediate 
modulus (IM), which have a particularly high 
elongation at break (about 2%).  E-modulus are 
higher than that of HT fibres. There   are also ultra-
high modulus (UHM) fibres [8].  
 
Aramid fibre (AF) 
 

Similar to carbon fibres, the fibres have a negative 
coefficient of thermal expansion in the longitudinal 
direction, i.e. they become shorter and thicker when 
heated [6], [7].  Their specific strength and modulus 
of elasticity are significantly lower than those of 
carbon fibres. In combination with the positive 
coefficient of expansion of the matrix resin, highly 
dimensionally stable components can be produced 
[3], [5]. Compared to carbon fibre reinforced plastics, 
the compressive strength of aramid fibre composites 
is significantly lower. A distinction is made between 
two modifications, which differ in particular in their 
different modulus of elasticity: 

 

 "Low Modulus" - "Low Modulus" (NM) - tensile 
strength is 2800 MPa and E modulus is 5900 
MPa. 

 "High modulus" - "High modulus" (HM)- tensile 
strength 2900 MPa and E-modulus 127 00 MPa. 
 

Both modifications have a density of 1,44-1,45 g.cm-
³ [8]. 
 
 
 
 
 
 
 

Cordenka 
 

Cordenka is a material with excellent properties.   
Excellent volume resistance makes Cordenka, which 
is very popular for industrial applications 
[6],[9],[10]. Composites, reinforced with Cordenka 
have an outstanding balance between stiffness and 
toughness [11]. Cordenka is used in the automotive 
industry as a fabric insert for tyres, but also as a 
reinforcement material in tubes and other industrial 
applications.  
 
Table 2. Mechanical properties of selected high strength 
fibres [7, authors own processing] 
 

Fibres 
E-modul 

[GPa] 

Tensile 
strength 
[GPa] 

Elongation 
at break 

[%] 
Glassfibre 50 1,5 3,5 
Carbonfibre 150 2,5 1,5 
Aramidfibre 100 2,0 2,0 
Cordenka 833 20 13,0 

 
The following Table 3 describes the processing 

characteristics of selected types of high-strength 
fibres. 
 
Table 3. Characteristic of selected high strength fibres 
[authors own processing] 
 

Fibres 
Length 
[mm] 

Weight 
[g] 

Density 
[g.cm-3] 

Glasfibre 370 0,1129 2,5 
Carbonfibre 342 0,0682 1,8 
Aramidfibre 426 0,0187 1,45 
Cordenka 316 0,0786 1,5 

 
3.3. Casting Moulding of Composite Materials 
       

A mould measuring 80 x 80 x 5 mm was used. 
When fixing individual types of fibres, we proceeded 
as follows: 

 

 Paper-board likes a frame for cutting shapes. 
 Fix the base on the paper, so that this 3 - 5 mm is 

hung in shape. 
 Fix the paper in the form, close the form. 
 

The method of placing the fibres in the mould is 
shown in Figure 2. 
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Figure 2.  Preparing of test samples used casting mould 
with detailed filler [authors own processing] 

 Mix resin, if possible free of bubbles, 
 Pour resin into the mould, 
 Allow the epoxy resin to cure in a drying cabinet 

at 80°C. 
 

4. Results and Discussion 
 

The continuous fibres in the epoxy matrix give the 
best properties. The fibres transfer mechanical loads, 
the matrix transfers loads to the fibres, it is malleable 
and tight, and protects the fibres from damage during 
handling and the environment [13]. The operating 
temperature and processing conditions of the 
composite depend on the matrix material. The longer 
the fibres, the more effective the reinforcement at 
load transfers, but the shorter the fibres are easier to 
process and therefore cheaper. Figure 3 shows the 
tensile characteristics of the tested aramid fibres in an 
epoxy matrix. After the tensile test [11], it can be 
seen that the aramid fibres are at a specified max. 
Loading forces of 2.59 N.mm from the die were torn 
off. It was due to imperfect adhesion between the 
fibres and the matrix. 

 

 
 

Figure 3.  Aramid fibres in the epoxy resin matrix after the 
tensile test 

 

Figure 4 is an illustration of the tensile test of 
carbon fibres in an epoxy matrix, at a force of 37.06 
N.mm. From the diagram, one can see the material 
samples have reached max. tensile strength of 896.9 
MPa and elongation at break 0.78%. 
 

 
 

Figure 4.  Carbon fibres in the epoxy resin matrix after the 
tensile test 

 
The glass fibres (Fig. 5) which were deposited in the 
epoxy resin matrix have a tensile strength value of 
2441.4 MPa and an elongation at break value of 
2.33% after the tensile test. The loading force was 
295.18 N.mm. 
 

 
 

Figure 5.  Glass fibres in the epoxy resin matrix after the 
tensile test 

 
Cordenka fibres (Fig.6), which are commonly used 

as reinforcement in tyres, had a tensile strength of 
412.7 MPa and an elongation at break of 7.97% after 
a tensile test. The loading force, in this case, was 
233.98 N.mm. 

 

 
 

Figure 6. Cordenka fibres in the epoxy resin matrix after 
the tensile test 
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The increasing thickness of the composite material 
leads to a reduction in the strength of the composite 
[14]. The modulus of strength [15], as the probability 
of the presence of defects increases. 
Mechanical properties obtained after the tensile test 
are presented in the Table 4. 
 
Table 4. Mechanical properties of selected high strength 
 fibres  

 
Thus, it is clear from the previous graphics that the 

glass fibres in the epoxy matrix have the highest 
tensile strength value and, conversely, the smallest 
Cordenka fibres. On the contrary, at the elongation at 
break values, it is the Cordenka fibres with the 
highest elongation at break value, namely 7.97%, and 
the aramid fibres reached the value of 0.58%. 
Environmental impact [16], such as fatigue load, 
humidity and temperature, reduces the allowable 
strength [12]. Mechanical properties obtained after 
the tensile test are presented in the Table 4. 

 
5. Conclusion 

 
Depending on our investigation, we can say that 

glass fibres are characterized by high strength at low 
cost; carbon fibres have very high strength, stiffness 
and low density. Aramid fibres have high strength 
and low density, they prevent the spread of fire, they 
are permeable to radio waves and Cordenka fibres, 
on the other hand, they a high value of elongation at 
break. 
Epoxy-based composite materials excel in their 
mechanical properties and chemical resistance. They 
are used wherever we require durable materials. They 
are characterized by high adhesion to various 
substrates and excellent strength. 

We see the applicability of epoxy-based composite 
materials in the production of light structural 
elements in aviation, land transport, in the production 
of sports equipment, such as golf clubs, oars, boats 
and rackets, also in the manufacturing of several 
components in the automotive industry. As for our 
future direction of the research in the field of epoxy-
based composite materials, we want to focus on 
specific elements in the automotive industry. 
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