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Abstract. A study of the order-disorder L1, — Al transformation near a congruent point of
the Co-Pt phase diagram is presented. This work was performed by combining in situ
transmission electron microscopy observations, resistivity measurements carried out in
conditions near thermodynamic equilibrium and high-resolution imaging on quenched
samples. Resistivity measurements display three characteristic temperatures: 994 K, 1020 K
and 1032 K. The evolution of the microstructure with temperature at different heating rates
was followed in dark field images, until the order-disorder temperature was reached. We
found that at temperatures above 994 K (=40 K below T), the antiphase boundaries (APB)
undergo astructural change; the phenomenonbecomes more pronounced asthe temperature
increases. High-resolution images of modified ApB show thin layers of disordered phase in
the core of these APB. This can be described as a wetting of the antiphase boundaries by the
disordered phase. Above 1020 K, up to 1032 K, a second mechanism is superimposed; the
disordering occurs through a nucleation, growth and coarsening of disordered regions inside
the ordered domains. This nucleation and growth process starts at the beginning of the two-
phase region (1020 K). These results are in excellent agreement with those from cluster
variation method calculations performed by Kikuchi and Cahn and Finel and co-workers.

1. Introduction

The aim of this work was to investigate under specific conditions the transformation
mechanism of the L1, ordered phase into the Al (Fcc) disordered phase by focusing
on the role played by antiphase boundaries. Experimental study of order—disorder
transformations has been the subject of numerous papers, especially since electron
microscopy methods have become available to observe directly the different variants
resulting in the ordered phase from the loss of symmetry at the transformation (for a
complete review, see Tanner and Leamy 1974, Reynaud 1982). In the case of the L1,
ordered phase, only translation variants occur, and the interfaces between them are
usually called antiphase boundaries (APB). However, most of the studies of order-
disorder transformations have been performed on quenched alloys; in particular, the
L1,— Al transformation was investigated in this way in Ni-based alloys (Lasserre et a/
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1978, Horton et al 1985, Cahn et al 1987). In our case, a previous determination of the
ordering kinetics in the L1, ordered phase of the Co—Pt system (Cadeville et al 1987),
and the fact that Co-Pt alloys are suited for in sifu electron microscopy experiments,
allowed (for the first time, to our knowledge) an in situ observation of a disordering
process in conditions near the thermodynamic equilibrium. In addition, since resistivity
measurements reflect an absolute temperature scale, phenomena observed by in situ
electron microscopy can be related to the characteristic temperatures indicated by
resistivity measurements. Finally, high-resolution images made on quenched samples
allow us to analyse on an atomic scale the nature of the structural changes observed. We
show that, below the bulk transition temperature, a structural change in APB behaviour
occurs and that it can be correlated to a progressive wetting of the ApB by the disordered
phase. Much attention hasrecently been devoted to the wetting phenomenon. According
to Dietrich (1988): “Wetting phenomena are structural changes of the intrinsic interface
between two coexisting phases of matter when a third phase becomes thermodynamically
stable. The interphase profile may undergo a transition so that a macroscopic portion
of the third phase nucleates at the interface position. This represents a co-operative
phenomenon which proliferates the inhomogeneity, which is induced by the interface,
into the bulk.” Wetting has been predicted in the case of a binary alloy which orders in
the L1, structure using cluster variation method (cvM) calculations by Kikuchi and
Cahn, (1979), Sanchez et al (1987), Finel et al (1990).

First, we present the methodology used to investigate in situ this order—disorder
transformation (section 2). After giving experimental details of sample preparation and
characterisation (section 3), the resistivity curves at different heating rates (section 4)
andthe electron microscopy observations (section 5) are described and analysed. Finally,
the different results are combined and discussed in the framework of a theoretical
study of antiphase boundaries in L1, ordered alloys by means of inhomogeneous cvm
calculations in the tetrahedron approximation (section 6).

2. Methodology

Briefly, a first-order transformation such as the L1,— Al is characterised by: (i) a
discontinuity of the long-range order parameter at the order—disorder transition tem-
perature; (ii) the existence of two-phase regions, which separate ordered from dis-
ordered regions, except at the congruent point; (iii) the possibility of incoherences
between the disordered and the ordered phase, giving rise to elastic strains. Moreover,
defects such as antiphase boundaries and interfaces, as well as diffusion, play a key role
in the transformation process. The recent determination of the Co-Pt phase diagram
(Dahmani 1985, Leroux 1989, Leroux et al 1989a) allows a controlled study of the APB
role in the transformation process at a given concentration. The concentration of 70%
Pt was chosen since it is near to the congruent point, and because of the almost identical
lattice parameters in the ordered and disordered phases at this concentration, which
means that the order—disorder transformation occurs without elastic strains. Moreover,
previous studies of kinetics properties in the L1, phase (Cadeville et a/ 1987) give,
through an extrapolation of the Arrhenius law in the transformation region, a relaxation
time of nearly one second, i.e. the order—disorder transformation will not be hampered
by atomic diffusion.

The techniques chosen to perform this study were in sifu diffraction contrast electron
microscopy, high-resolution electron microscopy (HREM) and resistivity measurements.
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The two-dimensional defects associated with phase transformations are revealed by
their contrast in diffraction contrast images; through a direct imaging on an atomic scale
by HREM, the nature and density of these two-dimensional defects can be studied.
Nevertheless, inamicroscope the temperature scaleis arelative one, and theinformation
obtained is essentially time limited (4-5 hours). Moreover, experiments are only per-
formed at specific temperatures. Hence, to complete the in situ electron microscopy
study, we have performed detailed ir sifu resistivity measurements in a furnace at
increasing and decreasing temperatures. At each temperature, a measurement point
was set up every four minutes, yielding kinetics curves at every temperature. Thus, it is
possible to verify the influence of heating rates and temperature steps in the progress of
phenomena, and to check whether or not the sample is in an equilibrium state at a given
temperature. Besides, resistivity measurements give reliably the temperatures at which
gvents occur.

In situ electron microscopy experiments on a given system are not always possible.
The material should: (i) not be contaminated or oxidised in the microscope; (ii) have
constituents which do not evaporate in the microscope; (iii) present only a small thermal
dilatation; and (iv) have a transformation temperature below roughly 1200 K. The
Co;,Ptyg alloy fulfils all these requirements.

3. Sample preparation and characterisation

The CosPty, alloys were prepared by arc melting of pure materials under a purified
argon atmosphere, followed by a homogenisation anneal at 1220 K for two days. The
samples were rolled into foils of about 0.1 mm in thickness. Strips of a few cm in length,
1 mm in width were cut for resistivity measurements, and discs were punched out of the
foils for electron microscopy. All the ordering anneals were performed in quartz tubes
under 400 mm of helium. After these ordering anneals, described below, foils for
electron microscopy were thinned by ion bombardment.

Samples for in situ studies should be ordered as well as possible. To this aim, the
following procedure was used: after an anneal in the disordered state (one day at 1050 K)
the samples were quenched to retain a large vacancy supersaturation. Samples were
then annealed a few degrees below the estimated transition temperature (three days at
995 K) to obtain large ordered domains, and then cooled down to 770 K. The cooling
rate was calculated taking into account the atomic relaxation rate (1 = 7o exp(EA/kT),
7o=0.4107"%s, E, = 3.28 eV) (Cadeville e al 1987), so that the degree of long-range
order increased during the anneals until the equilibrium state at each temperature was
reached. After 13daysat 770 K, the samples were finally quenched to room temperature.
This procedure ensures that any modification of the samples during further in situ studies
is only due to a modification of the ordered state and not to domain growth kinetics.
Since HREM can only be performed at room temperature, samples were also annealed at
several temperatures (deduced from in situ studies) and quenched to room temperature.

The accurate platinum concentration of the samples was defined to within 0.5% by
measuring their lattice parameters in the disordered state and by comparing them with
data collected by Dahmani (1985) and by Pearson (1964). The final state of order of
the samples used for resistivity measurements was checked by measurements of their
residual resistivities, since the residual resistivity of an alloy characterises the state of
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Table 1. Table giving, for different in situ resistivity measurements: the residual resistivity
values (p4x) from CoyoPty alloys in their maximal ordered state; the temperature steps (67T)
used; the heating rates (§7/8¢) in the vicinity of the transformation; and the temperature
range (AT) covered, at increasing temperature (—) and at increasing and decreasing tem-
perature («).

pax (UQ cm) 8T (K) 8T/5t AT (K)

15.4 5 5K/1h 760 <> 1100
14.8 5 5K/2h 970 « 1060
17.5 1 1K/2h 940 — 1068

order and the concentration of an alloy (Leroux et a/ 1988a). The values obtained are
reported in table 1.

4. Resistivity studies

4.1. Experimental procedure

Resistivity measurements were carried out in a furnace, under a He(20% H,) atmos-
phere. Two Pt-Pt(10%Rh) thermocouples were used, one to control the furnace tem-
perature and the other, close to the sample, to measure its temperature. Measurements,
monitored by a PC were set up every four minutes. At the beginning of the measurements,
the alloys were in the ordered state attained by the order anneal described in section
3. An arbitrary heating rate of 5Kh™! was chosen to heat the samples up to the
transformation region. As deduced from the relaxation times previously determined
(Cadeville et al 1987), the samples were at thermodynamic equilibrium from 870 K, in
the ordered region. The heating rates were changed before approaching the transform-
ation region: we performed three different runs at heating rates of 5K/1h, 5K/2h
and 1 K/2h.

4.2. Results

In the case of CosPts, the total resistivity is not very sensitive to the order-disorder
transformation. An analysis of the p(T) curves was previously made in terms of three
contributions to the resistivity, namely a residual resistivity term, a phonon term and a
spin disorder scattering term (Leroux ef a/ 1989a). It shows that the spin disorder
scattering decreases as the chemical disorder increases, their respective contributions
to the total resistivity being nearly compensated. This explains the very flat variation
observed at the order—disorder transition: peculiar features are only visible on the
derivative curve. The three derivative curves (figures 1 and 2), made with different
heating rates and temperature steps show three singular points, marked 1, 2, 3, at three
characteristic temperatures: 994 K, 1020 K and 1032 K.

4.2.1. Heating rate of 5 K/1 h and 5 K/2 h. In the disordered state, the temperature
dependence of the resistivity is reversible (Dahmani 1985): then, these two curves (figure
1(a), (b)), made at increasing and decreasing temperature, give point B (1032 K) as the
limit of the reversible region, for measurements set up at increasing temperature.
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Figure 1. Temperature dependence of the resistivity (full curve) and of its derivative with
increasing (@) and decreasing (O) temperature, near the order-disorder transformation of
the CosoPty alloy. (¢) Measurements made in steps of 5 K, with a heating rate of 5 K/1h. (b)
Measurements made in steps of 5 K, with a heating rate of 5 K/2h. (c) Time dependence of
the resistivity (AR = R(r) — R(t = 0)) at four temperatures, showing that kinetics only occur
inthe Ty — T, temperature interval. Note the different scales for AR.

Electron microscopy studies on samples annealed for one day at various temperatures
and quenched show a two-phase region less than 10 K wide (Leroux 1989). Hence, it
seems reasonable to attribute point A (1020 K) to the beginning of the two-phase region.
Due to the experimental procedure, these two points are determined within an accuracy
of 5K. Moreover, the derivative curves display a weak hysteresis of 5 K, which is
characteristic of a first-order transformation. A detailed analysis of the kinetic curves
obtained after each temperature step clearly shows in this temperature region measur-
able time-dependent effects, whose sign is inversed with temperature (figure 1(c)). Such
effects, whose time constants (some ten minutes) are clearly higher than the atomic
relaxation times at these temperatures (nearly one second), are certainly due to a phase
transformation. As the observed time constants are smaller than the smallest time spent
at each temperature (one hour), this explains why the curves of figure 1(a) and (b) are
similar. Also, these two runs reveal the existence of a third singular point C at 994 K,
where the derivative curves starts to decrease with temperature.

4.2.2. Heating rate of 1 K/2 h. The third run was made with a step of 1K (figure 2).
Because of the relative uncertainty of the temperature with respect to the step used, the
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derivative curve presents fluctuations. Nevertheless, in this curve too, three charac-
teristic points appear at the same temperature as before. The singular point marked 5
originates from a change in the heating rate. In this run, point 3 corresponds to the
beginning of an abrupt increase of dp/dT, instead of the decrease observed previously
(figure 1). A careful examination of the resistivity time dependence shows that from
about 994 K, one observes a time-linear increase, this effect becoming increasingly
important until reaching point 2. This is the origin of the different behaviour displayed
by figures 1 and 2 between 994 K and 1020 K. Beyond 1020 K, probably the same effect
as in the first two runs occurs, i.e., a decrease in the resistivity associated with the
phase transformation. Point 4, which is only observed in this run, would be due to a
compensation between both effects.

5. Electron microscopy studies

5.1. Definition and electron microscopy characterisation of antiphase boundaries

Figure 3(a) recalls the stucture of the L1, (AB;) ordered phase. It contains four different
atomic sites which are those of the underlying Fcc lattice. This structure is usually
described by four interpenetrating single cubic sublattices, labelled I, II, III, IV. With
regards to the structure of the Al disordered phase, L1, is characterised by a loss of the
a/2(110)-type translation. Owing to the symmetry breaking between Al and L1,, the
L1, structure grows coherently from the disordered state in four different translation
variants, depending on the sublattice occupations. Each ordered domain or translation
variant can be labelled I, II, III, IV depending on which sublattice is occupied by the
minority A atoms. Antiphase boundaries form wherever different translation variants
make contact. An antiphase boundary is characterised by (i) the contact plane between
two translation variants and (ii) the displacement vector, which joins the sublattice sites
occupied by A atoms in each domain separated by the APB. In the L1, structure, there
are three displacement vectors:

Figure 3(b) is a sketch of different kinds of ApB between ordered domains, in a
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Figure 3. (a) The L1,-type structure, together with its projection along a [001] axis. The
three types of displacement vectors, labelled 1, 2, 3, together with the different sublattices
I, 11, I1I, IV, are indicated. (b) [001] projected sketch of different kinds of APB, where only
the minority atoms are indicated. A and B correspond respectively to locally conservative
APB and non-conservative APB.

Table 2. Contrast in dark field images made using superstructures of a [001] zone for the
three types of antiphase boundaries of the L1, structure.

(100) (010) (110)
R, =1$[011] 0 7 b
R, =3[101)] T 0 b
R;=4[110] 7T b 0

projection along a [001] axis, for which only minority atoms are represented. Different
situations arise at the APB, depending on whether the concentration AB; is locally
maintained (conservative APB) or not (non-conservative APB). In the second case, the
displacement vector never lies in the APB plane.

The displacement vector R can easily be determined in diffraction contrast electron
microscopy. Generally, a defect plane characterised by a displacement vector R intro-
duces a phase shift in the transmitted and scattered waves. When a two-beam situation
is realised, i.e., when there is in addition to the transmitted beam only one diffracted
beam characterised by a diffraction vector, g, the phase shift is & = 27g - R. When g is
such that o # 27tn, the fault will be imaged by a fringe contrast (called a-fringes). lf o« =
27w, the fault will be out of contrast. Since for the L1, structure the displacement vector
is of the form R = } (lattice vector), the phase shift only adopts two values: 0 and 7,
the latter value being obtained for the superstructure reflections only. Owing to this
particularity, the displacement vector can be determined by comparing APB contrast in
three dark field images formed with the superstructure reflections (100), (010) and (110)
of a [001] zone axis. A given APB is out of contrast in only one of these three dark field
images and in contrast in the two others, as shown in table 2. An example of APB
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Figure 4. Two-beam dark field images of a typical L1, microstructure using (a) (110), (b)
(100) and (c) (010) reflections.

Figure 5. [001] high-resolution image showing a perfect ApB in the L1, structure, with a
displacement vector R; = 3[110].

identification is given in figure 4 which illustrates the microstructure of the L1, ordered
phase observed in a Co4,Pt, alloy, slowly cooled and annealed for 13 days at 770 K. The
different kinds of ApB are labelled 1, 2, 3 according to table 2. Since APB contrast changes
with the superstructure reflection used, the three dark field images reveal different but
complementary information.

In high-resolution images made with an aperture including several basic as well as
superstructure reflections up to (220), the L1, structure appears, in a projection along
[001], as a square pattern of bright dots separated by a distance equal to the lattice
parameter of the structure. These bright dots correspond to minority atom columns
along the projection direction, as shown by computer simulations (Van Dyck et al 1982).
Figure 5 is a high-resolution image of an APB in a Cos,Pty, alloy, slowly cooled and
annealed for 13 days at 770 K. The bright dots correspond to Co atom columns and the
APBis directly visualised as a shift of the rows of bright dots from one side of the boundary
to the other; the displacement vector in this case is R; = $[110].
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Figure 6. APB in the initial stage of the disordering
process, showing perfect extinction rules: two-
beam dark field images at room temperature using
(a) (110) and (b) (100) reflections.

5.2. Heating procedure

Thermal stability in the heating holder of the electron microscope is rapidly attained (in
a few minutes), which allows fast changes in temperature. The thermocouple indicates
only the temperature of the heating element so that the temperature of the sample is not
precisely known. During an experiment, the local temperature can be significantly
increased by the electron beam; this effect depends on the intensity of the beam and on
the thickness of the region of interest. Thus special care was taken to ensure reproducible
observations by, (i) selecting areas of constant thickness, and (ii) working under constant
illumination conditions—same filament current, condenser apertures and spot size.
Under those conditions, a first in situ disordering experiment was performed to
determine the in situ transition temperature 7p and to calibrate the temperatures with
regard to it. The procedure used to observe the disordering process was as follows: the
temperature was progressively increased up to Tp, — 40 K (in two hours), so that nearly
allthe different thermal expansions had taken place. The temperature was thenincreased
by steps of half an hour at Tp, — 40 K, Ty — 17 K, Tp — 9 K and finally at T; this heating
rate is slow enough to reach equilibrium at these temperatures, with regard to the atomic
relaxation rate (see section 3). Evolution of microstructure with temperature and time
was followed in the dark (110) field mode; the nature of the APB was investigated by
rapidly changing the diffraction vector. The sample was therefore oriented near a [001]
zone axis. The experiments were recorded and assembled on film (Leroux and Loiseau
1988).

5.3. Description of the disordering process

5.3.1. Microstructure at room temperature. Figure 6 corresponds to the microstructure
in the initial stage of our in situ study, as obtained after the ordering process described
in section 3. Arrows indicate the APB of type 3, which are out of contrast in the (110)
dark field of figure 6(b). In order to localise them in this dark field image a slight deviation
from the two-beam orientation conditions was made, so that they appear with a soft
white contrast. The APB are mostly inclined with respect to the electron beam and
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la)

Figure 7. ApB at T, — 17 K: a slight contrast is seen for APBs previously out of contrast; dark
field images made at this temperature after 3 min, using (2) (110) and (b) (100) reflections.

therefore appear with different widths. The straightest ApB have an apparent contrast
width of 1.5 nm.

5.3.2. Microstructureat Tp, ~ 40 K. At T, — 40 K, the APB’s contrast is slightly modified.
In the (110) dark field, the APB of type 3, which were out of contrast before reaching this
temperature, appear with a residual contrast, although weaker than the contrast of ApB
of type 1 and 2. This modification of the APB contrast becomes more pronounced at
Tp — 17K.

5.3.3. Microstructure at Tp — 17 K. At T, — 17 K the APB contrast is rapidly altered, as
shown in figure 7, which gives the APB’s contrast after three minutes at this temperature.
When changing the diffraction vector, one can see that the same alteration occurs for
each type of APB (figure 7(a), (b)). So, in spite of a contrast modification, APBs can still
be distinguished. At the same time, all the APB’s contours are smoothed, and APB contrast
seems more uniform: APBs tend to be edge on. This modification in orientation may be
due to an interaction of the APB with the thin foil surface. Furthermore, APBs edge on
seem to have an apparent width of about 10 nm. These phenomena occur very rapidly
and do not change noticeably after 25 minutes.

5.3.4. Microstructure at T;, ~ 9 K. The changes initiated at lower temperatures become
more pronounced. All the APBs (type 1, 2 or 3) are seen with the same dark contrast for
all superstructure reflections used, proving the presence of a disordered zone, and with
a constant apparent width. This width increases with time from 10 nm to 40 nm after
25 minutes (Figure 8(a—d)). Besides, a mottled contrast inside the ordered domains
becomes significant and increases with time, due to a homogeneous nucleation of
the disordered phase. The intensity of the superstructure reflections simultaneously
decreases with time.

5.3.5. Microstructure at Tp. The sample is completely disordered after three minutes at
this temperature, as shown in figure 9. Inside the ordered domains, germs of the
disordered phase nucleate and grow until the ordered phase disappears; the mottled
character of the contrast increases and the diffracted intensity decreases. At the same
time, the apparent width of the APB broadens up to 60 nm, but it becomes increasingly
difficult to distinguish between them and the domains. Nevertheless, the ApB width is
finite until the final stage of the disordering process.
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Figure 8. apB at T, — 9 K. all having the same wide dark contrast: (110) dark field images,
made after (a) 1 min, (b) 12 min, (¢) 18 min and (d) 24 min.

Figure 9. apB at Tp: (110) dark field images,
made after (a) 1 min, (b) 2 min and (¢) 3 min.
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(a)

3] QISOTQe

Figure 10. () High-resolution image of antiphase domains separated by a thick layer of
disordered phase. An aperture including the fundamental reflections has been used. The
occurrence of short-range order in the disordered phase can probably be related to the
quench. (b) Higher magnification of an order-disorder interface: note its diffuse character.

5.4. Analysis of the disordering process

The nucleation of the disordered phase at T, — 9 K indicates that the order—disorder
transformation in the bulk has already begun at this temperature. Hence this tem-
perature can be roughly considered as the lower limit of the two-phase region, T,
(Leroux eral 1990), which is approximately equal to 1020 K, as determined by resistivity
measurements. Since the alloy is completely disordered in a few minutes, the tem-
perature we labelled T, should be higher than T, i.e., the upper limit of the two-phase
region. The extension of this can be estimated to be about 5 K. At T, — 9 K, the different
APBs can no longer be distinguished from each other and their contrast is that of a
disordered layer several nm thick. HREM of a Co Pty alloy annealed for one day at
1023 K and quenched shows three L1, domains in antiphase separated by a thick layer
of disordered phase (figure 10(a)): each APB is split into two order—disorder interfaces.
Notice that these interfaces are not well defined and seem to be fractal-like (figure
10(b)). The increase in the APB’s apparent width with the annealing time indicates an
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Figure 11. Disordering process of a sample initially ordered with small domains: (110) dark
field images made at {(a) room temperature and (b) high temperature.

Figure 12. Fast disordering process of a CoyPts, sample initially ordered for one day at
1000 K and quenched: dark fieldimages at T, — 40 Kusing (a) (110) and (b) (100) reflections,
and (110) dark field images at (¢) Tp — 14 K and (d) Tp.

increase of the disorder. On the other hand, the complete transformation does not occur
through this mechanism. Its importance depends on the density of the APB, i.e., the size
of the ordered domains, and of the heating rate. The first point is illustrated by figure
11: the initial microstructure consists of many little ordered domains (figure 11(a)). As
the temperature increases, the domains grow to a slight extent. The transformation
occurs through a growth of the disordered phase between the ordered domains and in
the two-phase region, there only remain some ordered domains in a disordered matrix
(figure 11(b)). In another study of the disordering process, made by steps of ten minutes
instead of 30 minutes, the ApBs width remains smaller in the two-phase region and the
disorder appears principally through a nucleation and growth process in the ordered
domains (figure 12). This shows that the kinetics of the two processes, (broadening
of the APB and nucleation in the ordered domains) are in competition during the
transformation.
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Figure 13. High resolution of wet antiphase boundaries, in a projection along [001]. An
aperture including the fundamental reflections has been used. (a) Initial stage of the wetting
phenomenon: roughly four atomic planes are disordered. (b) Further stage of the wetting
phenomenon: the FCC pattern inside the APB appears clearly.

Before the transformation in the bulk starts, the ApBs undergo a structural change in
the ordered phase: at T, — 40 K, and even more at T, — 17 K, the APBs can no longer
be considered as perfect thin walls separating L1, ordered domains. High-resolution
imaging of annealed and quenched samples reveals the existence of a few disordered
planes in the core of these APBs (figure 13). At each side of the boundaries, the L1,
domains in antiphase appear as a square pattern of bright dots corresponding to Co atom
columns. The boundaries appear diffuse with alower contrast than the ordered domains;
the same type of diffuse contrast as in figure 13(a) has been previously observed for ApBs
in Cu;Pd alloys and related to disordered planes (Broddin et al/ 1988). Moreover, in the
central part of the boundary in figure 13(b) one can distinguish a square pattern of
grey dots with a periodicity half that of the L1, pattern, which is characteristic of the
disordered FCC structure. Such a transformation of the ApB, occurring at a temperature
below the bulk critical temperature, can be described as the wetting of the ApB by the
disordered phase.

Note that studies of the ordering process at two different temperatures were also
performed (Leroux et al 1988b), confirming the expected ¢'/? kinetic law for APB motion
(Allen and Cahn 1979; see also references in Leroux 1989). This ordering process occurs
in the same way as the disordered process. When lowering the temperature, the ordered
germs nucleate into the disordered matrix, grow and coalesce if they are in phase. If
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they are in antiphase, the disorder between them slowly vanishes, giving rise in the end
to antiphase boundaries.

6. Discussion and conclusion

By adding resistivity results, which give reliable temperatures where phenomena occur,
and TEM observations of these phenomena, it appears that two order—disorder trans-
formation regions can be defined.

6.1. Between 994 K and 1020 K

The apPBs are shown to be diffuse and are spread out over a few disordered planes.
The number of disordered planes becomes greater with increasing temperature. This
evolution below the coexistence field can be related to a progressive wetting by the
disordered phase of the APB; an APB, which initially separated two ordered domains,
slowly transforms into two interfaces in between which a disordered layer is generated.
Kinetic effects with very large time constants are observed.

6.2. Between 1020 K and 1032 =5 K

When the temperature of coexistence is reached, ApBs transform into thick layers of
disordered phase. The two-phase field is also characterised by a nucleation of disordered
regionsinto the ordered domains. At1032 = 5 K, the apparent width of the APB remains
finite. Kinetic effects related to the transformation in bulk are observed in this region.

The two results—(1) wetting transition of the APB into the ordered phase, and (ii)
evolution of the APB’s width with temperature—were previously predicted by Kikuchi
and Cahn in the frame of cvM calculations (Kikuchi and Cahn 1979). These authors have
investigated the evolution with temperature of antiphase boundaries and of order-
disorder interfaces, close to or at the congruent point of Cu;Au, ordered in the L1,
structure. Their model only includes first-neighbour interactions (tetrahedron approxi-
mation), which implies in particular that the free energy vanishes for conservative APBs
in (100). Therefore, the authors considered non-conservative apBs in (100) planes. The
consideration of non-conservative (100) ApBs does not restrict the results of the model,
since further calculations made by Sanchez et al (1987) on (111) APBs lead to similar
conclusions. The results of Kikuchi and Cahn’s calculations are expressed in terms of
antiphase boundary profiles, which correspond to variations of the sublattice occupation
by minority atoms with the increasing number of successive (100) planes. Below the
congruent point, the structure of the APB is modified and the disordered phase appears.
There is an equilibrium width for the APB at each temperature. At the congruent point,
an antiphase boundary consists of two interfaces between ordered and disordered phase
(figure 14).

Apparently, there is a good qualitative agreement between the present observations
onthe L1,— Al transformation and the predictions of the model of Kikuchi and Cahn.
The first-neighbour interactions approximation however does not hold for the Coz,Pt
alloy, where interactions of higher order are to be expected.

Recently, the behaviour of the same antiphase boundaries as in Kikuchi and Cahn’s
model was investigated by more accurate inhomogeneous CvM calculations in the tetra-
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Figure 14. (2) Antiphase boundary and (b) interface profiles, at the congruent point (Kikuchi
and Cahn 1979). The APB, separating initially two ordered domains, has become two order—
disorderinterfaces, (the disordered phaseis characterised by the same occupation probability
for the four sublattices).

hedron approximation (Finel et a/ 1990). The authors show that even in a situation where
the ordered phase is described by a three-dimensional order parameter, the width of an
ApBhasalogarithmicbehaviour asthe temperature increases up to T, and thus complete
wetting (i.e., divergence of the APB width) occurs. Although we found that the width of
the disordered layer remains finite as the disordering proceeds, the observed behaviour
can be considered as an interfacial wetting, since the width of the disordered layer has
become macroscopic and comparable to the domain size. Other experiments with more
temperature steps and with a more quantitative analysis of the APB width’s evolution
should be performed to reflect an eventual divergence. When quantifying the APB’s
width, several factors have to be taken into account.

(1) On quenched samples one cannot avoid the fact that ordering takes place during
cooling. In figure 10 (see earlier), it is clear that the ‘disordered’ area shows ordered
nuclei, which are most likely generated during the quench. It is therefore probable that
the same phenomenon occurs at the order—disorder interface, leading to a smaller
‘disorder-width’ than with in sifu samples.

(ii) The imaging mode in high resolution and in conventional microscopy is different
and the apparent ApB widths cannot simply be compared-—for a perfect APB imaged edge
on, HREMwillindicate a single defect plane and conventional microscopy alwaysindicates
a minimum width, depending on the aperture.

(iii) Since APBs in CosyPtyg are isotropic, many inclined APBs are observed, and it is
not trivial to differentiate between one inclined but perfect APB and an APB decorated
by a disordered layer.

The finite width even at T, could be related to the fact that 70% Pt does not exactly
correspond to the concentration of the congruent point and thus one has to go through
atwo-phase region, where the disorder transformation occurs through a nucleation and
growth process. One should also search for the exact congruent point in order to
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see whether the whole transformation can proceed from APBs, without the need of a
nucleation and growth process.

To summarise, the wetting of ApB in Co;Pt;; has been shown to take place about
40 K below the coexistence region. The order—disorder transformation occurs through
two mechanisms, wetting from the APB into the ordered phase, and nucleation and
growth of the disordered phase inside ordered domains, the latter starting at the begin-
ning of the two-phase regime. The relative importance of the two mechanisms depends
on the initial state and on the heating rate.
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