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ABSTRACT

The mechanical properties at high temperature of high-purity A1203
fabricated using seven kinds of commercial Al203 powder, which were
prepared by the Bayer-process andfrom aluminium compounds, were
investigated. The density, grain size and its distribution of sintered
samples were different from each powder. Impurity content and
compositions influenced on the strength, the creep strain rate and the
internal friction at high temperature. And also, the grain size

distribution affected the strength and the creep strain rate.

INTRODUCTION

A1203 ceramics are one of the typical oxide ceramics and promising

for engineering applications, because of its desirable properties such
as high refractoriness, good wear resistance and chemical stabilityl).
However, A1203 ceramics show relatively rapid strength degradation at
high temperature. This is considered to be influenced on the plastic
deformation by the grain boundary-sliding, which is mainly caused

by glassy phase softeningz). Thus, it is expected that these

undesirable properties are improved by means of reducing impurities.
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While many investigaters have studied the mechanical properties at
- 3-5
high temperature such as the strength and the creep resistance ).
They have scarcely investigated the effect of high purification of A1203

(299%) on those properties.
In this study, the mechanical properties at high temperature of

Al_0_, which were fabricated from commercial high-purity A120 powder,

273
were investigated.

3

EXPERIMENTAL PROCEDURE

Seven kinds of commercial high-purity A1203 powders were selected
as starting powders. Samples A, C and D were prepared by the Bayer-
process, and samples B, E, F and G were from aluminium compounds. The
particle size of samples B, E, F and G was smaller than that of samples
A, C and D, and the particle size distribution of samples B, E, F and G
was narfower than samples A, C and D. These powders, as recieved, were
isostatically pressed at 100MPa and sintered at 1650C for 2h in air.

The density was measured by Archimedes method using distilled water.

)

The Young's modulus was evaluated by the flexural vibration method6 .
The internal friction was evaluated by the tortional vibration method6).
The flexural strength was measured at R. T. to 1400C in air by 3-point
bending test on a 30mm span using 3x4x40mm test specimens at cross head
speed of 0.5mm/min. The tensile surfaces of the testing specimens were
ground by #600 grid diamond wheel. Creep tests were carried out at
1300, 1400 and 1450C in air by 4-point bending method. The major and
minor spans were 30 and 10, respectively, and the strain rate and stress-~

exponent were calculated using Egs. (1) and (2)7).

3P(L-1) 2n+1

o >—(—) (1),
2BD 3n

2D(n+2)

.

(L-1)(L+1(n+1))

where is the maximum stress, P is the applied load, n is the stress

exponent and y is the deflection rate at the load point. B and D are
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the width and thlckness of specimen and L and l are the maJor and minor
'spans respectlvely. ‘

The chemical compos1tlons of the sxntered samples were analyzed by
the Inductlvely Coupled Plasma Emission Spectrometry.

The microstructure was observed by Scanning electron mlcrograph
(SEM) after thermal etching, and the average graln size of each sample

8)

was determlned by the lntercept method
RESULT AND DISCUSSION

Table 1 shows the density, Young's modulus, flexural strength and
averége‘grain size of each sample, and Table 2 shows the chemical
compositions. SEM of thermally etched-surface after polishing shows in

Fig. 1. Each sample had 98% of theoretical density or greater value.

Table 1 Density, Young 8 modulus, flexural strength and ‘grain size
: for each sample

A 2 [ 3] E F G
Density ' ' o , : — ,
' 3. . : 3.93 | 3.96 | 2.97 | 3.96
| oy | 92| 8.9 | a1 893 3
Young's Modulus) ooo | 378 | 367 | 365 | 383 | 383 | 386
(GPa) : s . . ; o
Flexural | R.T.| 348 | 826 | 342 | 375 | 334 | 448 | 482
Strengthtb ' , , -

MPa) | 1400C| 86 | 185 | 152 178 181 238 | 217

Grain Size
‘ (um)y

7.6 | 11,2 8.9 | 8.3 6.3 | 7.4 | 7.2

The density and Young's modulus of samples B, E,{F and G prépared'frcm
aluminium compounds were higher than thdse'of,sampies,A,,C’and,Daby the
Bayer-process, and grain size distribution'of sgmples B, E;‘Fnand
-G were narrower thah’samples A, C and D.r These~differences are
attributed to powder characterizationsfsuch as~parti¢le Size;:pafticle

size distribution,ychemical compositions and prbbérﬁies of*fquéd bodies



140

i 30pm

Figure 1 SEM of thermally ~etched-
surface after polishing for each
sample.
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Table 2 Chemical compositions for each sample

A B C D E F G

Alz O,

(Wt %) 99.79 99.99 99.83 99,94 99.98 99.94 99.99
Si0:

(ppm) 769 51 306 25 48 99 37
Fezx Os3

(ppm) 137 12 135 110 12 9 N. D
Ca0

(p pm) 353 4 150 32 N. D. N. D 7
Mgo0

(ppm) 470 N. D. 529 348 6 491 25
Na=> O

(ppm) 241 N. D. 505 54 13 35 19
K2 0

(ppm) 95 N. D 10 N. D 2 5 N. D

such as the compactness and uniformity. Impurity of samples prepared
from aluminium compounds was less than that of samples prepared by the
Bayer-process. Especially, as sample A containing much impurity, it was
suggested to contain much glassy phase at grain boundaries, because
impurity such as alkari and alkari earth oxides react with 5i0, to form
glassy phase at high temperature. “

The temperature dependence of the internal friction of each sample

is shown in Fig. 2.
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‘The temperature at which the internal friction increases and the
internal friction value were different from each sample. The
temperature at which the internal friction of sample A chtaining much
impurity and sample B, E and G containing less impurity increases was
900 and 120dc, respectively. And the internal friction of sample A at
1400T was 10 times increased as high as that of sample G. 1In the
samples containing the same impurity content, the temperature at
which the internal friction of all samples increases was same, but the
internal friction value was different. These differences are considered
to depend on the glassy phase content and compositibns to be formed by
impuritys). It is suggested that sample A contains much low molten
glassy phase at grain boundaries and sample G contains less glassy phase
thansamples B and E.

Figure 3 shows the temperature dependence of the flexural strength

of each sample.
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Figure 3 Temperature dependence of the
flexural strength for each sample

The strength of samples F and G at R. T. was higher than other samples.
The strength at R. T. is thought to depend on not the grain size,
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impurity content and compositions, but the density and Young's modulus.
Samples F and G are suggested to have less defects than other samples.‘
The remarkable strength degradation of samples A and B at high
temperature revealed above 900 and 120dt, respectively. These
temperature are closely related to the temperature at which the
increases of the internal friction values). The strength degradation at
high temperature is suggested to be influenced on the plastic
deformation by the grain boundary-sliding which was caused by glassy
phase softeningz). The impurity content of sample G was the same as
that of samples B and G, and the internal friction value of sample G was
lowest of all. The temperature dependence of the strength indicated a
similar trend to that of sample A, however, this degradation was
attributed to not impurity compositions, but the grain size distribution
and small grains. '

The steady-strain creep vs. stress from 5 to 200MPa at 1300, 1400
and 1450C for each sample is shown in Figs. 4(A), (B) and (C). The
strain rate of samples containing less impurity was low, and that of
samples containing much impurity was high. These results indicated
that the strain rate was in proportion to the internal friction value.
However, sample G showed the low internal friction at high temperature,
the strain rate was higher than that of samples B and E. It is
considered that the strain rate depends on not influence of impurity
content and compositions, but that of the grain size distribution and
small grains, as discussed about the strength. Exponent for sample A,
at low stresses, the stress exponent, n was 1 to 1.2. This result
indicated that the deformation of each sample is mainly diffusional
creep and slightly influenced by the grain boundary-sliding and/or
dislocation climb. As the grain size exponent, m of samples B and D was
2.3, the creep mechanism is suggested to be Nabarro-Herring mechanism.
The stress exponent of sample A increased with increasing temperature.
And other samples showed a similar trend td sample A. It is considered
that the deformation at high temperature and at high stresses is mainly

caused by the grain boundary-sliding as same as the strength digradation.
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Figure 4 Steady-strain creep vs.
stress at (A);1300C, (B);1400C and
(C);1450C for each sample.
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CONCLUSIONS

Mechanical properties at high temperature of A1203, which

were fabricated from commercial high-purity A120 powder, were

investigated. ’

1)The density, Young's modulus, the grain size and the grain size
disribution of each sample were different from each powder.

2)The temperature dependence of the internal friction was
influenced by impurity content and compositions.

3)The strength at R. T. was independent of the grain size and
impurity.

4)The strength degradation and creep strain rate at high
temperature weré in agreement with the internal friction. But, in case
of the wide grain size distribution, this relation was not necessarily

supported.
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