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Analytical electron microscopy has been used to study the precipitation reactions in sintered
samples of 9mol % La,0;-Y,0; samples upquenched from the single phase cubic region into
the cubic and hexagonal phase field. Samples annealed just inside the two-phase cubic—cubic
and hexagonal solvus exhibited predominantly grain boundary precipitation. Small La,0; rich

second phases formed within the first ten minutes and developed into strained, facetted
precipitates after 300 min. Intergranular and intragranular precipitation occurred in samples
annealed further into the two-phase field. Strained, lathlike La,05-rich monoclinic precipitates,
exhibiting a preferrred orientation in the matrix, appeared as the dominant morphology for
long times at temperature. Chemical microanalyses of the strained structures obtained in
samples annealed for 300 min revealed La,0, matrix concentrations in agreement with phase
diagram predictions. However, the La,0; concentrations in the second-phase precipitates were
found to be far in excess of the cubic and hexagonal-hexagonal solvus. This discrepancy is
believed to arise from a re-equilibration of the second phase in the cubic and monoclinic

phase field during quenching.

1. Introduction

Current investigations on yttrium oxide, the most
abundant of the rare earth oxides, have focused on the
unique optical properties of this ceramic [1-3]. Y,0,
exhibits great potential as an optical material due to
its isotropic (cubic) structure, chemical stability, and
excellent light transmittance capabilities which extend
further into the infrared than most other oxides. As a
result, this oxide is becoming competitive with other
infrared materials such as ALO;.

Over the years, sintering methods have been sought
for the development of fully dense, highly transparent
Y,0,. Rhodes [1] has developed a transient second-
phase sintering technique based upon the Y,0;-La,0,
binary that results in transparent, stoichiometric,
polycrystalline Y,0, solid solution material. The use
of La,0; as a sintering aid avoids the toxicity prob-
lems and chemical instability problems encountered
by other investigators in previous sintering attempts
using BeO and ThO, as sintering additives [4].
Rhodes’ technique consists of sintering Y,0, doped
with 8-14mol % La,0; in the two-phase cubic and
hexagonal field very close to the cubic and cubic—
hexagonal solvus (see Fig. 1). The hexagonal phase
precipitates on the grain boundaries and pins their
motion, preventing pore-boundary breakaway and
thus helps facilitate pore annihilation by diffusion
along the boundary. A lower temperature anneal in
the single-phase cubic region dissolves the second
phase yielding a fully dense highly transparent homo-
geneous polycrystalline yttrium oxide ceramic.

Currently, interest has developed in the nature of
the phase transitions involved in the Y,0;-La,0,
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binary. Preliminary X-ray investigations by Wei
et al. [5] on 8-14mol% lanthana-doped Y,O,
samples, quenched from the two-phase cubic and
hexagonal phase field, revealed that the hexagonal
phase rapidly transforms to the lower symmetry
monoclinic form on cooling. Electron microscopy
revealed that twinning and slip accompany the trans-
formation yielding microstructures very similar to
those obtained for the tetragonal to monoclinic trans-
formation in ZrO,. Unlike the zirconia system and
even other rare earth oxide systems, the precipitation
events in the Y,0;-La, 0, binary have not been exten-
sively researched. Studies of other rare earth systems
have shown the hexagonal and monoclinic structures
to be closely related and that the monoclinic cell can
be derived from the former by slight shifts of the
hexagonal structure in a diffusionless, displacive
manner [6-14]. However, most of the major work on
yttria-lanthana has focused on the phase diagram
determination by high temperature X-ray diffraction.
Only limited electron microscopy studies have been
performed on this system [15].

The yttria-rich portion of the diagram is shown in
Fig. 1. It consists primarily of a two-phase cubic and
hexagonal field above a single phase cubic region
for lanthana concentrations up to approximately
20mol %. A ecutectoid reaction occurs near 1850°C
for 30mol % lanthana concentrations where the
hexagonal phase transforms to the cubic and mono-
clinic structures. This diagram, taken from high
temperature X-ray data by Mizuno et al. [16] and
Coutures and Foex [17] exhibits some uncertainty in
the limits of the two-phase cubic and monoclinic field
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________ Liquid Figure 1 The high temperature portion of the Y,0;-
2400 L:\‘J-'-."' Uquid—~~ ~—— rich region of the Y,0,-La, 0, phase diagram (after
‘_\—\ . <~ “} ~~— Mizuno [16] and Coutures and Foex [17]). Vertical line
Hexagonal ~ \\:: l* Quig =~ depicts the Y,0,;-La,0, concentration used in the
-~ present study and the two tie lines show the expected
concentrations of the two phases at 2100 and 2200° C.
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as well as the eutectoid temperature although the
cubic and monoclinic field appears well defined.
Rhodes’ [5] findings of cubic and monoclinic struc-
tures in 8-14 mol % lanthana samples quenched from
the cubic and hexagonal region indicate that the limit
of the lanthana concentration in yttria below 1850°C
may be less than that shown on the diagram. The
circles in the cubic and hexagonal region are data
points obtained by Rhodes using microprobe analysis
on large individual abnormal grains of 12-14mol %
La,0; samples sintered at 2070 and 2270°C and
quenched to 1400°C in 1min. These results show
excellent agreement with the cubic-cubic and hex-
agonal solvus but exhibit some slight anomalies when
compared with the published cubic and cubic-
hexagonal solvus boundary.

The objective of the present study is to apply the
technique of analytical transmission electron micro-
scopy (TEM) to study the precipitation phenomena in
the yttria-rich portion of the yttria-lanthana binary.
In particular, the nature of the precipitation of the
hexagonal phase in the cubic matrix and its behaviour
upon quenching will be addressed. Major emphasis is
placed on analytical results obtained from 9mol %
La,05-Y,0, samples annealed for long times in the
two-phase field. These results will be compared with
the present phase diagram predictions.

2. Experimental details

Nine mol % La,0;-Y,0; powder mixtures were pre-
pared by an oxalate coprecipitation technique. The
cold pressed pellets were sintered in the single-phase
cubic region at 1950°C for 3h. They were then
upquenched into the two-phase field and held at
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2100°C for various times ranging from 1 to 300
minutes. The same procedure was followed for a
second set of samples which were held at 2200° C for
the same amounts of time. All treatments were per-
formed in a tungsten mesh resistance heated furnace
using a wet hydrogen atmosphere (23°C dew point)
and were terminated with quenches to room tem-
perature. The quenching procedure involved cutting
the power to the furnace and allowing the temperature
to fall at an approximate rate of 350 to 400° Cmin~"'.

Thin foils were prepared by slicing cross-sections of
the sintered pellet and grinding them with 600 grit and
1200 grit silicon carbide powder to less than 100 um
before polishing both sides with 6 um diamond paste.
Polished foils were then mounted between two rhodium
plated copper grids and ion beam thinned at 6 kV. All
TEM analyses were performed at 120kV on a Phillips
400T equipped with an EDAX energy dispersive
X-ray spectrometer.

A homogeneous Y,0;-9mol % La,O, sample was
prepared by GTE laboratories as a standard for the
k-factor determination in this system. The sample was
sintered at 2150° C for 90 min, cooled to room tem-
perature, and then annealed at 1950°C for 6h for
homogenization. Wet chemistry analysis by the induc-
tively coupled plasma (1CP) technique was performed
to assess the concentrations of yttrium and lanthanum
metal. Microprobe analyses on the bulk using the
sample as its own standard and measuring oxygen by
difference confirmed the homogeneity of the sample
within the limits of resolution of the instrument.
k-factor measurements were performed on thin foils in
both TEM and STEM modes at 120kV. A window of
approximately 1.2 times the full width half maximum



Figure 2 Transmission electron bright field micrograph of La,O;-
rich grain boundary precipitate in 9mol % La,0;-Y,0; sample
quenched after 1 min at 2100°C.

of the lanthanum L peak (the element present in
smaller amounts) was established and X-ray counting
continued for each analysis point until 100 000 counts
were obtained within the window region. This was
done to minimize any errors due to poor counting
statistics [18, 19].

Intensities for the yttrium L (/) and lanthanum L
(I.,) peaks were ratioed after performing a back-
ground subtraction. With the known concentrations
of each element (Cy and (i, ) in the foil as obtained
from wet chemistry analysis, the k-factor was then
determined according to the familiar Cliff-Lorimer
relation [19]

(CY/CLa) = kYLa (IY /ILa)

3. Results
3.1. k-factor determination
Chemical ICP analyses of the 9 mol % lanthana-yttria
solid solution material used for the experimental
determination of the k-factor for this system revealed
lanthanum concentrations of 11.63 wt % and yttrium
contents of 68.01wt% for a total of 9.87mol %
La,0;.

k-factor measurements were performed in both the
TEM and the STEM modes on thin foils prepared
from the bulk. Measured values obtained after divid-
ing observed X-ray intensity ratios of the two elements

Figure 3 Transmission electron bright field micrograph exhibiting
grain boundary strain contrast indicating the initial stages of
precipitation in a 9mol % La,0,-Y, 0, sample annealed 10 min at
2100°C.

by their concentration ratios in the foil (as determined
by wet chemistry) ranged from 0.54 to 0.58 for both
TEM and STEM modes. The k values were then tested
on the 9mol % standard to determine which yielded
compositions closest to that of the ICP analysis and
that value was then employed. In this work all chemi-
cal analyses were performed in STEM mode using
k-factor of 0.54 + 0.02.

3.2. Precipitation studies

Microanalyses were performed on sintered 9mol %
lanthana-yttria specimens that were annealed in the
two-phase field for various amounts of time before
being quenched to room temperature.

Grain boundary precipitation predominates in
samples annealed at 2100° C. After 1 min at this tem-
perature, precipitates nucleate on the grain boundary
as regularly shaped La,O, rich particles approximately
1um in size (Fig. 2). Fig. 3, although not a typical
micrograph for the sample annealed 10 min at 2100°C
exhibits strain contrast on the grain boundary indicat-
ing the initial stages of the precipitation process. For
anneals longer than 10 min the grain boundary phase
appears as elongated structures (Fig. 4a). The back-
scattered electron microprobe image of the bulk
sample annealed for 300 min shows the distribution of
the second phase (Fig. 5).
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Figure 4 (a) Bright field micrograph of precipitate in sample annealed 300 min at 2100° C showing twin substructure. (b) The corresponding
La, O, concentration profile across the matrix—precipitate interface for the precipitate shown in (a).

865



Figure 5 Backscattered electron micrograph of polished section of
9mol % La,0;-Y,0, sample annealed for 300min at 2100°C
showing the distribution of the second phase.

The second phases in the samples annealed for long
times contain a substructure of twins and exhibit an
overall facetted appearance. Strained interfaces can
also be noted in the bright field images of Figs 4a and
6a between both the facetted regions or sections of the
second phase as well as between the second phase itself
and the matrix.

Scanning transmission electron microscopy (STEM)
X-ray microanalyses were performed on the pre-
cipitate shown in Fig. 4a and the results are shown in
Fig. 4b. The matrix exhibits concentrations of La,0,
in close agreement with the value depicted by the
phase diagram (8-9mol % lanthana). However, the
second phase contains a lanthana content as high as
38 to 40 mol %, far in excess of that predicted by the
cubic-hexagonal and hexagonal solvus (22~23 mol %
lanthana). A similar analysis across the twinned
second phase of Fig. 6a yields the same observations
(Fig. 6b).

The samples annealed at 2200°C further into the
two-phase field exhibit precipitation within the grain
as well as on the grain boundary. The backscattered
electron micrograph of the sample annealed 300 min
at 2200° C shows the distribution of the second phase
(Fig. 7). After 1 min at temperature the precipitates
are seen to nucleate heterogeneously on dislocations
as shown in Fig. 8. The bright field micrograph of
Fig. 9a taken from the same sample exhibits a second

phase of a grain like morphology. The associated
diffraction pattern of Fig. 9b obtained from the
untwinned region of the second-phase indexes as a
[211] zone of the hexagonal system. Thus this heat
treatment appears to have successfully quenched in
the hexagonal phase. After 10min at 2200°C, the
second phase begins to exhibit a rod-like appearance

as shown in Fig. 10. Microstructures in samples

annealed for 300 min consist almost exclusively of the
long rod-like second phases (Fig. 11). Most of the
second phases in these samples nucleate within the
grain and show a preferred growth direction and
orientation relationship with the cubic matrix.

Microdiffraction patterns of the elongated precipi-
tates in the samples annealed for 300 min (Fig. 12a)
reveal these second phases to be of monoclinic sym-
metry (Fig. 12b). Fig. 12¢ exhibits two overlapping
selected area diffraction patterns from the cubic
matrix and monoclinic second phase obtained by
placing the selected area aperture around adjacent
phases. This pattern indicates that the monoclinic
structures orient themselves within the (body centred)
cubic matrix such that the (402)monocinic Plane is
approximately parallel to the (22 2).uic-

The STEM X-ray microanalysis profile (Fig. 13b)
across the precipitate shown in Fig. 13a found in the
sample annealed 300 min at 2200° C exhibits a La,0;
content in the matrix in agreement with phase diagram
predictions (6-7 mol % lanthana) and a second phase
La,0, concentration near 25-26mol %. Again the
second-phase lanthana concentrations exceed phase
diagram predictions (19 mol % lanthana at 2200° C).
Analyses on other precipitates such as those shown in
Fig. 14a yield similar results (Fig. 14b). All the needle-
like precipitates exhibit composition invariance along
the length of the precipitate as evidenced by the STEM
analysis of Fig. 15.

4. Discussion

4.1. k-factor determination

During the course of the k-factor determination, some
inconsistencies were observed in the intensity ratios
obtained which resulted in erroneous k-factor measure-
ments. X-ray counting was performed for each analy-
sis point until a total of 100000 counts were obtained
in the smallest (La) peak. However at times wide
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Figure 6 (a) Bright field micrograph of the second phase of a different morphology obtained in sample annealed for 300 min at 2100°C.
(b) Corresponding microanalysis across interface separating matrix and the twinned region of the second phase shown in (a).
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Figure 7 Backscattered electron micrograph of polished section
from 9mol % La,0;-Y,0, sample annealed 300 min at 2200°C
showing the distribution of the second phase.

variations of I, /I, ratio occurred depending upon the
thin foil and the area of analysis. These variations
may be a direct result of (a) absorption by the
sample, (b) electron beam damage to the foil or
(c) contamination, and each of these possibilities was
investigated.

For 9mol % La,0,/Y,0; samples, the thin film
criterion limit indicates a critical thickness of approxi-
mately 200 nm beyond which a correction factor must
be applied to the Cliff-Lorimer relation to account for
absorption of X-rays by the sample [20]. The low
energy yttrium L X-rays are the one most easily
absorbed by the sample and in the isolated cases
where the I, /I, ratio was found to be considerably
different than the average, it was always less than and
never greater than the average indicating a yttrium
deficiency. However STEM analyses were always
performed on foil edges in thin regions of the sample
using a spot size and second condenser lens aperture
large enough to achieve a dead time of 20% or less.
Thickness measurements obtained by convergent
beam diffraction from some of the analysis areas
revealed foil thicknesses below the critical limit.
Therefore absorption by the sample was ruled out as
a cause of inconsistent intensity ratios.

Electron beam damage to the foil was also studied
since some elements are unstable under the electron
beam and migrate during exposure due to the incident

(a)

Figure 8 Transmission electron micrograph of second phase found
in 9mol % La,0,-Y,0; sample annealed for 1 min at 2200° C.

electrons. Lanthanum and yttrium are heavy elements
and are unlikely to be affected by the beam, however,
in an attempt to attain 100000 counts in the lantha-
num L peak the beam was held stationary on the same
area for times that were as long as 80 min in some
cases. In order to assess the sample stability as a
function of counting time, counts were collected in a
series of 100 sec intervals from a thin portion of the
foil and the intensity data of both the yttrium and the
lanthanum peaks were recorded after each interval.
After 15min, the ratioed intensities 4, /I;,, were plotted
against the amount of time the beam was held station-
ary on the sample. Fig. 16 shows the linear fit to the
data with zero slope indicating that for times as long
as 15min, no sample degradation was observed.
Silicon contamination was determined to be the
reason for the anomalies observed in some of the data
collected. At times, the amount of silicon was signifi-
cant enough to result in a ring pattern superimposed
on the selected area diffraction pattern obtained from
a region of the foil on which the silicon lay. This
contaminant appeared in the EDS display as well, but
due to the relative energies of the peaks studied, its
presence was not always easily recognized. The silicon
K peak lies at the low energy end of the spectrum
(1.84keV), partially overlapping the yttrium L peak
on its lower energy side. The yttrium L peak naturally
exhibits a “tail” or a region of raised background on
its lower energy side which diminishes with decreasing

[211] HEXAGONAL

Figure 9 (2) Bright field micrograph of the second phase in 9 mol % La,O,~Y, 0, sample annealed for 1 min at 2200° C. (b) The corresponding
diffraction pattern of the untwinned area in (a) showing hexagonal symmetry.
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Figure 10 Transmission electron bright field micrograph of rod-like
second phase exhibiting twin structures found after 10min at
2200°C.

energies from the yttrium L peak. The silicon K peak
can be confused as part of this tail region, however in
cases where the contamination becomes significant or
when extended count times are used, the overlap of
the silicon K and yttrium L peaks produces an
extremely sharp shoulder on the low energy side of the
yttrium peak which raises the background much
above normal. This, in conjunction with silicon’s large
mass absorption coefficient for yttrium L X-rays
(u/e = 3000) [21] yields poor background fits of the
data to the standard and erroneous intensity ratios.

Silicon contamination proves to be a serious threat
to reliable quantitative analyses in the Y,0;/La,0;
system and in other yttria containing ceramics as well.
The problem can be alleviated by utilizing the yttrium
K peak in the quantitative analysis for which the
silicon mass absorption coefficient is much lower
(n/e = 11) or by removal of the contaminant. In the
present investigation, silicon contamination was
traced to the ion beam thinner which operates with a
silicon-based pump oil that vaporized and condensed
on the sample when the sample remained idle in the
thinner too long after the beams shut off. Successful
removal of the silicon was performed simply by ion
milling the sample a short time before immediately
removing it from the thinner.

4.2. Precipitation studies

According to the phase diagram, 9mol % La,0;-
doped Y,0; samples annealed at 2100° C lie close to
the cubic—cubic and hexagonal phase boundary not
very far into the two-phase region. As a result, the
driving force for homogeneous nucleation in the grain
is relatively weak and heterogeneous nucleation on the
grain boundary can be expected. It is this hetero-
geneous boundary nucleation that is most likely
responsible for grain boundary pinning during the
transient second-phase sintering technique described
earlier.

The second phase in the sample annealed for
300 min (Fig. 6a) exhibits a twinlike substructure and
an overall facetted appearance. This was observed in
nearly all precipitates studied in samples annealed
for long times at either temperature and the micro-
structures resemble results obtained from TEM
observations of the hexagonal to monoclinic phase
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Figure 11 Typical microstructures obtained after 300 min at 2200°C
showing elongated rod or lath-like morphologies.

transformation in other rare earth oxide systems
[6--14].

According to the literature, the hexagonal and
monoclinic polymorphs of the rare earth oxides are
closely related layered structures of metal-oxygen
tetrahedra stacked parallel to the basal plane of the
hexagonal cell and to the (207) plane of the mono-
clinic structure. Slight displacements of the hexagonal
cell in three equivalent directions perpendicular to the
¢ axis yield three variants or domains of the mono-
clinic phase. Boulesteix et al. and Yangui, Salem, and
Dobie [7-14] have shown in other systems that these
domains can grow as a result of interfacial strain.
This strain induced driving force together with the
observed twinning of the crystals along {313} and
{111} planes of the monoclinic phase lends credence
to a martensitic character to the hexagonal to mono-
clinic transformation.

In the present study, microdiffraction patterns of
the elongated precipitates in the samples annealed
for 300 min showed the second phases to be of mono-
clinic symmetry (Fig. 12b and 12¢). The partitioned,
strained nature of the second phase as depicted by
Figs 4a and 6a may be a direct result of the hexagonal
to monoclinic transformation, each section being one
of the monoclinic domains observed to occur in other
rare earth oxide systems.

Although micrographs obtained of the monoclinic
phase in the yttria-lanthana binary do indicate simi-
larities to the hexagonal to monoclinic transformation
in other rare earth oxide systems the microanalyses of
the second phases in the former indicate that the
transition did not occur in a diffusionless manner. The
absence of compositional invariance in the present
case is a major difference observed in the yttria-
lanthana system with respect to the same transfor-
mation in the other rare earth systems where the
transition is believed to occur in a diffusionless,
displacive, and possibly martensitic manner.

The microanalysis profiles also do not conform
to typical nucleation and growth profiles. Typical
nucleation and growth profiles usually exhibit a
solute depletion zone adjacent to the interface which
decreases with time to the equilibrium concentration.
To observe the interface concentration microanalyti-
cally, the precipitate interface must extend through



the thickness of the foil and it must be tilted parallel
to the electron beam. In the samples annealed to
2100° C for 300 min, the La, 0, concentration increased
from 8 or 9mol % in the matrix to 12 to 16% near the
interface to a final concentration of 38 to 40% in the
second phase itself (Figs 4b and 6b). The absence of
the depletion zone indicates that (a) the system has
reached equilibrium, {b) the precipitate is dissolving,
or (c) the facetted nature of the second phase is not
yielding interfaces that extend through the thickness

Figure 12 (a) Second phase obtained in sample quenched after
300min at 2200°C. (b) Monoclinic microdiffraction pattern of
rod-like second phase shown in (2) obtained in the sample annealed
300 min at 2200°C. (c¢) Overlapping selected area diffraction pat-
terns of the cubic matrix (c) and monoclinic precipitate (m) shown
in (a).

of the foil. For this last case, interaction of the matrix
and precipitate with the electron beam at the interface
yields compositions that are a mixture of both phases
rather than just the matrix itself, thereby overshadow-
ing any evidence of localized solute depletion in the
matrix adjacent the interface. Microprobe analyses
were performed on the second phases in random
portions of the sample annealed for 300 min. Except
for the matrix which shows excellent agreement with
TEM observations and phase diagram predictions, the
concentrations calculated were not necessarily precise
since the size of the second phase was usually below
the resolution limits of the instrument. Nevertheless
a number of the second phase arca samples yielded
La, O, concentrations as high as 37-38 mol %. Rhodes
and coworkers also report similar findings of second-
phase lanthana concentrations exceeding the cubic-
hexagonal and hexagonal solvus [22].

The samples annealed at 2200° C (further into the
two-phase field) exhibit precipitation within the grain
typical of a higher driving force for nucleation. STEM
analyses of the second phases obtained after long
times at temperature exhibit La,O, contents which rise
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Figure 13 (a) Elongated precipitate found in sample annealed 300 min at 2200° C. (b) The microanalysis profile across the precipitate-matrx

interface for the second phase shown in (a).
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Figure 14 (a) Series of precipitates found after 300 min at 2200° C. (b) The microanalysis profile across two of the second phases of (a) showing

the variation of the La,O; content between precipitate and matrix.

from 6 to 7mol % in the matrix to 16 to 18% near the
interface to a final concentration of 24 to 27% in the
second phase. The depletion zone is again absent and
the profiles resemble dissolution profiles rather than
nucleation and growth profiles. Again the second-
phase concentrations of the samples annealed for
300 min exceed the limits defined by the hexagonal-
cubic and hexagonal solvus boundary while the matrix
concentrations agree very well with phase diagram
predictions. All analyses were taken in precipitates
lying on the edge of the foil and thickness estimations
by the convergent beam diffraction technique on the
samples revealed that the thin film criterion was
upheld. Microprobe analyses confirmed the STEM
microanalysis results as well.

The most likely cause of the discrepancy in the data
results from re-equilibration of the phases at a lower
temperature during the quenching procedure that
perhaps was not severe enough to maintain the com-
positions of the equilibrium high temperature phases.
Samples were quenched from the heat treating tem-
perature by cutting the power to a tungsten mesh
resistance heated furnace. Recorded temperature
profiles indicated that the temperature dropped
approximately 700° C in the first minute and a half.
However, diffusion kinetics may have been fast
enough to allow dissolution of the second phase or
perhaps re-equilibration of the second phase at tem-
peratures between 1400 to 1800° C. Self diffusion coef-
ficients for polycrystalline yttrium oxide range from
107 to 107° cm? sec ™! for temperatures between 1400
and 1800° C as determined by Berard and Wilder [23].
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Figure 15 Microanalysis results along one of the precipitates of
Fig. 14a showing composition invariance.
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No diffusion data was found on lanthana-doped yttria.
However, due to cubic yttria’s non-close packed defect
fluorite structure whereby one quarter of the tetra-
hedral sites are void of an oxygen atom, it can be
expected that diffusion in the yttria matrix is rapid
enough to allow substantial compositional adjustment
at the temperatures involved in this study if cooling
rates are not fast enough.

The concentration profiles resemble dissolution
profiles showing increasing amounts of La,0, as the
precipitate-matrix interface is approached and then
reach a maximum in the second phase. However, the
maximum is not the concentration dictated by the
cubic-hexagonal and hexagonal solvus boundary at
the heat treating temperature, but a value in excess
of this. '

Fig. 17 shows the two phase cubic and monoclinic
region to extend from concentrations of La,0; of
approximately 15 to 40mol %. According to the
present STEM results, interface concentrations indi-
cated approximately 16mol % lanthana and pre-
cipitate contents of 38-40% for samples quenched
from 2100°C. The cubic phase in this two-phase
region contains lanthana contents of approximately
16 mol % similar to the interfacial concentrations. It
is, therefore, believed that the second phase is trans-
forming in such a manner that the cubic phase of the
higher lanthana content (16 mol %) is nucleating at
the interface of the matrix (cubic matrix of lower
lanthana content approximately 8-9mol %) and the
precipitate.

The samples annealed at 2200°C yield interface
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Figure 16 Plot of the ratio of the yttrium to lanthanum intensities
against time of exposure to electron beam.
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monoclinic solvus but second-phase concentrations
that comply with neither the cubic-hexagonal and
hexagonal nor the cubic-monoclinic and monoclinic
solvus, possibly indicating that the equilibration has
not gone to completion.

5. Conclusions

Microstructures obtained in 9 mol % lanthana doped
yttria samples quenched after long time anneals at
2100°C just inside the cubic—cubic and hexagonal
solvus exhibit predominantly intergranular precipi-
tates of monoclinic symmetry, containing a facetted
substructure of twins. Samples annealed for the same
times at 2200°C (further into the two-phase field)
exhibit both intergranular and intragranular precipi-
tation, the dominant morphology being long rod-like
precipitates containing a substructure and exhibiting a
preferred orientation in the matrix.

Microchemical analyses were performed on the
samples given long time anneals at 2100 and 2200° C.
This required measurement of the k-factor for this
system. During the course of the k-factor analysis, it
was found that silicon contamination from silicon
based pump oils used in the ion beam thinner imposes
gross absorption of yttrium L X-rays and EDS arti-
facts that result in poor background fits when using
ytirium L lines in quantitative analyses. When the
problem was corrected, chemical microanalyses on the
microstructures obtained in samples annealed 5h
at temperature revealed equilibrium matrix concen-
trations and second-phase concentrations far in
excess of that predicted by the cubic-hexagonal and
hexagonal solvus. The most likely cause of the dis-
crepancy is a transformation of the hexagonal phase
during the quench from the cubic and hexagonal field
and an attempted equilibration in the two-phase cubic
and monoclinic region.
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