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The Effect of Various Oxide Dispersions on the
Phase Composition and Morphology of Al,O;
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A series of oxide-dispersed B-Nidl alloys were oxidized in order to explore
the effect of various cation dopants on the 0-a phase transformation in the
ALO; scale and the effect of phase composition on the scale microstructure.
Larger ions such as Y, Zr, La, and Hf appeared to slow the 0- to 0-ALO;
phase transformation, while a smaller ion, Ti, appeared to accelerate the
transformation.
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INTRODUCTION

The formation of an external oxide or scale is essential for high-temperature
oxidation resistance. In order to be protective, a scale must be dense, slow-
growing, relatively chemically inert, and adherent. For high-temperature
applications up to 1000°C, chromia-forming alloys, such as stainless steels,
are widely used. However, at higher temperatures, the volatility of Cr,Os
limits its effectiveness as a protective scale. Because of the lower volatility
and slower growth rate of Al,Os, alumina-forming alloys and coatings are
more widely used at higher temperatures. Thus, as application temperatures
mcrease, research efforts have increasingly focused on the nucleation and
growth of alumina scales.

While earlier studies often assumed that the alumina scale formed dur-
ing oxidation was a-Al,Os, numerous studies'*° have clearly identified the
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formation of metastable, cubic Al,O; scales such as y, 8, and 0. The forma-
tion of these metastable alumina phases at temperatures from 800 to 1200°C
is significant for high-temperature oxidation because their subsequent trans-
formation to a-Al,O; can have a major effect on the oxidation behavior of
an alloy. For instance, 0-AL,O; scales are less dense and faster growing than
a-ALO; scales.'”>'>'®1° The scales grow by different transport
mechanisms”'”'*?° and have different microstructures. The metastable alu-
minas tend to form a bladelike morphology.”'*'>*'? Also of particular
significance is the phase transformation from cubic to hexagonal trigonal,
which results in a 13% volume reduction in the scale. Doychak and co-
workers>***!! studied the alumina scale microstructure on Zr-doped -
NiAl and developed a model in which the volume reduction, which occurs
when the initially formed - or 8-Al,O; scale transforms to a-AlOs, leads
to scale cracking. Transverse cracks through the scale thickness allow rapid
oxidation and, ultimately, the formation of surface ridges in the scale. The
ridge structure appears to be unique to aluminides, such as B-NiAl, and is
not observed in the scales formed on MCrAl-type alloys.”*'**!. Several
studies have indicated that the effect of the Al,O; phase transformation is
most acute for oxidation temperatures of 900-1100°C.»*1*"*1%1% At higher
temperatures, the initial alumina scales are typically a.

Phase transformations in Al;Os are also important in the manufacture
of catalysts, where the high surface area of y-ALOj; is a useful property.
Unlike high-temperature oxidation, catalyst applications seek to retain the
metastable phases for long periods of time; thus, research has been directed
toward preventing the phase transformation in order to increase the lifetime
and/or operating temperature of catalysts, Doping with a few percent of
various oxides appears to inhibit the phase transformation.”*>* A model by
Burtin and co-workers® suggested that large ions enter the open, cubic
lattice and there inhibit the transformation to the hexagonal a structure.

Recent work demonstrated that Zr or ion-implanted Y in -NiAl slows
the transformation of the 0-Al,O; scale to ¢-AlyO; in comparison to
undoped B-NiAL'*'®" Elements such as Y and Zr are common additions
to high-temperature alloys because they improve a-Al,Os scale adhesion.”’
The current work explores the effect of various oxide dispersions in S-NiAl
on the scale phase composition and morphology. By using a range of dopant
cation radii and studying the development of the scale microstructure, the
models of Burtin and Doychak were tested for the formation of alumina
scales on B-NiAl

EXPERIMENTAL PROCEDURES

Gas-atomized S-NiAl (49 at.% Al) powder and 1 vol.% dopant oxide
powder (Y,0;, La,O;, HfO,, TiO,, ZrO,, AL,O;) were mechanically
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Table I. Chemical Composition of the Oxide-Dispersed NiAl Alloys in Atomic Percent,
Obtained by Inductively Coupled Plasma Analysis™

NiAl 1 vol.% 1 vol.% 1 vol.% 1 vol.% 1 vol% 1 vol.%
aHOyS ZrOZ Y203 La203 TIOZ Hf02 A1203
Ni 49.08 4891 48.87 46.70 48.35 49.89
Al 48.29 48.13 46.94 44.99 47.67 4731
Fe 0.03 0.02 0.03 0.14 0.11 0.15
Cr 0.03 0.03 0.03 0.06 0.04 0.05
Si 0.18 <0.01 0.12 n.d. 0.18 0.21
Ti n.d. <0.01 <0.01 0.33 n.d. nd.
Co n.d. n.d. n.d. 0.02 n.d. n.d.
Dopant 0.275 0.243 0.235 0.334 0.298 —
(Zr) ) (La) (T1) (Hf)
Other <0.01 <0.01 <0.01 0.001 0.005 0.005
(Y) (Zr) (Y) (Y) (Zr) (Y)
Other <0.01 0.004 <0.01 <0.01
(Zr) (Mo) () (Zr)
C 0.11 0.008 <0.01 0.24 0.25 <0.01
N 0.26 n.d. 0.11 0.12 0.10 0.28
0 1.76 2.66 3.67 7.40 3.24 2.11
S (ppm) 4 38 <3 <10 14 <3

blended in a nitrogen gas atmosphere using a water-cooled, high-speed attri-
tor and steel balls. The attritor tank and balls were cleaned between runs in
order to minimize cross-contamination. After blending, the powders were
canned and degassed, and then extruded at 1232°C. The final chemical com-
positions are shown in Table I. This powder-metallurgy process produces a
uniform microstructure, independent of oxide addition. Transmission elec-
tron microscopy of several compositions showed that the as-extruded grain
size was approximately 1 um. A large fraction of submicron Al,Os particles
was formed during the milling process, and the oxide particles were observed
mainly at alloy grain boundaries.*®

Oxidation coupons (=12 mm diameter x 1 mm thick) were polished to
0.3-uym alumina and ultrasonically cleaned in acetone and methanol prior
to oxidation. Oxidation experiments were conducted at 1000°C and 1200°C
in dry, flowing O,. Specimens were rapidly inserted and removed from a
hot furnace. Weight changes were measured continuously using a Cahn
model 1000 microbalance. Samples were also weighed before and after oxida-
tion using a Mettler model AE240 balance.

After oxidation, samples were examined using scanning electron micro-
scopy with X-ray energy-dispersive spectroscopy (SEM/XEDS). A Rigaku
X-ray powder diffractometer, with a 12-kW rotating anode source and
equipped with a glancing angle (GAXRD) attachment, was used to analyze
the thin alumina scales with a 0.5° incident angle.
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Fig. 1. Parabolic plot of weight gain versus square root of time for various
B-NiAl alloys at 1000°C in 1 atm O,. In general, the period of faster scale
growth is reduced with the addition of an oxide dispersion compared to that
observed on undoped, cast f-NiAl.

RESULTS

Oxidation studies commonly include kinetics weight-gain measurements
in order to quantify the parabolic rate constant. In this study, kinetics were
measured using thermal gravimetric analysis (TGA). A parabolic plot of
weight gains at 1000°C is shown in Fig. 1. In general, the data follow the
results found in other studies'®'>'*'® where the initial oxidation rate is very
high, but after ~1 h the rate is sharply reduced. This change in rate was
attributed by Rybicki and Smialek'® to the change from metastable alumina
formation to a slower-growing a-Al,Os scale. Compared to undoped, cast
B-NiAl,'® the addition of an oxide dispersion appears to shorten the transi-
tion time to the slower growth rate. However, the kinetics in Fig. 1 do not
clearly differentiate any effects of the various oxide dispersions. The scatter
in the weight gains, particularly in the first few minutes of oxidation, appears
to be greater than any dopant effect. An effort was made to standardize the
data by setting the weight gain at 0.1 h to zero and by attempting to match
the final weight gain measured at temperature by TGA to the weight gain
measured after cooling (Table II). The first approach reduced the scatter
significantly but still did not show much effect of the various additions; the
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Table IT. Measured Weight Gains (mg/cm”) After Cooling to Room Temperature of Various
B-NiAl Alloys at 1000°C

Oxidation time

Addition 1h 50h 100 h
Cast, undoped** 0.03"-0.19 0.10°-0.28
1 vol.% TiO, 0.04 0.12 0.13°
1 vol.% Y,0; 0.14 0.19 0.15
1 vol.% ZrO, 0.10 0.13 0.08°
1 vol.% La,03 0.14 0.12
1 vol.% ALO; 0.09 0.13
1 vol.% HfO, 0.10 0.07°
0.11 at.% Zr'**® 0.13 0.24 0.41
2x 10" Y/cm” implant™*'® 0.13 0.23-0.37 0.45

“ Measured weight gains may be lower due to scale spallation.

second did not produce reconcilable data sets, perhaps because the weight
gains measured after cooling may be reduced by scale spallation. Unfortun-
ately, the low weight gains, combined with problems in settling the balance
in the early stages of oxidation, make such gravimetric measurements
particularly difficult.

Despite the inconclusive kinetics data, significant differences in scale
microstructures were observed using SEM. After 1-h oxidation at 1000°C,
the most commonly observed microstructure was a mixture of fine-grain
(submicron) blades and smoother patches (Fig. 2a). Previous TEM and
GAXRD work™'*">'*1% hag linked the bladelike morphology to metastable
aluminas such as #-AL,Os;. The smoother patches appeared to correspond
to the location of oxide particles in the alloy. The dispersed oxides (both
alumina and the dopant oxide) may thus affect the scale nucleation and
growth. Fine cracks in the scale were observed in many of these smooth
areas. The type of scale morphology was observed for additions of Zr, Y,
and Hf. The addition of La also produced a similar microstructure, except
that the blades appeared to be larger and more pronounced (Fig. 2b).

A very different microstructure was observed on the Al,Os-dispersed
substrate (Fig. 2¢). In this case, a very fine ridge-type structure was observed
along with fine oxide nodules. Virtually no bladelike grains were observed.
The addition of TiO, also produced a ridge-type morphology (Fig. 2d),
although somewhat different from the structure on the alumina-dispersed
B-NiAl. Unlike in the other scales, with Al,O; and TiO, additions the mor-
phologies appeared very uniform and did not appear to be locally affected
by oxide particles in the alloy.

To further characterize the microstructure, GAXRD was used to deter-
mine the scale phase compositions. A peak-height comparison was used in
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Fig. 2. SEM secondary-electron images of the alumina scale formed after oxidation for 1 h at
1000°C on B-NiAl with oxide dispersions of (a) HfO,, (b) La,0;, (¢} Al,Os, and (d) TiO,.
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Fig. 2. Continued.
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Table III. Phase Composition (%6-Al,03) of Scales Grown on Various $-NiAl Alloys at
1000°C After Several Exposures (0% indicates scale is 100% a-Al,05)*

Alloy Ni-50A1'® Ni-49Al Ni-50Al"
Dopant None Y Y

2% 10" cm™? jon
Method of addition — Oxide dispersion implant
After 1 h 25%* 59% 99%
After 50 h 0% 0% 95%
After 100 h 0% 0% 86%
Alloy Ni-49A1" Ni-49A1 Ni-49Al
Dopant Zr Zr Ti

0.11 at.% alloy

Method of addition addition oxide dispersion oxide dispersion
After 1h 91% 60% 0%
After 50 h 0% 0% 0%
After 100 h 0% 0% 9%
Alloy Ni-49Al Ni-49Al Ni-49Al
Dopant Hf La Al

Method of addition

oxide dispersion

oxide dispersion

oxide dispersion

After 1 h 60% 51% 0%
After 50 h 0% 0% 0%
After 100 h ND ND ND

“The oxide-dispersed alloys were extruded from powder and the other alloys were cast.

b Average of four samples, standad deviation of 30%.

order to make a semiquantitative approximation of the scale phase
fractions.">'®'® Table IIT lists the percentage of 6-AlLO; in the scales on
several different alloys after various isothermal oxidation exposures. The
percentage was obtained by using unobstructed peaks from 6-Al,0; (20=
32.8° with Cu-Ke radiation) and a-AlL,Os; (57.5°). Scales with bladelike
morphologies after 1 hr (Figs. 2a and 2b) had 50-60% 6-Al,Os, while the
ridge-type morphologies (Figs. 2c and 2d) were 100% a-AlLOs. Despite the
larger blades on the La,O;-dispersed substrate (Fig. 2b), no corresponding
increase in the fraction of 0-Al,O; was detected. The amount of 8-Al,0;
present in the scale was less when the dopant was added as an oxide disper-
sion (ZrO, or Y,0s3), compared with an elemental addition (0.11 at.% Zr)
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or Y ion implantation.'®'® Comparing undoped cast NiAl'*'® with ALOs-
dispersed NiAl, the amount of 0-Al,O; in the scale after 1-h oxidation was
also reduced in the latter case. This is in agreement with the kinetics results
(Fig. 1), where oxide additions generally reduced the transient, higher-rate
time period.

Longer oxidation experiments also were conducted at 1000°C. After a
50-h exposure, none of the scales on the oxide-dispersed substrates had
detectable #-Al,O; X-ray peaks (Table III). However, the scale morpholog-
ies were still significantly different, particularly those grown on TiO,- and
ALOs-dispersed p-NiAl (Fig. 3). The ZrO,-doped scale had only a few
bladelike grains remaining after 50-h (Fig. 3a). Oxide ridges were beginning
to develop, particularly in the smooth areas around oxide particles where
cracks were observed after 1-h. A similar scale structure was observed on
the La,0s-dispersed material.

The HfO,-doped scale exhibited fewer oxide blades and more of a ridge-
type structure (Fig. 3b). The Y,Os-doped scale showed fewer ridges but
more pronounced oxide blades than on any of the other compositions (Fig.
3c). The scale on Al,Os-dispersed S-NiAl had a very pronounced, but close-
packed, ridge structure (Fig. 3d). The ridge structure is typical of undoped
a-ALOs scales, but generally the ridges are more widely spaced. Unlike the
other materials, the fine ridges on the TiO,-doped scale after 1-h had almost
completely disappeared after 50 h (Fig. 3e). The remnant surface topography
was by far the smoothest of any of the alloys in this study.

Several compositions were oxidized for 100 h at 1000°C. In general, the
structures coarsened but did not change significantly. The scale microstruc-
ture on TiO,-dispersed B-NiAl was virtually unchanged compared to that
after 50 h. The ridges on the ZrO,-doped scale continued to grow and became
more pronounced. In contrast, the Y,O;-doped scale exhibited less ridge
formation, and the oxide blades were less pronounced after 100 h than after
50 h. The blades appear not to be growing but to be slowly transforming to
a. Interestingly, at lower magnifications the remnants of the oxide blades
appeared to form a coarse network (Fig. 4), similar to the finer ridge network
observed on the ZrO,-doped scale.

A more obvious differentiation of the effects of the different dispersoids
was observed in the early stages of oxidation at 1200°C. At 1200°C, there
was very little indication of any #-ALQO; formation. The additions of ZrO-,
HfO,, and La,0; produced a ridge-type morphology, similar to the a-Al,Os
scales formed on other cast NiAl materials®'®'®*%*%° (Fig. 5a). The ridges
were closer-packed on HfO,-dispersed -NiAl but similar in appearance.
The ridges were less pronounced on the Y,0;-doped scale (Fig. 5b).

Similar to results at 1000°C, the Al,O; and TiO,-dispersed materials
oxidized at 1200°C produced far different scale morphologies. The scale on
AlLO;-dispersed B-NiAl had a very fine ridge structure, with a ridge at
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Fig. 3. SEM secondary-electron images of the alumina scale formed after oxidation for 50 h
at 1000°C on S-NiAl with oxide dispersions of (a) ZrO,, (b) HfO,, (¢) Y>0s, (d) Al,Os, and
(e) TiO;.
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Fig. 3. Continued.
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Fig. 3. Continued.

nearly every scale grain boundary (Fig. 5¢). The TiO,-doped scale showed
no evidence of any type of ridge structure (Fig. 5d). Individual grains were
clearly delineated, and fine microcracks were observed on the surface. This
structure is very similar to that observed on a commercial Y,0s-dispersed
Fe-20 at.% Cr-10% Al-0.39% Ti (Inco Alloy MA956) oxidized under the
same conditions.”""!

DISCUSSION

Although not obvious from the weight gain kinetics, alumina scale
composition and morphology are strongly influenced by different oxide dis-
persants in S-NiAl. Clearly, there was some effect from the presence of an
oxide dispersion in general, but there was also a separate chemical-doping
effect on the scale. In general, these observations appear to corroborate the
models proposed by Burtin® and Doychak.*®

For oxidation at 1000°C, variations in scale morphology are not
reflected in significant differences in the kinetics data or in the weight gains.
In general, the changes in scale morphology did not profoundly affect the
oxidation behavior of the materials under the conditions used in this study.
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20 um

Fig. 4. SEM secondary-electron image of the alumina scale formed after oxidation for 100 h
at 1000°C on $-NiAl with an oxide dispersion of Y,0;.

At higher temperatures (>1200°C), the various dopants did begin to have
a more critical influence on the oxide scale growth rate and adhesion.”
However, it is important to understand how these later-stage morphologies
develop.

The initial fine grain size of the alloy (&1 um) appears to mask any
effect of crystallographic orientation on the scale morphology.®'"'**>% The
oxide particles (both alumina and dopant oxide) probably also affect the
initial nucleation of the scale.”® In most cases, an oxide dispersion in the
alloy appears to help nucleate a-Al,Os, resulting in a faster transformation
from 6-AL,Os, than in cast B-NiAl with other types of additions (Table III).
For example, the A,Os-dispersed §-NiAl quickly formed an a-Al,O; scale
without the transient presence of 6-Al,O; observed on cast, undoped §-
NiAlL Also, the 6-Al,O; percentages were lower with the addition of Y,0;
and ZrO, compared to implanted Y and alloyed Zr, respectively. The high
oxygen contents found in these alloys (Table I) indicates a large fraction of
ALQO; particles relative to the dopant oxide particles. However, no clear
correlation can be drawn between alloy oxygen content and scale phase
composition or morphology. Thus, a simple nucleation effect does not
appear to explain all of the observations, and it is necessary to look at
chemical effects to explain the influence or the various dopants. For example,
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Fig. 5. SEM secondary-electron images of the alumina scale formed after oxidation for 2h at
1200°C on B-NiAl with oxide dispersions of (a) La,0s, (b) Y203, (c) Al,Os, and (d) TiO,.
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Table IV. Ionic Radii of Various
Cations Using Coordination Number

of 6
Cation Tonic radii
AP* 0.53
Hf** 0.71
La’* 1.06
Ti** 0.61
Y 0.89
Zr** 0.72

the more pronounced oxide blades on the La,Os-dispersed alloy (Fig. 2) or
the reduction in ridge growth on the Y,0Os-doped scale (Figs. 3 and 5) must
reflect chemical effects.

The model proposed by Burtin et al.~ emphasizing ion size and dopant
valence appears to account for a number of the present observations. Burtin
observed that larger ions, such as Ca, La, and Th, tend to inhibit the 0-«
phase transformation, while smaller ions, such as Mg and Ga, accelerate
the transformation to a. Valence plays a role in intermediate-size ions, with
higher valence ions (such as Zr) acting as inhibitors.

The Burtin model would appear to explain the observation that a TiO,
addition did not inhibit the scale transformation to a-Al,Os, relative to the
behavior of undoped cast S-NiAl (Table III). The Ti ion is similar in size
to Mg and Ga, which Burtin found to be accelerators.”® The larger ions
added in this study (Table IV) all appear to have acted as inhibitors. While
there appear to be some differences in scale morphologies among the large-
ion additions (Hf, La, Y, and Zr), each had a similar effect on the scale
phase composition (Table IIT). Based on their larger ionic size and the
longer-term presence of bladelike oxide grains (typical of 8-Al,0,>'%'>1%1%),
Y and La appear to be the most effective inhibitors. This conclusion is also
consistent with the Burtin model, since La and Y are larger ions than Zr
or Hf. However, it is difficult to draw firm conclusions about the relative
effectiveness of the various additions, because the oxide additions were added
as identical volume fractions (1%) rather than as equal atomic percent addi-
tions, which would better identify the effectiveness of the various dopants.

The exact mechanism whereby larger ion dopants inhibit the 0- to-a
phase transformation has not been demonstrated explicitly. Burtin suggested
that reducing the surface area (sintering) of the metastable alumina is a
critical step in the transformation and that the rate-limiting step is vacancy
annihilation. It has also been suggested that large ions in the relatively open
cubic lattice inhibit the diffusionless, martensitic- or shear-type transforma-
tion from cubic to hexagonal ALO;.*® Thus, the dopant could play a role

1'23
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at the surface or within the lattice. Since sintering would seem to be more
of a concern with Al,O; powders, a dopant effect on the ALLO; lattice would
seem more plausible in the case of growing scales. A large dopant ion, such
as La or Y, could distort the surrounding cubic Al,Os lattice, thus stalling
a diffusionless transformation from € to ¢ by requiring more energy to
overcome the distortion.

The oxide-morphology model proposed by Doychak er al®® also
appears to explain many of the observations for these materials. However,
in describing Al,O; morphologies, it is important to distinguish two types
of ridges: the “extrinsic” type which (as described by Doychak) form as a
result of the 8-a AlL,O; phase transformation (e.g., Figs 3b and 5a); and
finer, “intrinsic” ridges which are observed on undoped a-ALOs*' (e.g., Fig.
5¢). It is proposed that extrinsic ridges form when the scale cracks as a result
of the volume reduction associated with the phase transformation and at
regions where growing a-Al,O; nuclei intersect. These ridges form during
the initial transient stage of oxidation but do not grow significantly (relative
to scale thickness) during steady-state oxidation.'* Intrinsic ridges are
thought to form on each oxide grain boundary and grow by the outward
transport of Al through the scale, during steady-state oxidation. Intrinsic
ridges do not form on ¢-Al,Oj; scales which are doped with a reactive element
such as Y or Zr, presumably because these elements suppress short-circuit
Al transport.' 136

In agreement with the Doychak model, the typical formation of extrinsic
oxide ridges at the gas interface is observed when the transient 8-Al,O;
phase develops initially. Particularly with the larger ion dopants (Hf, La,
Y, and Zr), the progression of blades (e.g. Figs. 2a, b) to cracks (e.g., Fig.
3c) to ridges (Figs. 3a, b) seems to be followed. The scale morphology on
Y,0s-dispersed B-NiAl after 100 h at 1000°C would indicate that some
coarser ridges may form from the remnants of the last remaining 6-Al,O;
blades when they transform to the o phase. However, the same basic ridge-
type morphology is found on this material as well.

With the ALLO;- and TiO,-dispersed materials, this same progression
appears to occur more rapidly and the resulting morphology is far different.
The very fine ridges observed after 1 h at 1000°C (Figs. 2¢, d) appear to be
extrinsic ridges, thus indicating that a phase transformation occurred in the
very early stages of exposure at 1000°C. It is unlikely that these are outward
growing, intrinsic ridges, because they do not correspond to scale grain
boundaries on either material. With an earlier transformation to ¢-Al,QO;,
ridges on both materials formed on a finer scale than on the other alloys
where the transformation to ¢ was inhibited. At longer times, this resulted
in a closer-packed ridge structure (Figs. 3d, ). In the case of the TiO,
dispersion, little trace of the ridge structure was observed after 50 or 100 hr.
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The clearly defined intrinsic ridges on the Al,Os-dispersed S-NiAl
observed at 1200°C and.the more pronounced extrinsic ridges after 50 hr at
1000°C (Fig. 3d) both may be a result of the outward transport of Al
through the scale. In each of the other materials, the dopant ions could
inhibit Al diffusion by segregating to the «a-ALO; scale grain
boundaries.'”*?” In a study of these and other materials, each of these
dopant ions (Hf, La, Ti, Y, and Zr) has been found to segregate to grain
boundaries in a-Al,O; scales grown at 1200°C.*

A question remains regarding whether TiO, can be considered an accel-
erator. Because of the high oxygen content (meaning a higher fraction of
Al,O; particles in the alloy than the other materials), it is difficult to separate
the effect of the Ti dopant from the oxygen content. Rather than Ti accelerat-
ing the transformation, the larger fraction of oxide particles may have nucle-
ated o more quickly. However, based on observations of TiO, dispersions
in FeCrAl and B-NiAl alloys and small Ti alloy additions to B-NiAl> it
appears that the presence of Ti does have a substantial effect on the morphol-
ogy of a-Al,O;, including an effect on the 8-a phase transformation.

CONCLUSIONS

A series of oxide-dispersed B-NiAl alloys were oxidized in order to
explore the effect of various cation dopants on the 8-« phase transformation
in the Al,O; scale, and the effect of the phase composition on the scale
microstructure. The oxide-dispersed alloys formed scales with higher a-
ALOs fractions than cast alloys with dopants added by other techniques.
Differences were observed among the various dopant oxide dispersions.
Larger ions such as Y, Zr, La, and Hf appeared to slow the 6- to a~Al,O;
phase transformation, while a smaller ion, Ti, appeared to accelerate the
transformation. Slowing the phase transformation enhances the formation
of a ridge-type morphology. “Extrinsic” ridges form as a result of scale
cracking during the phase transformation. However, when the phase trans-
formation is not inhibited, the scale morphology is very different and the
ridge-type morphology is obscured. These results support the models pro-
posed by Burtin and co-workers on the Al,O; phase transformation and
Doychak and co-workers on the formation of oxide-scale ridges.
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