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Fig. 1—An experimental plot of dendrite tip temperature
against growth rate at three different temperature gradi-
ents 0.5°C/cm, 10°C/cm, and 60°C/cm for an Al 2 wt pet
Cu alloy.!?
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Fig. 2—8chematic diagram of dendrite tip temperature
plotted against growth rate for different temperature gradi-
ents (G) showing the variation in temperatures of the colum-
nar dendrites and equaxed crystals.

of the greater rate of heat extraction from the bulk
liquid (position E, on Fig. 2). This in turn will still
further decrease the growth rate of the columnar in-
terface and increase the temperature gradient and
hence decrease the temperature of the columnar front
(position C,, Fig. 2). The rates of growth and tempera-
tures of the columnar and equiaxed crystals will there-
fore follow the arrows shown on Fig. 2. The growth
rate of the equiaxed crystals rapidly increases and the
growth rate of the columnar interface decreases. Even-
tually a condition is reached where the columnar front
has almost stopped but where the equiaxed crystals are
growing rapidly. This phenomena leads to the very
abrupt change in structure observed in many castings
and ingots. It is much more difficult to envisage such
an abrupt change if the effect of gradient ahead of the
columnar front is neglected.

1. M. H. Burden and J. D. Hunt: J. Crystal Growth, 1974, vol. 22, p.99.
2. M. H. Burden: D. Phil. Thesis, Oxford University, 1973.
3. H. Fredrikson and M. Hillert: Met Trans., 1972, vol. 3, p. 565.

METALLURGICAL TRANSACTIONS A

The CsCltype Order-Disorder

Transition Temperature in VMn Alloys
TOMOO SUZUKI AND MASUO HAGIWARA

A CsCl-type ordered structure in an equiatomic VMn
alloy has been observed by Waterstrat® and Darby, Jr.,2
on the basis of the X-ray diffraction using the CrKa
radiation whose frequency is close to the absorption
edge of one of the elements. This structure has also
been confirmed by Doroshenko et al® and Kuchin et al*
using the neutron diffraction technique. The purpose
of the present study is to determine the CsCl-type
order-disorder transition temperature in VMn alloys
containing 30 ~ 55 at. pct Mn by means of the differ-
ential thermal analysis and specific heat measurement,

The alloys were prepared by arc-melting vanadium
flakes 99.8 pct in purity and electrolytic manganese
99.9 pet in purity under an argon atmosphere. The
composition of each alloy was calculated by assuming
that the total weight loss during the melting was due
to the vaporization of manganese. These calculated
values agreed reasonably well with the results of
chemical analyses which were done on some of the
alloys. All the ingots were wrapped with molybdenum
foil and encapsulated in a quartz tube in a vacuum and
then homogenized at 1300°C for 2 h. Specimens for the
DTA and specific heat measurement were made by
grinding off the surface of the ingots, held at 1050°C
in vacuo, and then either cooled at a rate of 50°C/day
or quenched directly into iced brine. Before the ther-
mal experiments, all the specimens were confirmed
to be of a single phase, the bee or CsCl structure, by
the optical microscopy and X-ray examination with
CrKa radiation,

Fig. 1 shows DTA curves at a heating rate of 10°C/
min of equiatomic VMn alloy specimens quenched and
annealed. On the curve of the quenched specimen, two
distinct reactions, exothermic and endothermic, are
observed. On the curve of the annealed specimen, how-
ever, only an endothermic reaction is observed. These
results show that the disordered state can be quenched
to room temperature, and that the exothermic reaction
of the quenched specimen in the temperature range of
600 to 750°C is due to ordering and the endothermic
reaction on both the cases is due to disordering. The
peak temperature in the endothermic reaction exists
at 845°C; this is the CsCl1 type order-disorder transi-
tion temperature in an equiatomic VMn alloy. In the
case of the annealed specimen, however, an anomaly
in the disordering process is observed; the curve does
not fall down monotonously. The anomaly is also found
in the specific heat curve of an annealed equiatomic
alloy specimen at a heating rate of 2.5°C/min. As
shown in Fig. 2, besides the main sharp peak owing
to the order-disorder transition at 845°C, there is a
broad peak at about 730°C. The peak at 760°C in the
DTA corresponds to the 730°C peak in the specific heat.
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Fig. 1—Differential thermal analysis curves of equiatomic
VMn and FeCo alloys.
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Fig. 2—Specific heat curves of annealed equiatomic VMn and
FeCo? alloys.
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Fig. 3—Order-disorder transition temperatures in VMn alloys.

Thus, the heating rate markedly affects the 730°C peak,
but not the transition temperature. An extra peak called
¢550°C anomaly’’ in the specific heat curve has been
reported in the disordering process of the CsCl-type
ordered FeCo alloy.®™® In Figs. 1 and 2 the results of
the DTA and the specific heat measurement of an an-
nealed FeCo alloy are included for comparison with
the VMn alloy. It is reasonable to consider that ‘“730°C
anomaly’’ in VMn alloy is equivalent to ¢“550°C anom-
aly’’ in FeCo alloy and that both the anomalies origi-
nate from the same mechanism.

The order-disorder transition temperature in VMn
alloys determined by the DTA are shown in Fig. 3.

The solid line in the figure is a theoretical one based
on Bragg-Williams approximation,i.e., T = 4T x(1 —x),
where x is the atomic fraction of the component and

T, is the transition temperature at equiatomic compo-
sition. In the composition range studied, a good agree-
ment is obtained between the experimental and theoret-
ical values.

The details of the X-ray diffraction, thermal analy-
ses, dilatometric study, and other physical and mechan-
ical properties of VMn alloys will be published else-
where.
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