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Abstract

A reduction/oxidation reaction between Al metal powder and SiO, powder was performed
by Self-propagating High-temperature Synthesis(SHS) reaction induced by microwave en-
ergy to produce a composite of Al,O; and Si powders by using a 2.45 GHz kitchen model mi-
crowave oven. A Microwave Hybrid Heating(MHH) method was applied by using SiC powd-
ers as a suscepting material to raise the temperature of the disk samples and the heat in-
crease rate of over 100°C/min were obtained before the reaction. The reaction started
around 850°C and the heat increase rate jumped to over 200°C/min after the reaction took

place.
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1. Introduction

Microwave processing of materials has at-
tracted much interest in recent years in ceram-
ics, polymers, and composites.” It has many ad-
vantages over conventional processing methods
such as selective heating, short processing time
by rapid heating, cost savings, processing not
possible with conventional means. In addition,
self-propagating high-temperature synthesis
(SHS) is another promising technology since it
has various advantages such as low energy re-
quirement, higher purity of the product, and a
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short processing time and requires low capital in-
vestment for process equipments. Many ma-
terials have been produced by SHS using vari-
ous energy sources to ignite the reaction such
as a metal coil heating filament, a conventional
oven, and laser beam.*” Recently microwave en-
ergy was used to ignite the reaction between
ceramics and metal powders. Microwave energy
heats the sample from the center of the body
and ignites the reaction in the interior of the
sample, and a combustion jwavefront propagates
radially outward.®
The power absorbed by the sam?le is given by
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P, =0E?=2nf & &' tanS E2 (1) Electronics: Model MR-M274, 750W) was used

where 0 is the conductivity, f is the frequency,
g is the permeability of vacuum, €, is the re-
lative dielectric constant, tand is the loss factor,
E is the electric field in the sample, The skin
depth(8) at which the incident power is reduced
to 1/e of its value at the surface is simplified as

§=2p 102 (p M) 2)

where A is the incident wavelength and the p is
the resistivity of the metal in ohm - meter. The
skin depth(8) of flat metal surface is not deep
at 2.45GHz, usually less than 3 um, while the
penetration depth of a mixture of a metallic
powder and a ceramic powder can be deeper
since the particle size is small. Hence more me-
tallic powders inside the sample can be radiated
by microwave. Each particle is affected by sur-
face current down to the skin depth(8) and can
act as multiple ignition sites to heat up the sam-
ple. The heat is propagated to the rest of the
bulk by heat transfer.*”

In this experiment, a composite of AlO4/Si
was made by a reduction/oxidation reaction
between aluminum(Al) metal powder and SiO,
powder by using a simple 2.45GHz kitchen
model microwave oven. In order to make the
SHS reaction between aluminum powder and
SiO; powder, the sample was heated with SiC
powder as a suscepting material by using a mi-
crowave hybrid heating (MHH) method. Most
oxide ceramic materials do not absorb mi-
crowave energy well at low temperature, but
SiC absorbs the microwave energy and heats up
very fast. The sample itself absorbs the mi-
crowave energy and converts it to heat ef-
fectively when the effective dielectric loss fac-
tor becomes high as the temperature of the sam-
ple becomes high by the radiating heat from the
susceptor.

2. Experimental Procedure

A simple kitchen model microwave oven (LG

in this experiment. Aluminum metal powder
(High Purity Chemicals, Co., 99.9%) and SiO,
powder (Shinyo Pure Chemicals Industries Co.,
Ltd) were mixed in a 4:3 molar ratio as given in
Eq. (3),

4AI+3Si0; -~ 2A1,05+3Si+AH(exothermic) (3)

All powders were mixed with mortar and pes-
tle and sieved through a 75 tm mesh screen to
remove agglomerates. One gram of this mixed
powder was pressed in a mold by applying 1 ton
pressure and the diameter of the sample was 13
mm. This sample was put in the insulation box
where alumina powder was layered at the bot-
tom. The sample was covered with the alumina
powder and 10 g of SiC powder was covered on
top of the alumina layer. Again alumina powder
was layered on top of the SiC powder. After the
top of the insulation box was covered, the K-
type thermocouple was inserted through the
hole at the center of the top cover (Fig. 1). The
insulation box with the sample was put in the
microwave oven and power was turned on and
temperature was monitored with the aluminum
shielded K-type thermocouple. After tem-
perature reached 800°C, the thermocouple was
taken out and power of the microwave oven
was on another 5 minutes. The reacted specimen
were cut by half and X-ray diffraction analysis
was performed and the SEM micrographs were
taken to see the microstructures.

Extra mole of Al(x=2) metal powder were
added to increase the strength of the reacted
specimen by infiltrating the porous SHS samples
with excess liquid aluminum under the same
procedure as follows,

(4+x)A1+3Si0, — 2A1,05+3Si+xAl+AH
(exothermic) 4

3. Results and Discussion

Full power of the microwave oven was used
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Fig. 1. Schematic Diagram of the insulation box.

in this experiment, and the temperature in-
crease rate was over 100°C/min up to the reac-
tion temperature which was around 850°C and
it jumped to over 200°C/min after the reaction
started. The starting temperature of the reac-
tion varied a little around 850°C and the ther-
mocouple was taken out of the mold after the
reaction had started since the K-type ther-
mocouple could not measure the temperature
over 1,200°C. After the reduction/oxidation reac-
tion had started, the reaction was continued by
SHS reaction and a Si/Al:O; composite was pro-
duced from SiO,/Al powders after the reaction
had completed.

The formation of Al,O; and Si was conformed
by the XRD analysis of the reacted samples and
the XRD patterns were shown in Fig. 3 which
were not shown in the XRD patterns of the start-
ing powder. The color of the reacted samples
turned black from light gray color of the starting
powders and the size of the sample had shrunk
as shown in Fig. 2. The reacted samples showed
cracks on the surface of the sidewall and were
crushed by finger pressure. Hence extra 2 molar
ratio of aluminum powder was added in the start-
ing mixture to strengthen the ALOs/Si composite.

Fig. 2. The size of the samples (x=0). a) before reac-
tion and b) after reaction.

SHS reaction also took place in these samples, but
part of the samples did not react under the same
experimental conditions. It was assumed that une-
ven mixing of the additional aluminum metal powd-
ers might have affected the reaction under the ra-
diated microwave energy. The reacted samples
with =2 were much stronger than the samples
with x=0. The SEM micrograph of the sample
with x=2 showed that whiskers were formed in-
side of the sample during the SHS reaction in
Fig. 4. These whiskers are believed to be formed
from the aluminum metal and alumina vaporized
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Fig. 3. X-ray diffraction patterns of mixed powders. a)

before reaction (A: Al, C: SiO,) and b) after reaction
(B: Al 0,, D: Si).

Fig. 4. Microstructure of the reacted sample with x=2.

due to the high temperature combustion syn-
thesis process. Whiskers might help to work as a
reinforcing source in this ceramic-metal composite.

4. Conclusions

The reduction/oxidation reaction by SHS us-
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ing a 2.45 GHz microwave energy of a kitchen
microwave oven was performed with the mix-
ture of 4:3 molar ratio of aluminum metal powd-
er and SiO, powder. A ceramic-metal composite
of AlOs/Si was made by applying the MHH
method using SiC powders as a suscepting ma--
terial. Samples with extra 2 molar ratio of alu-
minum metal powder reacted under the same
experimental conditions. The liquid aluminum
metal infiltrated the pores of the Al;0s/Si com-
posite and increased the strength of the sample,
and whiskers were formed in this reaction.
Further research is needed to find out the role
of the extra aluminum metals and whiskers in
this Si/Al,O; composite as a reinforcing source.
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