Reprinted from the Journal of The American Ceramic Society, Vol. 47, No. 5.

May, 1964,

Copyright 1964 by The American Ceramic Society

The System ALSiO; at High Temperatures
and Pressures

by R. C. DeVRIES

Research Laboratory, General Electric Company, Schenectady, New York

Experiments on the system Al,;SiO; at high tem-
peratures and pressures with the belt apparatus
indicate that kyanite melts incongruently above
about 1500°C at 25,000 bars to Al,O; (corundum)
plus liquid. The pressure-temperature curves
obtained by starting with either a 1/1 Al,0;/Si0,
gel or with kyanite are essentially identical but
differ considerably from the results with andalu-
site and sillimanite. The structure of the starting
material has considerable influence on the kinet-
ics of the reaction and the metastable formation
of corundum in this system. An ‘‘equilibrium’’
curve based on the andalusite-sillimanite data is
described by P = 33.8 X 1037 — 26.4 (Pin
kbars, T in °C).

I. Introduction

HE geological significance of pressure-temperature rela-
Ttions among the three forms of ALSiO; (sillimanite, an-
dalusite, and kyanite) has stimulated several experimen-
tal investigations. The kyanite-sillimanite relations up to
1500°C and 30,000 bars have been determined by Clark.
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Robertson, and Birch! and have been redetermined by Clark.?
Kennedy?® and Griggs and Kennedy* have published studies
related to the same problem. The synthesis of andalusite
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Fig. 1. High-pressure chamber. Light stippling is massive

pyrophyllite (lava), crosshatched areas are alumina, and the

heavy stippling is the graphite heater. Sample at the center

is enclosed in Pt foil. Thermocouple wires pass through the
cell in protection tubing (not shown). (X 50.)

by hydrothermal techniques was first reported by Roy,® but
later details have shown that this phase is not identical with
natural andalusite.® In addition, two phase diagrams based
on deductions from field observations and other considera-
tions have been published.”-® As yet the phase relations of
the three varieties of Al,SiOs are not completely understood
and more data are needed in both moderate pressure-tem-
perature regions and higher pressure-temperature regions
(e.g., above 30,000 bars and 1500°C) where the interest may
be less geological and more exploratory in its emphasis.

It is the higher pressure-temperature region which was
chosen for further study because of curiosity about the de-
composition of kyanite at high pressures and temperatures as
compared with its decomposition to mullite and quartz at
1 atm. The latter reaction is accompanied by a 219, in-
crease in volume. By comparison, a 5%, increase in volume
would result from the formation of corundum and coesite from
kyanite.

Il. Experimental

(1) High-Pressure Equipment

An Elmes 300-ton hobbing press was adapted for experi-
mental use.® ® The belt apparatus and the basic chamber
design were the same as those which have been described by
several investigators.®~*' The particular cell used in the
present study is shown in Fig. 1. The internal resistance
heater was a sleeve of graphite for most runs, although Ni
or Pt heaters were used occasionally.

The material to be run was placed in a tube made from
0.0005-in. foil of Pt or 80Pt20Rh. The amount of foil and
the amount of sample material used in each run was kept
constant. The cylindrical sample after pressing was about
1.5 mm high.

(2) Pressure Measurement

Bourdon-type gages were used to measure oil pressure in
pounds per square inch on the ram. The gages were cali-
brated in terms of pressure in the chamber, measuring the
resistance change at the Bi and Ba phase transformations at
room temperature at 25,300 and 59,000 bars, respectively.*
The; gages were calibrated several times during the investiga-
tion. On the basis of other experience with the belt equip-
ment, the uncertainty of the pressure measurement is con-
sidered to be 2000 bars. There are some qualifications
which should be considered: (1) The calibration was made
at room temperature only and (2) the assumption was made
that the pressure was transmitted hydrostatically.
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In the more usual calibration procedure with the belt a
piece of calibration wire is embedded in an AgCl sleeve which
is surrounded by pyrophyllite. The flow properties of AgCl
presumably result in a more hydrostatic distribution of
pressure. Since the actual runs are in Al,O; sleeves, which on
a structural basis would be expected to have more limited
flow compared with AgCl, calibration runs were also made by
embedding the wire in Al,O;. Within the limits of error of
measurement the phase transformations in Bi and Ba took
place at the same pressure as in the pyrophyllite-AgCl cell.

At high temperatures the reaction within the pyrophyllite
results in different crystalline phases plus liquid (or glass)
so that the pressure-transmitting properties change. Some
assurance of the reproducibility of the pressure measurement
at high temperatures was gained by reasonably good agree-
ment with the melting of Pt as a function of temperature.!

Pressure was-automatically controlled during a run by
means of a Bristol pressure controller-recorder.

(3) Temperature Measurement

A power-vs.-temperature plot was first determined for each
type of cell and heater by making several runs with a thermo-
couple in the cell shown in Fig. 1. The thermocouple was
insulated from the rest of the cell by alumina thermocouple
tubing. The Pt foil of the sample container completed the
circuit between the two dissimilar wires so that the junction
was at one side of the cell. The reproducibility of the runs
with thermocouples was found to be no larger than +50°C
and in general was closer to £25°C in the range over which
more data were collected (25,000 to 40,000 bars). No cor-
rection was made for the small change in emf as a function
of pressure. In the figures summarizing the data, an over-
all uncertainty of £75°C for the temperature measurement
is shown.

After the power-temperature curves were determined, most
runs were made without thermocouples. In this way con-
siderable time was saved without appreciable sacrifice in
accuracy. The temperature was hand-controlled with a vari-
able transformer.

(4) Other Observations Relating to Accuracy of Data

It was found in the earlier runs that rather steep tempera-
ture gradients existed lengthwise in the pressure chamber. If
the final length of the sample was of the order of 3 mm, it was
obvious from macroscopic examination that the ends had been
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