Face-centred cubic to body-centred cubic
martensitic transformation of Fe-Co particles in a

copper matrix
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Metastable fee Fe precipitate particles produced by aging of a
Cu-Fe alloy with up to ~2wt%Fe are fully coherent with the Cu matrix,
when they are less than about 75nm in diameter{l]. The coherent
particles do not transform into stable beec Fe even if the alloy is
cooled to the liquid helium temperature[2] However, the fcc particles
martensitically transform into internally twinned becc structure by
plastic deformation of the alloy[3-b), or by partial or complete removal
of the surrounding Cu matrix[3 4,61 Loss of full coherency in larger
particles is not sufficient to induce the transformation, at least until
the particles coarsen in size to several hundred nanometers[l].
However, ternary addition of Co to a Cu-Fe alloy tends to unstabilize
the fce particles and, thus, the fce to bec martensitic transformation
in Fe-Co particles can occur by simple cooling without the introduction
of plastic deformation[7,8l. The transformed particles are also
internally tﬁnned. The present study investigates further details on
the transformation characteristics during cooling of Fe-Co particles in

Cu-Fe-Co alloys with various Co contents.



98wt ¥Cu-2wt%(Fe,-xCosx) alloy ingots with X=0, 0.2, 0.3 0,35 0.4 0.5
and 0,6 were prepared by melting 99 99%Cu, 99 9%Fe and 99,99%Co in a
high frequency induction furnace. To promote homogenization, the
ingots were turned upside down remelted several times and then
maintained at 1273K for one week in a vacuum furnace, .It was confirmed
from chemical analysis that the compositions of the alloys were essen-
t.ialioy the same as the initial compositions. Hereafter, the alloys witﬁ
X=0'}€Jwill be called A-0~8. Sheet specimens, cut from the ingots, were
aged at 923K for 6 or 96h after a solution treatment at 1273K for 2h.
After the aging the specimens were slowly cooled to given temperatures
above 77K to prevent the introduction of thermal stresses, The 6h aging
produced spherical fce particles with the average diameter of 2inm and
the 96h aging those with the average diameter of 62nm. The particle size
was essentially independent of the compositions of the alloys. After the
cooling the specimens were annealed at 873K for lh and quenched into
water, except the specimens for structural examination of particles
before and after the martenstic transformation. The 873K annealing was
done to definitely distinguish the particles which transform
martensitically in a bulk state during cooling to a given temperature
from those which transform during cooling or thin foil preparation
after the annealing: the former change in shape and structure on
annealing while the latter have the same shape as the bcc particles
without annealing[9]. Thin foils were examined on a 200kV electron
microscape (TEM).

On cooling to room temperature after aging at 923K for 6 or 96h, the
martensitic transformation of particles in A-0~3 5 and 6 did not ocecur.
After Bh aging the fec particles in these specimens indicated the
typical double-lobe contrast arising from coherency atrain, but after

96h aging somejdislocations were found near and around large



particles, such as A and B in Fig. 1. A is a semi-coherent fcec particle
and B is a bce particle, which has transformed martensitically presuma-
bly by the partial removal of matrix constraint. The dislocations were
often found around fce particles larger than about 50nm in A-6 and 80nm
in A-0: the critical size below which the interfacial dislocations cannot
nucleate in the fce state decreased with increasing Co content. This
observation can be explained by the dependence of misfit strain on the
Co content. The fec particle/matrix constrained misfit was measured by
analysis of the strain contrast observed in TEM following the procedure
detailed by Ashby and Brown[10). The specimens aged for Bh were used
for this experiment. It was found that the mean values of the misfit
strains for A-0, 3 and 6 were 0.008 0.009 and 0.010, respectively, That
is, the larger the misfit strain, the easier Lhe dislocation generation
becomes.

The particles in A-3~6 transformed during cooling to 77K and the
transformed particles consisted of twin bands. As found previously in a
Cu-Fe alloy[5) the number of twin bands in the Fe-Co particles tended
to be proportional to the particle size despite some scatter, The
explanation of this regular pattern is based on the basic idea that
twins belonging to different families form in different parts of the
particles so as to minimize the total energy consisting of elastie strain
energy and twin-interface energy[bl. The average width of parallel twin
bands in 6h aged specimens is given against the Co concentration in
Fig.2. The data for Fe particles transformed by plastic deformation of
the Cu-2Zwi%¥Fe alloy is also shown in this figure at X=0. The average
twin width is an increasing function of the Co concentration. This
indicates that the ternary addition of Co may cause an increase in the
twin-interface energy and/or a decrease in the elastic strain energy

which is newly created upon the transformation.
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The fce particles formed preferentially along pre-existing disloca-
tions during aging were easily transformed during cooling Lo 77K The
exanple is shown in Fig. 3. An A-3.5 specimen was annealed at 873K for 1h
after aging for 6h and subsequent cooling to 248K. The elongated bcc
particles by the annealing can be seen along a dislocation, This result
indicates that the transformation is promoted with the aid of stress
fields of a dislocation. Fig. 4 shows the fraction of transformed
particles in A-3 5 specimens aged for 6 or 96h against the particle size
for several cooling temperatures. The fraction was defined as the ratio
of the number of bee particles Lo the number of total particles. It can
be seen that the smaller the particle size, the lower becomes the trans-
formation temperature, whether or not the fec particles are fully co-
hereat with the matrix. This tendency was also the case in other alloys
examined. The present observation is similar to that of the classical
small particle experiments by Cech and Turnballll1}, although Lhe Fe-Co
particles in the present study are several orders of magnitude smaller
than the Fe-Ni particles used in their experiments, Thus, the present
result is reasonably understood by assuming that the probability of
finding a heterogenity of a given potency within a particle or at a
particle/matrix interface decreases as the particle size becones
smaller. An investigation on the martensitic transformation of small
fully coherent Fe precipitates in a Cu matrix has shown thal localized
particle/matrix decohesion resulting from vacancy condensation tends
to trigger the transformation[l2]. Therefore, the atomic structure of
the Fe-Co particle/Cu matrix interface may play some role in the
martensitic nucleation of the particle. However, it appears more plausi-
ble that dislocations such as those visible at the interface of a large
fee particle in Fig. 1 provide nucleation sites for the transformation of

the particle. Such a role of dislocations is substantiated by the result



shown in Fig. 3

Fig. 5 shows the fraction of transformed particles against cooling
temperature for several Bh aged alloys. As the Co content increases
the transformation temperature increases, reaching a maximum for A-b
and then decreases again. This situation is similar to the dependence of
the fce Lo bec martensitic transformation temperature in Fe-Co alloys
on the Co concentrationfl3]. By assuming that the composition of the
precipitated fee Fe-Co particles is Fe;—xCox il can be estimated from
the work by Kaufman and Nesor{l4] that Lhe chenical free energy dif-
ferences between fce and bee states in A-3, 4 and 6 are OkJ/mol at 77K,
8kJ/mol at 300 K and 7kJ/mol at 77K, respectively. These values are
larger than the free energy difference, 5 4kJ/mol, between fce and bee
Fe at 42K to which the transformation of fully coherent Fe
precipitates in a Cu-Fe alloy does not occur by simple coolingl2). This
means that the driving fo'r'ces for the transformation of the Fe-Co
particles are sufficiently large. Also, it should be recalled that the
constrained misfit between a fcc particle and a Cu matrix increases with
increase in the Co content. This certainly makes the fece particles
unstable, Therefore, we believe that the combined thermodynanic and
nechanical effects promote the spontaneous transformation of the Fe-Co

particles by simple cooling.
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Figure captlions
Fig. 1 Fe-Co precipitates in an A-B6 specinen after aging at 923K for 96h,

Fig, 2 Average twin width in Fe-Co particles Lransformed during cooling

to 77K plotted against the Co concentration.

Fig. 3 Chain of bee Fe-Co particles along a dislocation in an A-3 D

specimen. The specimen was aged for 6h, followed by cooling to

248K and then annealed at 873K for 1h.

Fig. 4 Particle size dependence of the fraction of transfermed particles

in A-3 D specimens cocled to various temperatures.

Fig. b Fraction of transformed particles against cooling temperature in

Cu-Fe~Co alloys with different Co contents after aging at 923K

for 6h.
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