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Mag netic shape mem ory (MSM) Heusler Ni2MnGa al loy
shows very large strains in duced by mag netic field. The
mech a nism at the ba sis of the mag netic shape mem ory ef -
fect is the re ori en ta tion of twin vari ants of martensitic
phase ac ti vated by mag netic field. In spite of the re search
ef fort, the struc ture of the Ni2MnGa martensite is still not
com pletely un der stood. It is usu ally as so ci ated to a
tetragonal lat tice with unit cell at = bt = 5.90 C, ct=5.44 C.
How ever the tetragonal lat tice only rep re sents an av er age
struc ture which is af fected by struc tural mod u la tion [1].
Sev eral in ves ti ga tions [1-4] interpreted this mod u la tion in
terms of a five-fold su per struc ture (i.e. a su per struc ture
con sti tuted by five unit cells along one of the fun da men tal
crys tal lo graphic axes), while a re cent study in di cated for
the same struc ture a seven-fold mod u la tion [5].

In the pres ent work, the struc ture de ter mi na tion of the
ther mally in duced martensite in the stoichiometric
Ni2MnGa al loy, has been done on the ba sis of elec tron dif -
frac tion (ED) and pow der neu tron dif frac tion (PND) ex -
per i ments. The com bined anal y sis of the ex per i men tal data
in di cates an in com men su rate mod u lated struc ture closely
re lated to a five-fold lay ered struc ture, with a mod u la tion
vec tor q = 0.4248(2)c*. The sym me try of the ba sic struc -
ture was found to be monoclinic with unit cell con stants,

am=4.2198(2) » Ö2at, bm=5.5541(1) C, cm= 4.1903(1) C 

»Ö2at b = 90.12(5)°. The com plete struc tural de ter mi na -
tion, car ried out within the superspace ap proach us ing the

four-di men sional space group P21/n(a0g), was achieved
with a Rietveld re fine ment per formed on PND data (with
Jana 2000 soft ware [6]). 

The re sults show that the mod u la tion is mainly re lated
to the pe ri odic shuf fling of the atomic lay ers per pen dic u lar
to the c axis of the monoclinic ba sic struc ture. 
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Struc ture de ter mi na tion from pow der dif frac tion us ing the
Rietveld method are based on the anal y sis of the po si tions
and in ten si ties of Bragg re flec tions which al lows to de ter -
mine the long range av er age struc ture of the crys tal. A
method to re veal the lo cal struc ture of a ma te rial is the anal -
y sis of the atomic pair cor re la tion func tion. This meth ods is 
known for study ing the short-range or der in non-crys tal line 
ma te ri als but has re cently been ap plied to crys tal line ma te -
ri als [1]. 

The aim of this pa per is to com pare the struc tural pa -
ram e ters and their tem per a ture de pend ence for amor phous
and polycrystalline NiZr2 by the anal y sis of the dif frac tion
data in re cip ro cal space with those data ob tained from of
the atomic pair cor re la tion func tion in real space. 

The tem per a ture de pend ence of the struc ture of amor -
phous and crys tal lized Ni33Zr67 was in ves ti gated by means
of in situ syn chro tron X-ray dif frac tion at el e vated tem per -
a tures. The (mean) crys tal struc ture pa ram e ters of
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tetragonal NiZr2 (S.G.140) were cal cu lated by the Rietveld
re fine ment of the X-ray dif frac tion pat terns. The lat tice pa -
ram e ters a0, and c0 in crease lin early with tem per a ture. In -
ter atomic dis tances cal cu lated from the crys tal struc ture
data be haves in a sim i lar way. 

The atomic pair cor re la tion func tions of amor phous and 
crys tal lized Ni33Zr67 show in both cases dif fer ent be hav -
iors. The near est neigh bor dis tances are found to be lower
and de crease with tem per a ture. The mac ro scopic ther mal

ex pan sion is re flected by the be hav ior of the max ima of the
atomic pair cor re la tion at dis tances r > 0.6 nm. The anal y sis 
real space data with PDFFIT [2] con firms the pres ence of
dif fer ences of the lo cal and the av er age struc ture caused by
to strong cor re la tion of the ther mal os cil la tion of neigh -
bored at oms in amor phous and crys tal lized NiZr2.

[1] S. L.J. Billinge, M.F. Thorpe, ed. „Lo cal Struc ture from
Dif frac tion“, New York, Ple num (1998). 

[2] T. Prof fer, S.J.L. Billinge, J. Appl.Cryst.32 (1199) 572-5.

T6 - P123

SYN THE SIS AND X-RAY STUDY OF NON-EQUI LIB RIUM SOLID SO LU TION Os0.5Ir0.5

I. V. Korolkov1, K. V. Yusenko1, S. A. Gromilov1

1Nikolayev In sti tute of In or ganic Chem is try SB RAS, Novosibisk, kiv@mail333.com

Os and Ir met als are of par tic u lar at ten tion re gard ing their
char ac ter is tics. For ex am ple, os mium has the high est bulk
moduli value - 462 GPa [1] among all other ma te ri als. Fur -
ther more Os and Ir pos sess the high val ues of den sity, melt -
ing tem per a ture, etc. The phase di a gram of Os-Ir sys tem
be longs to the peritectic type. Sin gle-phase ar eas (a, b) with 
face-cen tered cu bic (fcc) and hex ag o nal close packed (hcp) 
lat tices are sep a rated by a di phase area (a+b).

In [2, 3], sev eral hcp phases OsxIr1-x with 0.65 < x <0.9

and a fcc phase with x £  0.2 are discribed by X-ray anal y -
sis. The vol ume per one atom (V/Z) val ues are given in the
pic ture. The sin gle-phase area bound aries are marked with
the dash lines. In some cases, upon thermolysis of bi nary
com plex salts one ob tains non-equi lib rium solid so lu tion
that is placed into the di phase area. For ex am ple, the hcp
phase Re0.5Ir0.5 was thus ob tained in [4].

To get the sin gle Ir0.5Os0.5 phase we have syn the sized a
pre cur sor com plex [Ir(NH3)5Cl)][OsBr6]. Thermolysis of
this com plex was held at 700 °C in hy dro gen at mo sphere.
Fi nally, ac cord ing to X-ray anal y sis data, a sin gle-phase

prod uct with the hcp lat tice was ob tained. The lat tice pa -
ram e ters are: a = 2.729(2) C, c = 4.361(3) C, V/Z = 14. 064
C3, Dx = 22.576 g/cm3. The V/Z value ob tained fits well a
line con nect ing the val ues for pure met als. 

Sam ple of meta-sta ble Ir0.5Os0.5 was sol dered up into
cap sule, vacuumized and then heated up to 800 °C. X-ray
anal y sis showed that af ter heat ing sam ple be came di phase.
The lat tice pa ram e ters of hcp phase: a = 2.729(2)C,
4.357(3) C, V/Z = 14.051 C3. These val ues are close to
Ir0.5Os0.5. The lat tice pa ram e ter of fcc phase is a = 3.837(2)
C and close to pure irid ium. 
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X-ray dif frac tion in ves ti ga tions of the Ni-based al loy
(1,3% W; 3,2% Mo; 5,6% Al; 4,5% Ti; 12-15% Co), which 
is wide us ing in avi a tion enginebuilding, was shown a pres -

ence of the two same struc ture ma trix g and intermetallic

g‘-phase Ni3(Al,Ti) with disaccordance of the pa ram e ters
of the crys tal line lat tices ap prox i mately 0,1%. Thus a

g‘-phase has more per fect crys tal line struc ture, than the

ma trix g-phase. 
In the mode of ther mal cy cling the ex po sure at the max -

i mal tempetrature of the cy cle 1173 K (t = 2-4 hour ) there

is dis in te gra tion of ma trix g-solid so lu tion with the ex trac -

tion of the intermetallic g‘-phase Ni3(Al,Ti). The pa ram e ter 

of crys tal line lat tice of the intermetallic g‘-phase Ni3(Al,Ti) 
have been de creased. Ex cept for it the change of pa ram e ter
takes place at the ther mal cy cling by means of sub sti tu tion
of ma trix hard so lu tion by the at oms of other el e ments. Be -

cause of g and g‘-phases have the crys tal line lat tice of the
same type with close value pa ram e ters, dif frac tion peaks of 
these phases are to gether on the Bregg re flec tion. Be cause

of the con tents of more per fect intermetallic g‘-phase
Ni3(Al,Ti) is in creased with the in crease of num ber of the
ther mal cy cles, the semiwidth of re sult ing dif frac tion peaks 
is di min ished.
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The X-ray and M`ssbauer in ves ti ga tions [1] have shown,
that the main fac tor which in flu ences the struc ture and
prop er ties of high-car bon steels al loyed with Al is the pres -
ence of co her ence or dered car bide phase Fe4-yAlyCx

(K-phase) with antiperovskite struc ture over a wide con -
cen tra tion and tem per a ture range. This struc ture has high
tem per a ture sta bil ity to the phase trans for ma tions. De -
pend ing on the con cen tra tion of Al and C as well as on the
ex ter nal in flu ences the K-phase can ex ist in dif fer ent mod i -
fi ca tions. These crys tal line mod i fi ca tions cor re spond to
dif fer ent sym me tries and have var i ous com po si tion. It has
been pro posed to study the set of model con fig u ra tions of
the K-phase both of the stehiometrical com po si tion and
with an es sen tial short age in com pounds (Fe3AlC, Fe3Al,
Fe4C, Fe7Al, Fe7AlC2, Fe14Al2C4, Fe25Al7C4 Fe28Al4C4).
The X-ray spec trums for all the above mod i fi ca tions with
dif fer ent con cen tra tion of Al and C have been the o ret i cally
ob tained. The sim u lated spec trums can be com pared with
ex per i men tally ob served X-rays pow der dif frac tion pic -
tures of ex tracted K-phase.  It can give a pos si bil ity to es ti -
mate the mainly prob a ble con fig u ra tion of the K-phase in
al loys with dif fer ent con cen tra tion of al loyed el e ments. 

The to tal and par tial den si ties of states for all the above
con fig u ra tions have been cal cu lated us ing the lin ear
MT-or bital method (LMTO). We have found that for the

stehiometrical con fig u ra tion den sity of states at the Fermi
level is very high. This in di cates that such a struc ture is un -
sta ble and is in flu enced by the lat tice dis tor tions and con -
cen tra tion vari a tions [2]. This fact is in agree ment with the
ex per i men tal re sults ac cord ing to which the K-phase does
not ex ist in its stehiometrical con fig u ra tion, but only with
the lack of C.

From the par tial den si ties of states one can note the
bind ing role of Al and its in flu ence on Fe car bon iza tion.
There is a strong hy brid iza tion of Al 3s- and C  2p- states.
One can note a con sid er able ad di tion of Al 3p-states to the
lower part of the Fe 2d- band. It can be in ter preted as the
for ma tion of di rect Fe-Al and Fe-C bind ings. The same re -
sult has been ob served dur ing the cal cu la tion of va lence
elec tron charge den sity plots in (001), (011), (111), (020)
planes for the  stehiometrical con fig u ra tion us ing the
FLAPW (full-po ten tial lin ear aug mented plane waves)
method. The cal cu lated plots ap prove the den sity po lar iza -
tion in car bon di rec tion which oc curs due to the trans port
of the part of charge den sity from the metal (tran si tional
and not tran si tional) to the ar eas of car bon at oms. 
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The gen eral ma trix anal y sis was used for math e mat i cal de -
scrip tion of the changes of pole fig ures af ter martensite
trans for ma tion at the highcarbon Fe-Al-C alloys. Is was
cal cu lated and built pole fig ures á-martensite with anom a -
lous high tetragonality. The ma trix which cor re sponded to
ori en tal rates by Nishijama (OR N)  was trans formed by
aux il iary ma trix which take into ac count of the cor ners of
turns and rate of tetragonality of á-martensite. It was re -
ceived the cal cu lated pole fig ures for the vari ants of ori en -
tal of Greninger-Trojano (G-T) and Kurdyumov-Zacks
(K-Z). It was es tab lished that only at the par tic u lar se -
quence of ma trix trans for ma tions the cal cu lated shifts of
the martensite <001>a poles about <001>g and <011>g

poles was co in cided with anal o gous shifts of the ex per i -
men tal poles. These shifts are ex plained by co her ent

stresses which ap pear at the martensite by ex ist ing of car -
bon and or dered car bide par ti cles (K-phase).

Align ments of martensite poles in al loys of  Fe-Al-C
sys tem are in ves ti gated in a broad tem per a ture and con cen -
tra tion in ter vals. Also vari a tion of these align ments dur ing
the low-tem per a ture tem per ing is stud ied.  

It was es tab lished, that chang ing struc ture, ve loc ity of
cool ing, time of the low-tem per a ture tem per ing it is pos si -

ble to re ceive an a - martensite with any one known
orientational  ra tio. The tem pered martensite has no ir ra tio -
nal Greninger-Trojano  OR. Half of poles 24+24 OR (G-T)
ap pears as though grouped two by two, half - as though dis -
ap pears (dif frac tion re flects are not fixed). The martensite
as though tends to ori ent ac cord ing to OR N.
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Ther mal sta bil ity of fine microstructure of the se lected
sam ples of iron magneisum and cop per with ad di tion of
dif fer ent amount of Al2O3 pre pared by high-pres sure tor -
sion de for ma tion un der 6 GPa is in ves ti gated by X-ray
pow der dif frac tion (PXRD), pos i tron life-time spec tros -
copy (PL) and trans mis sion elec tron mi cros copy (TEM).

Con ven tional pow der dif frac tion stud ies were car -
ried out in or der to ana lyse lat tice pa ram e ters, tex ture co ef -
fi cients and line broad en ing. In sim pli fied anal y sis, the
pro files were fit ted with an a lyt i cal func tions and an a lyzed
in terms of in te gral breadths an dmodified Wil liam son-Hall 
plot. More so phis ti cated anal y sis was per formed by to tal
pow der dif frac tion pat tern fit ting as pro posed by Ungar et
al [1] and Scardi & Leoni [2]. The crys tal lite size in the or -

der of 50-300 nm and dis lo ca tion den si ties of 1´1014 m-2 to

1´1015 m-2 were de ter mined by all the meth ods. 
Typ i cal line broad en ing ani so tropy was well ac -

counted for by the dis lo ca tion ori en ta tion (con trast) fac -
tors. The agreement was not so good for an nealed sam ples.
In some cases strong ani so tropy remaines even af ter the de -
pend ence on dif frac tion vec tor mag ni tude (strain)
disappear.  

PL spec tra shown two ma jor com po nents – one co mes
from pos i trons trapped at dis lo ca tions in side the dis torted
re gions and an other that can be at trib uted to pos i trons
trapped in microvoids with the size of 4-5 va can cies. 

Ob tained val ues of crys tal lite size and dis lo ca tion den -
sity agree quite well with the es ti ma tions made from TEM
for Cu + 0.5 wt. % of Al2O3 and Fe sam ples. On some of the 
TEM pic tures of the for mer sam ple the Al2O3 drop lets were 
found. It was found that the ad di tion of at least 0.5 wt. %
Al2O3 pre vents grain growth and keeps the dis lo ca tion den -

sity high and crys tal lites small up to about 400 °C. The
amount of 0.3 wt. % is in suf fi cient for that and rapid grain

growth is ob served at about 200 °C.  
For iron sam ples con tin u ous strain re cov ery is ob served 

in the range 130-200 °C. 
Valu able re sults were ob tained by old and sim ple

back-re flec tion method. For as-pre pared sam ples, con tin u -
ous rings were ob served while af ter an neal ing a few dots
were clearly dis tin guished on them in di cat ing fast growth
of only a few grains. This ap peared at lower tem per a tures,
be fore any sig nif i cant changes of line broad en ing and PL
spec tra and it was only de tected for cop per sam ples while
for iron and magnesiumthe grain growth seems to be ho -
mo ge neous. In-plane inhomogeneity was also de tected by
the tech nique. In mar gin re gions of disc spec i mens, larger
grains were de tected than in their cen ters. The ef fect ap -

peared only af ter an neal ing above 200 °C and only for cop -
per sam ples. With in creas ing an neal ing tem per a ture such
ef fects can be seen also on dif frac tion pro files. 

The bi modal crys tal lite size dis tri bu tion is a typ i cal
struc tural fea ture af ter an neal ing of the HPT de formed cop -
per and cop per with ad di tion of Al2O3.

The re search is sup ported by the Grant Agency of the
Czech Re pub lic (106/02/1521).
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