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ABSTRACT

High interfacial strength between the host matrix and reinforcing material is the key factor in developing
mechanically robust composite materials. Strengthening the interface between aluminum and carbon
nanotubes (CNTs) is very crucial to achieve desirable mechanical properties of AI-CNT composites. Silicon
carbide that highly wets Al was coated on the CNT surface in order to promote interfacial strength while
preventing CNT disintegration during reinforcement. The SiC interface layer on the CNT surface was suc-
cessfully formed by a three-step process: (i) mechanical crushing of a Si powder by a CNT promoter, (ii)
coating of crushed Si nanoparticles onto CNT surfaces, and (iii) formation of a SiC layer by high temper-
ature annealing. The wettability of CNTs during Al melting was significantly improved by this method,
which is critical for improving mechanical properties of Al-CNT composites. Improvements of 15% in ten-
sile strength and 79% in Young’s modulus were achieved by adding 0.84 wt% Si powder and 1 wt% CNTs.

E. Casting
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Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Carbon nanotubes (CNTs) with extraordinary mechanical, ther-
mal, and electrical properties have been used to improve the prop-
erties of polymer, metal, and ceramic composites [1-7]. The
composite performance is strongly dependent on the dispersion,
length, crystallinity, and degree of alignment of the CNTs, as well
as the characteristics of the interface between the CNT surface
and host materials.

Mechanically strong metal composites have attracted interest
recently due to green energy requirements [8]. Although alumi-
num is a known rust-free light material and is used in car wheels
and window frames, its use is still limited mainly due to its poor
mechanical strength compared to that of iron. A CNT-based alumi-
num composite with enhanced mechanical strength could be uti-
lized to improve the fuel efficiency of vehicles by reducing their
weight. Its application may be further extended to electronic parts,
ships, aircraft and satellites. Therefore, the robust formation of
CNT-aluminum composites with high mechanical strength is
desired.

However, difficulties arise because of distinct differences in the
physical properties of aluminum and CNTs [9]. The large difference
in surface tension and mass density are the cause of inhomoge-
neous dispersion of CNTs within a metal matrix [10-12]. For
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instance, aluminum has a surface tension of 955 mN/m at its melt-
ing temperature [13], much higher than the 45.3 mN/m of CNTs
[14]. This suggests that aluminum cannot sufficiently wet the
CNT surface. The poor wettability problem could be improved by
formation of Al4C3 between CNTs and aluminum [15]. However,
thermal degradation is a serious problem arising from the strong
chemical reaction between CNTs and aluminum above the Al melt-
ing temperature [16,17]. This destroys the structure of CNTs, form-
ing an unstable Al,C; phase, which deteriorates the mechanical
properties.

This issue could be solved by decorating the surfaces of CNTs
with ceramics, for example, silicon carbide (SiC) [19]. The alumi-
num contact angle on a SiC substrate was found to be significantly
lower (60° at equilibrium) than that on a carbon substrate (165°
before aluminum and carbon reaction) [15,18]. This implies that
a SiC coating on CNTs could decrease the contact angle and im-
prove wettability to Al. At the same time, the SiC coating layer
could prevent the oxidation from air and Al-C reaction from matrix
[19,20]. Another advantage of using such a precursor is the poten-
tial for improved interfacial strength at the interface by the forma-
tion of a covalent SiC bond [15,21]. The mechanical properties
could be improved by high external load transfer to the CNTs
through the interfacial covalent bond. Furthermore, a stable SiC
layer can prevent structural degradation of CNTs from the alumi-
num matrix. However, thermodynamic analysis of the formation
of Al4C3 on CNTs in an Al-Si alloy matrix shows a favorable
aluminum-carbon reaction [22]. This result suggests that Si incor-
poration into the matrix does not form a SiC layer on the CNT
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surface. Therefore, the formation of a SiC layer on CNTs is more
desirable prior to mixing with aluminum.

In this study we introduced a SiC layer on the CNT surface prior
to incorporation into the aluminum matrix. The SiC layer was syn-
thesized by a three-step process: (i) mechanical crushing of Si
powder by a CNT promoter, (ii) coating the CNT surface with
crushed Si nanoparticles, and (iii) formation of a SiC layer by high
temperature annealing. The morphologies and microstructures of
SiC formation were investigated by scanning electron microscopy
(SEM) and transmission electron microscopy (TEM), which indi-
cated successful decoration of a SiC layer on the CNTs. X-ray dif-
fraction confirmed the formation of a SiC lattice. Thermal
properties were analyzed by thermogravimetric analysis (TGA),
which revealed an increase in oxidation temperature. Improve-
ments in aluminum wettability were investigated by measuring
the contact angle by a sessile drop method. The mechanical prop-
erties were also characterized by tensile and hardness testing after
fabrication of a SiC/CNT-A356.2 composite by a melt blending
technique.

2. Material and methods
2.1. Formation of a SiC layer on MWCNTSs

The diameter and length of the multi-walled (MW) CNTs
(CM95, Hanwha Nanotech, Korea) were in the range of 10-30 nm
and a few tens of micrometers, respectively. A 1:1 atomic ratio
mixture (7:3 by weight ratio) of Si powder (325 mesh, 99%, Al-
drich) to MWCNTs were mechanically crushed by means of a plan-
etary ball miller (Pulverisette 6, Fristch, Germany) for 10 h at
230rpm with 5 mm zirconia balls. Additional MWCNTs were
added to this crushed mixture. Different mixing ratios (3:5, 6:5,
12:5 and 20:5) of the crushed mixture to MWCNTs were investi-
gated. In order to form SiC on the MWCNT surfaces (SiC/CNT), high
temperature annealing was performed at 1300 °C for an hour in a
vacuum induction furnace.

2.2. Wetting angle measurement

Raw MWCNTs and SiC/CNT powder were pelletized to 15 mm in
diameter and 3 mm in thickness by pressurizing at 500 MPa using
a press punch at room temperature. A smooth surface of the CNT
pellet was achieved using a micro mechanically polished press
punch. Pure aluminum melt (99%, 0.35 cc of volume) was poured
on the specially designed iron mesh supporter where a naturally
formed oxide layer from the outer surface of the Al droplet was fil-
tered in a vacuum. A pure liquid Al droplet was precipitated on top
of the CNT pellet at 800 °C for 5 min under vacuum at 10~ torr
pressure. The contact angle of the interface between the Al droplet
and CNT pellet was characterized using a camera (IXUS 99015,
canon).

2.3. Fabrication of SiC/CNT and A356.2 composite

In order to test the mechanical properties of the Al composite
with SiC/CNTs, A356.2 casting alloy was used as a matrix. The
SiC/CNTs-A356.2 composite was fabricated by a melt blending
technique with a pretreatment process. The process was carried
out in three steps: (i) ball milling to mix pure aluminum powder
with SiC/CNTs, (ii) melt blending with A356.2, and (iii) die casting
of tensile measurement specimens. For this, 5 wt% SiC/CNTs were
mixed with Al powder (Samjeon Chemicals, Korea) by ball milling
for 5 h. The melt blending was conducted by melting the SiC/CNT-
aluminum granular mixture at 650 °C in vacuum (~1073torr)
while stirring with a graphite impeller. The tensile strength

measurement specimen of SiC (1.2 wt%)/CNT (1 wt%)-A356.2 com-
posite was fabricated by die casting (TOYO 250, Toyo, Japan). An
ASTM E 8M-08 standard die casting specimen was used for tensile
strength measurement. To ensure accurate measurement, the in-
ner side gate of the specimen after die casting was used for hard-
ness testing after T6 heat treatment in an air environment.
Solution temperatures and aging conditions were 470-560 °C for
4 h and 130 °C for 3 h, respectively.

2.4. Measurement

The morphology of SiC/CNTs was characterized by field-emis-
sion SEM (FESEM, 6700F, JEOL) and high resolution TEM (HRTEM,
2010F, JEOL, 200 keV). Elemental analysis was performed by en-
ergy dispersive X-ray spectroscopy (EDS). Formation of SiC bond-
ing was characterized by means of X-ray diffraction (XRD, Rigaku
Rotaflex D/MAX system, Rigaku, Japan, Cu Ko, 1.54 A) and thermo-
gravimmetric analyzer (TGA, Q500, TA instrument) measurements.
Mechanical properties were measured using an ultimate tensile
tester (UTM, DTU-900MH, Deakyung tech & tester MTG, Korea,
3t) and a micro Vickers hardness tester (Hardness, 810-351K,
Mitutoyo, Japan).

3. Results and discussion
3.1. Formation of SiC on the CNT surface

A schematic illustrating the procedure for SiC formation on a
CNT surface is shown in Fig. 1. In Step I, mechanical ball milling
was done to crush Si particles with the CNT promoter. While CNTs
disintegrated into a carbon source for SiC formation, CNTs also pro-
moted crushing of the Si particles to nanoscale sizes. The atomic
ratio of Si:CNTs was 1:1; equivalent for SiC formation (7:3 in terms
of weight ratio). In order to ensure sufficient crushing, the ball
milling time was maintained for 10 h. Fig. 1a shows the mechani-
cally crushed Si particles and CNT flakes. The Si particles were
mixed with fragmented CNT flakes. In Step II, additional MWCNTs
were mixed with a crushed Si-CNT flake mixture by ball milling for
an hour, as shown in Fig. 1b. In this process, the crushed Si particles
were coated on additional CNT surfaces. In Step III, SiC bond forma-
tion on the CNT surface was achieved with high temperature
annealing at 1300 °C for an hour in vacuum, as shown in Fig. 1c.
Schematic and TEM images of a SiC layer on CNTs are shown in
Fig. 1c. No significant structural damage in CNT was observed in
the TEM characterization.

3.2. Morphology of SiC on CNTs

The morphology of SiC formed on the CNT surface was exam-
ined for each step by FESEM (Fig. 2). Raw MWCNTs with their
entangled structure and Si particles with an average diameter of
10 um were observed, as shown on the left and right sides of
Fig. 2a, respectively. The crushed mixture of Si particles and
MWCNTs (Step I) is shown in Fig. 2b. The CNT structure was clearly
observed throughout the whole sample. The particle size distribu-
tion of the crushed Si/CNT mixture was observed to be larger than
ten micrometers. The structure implies that Si and CNTs were to-
tally blended via high energy mechanical crushing. Short MWCNTSs
were observed, approximately 100-200 nm in length, which indi-
cated mechanical damage to the CNTs during high energy mechan-
ical crushing. Rough surfaces of the CNT flakes were observed in
this case, which could have resulted from the deposition of fine
Si nanoparticles.

Fig. 2c shows the SEM micrograph of MWCNTs coated with the
crushed mixture. The mixing ratio of the crushed mixture to
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Fig. 1. Schematic showing the procedure for SiC formation on the CNT surface. (a) Mechanically crushed fine Si particles and CNT flakes, (b) coating of Si particles on CNT, and

(c) TEM image showing the formation of a SiC layer on the CNTs.
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Fig. 2. SEM images for each step of SiC formation on CNTs. (a) Raw MWCNTSs, (b) mechanically crushed fine Si particles and CNT flakes, (c) mixture of SiC:CNT = 6:5 before
annealing. Inset: crushed fine Si particles (scale bar is 50 nm). Formation of a SiC layer on CNTs after annealing at a mixing ratio of SiC:CNT = (d) 3:5, (e) 6:5, and (f) 12:5.

MW(CNTs (Step II) was 6:5. The presence of long CNTs and crushed
fine Si particles (as shown in the inset) was clearly visible, indicat-
ing successful mixing in Step II. High temperature annealing could
result in SiC formation (from the crushed Si/CNT mixture) on the
MWCNT surface at 1300°C for 1h (Step IIlI). Fig. 2d shows
SiC/CNT at a mixing ratio of 3:5 after annealing. One interesting
fact relating to the CNT surface properties can be observed in these
SEM micrographs. Before annealing (Step III), CNTs were semi-
transparent in SEM micrographs (Fig. 2a and c). However, after
annealing, the CNT surface became rougher and the strands be-
came totally opaque under an electron beam (as shown in
Fig. 2d). These phenomena indicate that the surface properties
were changed after annealing, suggesting the formation of SiC lay-
ers on the CNT surface, and were more obvious at a high SiC con-
centration (Fig. 2e and f at mixing ratios of 6:5 and 12:5,
respectively). The diameter of CNTs at a mixing ratio of 12:5 in-
creased to approximately 50 nm, which is more than twice that
of the raw MWCNTs (Fig. 2f).

3.3. Microstructure and lattice diffraction analysis of the SiC layer

The structural properties of SiC-coated CNTs were investigated
by TEM, as shown in Fig. 3. The TEM image indicated an increase

in CNT diameters up to nearly 40 nm (Fig. 3a), implying successful
SiC layer coating on the CNT surface. The area indicated by a white
box in Fig. 3a was further characterized with high resolution TEM
in order to understand the SiC-coated CNT microstructure in detail
(Fig. 3b). The graphitic layered structure of the CNT walls was
clearly visible in this magnified image (right middle inset), con-
firming that the CNT structure was preserved, as mentioned ear-
lier. The thickness of the SiC layer on the CNT surface was
observed to be around 10 nm. Selected area electron diffraction
(SAED) was performed on the coated SiC layer to investigate its
crystalline properties (right bottom inset). SAED clearly showed a
dotted pattern, highlighting the crystalline nature of the SiC layer
formed on the CNT surface. Element mapping was also performed
by EDS for the area indicated by a white square in Fig. 3a in order
to investigate the Si elemental distribution (Fig. 3c). The results
clearly indicated the material deposited around the CNT surface
was Si, consistent with previous observations shown in Fig. 2.
The concentrations of C, Si, and O were observed in the spectrum,
as shown in Fig. 3d. The Cu peak was excluded from the observa-
tion because it was only from the Cu TEM grid. The concentrations
of C, Si and O were 49, 45, and 6 wt%, respectively.

Furthermore, the formation of crystalline SiC was verified by
XRD (Fig. 4). Crystalline Si peaks were only observed before anneal-
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Fig. 3. Microstructural observation of the SiC layer on the CNT surface after annealing. TEM image of (a) the SiC layer formed on CNTs at a SiC:CNT ratio of 6:5, and (b) CNT
structure inside the SiC coating. Inset: CNT wall structure (right middle) and SAED pattern (right bottom). (c) Si element mapping for the area indicated by a white square in

(a), and (d) EDS analysis.
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Fig. 4. XRD analysis of SiC formation after annealing.

ing of the SiC/CNT samples (bottom red' curve). However, after
annealing at high temperature, the presence of crystalline SiC
was confirmed by the sharp peaks at 35.6°, 60.2°, and 71.7°, which
could originate from the [111], [220], and [311] planes of face-
centered-cubic SiC (black triangle), respectively [23]. All of the Si
crystal peaks disappeared from the annealed samples and similar
SiC peaks were repeatedly observed in samples with different

! For interpretation of color in Fig. 4, the reader is referred to the web version of
this article.

SiC:CNT input ratios. A previous investigation showed that Si reacts
with CNTs above 1000 °C [24]. Our result findings suggest the total
conversion of Si to SiC, in agreement with the previous results.
Therefore, the formation of a SiC crystal on the CNT surface ob-
served in the TEM images was verified by this XRD analysis.

3.4. Thermal analysis of SiC formation by TGA

Thermal properties and quantitative SiC formation were ana-
lyzed for each experimental step by TGA. Pristine MWCNTSs started
to burn and decrease in overall weight from 500 °C, as shown in
Fig. 5a. In contrast, the CNT flakes present in the crushed Si and
the CNT mixture started burning around 300 °C due to the high
structural damage during mechanical crushing. The amount of
burned CNT flakes was 29.3%, close to the 30% input MWCNTSs.
No SiC was formed during mechanical crushing. The amount of
CNTs burned increased to 55.2 wt% after mixing with additional
CNTs, smaller than the input amount of CNTs (61.8 wt%). This small
difference might originate from partial disintegration of CNTs dur-
ing the mixing process. Crushed CNT flakes can be converted to SiC
crystals after high temperature annealing, and this conversion pro-
cess could have resulted in the reduction in the amount of CNT
burned up to 38 wt%, as indicated by the TGA measurements.
The onset of the CNT burning temperature also increased up to
660 °C. The SiC formed on the CNT surface could protect the CNTs
from oxygen, resulting in increased oxidation temperature [20].
The amount of crushed CNT flakes and additional non-crushed
CNTs was calculated by dW/dT from the TGA curve before anneal-
ing, as shown in Fig. 5b. At 650 °C, nearly all of the CNT content
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Fig. 5. Thermal analysis of SiC formation by TGA. (a) TGA in air for each process and (b) TGA and deconvolution of differential TGA for an SiC:CNT ratio of 6:5. (¢) The yield of
CNTs after annealing. (d) The change in oxidation temperature as a function of the amount of SiC.

burned, and the remaining 44.8 wt% could be related to the Si, a
mixture of Si and disintegrated C originating during the ball milling
process. The differential TGA curve was deconvoluted with a com-
bination Lorentzian and Gaussian function, as shown in Fig. 5b. The
peak was divided into crushed CNT flakes and non-crushed CNTs.
Crushed CNT flakes with high structural damage showed a lower
burning temperature around 495 °C [25]. Other peaks were ob-
served at higher temperatures around 590 and 610 °C. These peaks
were considered to originate from non-crushed CNTs in Step II. The
quantity of crushed CNT flakes and non-crushed CNTs was calcu-
lated from the integration of these peaks. The integrated value of
the crushed CNT flakes and non-crushed CNTs was 31.4% and
68.5%, respectively. The amount of non-crushed CNTs was rela-
tively smaller than the input CNT value (73.5%). This difference
could be the result of structural damage to the CNTs during
mechanical mixing.

The yield of CNTs was also determined after high temperature
annealing. Fig. 5c¢ shows the yield of CNTs versus the input
SiC/CNTs ratio. The yield of CNTs was calculated from the amount
burned per input non-crushed CNTs. The yield of CNTs decreased
as the ratio of SiC/CNTs increased. This indicates that some of the
non-crushed CNTs participated in SiC formation. Fig. 5d shows
the oxidation temperature of CNTs versus SiC content. The oxida-
tion temperature was obtained from the peak maximum of the dif-
ferential TGA curve after high temperature annealing. The
oxidation temperature increased as SiC content increased. Thus,
the protective effect against oxidation conferred by SiC coating
on the CNT surface is dependent on the SiC content.

3.5. Wettability

The contact angle was determined by a sessile drop method,
as shown in Fig. 6 [26]. An aluminum droplet was placed on the

pristine MWCNT pellet (left) and SiC/CNT (right). The SiC/CNT
was fabricated at a mixing ratio of 6:5. The droplet was maintained
at 800 °C for 5 min in order to prevent interfacial reaction between
carbon and aluminum, which modifies the contact angle [15]. The
contact angle was further characterized by measuring the angle of
the interface edge between the pellet and aluminum droplet,
which is a triple point of the solid/liquid/vapor interface, as shown
in the white box in Fig. 6a. Contact angles of the pristine CNTs
(6cnr) and SiC/CNT (Osic) pellet are shown in Fig. 6b and c, respec-
tively. In order to improve reliability, several different views were
used to characterize the contact angle, as summarized in Table 1.
The average contact angle of 6cyr was 145.8°, which is similar to
previously reported values [15]. By incorporating a SiC layer, how-
ever, the 0s;c was reduced to 134.6°, indicating improvement of Al

SiC coating

Fig. 6. Contact angle measurement after sessile drop of aluminum at 800 °C in
vacuum at 10~ torr. (a) Optical image after sessile drop of aluminum on a pristine
CNT pellet (left) and SiC/CNT pellet (right). Contact angle measurement of (b) a
pristine CNT pellet and (c) SiC/CNT pellet.
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Table 1
Contact angle at different views after sessile drop at 800 °C.

View direction Front Left Right Average Work of adhesion (W,) (m]/m?)
Ocnr (°) 145.2 143.3 148.9 145.8 (+1.6) 145
Osic (°) 143.0 132 128.7 134.6 (+4.3) 253

Partially imbedded CNT

100 nm
[ |

Fully imbedded CNT

Fig. 7. SEM image of CNTs after wetting in aluminum at 700 °C showing different morphologies of embedded CNTs: (a) partially imbedded CNT and (b) fully imbedded CNT

on the aluminum surface.
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Fig. 8. Mechanical properties of the commercial A356.2 aluminum alloy incorporated with SiC/CNT. (a) strain-stress curve at 1 wt% of SiC/CNT. (b) Vickers hardness test

depending on solution treatment temperature.

wetting on CNTs. The bonding force between the Al liquid and CNT
solid phase, the work of adhesion, W,, is defined by Young-Dupre
equation [27].

Wy =7,,(1+cosb) (1)

where y,, ~ 850 mJ/m? is the specific energy of liquid-vapor inter-
face [28]. The calculated values of work of adhesion are 145 m]J/m?
for raw CNTs and 253 mJ/m? for SiC/CNTs. By introducing SiC layer,
74% of adhesion force improvement was obtained. Hence strong
interfacial bonding was expected by SiC layer formation resulting
improved load transfer to CNTs.

Table 2
Mechanical properties of 1 wt% CNT/A 356.2 composite after die-casting.

In order to assess the wetting of aluminum, SiC/CNT powder
was utilized instead of the pellet. It is known that a certain level
of Si and Mg in pure Al yields improved wetting behavior [29].
Therefore, A356.2 aluminum alloy was used in this work, which
contains Si 6.5% and Mg 0.3%, and it is expected to enhance the
wettability of aluminum to SiC/CNT powder. Fig. 7 shows an SEM
image acquired after an aluminum drop on the SiC/CNT powder
at 700 °C for an hour in 107 torr vacuum. The SEM image was ta-
ken from the surface of the aluminum droplet. CNTs were detected
on the surface of the aluminum. An important point related to this
observation is that some parts of the CNTs were partially and fully

Tensile strength (MPa)

Yield strength (MPa)

Young’s modulus (GPa) Elongation (%)

Raw A356.2
1 wt% CNT

229 (+14)
265 (8.4)

150 (+3.6)
187 (£3.7)

39 (£3.6)
70 (£7.1)

2.8 (£0.56)
1.7 (+0.15)
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embedded inside the aluminum, as shown in Fig. 7a and b, respec-
tively, which provided improved wettability of aluminum to CNTs
via SiC formation.

3.6. Mechanical properties of SiC/CNT-A356.2 composite

The mechanical properties were measured by incorporating
SiC/CNT into the A356.2 commercial aluminum alloy by dissolving
SiC/CNTs in aluminum via a melt blending technique. Before melt
blending, SiC/CNT was premixed with pure aluminum powder by
ball milling. This premixing treatment provides high dispersion
of CNTs and high density for melt blending. At the same time,
the surface gas adsorbate layer, which is a crucial obstacle in
enhancing the wettability of nanomaterials, could be removed by
mechanical ball milling [26]. The melt blending was done in our
specially designed mechanical stirring system. A graphite impeller
was introduced in the stirring system in order to mechanically dis-
perse the premixture in liquid A356.2. Stirring was performed with
a rotation speed of 500 rpm at 650 °C in vacuum. The concentra-
tions of SiC and CNTs were 1.2 and 1 wt%, respectively. A standard
tensile specimen (ASTM E 8 M-08) was fabricated using a die-cast-
ing technique.

Fig. 8a shows the stress-strain curve of the tensile specimen. By
adding 1 wt% CNTs, improved mechanical properties such as
Young's modulus, yield strength, and tensile strength were ob-
tained. Table 2 summarizes the values obtained from Fig. 8a. The
improvement was found to be 15% for tensile strength, 25% for
yield strength and 79% for Young’s modulus. However, elongation
was decreased from 2.8% to 1.7%, as expected from the reinforced
metal composite materials [6]. Previous work on mixing SiC pow-
der with A356 by a stir casting technique followed by die casting is
similar to our process, and this technique resulted in an ultimate
tensile strength increase around 10% after the addition of 5 vol%
(about 6 wt%) SiC [30]. The improvement reported in that study
was lower than that observed our investigation. The reason for
the high improvement in tensile strength in our case is ascribed
to the addition of a SiC coating to the CNTs, which was expected
to enhance the interfacial strength.

Hardness was also measured after T6 heat treatment (Fig. 8b).
The concentrations of SiC and CNTs were 2.4 and 2 wt¥%, respec-
tively. The hardness value decreased after aging in 470 °C of solu-
tion treatment with the addition of 2 wt% CNTs. These heat
treatment conditions may not be appropriate for this SiC/CNT com-
posite system; however, the hardness increased as the solution
treatment temperature increased. This finding might be inter-
preted as prevention of solute dissolution by nano-sized reinforce-
ment, suggesting that high temperature is required for uniform
solution treatment. The highest hardness was obtained after aging
with 560 °C solution treatment, yielding a 50% improvement in
hardness compared to that of A356.2. The obtained value was also
higher than the 73.6 Hv at 5 vol% of SiC [30]. Further details regard-
ing the mechanism will be discussed in the future.

4. Conclusion

To reinforce aluminum, a SiC layer was formed on the CNT sur-
face by a high temperature annealing process. The process involves
mixing of mechanically crushed Si powder and CNT flakes with
additional CNTs, followed by high temperature annealing. The
morphology and microstructure of a SiC layer on the CNT surface
were characterized by SEM and TEM. X-ray diffraction results indi-
cated the successful formation of a SiC lattice. TGA results showed
that the CNT oxidation temperature increased with SiC layer for-
mation. Contact angle measurements after sessile drop indicated
that the SiC layer reduced the contact angle of the Al droplet,

improving the wettability of CNTs in aluminum. The wetting test
eventually showed partial wetting of SiC/CNT into melted Al
Mechanical properties were investigated after SiC/CNT-A356.2 fab-
rication via a melt blending technique. The tensile strength and
Young’s modulus improved by 15% and 79%, respectively, after
the addition of 1 wt% CNTs.
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