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Abstract Al,05;-ZrO, composites were sintered using
low cost extended arc thermal plasma reactor and con-
ventional heating. Composites prepared in a wide range of
composition were studied in terms of their density,
shrinkage, hardness, structure, microstructure and dielec-
tric response. Experimental parameter such as sintering
time, sintering temperature and plasma power were opti-
mized to achieve higher sintered end product. Highly dense
sintered products were obtained by plasma heating route
within short sintering time compared with conventional
sintered method. Interesting development pertaining to
structure and phase evolution, structure and dielectric
response are analyzed. It is found that compositional var-
iation in this composite produces structural phase separa-
tion at different sintering conditions, which is more in
plasma heating product than conventional heated product.
Plasma sintered product always shows less dielectric con-
stant as compared to conventional sintered sample.
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Introduction

Modern need for producing exotic new materials [1-3]
having desired specific properties are primary challenges
for scientist and engineers. With the advent of modern
material processing technology, it is possible to prepare
specific ceramics materials with desired dimension having
density nearer to theoretical value including its original
properties required for different mechanical, tribiological,
structural and electronic applications. Based on different
new ceramic processing techniques [4—6], using different
processing route [7-10], many new advanced ceramic
composite materials have been generated. However, Al,03
and ZrO, are believed to be the base materials for different
types of ceramics ranging from structural [11, 12] to bi-
omaterials [13—15] use. Development and processing of
different composites based on this material are very much
essential for its applications. Although the same materials
have been developed individually at different times [15—
18], its composites have not yet been investigated thor-
oughly so far as its processing technology is concerned.
Again vigorous and heavy competitions are seen to be
dominated in the global marketplace in connection with
critical issues like inexpensive process technology, time
and energy saving during processing and reproducibility
factor. Further to it, in many ceramic system processed by
sintering of powder compacts, both full density and fine
grained structure in sintered end product are essential. But,
simultaneous attainment of these two objectives appears to
be difficult, because grain-coarsening always follow the
physical densification during sintering. Hence rapid sin-
tering process [19-23] that requires very much shorter
duration is likely to be an ideal approach. In order to
resolve these issues, heating sources like laser, microwave
and plasma are used which are considered to be exhibited
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high heat and mass transfer kinetics during material pro-
cessing. Among these three heating source, plasma heating
source appear to be simple and inexpensive due to the
recent development of low cost and easy plasma instru-
mentations. Keeping on these above view, this paper pre-
sents the sintering behaviour of Al,O3;-ZrO, oxide
composites using extended arc thermal plasma heating
(EATPH) reactor and conventional heating. The primary
objective of this paper is to investigate the possibility of
processing the composites based on Al,O5 and ZrO, using
unconventional novel route by plasma and to study its
properties for the development of these materials in detail.
It is observed that EATPH source can be more effective for
sintering of Al,—Zr;go_, (x = 0, 10, 20...) oxide composites
than conventional heating.

Experimental

Commercial grade Al,O5; having chemical composition (o-
alumina + TiO, < 0.01% + Fe,O; < 0.003) and ZrO,
(m-ZrO; + Na,O < 0.01% + SiO, < 0.05%) with purity
99.99% were taken to prepare samples of different com-
position. The compositions of Al,—Zrgo_, oxides was taken
with different x (x =0, 10, 20...100). The respective
powders were mixed thoroughly and heated at 500 °C for
8 h. The powders were mixed with polyvinyl alcohol
(PVA, 1 wt%) and pressed into pellets having 5 g weight
and 10 mm diameter, at a pressure of about 8 T/cm?. The
pellets thus prepared were heated upto 800 °C, to remove
the PVA binder and other low temperature volatiles (if
present) and then used for sintering by resistive conven-
tional heating and extended arc thermal plasma heating.
One extended arc thermal plasma heating system has been
designed and fabricated [24] using 30 kW DC power
supply which is also presented in Fig. 1. Water-cooled
stainless steel double wall cylindrical chamber (outer) is
fixed with suitable thermal insulation by bubble alumina
for the confinement of plasma heating. Provisions are made
for fine adjustment of the electrode distance to get required
arc length. Plasmagen gas (argon) flow into the electrode
space is provided through a narrow hole through upper
electrode (cathode). Sample holder is placed coaxially
between the electrodes. High pressure cooled water is al-
lowed to flow through out the external body of the reactor.
Heavy weight graphite base is placed nearer to the sample
holder to hold the temperature of this arching zone of the
plasma reactor. Diameters of the sample holders are varied
with respect to the diameter of the upper electrode for
maintaining uniform and suitable arc zone. Rack and pin-
ion arrangements are incorporated with the reactor vessel
in order to control accurately the plasma arc length and
plasma sustainability under particular plasma power.

Details of the reactor was placed elsewhere [24-27]. Cal-
cined samples of Al,03;—ZrO, in the pellet form were
placed symmetrically inside the sample holder and fixed
coaxially to the lower electrode w.r.t to the cathode.
Graphite sample holders were used which were placed
coaxially along the plasma arc length. Plasma power and
argon gas flow through the electrode, plasma-sintering time
were varied to study the sintering characteristics of the
material. All pellets (presintered and sintered by conven-
tional and thermal plasma) were taken for density mea-
surement using Archimedes principle with deionized water
as the immersion medium. XRD of the samples were car-
ried out in the range of 20 = 10-80° using CuK,, radiation
by a Philip diffractometer (Model PW 1715) fitted with a
monochromatometer and operated at 40 kV and 20 mA.
The microstructure of the sintered bodies were studied by
Scanning Electron Microscope (JEOL-35CF). The hard-
ness was evaluated by the Vickers indentation method.
Dielectric studies were performed by GR 1620 dielectric
bridge with different frequencies and temperature.

Results and discussion
Calcination of the composites

In order to maintain uniformity in carrying out sintering
studies, all samples were calcined at 800 °C for 10 h and
used for both conventional as well as extend arc thermal
plasma heating. Identical behaviour was observed in
respect of all samples. Approximately 36-70% (approxi-
mately) of density was achieved by heating at 800 °C for
10 h for almost each pellet. At this density level, all sam-
ples become plasma and conventional heating compatible.

Density

Densification of the pellets having composition Al,—Zrgo_
(x =0, 10, 20...100) were carried out using conventional
heating at different temperature for fixed 20 h of sintering
time and at different plasma power with fixed sintering time
of 15 min using plasma heating are presented in Fig. 2a, b
respectively. It is observed that at x = 0 (only ZrO,) shows
highest density (96% of the theoretical value) within 15 min
of sintering time using 25 kW of plasma power. However,
the value of plasma sintered density is decreased as the
value of x is increased and is noted to be minimum for pure
Al,Oj5. Similar densification behaviour was also observed
using conventional heating for 20 h. It is evident from
Fig. 2a, b that identical compositions of the Al,03;-ZrO,
composites were sintered to high density (~96% of
theoretical value) in few minutes by plasma heating instead
of high temperature (~1600 °C) conventional heating which
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take a few tens of hours (20 h). This result shows that sin-
tering time and hence energy can be reduced significantly
using thermal plasma heating as compared to conventional
heating source for sintering. It is also observed that the rate
of change of density after 15 min is moderately slowed
down and becomes a constant value (approximately) after
certain sintering time (after 25 min not shown) for each of
the plasma power. Higher plasma power brings down (re-
duce) sintering time for the same densification of the
materials. The rate of change of physical densification is
observed to be higher for higher plasma power.

Shrinkage

Figure 3a, b presents the percentage of shrinkage as a
function of pellet composition in Al,—Zrgo_, (x =0, 10,
20...100) oxides sintered at different temperature with 20 h
of sintering time for conventional heating and 15 min of
sintering time at different power for extended arc thermal
plasma heating. Identical shrinkage behaviour was ob-
served for both type of heating. However, it is noted that
high ZrO, content composites showed moderately larger
shrinkage as compared to the Al,O; rich composites.
Larger shrinkage observed in Zr rich content composites
within fixed interval of sintering time may be related to the
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faster mass flow rate in Zr rich composites under similar
experimental conditions. As regard to the thermal con-
ductivity of Zr and Al, it is noted that Zr ion has relatively
higher thermal conductivity than that of Al. Hence for a
particular heating temperature, heat transport capacity of
Zr is larger as compared to the Al in this composite. Due to
this reason, enhanced mass transport phenomena is taking
place in Zr rich content composites under identical heating
schedule as compared with less Al content composites.
However, at the end of long range heating schedule (i.e.
approx. 20 h of sintering time), the shrinkage and density
behaviour remains identical.

It is important to note that higher plasma power beyond
20 kW did not enhance the physical densification signifi-
cantly and percentage of shrinkage for the whole set of
Al,O3-ZrO, composites for 15 min of sintering by plasma
heating. Maximum density of the pellets were observed to
be closed to 96% of the theoretical density. However, on
further increasing sintering time upto 25-30 min, it is
noted that densification achieved upto 98% (maximum).
But shrinkage percentage remained almost same. Referring
to this discussion of shrinkage in conventional sintering, it
is noted that percentage of ZrO, shrinkage is always more
than that of Al,Os. Other possible reason for this shrinkage
may be due to the development of bonding characterization
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Fig. 2 Variation of sintered density with composition of Al,—Zrpo_
(x =0, 10, 20...100) oxide composites for (a) conventional sintered
sample at different temperature at a fixed time of 20 h and (b) plasma
sintered sample at different power at fixed sintering time of 15 min

in ZrO, during solid-state reaction. Strong covalent bond-
ing with 7 co-ordination number of ZrO, [28] is likely to be
responsible for the maximum shrinkage during sintering as
compared to the Al,Os.

Hardness

Variation of hardness as a function of composition in
Al ~Zr9o_, (x =0, 10,20...100) oxide sintered at different
temperature with 20 h of sintering time and with different
plasma power with 15 min of plasma sintering time are
presented in Fig. 4a, b respectively. As such pure Al,O3
shows higher hardness as compared to pure ZrO, sintered
pellet. However, different composites (varying of x in
Al ~Zr;00_,) showed different hardness value as observed
for both plasma and conventional sintered sample with
varying processing conditions. Hardness of conventional
sintered samples were measured for different sintering
temperature and fixed time. Similarly, hardness values are
also measured under identical condition with respect to
conventional for plasma sintered sample with different
plasma power and fixed sintering time. It is observed from
the Fig. 4a, b that hardness values of plasma sintered
samples are more than that of conventional sintered
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Fig. 3 Variation of percentage of shrinkage as a function of pellet
composition (Al,—Zr;go_, for x = 0, 10, 20...100) for (a) conventional
sintered sample at different temperature with 20 h of sintering time
and (b) plasma sintered sample at different plasma power with 15 min
of sintering time

sample. This may be interpreted by considering the grain
size of respective phases of plasma sintered sample. In fact,
it is seen that average grain size of the identified phases are
less than that of conventional sintered sample. Due to rapid
heat and mass transfer during thermal plasma heating, grain
growth is impeded and hence smaller size grain are
expected to be existed in plasma sintered sample. As evi-
dent from literature, coarser grain size lead to lower
hardness [29]. Smaller grain yield comparatively larger
hardness value with respect to larger grain size which are
possible to be grown in the conventional heating of sintered
bodies for long heating schedule (20 h of sintering time).

XRD

X-ray structural analysis related to phase formation and
transformation were carried out for conventional and
plasma sintered Al,~Zrigo_. (x =0, 10, 20...100) oxide
composites. To study the sintering behaviour of the com-
posites, XRD pattern of pure ZrO, and Al,O3 (x = 0 and
100) were first carried out for both conventional (1600 °C
for 20 h) and plasma (15 kW for 15 min) sintered sample
and presented in Fig. 5. Respective phases were identified
and placed in the XRD pattern, which revealed that
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Fig. 4 Variation of hardness as a function of pellet composition
(AlL,—Zrygo_, for x =0, 10, 20...100) for (a) conventional sintered
sample at different temperature with 20 h of sintering time and (b)
plasma sintered sample at different plasma power with 15 min of
sintering time

monophasic material are formed during the sintering for
both pure Al,O3 and ZrO,. However, plasma heated sin-
tered sample (PHSS) always showed large /1 as compared
to conventional heated sintered sample for both pure Al,O3
(o-phase) and ZrO, (t-phase) materials. It is also noted that
there are some extra XRD peaks exist in the pattern of
PHSS. Appearance of extra peak in PHSS may be due to
the sudden cooling of PHSS and high reaction rate takes
place in thermal plasma heating.

XRD pattern of both conventional sintered sample
(1600 °C for 20 h) and plasma sintered sample (15 kW for
15 min) were analyzed for x = 10 and 20 in AlL,—Zr g0y
oxides and presented in Fig. 6. It is noted that both cubic
and tetragonal phases are developed for x = 10 and 20 with
higher weight percent of monoclinic phase in conventional
sintered sample. However, in plasma sintered sample, a
few tetragonal peaks are seen to be evolved with relatively
higher tetragonal intensity. This suggest that plasma heat-
ing promotes the formation of both cubic and tetragonal
phase for x = 10 and 20 in AL,—Zrgo_, oxide system.

From this observation, it is revealed that upto x = 20 in
Al —Zrgp_, oxide system are highly preferable to form
solid solution of Al-Zr oxide at high temperature and
solubility is more favourable in plasma sintered sample for
which we have noted the appearance of few tetragonal
phase in both x = 10 & 20 composition including minor
shifting (0.5 degree) of the selected peak position as
reflected in Fig. 6. However, the solubility of this solid

Fig. 5 XRD pattern of
conventional (1600 °C for 20 h)
and plasma sintered (15 kW for
15 min) sample of Al,—Zr;go_x
(x =0 and 100) oxide system

(d)Plosmé\(x=iOO) °

(C) Conventional (x =100)

o

o o - Al,05

(b)Plosmq (x =0)

Intensity (a.u.)

a
A

(a) Conventional (x =0)

@ Springer

1
$0.0
28 (degree)

800



J Mater Sci (2006) 41:5480-5489

5485

Fig. 6 XRD pattern for
conventional (1600 °C for 20 h)
and plasma sintered (15 kW for
15 min) sample of Al,—Zrgp_x

(x = 10 and 20) oxide system (d)Plasma (x =20

(C)conventional (x=20)

Intensity (a.u.)

(b)Plusmo (x =10)

—

(a)Convontionul (x=10)

solution drastically falls down in case of x = 30 composi-
tion for both conventional as well as plasma sintered
sample. No solid solution of Al-Zr for x = 30 composition
are formed.

It is noted from XRD intensity for x = 30 composition
that sharp crystalline peaks are observed within a few
minutes of sintering by plasma where as long hours (=15 h)
sintering time at 1600 °C are required to get the identical
peaks. It is clearly seen from XRD that the plasma power
and sintering time enhance the extent of certain phase
formulation. It is also observed that two phase materials
exist in conventional sintering which is basically based on
monoclinic zirconia (mz) and «-Alumina («A). However,
with plasma sintering, one additional peak seems to be
appear, which is tetragonal zirconia (tz). This is interesting
to note that the arrest of tetragonal phase during plasma
sintering is possible. The relative intensity (I/1y) values are
always larger in case of plasma sintered specimen sug-
gesting the formation of crystalline behaviour significantly
with the use of plasma process [25]. It is also observed that
plasma sintered specimen formed a multi phase (mz/tz and
oA) material which is of high crystalline nature within
15 min. However, the conventional sintering showed only
mz and A phases at 1600 °C sintering temperature.

In order to understand the compositional affect on phase
formation and solubility of Al,03;—ZrO, composites at high
temperature, XRD pattern were taken for x = 40, 50, 60
...90 and analyzed. It is always noted that plasma sintered
showed more number of X-ray reflections lines than that of
the conventional one. As observed from the X-ray reflec-

u]
e
1 1 i : i | - L M
10.0 20.0 30.0 : 40.0 50.0° 60.0 7.0 "800

20 (degree)

tions, it is interesting to mention here that sintered products
are the mixtures of both monoclinic and tetragonal phase
for both plasma and conventional sintered product. How-
ever, tetragonal phase is less as compared to the mono-
clinic phase. Further, it is noted that in plasma sintered
sample, the number of both tetragonal and monoclinic
phase is more as compared to the conventional sintered
sample. Both plasma as well as conventional sintered
samples are similar in X-ray reflection character except the
appearance of some extra peaks (X-ray reflection) at higher
20 angle in plasma sintered sample. These extra peak
reflections may be due to sample contamination caused
during extended arc thermal plasma heating where graphite
crucible are used to hold the sample to be sintered in
presence of non reactive Ar plasmagen gas.

So from XRD analysis it is evident that major phase of
monoclinic ZrO, always appeared in the XRD pattern for all
composition (x = 30, 40 to 90) including the appearance of
tetragonal phase. On the other hand « alumina phase are very
much prominent as the value of x in the matrices increases.

Microstructure

A typical SEM photograph which showed an average size
of 5-6 um under sintering temperature of 1600 °C for 8 h
of sintering time is shown in Fig. 7a. This fine grain size is
comparable with our starting material particle size obtain
from laser particle size analyzer. Hence fine grain is
attributed to the increase of hardness value in the initial
stage of sintering. As sintering time is increased, the grain
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Fig. 7 SEM photograph of Al,—Zrgo_. (x = 70) oxide sample conventional sintered at 1600 °C for (a) 8 h (b) 20 h and plasma sintered at

15 kW power for (c¢) 15 min (d) 20 min

growth started and at the same time pore formation are
accelerated with the formation of triangular junction
between the grains. This in turn enhances the bulk density,
which is shown in Fig. 7b and yield coarser grain which
reduces the HV value. Significant grain growth takes place
during long range (20 h) sintering schedule carried at high
temperature. In order to understand and observe the sin-
tering process with plasma heating, SEM photograph at
different plasma power and time are presented in Fig. 7c,
d. As seen from Fig. 7c sintered particles are not densely
populated as seen in Fig. 7d. However typical triangular
hollow junctions are observed with grain boundaries.
Irregular pores are also seen. As sintering time is
increased, the grain structure refinement occurs and more
and more clean triangular grain junctions are formed. Clear
pores are noticed along the grain boundaries and in the
triple junction. This may be compared to final stages of
sintering of conventional sintering. The density of sintered
product also increases with respect to 15 min sintering
time. Dense and homogenous products are obtained for
each composition within 20 min using 15 kW plasma
power. It is important to observe that no significant grain
growth occurred during sintering as compared with the
average diameter of the green powder particle size. It is

@ Springer

also observed from SEM picture that the average particle
size varies 5—6 pm, which is identical with starting mate-
rial particle size. In addition homogenous grain distribution
was also observed. This observation suggest that grain
growth can be controlled to a significant level during
sintering by this technique within few minutes which is not
possible in conventional sintering to get similar dense
product after prolonged sintering (a few tens of hours). It is
also observed that rapid shrinkage but no significant grain
growth during sintering as compared to initial particle size.
This suggest that small size particle down to nanometer
scale can be sintered to achieve high density without sig-
nificant grain growth.

Dielectric properties

Compositional variation of dielectric constant (K) and
dielectric loss (tand) for both conventional sintered and
plasma sintered samples are shown in Figs. 8 and 9 having
experimental conditions mentioned in the respective fig-
ures. K values of pure Al,O3 and ZrO, are almost equal to
their respective value in literature [30, 31] for conventional
sintered sample at room temperature and at low frequency.
From figure, following observations are found
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Fig. 8 Variation of dielectric
constant (K) with Al,—Zrgo_
(x =0, 10, 20...100) oxide
system for conventional sintered B
(1600 °C for 20 h) and plasma ﬁl
sintered (15 kW for 15 min) -

. . 16
specimen at two different
frequencies (10° and 10* Hz)

Dielectric constant (K)

Conventional
Plasma
O 103H2
A 10“Hz

1. K & tand are very much frequency dependent (K &
tand values at 10 and 10* Hz are different)

2. Plasma sintered sample always shows less K value as
compared to conventional sintered sample.

3. Increasing value of x in Al,—Zrgo_, oxide composites
always decreased the value of K even if sintered by
plasma heating or conventional heating.

The dielectric constant (K) at low frequencies depends
on the excitation of bound electrons, lattice vibrations,
dipole orientation, and space-charge polarization (atomic
or electronic). At very low frequencies, all four contribu-
tions may be active. The manner of variation of dielectric
constant with frequency indicates which contributions are
present. All four types of polarization can be correlated
to ‘‘oscillators’ with specific eigenfrequencies and

_____ Conventional
Plasma

O 10° Hz

- A 10“Hz

Dielectric loss (tan §)

Fig. 9 Variation of dielectric loss (tand) with Al,~Zr;go_, (x = 0, 10,
20...100) oxide system for conventional sintered (1600 °C for 20 h)
and plasma sintered (15 kW for 15 min) specimen at two different
frequencies (10° and 10* Hz)

3

damping. The ‘‘eigenfrequencies of oscillators’” play [32]
the essential role.

In nonhomogeneous materials and mixtures, the inter-
facial polarization (also known as Maxwell-Wagner-Sil-
lars polarization) is present [33—35] due to the differences
between the electrical properties of the constituents. This
polarization can also be assumed to be a molecular polar-
ization proposed by Onsagar [36].

The simplest correlation between dielectric constant and
frequency is given by the Debye equation [37]

K(0) =Ko+ (Ky = Koo) /[1+ (07)’]

where K., = dielectric constant far above the frequency o,
K, = static dielectric constant, w = 2nv, and t is the
relaxation time of strongly damped oscillators. In this
equation the frequency appears explicit, while the tem-
perature is implicit in K, K., and 7. Since our dielectric
measurements are in low frequency region from 10* to
10° Hz, the contribution of bound electrons and atoms
results mainly in the high frequency part which can be
expressed K. _ K. + K,. However, according to Szigeti
[38] the electronic and atomic polarizations are not inde-
pendent. The influence of electronic polarization on atomic
polarization is twofold: long-range and short range inter-
action. Both parts increase with K... Numerical evaluation
is not possible because the values of the involved param-
eters and their interrelation are not well known.

The vibrational contribution can be less or more than the
electronic contribution, depending on the spectral position
of the eigenfrequency of electronic and atomic oscillators.
The contribution of space charge will depend on the purity
and perfection of materials. Its influence will be noticeable
mainly in the low-frequency region.

From the analysis of the dielectric spectrum, this
increase of K value at low frequency (10> Hz) can be
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explained by space charge polarization caused by impuri-
ties or material defects [32] in form of voids or pores
present at microscopic level. Of the several possible
polarization mechanism to explore the observed dielectric
spectrum, induced atomic or electronic, and also ionic
lattice polarization respond so rapidly that they are effec-
tively instantaneous below certain high frequencies, con-
tributing a purely real value of K., to the permittivity.
Permanent molecular dipoles, ionic defects of dipolar type
(vacancy—interstitial pairs) and also slowly mobile hop-
ping charge carriers of electronic, polaronic or ionic nature
may produce much slower responses to this system of
composition where both ZrO, and Al,Oj3, phases having
their own internal phase transformation.

In order to understood further for the contributions of
polarization mechanism, both Dielectric constant (K) and
loss (tand) as a function of frequency for both plasma and
conventional sintered sample of Al,~Zrgo_, oxide system
are studied. It is observed that the variation behaviour of
both K and tand are identical with respect to frequency
variation. The value of K is reduced at low frequencies
down to 40—45% of its conventional sintered sample and
bearing a semi straight line character. The flatness behav-
iour of dielectric response in plasma sintered sample
strongly suggest that there is no space charge polarization
mechanism involved [24] in plasma sintered sample. This
simple dielectric spectra observed for plasma sintered
sample with no space charge polarization [24, 32] may be
the primary reason for the reduction of K values signifi-
cantly as compare to conventional sintered sample. Hence
it is concluded that space charge polarization is prominent
in conventional sintered sample but not in plasma sintered
sample for which there is a reduction of K values in dif-
ferent x value of the composition in Al,—Zrgo_, ceramic
oxides. Reduction of K value are also reported by many
author in thin film form of Al,O5; [39]. Decrease in K is
believed to be arising from the increase of void density.
Several authors [40, 41] have reported that due to the
effective thickness of insulators, the value of K decreases
with increasing void density. However, in plasma sintered
sample, this densification rate has been approached =98%
and the presence of void and its role may be insignificant.
Hence, contribution of void at microscopic level for the
reduction of K value by plasma is ruled out. In this situa-
tion, it may be appropriate to consider the voids/porosity or
inclusion at the nanoscopic range. Due to sudden rise of
high temperature in thermal plasma heating reactor, above
proposed entity may be generated at angstrom or nano-
meter range. Inclusion may also plays important role in
reducing the value of K for plasma sintered sample. It is
also anticipated that inclusions are incorporated with
enhanced density into the matrix by thermal plasma heating
as compared to conventional heating. The exact cause for
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the reduction of K at this stage is not known. No other
research reports appears to have been reported by any other
researcher along this line and hence more experimental
evidence and observation are required to understand this
reduction mechanism of K.

Low temperature measurements of both K and tané were
also taken at 77 K using liquid nitrogen cryostat for both
conventional and plasma sintered pellets of different
Al —Zrgo_, (x =0, 10, 20...100) composites. It is noted
that value of the K and tand are changed with marginal
decrease with respect to the room temperature value of the
same composition. However, the nature and trend of K and
tand remain the same at per with room temperature data.
This marginal decrease of both K and tand values may be
due to the rigidity of dipole orientation under the influence
of electric field at low temperature. Similar results are also
obtained for conventional sintered Al,~Zr;og_, sample for
K and tand measurements at 77 K. It is interesting to note
that the values of K are reduced marginally as compared to
plasma sintered sample at room temperature. This reduc-
tion may similarly be interpreted as above. Further details
dielectric and its related structural and microstructural
studies are very much essential to understand the real
mechanism in this high temperature plasma sintered oxide
composites.

Conclusion

Highly dense (close to theoretical value) sintered materials
of Al,03-ZrO, oxides with greater hardness including
homogenous phase distribution are prepared using EATPH
technique. Grain growth rates for all composites are highly
restraint by EATPH and the sintered product culminates
with much finer microstructure due to high heat and mass
transfer kinetics in thermal plasma heating. So this thermal
plasma heating technique may be extended to process
nanostructure where grain growth is practically not rec-
ommended. Dielectric constant can be reduced signifi-
cantly using this plasma heating technique, which may be
used to tailor ultra low K dielectric material.
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