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The importance of aluminum nitride (AIN) stems from its To date, there is little information on the ternary AIN-ALO,—
application in microelectronics as a substrate material due to sintering additive systems.” Huseby ef al.* reported a composition
high thermal conductivity, high clectrical resistance, mechan- diagram showing the subsolidus phase equilibria in the AIN-YN—
ical strength and hardness, thermal durability, and chemical ALLO;-Y,0; system and is very similar to that reported by
stability. Ytiria (Y,0;) is the best additive for AIN sintering. Schuster.> Although this diagram consists of tic lines connecting
AIN densifies by a liquid-phase mechanism, where the surface the AIN corner with the intermediate compounds occurring on the
oxide, Al,O,, reacts with Y,0, to form an Y-Al-O-N liquid Al,0,-Y,0; side; however, no details are mentioned about its
that promotes particle rearrangement and densification. Con- construction. Sun et al® determined the subsolidus phase
struction of the phase relations in this multicomponent system relationships and the isothermal section at 1850°C in the system
is essential for optimizing the properties of AIN. The ternary Y-Al-O-N,

phasc diagram of the AIN-ALO,-Y,0, was devcloped by No effort has becn made thus far in modeling and analysis of the
Gibbs energy minimization using interpolation procedures entite. AIN-AL,0,-Y,0; system experimentally. The effect of
based on modeling the binary subsystems. This paper aims at Al,0; additions on the phase rcaction of the AIN-Y,0; system at
testing the resultant understanding experimentally at selected high temperatures of 1900° and 1950°C was investigated by Kim
compositions using in situ high-temperature neutron diffractom- et al. They found that in the AIN-3 wit% Y,0, system,
ctry. These experimental results agree with the thermodynamic Al,04:0.2Y,0;, YAM phase, with the lowest Al,O; content of the
calculations of AIN-ALO,-Y,0,. The ternary phase diagram has ytirium aluminates was identified. And in the AIN-10 wt% Y,0,
been constructed for the first time in this work. High-temperature system, unreacted Y,0, was detected in addition to YAM, because
neutron diffractometry has permitted real time measurement of the Y,O; was in excess of the amount required for the YAM
the reactions involved in this ternary system, especially to deter- formation with the surface oxide.” In a very recent study, Boey et
mine the temperature range for each reaction, which would have al ¥ studied Al,05-20 wt% AIN-5Y,0, composition and reported
been difficult to establish by other means. X-ray diffraction and SEM results in relation to thermal conduc-

tivity measurements for samples sintered at different temperatures.

In a ternary component system A-B-C, the other binary

L Introduction systems A-B. A-C, and B—C contribute similarly to the thermo-

. . . . . dynamic properties of the three-component system;® in our case

All:lUMINUM NITRIDE 18 being intensively studied as a suitable they are AIN-ALO,, AIN-Y,O.. and ALOY.O respectively.
naterial for production of hybrid integrated circuit substrates Binary diagrams oi;’Aleri(-g)’y AlN—2A13203: and AIN-Y,0,
because Of.lts high The.rmal. conductlvxtyz high ﬂex_u!'al strength, were thermodynamicallyhmodelbcd. The obtained Gibbs energieg of
and nontoxic nature.” Sinter !ng.of AIN with t_he ad‘?”‘on of Y0, components, stoichiometric phases, and solution parameters were
.occu~rs mn the presence of liquid phase. Durl{)g this process the used for the calculation of isothermal sections and the liquidus
111texf1ctlon betwc'cr} ¥20; and ?hcz surface oxide of AIN powder surface of the AIN-ALO,-Y,0, system. A detailed description of
leads to the formation of a liquid.? The amount of liquid and the the modeling of this system is published in previous work.'® The

p hzse evoéutlgn ata .Sfl])c.cted dslmter ing ;_elmperature can lbe ]bcrter predicted ternary phase diagram was verified experimentally using
14 S s . . . . -
understood using equihbrium diagrams. Hence one can clearly see in situ high-temperature neutron diffractometry. The major

the importance of a detailed and complete study of the AIN- advantage of neutron diffraction compared with other diffrac-

ALO;-Y;0, phase equilibrium. tion techniques is the cxtraordinary penetrating nature of the
neutrons, which leads to its use in measurements under special
environments. "'

T. M. Besmann-—contributing cditor

II. Experimental Procedure

TS —— _ , - To determine the phase evolution in the AIN-AL,0,-Y,0,
gﬁ?;;fggg“br;oNéSE-ELHS15%2%?&%2?%53&[00I' approved December 11, 2002. system, the neutron diffraction patterns were monitored in situ
*Member, American Ceramic Society. at elevated temperature using the DUALSPEC high-resolution
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Table I. Chemical Composition of the
Studied Samples

Composition {mol%)

Sample no. AIN AlO, Y,0,
1 12 74 14
2 17.5 64 18.5
3 24 70 6
4 7 33 60
5 33 20 47

powder diffractometer, C2, at the NRU reactor of Atomic
Energy of Canada Limited (AECL), Chalk River Laboratories,
The diffractometer is an 800-channel position-sensitive detector
that spans 80° in scattering angle, 26. The wavelength, A, of the
neutron beam was calibrated by measuring the diffraction
pattern of a standard powder of alumina, obtained from the
National Institute of Standards and Technology. X = 1.33(1) A
and 26 range from 8° to 88° were used in this experiment.

The diffractometer was equipped with a tantalum-element
vacuum furnace capable of reaching temperatures as high as
2000°C. The furnace programming and data acquisition system
were fully computerized, allowing accurate temperature control
and rapid data collection.

AIN (grade F, supplied by Tokuyama Soda, Japan), Y,0,
powder (grade 5600, supplied by Union Molycorp, U.S.A., with
99.99% purity), and ALO, powder (grade A16-8G, supplied by
Alcoa Industrial Chemical Division, Canada, with 99.8 purity)
were mixed in various stoichiometric amounts. Table I and Fig. 1
show the composition of these samples. The premixed composi-
tions were ball-milled in a plastic container for 24 h using 4 mm
diameter Al,O, media and reagent-grade isopropyl alcohol with a
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solid-to-liquid ratio of 1:5 by volume. The mixtures were dried in
a microwave oven to completely remove the isopropy! alcohol.
After drying, the mixtures were granulated through a 60 pm mesh
sieve to create a fine powder mixture. A portion of each compo-
sition was encapsulated in molybdenum foil to prevent the powder
from spreading in the sample chamber on cvacuation, and to
protect the apparatus when the sample melts.

After centering the furnace in the beam of the neutron diffrac-
tometer, the sample capsule was placed in a molybdenum pencil
tube, which was located inside the furnace chamber. The alumi-
num fumnace chamber was sealed, and the volume between the
molybdenum tube and inside of the furnace chamber was evacu-
ated to 10" atm. A neutron diffraction spectrum for each sample
was collected at room temperature to form the reference for any
reactions taking place on heating. The samples were heated while
flowing nitrogen gas to prevent the decomposition of AIN.
According to the recent study of D’yachkov et af. the decompo-
sition of AIN was suppressed by nitrogen at atmospheric pres-
sure.'* The sample was observed in sifu during heating and
cooling. Neutron diffraction spectra werc collected at incremental
intervals until the spectra displayed loss of crystallinity or reached
the maximum temperature of the furnace (2000°C). Then cooling
started and neutron spectra were collected at incremental cooling
temperatures to obscrve the precipitation of crystalline phases. The
lemperature was increased incrementally to closely foilow the
evolution of the reactions. At each step the temperature was
maintained for 120 min to ensure that the reaction was complete.
Since the furnace containing the sample was scanned, the acquired
neutron diffraction spectra included peaks of the samplc and those
of the furnace. Correction of these spectra was achieved by
subtracting the furnace peaks. For this purpose, neutron diffraction
spectra were collected for the empty fumace at all of the temper-
atures of interest.
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Fig. 1. AIN-A},0,-Y,05 isothermal sections at different temperatures with the five investigated ternary compositions.
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Fig. 2. Neutron diffractograms during heating of composition 1 (12 moi% AIN. 74 mol% AlL,0;. and 14 mol% Y,0,).

IT. Results

In this scction, the experimental investigation of the AIN—
ALO;-Y,0, ternary system will be discussed. Five different
ternary samples, with compositions listed in Table 1, were studied
in situ at elevated temperature by neutron diffractometry. These
compositions along with AIN-A1,05-Y,0, isothermal sections
calculated at different temperatures are shown in Fig. 1. It can be
seen from this figure that these compositions were carefully
selected to be close to the phase boundaries to critically verify the
predicted phase equilibrium. In this paper four compositions will
be discussed.

The evolution of phase changes as a result of temperature
increase was followed by acquiring neutron diffraction data for
120 min at selected temperature steps. Also cooling was conducted
incrementally to detect the crystallization as well as the stability of
cach phase. Heating and cooling profiles were determined for each
sample according to critical points, which were predicted from the
thermodynamic calculations.

Diffraction patterns obtained during heating and cooling of each
sample arc shown in the following figures. The patterns are shifted
by a suitable offset for better comparison. The temperature is
presented with the uncertainty in the thermocouple measurcment.
The peaks are identified by markers given in the legend of euch
figure, and will be discussed and compared in conjunction with the
thermodynamic findings in this scction. The cffect of thermal
cxpansion was observed in all of the samples, with the peaks
shifting to lower and higher diffraction angles due to heating and
cooling, respectively.

(1) Composition 1

The reaction of this composition (12 mol% AN, 74 mol%
AlL,05, and 14 mol% Y,0,) during heating from room temperature
to 1900°C is illustrated in Fig. 2. Detailed discussion of this
composition is presented in Ref. 10. AIN peaks werc identified as
a hexagonal unit cell (space group P6-3mc, a = 3.112(0) A and
¢ = 4.978(0) A), while Al;O; peaks and Y,0, peaks were
identified using a rhombohedral unit cell {space group R3¢, g =
4.759(0) and ¢ = 12.992(0))'* and cubic unit cell (space group /a3,
a = 10.608(7) A),"* respectively.

The first changes are visible when comparing the neutron
diffraction patterns at 1200°C and that at 1700°C, where
additional peaks appear. The new peaks were found to belong to
YAG (5A1,0,:0.3Y,0,) and y-spinel phases. YAG peaks were
indexed as a cubic unit cell (space group la3d, a = 12.016(3)
A)'? and y-spinel peaks were indexed as a cubic unit cell (space
group Fd3m, a = 7.9435(2) A).'®'7 Unlike Al;0, diffraction
peaks, Y,0, peaks were not observed at 1700°C; this means
that all of the Y,0; reacted to produce YAG phase. This is
consistent with the ternary phase diagram shown in Fig. 1(d)
where composition 1 lies in the three-phasc region of Al,O,,
y-spinel, and YAG.

At 1850°C YAG peaks were not observed, whereas Y-spinel
peaks were present. Since no other peaks were present at this
temperature, it can be concluded that liquid formation started
between 1800 * 18° and 1850 = 19°C, which is consistent with
the isothermal section calculated at 1800°C and shown in Fig. 1(c).
It can be seen from Fig. 2 that this composition had melted
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Fig. 3. Neutron diffractograms during cooling of composition 1 (12 mol% AIN, 74 mol% AlLO;, and 14 mol% Y,0,).
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Fig. 4. Phase assemblage diagram of composition | (12 mol% AIN, 74 mol% ALO,. and 14 mol% Y,0,).
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Fig. 5. Neutron diffractograms during heating of composition 2 (17.5 mol% AIN, 64 mol% AlLOj, and 18.5 mol% Y,0,).

between 1850° and 1900°C. This is consistent with the calculated
isothermal section at 1900°C shown in Fig. 1(b).

Figure 3 shows the cooling cycle for composition 1. It can be
seen that y-spinel was fully crystallized at 1850°C, confirming that
the solidification occurs between 1900° and 1850°C. On cooling to
1400°C, decomposition of the y-spinel phase occurred and is
evident by the appearance of new peaks of AIN and ALO;. YAG
peaks were also observed in the diffraction pattern collected at
1400°C. This sample is composed of AIN, YAG, and Al,O; at
room temperature.

(2) Composition 2

Different types of reactions were observed (Fig. 4) when
starting with 17.5 mol% AIN, 64 mol% Al,0,, and 18.5 mol%
Y,0;. The first changes are visible when comparing the neutron
diffraction patterns cotlected at 1300°C with that at room temper-
ature. The pattern at 1300°C clearly shows the reduction in the
intensity of Y,0, and Al,O, peaks in addition to the growth of
YAG peaks with no changes being observed in AIN content. YAG
pcaks continue to grow, whereas the peaks of Al,O, and Y,0,
disappear with increasing temperature up to 1600°C. Moreover,
traces of AIN can be observed along with ¥-spinel and YAG. The
patterns acquired in the temperature range of 1600° to 1850°C
appear quite similar,

The isothermal section in Fig. 1{c) shows that this composition
should form only liquid and YAG at 1800°C. However, peaks for
y-spinel were observed at 1850°C, indicating that no decomposi-
tion of y-spinel took place during heating from 1700° to 1850°C.
Figure 4 shows that this composition completely melted between
1850° and 1900°C. This is in agreement with the isothermal
section calculated at 1900°C, where this composition lies in the
liquid region (Fig. 1(b)).

Figure 5 shows the cooling cycle of composition 2. It can be

seen that YAG was fully crystallized and in equilibrium with the
liquid on cooling to 1850°C and neither AIN nor Y-spinel peaks
were observed at this temperature. On cooling to 1800°C y-spinel
peaks begin to appear, indicating that -spinel crystallizes between
1850° and 1800°C. No differences were observed in the diffraction
patterns after cooling to 1750°, 1700°, and £400°C and AIN was
not observed in any of these patterns. In addition to YAG and
y-spinel, ALLO, and AIN were observed on cooling to room
temperature. This confirms the decomposition of the Y-spinel
phase to AIN and Al,O, when cooling below 1400°C. Traces of
the v-spinel were observed at room temperature, suggesting
incomplete decomposition of this phase. This might be due to the
rapid cooling from 1400°C to room temperature without annealing
at an intermediate temperature, as done for composition 1.

(3) Composition 3

Diffraction patterns of heating and cooling of composition 3 (24
mol% AIN, 6 mol% Al,0,, and 70 mol% Y,05) are shown in Figs.
6 and 7, respectively. From Fig. 6 this composition formed YAG
and vy-spinel phases at 1700°C, which is consistent with the
isothermal section calculated at this temperature and shown in Fig.
1(d). As predicted thermodynamically, this composition forms
liquid and v-spinel at both 1900° and 2000°C, as shown in Figs,
1(b) and (a), respectively. Neutron diffraction patterns obtained at
these two temperatures are in agreement with these predictions,
showing y-spinel as the only solid phase.

The first changes are visible when comparing the neutron
diffraction patterns at 1500°C with that at room temperature,
where additional peaks of YAG phase appear. YAG peaks con-
tinue to grow on increasing the temperature to 1700°C, indicating
incomplete formation of the YAG at 1500°C. Also, AIN and A1,0,
were observed at 1500°C and disappeared at 1700°C to form
~-spinel.
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Fig. 6. Neutron diffractograms during cooling of composition 2 (17.5 mol% AIN, 64 mol% Al O, and 18.5 mol% Y,0,).
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Fig. 8. Neutron diffractograms during heating of composition 3 (24 mol% AIN, 70 mol% Al,0,, and 6 mol% Y,0,).

By heating to 1850°C, most of the YAG peaks were eliminated:
however, some weak peaks are observed, suggesting that traces of
YAG still exist in conjunction with liquid and vy-spinel at this
temperature. Thermodynamic calculations indicate that liquid and
y-spinel are the only equilibrium phases at 1850°C as shown in
Fig. 12. The appearance of traces of YAG at this temperature may
be becausc of slow reaction kinetics. Figure 7 supports this
argument since no YAG peaks are observed on cooling to 1850°C.
The neutron diffraction pattern collected at 1900°C shows only
v-spinel peaks, which indicates that the remaining material was a
liquid. The y-spinel peaks are weaker at 2000°C, indicating a small
quantity of this phase and an increasing amount of liquid. The
liquidus of this composition is higher than 2000°C, since ¥-spinel
is still present,

Figure 7 shows the neutron diffraction patterns acquired during
the cooling of this composition. y-Spinel is the only solid phase
observed, and liquid coexists with y-spinel down to 1850°C. The
y-spinel peak heights increase with decreasing temperature, show-
ing increasing precipitation of this phase. This is in agreement with
the thermodynamic calculations presented in Figs. 1(a-c), where
this composition consists of only liquid and y-spinel at 2000°,
1900°, and 1800°C. On cooling to 1600°C, YAG peaks appear and
crystallize in the temperature range from 1850° to 1600°C, This is
in agreement with the calculated phase diagram (Fig. 1(d)). At
1200°C, AIN and Al,O, peaks werc detected in addition to
v-spinel and YAG. This shows that ¥-spinel decomposition
occurred between 1600° and 1200°C. Since v-spinel peaks were
still present, incomplete decomposition of this phase occurred
during cooling to 1200°C. The pattern acquired at room tempera-
ture shows a phase assemblage similar to that at 1200°C but with
stronger AIN pcaks and weaker vy-spinel peaks. This further
confirms incomplete decomposition of y-spinel phase under these

experimental conditions and shows that the composition has not
rcached equilibrium for kinetic reasons.

(4) Composition 5

The development of the phase assemblage with increasing
temperature up to 2000°C for composition 5 (33 mol% AIN, 20
mol% AL,0;, and 47 mol% Y,0,) is shown in Fig, 8. Comparing
the neutron diffraction patterns at 1200°C and those at room
temperature shows that no reaction occurred up to 1200°C. The
first noticeable change for this sample was observed by comparing
the neutron diffraction patterns collected at 1500° and 1200°C.
Additional peaks of the YAM (AL,0,-0.2Y,0,) phase appear,
whereas no traces of ALO, were observed at 1500°C, indicating
complete reaction and formation of YAM phase. YAM peaks were
identified as a monoclinic unit cell (space group P2,/c, a =
7.4706(5) A, b = 10.535(6) A, ¢ = 11.1941(8) A, B =
108.888°(5)).'* At this temperature significant amounts of AIN
and Y,0, were observed. Diffraction patterns of 1800° and
1500°C are practically unchanged, indicating that there is no
reaction between AIN and YAM or Y,0,. This agrees very well
with the isothermal sections show in Figs. 1(c) and (d) where this
composition is in the three-phase region AIN, YAM, and Y,0; at
1800° and 1700°C, respectively,

By heating to 1900°C, the Y,0, peaks were eliminated, unlike
YAM peaks which were still present, but Fig. 1(b) shows that this
composition should have only AIN as a solid phase in equilibrium
with the tiquid phase, which is the composition observed in the
neutron diffraction pattern collected at 1950°C instead. The phasc
assemblages found at 1950° and 2000°C are practically identical
and are in agreement with the isothermal section calculated at
2000°C, and shown in Fig. 1(a).

On cooling from 2000° to 1900°C (Fig. 9), YAM appears in
addition to AIN and indicates that YAM starts to recrystallize
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Fig. 9. Neutron diffractograms during cooling of composition 3 (24 mol% AIN, 70 mol% Al,O;, and 6 mol% Y,0,).

between 1900° and 2000°C. Further cooling to 1850°C resulted in
formation of Y,0, and further crystallization of YAM and AIN,
The same phases were obscrved at 1600°C with changes in their
relative amounts. These results agree very well with the neutron
diffraction patterns acquired during heating as well as the isother-
mal sections presented in Fig. 1. On cooling to 800°C and then to
room temperature, no difference was observed except an increase
in the peak heights showing improved crystallization with decreas-
ing temperature. At room temperature this composition consisted
of AIN, YAM, and Y, 0, and again is consistent with the predicted
phase diagram.

IV. Discussion

The in situ neutron diffraction experiments provide experimen-
tal evidence of formation, decomposition, and melting of each
phase. Hence, the relative mass of each phase versus temperature
is drawn, for the compositions in question, and compared with the
results of neutron diffraction experiments.

Figurc 10 is calculated from the thermodynamic database of
AIN-ALL0;-Y,0;, for composition 1 (12 mol% AIN, 74 mol%
AlLLO;, and 14 mol% Y,0;). The proportion of each phase can
easily be rcad from this figure. For instance, at 1700°C, 100 gof
the overall material consists of 40 g of y-spinel, 50 g of YAG, and
10 g of Al,0,. This is consistent with the diffraction data collected
at 1700°C for this composition (Fig. 2} which shows that sample
is composcd of y-spinel, YAG, and Al,0,.

Thermodynamic calculations show that the liquidus of this
composition is 1815°C. However, melting was detected in the
temperature range of 1850 = 19° to 1900 = 19°C. This higher
observed value may be due to the fact that the sample temperature
was monitored outside the molybdenum tube. Similar discrepan-
cies were observed in all of the samples. As a result, v-spinel and

liquid were present at 1850  19°C in Fig. 2 while v-spinel should
start solidifying at 1815°C according to the thermodynamic
calculations. Figure 10 shows that by cooling the melt, vy-spinel
first starts to crystallize followed by the precipitation of YAG and
Al;O, and this is consistent with the diffraction data obtained
during cooling. it can be seen from this figure that as the
temperature decreases, the proportion of y-spinel phase decreases
until it decomposes at around 1550°C to give Al,O; and AIN. This
agrees with Fig. 3, where AIN peaks are observed at 1400°C and
result from the decomposition of y-spinel. Moreover, around
1800°C the proportion of solids increases rapidly over a narrow
temperature range. This means that the composition is sensitive to
small changes in temperature,
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Fig. 10. Phase assemblage diagram of composition 3 (24 mol% AIN, 70
mol% ALO,, and 6 mol% Y,0,).
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Thermodynamic modeling shows that y-spinel forms through
the reaction between AIN and Al,O, at a temperature higher than
1550°C, whereas the neutron diffraction experiments show incom-
plete reaction at around 1600°C. However, thc experimental
results agree with the work of Willems et al., who found that the
reaction rate between AIN and Al,0, to produce v-spinel is
sluggish at temperatures below 1750°C.'° Cheng et al.2® also
observed incomplete reaction between ALO, and AIN at 1650°C
for 6 h. They noticed an increase of vy-spinel content with
increasing time from 60 min to 6 h. Moreover, Yawei ef al.2'
concluded that it is difficult to produce +y-spinel by reaction
sintering below 1650°C.

The phase assemblage versus temperature of composition 2 is
presented in Fig. 11. Tt can be seen that the liquidus temperature of
this composition is 1825°C, whereas according to the neutron
diffraction results this composition melted between 1850 + 19°
and 1900 * 19°C. This difference is attributed to temperature
measurement discrepancies, as discussed before. When cooling
this composition from its melt, calculations predict that YAG
solidifies first, followed by vy-spincl. This is consistent with the
neutron diffraction results for the cooling of this composition and
shown in Fig. 5.

Thermodynamic calculations also show that y-spinel decom-
poses completely at around 1500°C. At room temperature, 100 g of
overall material should consist of 64 g of YAG, 6 g of AIN, and
30 g of AL O,. However, diffraction data acquired during cooling
indicated that decomposition of the y-spinel starts below 1400°C
and is incomplete on reaching room temperature due to the high
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Fig. 12. Neutron diffractograms during cooling of composition 5 (33
mol% AIN, 20 mol% ALOj;, and 47 mol% Y,0,).
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Fig. 13.  Phase assemblage diagram of composition 5 (33 mol% AIN. 20
mol% Al,O,. and 47 mol% Y,0,).

cooling rate (25°C/min), with the retention of residual vy-spinel.
Nevertheless, this agrees with Yawei er al.’s?! findings, where a
sample with high +-spinel content was annealed in flowing
nitrogen gas at 1550°C for 3 h after reaction at 1800°C and was
found to contain AIN, AL, Q,, and y-spinel, which were retained
down to room temperature,

Figure 12 is the phasc assemblage for composition 3. It can be
seen that the calculated liquidus for this composition is 2030°C.
This agrees wetl with the results of neutron diffraction, where the
sample was still partially crystalline at 2000°C, showing that
complete melting takes place at higher temperature. From this
figure, y-spinel starts precipitating followed by YAG at around
1800°C. This is consistent with the neutron diffraction patterns
collected during cooling and shown in Fig, 7. v-Spinel was the
only solid phase present down to 1850°C. YAG then began to
precipitate below 1850°C but above 1600°C. At 1600°C, 100 g of
the overall material consists of 75 g of y-spinel and 25 g of YAG.
This is consistent with the pattern collected at 1600°C during
cooling and shown in Fig. 7, which indicates that this sample is
composed of y-spinel and YAG.

Thermodynamic calculations show that y-spinel decomposes
completely below 1500°C to Al,O, and AIN for this composition,
whereas the experimental results in Fig. 7 show only partial
decomposition occurring between 1200° and 1600°C. This is,
perhaps, due to the high cooling rate of around 25°C/min.

Figure 14 is calculated for composition 5 from the thermody-
namic database of the AIN-ALO,-Y,0, system. Although this
composition has a relatively high liquidus temperature of 2157°C,
liquid starts forming at 1861°C, as can be sccn from this figure.
Cooling a sample of this composition from its melt shows that the
major phase will be the liquid down to 1898°C. Below this
temperature the amount of solid increases rapidly. For instance,
100 g of this sample will be composed of 97 g of liquid and 3 g of
AIN at 2000°C. This agrees with the neutron diffraction pattern
collected at this temperature, where only AIN peaks were ob-
served. This figure shows that Y,Oj; starts to recrystallize below
1900°C and is consistent with the neutron diffraction patterns
collected during cooling between 1900° and 1850°C. At room
temperature, 100 g of this sample will be composed of 10 g of
AIN, 78 g of YAM, and 12 g of Y,0,. The room-temperature
diffraction pattern of Fig. 8 shows that these thrce phases coexist
with strong peaks of YAM, confiming the thermodynamic
calculations.

V. Conclusions

(1) High-temperature neutron diffractometry has permitted
real time measurement of the reactions involved in the AIN—
AL 0;-Y,0, ternary system, especially to determine the temper-
ature range for each reaction, which would have been difficult to
cstablish by any other means,
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(2) Thermodynamic calculations of AIN-A1,0,~Y,0, gener-
ally agree well with these experimental results, The difference
between the measured temperature and the ones resulting from
the phase equilibria modeling, in most of the temperature
ranges studied, are within the uncertainty in the thermocouple
measurement,

(3) There is no reaction between AIN and YAG, YAP, YAM,
or Y,Q,, which supports the thermodynamic findings.

(4) Some discrepancy between experimental results and the
thermodynamic calculations of ~y-spinel decomposition tempera-
ture was encountered. However, slow reaction and decomposition
kinetics of spinel and critical thermodynamic properties have been
reported previously and are also corroborated in this study,
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