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kde na levych stranach jsou S§itky difrakénich linii po
korekei na pfistrojové rozsifeni. Rovnice (4) a (5) tvoii
soustavu dvou rovnic o dvou neznamych, D a e. ReSenim
této soustavy dostavame pro velikost ¢astic

_ A, secO,tan 6, -, secO,tan 0,

D (6)
B,tan 6, —B,tan 6
a pro velikost mikrodeformaci
B,sec, —P,secO, )

e =
4(tan 0, secO, —tan 0, secO, )

Z rovnice (4) nebo (5) jesté plyne graficka verze této
metody — analogie Williamsonova — Hallova grafu, pro
vice nez dvé zareni

SL13

Bcos O =D"'A+4esin O (8)
Kdyz tedy vyneseme zavislost BcosO=y) na A=x,
dostaneme piimku se smérnici D', kterd na ose y vytina
usek 4esin 0.
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Introduction

The cobalt-based shape memory alloys (SMA) are ex-
pected to be the new kind of so-called ferromagnetic SMAs
[1]; this means alloys, in which the driving force for the
martensitic phase transformation (direct or reverse) or
martensitic variants reorientation can be the external mag-
netic field. This effect was described in stoichiometric
compound Ni;MnGa [2]. The mechanical properties of
Co-Ni-Al alloys are definitely better than the properties of
Ni-Mn-Ga alloys; they are harder and they have better
creep and fatigue properties. But, the structure of Co-Ni-Al
alloy is more complicated as compared to NiMnGa alloys.
There are two phases at least, but only one of them under-
goes the martensitic transformation. The role of the
non-transforming phase during the transformation is not
recognised yet, but its presence is suitable for the success-
ful shape memory effect (SME). Single-phase alloys have
tendency to crack before achieving a reasonable plastic de-
formation. The presented abstract describes the progress on
the structural study.

The structure of the investigated material Co3gNizzAlyg
is composed of two phases — an ordered matrix (Co,Ni)Al
with space group Pm3m, structure type B2, and a disor-
dered face centred cubic cobalt solid solution with space
group Fm3m, structure type A2 [3], Fig. 1. The B2 phase
matrix undergoes martensitic transformation into the
tetragonal LO; structure (space group P4/mmm). The trans-
formation mechanism is very similar to the Ni-Al alloy in-
cluding precursors, tweed structure and softening of the
phonon modes [4]. According to the phase diagram L1,

structure (Co,Ni);Al (space group Fm3m) exits in samples
with sufficient amount of nickel. In our samples, this phase
is observed under special kinetic conditions.

The structure analysis was performed mainly using an-
alytical electron microscopy as our samples are usually di-
rectionally crystallized structures with extremely large/
coarse grains. The set of the in-situ measurements on pow-
ders was performed on synchrotron source BESSY II in
HZB Berlin.

Crystal growth

In order to study and to apply ferromagnetic shape memory
effect (FSME), it is very convenient to have single-crystal-
line samples. The single-crystals for our study were pre-
pared using vertical floating-zone method and Bridgman
method. The structure and composition of the as-grown
samples were published in Refs [5, 6]. The findings from
the crystal growth study can be summarized in the points:

1. The samples grown with a growth rate of 17 mm-h™*
or lower have tendency to get splitted into a two-phase
mantle (B2 matrix plus A2 interdendritic precipitates) and
a single-phase (only B2) core. Such structures have ten-
dency to crack during cutting and polishing.

2. The composition of the matrix and precipitates seems
to be stable within three categories: Floating-zone sample;
Bridgman sample grown with a growth rate of 17 mm-h
and Bridgman samples grown with a growth rate higher
than 17 mm-h. Both phases in respective categories have
the same composition. The last category appears to be in-
teresting for our investigation, since a variation of the
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Figure 1. The structure of the samples grown with a growth rate
of 38 mm-h"' in light microscope metallography. The precipitates
marked 1 are interdendritic A2 fcc cobalt solid solution particles.
The precipitates marked 2 are L1, ordered precipitates of the
phase (Co,Ni);Al

chemical composition along the Bridgman crystal is real-
ized through the change of the A2/B2 phases ratio.

3. The ordered L1, phase (Co,Ni);Al appears in the
Bridgman crystals grown with a growth rate lower than 38
mm-h™. It forms thin precipitates in a vicinity to A2
interdendritic precipitates. Its role in martensitic transfor-
mation is still unknown, Fig. 1.

Sample annealing

A kind of metastable (quenched) equilibrium is necessary
for the SME performance in these alloys. It was described
just as quick cooling after homogenization annealing in lit-
erature, but significant changes are observed mainly in the
matrix [7]. Nanoprecipitates of various phases are created
which can support spreading of the habit plane of
martensite. The fcc and hep cobalt solid solution precipi-
tates with a diameter below 100 nm were observed in sam-
ples grown with a growth rate 28 and 38 mm-h™.[8, 9].
Generally, the role of particular nanoprecipitates in the
quenched matrix is not known [7].

A set of various annealing temperatures was employed.
All samples were quenched to the ice-cold water. The tem-
perature of 1350 °C leads to the dissolving of the
interdendritic precipitates of the A2 (fcc cobalt) phase, but
the true temperature of dissolving is lower, probably close
to 1300 °C, as was observed. The melting of the two-phase
structure damages the SME. The samples showing the
superelasticity (stress induced martensitic transformation)
have a two-phase structure.

Past works [10] reported quite high temperatures of the
martensitic transformation, but we observed Mg ~ -73 °C,
which does not depend on the annealing temperature in the
interval from 1250 °C up to 1350 °C. The hysteresis of the
martensitic transformation enlarges with lowering of the
annealing temperature. Although the martensitic transfor-
mation takes place at temperatures below -73 °C, pinned
martensitic structures were observed in various samples.
The lamellae were pinned either by concave A2
interdendritic precipitates or by a special shape of the sam-

Figure 2. The sample annealed at 1250 °C for 1 h and quenched to
the ice-cold water. Some trapped martensitic lamellae remain in
special geometry of the sample up to room temperature.

ple — thin edge, Fig. 2. The details of the pinning
configuration are under examination.
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