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Subsolidus Phase Relationships in
S1;N,—AIN-Rare-Earth Oxide Systems
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The subsolidus phase relationships in Si;N,~AIN—rare-earth oxide (Me,O; where
Me =Nd, Sm, Gd, Dy, Er, and Yb) systems were studied. Solid-solution regions
with the a-Si;N, structure were delineated along the Si;N,~“Me,03:9AIN” joins
Sor all of the rare-earth oxide systems studied. The solubility limits of these solid
solutions increased with decreasing size of the rare-earth ions.

HE EXISTENCE of silicon nitride solid

solutions with the « structure (a-sialon)
has been reported by Jack and his associ-
ates. '? This series of solid solutions can be
regarded as the stuffed derivatives of
a-SisNy which is analogous to that of the
stuffed derivatives of the SiO, structure.’
The concept of stuffed derivatives of the
SiO, structure can be described as Al’*
ion substitution for Si** ions in the SiO,
structure; the charge deficiencies are com-
pensated by locating large alkaline or
alkaline-carth ions in the interstitial sites of
the silica structure.

Single-phase «-Si;N, solid-solution
compositions should be located in the com-
position triangle between sialon compo-
sitions (Sig- Al Ng_,O, where x=0 to 4)
and the composition point “MeN:3AIN”
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(where Me is a trivalent rare-earth ion) in
the system Si;N,—Si0O,-AIN-Al,0;-
MeN-Me>O; as shown in Fig. 1. The com-
positions on the binary join SizN4 and the
composition point Me,O;:9AIN in the tri-
angle Siz:N,—AIN-Me,O; contain com-
positions of «-Si:N, solid solutions
Me,(S1, Al)12(N, O)i6. This composition
line is the intercept of the triangle Si;N,~
AIN-Me;0; and the triangle sialon—
“MeN:3AIN.” These relationships are
illustrated in Fig. 1.

The relative size of the rare-earth ions
and the size of the interstitial sites in the
a-silicon nitride structure should be a fac-
tor determining the solubility limit of the
a-sialon solid solutions in systems contain-
ing different rare-earth ions. The «-SisN,
solid solutions on the join SisNy-
Me;0;:9AIN containing Y,O; have been
reported previously by one of the authors.*
This paper will discuss the results in
Si:N,~AIN-Me,0; systems where “Me” is
Nd, Sm, Gd, Dy, Er, and Yb.

SAMPLE PREPARATION

The starting powders used were Si;N.
(LC10),* AIN,® and rare-earth oxides.
Since both the silicon nitride and the alumi-
num nitride powders contained oxygen
as an impurity, the compositions stud-
ied should be regarded as richer in oxy-
gen than the compositions on the plane
SisN,—AIN-Me,Os. The purities of the
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rare-earth oxides were 99.9% or better.
Powders of silicon nitride, aluminum ni-
tride, and rare-earth oxides were weighed
and mixed in an agate jar under absolute
ethyl alcohol on a rotating mill for 2 h.
Dried mixtures were hot-pressed at 1700°C
under a pressure of 30 MPa in BN-coated
graphite dies in a graphite resistance
furnace under a mild flow of nitrogen.
After hot-pressing, the furnace was cooled
at a rate of =200°C/min in the high-
temperature region. Average weight loss
was lower than 2% for all of the runs. Tem-
perature and time used for hot-pressing are
given in Table 1.7

End points for hot-pressing were ob-
tained where no further phase change was
observed when specimens were heated for
longer times.

REsuLTS

Subsolidus Phase Relationships

Hot-pressed specimens were exam-
ined using X-ray diffraction with mono-
chromated CuK« radiation. The results
used to construct the subsolidus phase re-
lationships are given in Table [. In these
systems, the following compatibility tri-
angles were observed for Si;N,—AIN-
Me,0O; systems where Me=Gd, Dy, Er,
and Yb: three-phase regions—(1) a-
SisN4(s.5.)-B-Si;N4,—AIN, (2) «-
Si3N4(S.S.)—B-Si3N4—-Si3N4'MCzOz,
(3) a—Si3N4(S.S.)—AlN—Si3N4'M6203,
(4) Si;NgMe,0;-AIN-8i:N,0-2Me,0s,
(5) SizN,0-2Me,03;-AIN-Me;0;; two-
phase regions — (1) a’-SizN4(s.s.)—AIN,
(2) a’-SizNs(s.s.)-Si3Ns'Me,0;5. The
above subsolidus phase relationships are
the same as reported in the system Si;Na—
AIN-Y,0;.* The subsolidus phase re-
lationships of these systems are plotted in
Fig. 2. It should be noted that the com-
pound Si,N>O-2Me;0, does not lie in the
plane sialon~MeN:3AIN.

For Si;N,—AIN-Me,0; systems
where Me=Nd and Sm, an additional com-
pound (AIN-Me.0O; or Me>AlO;N) has

o
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Table III.
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Compositions and Unit-Cell Dimensions of o '-Sialons
with the Most Extensive Solubility

a ¢
Compositions (nm) (nm) c/a
Ndo 6Sis.5Al5.507 7N 3 0.785 0.572 0.729
Smyg 6Sig 2Al2 0Ny s 0.785 0.572 0.729
Gdo.6Sis 2Al; sON 5 0.785 0.572 0.729
Dyo.6751Al0N 5 0.786 0.573 0.729
Er0_75SigvsA13,501,25N14>75 0.787 0.574 0.729
YbSi;AlsO,N, ., 0.789 0.575 0.729

AIN
mol. %
Fig. 3. The system Si;N,—~AIN-Nd,O;. (Note: The system with

Sm,0; has similar behavior.)
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Fig. 4. Solid solubility limit of «-Si:N,; solid solutions

Me.(Si, ADi(N, O)e.

been observed. The X-ray patterns of these
compounds are given in Table II." The sub-
solidus phase relationships in these two
systems are similar to those of the other
systems. However, in addition to the three-
phase and two-phase regions given above,
the subternary system Si>N,O-2Me,O5—
Me,O,—AIN was divided into two subter-
nary systems: Si;N,O-2Me,O;—AIN-AIN-
MeZO3 and Si2N20'2M6203—A1N'M€203“

Me,0;. The subsolidus phase diagrams of
these systems are given in Fig. 3.

a-SisNy Solid Solutions

The «-Si3N, solid solutions in-
vestigated in this study can be considered
as solid solutions formed between SizNy
and the composition “Me,O;39AIN” or
“Mey3(ALLN;Q)” as mentioned in the pre-
vious section. Therefore, the solid solution

of the a-Si;N, structure in these systems
can be written as Me, (Siz_4.s,AlL 50)-
(Nis—1.5:01.50), i.e., Me,(Si, AD)12(N, O)se.
As shown in Fig. 4, the lower limits of the
solid solutions for all rare-earth ions started
at x=0.33 with the same hexagonal lattice
parameter of a=7.80 A and ¢=5.69 A.
The upper limit of the a-Si;Nu(s.s.) region
increased as the size of the rare-earth ions
became smaller. The values of x are plotted
as a function of size of the rare-earth ions in
Fig. 4. The lattice parameters of the solid
solutions at their upper solubility limits are
given in Table III. It shows that the lattice
parameters of the limiting compositions are
almost the same for compositions contain-
ing different amounts of different rare-earth
ions. These results indicated that the
a-silicon nitride structure can only tolerate
a certain amount of distortion. Figure 4 can
be used to extrapolate solid solubilities
for other rare-earth ions. However, it is not
known whether this curve can be used
to predict the solubility of alkaline-earth
and alkaline metal ions in @-Si;N, solid
solutions.
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