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Effect of forming pressure on the reactivity and microstructure of
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Zirconium is a commonly occurring element that is
widely found (it ranks as the 20th most abundant
element in the Earth’s crust, at 220 p.p.m.). Zircon
(Z10,-Si0,) is an abundant and inexpensive natural
mineral and is mined in very large quantities, and it
occurs throughout the world in mineral deposits.
The most important deposits are found in Australia,
South Africa, the USA, the former USSR and China
[1]. Tt presents a very high chemical stability, i.e.
high resistance to melt corrosion, as well as a high
thermal stability (up to about 1670 °C) [12].

As zircons are natural raw materials, they contain
impurities with a typical content of 1-2% (impuri-
ties can lower the temperature of decomposition of
zircon, influence the mechanisms of chemical reac-
tion of zircon, play an important part in the sintering
of bodies, by producing liquid phases at the boun-
daries of the reaction grains, etc.) [3]. It appears that
reaction sintering of a zircon-based mixture may
lead to interesting microstructures. However, zircon
is considered in the literature to be a not readily
sinterable material [4]. Temperatures in the range
1600-1650 °C are required to produce reasonably
dense bodies. Even milled material has over 14%
porosity when sintered at 1580°C [5]. Clay is
commonly added to commercial materials to act as a
binder. This practice degrades the material by
reducing its hot strength and rendering it susceptible
to slag attack.

Zircon is known to dissociate at temperatures
above about 1670 °C [6] to form ZrO, and SiO, and
to react with other oxides with ZrO, as a reaction
product [3]. Upon slow cooling a partial recombin-
ation of the zirconia and silica can occur. The
zircon-zirconia system is well suited for the fabri-
cation of composites because the two phases are
compatible in all proportions at temperatures up to
1675 °C [6]. In general, decomposed zircon powders
are readily sinterable and can be used to fabricate
relatively dense and strong materials.

In order to satisfy the requirements for the
production of dense or high-porosity materials, it is
necessary to understand the physico-chemical pro-
cesses that occur during sintering. Therefore, the
appropriate conditions for the sintering process must
be known. An exact description of the sintering
process is almost impossible because of the large
number of influencing factors. Recent works [7, 8]
have proved that slip casting is a powerful method to
avoid agglomerates during consolidation and, conse-
quently, to increase the final density and mechanical
properties of the sintered bodies.
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The objective of this letter is to present the
preliminary results of a study on the effects of the
forming pressure on the reactivity, sintering and
microstructure of very fine natural zircon powder
compacts. The effects of compaction pressure on the
green densities and sintered densities are also
discussed.

Zircopax (TAM Ceramics Inc., Bridge Station,
Niagara Falls, New York, USA) natural zircon
(Z1Si04 96 wt %, ALO; 0.7 wt%, SiO, 2.2 wt%,
K,0 + Na,0O 0.7 wt % and TiO, 0.3 wt %) powders
(average particle size 1.31 um) were used in the
study. Green compacts in the shape of bars were
made by pressing (at 45, 90 and 180 MPa) weighed
amounts of humidified (5wt%) powders in a
double-action die, giving specimens about
2.5mm X 8§ mm X 8 mm. After drying, the dimen-
sions of the compacts were measured to 0.01 mm.

The unfired compacts were sintered in air up to
1500 °C and furnace-cooled. In situ dimensional
changes were observed continuously with a conven-
tional dilatometer (Netzsch model 402, Selb,
Germany) at a constant heating rate of 10 °Cmin~".
The microstructure of the sintered specimens was
observed with a scanning electron microscope
(PSEM 500, Philips, Eindoven, The Netherlands).
The apparent densities and porosity of compacts
were measured by the Archimedes method using
distilled water. The linear shrinkage of the speci-
mens was measured to 0.01 mm.

Fig. 1 shows the dilatometric behaviour of dried
green compacts as a function of the compaction
pressure. In all samples shrinkage starting from
about 1150-1170 °C was observed. As can be seen,
the compaction pressure does not influence the
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Figure 1 Dilatometric behaviour of dried green compacts. Com-
paction pressure (+) 45 MPa, (@) 90 MPa and (O) 180 MPa.
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sintering onset temperature, and the linear shrink-
age measured at 1500 °C decreases with increasing
compaction pressure. This can be easily explained
considering the variations in green density of zirco-
nium specimens (Table I). In the same table the
change in the density of fired samples as a function
of the compaction pressure is given. The density
values are consistent with the increase of compaction
pressure; the changes in density depend directly on
the change in the compaction pressure. These results
are comparable with the literature [2, 4, 5,7, 8], but

TABLE I Sample density (mean of five specimens) as a function
of compaction pressure (density of powder 4.45 gcm~3)

Apparent density Relative density
(gem™) (%)
Pressure
(MPa) Green Sintered Green Sintered
45 2.53 311 55.5 70.1
90 2.62 322 57.5 72.3
180 2.72 3.31 59.6 74.3

the porosity of samples obtained in the present work
after sintering at 1500 °C (70.1, 72.3 and 74.3%) is
lower than the corresponding data for samples
obtained at higher temperature and sintered more
(with 4 and 5 h soak at the sintering temperature) by
Moreno [2] by slip casting (porosity 4%) and by
Garvie [4] starting from dissociated zircon (porosity
8%).

In Fig. 2 characteristic scanning electron micro-
graphs of the polished surface of sintered specimens
are shown. The surfaces of specimens were observed
to be not filled by glassy phase, and the figure shows
specimens to be very poorly sintered. The different
microstructures and small differences in densific-
ation and especially in microstructure are imputable
to the compaction pressure. This agrees with the
bulk density of the fired specimens.

The relationship between the density and the
compaction pressure governs the mechanism that
occurs in the consolidation process. The investi-
gation has demonstrated changing the compaction
pressure in the range 45-180 MPa does not
influence the onset temperature of sintering of
powdered zircon (1150-1170 °C) but does influence
the apparent density of the green compacts and
consequently the porosity of the sintered specimens.
Low relative density values were obtained in these
sintering conditions.

Detailed microstructural investigations are in pro-
gress with zircons of different particle size in the
presence of sintering-aid oxides in order to increase
the sintering of powders at temperatures below
1500 °C and to improve the characteristics of the
sintered compacts.
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Figure 2 Scanning electron micrographs (X2000) of the fractured
and polished surface of sintered samples. Compaction pressure
(a) 45 MPa, (b) 90 MPa and (c) 180 MPa.

1435



