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In tro ducti on

Ni-Mn-Ga al loys close to stoichiometric NINi50

M25Ga25 (at. %) com po si tion have re cently gained con sid -
er able in ter est due to the pos si bil ity of re ar range ment of

their martensite microstructure in mag netic field [1]. The
five-lay ered martensite (10M or 5M) is usu ally con sid ered
as ap prox i mately tetragonal a=b > c with struc ture de -
scribed by the lat tice cor re spond ing to orig i nal aus ten ite. It
serves well for de scrib ing mag netic shape mem ory ef fect
and par tic u larly for mag netic ex per i ments and
phenomenological mod el ing. More pre cise ap proach
shows that 5M martensite can be de scribed us ing
monoclinic unit with small de vi a tion be tween a and b and
monoclinic dis tor tion of about 0.3 deg [2]. In the fol low ing
text the tetragonal de scrip tion of dif frac tion lines will be
used. 

Sam ple

The sin gle crys tal of Ni50.2Mn28.3 Ga21.5 (at.%) from
AdaptMat Ltd was in ves ti gated. The sam ple faces are ap -
prox i mately par al lel to {100} planes of aus ten ite.The op ti -
cal mi cro graph of stud ied bound ary is plot ted on Fig. 1.
This sin gle in ter face (twin bound ary) is highly mov able
un der the stress less than 0.2 MPa! One is able to move the
twin bound ary eas ily only by ap ply ing small stress by
hands.  Some more de tails about the stud ied ma te rial can be 
found in [3]. 

Ex pe ri men tal

The X-ray dif frac tion mea sure ments were per formed us ing 

X’Pert PRO PANalytical q-q hor i zon tal pow der

diffractometer. The Co an ode (l = 1.78901 C) with point
fo cus was used as an X-ray source. The ir ra di ated vol ume
was de fined by a monocapillary with in ner ra dius 0.1 mm,
the ap prox i mate beam size is shown on the left-hand side of 
Fig. 1. This small beam makes pos si ble a rel a tively pre cise
x-di rec tion map ping along the bound ary. The sam ple was
at tached to ATC-3 tex ture cra dle en abling ro ta tion, in cli na -

tion (y) and x-move ment of the sam ple. Si mul ta neous
move ment of the tube and de tec tor al lows for pre cise

change of in ci dent an gle (w). The dif fracted beam was ei -

ther lim ited by Soller slits (0.02 rad) to con fine the y-range

of dif fract ing planes (up to » 1°) or the slit were re moved to 
al low si mul ta neous de tection of two dif frac tion lines

whose po si tions dif fers by as much as » 3°. The

X’Celerator mul ti ple strip de tec tor was used to de tect the
dif fracted beam.

Firstly the sam ple is preoriented to wards the lab o ra tory

sys tem. Sev eral w-scans are per formed for various an gles

y un til the val ues of y and w of any strong re flec tion are
found. At the be gin ning the Soller slits are not used, when

ap prox i ma tion po si tion of y is founded, then the Soller slit

can be in serted and the y-scan can be per formed for pre vi -

ously found w.

Re sults and dis cu si on

Re lat ing to Fig. 1, the X-ray dif frac tion con firmed that the
up per part is c ori ented and the lower part is a or b ori ented
per pen dic u larly to the plane. Since the lat tice pa ram e ters a
and b are very close, so their cor re spond ing dif frac tion are
not well re solved. For tu nately high an gle dif frac tion (600)
and (060) can be ob served. Al though these dif frac tions are
very weak (more than 100 times in com par i son to (400)!),
in the case of monocrystal they have suf fi cient in ten sity to
be de tect able, see Fig. 2, and the x-di rec tion map ping is
pos si ble to be made, see Fig. 3.

The x-di rec tion map ping shows that in dif frac tion vol -
ume lim ited by monocapilary (~ 0.12 x 0.14 x 0.01 mm) oc -
curs both a and b ori ented vari ants. And that the pe riod of
pos si ble a-b twinning is un der spa tial res o lu tion of lab o ra -
tory ex per i men tal con di tions.
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Fig ure 1. Highly mo bile twin in ter face and as so ci ated do mains
in Ni-Mn-Ga sin gle crys tal ob served us ing in ter fer ence con trast
(Nomarski con trast) with a Zeiss mi cro scope. The XRD scans
were per formed hor i zon tally along the mac ro scopic twin
bound ary. The size of the X-ray beam spot is marked on the left.
Width of the sample is about 2.3 mm.
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Great suc cess in Ni2MnGa de rived al loys at tracted at ten -
tion to sim i lar Heusler al loys in clud ing co balt based al loys. 
The ar ti cle de scribes the prog ress in work on Co38Ni33Al29

al loy. Af ter long strug gle the de fined crys tals with sin -
gle-crys tal line ma trix were pre pared. The in flu ence of an -
neal ing on martensitic trans for ma tion in these crys tals was
in ves ti gated. The martensitic trans for ma tion us ing mag -
netic sus cep ti bil ity mea sure ments we found to be MS ~ -73
°C. The com plex in ter ac tion be tween martensitic lathes

and A2 par ti cles was found. The dis crep ancy be tween
trans for ma tion tem per a tures ob tained by mag netic sus cep -
ti bil ity mea sure ments and res o nant ul tra sound spec tros -
copy will be dis cussed to gether with the re sults of the
quasi stat ic and dy namic nanoindentation.

Ex tended con tri bu tion sub mit ted.
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Fig ure 3.  The x-di rec tion map ping of ra tios be tween a and b ori -

en ta tions. For two max ima in w-scan also two 2q-scans were

done for each po si tion x.Fig ure 2. Si mul ta neous pres ence of á600ñ and á600ñ ori en ta tions
in dif fract ing vol ume. These two dif frac tions are rel a tively well
sep a ra ble. To avoid pos si ble con fu sion, the spec tral com po nents

of wave length dis tri bu tion Ka1 and Ka2 are marked by ver ti cal
lines.
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A se ries of sam ples of the C45 (0.45 wt.% C) steel was pre -
pared by hot roll ing with dif fer ent thermomechanical his -
tory in an in dus trial-type roll ing stage (e.g. roll ing
tem per a ture and speed, cool ing rate). The microstructure of 
re sult ing ma te rial was fer rit ic-pearl it ic with a pearlite vol -
ume frac tion rang ing from 57 to 90%; the mean inter -
lamellar spac ing in the pearlite var ied be tween 180 and
270 nm. An equally-spaced ar range ment of mis fit dis lo ca -
tions was found at the fer rite/cementite in ter faces. The
microstrain they gen er ate was ob served in the X-ray dif -
frac tion by means of anisotropic line broad en ing; the den -
sity of the dis lo ca tions was proved to be pro por tional to the
den sity of the lamellas. The dis lo ca tion den sity was found

to cor re late with the ul ti mate ten sile strength (UTS) of the
steel in the ten sile test as well as the den sity of the lamellas.
Upon grad ual cold draw ing through con i cal dies, the dis lo -
ca tion den sity ob served in X-ray in creased up to about 50% 
of elon ga tion, the UTS was still well-fol low ing its de pend -
ence on the dis lo ca tion den sity, while the den sity of pearl it -
ic lamellas re mained in tact. The X-ray dif frac tion can thus
be uti lised for an in stant and non-de struc tive es ti ma tion of
UTS of hot-rolled fer rit ic-pearl it ic steels and cold-drawn
steels with mod er ate grade of cold de for ma tion.

Ex tended con tri bu tion sub mit ted.
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RÖNTGENOVÁ DIFRAKÈNÁ ANALÝZA TROSIEK. 
EBSD ANALÝZA OBALOVÝCH PLECHOV

Martin Èerník

US Steel Košice
Ex tended con tri bu tion to be sub mit ted.
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