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Letters 
Composition and stability o f  
Y - S i - A  I - O - N  solid solutions based on 
a-Si3N 4 structure 

The existence of a whole range of joint solid solu- 
bilities of  oxygen and aluminium, magnesium, 
yttrium (for example) in the/3-Sia N4 lattice has 
been the matter of several structural and chemical 
studies [1 -4] .  A thermochemical computation 
[5] clearly suggested that the atmosphere (in 
which volatile silicon monoxide SiO appeared to 
be the major species beside nitrogen) played a 
dominant role in the formation and the stability 
of those so-called "/3'-sialon" solutions and that 
no satisfactory understanding of the corresponding 
mechanisms could be expected unless vapour 
transfers were assumed. 

I t  has also been suggested that new classes of 
materials might similarly be based on other struc- 
tures built up of SiN4 tetrahedra, such as the 
a-Si3N4 structure. In fact, a-Si3N4 expanded 
structures have been observed in the L i - S i - A I -  
O -N  and Mg-S i -A1-O-N systems [1]. More 
recently there have been indications of the poss- 
ible existence and composition of such "o~'-sialon" 
solutions in the Y - S i - A 1 - O - N  system [6]. 
These results have now seemingly been confirmed 
and it has been determined from crystallographic 
considerations that a'-sialon should be a 3M:4X 
structure with a general unit cell composition close 
to: 

M= (Si, A1)12 (O, N)I 6 

and additional metallic element M incorporated 
into large holes [7]. However, direct experimental 
evidence for this theory is to our knowledge still 
limited. 

The available information about the stability 
of yttrium a'-sialon suggests that alumina reacts 
with a'  to give/3' and that conversely aluminium 
nitride reacts with /3' to give a' [7]. So far the 
a'  § t3' transformation has been thus more or less 
explicitly assumed to result from reactions be- 
tween the condensed phases only, i.e. with no 
participation of the atmosphere in the reaction 
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mechanisms. In the present paper, further exper- 
mental data about the composition and stability 
of a'-sialon will be brought and it will be shown 
that gas-solid interactions must a priori be taken 
into account in discussions about the phase 
stability in the Y - S i - A 1 - O - N  system as well as 
in the S i -A1-O-N system. 

The samples used in this study were obtained 
from compacted 90% a-Si3 N4*, 99% A1N*, 
99% Y2 O3"~ blends. The initial compositions to be 
considered here consisted of 75 wt % Si3 N4 and 
25% Y2 03 (A1N)x with x = 3,6 or 9. The com- 
pacts were heated in the alumina core of a graphite 
resistor furnace. Two alternative temperature 
programmes were used: 3 h  at 1680~ followed 
by one hour at 1720~ or 4h  at 1720 ~ The 
atmosphere of the furnace was static nitrogen 
(total pressure: 1 atm.) which was in some cases 
SiO enriched in the presence of a Si3N4 + A1203 
mixture at the vicinity of the samples within the 
furnace. 

At the end of the heat treatments parts of the 
samples were ground for X-ray diffraction re- 
cordings. Special attention was devoted to quanti- 
tative electron microprobe analyses. Those were 
made on polished sections using a CAMEBAX 
MBX-2SI operating at 10 kV with a beam current 
of (50.0 + 0.1) x 10 -9 A. Such conditions were 
found necessary for obtaining meaningful data on 
the lighter elements. Single crystal alumina and 
hot-pressed silicon nitride were used as standards. 
Surfaces of standards and samples had been made 
conducting by graphite plating. Si and AI were 
detected with a TAP crystal whereas for N and O, 
a lead stearate multilayer analyser was used. 
Weight contents of these elements in the samples 
were estimated following a ZAF procedure which 
fiad been specially developed for very light ele- 
ments [8] and was recently modified to be appli- 
cable to any species [9]. The yttrium content 
in the samples was finally calculated as the differ- 
ence between the sum of the contents of Si, A1, O 
and N and unity. 

Results are given in Table I as functions of the 
composition of the starting mixture, of the tern- 
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perature programme and of the composition of the 
gas-phase, a'-sialon could be detected in all the 
samples with no significant difference between the 
electron-probe analyses. Those are in agreement 
with the theoretical unit cell composition men- 
tioned above./3'-sialon appeared to be also present 
in most cases and the fl'/a' ratio was estimated 
using the intensities of the 1 0 1 and 2 1 0 (in fact 
combined 2 1 0 and 1 2 0) diffraction peaks for/3' 
and those of the 1 0 2 and 2 1 0 peaks for a' and 
assuming that the relation: 

Zl 0 1(~) Ar ]2 1 0 (~) 
/3/~ = 

I, 0~(~)  + ~r2, o(~) 

which is applicable to the case of pure /3- and 
c~-SiaN4 [10] is still valid. This ratio was found to 
decrease as the A1N content of the starting mix- 
ture was increased, everything else being the same, 
which is in agreement with previous results [7]. A 
major decrease was however observed as the firing 
temperature was increased for given atmosphere 
and starting mixture compositions. This was 
drastically amplified as the SiO content of the 
atmosphere was simultaneously decreased. 

It is thus clear that the stability of a'-sialon 
is closely dependent on the silicon monoxide 
partial pressure: decreasing this pressure favours 
the /3'~ a' transformation. A similar effect is 
obtained when the AIN content of the starting 
mixture is increased. These results can be com- 
pared to the computed stability conditions of 
/3' in the S i - A I - O - N  system [11]: it had been 
shown that decreasing Psio (which appeared to 
be equivalent to increasing PN2 for a given total 
pressure) resulted in moving from /3' stability 
field to those of phases observed in the A1N rich 
corner of the pseudo-quaternary Si3N4-SiO 2 -  
A12 O3-Aln. The present results also suggest that 
the extent of the a' stability field in the Y - S I -  
A1-O-N system increases at the expense of/3'  
when the temperature is increased. 

In summarizing, the present work is believed to 
confirm the recent theory concerning the compo- 
sition of yttrium a'-sialon and to show the import- 
ance of atmosphere compositions in setting the 

existence and stability conditions of this phase. It 
follows that gas transfers within the compacts or 
exchanges with the environment are more than 
likely to take place during the practical reaction 
and sintering treatments involving compounds of 
the Y - S i - A 1 - O - N  system. 

Acknowledgements 
Financial support of the French Ministry of De fence 
(D.R.E.T.)(contract no 76.34.230.00.480.75.01) 
is gratefully acknowledged. 

References 
1. K. H. JACK, "Nitrogen Ceramics", edited by. 

F. Riley (Noordhoff, Leyden, 1977) p. 109. 
2. L. J. GAUCKLER, PhD Thesis, University of 

Stuttgart (1976). 
3. F.F. LANGE, FinalReport, Contract No. NOOO19- 

73-C-0208, Naval Air Systems Command (1974). 
4. R. J. LUMBY, B. NORTH and A. J. TAYLOR, 

"Nitrogen Ceramics", edited by F. L. Riley 
(Noordhoff, Leyden, 1977) p. 393. 

5. J.P. TORRE and A. MOCELLIN, ibid. p. 63. 
6. P. GOEURIOT, J. P. TORRE and J. DEMIT, "3~me 

Journ~es d'Etudes sur les Nitrures", Informal 
Colloquium, Fontainebleau (1977). 

7. K. H. JACK, "Silicon Nitridation and Reaction 
Bonding", Informal CoUoquium, Leeds (1978). 

8. J. RUSTE, Th~se de Docteur Ingenieur, Universitd 
de Nancy (1976). 

9. J. RUSTE and C. ZELLER, C.R. Acad. Sci. Paris 
284 (1977) 507. 

10. P. B. NOAKES and P. L. PRATT, "Special Ceramics 
5", edited by P. Popper (The British Ceramic Re- 
search Association, Stoke on Trent, 1972) p. 300. 

1 l .  J .P.  TORRE, Th~se de Doeteur-Ingdnieur, Ecole des 
Mines de Paris (1977). 

Received 25 August 
and accepted 6 December 19 78. 

G. GRAND 
J. DEMIT 

Soci~t~ Ceraver, Usine de Bazet, 
B.P. 113, 65001 Tarbes Cedex, France 

J. RUSTE 
J. P. TORRE 

Centre des Mat~riaux de l'Ecole des Mines de Paris, 
B.P. 87, 91003 Evry Cedex, France 

1751 


