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J3'-sialon whiskers and co-products of synthesis, such as [3'-sialon powders and O'-sialon 
powders, were annealed at 1623 K for 8 h in a closed graphite reaction tube under 1 atm nitrogen. 
Phase stabilities, Si/AI ratios, and crystallographic features were investigated. The O'-sialon 
phase, which formed in the early stage of synthesis when oxygen partial pressure was relatively 
high, became less stable in the present annealing condition and decomposed. The majority of 
released aluminium and possibly oxygen from the decomposed O'-powder was incorporated into 
[3'-sialon whiskers with little change in its lattice parameters, when the [3'-sialon whiskers were 
included in annealing. The aluminium contents were always lower in the [3'-whiskers than in the 
powders even after increasing its aluminium content during 8 h annealing. The lattice parameters 
of both [3'-whiskers and powders increased with increasing aluminium content and became closer 
after annealing. The lattice parameters of [3'-whiskers remained the same before and after 
annealing despite the increased aluminium content, while the lattice parameters of [3'-powders 
decreased despite its aluminium content remaining unchanged. The lattice parameters of 
O'-sialon increased with increasing aluminium content, and the increase in the a direction is the 
largest when compared with other parameters. 

I .  I n t roduc t ion  
13'-sialon whiskers have been synthesized by a car- 
bothermal reduction of silica at a relatively low tem- 
perature, 1623 K [1-4]. The whiskers were formed 
through a gas-phase reaction involving SiO(g), the 
generation of which was enhanced by the application 
of a low-viscosity molten bath containing either 
Na3A1F6 or NaF I-1-4]. During the synthesis of 13- 
silicon nitride, silicon oxynitride and C-silicon nitride 
were also formed in different areas of the reaction 
tube. Fig. 1 shows the cross-section of a graphite reac- 
tion tube which contains a powder bed of starting 
materials. Four sampling areas were assigned for the 
tube as Areas 1-4. Phases found in each area are 
shown in Fig. 1 for two different molten baths. When 
Na3AiF6 was used as the molten bath, r 13'- and 
O'-sialons were formed, while r 13-Si3N4 and Si2N20 
were formed when NaF was used. 

Formation of SizN20 or O'-sialon is limited in Area 
4, and has been linked to the gas-phase composition 
particularly with a high Po2 and a localized high 
[Psio/PN2] ratio in Area 4 [3, 5]. The structure of 
Si2N20 is a three-dimensional network linked with 
SiN30 tetrahedra [6], while the O'-sialon is a solid 
solution of SizNzO and A1203 without changing both 
the orthorhombic structure of Si2N20 and the atomic 
ratio of metal/non-metal = 2/3 [7]. The general for- 
mula of O'-sialon is expressed as Si/-xAlxO1 +xN2-~ 
with very limited solubility of aluminium and oxygen; 
various values have been reported for x ranging 
0.05-0.6 as summarized by Trigg and Jack [8]. The 

lattice parameters of O'-sialon increase with increas- 
ing aluminium and oxygen contents [8-10] similar to 
the 13'-sialon. 

Both 13'- and O'-sialon are often observed to coexist 
in sintered sialon ceramic. Phase stabilities of these 
two phases, therefore, have usually been studied by 
sintering. Recently, Mitomo et al. [I 1] related a ther- 
mal decomposition of SizN20 to higher weight loss 
and higher porosity in reaction-sintered Si2N20. They 
expressed the thermal decomposition of SizN20 as 
3 SizN20 (s) = Si3N4(s) + 3SiO (g) + N2 (g) as de- 
fined by Ehlert and co-workers [12, 13], and con- 
cluded that higher nitrogen pressure suppressed the 
thermal decomposition of Si2N20. Because 13'- and 
O'-sialon are often present in the sintered silicon ni- 
tride ceramics and considered as useful high-temper- 
ature engineering materials [7, 10, 14], the phase rela- 
tionship of 13'- and O'-sialon should be further elucid- 
ated under defined conditions. Furthermore, because 
13'-sialon whisker is a quite new material, its character- 
istics relative to the lY-sialon powder are not known. 
In this work, an equilibrium phase relationship be- 
tween Area 3 13'-sialon whisker, Area 4 13'-sialon pow- 
der and Area 40 ' -s ia lon  powder was investigated in 
the presence of graphite at 1623 K. 

2. Experimental procedure 
2.1. S y n t h e s i s  
The synthesis procedure was the same as that pub- 
lished in the previous paper [4]. Starting materials 
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(a) (4) 

(1) ct' >>> 13' (whiskers) 
(2) ct' >>.[~' (whiskers) 
(3) 13' >>> or' (whiskers) 
(4) O' = [3' (short whiskers and 

powders) 

(b) (4) 

(1) ot :>>:> 13 (whiskers) 
(2) ct >>> [3 (whiskers) 
(3) c~ >>> 13 (whiskers) 
(4) Si2N20 > ot >>> 13 (short whiskers 

ond powders) 

Figure 1 Summary of phases formed in the four different areas with 
(a) Na3AIF6 and (b) NaF as the molten bath. 

(3 g) with molecular ratio of SiO2/C/Na3A1F6 = 1/3/1 
were reacted with nitrogen gas at 1623 K. Reaction 
times were changed for 2, 7, 8 and 16 h. 

2.2. A n n e a l i n g  
Several synthesized samples were further annealed at 
1623 K for 8 h using the same arrangement as for 
synthesis. The purpose of annealing was to bring all 
phases involved to the equilibrium and to examine 
any changes before and after annealing in phase stabil- 
ities, compositions and crystallographic features. The 
following conditions were applied for the annealing. 

1. ~'-sialon whiskers were collected from Area 
3 and 13' and O' mixed powders from Area 4 after 
synthesis and designated Area 3 ~'(w), Area 4 [3'(p) and 
Area 4 0 ' ( p ) ,  respectively. These three samples were 
placed in a graphite reaction tube and annealed. Four 
combinations were chosen for annealing: (1) 
[3'(w) + [3'(p), (2) JY(w) + [3'(p) + O'(p), (3) [Y(w) only, 
and (4) O'(p) only. The whiskers and powders were 
separated but sufficiently close to each other in the 
first and the second cases. 

2. The samples were annealed with an additional 
graphite powder in the graphite reaction tube to en- 
sure ac = 1, where ac is the activity of carbon. 

3. Nitrogen gas was kept flowing until the temper- 
ature reached 1623 K, then the gas inlet was closed. 
Thus the solid samples and atmosphere gas would be 
close to equilibrium. 

2.3. Characterization 
Phases were identified by X-ray powder diffraction, 
using nickel-filtered CuK,  (Rigaku "Rotaflex'). The 
lattice parameters were calculated using a computer 
program (Rigaku D/Max) using pure silicon as an 
internal standard. 

Quanti tat ive microanalysis for the A1/Si ratio was 
performed using a Tractor-Northern Series II X-ray 
analyser attached to a TEM (Jeol 2000FX) operated at 
200 kV. The A1/Si ratio was determined from intens- 
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ities of A1K~ and SiK, as 

CAl/Csi = KM Si[-1Aj/Isi] (1) 

where C is the element wt %, I the characteristic X-ray 
intensity and K the Cliff-Lorimer factor. The value of 
K was determined as KAI si = 1.27 + 0.01 from 15 
measurements of Adutaria (KA1Si3Oa), whose com- 
position had been analysed by EPMA (CAMEBAX- 
MICRO). 

3. Results and discussion 
3 .1 .  A s - s y n t h e s i z e d  s a m p l e s  
In the as-synthesized condition, Area 4 contains both 
O'- and [3'-sialon powders as well as small amounts of 
[3'-sialon short whiskers. Transmission electron micro- 
graphs in Fig. 2 show that the particle sizes of Area 
40 ' - s i a lon  powders were much finer than [Y-siMon 
powders. 

Relative amounts of [3' and O' phases in Area 
4 powders of as-synthesized samples depend on the 
react ion time. The XRD patterns of Area 4 powders of 
various reaction times are compared in Fig. 3. In the 
2 h run, O'-sialon was the only detectable crystalline 
phase, with a considerable amount of amorphous 
phase being present. The amorphous phase has been 
identified as a remaining fluorosilicate, which ap- 
peared in a spherical shape and contained silicon, 
sodium and aluminium [3]. 13'-sialon was identified in 
the 7 h reaction sample and then became the major 
phase Jn the 16h sample, although a significant 
amount of O'-phase was still present, as seen in 
Fig. 3c. This JY-sialon was [3'-sialon powder mixed 
with small amounts of short whiskers. It was also 
found that X-phase existed in the 7 h sample. Fig. 3 
includes XRD data of a sample which was synthesized 
for 7 h followed by 8 h annealing, Fig. 3d. Only [3'- 
sialon was found in this sample. 

Effects of reaction time on the relative amounts of [3' 
and O' phases in the Area 4 powder, [[3' /0 ']  ratio, is 
estimated based on the peak heights of XRD patterns 
as follows 

[3'/0' -- [1(loo) + 1(11o)+ I(20o) + 1(lol) 

"+" I(21o)]~'/[I(11o) 4- I(o2o) -+- 1(111) + 1(13o) 

+ I(ooz) + I(201)] O' (2) 

where I is the peak height of the corresponding index. 
The relative [13'/O'] ratio increases with reaction time, 
as shown in Fig: 4. These observations suggest that 
O'-sialon was formed during the early stages of syn- 
thesis, and then the [3'-sialon increased with increasing 
reaction time. Changes in the [-[3'/0'] ratio with reac- 
tion time were in good agreement with changes in 
Po2 [5J. Po2 was measured at 1623 K by a ZrO2 solid 
electrolyte during whisker synthesis. In an early stage 
of reaction, Po2 reached a level of 10 -11s atm as 
a result of enhanced carbothermal decomposition of 
silica. The O'-sialon was formed during this period, 
and then ]Y-sialon became the major phase as Po2 de- 
creased with reaction time. 

The Si/A1 atomic ratios analysed by X-ray energy 
spectrum are summarized in Table I with identified 



Figure 2 Transmission electron micrographs of Area 4 powders, (a) O'-sialon powder and (b) 13'-sialon powder. 

t_ * 13 ' -s ia lon . [] O ' - s i a l o n  
o X - p h a s e  

. V Si ( s t a n d a r d )  

8000 

[ ]m  . 

6000 [] 
L 

o �9 V 

4000 [] [] 
g 

2000 [] y 

[] �9 

0 . . . .  I , , ,  I . . . .  I . . . .  I . . . . . . . .  I . . . .  I . . . .  I . . . .  i . . . .  I . . . .  t . . . .  I . . . .  i . . . .  I . . . .  I . . . .  I 
i O  1 5  2 0  2 5  3 0  3 5  4 0  4 5  5 0  

20 (deq) 

Figure 3 XRD patterns of samples of various reaction times: (a) 2 h, (b) 7 h, (c) 16 h and (d) 7 h reaction followed by 8 h annealing. 
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TAB L E I. Phases and Si/A1 atomic ratios of as synthesized samples 

Reaction time N 2 flow rate Phase identified 
(h) (cm 3 min 1) 

Si/A1 atomic ratio 

FCw) ~'(p) O'(p) 

8 50 ]Y(w), 13'(p) + O'(p) 
7 100 [Y(w), [YCp) + O'(p) 

8 100 [Y(w), [3'(p) + O'(p) 
16 100 [Y(w), [Y(p) + O'(p) 
2 100 O'(p) 

5.19 + 0.54 
3.66 _+ 0.29 
3.70 _+ 0.14" 

2.41 4- 0.26 

1.61 _+ 0.59 

1.37 _+ 0.11 
1.18 4- 0.13 

1.65 4- 0.33 

1.72 4- 0.06 
1.63 + 0.02 
2.33 + 0.16 

a The Si/A1 ratio was analysed after whiskers were thinned by a HF solution. 
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Figure 4 Changes in [13'/O'] ratio as a function of reaction time. 

phases for as-synthesized sample s. These Si/A1 ratios 
were determined by averaging several microanalyses. 
Table I shows that Area 3 13'-whiskers contain higher 
Si/A1 ratios than Area 4 lY-powders of the same run. 
The aluminium content increases with higher nitrogen 
flow rates as well as longer reaction times in both 
[3'-whisker and powder. It is particularly higher in the 
sample of the longest reaction time, 16 h: the 39 eq 
% A1 of 1Y-powder is very close to that of [3'4o. 

No change was observed in the Si/A1 ratios after 
about 0.1/~m of the surfaces were removed from the 
[3'-whiskers by an HF-CH3OH (1:5) solution. An 
example is included in Table I. 

The O'-powder formed in the initial stage of syn- 
thesis contains relatively low aluminium, but after 7 h, 
its Si/AI ratio becomes fairly constant. A typical X-ray 
energy spectrum of as-synthesized O'-sialon powder is 
shown in Fig. 5. The spectrum shows a significantly 
high intensity of OK~ peak compared to fY-sialon I-1]. 
The O'-sialon is not likely to contain sodium, because 
the sodium peak has never been observed in any X-ray 
energy spectra, while the lighter elements (oxygen and 
nitrogen) were observed as seen in Fig. 5. A copper 
peak in Fig. 5 is due to a copper grid used to support 
the O'-sialon powder sample. 

3.2. Annealed  samples  
3.2. 1. Phase stabiliW 
Table II summarizes results of microanalyses along 
with the phases identified in the charged and annealed 
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Figure 5 A typical X-ray energy spectrum of Area 40 ' - s ia lon  pow- 
der. 

samples. Four combinations of Area 3 13'(w), Area 
4 lY(p) and Area 4 0 ' ( p )  were annealed: (1) 
13'(w) + [3'(p), (2) [3'(w) + [3'(p) + O'(p), (3) [3'(w) only 
and (4) O'(p) only. Because it was anticipated that the 
final Si/A1 ratios would be controlled by the amounts 
of silicon, aluminium, nitrogen and oxygen available 
in the annealing system as well as the annealing condi- 
tion, pairs were made with various Si/A1 ratios. For 
instance, in case 1, [3'(p) was paired with lY(w) of two 
different Si/A1 ratios in Runs 1 and 2 as shown in 
Table II. 

In Runs 1 and 2, no change in phases occurred by 
annealing. On the other hand, only lY(w) and ]Y(p) 
were identified after annealing in Runs 3 and 4 which 
were annealed with O'(p). In Run 5, lY(w) was the only 
phase annealed with graphite, while O'(p) with the 
highest Si/A1 ratio was annealed without any other 
phases except graphite in Run 6. As shown in Table II, 
[3'(w) and lY(p) were the only phases identified in the 
annealed samples of Runs 5 and 6, respectively. 

Area 4 [3'(p) usually contained a small amount of 
short [Y-whiskers after the synthesis I-4] as well as after 
the annealing. Fig. 6 shows scanning electron micro- 
graphs of charged O'(p) and of the same sample after 
annealing which was identified as [3'(p) with short 
[Y-whiskers. The morphology of the annealed sample 
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TABLE II. Changes in phases and Si/AI ratios by annealing 

Run Phases: Si/A1 atomic ratio 

charged/resulted Charged Resulted 

~'(w) ~'(p) O'(p) ~'(w) ~'(p) 

1 [3'(w), + ]3'(p)/[Y(w) + [Y(p) 2.41 _+ 0.26 1.18 _+ 0.13 2.39 _+ 0.21 1.20 _+ 0.10 
2 [3'(w) + [Y(p)/fY(w) + 13'(p) 3.66 _+ 0.29 1.18 -- 0.13 2.79 _+ 0.19 1.86 _+ 0.22 
3 JY(w), + 13'(p) + O'(p)/[3'(w) + [3'(p) 3.66 _+ 0.29 1.61 _+ 0.59 1.65 _+ 0.33 2.56 _+ 0.23 1.52 _+ 0.32 
4 [3'(w), + 13'(p) + O'(p)/[Y(w) + j3'(p) 5.19 _+ 0.54 1.18 _+ 0.13 1.63 _+ 0.02 3.63 _+ 0.23 Analysis failed 
5 [Y(w)/[3'(w)" 3.66 _+ 0.29 3.43 _+ 0.30 
6 O'(p)/13'(p) b 2.33 _+ 0.16 1.68 • 0.t6 

J3'(w): Area 3 [Y-sialon whiskers, 13'(p): Area 4 [3'-sialon powders, O'(p): Area 40'-sialon powders. 
"j3'-sialon whiskers formed during annealing. 
u[3'-sialon powders formed during annealing. 

Figure 6 Scanning electron micrographs of (a) Area 40'-sialon powder with amorphous phase formed in an as-synthesized sample after 2 h 
reaction, and (b) [Y-sialon powder with short whiskers formed from the O'-sialon shown in (a) in Run 6. 

bears no relation to that of the original O'(p) which is 
an indication of reconstructive nature of O'-sialon/13'- 
simon relation during annealing. In Fig. 7, a scanning 
electron micrograph  of JY(p) formed from a JY(p) and 
O'(p) mixture in Run 3 is shown for comparison.  Both 
[Y-siMon powders shown in Figs 6b and 7 seem to 
have similar morpho logy  and contain short  whiskers 
regardless of their origins. It could be inferred from 
these results that  the O' -phase  is not  a stable phase 
under the present annealing condition. 

The format ion of Si3N4(~3) and Si2N20 from 
SiO(g) in the Si C N O system may  be expressed as 
follows [1] 

3SiO(g) + 3CO(g) + 2Nz(g) 

= Si3N4(13) + 3CO2(g) (3a) 

2SiO(g) + C O ( g ) +  Nz(g) = S izN20  + CO2(g) 

(4a) 

Because C O / C O  2 c a n  reasonably be assumed in equi- 
librium during annealing as COz(g) + C 
(ac = 1) = 2CO(g), overall reactions are rewritten as 

3SiO(g) + 2N2(g) + 3C = Si3Nr ) + 3CO(g) 

(3b) 

2SiO(g) + Nz(g) + C = S izN20  + CO(g) 

(4b) 

Logar i thms of activities of Si3N4(13) and S i2N20 in 
the above reactions are expressed by the following 
equations 

1Ogasi3Y4 = 1ogK3b -- 31Ogpco + 31Ogpsio 

log aSi2N20 

+ 21ogpN2 + 3 log ac 

l o g  K 4 b  - -  log Pco + 21ogpsio 

+ log pN2 + logac  

(3c) 

(4c) 
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been identified as the highest partial pressure over the 
A1203 Si and A1203-A1 mixtures under the reducing 
conditions [15, 16]. Released AlzO(g) may be related 
to the increase of aluminium content in lY-sialon 
whiskers. 

Figure 7 A scanning electron micrograph of [Y-sialon powder with 
short whiskers formed from a mixed powder of 13'- and O'-sialon in 
Run 3. 

where K3B and K 4 b  a r e  the equilibrium constants of 
Equations 3b and 4b, respectively, which are evalu- 
ated as log K3b = 4 9 7 4 7 / T - 2 2 . 8 8  and 1ogK4b = 
29211/T--  10.81 [2]. 

If solid Si3N,ffl3) and SizN20 are taken as the stan- 
dard states, the two activities are as~N~ = 1 and 
asi~N~o < 1 when Si3N 4 is the only stable solid phase, 
hence the difference of the two activities is larger than 
zero. At 1623 K and ac = 1, it is expressed as 

{logasi~N~ - 1Ogasi2N20} = 0.598 -- 21Ogpco 

+ 1Ogpsio + lOgpN~ > 0 (5) 

Equation 5 shows that the effects of CO and N 2 o n  the 
phase stability are opposite: higher PN2 or lower 
Pco increase the stability of Si3N4. It implies that 
Si3N4 is more stable at a lower PSio/PN2 ratio when 
Po~ is kept constant [-2]. 

3.2.2. Decomposition of O'-sialon powder 
Experimental results of annealing clearly showed that 
O'(p) was not a stable phase under the present anneal- 
ing condition and it was decomposed. Because nitro- 
gen was kept at PN2 = 1 atm and the CO/COz ratio 
was expected to be in equilibrium during the anneal- 
ing, the disappearance of O'(p) could be expressed by 

Si2-xAlxOl+xN2-= + (3x/2 - 1)CO(g) 

= (2 - x)SiO(g) + (1 - x/2)Nz(g) 

+ (3x/2 - 1)CO2(g) + (x/Z)A120(g) (6) 

Although how the aluminium- and oxygen-containing 
species moved from O' to 13' is not clear, AlzO(g) has 
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3.2.3. Si/AI ratio 
Changes in the Si/AI ratios in 13' and O' phases are 
plotted in Fig. 8, where two curves are drawn for 13' 
and O'-sialons by assuming general formulas for both 
phases, x is an indication of the dissolutions of alumi- 
nium and oxygen in sialons. Si/A1 ratios for [Y(w), [Y(p) 
and O'(p), obtained in the same as-synthesized sample 
are connected with dotted lines�9 Si/A1 ratios measured 
after annealing are connected to the charged valves 
with arrows. The Si/A1 ratio is always higher in 
[Y-sialon whiskers than in powder  both in as-syn- 
thesized and annealed samples. Because annealing was 
carried out in a closed manner, the final Si/A1 ratios of 
lY(w) and if(p) depended on the Si/A1 ratios and 
amounts of phases in charged materials. The Si/A1 
ratios remained the same level in Run 1 where lY(w) 
and [Y(p) samples were annealed after 16 h synthesis. 
On the other hand, if [Y(w) was replaced with other 
whiskers of lower aluminium content as Run 2, or 
O'(p) was included in annealing as in Run 3 or Run 4, 
aluminium increased in [Y(w), while it decreased in 
lY(p). The Si/A1 ratios were much closer in [Y(w) and 
[Y(p) after annealing. Fig. 8 clearly indicates that the 
majority of aluminium and oxygen released from the 
decomposing O'(p) was probably incorporated into 
whiskers. The ratios remained practically unchanged 
in 13'(w) if it was annealed alone, as seen in Run 5. The 
ratios showed little change in 13'(p) except in Run 2, 
where lY(p) of higher aluminium content was annealed 
with j3'(w) of much lower aluminium content. 
nium content. 

The aluminium contents of lY(w) and JY(p) were 
closer after annealing, but they never reached the 
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Figure 8 Relationships between Si/A1 ratio and x in fl'-sialon and 
O'-sialon. Si/AI ratios for (�9 [Y(w), ([~) [Y(p) and O'(p) as-syn- 
thesized, and ( 0 )  [Y(w), ( I )  lY(p) after annealing. The numbers 
indicate the Run number  in Table II. 



same value: the aluminium contents were always 
lower in the 13'(w). For  example, in Run 3, x was higher 
in the [Y(p) by as much as 0.7 even after x was in- 
creased 30% in [Y(w) by annealing. Although the 
(SIN)/(A1 O) replacement or accommodation ofalu- 
minium and oxygen during annealing are not well 
understood, these can only occur if there is an overall 
decrease in the energy of the system by the replace- 
ment/accommodation. However, whether the ob- 
served difference in aluminium contents in lY(w) and 
13'(p) is related solely to their morphologies or rather 
kinetically controlled, is not clear at this point. 

3.3. Latt ice parameters 
A change in the lattice parameter with a changing 
composition of solid, solution is directly related to the 
change of the atomic distance as a result of atom 
replacement. Fig. 9 shows the relationship between 
lattice parameters and x for [Y(w) and p'(p), and com- 
pared with other measurements I-7, 17, 18]. The lattice 
parameters of the same whiskers before and after 
annealing, and those of powders, are shown. If i3'(w) 
was annealed alone, or together with 13'(p) which was 
synthesized in the same run, its lattice parameters and 
x remained practically the same after annealing. In all 
other cases, its lattice parameters remained unchanged 
while x increased: the aluminium content and prob- 
ably O increased without changing its structure. On 
the other hand, both parameters decreased in 13'(p) 
while aluminium remained unchanged except in Run 
2, where [3'(p) of higher aluminium was annealed with 
lY(w) of much lower aluminium content and without 
O'(p). The lattice parameters of [3'(p) formed from 
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Figure 9 Lattice parameters of 13'-sialon as a function of x. (�9 
Whiskers in as-synthesized samples, (O) whiskers in annealed sam- 
ples, (D) powders in as-synthesized samples, and (11) powders in 
annealed samples. ( 1 ) [17], (2) [18], (3) [7]. 

O'(p) in Run 6 are in reasonable agreement with those 
of Run 3, which also included O'(p). 

The fact that x increased in p'(w) when its lattice 
parameters remained practically the same could be 
caused by the (Si-N)/(A1-O) replacements. The bond 
lengths have been reported to be (Si-O) ~ 0.161 nm, 
(Si N) ~ 0.174 nm, (A1-O) ~ 0.175 nm and 
(A1-N) ~ 0.187nm [6, 8]. Therefore, replacing an 
(Si N) bonding with an (A1 O) bonding would in- 
crease the aluminium content of [Y(w) but change its 
lattice parameters very little. The [Y(w) was syn- 
thesized in Area 3 where aluminium and oxygen were 
lower than in Area 4 where [3'(p) was formed. [Y(w) 
contained lower aluminium and oxygen after synthesis 
and should be able to accommodate more aluminium 
and oxygen during annealing without a structural 
adjustment up to a certain limit, lY(p), on the other 
hand, underwent a restructuring without composi- 
tional change of aluminium up to a certain limit. 

After annealing, lattice parameters of [3'(w) and lY(p) 
become much closer. For  instance, Aa and Ae are less 
than 1% in Run 2 which shows the largest difference 
in the lattice parameters, while &x is about 30%. 
Because bond lengths are longer in nitrogen-contain- 
ing bonds, ~'(w) may contain more nitrogen-contain- 
ing bonding than 13'(p), due to its < 2 1 0 ) g r o w t h  
directions. As seen in Fig. 9, the lattice parameters of 
13'(w) measured in the present work are much higher 
than the three lines, although the parameters are 
closer to the lines after annealing. Three references 
were based on the sintered samples and the values of 
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x were calculated from the nominal compositions of 
starting materials. 

In Fig. 10, the measured lattice parameters of as- 
synthesized O'(p) are compared with other 
measurements [8 -10] ,  in which O'-sialon was made 
by sintering at higher temperatures and the x values 
were determined based on the nominal compositions 
of starting materials. An increase in the lattice para- 
meters a, b and e of O'-sialon with the increasing 
aluminium and oxygen contents was first reported by 
Naik et al. [9]. An increase in a with increasing x was 
much larger than those found in b and e. Trigg and 
Jack [8] reported that the change in a was approxim- 
ately five times that of b. The same trend was also 
reported by Yamai and Ota [10]. The lattice para- 
meters of SizN20 (i.e. x = 0) were determined as 
a = 0.8872(5) nm, b = 0.5493(4) nm and e = 0.4857(4) 
nm from the measurements on Si2N20 formed with 
NaF as the molten bath in this study, which were in 
good agreement with the reported values [8, 19, 20]. 

As pointed out by Idrestedt and Brosset [6], the 
SizN20 structure has two special features: (1) the 
oxygen atoms are located in the layers perpendicular 
to the [1 0 0] direction and (2) the silicon and nitrogen 
atoms form a parallel layer between two oxygen 
layers. The lattice parameters of S i z N 2 0  along the 
a direction are constructed mainly of (Si O) bonds, 
while (Si N) bonds are the main constituents for de- 
termining the parameters along the b and e directions. 
The replacements of silicon and nitrogen with alumi- 
nium and oxygen would make. the following changes: 
(Si-O) would be replaced by (A1-O) along the a direc- 
tion, and (Si-N) replaced by (A1-O) along the b and 
e directions. The increment of the average bond length 
in the a direction with the (Si O)/(A1-O) replacement 
is, therefore, expected to be much larger than in other 
directions. 

The highest value of x in O'-sialon was generally 
believed to be less than 0.3 [8]. However, the present 
study shows that the x value could be as high as 0.76 
under certain conditions, resulting in significantly lar- 
ger lattice parameters. The values of x were deter- 
mined by averaging several Si/At ratios obtained by 
microanalysis on individual O'-sialon particles in the 
present work. 

4. Conclusions 
1. [3'-sialon is a stable phase at 1623 K, ac = 1 and 

PNz = 1 atm, but O'-sialon is not a stable phase. 
2. O'-sialon is formed in Area 4 during the synthesis 

because of a higher Po2. It becomes less stable during 
the annealing under low Po2 as well as high Pco/Pco2 
ratio, and decomposes as 

Si2 ~AlxOl+xNz-x + (3x/2 - 1)CO(g) 

= (2 - x)SiO(g) + (1 - x/2)N2(g) 

+ (3x/2 - 1)CO2(g) + (x/2)al20(g) 

3. The lattice parameters of ]Y-siMon whiskers re- 
main unchanged before and after annealing, despite 
increasing aluminium contents. The most likely reac- 
tion during the annealing is (Si-N)/(A1-O) replace- 
ment. 
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