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Abstract: The phase stability of a-sialon has been investigated on a Y-a-sialon ~ 
Y,O,-Al,O, plane. Y-cY-sialon was stable with YAG liquid composition at 
1750°C which could be devitrified to YAG (3Y,0,.5A120,) by post heat treat- 
ment at 1500°C for 4 h. With increase of Al?O, in the liquid composition of 
YAG, the amount of /3-sialon increased. On the other hand, with increase of 
YzO, in the liquid composition, the amount of melilite (Si,N,,Y,03) increased. 
The changes of unit-cell parameters and microstructures with respect to the 
compositions and amounts of the liquid phase were also discussed. 

1 INTRODUCTION 

a-sialons are of interest as engineering ceramics 
because of their high hardness and good thermal 
shock resistance. However, research of a-sialon 
ceramics is still in its early stages.lA 

The research on a-sialon has been concentrated 
on the studies of (Y’ monolith5-” or recently (Y’ + p 
composite. I*-‘6 It seems that there has been little 
understanding of (a’ + glass) or (a’ + oxides 
and/or silicon oxynitrides) systems. Even though 
sialon ceramics have possibilities to develop as 
single phase materials, it is very difficult to pre- 
pare (Y’ monolithic ceramics without grain bound- 
ary phase so that cY-sialons were practically 
prepared with the forms of a-sialon and some 
amount of glassy phase and/or secondary crys- 
talline phase. So it is important to know the phase 
stability of a-sialon with grain boundary phases. 

In this study, Y-a-sialon composition which is 
most widely investigated among a-sialon ceramics 
was prepared with additional Y,O,/Al,O, liquid 
compositions at sintering temperature. The stabil- 
ity of Y-a-sialon and changes of unit-cell parame- 
ters and microstructure with respect to the 
compositions and amounts of Y203/A1203 liquid 
were investigated. 

*Present address: Ssangyong Research Center, 5-1, Sinsung, 
Yuseong, Daejeon, 385-345, Republic 4f Korea. 

2 EXPERIMENTAL PROCEDURE 

Y-cu-sialon can be formed by the following reaction:5 

(43a)Si,N, + a(Y,O, + 9AlN) 

-+ Y,,(Si,2m9a, Al&(G~,, N& (1) 

where the range of solid solubility at 1750°C was 
reported 2a = 0.3-0.8. Various Y,O,/Al,O, liquid 
compositions of 20 wt% were added to a Y-a- 
sialon composition, 2a = 0.45. The Y,O,/Al,O, 
ratio was selected as 0 : 5, 1 : 5, 3 : 5 (YAG), 7 : 5, 
10 : 5 (YAM) by molar ratio. Experimental com- 
positions chosen were listed at A-E in Table 1. In 
the case of YAG compositions (as 3 mol Y,O, + 5 
mol Al,O,), 0, 10, 20, 30% by weight were added 
(C, F--H in Table 1). 

S&N, (Ube Industries Co., Tokyo, Japan, SN- 
ElO), AlN (Tokuyama, Tokyo, Japan, Type F), 
Y,03 (Shin-etsu, Tokyo, Japan, 99.9%), A1203 
(Sumitomo Chemicals Co., Osaka, Japan, AKP- 
20) powders were used as the starting materials in 
the preparation of samples. The oxygen impurity 
in the nitrides was not taken into account. About 
15 g of powder and 100 cc hexane were mixed in a 
S&N, pot with 100 grams of Si,N, balls for 2 h in 
a planetary mill. About 3 g of dried powder were 
hot-pressed at 1750°C for 1 h using a graphite die 
lined with BN, under a pressure of 20 MPa under 
static nitrogen of 1 atm pressure, The pressure 
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Table 1. Experimental compositions (wt%) YN 

Composition S&N, AIN Y,O, A& 

A 20A 62.17 II.06 6.77 20.00 
20Y5A 

: 20YAG 
62.17 II.06 12.77 14.00 
62.17 II.06 18.18 8.59 

D 207Y5A 62.17 Il.06 21.89 4.98 
E 20YAM 62.17 II.06 23.09 3.68 

: 
YSIALON 77.71 13.83 8.46 - 
1 OYAG 69.94 12.45 13.33 4.29 

H BOYAG 54.40 9.68 23.04 12.88 

Fig. 1. Schematic representation of research area containing 
Y-cr-sialon. 

was unloaded at 1700°C while temperature was 
rising. The temperature was raised at a rate of 
30”Umin. Cooling rate was about lOO”C/min 
from 1750 to 1300°C. Heat treatment was carried 
out in an induction heating furnace at 1500°C for 
4 h in nitrogen atmosphere. 

tions is presented in Fig. 2. It should be noted that 
the composition of a-sialon is restricted as 2a = 
O-45 in the general formula (eqn (1)). 

Bulk densities of sintered and heat treated 
samples were measured using water immersion. 
Crystalline phases and unit-cell parameters of 
specimens were determined using a computerized 
Philips PW 1700 powder diffractometer. The scan 
step size and sampling time were set to 0.01” and 
1.2 s, respectively. Before investigation, the pow- 
der was mixed with 20 wt% of Si powder as an 
internal standard. Microstructures of sintered 
bodies were observed using scanning electron 
microscope. 

Table 2 represents crystalline phases in sintered 
bodies with respect to the liquid compositions in 
the Y-sialon: (Y203, A1,03) system. In the samples 
(20YAG, 207Y5A) with 3 : 5 (Y203 : A&O,, YAG) 
and 7 : 5 liquid composition, Y-cu-sialon was a 
major phase, and there was a trace of melilite 

Y-u-sialon (2a=0.45) 

3 RESULTS AND DISCUSSION 

3. I Phase stabilities of Ya-sialon with 
Y,O,IAI,O, liquid 

Figure 1 shows the area of interest in prismatic 
representation. l-3 The experiments were carried 
out on an cu-sialon rich portion of dashed plane. 
The schematic diagram of experimental composi- 

Al 0 
23 

YAG YAM 
‘2% 

Fig. 2. Schematic diagram of compositions investigated. 

Table 2. Crystalline phases and densities of samples sintered with different liquid compositions 

Starting 
composition 

Weight 
loss (%) 

Density 
(g/cm3) 

(Y’ 

Crystalline phases 

B M YAG K 15R 12H 

As sintered (175O”C, 1 h) 
20A I.5 3.24 - vs - - - W - 

20Y5A 2.0 3.35 W vs - - - - W 

POYAG 2.8 3.42 vs - VW - - - - 

207Y5A 2.9 3.46 vs - W - - - - 

SOYAM 
After heat treatment (15&‘C, 4 h) 

3.50 vs - S - - - - 

20A 0.3 .3.26 - vs - W - W - 

20Y5A 0.3 3.37 W vs - m VW - W 

20YAG 0.1 3.44 vs - - m W - - 

207Y5A 0.1 3.47 vs - W m W - - 

SOYAM 0.4 3.52 vs - S m - - - 

a’: Y-a-sialon, p’-: p-sialon, YAG: 3Y,03.5Al,03,; M: melilite (Si,N,.Y203), K: Y,O,Si,N,O; 15R: 15R sialon (SiAl.,02N4, 
AIN polytype); 12H: 12H sialon (SiA1502Ns, AIN polytype); X-ray intensities: s, strong; m, medium; w, weak; v, very. 
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(Si,N,.Y,O,). Most of the added Y,O, and Al,O, 
seems to be present in Y-Si-Al-O-N glass. In the 
samples (20A, 20Y5A) with higher content of 
A&O, than that for (Y’ +YAG, the main phase was 
p-sialon. A small amount of Y-cr-sialon was pre- 
sent in 20Y5A. It is shown that the stability of 
cY-sialon decreases with the increase of A&O, in the 
liquid. It suggests that most works on (cy’ + p1)12-16 
are restricted in the composition area of the 
a’-Al@-YAG. On the other hand, in the sample 
(20YAM) with higher content of Y203 than that 
for (Y’ + YAG, Y-a-sialon and melilite (Si,N,.Y,O,) 
were formed. There were no p-sialon peaks in the 
specimens which had YAG or YAM liquid com- 
positions. It is noticeable that p-sialon was not 
formed in the Y-cr-sialon-YAG (or-YAM) liquid 
system. It is known that cu-sialon transforms to 
p-sialon with addition of A1203.‘7,‘8 But in our 
experiments, it seems that the simultaneous addition 
of Y,03 prevents the formation of P-sialon from (Y- 
sialon. The stability region of a’ + glass is shown to 
be in (~‘~~3 : 5(Y20, : Al,O,,YAG)-7 : 5(Y,O, : A&O,) 
as shown by the shaded region in Fig. 3. 

After heat treatment of the samples at 1500°C 
for 4 h? all of the four samples showed YAG 
phase as a secondary phase. Densities of samples 
increased slightly. In the samples of 20Y5A, 
20YAG and 207Y5A, a small amount of K phase 
(Y203.Si,N,0) formed. There was no evidence of 
YAM in the specimen 20YAM. It seemed that 
YAM is not compatible with Y-cw-sialon at that 
temperature. Thus, (Y’ + YAG materials were pre- 
pared by annealing a’ + glass (YAG) compositions. 

Phases presented in the sintered specimens of 
the Y-sialon-YAG liquid systems were mainly 
Y-cu-sialon irrespective of the amount of YAG 
composition as liquid phase (Table 3). There were 
no peaks of p-sialon in the specimens. With 
increase of YAG liquid, a small amount of melilite 
and 12H sialon was formed. In the course of den- 
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Al 0 
23 

YAG YAM YO 
23 

Fig. 3. Schematic phase relation of Y-cY-sialon-Y@-A&0, at 
1750°C. G : glass, M : melilite. 

sification of Y-a-sialon, it is known that melilite 
(Y,03.Si3N4) 1s f ormed as an intermediate phase 
which is dissolved into liquid phase at higher tem- 
perature and transformed to Y-a-sialon.‘,” In the 
composition of Y-a-sialon with the additional 10 
or 20 wt% YAG, it seems that melilite persists 
even above 1750°C. On the other hand, in the case 
of 30 wt% YAG, 12H AlN polytype (SiAl,O,N,) 
was formed. The preservation of minor phases is 
supposed to be based on the heterogeneity in the 
materials. 

After heat treatment of Y-sialon-YAG liquid 
specimens at 1500°C for 4 h, glass phase was 
transformed to YAG and K phase (Y,O,.Si,N,O), 
and there was a slight increase in density. Even 
though in the sample of theoretical Y-a-sialon 
composition, there was a trace of YAG phase. It 
suggests that as sintered materials had a glassy 
phase at grain boundaries even if XRD showed 
single phase a-sialon. It suggests the difficulty of 
preparation of single phase a-sialon ceramics. 

Table 3. Crystalline phases and densities of samples sintered with different amount of liquid (YAG composition) 

Starting Weight Density Crystalline phases 
composition loss (%) (g/cm3) 

Ly’ YAG K M 12H 

As sintered (175O”C, 1 h) 
YSIALON 4.4 3.28 vs - - - - 
1 OYAG 2.6 3.36 vs - - VW - 
20YAG 2.8 3.42 vs - - VW - 
30YAG 3.7 4.47 vs - - - VW 

After heat treatment (I 5OO”C, 4 h) 
YSIALON 0.0 3.29 vs VW - - - 
1 OYAG 0.0 3.37 vs W W - - 
POYAG 0.1 3.44 vs m m - - 
30YAG 0.0 3.50 vs S m - - 

(Y’: Y-crsialon, YAG: 3Y,03.5AI,03, K: Y,0,Si,N20;~M: melilite (S&N,-Y&), 12H: 12H siab (SiAl,02N,,AIM pelytvpe); )(- 
ray intensities: s, strong; m, medium; w, weak; v, very. 
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Table 4. Unit-cell parameters of sialons with respect to 
composition of liquid 

Starting 
composition 

cY-Sialon 
ahm) chm) 

p-Sialon 
ahm) dnm) 

20A - - 0.7655 0.2947 
2OY5A 0.7805 0.5686 0.7636 0.2929 
20YAG 0.7815 0.5693 - - 
207Y5A 0.7820 0.5692 - - 
20YAM 0.7818 0.5693 - - 

0.7820 

,m I 

0.7815 - 

E 
- 0.7810 - 

.u, 
1 
m 0.7805 - 

& 
5 

s o.7800 
iz 

f 
P 
.z 
3 

-1 --2 l - 
/ 

0 

/ 

----&===e 

0’ 
I I 0.5680 

0 

Am&t of liquid ;i%) 
30 

Fig. 4. Change of unit-cell parameter with respect to the 
amount of liquid (YAG composition); Cl: as sintered at 

1750°C for 1 h , 0: heat treated at 1500°C for 4 h. 

3.2 Unit-cell parameter 

The dependence of unit-cell parameters of Y-a- 
sialon and psialon on liquid compositions with 20 
wt% additional oxides is shown in Table 4. Com- 
paring to data from Y-cu-sialon monolithic ceram- 
ics,6 the unit-cell parameters of 20YAG correspond 
to solubility of about 2a = 0.45 in eqn (l), which is 
the same with starting composition. In the region 
of 0: 5 (Y,O,: Al,O,)-3 : 5, with the increase of 
amount of Al,O, in the liquid phase, unit-cell para- 
meters of cu-sialon decreased and those of /3-sialon 
increased. Whereas, in the region of 3 : 5-10 : 5, 
Y-a-sialons showed similar unit cell dimensions. 

Figure 4 represents the change of unit-cell 
parameters of Y-a-sialon with respect to the 
amount of liquid in the Y-cY-sialon-YAG system. 
With 10 wt% additional liquid phase, the unit-cell 
parameters of Y-a-sialon were increased rapidly 
to the value corresponding to 2a = 0.45. The 
smaller unit cell size in materials without liquid 
phase than that calculated might be due to slow 
solid solution reaction. It is related to the fact that 
there was a YAG glass in the materials as shown 
in Table 3, and there was a small increase of unit- 
cell parameters with the increase of amount of 
liquid phase. It means that the presence of 
liquid phase increased the rate of reaction. 

Fig. 5. SEM micrographs of Y-sialon: (Y203 + Al,OJ system sintered at 175OT for 1 h; (a) 20A, (b) 20Y5A, (c) 20YAG, (d) 20YAM. 
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In the heat treated samples at 1500°C for 4 h, 
unit-cell parameters also showed the same tendency, 
but there were clear decreases of unit-cell parame- 
ters for all samples. It might be related to the for- 
mation of YAG. The reaction of Y-a-sialon and 
glass to form YAG took place at low temperature. 

3.3 Microstructural characterization 

Microstructures of polished surface with respect 
to the liquid compositions are presented in Fig. 5. 
Ail specimens showed sialon grains (gray parti- 
cles) in Y-%-Al-O-N glass (white region). In the 
cases (20A, 20Y5A) of higher A&O, content, elon- 
gated grains of /3-sialon were observed. On the 
other hand, in the cases of 20YAM and 20YAG, 
faceted Y-a-sialon grains were observed. It is 
shown that the amount of glassy phase decreased 
with the increase of p’ content because of the dis- 
solution of glassy phase into /3-sialon grains. 

After heat treatment of the 20YAG specimen at 
1500°C for 4 h, Y-a-sialon grains (gray grains) 
exhibited coalescence (Fig. 6). Grain boundary 
glass phases which had been connected with each 
other before heat treatment were isolated. It 
shows that interface energy between &-grain and 
grain boundary phase changed with the tempera- 
ture as in CX’ + p’ + YAG system.” 
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SEM microstructures with respect to the liquid 
amounts (YAG composition) are presented in Fig. 
7. As the amount of liquid increases, well faceted 
and slightly elongated Y-cY-sialon grains were 
found, even though aspect ratio is not so large. Fur- 
ther study is needed to investigate equilibrium shape 
of the Y-cu-sialon grain in Y-S-Al-O-N. There was 
no significant difference in particle size, which seems 
to be the evidence for reaction-controlled grain 
growth of cY-sialon in the cY-sialon-YAG liquid sys- 
tem. In the sample 30YAG, some elongated grains 
(dark grains in Fig. 7 (d)) which seemed to be 12H 
grains were developed. 

Fig. 6. SEM micrograph of 20YAG after heat treatment at 
1500°C for 4 h. 

Fig. 7. SEM micrographs of Y-cy-sialon: YAG system sintered at 1750°C for 1 h; (a) YSIALON, (b) IOYAG, (c) 2OYAG, (d) 3OYAG. 
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4 CONCLUSION 8. 

The relationship of Y-a-sialon with Y,03 and 
A1,03 liquid composition at 1750°C was studied. 
Y-a-sialon was stable with a liquid in the composi- 
tional range of Y,0,/A1,03, 315-715. With increase 
of A1203, p-sialon was formed, and with increase 
of Y,O,, Y-cr-sialon and melilite were present at 
sintering temperature. It was possible to fabricate 
cl-sialon with glass or crystalline phase (YAG). 

9. 
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