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Many potential applications of silicon nitride involve
solid particle erosion at elevated temperatures. The typ-
ical examples of such applications are the key compo-
nents in the hot section of a gas turbine engine. One
variety of such silicon nitride is the reaction bonded sil-
icon nitride. Though the mechanical properties of this
material are not particularly outstanding at room tem-
perature, they are known to be retained up to very high
temperatures since this material typically does not con-
tain a grain boundary phase that softens and degrades
the properties at elevated temperatures.

The temperature dependence of erosion rate has been
reported for sintered and hot pressed silicon nitrides [1,
2]. The temperature increases the erosion rate of hot
pressed silicon nitrides [1], whereas it decreases the
erosion rate in sintered silicon nitride [2]. Thus, it is
difficult to predict erosion behavior of reaction bonded
silicon nitride at elevated temperatures based on these
results. In addition, the hardness and fracture toughness
that are known to control the erosion of ceramics are
much lower for this material compared to hot pressed
and sintered silicon nitrides. In this report, the effects of
temperature, impact velocity and impact angle on the
erosion rate of a reaction bonded silicon nitride were
investigated.

The target material used in this investigation is a
high purity reaction bonded silicon nitride supplied in
disc form with the following properties: density p =
2.4 g-cm_3; hardness H = 7.8 GPa; fracture tough-
ness Kic =2.5 MPa-m!/2. This is a porous mate-
rial with density of 75% of theoretical. The discs
were cut into pieces to give specimens of dimensions
20 x 20 x 5 mm?>. The specimens were mechanically
ground and polished successively using diamond paste
up to 3 um. After grinding and polishing, the specimens
were fired at 400 °C for 24 hrs to remove the oil-based
grinding and polishing fluids.

Erosion tester used for this work consists of a screw-
type particle feeder, gas heater and resistance heated
furnace. The carrier gas, either air or Nj, is heated to
the desired temperature and passed through an acceler-
ation tube, and then mixed with particles before reach-
ing the 4 mm internal diameter alumina nozzle. The
acceleration tube, nozzle and the specimen holder are
all housed in a 3-zone furnace which is heated to test
temperature. The particle velocity is controlled utiliz-
ing the gas pressure and measured using the rotating
double discs [3].

Erosion tests were conducted at 22, 300, 500, 700 and
900 °C using 50 g of angular silicon carbide particles of
mean diameter 100 um. Air was used for accelerating
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these particles. After completion of the test, the speci-
men was furnace cooled to room temperature either in
air or N, atmosphere and then weighed to an accuracy
of 107> g using a microbalance. Erosion rate was cal-
culated by dividing the specimen mass loss by the total
mass of erodent particles impacted.

Fig. 1 shows the variation in the erosion rates of re-
action bonded silicon nitride with temperature at an
impact velocity of 70 ms~! under normal impingement
condition. The erosion rate of this material decreases
with increasing temperature in contrast to the result of
hot-pressed silicon nitride, but is consistent with that
of sintered silicon nitride. The erosion rate of reaction
bonded silicon nitride decreases sharply by increasing
temperature to 300 °C, but is very little affected by tem-
peratures between 300 and 700 °C. There is again a
larger drop in erosion rate at 900 °C. The erosion rates
at 300 and 900 °C are approximately 50 and 30% of
that at room temperature, respectively.

The temperature dependence of erosion rate for re-
action bonded silicon nitride may be related with the
variation of fracture toughness and hardness of this
material with temperature as a quasi-static model pre-
dicts [4]. According to this model, the erosion rate
of brittle materials follows the power-law relations,
AE o (KIC)™*3(H)*!'| where, Kjc and H are the
fracture toughness and hardness of the target material,
respectively. The fracture toughness of a similar reac-
tion bonded silicon nitride with a density of 2.32 gcm ™3
(73% of theoretical) has been reported to increase up
to 900 °C with increasing temperature [S]. The frac-
ture toughness of the reaction bonded silicon nitride at
900 °C was larger by about 6% than that at room tem-
perature. In addition, hardness of reaction bonded sili-
con nitride can be presumed to decrease with increasing
temperature as reported in a similar purity silicon ni-
tride [6]. This can be confirmed indirectly from the size
of indentation formed during erosion at 900 °C, which
is much larger than that at room temperature.

The velocity exponents obtained from the slope of
log-log plot of the erosion data are presented in Fig. 2.
The exponents for normal incidence are 2.4 and 2.0 at
22 and 900 °C, respectively. The value of the velocity
exponent is predicted to be 2.4 by quasi-static model
[3] and 2.0 by grain ejection model [4]. This suggests
that the temperature dependence of the erosion of this
material can only be explained roughly by the quasi-
static model, since the grain ejection was not observed
in this material as will be described later.

For the investigation of the effect of temperature on
the exponent in detail, specimens eroded under normal

3849



24 T T T
20 |- -
=
IQO') 16 |- —
e
X
g 121 _
©
fe
S
S s .
L
4_ —
0 | | | | |

0 200 400 600 800 1000

Temperature, °c

Figure 1 Variation of erosion rate with temperature: impingement angle
90°;V =70ms ™.
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Figure 2 Logarithm of erosion rate versus logarithm of impact velocity
plot at 22 °C (@) and 900 °C (0): impingement angle 90 °.

impact conditions were examined by SEM. As can be
seen in Fig. 3, erosion occurs mainly by cutting and
plowing with no evidence of grain ejection at 900 °C.
Many grooves are observed, and they are wider and
longer for the specimens tested at 900 °C compared
to those at room temperature, presumably due to the
decrease in hardness with temperature.

In addition, embedded erodent particles are observed
for the specimens tested at 900 °C. Particle embedding
is known to have a significant influence on the erosion
process. The locations containing embedded particles
are known to exhibit different mechanical properties
than surrounding materials. The raised material or lip
formed by the particle embedding was reported to be
more susceptible to fracture and removal from the sur-
face once it is exposed [8]. However, the lip is not well
developed in the reaction bonded silicon nitride and the
penetration of particles into the material is deep, pre-
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Figure 3 SEM micrographs of a typical surface eroded at 900°C
(4900%): V = 70 ms~!; impingement angle 90°.

sumably due to low hardness and high porosity in this
material. Thus, embedded particles may not contribute
to the increase of susceptibility to the fracture or the
removal of material in reaction bonded silicon nitride.
Rather, the embedded particles may have contributed
to a larger decrease of erosion rate at 900°C by in-
creasing the weight of the specimen. This may also be
responsible for the decrease in the velocity exponent at
this temperature. Particle embedding may lead to less
effective erosion at higher impact velocities, since it
is expected to occur more extensively as the particle
velocities increase.

Fig. 4 shows the angular dependence of erosion rate
of reaction bonded silicon nitride at a particle velocity
of 70 ms~!. Maximum erosion occurs for normal in-
cidence both at room temperature and at 900 °C. This
indicates that erosion occurs by a brittle fracture mecha-
nism for reaction bonded silicon nitride at both temper-
atures, though the erosion was found to occur mainly
by cutting and plowing as in Fig. 3. Note that erosion is
known to peak at lower impact angles for ductile type
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Figure 4 Impingement angle dependence of erosion rate at 22 °C (@)
and 900°C (V): V =70 ms~".



erosion. However, maximum erosion has been reported
to occur for normal incidence even for the materials
including hot-pressed silicon nitride in which erosion
occurs in a ductile fashion [1, 9].

In summary, erosion rate of reaction bonded silicon
nitride decreases with increasing temperature, in con-
sistence with the prediction of quasi-static model. The
velocity exponent is lower at 900 °C than that at 22 °C
presumably due to the particle embedding, and maxi-
mum erosion is observed for normal impact conditions
in the temperature range investigated though erosion is
observed to occur mainly by cutting and plowing.
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