








The Effect of the Nano Silicon Carbide 

Figure 1(e): Hot Presses Group 1400 

Result and Discussion 

Microstructure Analysis 

Microstructure of the specimen will be observed through SEM. Figure 
2(a) and 2(b) indicates SEM micrograph of the mixed powder through 
blend and mechanical milling. The distribution of particle, size and 
agglomeration can be observed through this morphology. 

2(a): Blending 2(b): Mechanical milling 

Figure 2(a) and 2(b): SEM Micrographs of Al-3Wt% Nano SiC after 
(a) Blended and (b) Mechanical Milling 
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The blended sample shows in Figure 2(a), which indicated that the 
present of original shape of Al. SiC could not be determined due to 
smaller quantity of the particles. For milled sample from Figure 2(b), Al 
has been deformed and forming agglomerate with some flaky particle. 
During milling, particles size has been reduced and the particles were 
rounded, although some big flake still present. 

2(c): Cold Press-sintered 2(d): Hot Press Vacuum 

Figure 2(c) and 2(d): SEM Micrographs of Al-3Wt% Nano SiC after (c) Cold 
Press-sintered and (d) Hot Press Vacuum 

The as-blended samples undergo two different routes; cold press-
sintered and hot press-vacuum. Figure 2(c) and 2(d) shows 
microstructure of Al-3wt% nano SiC produced from cold press-sintered 
and hot press vacuum at temperature of 600°C. Some pores were present 
in the cold press sample, which is due to poor sintering condition. During 
the early stage of sintering, diffusion between powder particles begins to 
occur. As the diffusion process continues, it formed more dense body 
and shrink. From details examination of the powder by EDS and SEM, it 
was found that the as-received Al powder has high concentration of 0 2 

indicating the Al powder has initially oxidized to some unknown degree. 
However the pores level significantly reduce through process route 
milling-hot press. The milling process, which involves cold working, has 
refined the particle size and break-off the oxide layer from Al, thus 
improving the particle contact and sintering behavior. Hot press process 
which a combination of simultaneous pressure and sintering resulted a 
relatively better densification, thus further increase the number of contacts 
and size of contact planes, which produced low porosity. Micrographs in 
Figure 2(d) indicate very small amount of pore present and the pores 
size was very small. 
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Density Analysis 

The powders were consolidated by cold press-sintered and hot press 
process separately. The apparent densities of cold press-sintered and 
hot press were measured experimentally and compared to the theoretically 
calculated density. F.Thumbler (1993) suggested the relationship between 
density and strength which stated that the strength increase linearly with 
density. The density versus process route is shown in Figure 3. 
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Figure 3: Density of the Consolidated Sample 

It can be observed from the Figure 3 that milled sample has a higher 
density than as-blended, this is to be expected since milled sample shows 
a reduction amount and size of pores. This reduction results in an increase 
in the density of the compact powder. 

Hardness Analysis 

The micro-Vickers hardness was measured at five points from the along 
the surface of the polished samples. The variation of hardness of the 
sample is plotted as shown in Figure 4. 
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Hardness, Hr 
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Figure 4: Hardness for consolidated sample 

Figure 4 shows that the cold press-sinter sample the hardness value 
increase up to 105.7 Hv from 28.7 Hv. Similar trend indicated for hot 
press sample, which significantly increase from 41.7 Hv to 450.6, which 
is more than ten times. Generally Al surface in contact with ambient air 
is coated with an oxide film, A1203 which having a high energy of 
formation and may have a strong influence on the sintering behavior. 
They strongly inhibit sintering since the diffusion exchange between the 
metallic surfaces is reduced. The way to destroy the oxide films is by 
introduce mechanical milling process, which spalls off the oxide films 
mechanically and provides fresh metallic surfaces. This effect brings 
the particles weld together by diffusion and leads to progressively 
increased hardness. As a result, from Figure 4 the milled sample 
demonstrated a much higher hardness compared to non-milled sample. 
Besides that, milling process also provide a homogeneous mixture of SiC 
particle inside Al matrix compared to individual blending process. Figure 
4 also shows that hot press process demonstrated an increase in hardness 
compare to cold press. The trend is parallel with an increase of density 
and the reduction of the porosity in the composite (C.P Ling 1998). 

Three-Point Bending Analysis 

The test is conducted to obtain the strength of each consolidated samples. 
The variation of strength for each process route is plotted versus 
consolidation of the sample as in Figure 5. 
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Strength, MPa 
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Figure 5: Strength of the Consolidated Sample 

From Figure 5, it can be seen that the strength of the cold press-
sinter sample increase from 43.5 MPa to 4.6 MPa with incorporation of 
3wt% SiC. A similar trend in strength is observed for hot press sample, 
the strength increase drastically from 6.8 MPa to 16.2 MPa. The above 
result is not including milled sample, this is due to highly brittle behaviour 
during the test. Hot press process constantly produce a superior strength 
than cold press-sinter, this is linearly with the increasing of density and 
reduction of pores. 

Conclusion 

Al-3%wt nano SiC composites were produced successfully by hot press 
process and demonstrate a high strength and hardness. A dramatic 
improvement has been observed in mechanical properties for consolidated 
sample Al-3%wt nano SiC via mill-hot process compared to cold press-
sinter, the hardness improves from 105.7 Hv to 450.6 Hv. For hot press 
sample, the strength also demonstrated the similar trend, which increased 
from 4.7 MPa to 16.2 MPa. Mechanical milling proven to be a successful 
method in remove the oxide layer from the surface of particle. Hot press 
is a useful technique, which can improve the density and reducing the 
porosity of the composites. 
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Suggestion Works 

A study on the effect of hot isostatic press (HIP) could be done to 
further improve the density of the consolidated samples. A details study 
also need to carry out to understand and improve brittle behavior of 
milling sample. 
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