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Abstract

The aim of this work was investigation of the sintering behaviour of a material prepared by filter pressing of an yttria-stabilized zirconia powder
with grain sizes of about 8 nm. The water suspension of the powder was filter-pressed under 5 MPa. The early shrinkage of the filter-pressed sample,
during its non-isothermal sintering was attributed to removal of water layers adsorbed on the powder surface. The observation of the microstructure
evolution in samples heat-treated at different temperatures was performed. Pore growth during sintering was related both to presence of agglomerates,
and to pore coalescence. Particle arrangement in the material was very uniform, which led to uniform densification of the material. Heat treatment
of the sample for 30 min at 1200°C resulted in the material of 99.96% relative density, and grains within nanometric range.
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1. Introduction

Today one of the most rapidly developing fields of knowl-
edge is nanotechnology. One of the parts of this broad field are
nanomaterials, i.e. materials with one or more dimensions in the
range of 1-100nm (powders, layers or bulk materials). Prop-
erties of such materials can be significantly different from the
behaviour of the ordinary ones, e.g. nanocrystalline ceramics,
mainly oxides, shows superplastic behaviour.! Nanocrystalline
ceramic materials are usually produced by compaction and sub-
sequent sintering of nanopowders, which in turn are often pro-
duced by means of chemical wet powder preparation techniques,
which lead to nanometric particles of very narrow size distri-
bution. Nowadays, it is possible to obtain nearly all ceramic
materials in the form of nanometric powders, but their shaping
and sintering, which would lead to the dense material with nano-
metric grains, is still a challenge. The key to obtain such material
is in the homogenous particle packing in the green body. Uni-
form packing of nanopowders by dry pressing needs extremely
high pressures of the order of GPa, which are necessary to over-
come huge friction forces acting between so fine particles.”>
These shaping conditions cause many technological problems,
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such as limited size of a compacted body or internal stresses
leading to the body cracking. The uniform packing of nano-
metric particles can be achieved by means of one of colloidal
techniques e.g. slip casting, or centrifugal casting.*> In the pres-
ence of a liquid phase which wets the nanometric particles and
penetrates between them, the particles move more easily, which
leads to their more uniform arrangement. The subject of col-
loidal processing of nanometric ceramic particles has not been
broadly studied yet, and most of existing works concentrates on
particles larger than 10 nm.>~’

The aim of the work was the investigation of sintering pro-
cess of samples prepared by means of pressure filtration of a
solid solution nanometric powder containing 3 mol% Y03 and
97 mol% ZrO,, and particle size of about 8 nm.

2. Experimental

The 3 mol% yttria-doped zirconia powder was prepared by
the hydrothermal treatment of X-ray amorphous co-precipitated
gel of a given composition. The mutual solution of ZrOCl,
and YCl3 was introduced into ammonia water solution. The
co-precipitated gel was washed with distilled water in order
to remove NH4Cl, which interferes with the sintering process,
and then hydro-thermally treated at 250 °C for 4 h under an
autogenous water vapour pressure.® The specific surface area


mailto:lzych@agh.edu.pl
dx.doi.org/10.1016/j.jeurceramsoc.2006.04.079

868 L. Zych, K. Haberko / Journal of the European Ceramic Society 27 (2007) 867-871

| Ceramic Filter |

| Filter Paper |

| Suspension |

Piston, @55 mm

| Steel Cylinder |

Pressure

Fig. 1. Schematic drawing of the pressure filtration apparatus.

of the powder, and partially sintered samples was measured
using BET method (Sorpty 1750, Carlo Erba Ins.) and their
phase composition, and crystallite size were investigated by X-
ray diffraction method (Cu Ka, X Pert Pro, Philips) using the
Scherrer formula, and the powder was observed under TEM
microscope (AEM CM 20, Philips). The average particle size
of the powder was about 8 nm. The powder was kept in a
water suspension of about 5 vol% concentration. The suspension
was moulded using filter-pressing technique in the apparatus
shown in Fig. 1. The suspension was forced by a steel pis-
ton (55mm diameter) through a ceramic filter covered with
filter paper. Pressure was increased up to 5 MPa, and kept con-
stant until no water leakage was observed. The samples were
carefully dried up to the constant weight in a desicator over
silica gel. The green density of the samples was estimated
using GeoPyc 1360 apparatus (Micromeretics). The samples
were non-isothermally sintered up to 1200 °C in dilatometer
(with heating rate of 6 °C/min), and isothermally heat-treated
at temperatures ranging from 100 to 1200 °C. Temperature was
increased with 6 °C/min rate to a predetermined level, and then
kept constant for 30 min. The samples’ apparent density was
measured by the Archimedes’ method, pore size distribution
was evaluated by the mercury porosimetry (Porosimeter 2000,
Carlo Erba Ins.), and the microstructure was observed under
TEM microscope, and SEM microscope (Leo 1530).

3. Results and discussion
3.1. Powder characteristics
The obtained powder had a very narrow particle size distribu-

tion, which is characteristic of powders produced by hydrother-
mal technique, and it showed specific surface area of 130 m%/g.

Particle size calculated on the basis of this value was 8.1 nm.
The value was close to the mean particle size assessed form
transmission electron microphotographs (7.5 nm), and the one
calculated from the X-ray diffraction line broadening (8.6 nm).
It indicates that, although in case of nanopowders some level
of agglomeration is inevitable, in our powder no broad contacts
between particles were formed. In order to prevent the forma-
tion of strong bonds between particles, the powder was kept in
a water suspension.

3.2. Shaping process

The suspension concentration was about 9 vol%, and it was
the maximum concentration allowing it to show liquid-like
behaviour. At higher volume concentrations distances between
nano-particles are so small that attractive forces cause their
bonding, which leads to the formation of a rather stiff body. The
original suspension had pH 7, which is close to the isoelectric
point of the yttria-stabilized zirconia powder suspensions, which
means that the suspension was flocculated. The suspension was
filter pressed under 5 MPa. This pressure level was based on our
previous investigations, which showed that samples moulded
under higher pressures tend to crack during drying.

3.3. Sintering process

Fig. 2 shows shrinkage of the filter-pressed sample versus
temperature; on the same picture the sintering curve of a sample
made by uniaxial dry pressing of a submicron powder of the same
composition, manufactured by TOSOH Co., is also presented.
Relative green density of both samples was similar, and close
to 40%.

In case of the sample made of nanopowder, shrinkage starts
at temperature as low as 150 °C, and up to this temperature the
sample thermally expands. The early onset of the shrinkage can
by attributed to the removal of the water layers adsorbed on
the powder surface. This assumption is supported by the cal-
culation based on the specific surface area of the powder, the
amount of adsorbed water (determined by the thermogravimet-
ric method), which showed that each particle is covered with a
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Fig. 2. Linear shrinkage of samples during non-isothermal sintering with the

heating rate of 6 °C/min.
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