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Abstract

Highly sinter-active nano crystalline composite powder of 2 mol% yttria doped tetragonal zirconia polycrystal (2Y-TZP) with 2 wt% alumina
was synthesized by co-precipitation method. Crystallization temperature of the amorphous precursor powder, measured from simultaneous
thermogravimetric (TG) and differential thermal analysis (DTA) techniques was found to be ~470 °C. The powder was calcined at different
temperatures in the range of 700—1000 °C. XRD patterns of the calcined powders revealed the presence of a single tetragonal phase. Particle size of
the calcined powder measured by different techniques (X-ray line broadening, BET surface area and laser scattering technique) indicated an
increase in the average particle size with calcination temperature. The study of compaction behaviour revealed the presence of soft agglomerates in
the calcined powder. Pore size distribution of the green compacts obtained from a mercury porosimeter was found to be monomodal above a critical
pressure. The onset temperature of sintering was found to increase with calcination temperature. Powders calcined at 800 °C and 900 °C had shown
better sinterability at 1200 °C owing to the presence of finer pores with a narrow size distribution in the green compacts. Sintering behaviour of the
powder calcined at 700 °C was found to be marginally poorer in comparison to the other samples, whereas the powder calcined at 800 °C had

demonstrated best densification behaviour, especially when compacted at 300 MPa.

© 2010 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Yttria stabilized tetragonal zirconia polycrystal (Y-TZP) has
been proved to be an important structural ceramic owing to its
excellent mechanical properties viz. high fracture toughness,
strength and hardness [1,2]. High ionic conductivity at elevated
temperature makes it suitable for novel applications like
electrolyte in solid oxide fuel cell (SOFC), oxygen probe, etc.
[3].

Incorporation of alumina in Y-TZP system affects its
mechanical as well as electrical properties. Y-TZP-alumina
composite exhibits higher toughness due to the increased
transformation volume of Y-TZP by the addition of alumina
particles [4,5]. Addition of alumina to zirconia enables the
ceramic to exhibit super plasticity during high temperature
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deformation [6,7]. As far as electrical conductivity of tetragonal
zirconia is concerned, there are beneficial effects of addition of
alumina [8,9]. However, full exploitation of these advantages
can only be realized if the final products having the required
specifications comprising desired phase(s), density and micro-
structure [10-12].

Fabrication of components having such precise mechanical/
electrical properties demands tailor-made microstructures and
which, in turn demands a proper understanding and control of
various processes/processing parameters related to powder
synthesis, green stage processing and sintering. Composite
powders are difficult to densify as compared to the single phase
material due to the retardation of densification by undissolved,
non-reactive second phase [5,13]. This problem can be
addressed by reducing the starting particle size to nano range.
Though nano-scale ceramics are more sinteractive, it is difficult
to exploit the full benefit of the initial fine particle size owing to
the formation of clusters [14], which consist of primary
crystallites, aggregates and agglomerates formed during
processing stages. The state of agglomeration influences the
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pore size distribution within powder compacts during
compaction and thereby, the sintering behaviour of the
compacts at a later stage [15]. Aggregates and agglomerates
densify more rapidly than the surrounding matrix and,
therefore, can give rise to cracks like voids, which cannot be
removed by sintering. However, such issues can be addressed
by using agglomerate free or soft-agglomerated powder. In the
later case, during sintering the matrix shrinks faster compared
to agglomerates, thus preventing crack like void formation
[16,17].

From the foregoing discussion, it is evident that the powder
characteristics (i.e. phase present, particle size and distribu-
tion, agglomeration nature, specific surface area, etc.), green
density, pore size distribution in powder compacts and
sintering conditions (i.e. sintering temperature and soaking
time) control the density, microstructure and other related
properties of the sintered product. A substantial amount of
research on Y-TZP/alumina composite has been carried out by
a number of workers, where effects of alumina addition on
various properties of the final product have been reported [18—
20]. However, many of these reports do not clearly indicate the
issue of the effect of various processing parameters on the
preparation of material; especially the effect of calcination
temperature on the green density and its influence on the
sintering behaviour of the composite powder. Hence, the
objective of the present investigation is to synthesize nano-
crystalline, agglomerate free/soft-agglomerated, sinteractive
Y-TZP (2-mol% yttria)-alumina (2 wt%) composite powder
and correlate calcinations temperature particle size, green
density, sintering temperature with the sintered density.
Emphasis is given in the present investigation to study the
evolution of green microstructure (i.e. pore size distribution) as
a function of calcinations temperature and compaction
pressure and its effect on the final densification of the powder
compact.

2. Experimental

2 mol% yttria stabilized zirconia with 2 wt% Al,O3 (2Y-
TZP/Al,O3) composite powder was synthesized by reverse
strike co-precipitation method, similar to the process used for
synthesis of yttria stabilized zirconia by Ghosh et al. [21-23]. In
brief, a mixed aqueous solution of zirconium oxy-chloride,
yttrium nitrate and aluminium nitrate, containing appropriate
amount of cations, was added drop wise into a precipitating
bath, consisting of ammoniacal water (pH > 9), polyethylene
glycol (PEG) and ammonium sulphate. 10 wt% of each PEG
and ammonium sulphate was used to control agglomerate
nature of the precipitated precursor. Mechanical stirring of
precipitating bath was carried out throughout the process to
ensure completion of precipitation with the formation of finely
dispersed precipitate. The suspension was decanted and the
precipitate was washed thoroughly in aqueous medium to
remove undesirable anions, i.e. chloride and sulphate.
Subsequently alcohol washing was carried out to remove
residual water from the precipitate. The wet cake was dried (in
vacuum at 80 °C) and ground.

The thermal decomposition behaviour of the precursor from
room temperature to 1400 °C in air was studied by
simultaneous thermogravimetric-differential thermal analysis
(TG-DTA) technique (Labsys TG, Setaram, France). Based on
this result, the precursor powder was calcined at different
temperatures in the range of 700-1000 °C.

Calcined powder was ground for 1 h in a planetary ball mill
(Fritsch, Germany) using zirconia pot and grinding media. The
identification of the phase(s) and the determination of the
primary particle size (crystallite size) of the calcined powder
were carried out using X-ray diffraction (XRD) (Diano, Series
2000). The conventional Brunnuer Emmet Teller (BET)
method was used to measure the specific surface area
(Sorptometric-1990, CE Instruments, Italy), using nitrogen
gas as adsorbent at liquid nitrogen temperature. This was used
to estimate the aggregate size assuming all the particles
(aggregates) are spherical in nature. The particle (agglomerate)
size distribution of the calcined powder was determined by
laser scattering technique (CILAS 1064L, France). The
morphology of the calcined powder was examined under a
transmission electron microscope (bright field) (TEM) (JEOL
2000 FX, Japan).

The powder calcined at various temperatures was initially
compacted uniaxially at low pressure (~40 MPa) and finally by
cold isostatic pressing (CIP) in the range of 50-300 MPa to form
green pellets of cylindrical shape. The density of the green pellets
was measured by geometric method, taking at least three samples
corresponding to each pressure. Porosity and pore-size distribu-
tion of a few selected green pellets were measured in a mercury
porosimeter (Pascal 440, Thermo Electron, Italy). The shrinkage
profile of the iso-pressed (at 300 MPa) green pellets of powders
calcined at the four different temperatures, was studied in air at a
constant rate of heating (5 °C/min) from room temperature to
1300 °C in a dual push rod type dilatometer (TD 5000S, MAC
Science, Japan). For densification study, the powder compacts
were sintered isothermally at 1100 °C and 1200 °C for 3 h in air.
Density of the sintered samples was measured using Archi-
medes’ principle. The freshly fractured surface of the sample
sintered at 1200 °C for 3 h (powder calcined at 800 °C and
compacted at 300 MPa) was coated with a thin layer of
conducting carbon and observed under a scanning electron
microscope (SEM) (Cam Scan MV2300 CT/100, UK).

3. Results and discussion
3.1. TG-DTA study

The simultaneous TG-DTA plot of the precursor material,
shown in Fig. 1 exhibits a broad endotherm at ~130 °C
followed by a sharp exothermic peak at 470 °C. The initial
endothermic peak could be attributed to the removal of water
[24] and organics used during the synthesis of material. Nearly
15% mass loss was observed up to 200 °C whereas the total
mass loss recorded up to 1400 °C was ~23%. This is in good
agreement with previously reported values [25-27]. The sharp
exothermic peak at 470 °C, could be due to the conversion of
amorphous precursor to the crystalline form [27-30].
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Fig. 1. Thermal decomposition behaviour of the precursor material in air.
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Fig. 2. XRD pattern of 2Y-TZP/2Al,0; powder calcined at different tempera-
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lite size measured by X-ray line broadening/particle (aggregate) size calculated
from BET data plotted as a function of calcination temperature.

3.2. Characterization of calcined powder

XRD patterns of the powders calcined at four different
temperatures in the range of 700-1000 °C, are shown in Fig. 2.
These XRD patterns match closely with the one shown in file
no. 82-1245 in JCPDS, confirming presence of the tetragonal
phase in the powder [31]. The indexing of the XRD peaks has
been carried out accordingly. In addition, from the XRD
patterns it may be noticed that with increase in calcination
temperature the XRD peaks became sharper indicating an
increase in the crystallinity and possibly crystallite growth.
Since, the quantity of alumina used was 2 wt% (~3 vol%) its
presence in the calcined sample was not detected by this
technique. Another interesting result was the absence of the
monoclinic phase in the calcined samples. Bravo-Leon et al.
[1], also observed a similar behaviour in their YSZ-Al,05
system. Although, tetragonal zirconia phase is susceptible to
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Fig. 4. (A) Representative TEM photomicrograph of powder particle (calcined
at 700 °C) and (B) the expected particle nature.
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transformation to monoclinic phase below 3 mol% Y,0;
doping, but for such spontaneous transformation the size of the
primary particle needs to be bigger than a critical size. In the
present investigation, the measured crystallite size was below
60 nm in all the cases, which is well below the critical size
required for formation of more stable monoclinic phase at room
temperature.

The specific surface area of the powder measured by the
BET technique was found to decrease with increase in
calcination temperature (Fig. 3). An increase in the calcination
temperature renders crystallite growth, particle coarsening and/
or partial sintering along with neck forming between the
crystallite, which leads to the reduction in specific surface area.
This observation is also in agreement with the results reported
on Y,03-ZrO, system [18,32].

The crystallite size measured from broadening of the (1 0 1),
peak in XRD patterns, using Scherrer and Warren equation
[33], is plotted against calcination temperature in Fig. 3. The
figure also shows the variation of aggregate size estimated from
the BET data with calcination temperature. An increase in size
with the calcination temperature could be observed from the
figure. Similar trend was also observed by different researchers
for pure tetragonal zirconia, 3 and 10 mol% yttria stabilized
zirconia [18,26,34,35].

In the present study the particle (aggregate) size estimated
from BET data was found to be nearly double of the crystallite/
primary particle size measured by X-ray line broadening
technique for a given calcination temperature. The difference in
the size estimation could be attributed to the presence of
alumina, which retards crystallite growth in the YSZ system

ih wolume [ undarsize

and increase the lattice strain [36]. The latter effect is,
particularly, responsible for the line broadening in XRD; as a
result, the crystallite size estimated from XRD may be smaller
than the actual crystallite size. To resolve this issue, the
morphology of the calcined and ground powders was observed
under a TEM. A representative micrograph is shown in Fig.
4(A). The microstructural features indicate presence of well
dispersed particles, especially in the powder sample calcined at
lower temperature. The observed particle size was found closer
to the values obtained from the BET surface area measurement.
Micrographs also indicate the absence of neck formation
between particles calcined at lower temperature. The particle
size is found to increase with increase in calcination
temperature; corroborating aggregate and crystallite size
estimated using BET surface area and X-ray line broadening
techniques respectively. The real nature of particle is shown in
Fig. 4(B). The fine crystallite, during heat treatment not only
grows in size, but also may undergo aggregation and form the
aggregate or secondary particle. BET surface area, in reality,
measures this secondary particle size. The close value of
crystallite size and secondary particle size actually indicates the
less agglomerated nature of the particle.

The agglomerate size distributions of the calcined and
ground powders measured by laser scattering technique (Fig. 5)
showed a bimodal distribution for all the samples with an
average agglomerate size in the order of ~1.5 wm. This size is
much bigger than the crystallite and aggregate size measured by
X-ray line broadening (8-23 nm) and BET method (18—45 nm)
respectively. This discrepancy could be explained from the fact
that laser scattering technique requires aqueous suspension/
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Fig. 5. Agglomerate size distribution (by laser scattering technique) of powders calcined at different temperatures.
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dispersion of the powder particles where the formation of
agglomerates/flocs is facilitated by the surface tension of water.
Thereby the technique inevitably measures the agglomerate
size rather than the true particle size [20,37,38].

3.3. Compaction behaviour

The semi-log plot of green density versus compaction
pressure is shown in Fig. 6(A). Depending on the calcination
temperature and compaction pressure, density was obtained in
the range of 37-52%. The rate of increase in density in the low-
pressure range (50-100 MPa), as revealed from the plot, is
found to be less for all the samples. However, above certain
pressure, there is an appreciable increase in density with
applied pressure. The situation may be viewed as two straight
lines separated by a break point, which is considered as a
measure of agglomerate compression strength of the powder
[30]. In the present investigation, the strength of the
agglomerates was found to be below 100 MPa, indicating
the nature of calcined powder to be softly agglomerated.

A linear increase in green density with calcination
temperature has been observed for a given compaction pressure
(Fig. 6(B)). This may be due to increase in average particle size
with calcination temperature, which reduces the number of

55 T
1A
501
o
=
¥ 454
>
=
(7] 4
2 40
)
(=}
c 4
3 35
5 A 1000°C Calcined A
304 ® 900°C Calcined
¢ 800°C Calcined
m  700°C Calcined
25 — — v T
Compaction Pressure (MPa)
55 T T T T
® 50 MPa
B | @ 65MPa
) A 80 MPa
a 501 = v 90 MPa
* -
K ¢ 100 MPa
& [ 4 125MPa
3 454 4 .
5 § ' % 200 MPa
g @ 250 MPa
o 404 1 @ 300MPa
c ]
[
o 3
-] ~
O 35 .
30 T T T T
700 800 900 1000

Calcination Temperature (°C)

Fig. 6. (A) Green density of powders calcined at various temperatures (700 °C,
800 °C, 900 °C and 1000 °C) is plotted against compaction pressure. The break
point (indicated by arrow) in the semi-logarithmic plot indicates the agglomer-
ate strength. (B) Green density plotted as a function of calcination temperature
for different compaction pressures.

contact points (per unit volume) amongst themselves, thus the
inter-particle friction decreases which results in better
compaction. The presence of a clear bimodal particle size
distribution (0.1-15 pm) for all the powders calcined at
different temperatures further enhances the green compaction
by effective pore filling. Similar kind of observation has been
reported earlier by Leiser and Whittemore [39] and by Huffine
and Bonilla [40].

The pore size distribution of selected green compacts is
presented in Fig. 7. A decrease in open porosity with increase
in compaction pressure was observed in all the samples.
Powders calcined at four different temperatures and compacted
at 50 MPa (which was lower than the agglomerate strength of
the powder) showed a bimodal pore size distribution. On the
other hand, samples compacted above 100 MPa showed a
nearly monomodal pore size distribution. As evident from Fig.
7, the cumulative pore volume of the samples decreases with
increase in compaction pressure. This indicates a decrease in
total porosity in the sample with increase in compaction
pressure.

Fig. 7 also shows that the pore size distribution of the
sample compacted below the agglomerate strength consisted of
one sharp peak followed by a diffused hump, which indicates a
wide range of pore size distribution.

The prerequisite of achieving good green density of the
powder compact is the fracturing of the agglomerates and their
rearrangement. To achieve this, the value of compaction
pressure should be more than the strength of the agglomerates.
Hence, powders compacted below the value of agglomerate
strength showed a wide pore size distribution owing to presence
of un-fractured agglomerates. It indicates different pore
populations; large pores amongst the agglomerates and smaller
one within the agglomerates. Hence, the only means to increase
the density at this stage is the rearrangement of agglomerates.
This may be a reason for poor densification behaviour observed
in the powder compact pressed at the low-pressure range
(Fig. 6(A)). The fracturing and rearrangement of the
agglomerates at higher pressures are solely responsible for
the densification of the powder compact. At this stage,
elimination of the inter agglomerate porosity is likely to take
place. Fig. 7 shows that the powder compacted at a pressure
close to or above the value of its agglomerate strength
(~100 MPa), was devoid of such wide pore size distribution as
observed in the powder compacted below the agglomerate
strength. With application of higher pressure, the distribution
became narrower and almost monomodal in nature. Hence,
there is a transition zone from discrete low-pressure
agglomerate structure to coherent compact structure at high
pressure. The monomodal pore size distribution obtained was
the indication of presence of only intra agglomerate porosity,
i.e. porosity within the agglomerates. The decrease of pore size
with the applied pressure and retaining of monomodal
distribution may be due to fracturing of agglomerates and its
homogeneous distribution.

The most important requirement for achieving a better
sintered-density is to optimize the green density of a highly
sinteractive powder. As evident from Fig. 3, size of the primary
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pressures respectively.

as well as aggregated particle was observed to increase with the
increase in calcination temperature, thus, the sinteractivity was
decreasing. Green density and pore size distribution also play a
major role in deciding the densification nature of the power
compact. Fig. 7 clearly indicates that samples calcined at
700 °C and 800 °C showed almost similar pore size distribu-
tion.

Average pore size (of the green body compacted at
300 MPa) to particle size (aggregate size) (obtained from
BET surface area) ratio of the samples is plotted as a function of
calcination temperature in Fig. 8. This figure shows that for the
sample calcined at 700 °C, the ratio is greater than unity, which
indicates, that the pore size is bigger than the particle size;
however, for all the other calcined samples, the ratio is less than
unity, indicating pores are finer than the particles. According to
Kingery and Francois, increase in the pore size to grain size
ratio indicates an increase in the pore co-ordination number, i.e.
the number of grains present surrounding a pore [41]. Later the
works of Lange [42], Kellett and Lange [43] and Shi [44]
established a relation between pore stability and pore co-

Pore Size to Particle Size Ratio
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[o0]
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T T T
800 900 1000
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T
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Fig. 8. Ratio of average pore diameter (of the green body compacted at
300 MPa) to the average particle size (calculated from BET data) plotted as
a function of calcination temperature.
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ordination number. A pore having lower co-ordination number
and thus surrounded by concave surfaces (judged from the
centre of the pore) is thermodynamically suitable for
elimination during sintering, whereas, it is impossible to
completely remove convex pores, i.e. pores having higher co-
ordination number. Following these approaches, it could be
envisaged in the present study that the powder calcined at
700 °C may contain convex pores with higher co-ordination
number and thereby may not be thermodynamically suitable for
complete elimination; however, powders calcined at higher
temperature (i.e. 800—1000 °C) consist of concave pores with
lower co-ordination number, which is a more conducive
situation for densification.

3.4. Sintering study

The shrinkage profile, i.e. shrinkage (Y) and the rate of
shrinkage, i.e. dY/dT are plotted simultaneously as a function of
temperature in Fig. 9(A). The shrinkage at 1300 °C was found
to decrease from 21% to 17% with increasing calcination
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Fig. 9. (A) Shrinkage (Y) and rate of shrinkage (dY/dT) of the green compacts
plotted as a function of temperature (measured by constant rate heating
experiment) for 2Y-TZP/Al,0; powders calcined in the temperature range
of 700-1000 °C. (B) Shrinkage onset temperature (measured from shrinkage
profile by tangent intercept method) plotted as a function of calcination
temperature.

temperature. This result compliments the findings of porosi-
metry, where relatively less amount of pore volume was
observed for powder calcined at higher temperature. The
differential shrinkage profile of all the samples give a single
peak, at 1100 °C corresponding to the maximum rate of
sintering. This may be due to homogeneous, monomodal pore
size distribution of the green compacts [13,15,45,46].

The onset temperature of sintering is defined as the
temperature at which the shrinkage starts. This could be taken
as the minimum temperature corresponding to either ¥ <0
(onset of inter-agglomerate/bulk sintering) or dY/dT <0
(onset of intra-agglomerate/microscopic sintering). Both of
these temperatures were estimated from the shrinkage and
differential shrinkage profile by tangent intercept method and
plotted as a function of calcination temperature in Fig. 9(B).
From this figure it could be seen that the onset temperature of
sintering (both bulk and microscopic) increases with
calcination temperature. In other words, sinter-activity was
found to decrease for the powder calcined at higher
temperature. This deterioration of sinter-activity could be
due to decrease in specific surface area with increasing
calcination temperature.

Density of the samples sintered at 1100°C and 1200 °C for
3 h is plotted as a function of compaction pressure in Fig.
10(A) and (B) respectively. The samples sintered at 1100 °C
for 3 h could not achieve good density, whereas, sintering at
1200 °C for the same period of time resulted in nearly full
density for the green body compacted at higher pressure. Fig.
10(B) shows that, initially density increases rapidly as a
function of compaction pressure. Beyond certain compaction
pressure, increase in sintered density with pressure became
marginal. The sample calcined at 800 °C had achieved better
sintered-density when compacted at higher pressure in
comparison to the sample calcined at 900 °C which showed
only marginally poorer density compared to 800 °C calcined
powder. Surprisingly, 700 °C calcined sample had shown the
poorest densification behaviour, although it had the finest
particle size. This indicates that particle size alone could not
decide the densification behaviour of a powder-compact but
the combined effects of particle size and its distribution, green
density, pore size and pore size distribution in the powder
compact and the average pore size to particle size ratio are all
equally critical factors for optimal densification. For a very fine
particle size, the number of contact points existing between the
particles also increases with decreasing particle size. Such a
configuration leads to higher frictional forces between the
particles resulting in lower green density. This may have
prohibited the 700 °C calcined powder to attain a higher
sintered density. A similar observation was made by Laberty-
Robert et al. [32], i.e. the sintered density was observed to
decrease in case of powders that had the highest specific
surface area. In addition, as conjectured before, sample
calcined at 700 °C may consist of convex pores with higher co-
ordination number, which is not amenable to complete
elimination in the course of sintering. At higher calcination
temperature, due to grain growth the pore co-ordination
number decreases and thereby the pores become unstable [41].
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Fig. 10. The density of the samples sintered at (A) 1100 °C and (B) 1200 °C for 3 h, is plotted as a function of compaction pressure.

Only at this situation, the shrinkage of pores takes place
leading to densification.

Powder calcined at 800 °C and green compacted at 300 MPa
achieved optimal pore size distribution and pore co-ordination
number along with suitable specific surface area, which led it to
the maximum density after sintering at 1200 °C for 3 h. For
powders calcined at higher temperatures (900 °C and 1000 °C),
the advantage of lower pore co-ordination number could not be
exploited because of less specific surface area with perhaps
reduced sinterability of the powders.

A representative photomicrograph of the sample sintered at
1200 °C for 3 h (powder calcined at 800 °C and compacted at
300 MPa) is presented in Fig. 11. It reveals a nearly pore-free
dense microstructure with the grain size in the order of sub-
micrometer range (~250 nm), which closely matches with the
values reported for similar system [1]. This affirms that
formation of ultra-fine microstructure is possible through
optimization of processing parameters.

1000 nm
vz apor 00 mm

Fig. 11. Scanning electron micrograph of fractured surface of the sample
sintered at 1200 °C for 3 h.

4. Conclusions

In the present investigation, it was demonstrated that the
synthesis of nano-crystalline 2Y-TZP/Al,O5; composite ceramics
is possible using a reverse strike co-precipitation method
followed by calcination in the temperature range of 700—
1000 °C. The size of crystallites (8-23 nm), particles (aggre-
gates, 18—45nm) and agglomerates (~1.5 wm) measured/
estimated using different available techniques and found to
increase with the calcination temperature. The green density of
the powder compacts was found to increase with calcination
temperature and compaction pressure. Both semi-logarithmic
plot of green density versus compaction pressure and porosi-
metry data revealed the soft agglomerated nature of the powder.

The onset temperature of shrinkage of the powder compacts
was found to increase with the calcination temperature, i.e. with
the increasing particle size. However, in case of isothermal
densification, the maximum sintered density (99% of theore-
tical density) was obtained for an optimal combination of
calcination temperature (800 °C), compaction pressure
(300 MPa) and sintering temperature (1200 °C) and not for
the powder having the finest particles. This observation leads to
the fact that particle size (or in other words specific surface
area) alone does not determine the densification behaviour of
the green body. High specific surface area or fine particle size
helps to initiate inter-particular neck formation at relatively
lower temperature during heating but for proper pore filling a
particular pore geometry (i.e. concave pore surface) is required
which is again controlled by the pore to particle size ratio.
Hence, particle (aggregate) size (or specific surface area) and
pore size to particle size ratio both play critical role in
determining the densification behaviour of green compacts.
Different processing parameters e.g. calcination temperature,
compaction pressure and sintering temperature actually control
different microscopic properties like particle size/grain size,
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specific surface area and pore size, pore size to particle size
ratio, etc. and thereby optimization of these parameters is very
essential in order to achieve good sintered product.
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