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Abstract

An experimenta) investigation was carried out to study the fabrication of silicon carbide nanowires (SiC NWs)/epoxy resin compos-
ites. This material could exhibit excellence mechanical properties for example, hardness, wear resistant and especially lightweight which
may be used to replace metal parts in vehicles. The SiC N'Ws/epoxy resin composites were prepared by using the ultrasonic mixing and
casting techniques. The physical and mechanical properties such as density, tensile strength, hardness and wear test of composite samples
were examined. Furthermore, microstructures of samples were also investigated by scanning electron microscopy (SEM). It was found
that the ultrasonic mixing could be used for fabricating high wear strength samples of SiC NWs/epoxy resin composites.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the recent years, there is a great need for composites
because the combination of two or more materials can lead
to enhance performance and cutstanding properties com-
pared to their constituents [1,2). Especially, the polymer-
based composites reinforced with a small percentages of
strong fillers can significantly improve the mechanical,
thermal and barrier properties of the pure polymer. More-
over, these improvements are achieved through conven-
tional processing techniques without any detrimental
effects on processability, appearance, density and aging
performance of the matrix [3] The realization of their
unique properties, it has been considering for a wide range
of applications including packaging, coating, sport, elec-
tronics, aerospace industries, aircraft and military, auto-
motive, and marine engineering [3-6]. The conventional
fibers, for examples, glass-fiber, carbon-fiber and aramid-
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fiber are widely used in nowadays. However, these materi-
als are still limited in some applications, especially, the air-
craft engine and aerospace industries which need high
temperature materials, high mechanical properties that
are lightweight {7]. Therefore, there are many works focus
on the reinforcing polymer-based materials have incorpo-
rated various particle/whisker-type fillers especially, the
functionally graded materials (FGMs) to fabricate the high
performance materials for space-planes [8,9%. The new type
filler, silicon carbide nanowires (SIC NWs) have been
attracting considerable attention due to their excellent
properties such as high thermal stability, high thermal con-
ductivity, good mechanical properties and chemical inert-
ness [10,11]. Besides, it has been suggested as good
reinforcement materials and suitable to be used as the rein-
forcing material for composites due to their much larger
strength over their bulk counterparts and strong interfacial
bonding [12]. It is reported that the elastic modulus and
ultimate bending strengths of SiC nanorods with several
tens of nanometer thick were 610-660 and 53.4 GPa,
respectively. The strength of these nanorods is a factor of
two or more times higher than earlier observations for
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SiC whiskers of micrometer diameter [13]. Therefore, they
can be used in nanoelectronics, field emission device, bio-
medical engineering, nanocomposites and applications in
high temperature nanoscale devices [10,14,15]. Although
there are many research works on S5iC NWs, most of the
works focus on the fabrication of SiC NWs and properties
of SiC/ceramic composites {12,16-18]. However, improve-
ment properties of materials by using SiC NWs as
fillers in polymer matrix composites have not yet been
reported.

In this work, composites samples between SiC NWs and
epoxy resin were fabricated using ultrasonic mixing and
casting techniques. The reinforced fiber, SiC NWs was syn-
thesized by current heating technique (CHT). Physical and
mechanical properties such as hardness, wear resistance,
tensile strength and density of the composites samples were
investigated. Moreover, microstructure of samples was
determined using SEM technique.

2. Experimental procedure

The SiC NWs were synthesized via current heat tech-
nique (CHT) [19]. The raw materials, carbon powder (ultra
high pure graphite, 99.9%), SiO; (Silica gel 60, Fluka) and
AlyQ; (Extra pure, 98%, Reidel-de Haen) were mixed and
pressed into rod shape with 12mm in diameter and
25 mm in length. The rod was heated by DC power supply
for 5 min under argon atmosphere. SiC NWs was taken out
from surface of the rod were ground by using agate mortar
for 10 min to get rid of hard agglomeration. A matrix was
created by mixing epoxy resin (Thai Epoxy Resin Ltd.,
Thailand) with its hardener in the ratio 100:27 by volume.
The density of the matrix is 1.176 g/fcm®. To fabricate com-
posites, firstly, SiC NWs were added into epoxy resin with
the different ratios varying from 5% to 15% of volume.
Firstly, the mixtures of epoxy resin and SiC NWs were dis-
persed for 3h in an ultrasonic bath. Secondly, hardener
was added into the mixture and mixed in ultrasonic bath
for 5 min. Thirdly, the mixture was poured inte the rubber
mould in the dog-bone shape (Fig. 1) with a sample thick
ness of I mm. It is noted that mylar films were put at the™
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Fig. 1. The tensile test of composites samples.

upper and the lower of the samples in order to obtain a
smooth surface. Finally, the composite samples were left
to settle at the room temperature for one day and then
removed from the mould. Density of samples was mea-
sured by using Archimedes method. Tensile strength of
the samples was measured by the universal testing machine
(Lloyd Instruments, LRX) with a cross-head rate at
50 mm/min. The hardness was tested by Knoop’s hardness
testing machine (HK, Brooks Inspection Equipment Ltd.,
England). The wear resistance was examined by the Pin-
on-Disk Tribometer with ball radius of 4 mm. Moreover,
the microstructure of the composites samples was investi-
gated by SEM.

3. Results and discussion

Table 1 shows density, hardness, width of wear track
and tensile strength values of SiC NWs/epoxy resin com-
posite samples. The results showed that density of compos-
ites samples increased with increasing of SiC NWs content
which is in the range of 1.1455-1.1567 g/cm However, it is
noted that the density of the composues samples is higher
than pure SiC NWs (0.996 g/cm®) and shghtly less than
that of the pure epoxy resin (1.176 g/em?). Moreover, the
hardness (HK) and tensile strength are in the range of
1.3-6.3 HK and 5.40-23.81 MPa, respectively. Further-
more, it is observed that the widths of wear track of sam-
ples are in the range of 329-550 pm. It is observed that
hardness and tensile strength of 15 vol% 8iC NWs compos-
ites increased to 384% and 341%, respectively, and the wear
track of samples decreased to 40% when compared with
that of pure epoxy resin. Fig. 2 shows the relationship
between coefficient of friction and distance, it shows that
friction values of pure epoxy resin are much higher than
that of composites. The coefficient of friction of pure epoxy
decreased to 83% when adding the SiC NWs into polymer
phase. It could be assumed that adding SiC N'Ws into poly-
mer-based, epoxy resin would decrease the friction and
promote the wear resistance of the pure polymer. Fig. 3
shows the photographs of the width of wear track of pure
Q. Xy resin and composites samples. It exhibits that the
*witth- of wear track are dramatically decreased (from 550
to 329 um) with increasing of SiC NWs (0-15 vol%) con-
tents which confirm that wear resistance of soft and ductile
materials could be improved by using the SiC NWs filler.

Table 1

The density, hardness, width of wear track and tensile strength of
composites samples

vol% of 8iC Density Hardness Width of wear Tensile

NWs (%) {g/em?) (HK) track (jm) strength
(MPa)

0 1.176 1.3 550.0 5.4

5 1.14549 37 371.0 9.40

10 1.14747 4.7 356.0 15.41

15 1.15674 6.3 329.8 23.81
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Fig. 2. Wear resistance of pure epoxy resin and SiC NWs/epoxy resin
composites.

Fig. 4 shows the typical SEM micrographs at different mag-
nifications and EDS spectrum of the obtained products. It
reveals that the products consist of a large quantity of wire-
like nanostructures with several micrometers in length and
diameters varying from 50 to 70 nm. It is also revealed that
SiC NWs were randomly oriented with straight or curved
morphologies. These nanowires generally display smooth

Fig. 3. Wear track of composites samples: (a) pure epoxy resin, (b) 5 vol%, (¢} 10 vol% and (d) 15 vol% of SiC NWs.

surface and very uniform diameter. Besides, the catalyst
particles are observed at the end tip of wires as shown in
the higher magnification SEM micrographk (Fig. 4). The
EDS analysis showed that the elements of nanowires with
a wrapping layer contain silicon, carbon and oxygen. The
wrapping layer is thought to be SiO; This may be due to
the reaction between SiC N'Ws and the remaining oxygen
in the furnace. Fig. 5 shows the SEM micrographs of com-
posites samples with different SiC N'Ws contents. It can be
seen that the brighter phase is the filler phase (SiC NWs)
whereas, the grey phase is matrix phase (epoxy resin).
The fracture surface of the nanocomposites was coarse,
which may imply that the composites have good toughness
because of the presence of nanowires. Mostly area covered
with polymer phase when small quantity of SiC NWs
(1.0vol%) was added into the sample as shown in
Fig. 5a. However, very well distribution of nanowires can
be obtained when the content of SiC NWs is increased
for 5vol% and 10 vol%, respectively. Moreover, it shows
that epoxy resin evenly impregnated throughout the nanc-
wires, which indicates good resin impregnation (Fig. 5b
and c¢). Fig. 5d shows the micrograph of 15 vol% compos-
ites, it is found that the SiC NWs was covered by polymer
matrix and some parts of SiC NWs embedded into epoxy
resin which may cause to the much higher of mechanical
properties. Therefore, it can be reported that adding the
nanowires into the polymer-based phase can promote the
mechanical of single phase polymer-based especially, hard-
ness and tensile strength,
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Fig. 4. SEM micrographs and EDS spectrum of SiC NWs,
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Fig. 5. SEM micrographs of SiC NWs/epoxy resin composites (a) 1 vot%, (b) 5 vol%, (¢) 10 vol% and {d} 15 vol%.,
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4. Conclusion

SiC NWs/epoxy resin composites were fabricated by
using the ultrasonic mixing and casting techniques. The
SiC NWs were used as the reinforced fiber to promote the
mechanical properties of the composites. The results
revealed that the SiC NWs were well-dispersed within the
epoxy resin matrix. The wear resistance of polymer-based
materials could be improved by adding SiC NWs. The com-
posites with 15 vol% of SiC NWs show the best wear resis-
tance with the width of wear track of 329.8 pum which is
much less than that of pure epoxy resin (550 um) while there
is no significant change in weight. Moreover, the hardness
and tensile strength of composites was improved to 384%
and 341%, much higher than that of pure epoxy resin.
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