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Abstract

This article deals with the reinforcement of epoxy resin with different carbon fillers in various concentrations.
The properties observed in this paper were electric conductivity, hardness and chemical and electrochemical
plating. The data obtained from the measurements of electric conductivity and hardness were subsequently
examined and discussed.
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1. INTRODUCTION

Epoxy resin belongs to the polymer group that is characterized by low molecular weight and the content of
more than one epoxide group. Polymer is a macromolecular compound created from units of varying or same
monomers. Polymers can be divided into thermoplastic and thermoset. Thermoplastics can be re-processed
and moulded into new shapes again using heat, while thermosets cannot be moulded again due to the cross-
linking process that occurs during curing. Epoxy resin was discovered by Prileschjew in 1909. It is a resin in
which the curing is enabled by various curing agents via numerous curing reactions. Final properties of epoxy
resin depend on the unique combination of the resin type and the curing agent. The epoxy resin exhibits great
material properties such as high strength and electrical insulation, good chemical and heat resistance and
adhesion to many substrates, low shrinkage and toxicity, low cost, etc. Furthermore, it possesses fatigue
strength superior to aluminium alloy and excellent compatibility with all common fillers, while also being usable
at temperatures up to 175 °C. Because of these properties the epoxy resin is frequently used in wide range
of fields for the production of fibre-reinforced composites, high-performance coatings, encapsulating materials,
general-purpose adhesives. On the other hand, the disadvantages of epoxy resin are delamination, inherent
brittleness and low fracture toughness [1-2]. Therefore as was aforementioned, the epoxy resin is in many
instances reinforced with numerous kinds of fillers. After the addition of fillers, the newly created compound
offers the advantages of a new material. The epoxy resin supplemented with nano-fillers creates a nano-
composite structure which is widely used in both industrial and academic fields for its diversity in potential
applications. The nano-fillers (usually 1-100 nm) affect the matrix material properties because the quantum
confinement on optical, thermal and electrical properties becomes relevant at this level of particle size. Another
important property of nano-materials is its high fraction of the atoms on their surface, where the asymmetrical
forces influence the surface tension and the related pressure can cause the change of bond length in crystals
and further change the thermal, electrical and mechanical properties [3]. Considering the epoxy resin is an
electric insulator and possesses great mechanical properties, there is an effort to create the composite with
epoxy resin matrix which would be electrically conductive. The addition of 0.5 and 1 wt. % graphene particles
to the epoxy resin has a positive effect on the electric resistivity of the material without influencing the tensile
strength. The evaluation showed that the electric resistivity decreased more than two orders of magnitude [4].
This study also concentrated on the epoxy-graphene and epoxy-carbon nano-fibre composites and showed
that the compressive load has a negligible effect on the electric conductivity [5]. On the other hand, it was
found that the electric conductivity displayed greater values (up to the 13 orders of magnitude) in nano-
composites comprised of core-shell carbon foam with template-coated graphene than in the pure epoxy resin.
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[6]. The effect on the electric conductivity induced by the addition of carbon nano-tubes (with various aspect
ratios dispersed by sonication and high speed shear force) in the epoxy resin was also studied. The content
of fillers was 0.03 and 0.5 wt. %. It was found out that the percolation threshold of electric conductivity
decreased with the increase of the carbon nanotube aspect ratio and the lowest one was approximately 0.05
wt. % [7]. Other article focused on the electric conductivity dealt with the reinforcement of epoxy resin with the
graphene. When the concentration of graphene was 1.38 vol. %, the electric conductivity was increased by 7
orders of magnitude in comparison to the pure epoxy resin [8]. This study inquired about the influence of
carbon microfibers and carbon nano-fillers on the electric conductivity of epoxy resin and its subsequent
modifications altered by metallization.

2. EXPERIMENTAL

The epoxy resin used was a liquid blend of Araldite® LY5052 and the hardener Aradur® 5052 (both Huntsman
Advanced Materials GmbH, Switzerland). Commercially-available carbon fibres, CARBOBYK-9810 (BYK-
Chemie GmbH, Germany), and thin multi-walled carbon nanotubes (MWCN) NANOCYL® NC7000™ (Nanocyl
SA, Belgium, prepared by Catalytic Chemical Vapor Deposition (CCVD) process), were employed as fillers.
Different types of mixing the particles were compared for the best overall conductivity. Nanocyl particles
underwent treatment by sonication (dipping Ti probe with 300W power, 2 minutes with 4 cycles of pulse
sequence), Thinky mixer (Thinky Mixer ARE-310, twice mixing 2000 rpm 20 s + defoaming 1000 rpm 10 s,
sonication 2 minutes), and dispersing machine (Dispermat CA60-M1, 9600 rpm 30 min, cooled to 7 °C by
water, defoaming). Two and three mm thick sheets 100 mm long and 100 mm wide were prepared by loading
the mixtures into form and defoaming by vacuum pump. After 24 hours, the samples were cured at 70 °C for
5 hours. Fillers were applied in rising concentration from 0.5 to 2 %. In text, the samples are marked MCF -
milled carbon fibers and MWCN -multi-walled carbon nanotubes according to mixing technique: sonication -
S, thinky mixer - TM and dispersion - D. The number following the letter indicates the filler content in wt. %;
i.e. D 0.5 means MWCN dispersion with 0.5 % of filler. Resistivity was determined by high resistance meter
Keysight B2980A with N1424A resistivity cell attached (Keysight Technologies, USA). High resistance meter
was programmed to directly show value of resistivity in Q.cm according to calculation from electrode size
parameters. All samples were fixed in resistivity cell by 3 kg of pressure. Measurements were carried out at
least 30 times.

Figure 1 lllustrative pictures of measuring devices - High resistance meter Keysight B2980A with N1424A
resistivity cell (left); Shore D hardness meter (right)

The hardness of samples' surfaces was measured by Shore D hardness meter (TQC, Germany) according to
ISO 868. Measurements were carried out at least 30 times. The samples were activated as described in
Shipley process. As a first step, samples were rinsed in low acidic detergent solution for 1 minute, second step
followed - activation by acidic etching in low concentrated H2SO4 and HF, each for 1 minute. After each step,
all samples were heavily rinsed in deionized water. Sensitization was done in solution of PdCl2 with SnClz,
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NaCl and acidized by HCI for 3 minutes. Peptized samples were metallized by electroless plating in bath
containing CuS04.5H20, EDTA, NaOH (pH 8-10) and addition of NaH2PO2 for 20 minutes. After rinsing,
samples were attached by clamp in acidic (H2SO4) solution of CuS0O4.5H20 and NaCl. As anode stainless steel
was used and the galvanic process was carried out at current density 1.8 A/dm?2.

3. RESULTS AND DISCUSSION

3.1. Surface Electric Resistivity

After surface electric resistivity measurement, the results of pure epoxy resin and the epoxy resin reinforced
with various types of carbon fillers with different concentrations, were compared.
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Figure 2 Surface electric resistivity of the sample MCF 100, 2 % and pure epoxy resin

In Figure 2, the surface electric resistivity of pure epoxy resin is displayed. The value is around 4.69-10'¢ Q.cm.
From the measured results, it is the highest value, which shows the highest surface electric resistivity. In
Figure 2 it is possible to see, how the reinforcement of epoxy resin with 2 % of carbon micro fibres lowered
significantly the surface electric resistivity in comparison to the pure one.
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Figure 3 Surface electric resistivity of the samples MCF 100, 5 %, S2,T12,D0.5and S 0.5

From Figure 3 it is clear, that after addition of higher concentration of carbon micro fibres or multi-walled
carbon nanotubes in the concentration of 0.5 and 2 %, the surface electric resistivity dropped to the orders
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of magnitude of MQ.cm, which is in comparison with the pure epoxy resin (PQ.cm) by 9 orders of magnitude
lower. As a best level it is possible to consider carbon micro fibres in the concentration of 5 % because
of the lowest surface resistivity value of 7.82-10% Q.cm.

3.2. Volume Electric Resistivity

Measurement of volume electric resistivity determined the resistivity throughout the volume of the samples.
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Figure 4 Volume electric resistivity of pure epoxy resin, MCF 100, 0.5 %, MCF 100, 2 % and MCF 100, 5 %

The value of the volume electric resistivity of pure epoxy resin in Figure 4 shows the material properties of pure
epoxy resin as a pure insulator. After addition of carbon micro fibres into the epoxy resin matrix, the volume
electric resistivity is very close to the pure epoxy resin as it is visible in Figure 4. It is possible to formulate,
that the addition of these fibres did not affect the volume electric resistivity significantly.
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Figure 5 Volume electric resistivity of the samples S 2, T12,D 0.5and S 0.5

To obtain the lowest volume electric resistivity of the sample, the most efficient way is to use as a filler multi-
walled carbon nanotubes in the concentration of 2 % in comparison to pure epoxy resin and others samples,
as is shown in Figure 5.
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3.3. ShoreD

Hardness test measurement is important for the evaluation of the mechanical behaviour of various reinforced
samples to comparison with the pure one.
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Figure 6 Shore D hardness of the samples of pure epoxy resin, MCF 100, 0.5 %, MCF 100, 2 %, MCF 100,
5%,S2,T12,D0.5,S0.5

From Figure 6 it is clear, that the reinforcement of epoxy resin with multi-walled carbon nanotubes caused the
biggest increase of hardness. The values of pure epoxy resin and epoxy resin reinforced with carbon micro
fibres are comparable.

4. CONCLUSION

As far as we can say, the amount of nanoparticles in our samples was not sufficient for direct galvanic
treatment. From results we assume that 0.5 % MWCN content with proper dispersion method (D - dispersion
with sonication) is sufficient for saturation of conductivity and increase of hardness. 0.5 % MWCN dispersed
and sonicated creates filler content with reasonable increase in conductivity, hardness and feasibility
of composite preparation. Further study of metallized samples' properties will be a subject of future research.
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