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Abstract: Self-propagating high-temperature synthesis(SHS) method was used to synthesize ZrB2/ A, O3 compos-

ite powders from B203-Zr0O2- Al system. X-ray diffractometry( XRD) and scanning electron microscopy( SEM) ana-

lyses show the presence of ZrB, and Al> O3 as the primary phases in the composite powders, while the presence of a

very small amount of ZrO2 is thought to be unreacted zirconium oxide. Transmission electron microscopy(TEM) and

high resolution electron microscopy( HREM) observations of microstructure of the composite powders indicate that

the interfaces of ZrB>/ A1>O3 bond well without any interfacial reaction products. It is proposed that the good inter-

facial bonding of composite powders results from the ZrB> particles crystallizing and growing on the Al O3 particles

surface with surface defects acting as nucleation centers.
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1 INTRODUCTION

The borides and/or boron compounds, e.g.
ZrB> and TiB2, have excellent physical and chemi-
cal properties such as high melting point, high
hardness, high electrical conductivity, good corro-
sion resistance against molten iron and slags and
superb thermal shock resistance. Such unique
properties make them attractive candidates for a
range of applications as cutting tool, light mass
protective armor, wearresistant materials, corro-
sion and absorption-resistant materials and cathode
materials for aluminum refinement furnace'™ .
Despite the excellent properties, their applicability
is restricted. This is undoubtedly related to the
costs associated with production of the raw pow-
ders and the fabrication of the monolithic and com-
posite components. Conventionally, these materr
als are processed by arc melting, varpour deposi
! But the production

costs are elevated because of high energy require

tion and plasma synthesis

ment and the complexity of equipment. Self-propa-
gating high temperature synthesis( SHS) has been
shown to be an effective way to produce these ma-
terials such as TiB2, ZrB:, CaBs, TiB2-Al, O3 and
TiB>-TiC'"'”. The SHS technique has inherent
advantages over the other methods that require
high- temperature furnaces and longer processing
time. Materials produced by the SHS method have
some obvious advantages which include higher pu-
rity of the products, low energy requirements, rel-

ative simplicity of the process, and low cost! "

In addition, due to the high cooling rates and high
defect concentrations, nonequilibrium metastable
structures are expected to exist in the SHS
produced powders, resulting in more reactive and
enhanced sinterability of the powders'' "
Recently, some reports on study of the bo-
rides and composites prepared by SHS have gener
ally concentrated on titanium diboride and compos-

[678]

ites'” ', and zirconium diboride ceramics, but ce

ramic powder composites containing zircorium di-
In the

present work, zirconium diboride-alumina compos-

boride has not been sufficiently studied.

ite powders are prepared by SHS with cheap raw
materials, such as oxides of zirconium and boron.
The phase compositions of composite pow ders are ana-
lyzed and the microstructures are also characterized.

2 EXPERIMENTAL

Amorphous boron oxide powder( mean particle
size below 44 Hm, purity 99.8%), zirconium oxide
powder ( mean particle size below 50 Hm, purity

99. 1%)
(mean particle size below 50 Pm, purity 99. 9%)

and reducing agent aluminum powder

were used as reactants for the synthesis. The mix-
ture was prepared as stoichiometry of reaction (1) :
3Zr02+ 3B203+ 10A17 3ZrBo+ 5AL0s (1)
The mixtures were homogenized by dry ball
milling, then the mixtures were cold pressed into
cylinder pellets with diameter of 40 mm and height
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of 60 mm. The pressure used was sufficient to give
a green relative density of about 55%. SHS of
ZrB2/ A1:03 was carried out in a stainless steel re-
actor under a protective atmosphere of Ar. The re-
actant pellets were ignited at one corner by a high-
energy heat input. A W-3% Re/ W-25% Re thermo-
couple inserted along the cylinder axis in the bot-
tom of the sample was used to measure the temper-
ature during the synthesis process. The ignition
source was switched off as the surface reached the
required ignition temperature and the combustion
wave propagated throughout the sample. After the
reaction, the synthesized products were treated by
balFmilling to produce fine powder. The crystal-
line phases were characterized with a Philips X-ray
Diffractometer( XRD, Holland). The microstruc
ture and composition analysis were carried out
using a scanning electron microscope ( SEM )
(JEOL-JSM 800, Japan), a JEOL-200CX trans-
mission electron microscope( TEM) with an accel-
erating voltage of 200 kV and energy dispersive
X-ray( EDX) (KEVEX, USA), respectively. The
interface of composite powders was analyzed using
a JEOL-2010CF high resolution transmission elec
tron microscope( HREM) operated at 200 kV.

3 RESULTS AND DISCUSSION

3.1 Powders examination

Fig. 1 shows the XRD pattern of the synthe-
sized powders. The pattern reveals the expected
zirconium diboride as well as alumina peaks corre-
sponding to the ®A1:03 polymorph. In the low an-
gle region, a ZrO: peak is identified. This indicates
that the composite powders are made up of ZrBa,
a®Al20; and ZrO2. By comparing relative intensity
values determined from the strongest diffraction
peak of each phase, the relative amount of ZrB:
and Al2O; phases is much larger than that of ZrO:.
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Fig. 1 XRD pattern of synthesized pow ders

This shows the presence of ZrB: and AL O3 as the
primary phase in the powders. The presence of a
very small amount of ZrO:z is thought to be um
reacted zirconium oxide.

Fig. 2 shows the SEM image of the composite
powders synthesized by SHS. The prepared pow-
ders are clearly of micrometer size. Chemical com-
position analysis of the powders shows the pres-
ence of Zr, B, Al and O. It can be deduced that
ZrB:> and A1:O3 appear in the synthesized samples.

Figs. 3(a) and 3(b) show the particle size dis-
tribution curves of ZrB: monolithic particles and
ZrB>-A103 composite particles synthesized by
SHS, respectively. By comparing Fig. 3(a) with
Fig.3(b), the monolithic particles(a) are charac

Fig.2 SEM image of composite pow ders
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Fig. 3 Particle size distributions of powders
(a) —ZrB2 monolithic particles;
(b) —ZrB2- AL O3 composite particles
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terized by a comparatively wide size distribution.
Their mean particle size is bigger(> 5 Bm). While
the composite particle (b) size distribution is obvi-
ously narrow, and the mean particle size decreases
(274 Hm). This is mainly related to the good in-
terface formation among the different particles in
composite powders during the synthesis reaction.
This interfaces can inhibit the grain growth of the
particles and finally lead to decrease in the particle
macroscopic size.

3.2 Microstructure characterization

The TEM image of composite particles is
shown in Fig. 4. It can be seen that the single par-
ticle is of sub-micron size, and particles joint each
other. Fig.4(b) shows the interface among parti-
cle compounds well.

Fig.4 TEM images of composite particles

(a) —Low magnification; (b) —High magnification

In order to define the chemical compositions,
the EDS analysis of composite particles was con-
ducted. Fig.5(a) and Fig. 5(b) show the EDS pat-
terns of particles A and B(in Fig. 4(b)), respec
tively. As seen from Fig. 5, particle A is a phase
with high zirconium and boron contents, while
particle B with high aluminum and oxide contents.
As analyzed above, it can be defined that A is ZrB2
particle and B is AlOs particle. This indicates that
the ZrB2 and A120; particles joint well in composite
pow ders prepared by SHS.
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Fig. 5 EDS analysis results of composite particles
(a) —Particle A; (b) —Particle B

In order to further analyze the interfacial
bonding state between ZrB: and AlOs3 particles,
HREM observations of interfaces were performed.
Fig. 6 shows the interfacial HREM images of Fig. 4
(b) along the [441] orientation of the AL,O3 parti-

cle and the [ 0111] orientation of the ZrB: particle,
respectively.

Fig. 6 shows that the interfaces bond directly,
free from interfacial reactants and precipitates. It
can be found that the interface compounds well
though no regular lattice array resulting from two
phases interweaving each other can be observed in
the interfaces.

The formation of this interfacial structure can
be suggested to be related to the crystallization
process of ZrB: particles. According to analysis, in
B203-Zr0O2- Al chemical system, B203 is first mel-
ted. Because of the diffusion between solid phase
(Al) and liquid phase(B203), the following reduc
tive reactions can be initiated:

B.0s(1)+ 2A1(s) ~ 2B(s)+ ALOs(s) (2)

After melting of Al powder, the following two
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Fig.6 HREM image of interface of
ZrB2/ A:O3 composite pow ders

reactions happen:

3Zr02(s) + 4A1(]) ~3Zr(s)+ 2AL0s(s)  (3)

Zr(s) + 2B(s) ~ ZrBa(s) (4)

From the above analysis, the process of
physico-chemical change can be summarized: loss
of absorbed water melting of B20s T B20s (1) +
2A1(s)= 2B(s) + ALO;(s) _ melting of A1”
37r02(s) + 4Al1(1) = 3Zr(s) + 2A10s3(s) and
Zr(s)+ 2B(s)= ZrB2(s). An amount of ALLOs par-
ticles form prior to the ZrB: particles during the
synthesis procedure. As Ref.[ 16] has pointed out,
there are a large number of defects on the edge of
the sub-micron ALOs particles and the edges of
particles show the characteristic of a stepped struc
ture. This morphology is beneficial to nucleation
and growth by reducing the nucleation work of
compound process. Such microstructure of AL Os
particles creates the energy condition for the nucle-
ation of the ZrB: crystals formed later. It can be
concluded that ZrB: tends to crystallize and grow
on the AL O3 particles surface with surface defects
acting as nucleation centers. This crystallization
process results in good bonding interface between
ZrB; and AL, O3 particles.

From the microstructure, in composite pow-
ders, ZrB> and AL:Os particles bond well. The
good interface makes ZrB: particles separated each
other by AL O3 particles and can inhibit the grain
growth in the particles and finally lead to decrease
in the particle size. The small particle size is of ad-
vantage to the powder sintering. It can be predic
ted that the ZrB2/ A>O3 composite powders fabri-
cated by SHS with reductive process will exhibit
good formability and sintering performance.
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