
kde na levých stranách jsou šíøky difrakèních linií po
korekci na pøístrojové rozšíøení. Rovnice (4) a (5) tvoøí
soustavu dvou rovnic o dvou neznámých, D a e. Øešením
této soustavy dostáváme pro velikost èástic

D =
-

-

l q q l q q

b q b q
1 1 2 2 2 1

1 2 2 1

sec sectan tan

tan tan
 (6)

a pro velikost mikrodeformací

e =
-

-

b q b q

q q q q
1 2 2 1

1 2 2 14

sec sec

( sec sec )tan tan
 (7)

Z rovnice (4) nebo (5) ještì plyne grafická verze této
metody – analogie Williamsonova – Hallova grafu, pro
více než dvì záøení

b q l qcos = +-D e1 4 sin                 (8)
Když tedy vyneseme závislost b qcos º y na l º x,
dostaneme pøímku se smìrnicí D-1, která na ose y vytíná
úsek 4esin q.
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In tro ducti on

The co balt-based shape mem ory al loys (SMA) are ex -
pected to be the new kind of so-called fer ro mag netic SMAs 
[1]; this means al loys, in which the driv ing force for the
martensitic phase trans for ma tion (di rect or re verse) or
martensitic vari ants re ori en ta tion can be the ex ter nal mag -
netic field. This ef fect was de scribed in stoichiometric
com pound Ni2MnGa [2]. The me chan i cal prop er ties of
Co-Ni-Al al loys are def i nitely better than the prop er ties of
Ni-Mn-Ga al loys; they are harder and they have better
creep and fa tigue prop er ties. But, the struc ture of Co-Ni-Al 
al loy is more com pli cated as com pared to NiMnGa al loys.
There are two phases at least, but only one of them un der -
goes the martensitic trans for ma tion. The role of the
non-trans form ing phase dur ing the trans for ma tion is not
re cog nised yet, but its pres ence is suit able for the suc cess -
ful shape mem ory ef fect (SME). Sin gle-phase al loys have
ten dency to crack be fore achiev ing a rea son able plas tic de -
for ma tion. The pre sented ab stract de scribes the prog ress on 
the struc tural study. 

The struc ture of the in ves ti gated ma te rial Co38Ni33Al29

is com posed of two phases – an or dered ma trix (Co,Ni)Al
with space group Pm3m, struc ture type B2, and a dis or -
dered face cen tred cu bic co balt solid so lu tion with space
group Fm3m, struc ture type A2 [3], Fig. 1. The B2 phase
ma trix un der goes martensitic trans for ma tion into the
tetragonal L01 struc ture (space group P4/mmm). The trans -
for ma tion mech a nism is very sim i lar to the Ni-Al al loy in -
clud ing pre cur sors, tweed struc ture and soft en ing of the
phonon modes [4]. Ac cord ing to the phase di a gram L12

struc ture (Co,Ni)3Al (space group Fm3m) ex its in sam ples
with suf fi cient amount of nickel. In our sam ples, this phase
is observed under special kinetic conditions. 

The struc ture anal y sis was per formed mainly us ing an -
a lyt i cal elec tron mi cros copy as our sam ples are usu ally di -
rec tion ally crys tal lized struc tures with ex tremely large/
coarse grains. The set of the in-situ mea sure ments on pow -
ders was per formed on syn chro tron source BESSY II in
HZB Berlin.

Crys tal growth

In or der to study and to ap ply fer ro mag netic shape mem ory 
ef fect (FSME), it is very con ve nient to have sin gle-crys tal -
line sam ples. The sin gle-crys tals for our study were pre -
pared us ing ver ti cal float ing-zone method and Bridgman
method. The struc ture and com po si tion of the as-grown
sam ples were pub lished in Refs [5, 6]. The find ings from
the crys tal growth study can be sum ma rized in the points:

1.  The sam ples grown with a growth rate of 17 mm×h-1

or lower have ten dency to get splitted into a two-phase
man tle (B2 ma trix plus A2 interdendritic pre cip i tates) and
a sin gle-phase (only B2) core. Such struc tures have ten -
dency to crack dur ing cut ting and polishing.

2. The com po si tion of the ma trix and pre cip i tates seems 
to be sta ble within three cat e go ries: Float ing-zone sam ple;

Bridgman sam ple grown with a growth rate of 17 mm×h-1

and Bridgman sam ples grown with a growth rate higher

than 17 mm×h-1. Both phases in re spec tive cat e go ries have
the same com po si tion. The last cat e gory ap pears to be in -
ter est ing for our in ves ti ga tion, since a vari a tion of the
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chem i cal com po si tion along the Bridgman crys tal is re al -
ized through the change of the A2/B2 phases ratio.

3. The or dered L12 phase (Co,Ni)3Al ap pears in the
Bridgman crys tals grown with a growth rate lower than 38

mm×h-1. It forms thin pre cip i tates in a vi cin ity to A2
interdendritic pre cip i tates. Its role in martensitic trans for -
ma tion is still un known, Fig. 1.

Sam ple an ne a ling

A kind of metastable (quenched) equi lib rium is nec es sary
for the SME per for mance in these al loys. It was de scribed
just as quick cool ing af ter ho mog e ni za tion an neal ing in lit -
er a ture, but sig nif i cant changes are ob served mainly in the
ma trix [7]. Nanoprecipitates of var i ous phases are cre ated
which can sup port spread ing of the habit plane of
martensite. The fcc and hcp co balt solid so lu tion pre cip i -
tates with a di am e ter be low 100 nm were ob served in sam -

ples grown with a growth rate 28 and 38 mm×h-1.[8, 9].
Gen er ally, the role of par tic u lar nanoprecipitates in the
quenched ma trix is not known [7].

A set of var i ous an neal ing tem per a tures was em ployed.
All sam ples were quenched to the ice-cold wa ter. The tem -
per a ture of 1350 °C leads to the dis solv ing of the
interdendritic pre cip i tates of the A2 (fcc co balt) phase, but
the true tem per a ture of dis solv ing is lower, prob a bly close
to 1300 °C, as was ob served. The melt ing of the two-phase
struc ture dam ages the SME. The sam ples show ing the
superelasticity (stress in duced martensitic trans for ma tion)
have a two-phase struc ture.

Past works [10] re ported quite high tem per a tures of the
martensitic trans for ma tion, but we ob served MS ~  -73 °C,
which does not de pend on the an neal ing tem per a ture in the
in ter val from 1250 °C up to 1350 °C. The hys ter esis of the
martensitic trans for ma tion en larges with low er ing of the
an neal ing tem per a ture. Al though the martensitic trans for -
ma tion takes place at tem per a tures be low -73 °C, pinned
martensitic struc tures were ob served in var i ous sam ples.
The lamellae were pinned ei ther by con cave A2
interdendritic pre cip i tates or by a spe cial shape of the sam -

ple – thin edge, Fig. 2. The de tails of the pin ning
con fi g u ra tion are un der ex am i na tion.
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Fig ure 1. The struc ture of the sam ples grown with a growth rate

of 38 mm×h-1 in light mi cro scope metallography. The pre cip i tates
marked 1 are interdendritic A2 fcc co balt solid so lu tion par ti cles.
The pre cip i tates marked 2 are L12 or dered pre cip i tates of the
phase (Co,Ni)3Al.

Fig ure 2.  The sam ple an nealed at 1250 °C for 1 h and quenched to 
the ice-cold wa ter. Some trapped martensitic lamellae re main in
spe cial ge om e try of the sam ple up to room tem per a ture.


