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INTRODUCTION

It is wel known that some refractory metd dislicides, for
example MoSi, and WS, show excellent oxidation resstance a&
high temperatures which is due to the formation of a protective
SO, layer. In thexe diglicides it is speculaed high vgpor pressure
of metd oxide plays an important role in formation of a protective
SO, layer. That is to say, only SO,, as a consquence of
smultaneous formation of metd and silicon oxides at early Sage of
oxidation and evagporation of the meta oxide, may remain on the
surface of the metd didlicide. In fact, MoSi; [1-3] and WS, [4,5]
form a protective SO, layer aove aout 1100 and 1600K,
respectivdy. The high vgpor pressure of Re,0O; must be dso
paticularly advantageous for forming a SO, layer. Thus it is
expected that Re silicides show excellent oxidation resstance.

The phase diagrams of the Re-S binary system in literatures
[6,7] indicate that a line-compound with the highest concentration
of S is ReS1g or ReS,. However, the exact compostion of the
compound has not been dlaified. In the present study, synthesisof a
dense Re dlicide with the highest concentration of S was
performed, and oxidation behavior of the Re dlicide was
investigated.

EXPERIMENTAL

In order to fabricate the Re dlicide, a gpark plasma sintering
(SPS) method was gpplied. In this sintering method, the mixed
powders consgting of dementd Re (average grain size: 40 u m)
and S (60 u m) were packed in agraphite die under a compressve
stress of 40 MPa, and then a pulsating current was passed through
the mixed powders and the graphite diein an evacuated chamber of
6 Pa. The heating rate was 0.17 K/sec, and the maximum pulsating
current was about 800 ampere to heet up to 1823 K. The sintered
specimens were characterized by using X-ray diffraction (XRD)
and an dectron probe microandizer (EPMA).

Oxidation tegts of the Re slicide were caried out in ar at
temperatures ranging from 773 to 1473 K. Oxidation kinetics was
evduated by measuring the mass change by oxiddion. The
oxidized specimens were characterized by usng XRD, SEM, and
EPMA.

RESULTSAND DISCUSSION
Synthessof Reslicide

The previous work [6,7] proposed ReS;3 or ReS, as a
compound with the highest concentration of Si. In order to darify
the exact compostion of the Re sllicide, the mixed powders of Re
and S with various atomic ratios of S to Re, S/Re=1.7, 1.75, ad
1.8, were hested up to various temperaiures The S phase in the
compogtion of S/Re=1.7 and the ReS and ReS; phasss in
S/Re=1.8 remained. On the other hand, the compact body
synthesized from S/Re=1.75 is condting of a Sngle phase. From
these reaults, it was concluded that a compound with the highest
concentration of S was ReSiy 5.

High-temper ature oxidation behavior of ReSi;

In oxidation of Re slicides, enough concentration of S for the
formation of a protective SO, scde is required. In genegrd, a
dlicide with the highes concentration of S shows the best
oxidation ressance. Therefore, oxidation tests of ReS; were
caried out at temperaturesranging from 773to 1473 K inair. Inthe
temperature region of 773 to 1173 K, the mass loss increased with
increasing temperature. The mass loss was caused by the
evgpordion of a Re oxide (probably Re,0;), and it was the most
severe a 1173 K. However, further increase in temperature led to
the suppresson of mass loss In paticular, the mass changes at
1373 and 1473 K were negligibly smal, and this means that
ReS; 5 has excdlent oxidation resgtance a temperatures above
1373 K.

To darify the oxidation behavior of ReSi; 7, the scae structures
were observed. The scales formed at temperatures below 973 K
gopeared to be extremdly fragile and porous. This may be due to
lesspladticity of SO,. Though the scdleformed at 1173 K gppeared
to beimproved in brittleness it had Hill high porosity. On the other
hand, the scdes formed at 1273 and 1473 K were very thin ad
dense The XRD reaults showed that the scales formed at
temperatures below 1273 K were congging of amorphous SO,
wheress those at 1373 and 1473 K were congsting of cristobdite
SO.. In dl scdes ay Re oxides were not detected in XRD
experiments

Based on the results of the oxidation behavior and the scale
structures, an oxidation mechaniam of ReS; 7 can be proposed.
When ReSi; 5 is exposad to an oxidizing amosphere, in an initid
stage of oxidation Re and S must be amultaneoudy oxidized to
form Re,0; and SO,. However, due to high vapor pressure of
Re,0;[8], only SO, must be left on the subdtrate. In fact, a SO,
layer was formed on ReSi; s a dl temperatures. The scaes formed
in the low temperature region (773-1173 K) were fragile ad
parous, and the scae gructure was maintained during oxidation,
resulting in pronounced mass loss by the evaporation of Re;0;. On
the other hand, the scaes formed at temperatures above 1273 K
were thin and denseg, that is, protective. Such differencein the scde
structures probably depends on the pladticity of SO.. In other
words, pores or cracks introduced by the formation and the

subsequent evaporation of Re,O; in the initid stage of oxidation
can be heded by the pladticity of SO, at higher temperatures. Once
the subdrate is covered with a protective SO, scde, only SO,
grows in further oxidation. This is because the affinity of Re for
oxygen is much lower than that of S and hence oxidation of Rein
the SO,/ReS; 7 interfaceis prevented.
Effect of vapor pressure of metal oxide on formation of a SO,
scale

It is well known that MoS, and WS, form a protective SO,
layer above about 1100 and 1600K, respectivdy. In those
dislicides, evaporation of the metal oxide plays an important role
for the formation of a protective SO, scde The vapor pressure of
Re,O; (about 1 am at 573 K) [8] is much higher than that of WO5
and MoQOs. Thus, a SO, scde was formed onReS ;5 even a
temperatures aslow as 773K. By congdering the vgpor pressures of
WQO;, MoO;, and Re,0, it may be concluded that a SO, scdeis
formed, when the vapor pressirre of the meta oxide reaches 10
am. However, the formation of a protective SO, scde wes
observed a temperatures as high as 1273K. Namdy, the
temperature for the formation of a protective SO, scdein ReSi;
was higher than that in MoSi,. Thus, a clear relationship between
the value of the vapor pressure and the temperaure for the
formation of a protective SO, scale was not found. The formation
of aprotective SO, scde may depend on the pladticity of SO,, and
the pladticity may be affected by dissolution of aforeign oxide into
S0,

CONCLUSIONS
In the present study, fabrication of dense ReS; 5 by a ark

plasma sntering method and the oxidaion tests of ReS i a

temperatures ranging from 773 to 1473 K were carried out. The

following results were obtained.

(1) Synthess and dntering of ReS;x were smultaneoudy

performed, and a compact body consgting of a single phase was

febricated.

(2 A SO, scde was formed on ReSiy s in the temperature range

from 773 to 1473 K, due to the evgporaion of Re;0;,. However,

the formation of a protective SO, scde was obsarved a

temperatures of 1273 K and above.
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