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THE TRANSVERSE CREEP BEHAVIOUR OF
MA 6000 IN TENSION AND COMPRESSION

Russell Timmins, Eduard Arzt
Max-Planck-Institut fur Metallforschung
Institut fur Werkstoffwissenschaft
Seestrasse 92,7000 Stuttgart 1

ABSTRACT

Poor transverse strength is a possible limitation for the
widespread application of coarse-grained oxide
dispersion strengthened (ODS) alloys at high
temperatures. This work presents new tensile and
compressive creep results, produced with continuous
strain measurement, on MA 6000, which reveal the
important micromechanisms responsible for the
inferior high temperature performance under
transverse loading. A model based on an interface
reaction controlled diffusional creep mechanism is
presented, which is the basis for a better

understanding of the transverse creep behaviour of
0DS alloys.

10 Introduction

Oxide dispersion strengthened (ODS) superalloys
are promising materials for critical components
operating at elevated temperatures. In particular
these alloys, following controlled thermo-mechanical
processing, possess excellent creep strength which is
primarily due to a fine dispersion of inert oxide
particles. The understanding of the creep deformation
and fracture behaviour of ODS alloys has advanced
considerably in recent years (for a review see Ref.1). A
new constitutive equation (1,2) based on the thermally
activated detachment of dislocations from inert
dispersoids has led to a more consistent interpretation
of the cresp deformation behaviour in ODS alloys; in
particular the high stress exponents and activation
energies for creep, which are typical for ODS
materials in general, are accounted for in a more
natural way.
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Efficient strengthening in nickel base ODS
superalloys by inert dispersoids is achieved, however,
only in combination with an elongated grain structure
which suppresses excessive accumulation of creep
fracture damage. This role of grain geometry in the
creep deformation and fracture behaviour of ODS
alloys has also received attention (3-7), bui there still
remains much debate over the detailed mechanisms
involved. Furthermore, the presence of an elongated
grain structure, which is a prerequisite for good high
temperature creep strength, naturally leads to a far
from optimum grain geometry in the transverse
direction with a consequent degradation in creep
behaviour. Since critical components are rarely
subjected to uniaxial loading alone, it is essential to
gain a better understanding of the transverse creep
properties,

In this contribution emphasis is placed on the
transverse creep behaviour of ODS alloys using
Inconel alloy MA600O as a model system. The paper
continues in section 2,0 with a short review of the role
of grain geometry in the creep behaviour of ODS alloys,
and, following the experimental details in section 3.0,
the results of new tensile and compressive creep tests
on MA 6000 are given in section 4.0. Various models
are then presented and discussed in section 5.0 where
it is concluded that, for transverse loading, models
based on constrained cavity growth are physically
unrealistic. 1t is suggested that a model based on
inhibited diffusional creep and cavity growth is more
likely to be applicable. The paper closes with a short
summary containing the main conclusions in section
6.0.



2.0 The Influence of Grain Geometry on the Creep
Behaviour of QDS alloys

Grain boundaries subjected to a tensile stress at
elevated temperature accumulate damage in the form
of cavities which, after linking up into microcracks,
result in material failure, This is the normal failure
mode in creep for many polycrystalline alloys in
general, but because the matrix strength of dispersion
strengthened alloys is so high and the imposed
operating conditions of stress and temperature are so
severe, the strength differential between matrix and
grain boundaries in ODS alloys is particularly
marked. It is fortunate therefore that, following
controlled thermo-mechanical working, ODS alloys
acquire elongated grain structures which minimise

the grain boundary area lying normal to a uniaxial
tensile stress,

Wilcox and Clauer (3) were the first to demonstrate,
in Ni-Cr-ThOg alloys, the importance of the grain
aspect ratio (GAR) rather than the grain size per se for
good high temperature strength. The effect was
interpreted as being due to the reduction of grain
boundary area normal to the maximum principal
tensile stress and the suppression of grain boundary
sliding. Of course the grain size itself should be large
enough to restrict excessive creep deformation by
diffusional flow.

Several workers have investigated the influence of
GAR on the creep behaviour of ODS alloys. Creep data
for MA 6000 reported by Cairns et al. (4) and Arzt and
Singer (5) are displayed in Figure 1, which shows how
the time to failure increases with GAR. Above a GAR
of about 15 fracture occurs fransgranularly and the
material approaches its "single crystal” limit. Similar
observations have been reported for bubble
strengthened tungsten (8).
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Fig.1: Creep rupture life as a function of GAR in
MA 6000,

Various models have been offered as an explanation
for these observations, most notably by Arzt and Singer
(), Stephens and Nix (6) and Zeizinger and Arzt (7).
All models have a common feature; fracture damage
accumulation on grain boundaries normal to the
tensile stress is assumed to be constrained by
displacements of the surrounding, undamaged,
regions. In this way the geometry of the situation
results in a relationship between the GAR and the
creep deformation rate (or fracture time) . This is
understandable since the applied stress is distributed,
by an extent depending on the magnitude of the GAR,
between the damaged and undamaged regions
respectively. Details of the various models differ with
respect to the nature of the accommodating creep
mechanism. Arzt and Singer (5) attempted an
explanation of their results, shown in Figure 1, by
assuming cavity growth to be accommodated by grain
boundary sliding of the longitudinal grain boundaries,
which leads to a natural and direct linear dependence
of the time to fracture on the GAR. Since cavity growth
and grain boundary sliding are both linearly
dependent on stress, a threshold stress for both of the
diffusion - controlled processes had to be invoked in
order to achieve an adequate correlation with the
experimental data. It is now generally accepted,
however, that grain boundary sliding alone is not
possible in polyerystalline materials without
accompanying grain strain accommodation (9,10), a
feature that has received general confirmation in QDS
alloys (7,11)

The other, more reasonable, explanation considers
cavity growth to be constrained by dislocation creep
which leads to strong GAR dependence on the rupture
time. Models for this have been developed by Stephens
and Nix (6) and Zeizinger and Arzt (7), the main:
aspects of which will be included in section 5.0 on
modelling. Stephens and Nix (6) were able to correlate
the stress dependence of the strain rate at low stress in
MA 754 having intermediate and low GAR structures,
where fracture occurred intergranularly, although at
the lowest stresses the model consistently under-
estimated the creep rate. Zeizinger and Arzt (7)
developed a similar model, adapted from the
constrained cavity growth analysis for equiaxed grain
structures given by Cocks and Ashby (12), which

showed a good correlation with the results of Arzt and
Singer (5).

The models developed so far have not been applied to
the important situation arising in transverse loading
where the grain geometry naturally results in tensile
forces acting across large tracts of grain boundary

area. In this case it is questionable whether a grain
constraint exists at all.



30 Experimental Techniques

301 Materials

INCONEL Alloy MA 6000 bar stock with section size
60 mm x 20 mm in the fully heat treated condition (1h
1500 K, 2h 1230 K, 24h 1120 K) was used in the present
study. The grain structure, consisting of highly
elongated grains, is shown in Figure 2. Longitudinal
grain lengths, L1, reach upto 10 mm; the mean linear
intercept length was determined as 3.7 mm. In a
transverse section (Figure 3) grain dimensions are
rather irregular. The mean linear intercepts of the
long transverse (Lg) and short transverse (Lg) grain
lengths were determined as 301 ym and 176 pm
respectively., This corresponds to a GAR in the
transverse direction of 1.7. The GAR in the
longitudinal direction, determined from GAR=
LiALgLg)V2, is 16.
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Fig.2: Longitudinal grain structure of MA 6000,
GAR=16 (As-received).
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Fig.3: Transverse grain structure of MA 6000,
GAR=1.7 (As-received).
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In addition a 40 mm diameter bar of fine-grained
material was available for producing model micro-
structures through secondary recrystallisation. Rods
of 10 mm diameter spark machined from the bar stock
were zone annealed in two stages from opposite ends of
the rod under controlled conditions, which allowed
grain structures to be produced approaching those of a
bicrystal configuration (see section 4.0). Following
zone annealing the rods were given the standard heat
treatment.

3.02 Creep Testing

Tensile creep specimens with nominal dimensions
30 mm gauge length and 4 mm diameter were
machined with the long transverse grain direction
lying along the specimen axis. A few specimens were
additionally produced from the longitudinal direction.
Creep testing under constant load was conducted in an
Amsler 5kN creep machine. Thermocouples attached
to the specimen enabled the temperature to be
controlled to within £ 2 K. Two 5 mm displacement
transducers, mounted into a pair of nickel base alloy
rod-in-tube extensometers, allowed for continuous
displacement-time measurements to be recorded.
Tests at the lowest stresses were interrupted before
failure; the longest test, at 40 MPa, lasted ~ 1000h.

Compression creep tests, under constant load, were
conducted in a Schenck-Trebel 100kN universal testing
machine. Tests were performed in the longitudinal,
long transverse and short transverse directions using
cylindrical specimens 18 mm long and 9 mm
diameter. A 1.5 mm displacement transducer
connected between two ceramic rods, side mounted
onto the specimen surface, allowed for a continuous
measurement of displacement. Heating was
performed by high frequency induction regulated by
three thermocouples which were spot welded with
equal spacing along the specimen length. At high
stress creep testing was restricted to approximately 2%
strain within which the steady state or minimum
creep rate could be determined. At low stress a
continuously decreasing strain rate was often noted.
In these cases final creep rates are reported.
Although, in the main, the compression creep tests
were of relatively short term, a reasonable estimate of
the creep rate could be achieved. All tests, in both
tension and compression, were conducted at 1323 K.



40 Results
4.01 Tensile Creep Testing

An example creep curve for MA 6000 (656 MPa,
1323 K) tested in the long transverse direction is shown
in Figure 4. Following a primary creep range the
creep rate reached a steady state and terminated in a
tertiary stage prior to failure. All tensile testing in the
transverse direction resulted in an intergranular
failure, illustrated by the SEM micrograph in

Figure 5. The strains to failure were in the range 0.2 -
1.0%.
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Fig.4: Example creep curve for MA 6000 under
transverse loading.

Fig.5: SEM-micrograph showing intergranular
fracture in a transverse creep specimen
(T=1323 K,0=65 MPa),
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All tensile creep results are plotted on douhla
logarithmic axes in Figure 6. Although there ig
considerable scatter, the long transverse data can he
reasonably described by a straight line of slope ~7, The
longitudinal data agree well with previously publisheq
results (full line) taken from reference 13, which can
be described using the following constitutive equation:
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with €p=10"11 51, 5p=116 MPa and n=23 5.

Eq.[1]
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Fig.6: Tensile creep data for MA 6000 in the long
transverse and the longitudinal grain direction.
The "bicrystal” creep data are also shown.

The tensile creep results confirm the considerable
loss in creep strength incurred under transverse
loading in comparison to loading in the longitudinal
grain direction. Metallographic examination of
polished and etched sections taken from fractured
specimens revealed profuse grain boundary cavitation
lying predominantly on grain boundaries normal to
the tensile stress axis (Figure 7). At positions well
away from the fracture face individual, spherically
shaped, cavities were observed, separated by a white
etching zone devoid of y° precipitates (Figure 8). These
observations strongly suggest that diffusional cavity
growth mechanisms are involved. The cavity spacing
was estimated to lie between 5 and 10pm.,



Fig.7: Profuse grain boundary cracking in MA 6000
after creep testing in the long transverse
direction (T=1323K,0=75MPa).

Fig.8: Creep cavities lying on grain boundaries normal
to the tensile stress axis (horizontal). Note y-
denuded zones between cavities.

4.02 Compression Creep Testing

Whereas in the longitudinal grain direction creep is
similar in tension and compression (Figure 9),
transverse creep in tension is considerably impaired
in comparison to creep in compression (Figure 10).
Surprisingly, a comparison between the compressive
creep behaviour in the longitudinal and transverse
directions also revealed significant differences; creep
rates are enhanced in the transverse directions
(Figure 11). Creep rates in the short transverse
direction were found to be, especially at high stress,
somewhat faster than in the long transverse direction.
The compressive creep data are plotted on double
logarithmic axes in Figure 12, which clearly
illustrates the enhancement in the transverse creep

rates at low stress in comparison to those in the
longitudinal direction.
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Fig.9: Comparison between tensile and compressive
creep in the longitudinal direction.
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Fig.10: Comparison between tensile and compressive

creep in the long transverse direction.
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Fig.11: Comparison between compressive creep in the

longitudinal, long transverse and short
transverse directions.
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Fig,12: Compressive creep data for MA 6000 in the
transverse directions (longitudinal creep data
are also plotted for comparison).

Metallographic examination of samples tested in
the transverse direction under compressive loading
revealed white etching bands adjacent to grain
boundaries oriented parallel to the compression stress
axis (Figure 13), which have previously been
confirmed as devoid of y” (14). This feature is strong
evidence for the operation of a stress directed
diffusional creep mechanism. Furthermore, closer
observation revealed local changes in the carbide
particle distribution (Figure 14); within the v-depleted
zones a population of ~ 1 pum sized carbide particles,
identified as being W and Mo rich, was observed.
Grain boundaries perpendicular to the compression
stress axis were carbide free. Moreover, these local
changes in microstructure were neither observed in
as-received nor in merely stress-free annealed
material. Attempts have been made, using EDAX in
SEM, to determine the yttrium distribution across the
Y- denuded zones. A tendency was found for a reduced
Y concentration adjacent to the grain boundary, but
the low resolution of the technique did not allow for a
firm conclusion to be reached. We await further
results from a microprobe analysis.
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r1g.13: Microstructure following compressive creep in
the long transverse direction. Note y"-depleted
zones adjacent to grain boundaries oriented
parallel to the compressive stress axis
(vertical). T=1323K,0=120 MPsa.
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: Y-denuded zones after compressive creep in the
long transverse direction. Note carbide
particles within the zone and absence of
carbides on the other grain boundaries (stress
axis vertical, T=1323K,0=120 MPa).



4,03 "Bicrystal" Creep Testing

As mentioned in section 3.0 model microstructures
having a bicrystal configuration have been produced by
sequential zone annealing from opposite ends of
specimen rods. The grain structure is depicted in
Figure 15 showing how the highly elongated grains
meet at a common junction, A few tensile creep tests
have been performed on these "bicrystals”; example
creep curves, compared with those for the long
transverse direction are shown in Figure 16. The
times to fracture for the "bicrystal" tests were
consistently less than the transverse tests, but the
creep rates (also plotted in Figure 6) were, within
experimental scatter, surprisingly equivalent. Further
reference to these results will be made in the next
section.

i

Fig.15: Model "bicrystal” grain structure produced by
controlled secondary recrystallisation of fine-
grained material.
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Fig.16: Example creep curves of the "bicrystal"
specimens in comparison to the long
transverse direction.

5.0 Discussion and Modelling of the Transverse
Creep Behaviour of QDS Alloys

In this section an attempt is made to model the
transverse creep behaviour of MA 6000: further details
will be published shortly (15).

In view of the success of constrained cavity growth
models in describing the longitudinal creep behaviour
of ODS alloys as a function of GAR (6,7), it is
considered instructive, as a first step, to assess the
appropriateness of this modelling approach to the
transverse creep behaviour. The main features of
these models are contained within the following set of
assumptions:

- cavities nucleate on grain boundaries normal to
the tensile stress axis and grow by grain
boundary diffusion

- void growth is accommodated by dislocation creep
in the surrounding, undamaged, grains

- in order to maintain material compatibility the
displacement rates in the damaged and
undamaged regions are equal.

From these assumptions the following relationship
results between the applied stress, O, and the
macroscopic creep rate, £oo, including the influence of
the grain aspect ratio, R;

6. &, R-1[¢_ n
+

= - Eq.[2
5% AR R L 2]



where A is a material constant taken from Cocks and
Ashby (12),

kT L A2 In(1/f)

Eq.[3]

Dpo is the grain boundary diffusion coefficient
times the grain boundary width, f is the cavitated area
fraction, (r/A)2, ris the void radius and 2A is the cavity
spacing. The other symbols have either been given
previously or take their usual meanings.

Equation [2] has been evaluated and is plotted,
together with the experimental tensile creep results in
Figure 17, for both R=1.5, 2A=5pm and R=2.0, 2A=10um,
which are reasonable limits for the most sensitive
parameters entering into Eq.[2]. L is set equal to the
long transverse grain length (Lo) and values for the
other parameters are taken from Frost and Ashby (16),
The plot shows how the model calculations bound the
bulk of the data, but the stress sensitivity of the creep
rate is overestimated. The extreme sensitivity of the
predicted creep rate to the grain aspect ratio at low
GAR is obviously unrealistic. For example at a stress
of 50 MPa a small increase in GAR from 1.5 to 2.0 is
predicted to raise the strain rate by over four orders
of magnitude. The reason lies in the assumption
that void growth occurs by classical diffusional
mechanisms such that for R=1, which represents a
situation where no matrix creep constraint acts (fully
cavitated equiaxed polycrystal or bicrystal), a linear
stress dependency of the creep rate is predicted,
Further model calculations are illustrated in
Figure 18 showing how, at low GAR, the stress-creep
rate curve changes dramatically on varying GAR by a
small, practically insignificant, amount.

The weakness of the constrained cavity growth
model lies in the acceptance of the equations for the
classical diffusional mechanisms. The micro-
structural evidence presented in section 4.0 showed
clearly that diffusional creep processes do indeed
make a significant contribution to the overall creep
behaviour in MA 6000, However, it is unlikely that in
these dispersion hardened materials diffusional creep
rigidly obeys the classical diffusional creep theories,
One of the main assumptions of the above model,
therefore, cannot be accepted without ecriticism.,
Moreover, it is questionable whether the assumption
regarding cavily growth constrained by matrix
deformation is reasonable for loading in the transverse
direction, in which the highly elongated grains extend
across virtually the total creep specimen diameter, as
already illustrated in Figure 5. Additionally, the model

74

explicitly predicts a linear stress dependence of the
creep rate for testing in the short transverse direction.
Creep results, however, have shown that the stresg
exponent, for the time to fracture at least, remains
well in excess of 1 (17). Although some of the problems
may be caused by the assumption of an idealised grain
geometry used in the modelling, we believe there is
little scope for making any significant improvements
in the predictions of the constrained cavity growth
model when applied to low GAR structures.
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Fig.17: Comparison between model calculations for
constrained cavity growth and the transverse
tensile creep data.

10
Model Culc‘ulufions:clons’rruilned Cavity Growfh'
1051 | MA 6000 =133 K ]
2x=75um, L=301um 4
At _Rsl = -
Tn 12
0T _
E]13
& 18 i
o
o
& 10 Longitudinal Creep 7]
Data (Ref13)
0% 15 2 el Mo i
10" I ] { ]
50 5100 200
STRESS  {MPa]

Fig.18: Constrained cavity growth model calculations.
Note the extreme sensitivity of the stress-strain
rate curve to the GAR at low GAR.



These reasons led to the motivation for conducting
the "bicrystal" creep tests, since these would be, in
principle, the optimum solution to confirm the
applicability of classical diffusional cavity growth
theories. The grain structure depicted in Figure 15
reveals that the grains are slightly interlocked, but
because of this small degree of waviness we believe
such a structure offers negligible matrix constraint to
any cavity growth. Hence, the similar strength of the
long transverse and the "bicrystal creep specimens,
as described in section 4.0, sheds doubt on the validity
of the constrained cavity growth model in the present
investigation. They further bring into question the
appropriateness of using classical diffusional creep
theories alone (see below).

In the following a new model is presented based on
interface reaction controlled diffusional creep. In
tension, at low stress levels, the creep rates predicted
by classical diffusional cavity growth thoery are far
greater than the measured creep rates (represented by
the R=1 line in Fig.18), and the predicted linear stress
sensitivity of the creep rate is not observed. Under
compressive Joading cavity growth is suppressed, but
diffusional creep deformation is not, even though the
grains are highly elongated. The reason is (18,19) that,
under transverse loading, the vacancy flux adopts a
two dimensional form resulting in a creep rate
dependent only on the transverse grain dimensions
and independent of the long grain length. When lattice
diffusion is rate controlling the constitutive equation
for transverse Nabarro-Herring creep in an elongated
grain structure becomes (18,19):

é_12DVQ Y
kT L% +12

Eq.[4]

It is well known that in order for diffusional creep
processes to continue in an uninhibited manner, the
supply of vacancies from the grain boundary must be
maintained at the required level as governed by the
applied stress. If the creation or annihilation of
vacancies is in any way impeded, then the diffusional
creep rate will become progressively dependent on the
kinetics of the vacancy creation process. It is generally
considered that vacancies are created and destroyed
via the climb of grain boundary dislocations (20,21),
which, therefore, will have to by-pass the dispersoids
lying in the grain boundary plane in order to act as
efficient sources and sinks for vacancies (22).

We suggest that grain boundary dislocations
overcome dispersoids in a similar manner to the way
in which matrix dislocations by-pass inert dispersoids
in ODS alloys (1,2); dislocations will be strongly pinned
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at the particle interface as a consequence of an
attractive interaction, and thermal activation will be
necessary for dislocation detachment. If the stress is
too low or the thermal activation is insufficient, then
creep due to stress directed diffusion of point defects
stops. We realise there is virtually no evidence in the
literature for such a mechanism and experimental
verification may prove extremely difficult because of
the problems involved in imaging grain boundary
dislocation - particle interactions in TEM: one report,
however, supports this hypothesis (23). In addition, a
theoretical analysis has so far not been attempted, but,
in analogy with matrix creep behaviour in ODS alloys,
we may estimate what sort of features a constitutive
equation based on the thermally activated detachment
of grain boundary dislocations from inert dispersoids
may have. These may include a relatively high stress
sensitivity of the dislocation mobility over a large stress
range, activation energies for creep far greater than
that for the simple diffusional process, and pseudo-
threshold stress behaviour.

In general, diffusional cavity growth and
diffusional creep superimpose on power law matrix
dislocation creep. Therefore three independent strain
producing components can be identified:

1) Interface reaction controlled diffusional cavity
growth,

€1 = Ey/ [1+ (Ey/Em)] Eq.[5)
where,
. BDyoQ o
€= . Eq.[6]
kT KL, !

and £, is discussed below.

2) Interface reaction controlled diffusional creep
deformation,

€9 = &y / [1+ (Ey/Em)] Eq.[T7]
where in this case,
. CDh,Q o
€y = : Eq.[8]
YUORT L+L
3) Power law creep,
n
. . (9)
%o



Under tensile loading in the transverse direction the
creep rate is given by,

Ep=£1+62+€3

whereas under compressive loading, where cavity
growth does not occur, the creep rate is,

éc=é2+é3

In order to proceed further we need a constitutive
equation for £y, which describes the interface
reaction. Lacking a detailed thoery for the grain
boundary dislocation - dispersoid interaction, we
choose to adopt, for the present time at least, an
expression for £y that simply fits the bulk of the
tensile creep data in a reasonable way. We find that a
simple power law form for £y, suffices as follows:

G m
m

with £my=10"10 51, Gpy=40 MPa and m=10.

Using the above relationship, the appropriate
combinations of the creep processes 1, 2 and 3 for
tensile and compressive loading respectively have been
evaluated, and are plotted, together with all the creep
data, in Figure 19. The individual uninhibited
diffusional creep rates, and the creep rate due to power
law creep are also displayed in Figure 19 as dashed
lines. Although we have purposely selected a
constitutive equation for £y, we believe the present

approach, summarised by Figure 19, is encouraging
in two respects:

- firstly, the theoretical creep rates due to both cavity
growth and Nabarro-Herring creep predict very well
the respective limits of the tensile and compressive
creep rate data,

- secondly, through the choice of a single, relatively
simple, relationship for £p, both the tensile and the

compressive creep data can be interpreted in a
consistent manner.

The assumption that diffusional creep mechanisms
in MA 6000 are controlled by an interface reaction is
the crucial step in the present modelling approach. In
itself this is not unrealistic, but verification of the
validity of the constitutive equation for the interface
reaction and the details of the mechanism will require
further work. An interface reaction process based on a
dispersoid - grain boundary dislocation interaction is
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certainly plausible. It will be necessary to conduct
detailed TEM - investigations in order to ascertain
whether such a mechanism indeed occurs in thege
alloys. In addition a theoretical analysis will be
required to support these considerations,
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Fig.19: Comparison hetween model calulations for
interface reaction controlled diffusional cavity
growth and creep deformation and the
trangverse tensile and compressive creep data.

It seems clear that the transverse creep behaviour
of coarse-grained ODS alloys will, in general, always
be inferior to that of the longitudinal direction.
Significant improvements in strength would be
possible if cavity nucleation could be suppressed.
Under the present circumstances this stage of the
fracture process occurs relatively easy, and coarse
oxide particles are the likely sites for void nucleation.
Increased creep strength should be possible through a
reduction in the population of the coarse oxide
inclusions, which are often present in ODS alloys as
stringers located on the longitudinal grain
boundaries. Under transverse loading their effect is
therefore extremely detrimental.

60 Summary and Conlusions

Tensile creep tests on MA 6000 indicate that models
based on matrix creep constrained cavity growth are
inappropriate for creep in the transverse grain
direction. A model based on interface reaction
controlled diffusional cavity growth is suggested to be
more realistic. Under compression diffusional creep
deformation is important which can also be included
within the present model framework. Although many
details of the micromechanisms involved remain
unclear, the present approach can provide a basis for a
better understanding of the trangverse creep behaviour



of ODS alloys. It is suggested that only by reducing the
density of the coarse oxide inclusions can significant
improvements in the transverse creep strength be
acheived.
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