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Abstract

In the present work, Y, Sm and (Y +Sm) were separately used to explore the effects of rare-earth elements on the reaction
sequence and microstructural evolution in a-sialon-AIN-polytypoid composite ceramics. The results showed that the reaction
sequences in the composite ceramics are affected by rare earth elements. With the existence of AIN-polytypoid a-sialon develops
into elongated morphology. The Sm—a-sialon composition exhibits the feature of fine grains with high aspect ratio and Y-compo-
sition possesses rather coarse morphology with low aspect ratio. In the composite ceramics, AIN-polytypoid was not distributed
homogeneously around the a-sialon grains, especially in the Y-composition. The variation in microstructure with rare-earth ele-
ments in the Sialon materials was discussed based on their reaction sequences. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

a-Sialon (o), as one of the most attractive high-tem-
perature structure materials,! has some unique char-
acteristic, such as high hardness and the potential of
cleaning up grain boundary. However, the flexure
strength and toughness of a-sialon are relatively low,
which is thought to be related to its microstructure of
equi-axed shape grains. It is well recognized that the
elongated grains in microstructures might in situ
toughen materials through the effect of some mechan-
isms such as crack bridging, crack deflection and grain
pullout.? o-Sialon materials should be toughened by
in-situ growth of elongated grains as well. AIN-poly-
typoids, despite the relatively low mechanical proper-
ties, afford the potential of toughening «-sialon
ceramics because they possess fiber-like morphology.
Our previous work?® indicated that with less than 10
wt% addition of 12H (SiAlsO;,N,) into a-sialon com-
position, the resulting composite ceramics showed
obvious enhancement in toughness and slight decrease
in hardness. Furthermore, in our resent work, some
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interesting characteristics of AIN-polytypoids were
observed. Their high temperature strength is higher
than room temperature strength; moreover, they can
promote the formation of elongated a-sialon when they
are incorporated into o-sialon.*®> However, the micro-
structure of the o/-12H materials is non-uniform, which
inevitably has a negative effect on the mechanical prop-
erty. In fabrication of Sialon ceramics, the ternary
eutectic melt of M,03-Al,05-SiO, which may pre-
ferentially wet either Siz;Ny4 or AIN, play an important
role in determining the reaction pathway.” The alkali-
nity of M element in the melt was found to control the
wetting behavior. Based on the surface oxides on
nitrides, SisN4 has stronger acidity than AIN and the
alkalinity of rare earth elements decreases with increas-
ing atomic number. Therefore, the phase formation and
microstructural evolution in the o-AIN-polytypoid
composite ceramics might be affected by rare earth ele-
ments. Motivated by the above studies, Y (with similar
behavior to heavy rare earth element), Sm (a typical
light rare earth element) and Y + Sm(dual-rare earth
elements) were selected to prepare the o-AIN-
polytypoid composite ceramics with the aim of under-
standing the effect of rare earth elements on densifica-
tion, phase formation and microstructural evolution of
Sialon ceramics.
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2. Experimental

The phase relationships®? indicated that the oxygen-
rich a-sialon is compatible with AIN-polytypoids,
which start from 12H in the Y-Si—Al-O-N system and
from 21R in Sm-Si—Al-O-N. The YAG and SmAIO;
were used as sintering additives for Y- and Sm- compo-
sitions respectively. For comparison, the same nominal
composition of 90 wt% a-sialon (m=1, n=1.7)-10 wt%
12H with extra 2.5 wt% additives was used for the dif-
ferent systems, as listed in Table 1. The starting powders
were o-SisNy (UBE-10, a>95 wt%, 2.0 wt% O), Al,O3
(99.99%), AIN(1.3 wt% O) and Ln,O3 (99.99%) where
Ln=Y and Sm. The oxygen contents of the nitride
powders were taken into account in computing the
compositions. Powder mixtures were milled with abso-
lute alcohol in an agate mortar for 1.5 h and dried
under an infrared lamp. Compacted pellets of dried
powders were hot-pressed (HP) in the range of 1450-
1800°C at an interval of 100°C for 1 h under a pressure
of 20 MPa in a graphite resistance furnace. After sin-
tering, the specimens were cooled down in the furnace at
a rate of ~50°C/min.

Bulk densities of the samples were measured accord-
ing to the Archimedes principle. Phase identification
was performed by X-ray diffraction (XRD) using an
RAX-10 diffractometer. Semi-quantitative analysis of
crystalline phase content was based on the calibration
curves. The polished surfaces of the fired specimens
were either etched by molten NaOH or directly used for
microstructural observation under the scanning electron
microscope (SEM; KYKY200) equipped with energy-
dispersive spectrometers (EDS; Link OXFORD).

3. Results and discussion
3.1. Reaction sequence and densification

The densification curves and reaction sequences for
these three compositions are shown in Figs. 1 and 2
respectively. As shown, the Y + Sm-composition reached
full density at 1550°C, which is 100°C lower than in the
Y- and Sm-composition. As expected, dual-elements

Table 1
Designed phase compositions of samples

Specimens Phase design wt%  Sintering additive wt%
o (m=1, 12H YAG SmAIO;
n=1.7)

Y-composition 90 10 2.5

Y + Sm-composition® 90 10 1.25 1.25

Sm-composition 90 10 2.5

2 Y:Sm=1:1, in mol.
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Fig. 1. Densification behavior of the different compositions.
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Fig. 2. Reaction sequence of: (a) Y-composition; (b) Y + Sm-compo-
sition; (¢) Sm-composition.
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can reduce the eutectic point of the oxides, thus pro-
moting the dissolution of «-Si;N4 and AIN. As indi-
cated, in the Sm-composition, the dissolution of a-Si;Ny
was quite rapid and a-sialon forms simultaneously with
12H, while in the Y-composition, the dissolution of a-
Siz;Ny4 was relatively more sluggish, and the formation of
a-sialon was consequently behind 12H. The formation
priority of 12H degraded in the Y +Sm-composition
than in Y-composition. The variation in the o-Si3Ny
dissolution rate in the three compositions is in agree-
ment with the acid—alkali principle. Sm has stronger
alkalinity than Y and thus makes a-Si;N4 dissolve more
easily. However, the formation rate of a-sialon is not
merely dependent on the dissolution rate of a-Siz;N4 but
affected by the different ability in the formation of Ln-
a-sialon as well, especially in the Sm-composition. As is
known, the difference of ionic radius of Y (0.93 A) and
Sm (1.04 A) in this study results in their different cap-
ability to form o-sialon. Y3* can enters o-sialon more
easily and Y-ao-sialon is stable even at a relative low
temperature. Sm>* enters o-sialon with difficulty
because of its big ionic radius and Sm-a-sialon is only
stable at high temperature in response to its larger lat-
tice vacancy along with the strenuous atomic vibration.
Moreover, the formation of Sm-M’(melilite, Sm,Sis_,
Al O34 Ny, x<0.9) and B’ is a strong competitor with

Fig. 4. Back-scattered SEM micrographs showing the agglomerated
AIN-polytypoid dark: AIN-polytypoids; grey: a-sialon; white: glass.

a-sialon for SizN,4 in Sm-composition. This is in agree-
ment with other previous works.!'® Consequently, in
the Y- and (Y + Sm)-compositions, at the temperature
range 1550-1650°C a-sialon formed rapidly with the
dissolution of SizN4, and the content of o-sialon
reached 78wt% and 67 wt% respectively, much higher
than the Sm-o-sialon content (48 wt%) at the same
temperature range. At high temperatures, with the dis-
solution of intermediate phases and AIN, the final phase
assemblages reached equilibrium. The lower content of
a-sialon obtained in the samples than the designed value

Fig. 3. Microstructural evolution of Ln-a-Sialon-AIN-polytypoid hot pressed at (a) 1650°C; (b) 1750°C; (c) 1800°C dark agglomerated particles:

AlN-polytypoid (denoted with an arrow); white grains: a-sialon.
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Fig. 5. Microstructure of Ln-a-sialon-AIN-polytypoid hot-pressed at 1800°C, showing the distribution of AIN-polytypoid in: (a) Y-composition; (b)

Y + Sm-composition; (c) Sm-composition.

can be attributed to the formation of Ln-sialon liquid
phase.

3.2. Microstructural evolution

The typical microstructural evolution of the three
compositions is shown in Fig. 3. As indicated, the
influence of different rare earth elements on morphology
of a-sialon grains can be found. At 1650°C, a-sialon
grains were small and the grain diameter was about 600
450 and 300 nm in the Y-, (Y +Sm)- and Sm-composi-
tion respectively. Moreover, the Sm-o-sialon already
showed the trend to form an elongated morphology. At
1750°C, a-sialon grains grew and the elongated mor-
phology was also observed in the (Y + Sm)-composition.
At 1800°C, the elongated a-sialon grains occurred in the
Y-composition as well. Despite the formation of elon-
gated a-sialon in all compositions there exist some dif-
ferences in the size and aspect ratio of elongated grains.
The Sm-composition exhibited the feature of fine grains
with a high aspect ratio and the Y-composition pos-
sessed a rather coarse morphology with a low aspect
ratio. This can be attributed to the reaction competition
of 12H with a-sialon and the different ability in the
formation of Ln-a-sialon, as mentioned above. In the
Sm-composition, more o-sialon nuclei at lower tem-
perature made Sm-a-sialon develop into fine grains at
high temperature. Meanwhile, the difficulty of Sm
entering into o-sialon led to a relatively low driving
force for the growth of Sm-a-sialon and this possibly
results in elongated Sm-a-sialon grains with a high
aspect ratio. In the Y-composition, a-sialon started to
form at a rather high temperature, and with increasing
temperature, it rapidly precipitated and grew. This
might result in its coarse grain microstructure. This is in
agreement with the results obtained by Zhang,'' who
observed that Sm-a-sialon grains were finer than Dy-a-
sialon grains. The dark agglomerated particles (denoted
with arrows in Fig. 3), which were broken by the etching
of NaOH, were identified as AIN-polytypoid by EDS.
The back-scattered SEM micrographs of the un-etched
sample surface are shown in Figs. 4 and 5. As indicated,
the distribution of AIN-polytypoid was not homo-
geneous and the extent of the non-uniform distribution

decreased in the sequence of Y-, (Y +Sm)- and Sm-
composition. The preferential formation of AIN-poly-
typoid in the composite ceramics might be the main
cause for its non-uniform distribution.

4. Conclusion

The effect of different rare earth elements on phase
formation and microstructural evolution in three Ln-a-
sialon—AIN-polytypoid compositions is obvious. In the
Sm-composition, o-SisN, dissolved quickly and dis-
appeared at 1550°C; a-sialon and 12H occurred simul-
taneously. In the Y-composition, a-SizN, completely
disappeared at 1650°C; 12H formed earlier than o-sia-
lon. The formation priority of 12H degraded in the
Y + Sm-composition. a-Sialon developed into an elon-
gated morphology at high temperatures in all composi-
tions. The Sm-composition exhibited the feature of fine
grains with a high aspect ratio and the Y-composition
possessed rather coarse morphology with a low aspect
ratio. With the addition of Sm into the Y-composition,
its microstructure also slightly changed towards that of
the Sm-composition. In the composite ceramics, the
AlN-polytypoid phase was not distributed homo-
geneously around the a-sialon grains, especially in the
Y-composition. In the Sm-composition, this non-uni-
form microstructure improved.
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