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Formation of a DO g phase in zirconium—
aluminium martensites

Of the several intermetallic phases that form in the
zirconjum—aluminium system, the one richest in
zirconium occurs around the composition Zr; Al
and has the Ll, structure [1, 2]. Recently,
Schulson and Graham [3] have examined in detail
the formation of this phase in near-stoichiometric
alloys through the peritectoid reaction:

Zr + Zry Al > Zr; Al

It is also possible, in more dilute alloys, to make
this phase precipitate in a martensitic or a non-
martensitic a-Zr (Al) matrix by ageing in the
o+ Zr3 Al phase field after quenching from either
the beta or the alpha phase regions.

While studying the evolution of Zr3Al in a
martensitic matrix an interesting result was ob-
tained on the basis of certain preliminary obser-
vations made on a Zr—4.6 wt % Al alloy and this is
briefly reported in this note. The alloy was made
in a non-consumable arc furnace in the usual
manner, using sponge zirconjum and pure (99.99%)
aluminium. The finger obtained was homogenized
at 1150°C (which corresponded to beta-
solutionizing) and was subsequently water
quenched to induce the martensitic transformation.

Chemical analysis showed that the alloy contained .

14 at. % (4.6 wt %) aluminium, 1100 p.p.m. oxygen,
500 p.p.m. carbon and 60 p.p.m. nitrogen.
Transmission electron microscopy revealed that
the martensite produced in this alloy was of the
dislocated lath type and that the structure ap-
peared to consist of a single phase (Fig. 1).
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However, selected area diffraction patterns (Fig. 2),
obtained from various regions of the samples
examined, invariably showed two sets of spots.
Those belonging to the first set could be indexed
in terms of a disordered hcp structure, having
lattice parameters approximately equal to those
of alpha zirconium. But the spots of the second set
could not be so indexed. These spots, though
sharp and well formed, were in general fainter
and appeared only at the mid-points of straight
lines joining the directly transmitted spot to
those spots of the first set that were associated
with planes {4 k i1} for which / was an even integer.
The likely reasons for the occurrence of these
faint spots could be (i) double diffraction, (ii) an
extremely fine scale precipitation of the equi-
librium Zr; Al phase during quenching and (if)
ordering of the a-Zr(Al) solid solution. A
systematic examination of the extra spots in
various reciprocal lattice sections (obtained from
diffraction patterns at various orientations of the
foils with respect to the electron beam) showed

Figure 1 Single phase dislocated lath martensite structure
of the beta quenched alloys.
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Figure 2 Selected area diffraction patterns corresponding to several reciprocal lattice sections of the DO,, structure.
(a) Zoneaxis: [2110]. (b) Zoneaxis: [2 11 3]. (c) Zoneaxis: [4 22 3].(d) Zoneaxis: [1 01 1]. (e) Zone axis: [5143].
(f) Zone axis: [10 14 4 3]. The indices of the zone axes and of the spots in the keys are in terms of the disordered hcp
structure. The larger circles represent the fundamental reflections while the smaller stand for either superlattice or

forbidden reflections.

that only a few of these could be accounted for
solely on the basis of double diffraction. It was
also found that not all spots of the second set
matched with one or other of the reciprocal lattice
sections corresponding to the ILlI, structure.
Furthermore, the interplanar spacings associated
with many of these spots, calculated by using the
appropriate values of the microscope camera con-
stant, were found to be inconsistent with respect
to the possible “d”™ spacings of the equilibrium
Zr3 Al phase (whose reported lattice parameter is
4.374 A° [2]). For instance, spots associated with
interplanar spacings larger than that of the {100}
planes in Zr; Al were noticed. These observations
suggested that the appearance of the second set of
spots was due to an ordering of the a-Zr (Al) solid
solution. The observed locations of these spots
and the calculated interplanar spacings associated
with these were consistent with the formation of
a superstructure whose unit cell edges (4, 4,, C)
were parallel to those of the disordered h ¢ p solid
solution (a,, a,, ¢), the axis transformation matrix
being

2 0 O
0 2 0
0 0 1]

An identical geometrical relationship is known to
exist between the unit cells of the DOy, and the
hcp structures [4, 5]. In view of this, it could be
inferred that the observed diffraction patterns
were indicative of a h ¢ p > DOy ordering reaction
during quenching. This was further checked by
plotting several DO,y reciprocal lattice sections
(using an axial ratio equal to half that for alpha
zirconium) and comparing these with the observed
diffraction patterns. It was found that each
pattern matched with one or other of these
reciprocal lattice sections, showing that a DO
phase (whose unit cell volume was approximately
four times that of the disordered solid solution)
did exist in the beta quenched alloy. Using the
expression for the structure factor for the DOy,
structure [6] it was also found that in each dif-
fraction pattern the spots of the first set corre-
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sponded to fundamental reflections and those of
the second to superlattice reflections.

The occurrence of the ordering reaction during
the process of quenching suggested that its kinetics
were fast. However, in view of the hypostoichi-
ometry of the alloy and the extremely short period
of time it could spend at temperatures where
one could expect a reasonable atomic mobility,
it was likely that the quenched alloy was only
partially ordered. This state of order could corre-
spond either to an imperfect ordering of the entire
solid solution (continuous ordering), leading to a
low value of the long range order parameter, or to
a dispersion of small ordered regions (which could
have even a high degree of order) in the disordered
solid solution. The latter situation was found to
prevail. Though the quenched structure appeared
single phase in bright field, careful dark-field
imaging, using superlattice reflections, showed the
presence of a uniform distribution of DO 3 micro-
domains in a disordered matrix (Fig. 3). The
average size of these islands of order was about
50 A. These observations implied that while the
diffraction spots belonging to the second set
were associated with the superlattice reflections
of the DO, phase, those of the first set were due
to the hcp as well as the fundamental DOy, re-
flections: The fact that most of these spots did not
show any appreciable splitting suggested that
the interplanar spacings of the {1 %il} planes in
the h¢p phase were very nearly equal to those of
the 24 2k 2i [} planes in the DOy phase.

In a binary A—B alloy the DO structure, like
the L1, structure, is usually associated with the
A;B(or AB;) stoichiometry. It was likely, there-
fore, that the observed ordered phase had a
composition near ZrzAl. It appeared that this
was a transition phase — a structural variant of and
a precursor to the equilibrium 11, phase. It is
pertinent to mention in this context that these
two ordered structures have a remarkable structural
similarity and are homeotect. The arrangement of
atoms in the basal plane of the DO, structure is
identical to that in the (111) plane of the 11,
structure. Furthermore, the atomic arrangement
in any two successive basal planes in the former
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Figure 3 Ordered microdomains imaged with a DO,
superlattice reflection.

is identical to that in any two consecutive (111)
planes in the latter. The only difference between
the two structures lies in the manner the third
successive layer is stacked. Ordered, close packed
layers of atoms (of composition A;B) stacked in
the sequence 010101. . . result in the DO, struc-
ture while the sequence 012012. .. generates the
11, structure.
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