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Introduction

The great advantages, in terms of economy and performance, to
be gained by using high performance ceramics in applications such
as the gas turbine engine have spurred development efforts in the
non-oxide ceramic area and in hardware applications. However, re-
latively little effort has been devoted to examining in detail the
factors which may limit lifetimes in the above applications in which
long lifetimes have been traditionally demanded. The purpose of
this research project was to use a fundamentally based fracture
mechanics approach to examine the susceptibility of SigNZ and SiC
ceramics to stress-corrosion in water and various gaseous environ-
ments over a range of temperatures. Further, the fundamental
mechanism(s) which contribute(s) to the observed slow crack growth
were to be elucidated. In addition, an effort was initiated to in-

vestigate the mechanism(s) by which molten salt environments may

—

limit strengths and lifetimes of these materials.
The approach to date has been to use the double torsion speci-
men to determine the stress intensity (at the crack tip)\vs. propa-
gating crack velocity relationship for these materials in 29 and
gaseous environments containing small amounts of 02, HZO' SOZ;
From these data one can predict lifetimes at various stresses if
the initial flaw size is known.
The molten salt studies have concentrated on examining the
effect of the concentration of oxidant species on the corrosive
etching rates of Si3N4 and SiC in Nazsoa, NaCl and mixtures of these;

and to examine the penetration of contaminant species into the test

materials. These studies were extended to examine the effects of
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molten salt exposure on strength and the parameters which determine
strength at room temperature.and at elevated temperatures.

Most of this work has been written in the form of manuscripts
for publication in the open literature. For the specific details
these reports should be consulted. 1In the following sections the
results and accomplishments are summarized briefly and in general
terms.

Crack Propagation Studies at Low Temperatures

From experiments at low temperatures (27°C to 78°C) in water
and dry environments it was found that there was no significant
effect of water on the stress intensity factor vs. crack velocity
(X,V) curves for reaction sintered SiBNA' Similar conclusions
were drawn for the hot-pressed Si3N4 except that in dry environments
sub-critical crack growth could not be observed since the specimens
always failed during precracking suggesting a moisture effect on
crack initiation. 1In the case of the hot-pressed SiC materials
there was a reproducible tendency for environments with water present
to shift the (K,V) curves to lower K values (compared to dry environ-
ments) and to decrease the slope. However, the observed slopes for
crack growth in moist environments were still very high (N>100)
indicating that the moisture effect is not a significant factor
as it is in some oxides and glasses.(l)

Crack Propagation Studies at Elevated Temperatures

The detailed results for the SiC materials are given refer-
ence (2) and summarized more generally in reference (3). The
major finding in this study is that a previously unreported stress

corrosion mechanism causes crack growth at K values substantially
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lower than Kie and is a significant consideration for lifetime
considerations in hot-pressed SiC. The tentative proposal is

that the subcritical crack growth results from oxidation of the

SiC. Current work is directed at characterizing the phenomenon in
more detail.

The results for the Si3N4 materials are summarized in the
paper to be published in the proceeding of the NATO ASI on Nitrogen
&)

Ceramics and in reference (3). The general conclusions are re-
viewed here. For the reaction-sintered Si3N4, the data obtained
in the various environments from 200°C to 800°C fell within the
ranges observed near room temperature. These results indicate
that the testing atmospheres and temperatures had a neglibible ef-

fect on sub-critical growth in this material in the range of crack

velocities studied (10'5 m/sec - 10-1 m/sec). All of the hot-pressed

Si3N4 ceramics exhibited unstable crack propagation and arrest in
the various gaseous environments from 200°-800°C. This mode of

fracture appears to be related to microstructural inhomogeneities

in these hot-pressed materials which produce variations in the in-

trinsic toughness of the material. If the initiation and arrest

stress intensity factors are analyzed assuming that an energy balanc:
criterion applies to this phenomenon of unstable propagation and
arrest (rather than assuming that KIa is equal to KIc which is not
indicated by these and other experiments), with the double torsion

specimen using fixed grip conditions, the following relationship

1/2

is derived: K. _ = (K Neither the testing environments

Ic IiKIa)
used in this study nor variations in the displacement rate affected

the values of Kyq OF KIa‘ The average values for the various




materials and the ranges of values are indicated in the above

papers. The commercially available material showed the narrowest

ranges of values of these parameters and also the lowest calculated 1
KIc' The experimental materials with Y203 as a densification aid,
which contained easily observable large scale inhomogeneities,
showed much more variability in these parameters, but also signifi-

cantly larger KIc's particularly for the experimental grade 2.

Molten Salt Corrosion

The results of these studies are reported in references (5)

and (6). Briefly, the most significant finding was that the

Si3N4 materials corroded much less rapidly than the SiC materials
in the salts with high 0%~ activities (Na,S0,, and the eutectic
mixture of NaZSO4 and NaCl). As pointed out in reference (3) the
Si3N4 material probably oxidizes to 5392 before dissolving in the
molten salt while the SiC may oxidize to Si0 gas and dissolve much -
more rapidly into the salt. Also, the fact that the salt ions
diffuse into the Si3N4 material rapidly at 1000°C suggested that
modified mechanical properties could be expected in environments
which contain either condensed or gaseous salt of these types.

In reference (6) the details of the molten salt exposure
effects on the strength limiting parameters, at room temperature
and 1200°C, are presented for reaction-sintered and hot-pressed
Si3N4. The experiments have shown that for relatively short ex-

posure times the critical flaw sizes are substantially increased

and the K. _ values of the surface région are measurably reduced in

Ic
the case of the hot pressed material. The more oxidizing eutectic

mixture of NaCl-NaZSO4 caused greater flaw size increases and lesser
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Kie decreases than the less oxidizing NaCl melt. The results at
1200°C show evidence for subcritical crack growth which is similar
to that observed for untreated, hot pressed Si3N4.

The apparent KIc values for the sintered material are not much
affected by the molten salt exposure except for the material exposed

to the eutectic mixture in which the apparent K. at 1200°C was

Ic
double that of the untreated material. The strengths of these
materials were dramatically reduced by molten salt exposure appar-
ently due to increased surface flaw sizes.

Qualitative analyses of the affected zones of the test speci-
mens indicated that the contaminants diffuse along the grain bound-
aries thus modifying the grain boundary controlled properties.

These results indicate the potential for significant degradation
of the mechanical properties of Si3N4 after exposure to sodium con-
taining oxidizing and relatively non-oxidizing molten salts.

The initial results on hot pressed SiC indicate similar
drastic strength reductions after exposure to the molten salts. 1In
particular, the NaCl treated specimens experienced strength reduc-
tions of nearly two thirds at room temperature and 1200°C after im-
mersion in NaCl at 1000°C for 100 hours. The accurate and inde-
pendent determinations of KIc have not been performed as yet to
establish the relative roles of surface flaw and KIc (in the surface
layer) alterations in this degradation phenomenon.

In reference (7) a related study on the source of critical
flaws, in SiC, as the grain size and surface machining grit size
was changed, is described. Failure initiated predominantly via the

propagation of extrinsic machining induced flaws for the range of

e
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grain sizes and machining grit sizes studied. These results are
consistent with the region of large grain size control delineated
by Prochazka and Charles. The severity of machining-induced flaws,
relative to the machining grit size, decreased with increasing

machining grit size and decreasing SiC grain size.
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