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Abs trac t. Pressure sintering becomes a common technique in the manufactu—
re of products from high-melting materials. This paper discusses changes in the gra-—
in habit, observed during pressure sintering of AIZO3 powder. It has been found that
these changes have a different nature than those implied by the mathematical model
of sintering of spheroidal grains.

INTRODUCTION

The general theory of sintering has been the object of extensive
studies, the results of which have been presented in many papers /Ge—
guzin 1973, Pampuch 1971, Samsonov [ed./ 1974/. Fewer publications, on
the 6ther hand, deal with a new sintering technology, i.e. pressure
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thermal and chemical resistance, and electrical properties /Gibas 1970/,
Al,05 is a material of particular interest for modern technology.
Although there are several publications dealing with the structure

of pressure sintered A1203 /Spriggs, Atteraas 1968; Vasilos, Spriggs
1963/, none of them gives a full description of the changes in the gra-
in habit occurring in the process of compaction.The aim of the present
of the

shape of grains from the moment the powder was introduced into the mould

studies was to investigate and describe the complete evolution

till the sintered product was obtained.

EXPERIMENTAL
A1203 of an average grain size 0.? uMm, purity above 99.7% and the
o phase content more than 95% was subjected to sintering. To expedite
the process, 2 wt.% of AlF3 was added in the form of acicular grains.
The two components were mixed in a ball mill in the presence of water.

The powder after drying and homogenizing sieving is shown on Phot. 1.
Technological tests were carried out in a SGP-1 pressure sintering
apparatus operated at temperatures up to 1673 K /14000C/, in which the
unidirectional pressure applied could amount to 300 KN /about 30 t/
/Sterma 1975/. Sintering was carried out in graphite moulds, wherefore
the pressure did not exceed 30.0 MN/m2 /about 300 Kg/cmz/. A1203 was
poured into a graphite mould and cold pressed at a pressure of 15 MN/m2

/about 150 Kg/cmz/. The fracture of cold pressed powder is shown on

Phot. 2. Then the mould was placed in the SGP-1 apparatus and heated at

an average rate of 10 K/min at constant pressure.

Technological parameters of

The technological parameters of sample preparation are given in Ta-
ble 1. The choice of the parameters /temperature, pressure, sintering
time/ recommended to obtain a material with the required density is
discussed by Sterma and Jakovlev /1977/. The surface and internal stru-
cture of samples was investigated with a JEOL JSM-S1 scanning electron
microscope. The samples were in the form of disks 24 mm in diameter and
5 mm in thickness. To study the internal structure, éach sample was
split. Before microscopic investigations, the samples were not subjec—
ted to any additional treatment.

The surface and internal structure of samples of various density,
obtained using different technological parameters, is shown on Phot.

30108

RESULTS

The grains of A1203 powder are in fact aggregates. As mentioned
earlier in this paper, grains of a size of 0.3 um dominate in the A1203
powder used for investigations. Spheroidal aggregates consist of a few
to a dozen or so elementary grains. While grains within an aggregate
are relatively closely packed, the aggregates are rather loosely bound
to one another. The powder behaves as if these aggregates were elemen—
tary grains. In fact, they make up lumps in the shape of spheres,which
can be subject to deformation under the influence of external forces.
This is clearly visible on Phot. 2 showing the fracture of powder cold
pressed at a pressure of 150 MN/mZ. The deformed aggregates form lay-

ers and areas that undergo compaction and displacement, depending on
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T b e o
samples preparation from A1203
A { Time of holding e Relative density Gad
HEatZne at maximum Coiii?g /% of theoretical sh:$§ in
EHoe temperature x density/ Shagl
3 s
/K/min/ e /K/min/
10 90 5 69 3
10 30 55 76 4
10 90 5 86.0 5 and 6
10 50 5 97.0 7
10 70 5 98.0 8 and 9
10 90 5 99.3 10
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the external forces acting upon them. Despite pressing, the boundaries
between the individual deformed aggregates are distinct.

Phot. 3 shows a relatively far advanced stage of sample sintering.
Clearly visible are flattened polyhedral lumps with a hexagonal outli-
ne. Lumps of similar size are predominant although smaller lumps also
appear in lesser amounts.. A comparison of Phots. 1 and 3 indicates that
the polyhedral lumps are flattened and sintered equivalents of sphero-
idal aggregates. As appears from Phot. 3, the elementary grains within
these aggregates /lumps/ have been sintered, whereas the polyhedral
lumps are loosely bound.

It has also been noted that the polyhedra show different orienta-—
tion. There are areas exhibiting ordered orientation /Phot. 4/ and ones
with random orientation /Phot. 3/. These different modes of orienta-
tion are presumably due to the uneven compression of the sample, which
is always the case with unidirectional pressing.

Polyhedral grains are sintered only later in the process of pres-
sure sintering. Phot. 5 shows the surface, and Phot. 6 the fracture of
a denser, better sintered sample. It is evident that the grains are bet-
ter fitted, adhering to one another with whole surfaces. It isiworth
noting that the grain growth does not take place; on the contrary, the
grains slightly diminish, which is indicative of further /internal/ si-
ntering and contraction of lumps. Phot. 7 shows a still better sintered
sample in which the lumps adhere closely to one another.

Worth noting is Phot. 5 showing the sample surface adjoining the

end face of the mould stopper. Clearly visible is the flat orientation
of lumps.

The surface of a highly sintered sample is shown on Phot. 8

and
its fracture on Phot.

9. It can be seen that only in places the lumps

do not adhere to one another and pores are present. The adherence of
lumps at full compaction is shown on Phot.

10. It is a sample obtained
At 15285 Kv;

in which the process of diffusion has been very intense.
Striving towards a decrease in free enerqgy,

the lumps change from flat
into isometric bodies.

DISCUSSION

The present studies have revealed that the process of pressure sin-
tering of actual, non-spheroidal,

ring of spheroidal grains.
to polyhedral lumps which,
of the process.

grains is different from the sinte-
Initially grain aggregates are sintered in-
in turn, become sintered in a later stage
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Sintered polyhedral.lumps determine the final structure, and the-
refore the properties of the resulting material. The size of aggrega—
tes, and thereby the size of polyhedral lumps, depends both on the si-
ze of elementary /initial/ grains and the parameters of the processes
of homogenization and sintering.

The results obtained contribute to the explanation of the evolu-
tion of the grain habit during pressure sintering of non-spheroidal
grains. They also show new possibilities of controlling the structure

of materials resulting from the sintering of powders.
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Franctszek STERMA

YCH POD CISNIENIEM
EWOLUCJA POKROJU ZIARN KORUNDU Al,O, SPIEKAN

quigivp @ 8206216 1 ie

Przy wytwarzaniu wyrobdéw z wysokotopliwych nmateriatéw coraz czeS$-—

isni D=
ciej stosowana jest technika spiekania pod ciénieniem. W artykule

j ie spie-
niejszym opisano zmiany pokroju ziarn, zaobserwowane W proces P

pod cignieniem. Stwierdzono inny typ ewolucji po-

kania proszku Al,O0,, i —
: i matematycznego modelu spiekania ziarn ku

kroju ziarn, niz to wynika z

listych.
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OBJASNIENIE FOTOGRAFIT

Fot. 1. Proszek A1203 stosowany w badaniach. SEM, x 3000
Fot. 2. Przetam prébki z proszku A1203 sprasowanego na zimno. SEM, x 3000
3. Przetam prébki 1. SEM, x 7000
4, Przetam prébki 2. SEM, x 7000
5. Powierzchnia ,prébki 3. SEM, x 2000
6. Przetam prébki 3. SEM, x 2000
Fot. 7. Przetam prébki 4. SEM, x 3000
8. Powierzchnia prébki 5. SEM, x 2000
9. Przetam prébki 5. SEM, x 2000
0

. Przetam prébki 6. SEM, x 10 000

Ppanyuuer CTIPMA

SBOJIOUMA TABUTYCA 3EPEH KOPYHMA, CHEKAEMBIX 0L IHOABJIEHUEM

BeftatiofM e

B mpoM3BOACTBE NMPOOYKTOB M3 TYyTOMIaBKUX MaTepHaJloB BCe dYaume NpuMe—
HAGTCSA TEeXHHKY CIEeKaHWs IIOL NaBIeHHeM. B HACTOAMEN CTAaTbhbe ONMUCAHH U3Me—
HEeHHT TabuTyca 3epeH, HablIwOaeMmHe B npouecce CIleKaHusa Mopouka A1203 o
HAaBIIeHHEeM. KOHCTATHPOBAH MHOW THUI 5BOJMIUK rabuTyca, 4eM 5TO CHEIOBAIIO

6H U3 MaTeMaTUYeCKON Momesu CIIeKaHUsA WapOBUOHEIX 3epeH.

OBBACHEHUA K ®OTOrPAGUAM

doTo lpumeHaeMuit B MCCNeaoBaHUAX [OPOWOK A]ZO
®oTo 2. Uanom obpasya u3 nopowka Al.0 5 cnpeccmpgaa
x 3000 &%

M3B, x 3000
HHOrO B XONOAHOM COCTOAHMM. M3B,

®oto 3. Uanom obpasua 1. M3B, x 7000

%o1o 4. Uanom obpasna 2. M3B, x 7000

®oTo 5. NosepxHocTs obpasua 3. M3B, x 2000
®oto 6. Uanom obpasua 3. M3B, x 2000

®oTo 7. Usnom obpasya 4. M3B, x 3000

doTo 8. [loBepxHocTh obpasya 5. M3B, x 2000
®oto 9. Uanom obpasuya 5. M3B, x 2000

%oto 10. Manom obpaaya 6. M3B, x 10 000

PLATE E
MINERAL. POL. VOL. 11, No 2 - 1980

i i .. SEM, x 3000
Phottile A1203 powder used in studies i

powder cold pressed. SEM, x 3000

Phot. 2. Fracture of A1203

i i d corundum grains
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PLATE II MINERAL. POL. VOL. 11, No 2 - 1980 PLATE III

Phot. 3. Fracture of sample 1. SEM, x 7000 Phot. 5. Surface of sample 3. SEM, x 2000

SEM, x 2000

Phot. 4. Fracture of sample 2. SEM, x 7000 Phot. 6. Fracture of sample 3.

Franciszek STERMA pressure gsintered corundum grains

= Chan, i : 7 A o
£es 1n the habit of pressure sintered corundum grains Franciszek STERMA — Changes in the habit of
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MINERAL. POL. VOL. 11, No 2 - 1980 PLATE IV

Phot. 7. Fracture of sample 4. SEM, x 3000

Phot. 8. Surface of sample 5. SEM, x 2000

Franciszek STERMA - Changes in the habit of pressure sintered corundum grains
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PLATE V

Phot. 9. Fracture of sample 5. SEM, x 2000

Phot. 10. Frac

Franciszek STERMA — Changes in t

ture of sample 6. SEM, x 10 000
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