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X-ray dif frac tion anal y sis of polycrystalline ma te ri als is
usualy per formed us ing the Bragg-Brentano parafocusing
diffractometer [1]. Mil lions or even bil lions of crys tals are
ir ra di ated and dif fract in such an ar range ment. The col -
lected dif frac tion pat tern rep re sents a su per po si tion of the
more or less over lapped dif frac tions of all these crys tals.
There fore, it is a func tion of the large num ber of pa ram e ters 
de scrib ing the dis tri bu tion of the size, shape, ori en ta tion
and po si tion of crys tal lites in the ir ra di ated re gion of the
an a lyzed sam ple. The num ber of these pa ram e ters by far
ex ceeds the in for ma tion con tent of such a dif frac tion pat -
tern, i.e. the amount of in for ma tion that can be ac quired by
its eval u a tion. And this is the main cause of all prob lems
and the rea son of the low ef fi ciency of the x-ray dif frac tion
anal y sis of the real struc ture („meso structure“) of the
polycrystalline ma te ri als as (when) ex e cu ted in the usual
way [2].

Much greater ef fi ciency may be achieved by a top o gra -
phic tech nique ana lys ing re solved dif frac tions of in di vid -
ual crys tals of the polycrystalline ag gre gate
(grain-by-grain method). A nar row pri mary beam is used
for this goal in or der that the num ber of ir ra di ated crys tals
is small [3,4]. And, the in ten sity of dif fracted ra di a tion is
mea sured not only along a sin gle curve of the re cip ro cal
space, which is enough in case of the Bragg-Brentano
parafocusing ar range ment. The top o graphic tech nique re -
quires map ping of two-di men sional ar eas of the re cip ro cal
space. These are the tracts in which the plane sur face of the
area positlon sen si tive de tec tor ap plied in ter sects the con i -
cal sur faces of dif fracted beams. And, it is through out
these tracts, where the az i muthal dis tri bu tion of the dif frac -
tion spots is de ter mined [5,6].

The ex am i na tion of the az i muthal dif frac tion line pro -
file, i.e. the size, num ber and shape of in di vid ual dif frac -
tion spots that dis con tin u ous dif frac tion line con sists of,
re veals use ful in for ma tion on the ma te ri als’ struc ture
which can not be ob tained by other tech niques. Such an in -
for ma tion can be to ad van tage used in the de vel op ment and 
op ti mi za tion of tech no log i cal pro cesses [7] as well as, in
the mon i tor ing of pro cesses which de grade the ma te ri als
struc ture in course of their ser vice [8].

So we used the x-ray dif frac tion to pog ra phy (grain-by-
grain map ping) to the mon i tor ing of changes in the in ter nal
struc ture of high-pres sure tur bine cas ings in the course of
their long-term ser vice. The cas ings serve for ad mis sion,
line and out let of ex pand ing steam, be ing reck oned among
the most ex posed com po nents of the stator part of tur bines.
There fore, their microstructure changes through out the
con tin u ance of ser vice which re sults in the deg ra da tion of
their me chan i cal prop er ties. We have found that the az i -

muthal pro file of the dif frac tion lines of cas ings, be comes
re ally too much dif fe r ent dur ing their many years´ work.
From these changes of the dif frac tion pat tern we de duced
e.g. that the crys tal lites of the iron ma trix of a high-pres sure 

tur bine cas ing have grown in size from some 0.1 mm to

more than 10 mm in the course of about 100 000 hours ser -
vice. This huge struc tural change (by two de grees of or der)
was in no way per cep ti ble un der a light mi cro scope. The
grains which are seen by us ing the mi cro scope are com -
posed of crys tals (mo saic blocks) which can not be per -
ceived through the mi cro scope. But x-rays dif fracted by
these blocks (crys tal lites) are in co her ent and that is why we 
can rec og nize the mo saic blocks, into which some grains
are bro ken up, on dif frac tion pat terns. This dem on strates
the use ful ness of the top o graphic tech nique of x-ray dif -
frac tion (grain-by-grain map ping) in mon i tor ing struc tural
deg ra da tion of steels which oc curs in the course of ser vice
of steam tur bines made of these steels and in their re sid -
ual-life pre dic tion. That is to say, that mo saic blocks con -
sid er ably in flu ence the move ment of dis lo ca tions and in
this way also the strength char ac ter is tics of materials.
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When the solid so lu tion of Zn0.6Mn0.4In2S4 is formed,
the ma te rial de parts from the stoichiometry of the par ent
com pound ZnIn2S4 [1], a de fect-type lay ered semi con duc -
tor that has oc ta he dral and tet ra he dral sites in which the
cat ions can be ac com mo dated. There fore, it is pos si ble that
some cationic po si tions lose their  point sym me try, be cause 
it be comes nec es sary to ac com mo date dif fer ent pro por -
tions of the Zn, In and Mn cat ions in these sites. Hence, a
change of crys tal line sym me try from Rm to R3m is pos si -
ble. Also, tak ing into ac count the ionic size, ox i da tion state
and co or di na tion num ber of Mn2+, it is prob a ble that the
mag netic ions occupys ei ther oc ta he dral or tet ra he dral po -
si tions. Op ti cal and mag netic mea sure ments are con tra dic -
tory in this mat ter [2]. The ob jec tive of the pres ent work
was to de ter mine the struc ture of the qua ter nary al loy
Zn0.6Mn0.4In2S4, and to lo cate in a pre cise way the po si tions 
of the Mn2+ ion in the crys tal line cell. This was ac com -
plished by means of two com ple men tary tech niques: X-ray

pow der dif frac tion us ing syn chro tron ra di a tion and Elec -
tron Trans mis sion Mi cros copy techniques, such as High
Resolution Microscopy (HRM) and Convergent Beam
Electron Diffraction (CBED).

In spite of col lect ing the dif frac tion data in a spin ning
borosilicate cap il lary with the pow der diffractometer of
beamline ID31, ESRF, prefered ori en ta tion along the [001] 
di rec tion due to the crys tal mor phol ogy was pres ent. How -

ever, the pres ence of  re flec tion 006 at 14.3º 2q, im plied
that the struc ture could be non-centrosymmetric R3m, and
Rietveld re fine ments us ing dif fer ent cationic arrengements 
were per formed. A model in which the tet ra he dral sites
were oc cu pied by a ran dom dis tri bu tion of Zn, Mn and In
at oms, but with lo cal 3m sym me try, gave the best re sults.
The Rietveld re fine ment of this model led to fig ures of

merit: Rwp = 9.9%, Rp= 9.2%, c2 = 11.21 and R(F2) =
0.1146. The fi nal Rietveld plot show ing the ob served, cal -
cu lated and dif fer ence pat terns of the Zn0.6Mn0.4In2S4 is
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Fig. 1. Fi nal Rietveld plot show ing the ob served, cal cu lated and dif fer ence pat terns of the
Zn0.6Mn0.4In2S4
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shown in Fig ure 1. Se lected Area Elec tron Dif frac tion
(SAED) pat terns and High Res o lu tion Micrography along
[001] showed the rhombohedral con fig u ra tion (Fig ure 2a).
From CBED pat terns per pen dic u lar to [001] the 6mm sym -
me try break ing to the 3m sym me try as so ci ated to the R3m
space group can be ob served in Fig ure 2b.
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A de tailed de scrip tion of com plex de for ma tion – in duced
sub struc tures (Fig. 1) in both sin gle crys tals and
polycrystalline ma te ri als re quires the use of dif fer ent meth -
ods of in ves ti ga tion, re al iz ing the microstructure anal y sis
on dif fer ent length and vol ume scales, re spec tively. An im -
por tant tool for this pur pose is the com bined use of elec tron 
mi cros copy and X – dif-frac tion. The ap pli ca tion of the
tech niques is dem on strated by re sults ob tained with [001]

ori ented Cu and Ni sin gle crys tals and polycrystalline a -
brass CuZn23 af ter de for ma tion by uni ax ial com pres sion

up to strains e =1. For the anal y sis the fol low ing meth ods
were ap plied: 

· Trans mis sion elec tron mi cros copy (TEM, e.g. [1]) for 
the di rect im ag ing of the sub struc ture and the iden ti fi ca tion 
of spe cial lat tice de fects or de fect con fig u ra tions, 

· Elec tron back scat ter ing dif frac tion (EBSD, e. g.
[2,3]) for the es ti ma tion of sub struc ture pa ram e ters as the
size and the misorientation of cell – blocks or subgrains
from ori en ta tion maps of the sam ple sur face, and 

· X – ray diffractometry  (XRD), which al lows the de -
ter mi na tion of var i ous char ac ter is tics of the dis lo ca tion
struc ture (e.g. lat tice  strains and ro ta tions re lated to the to -
tal dis lo ca tion con tent [4,5] and the den sity of  ex cess dis -

Fig. 2: (a) High-res o lu tion mi cro graph, (b) CBED pat tern
of Zn0.6Mn0.4In2S4  along [001] show ing the 3m sym me try
that val i date the R3m space group.
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lo ca tions stored in dis lo ca tion walls [3,6,7]) from the
broad en ing of X – ray re flec tions.

In the sin gle crys tals both the TEM and the REM data
de scribe the dis lo ca tion–in duced sub-struc ture. In the
polycrystalline ma te rial the REM data are in flu enced by
twinning and the grain size, but if their ef fect is taken into
ac count, very good agree ment of the re sults of TEM and
EBSD is ob tained. Dis lo ca tion – in duced lat tice
misorientations and den si ties of ex cess dis lo ca tions, re -
spec tively, can be de ter mined in sin gle crys tals from the
broad en ing of X – ray rock ing curves as well as from
EBSD ori en ta tion maps. In polycrystals only the ap pli ca -
tion of EBSD is pos si ble, be cause the mea sure ment of
rock ing curves of in di vid ual crys tal lites by con ven tional
X–diffractometry is usu ally im pos si ble. It is there fore, im -
por tant, that EBSD gives use ful val ues of the dis lo ca tion –
in duced misorientations even at larger strains, where ro ta -
tional de for ma tion modes (For ma tion of disclinations) are
ac ti vated. 
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The high flux fo cused beam of 16 keV pho tons at the
Small An gle X-Ray Scat ter ing (SAXS) beamline of the
ELETTRA syn chro tron in Trieste has been used to fol low
the de com po si tion of the solid so lu tion state in two dif fer -
ent Al base Al-Zn-Mg al loys. The spec i mens were
quenched from 470 or 600 oC into room tem per a ture (RT)
wa ter in the ex per i men tal hutch and have been trans ferred
di rectly into the sam ple holder. The SAXS mea sure ments
were started within be tween 60 and 120 s af ter quench ing.
The small- and wide an gle range scat ter ing and dif frac tion
have been re corded by two gas filled lin ear po si tion sen si -

tive de tec tors. The dif frac tion pat terns have been saved in
60 s frames up to time pe ri ods rang ing from about 30 to 90
min. The SAXS pat terns are eval u ated for the av er age size
and the vol ume frac tions of the Guinier-Pres ton (GP)
zones. From the shifts of the peak po si tions of the 111 and
200 Bragg re flec tions the change of the Mg and Zn con tent
of the solid so lu tion dur ing zone for ma tion is eval u ated.
The offcentre of the dif fuse halo ap pear ing around the fun -
da men tal 111 and 200 Bragg re flec tions en ables to con -
clude about the elas tic strains pro duced by the GP zones.
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Sev eral stud ies have been made on intermetallic struc tures, 
which can ac com mo date lith ium with min i mal struc tural
changes: Cu6Sn5 (NiAs-type struc ture) [1], InSb
(Zinc-blende type struc ture) [2] and Cu2Sb (P4/nmm) [3].
Sev eral of these, i. e. Cu6Sn5, Cu2Sb and MnSb have
proven to form isostructural in ter me di ate ter nary phases on 
lithiation, Li2CuSn, Li2CuSb and Li2MnSb (Zinc-blende
type struc ture). These re ac tions in volve metal ex tru sion
and struc tural re ar range ments of the par ent struc tures. For
Cu6Sn5, it in volves a dis place ment of 50% of the Sn at oms
within the struc ture ac com pa nied by ex tru sion of some Cu.
This re ac tion cor re sponds to a vol ume ex pan sion of 59%.
For Cu2Sb, the phase trans for ma tion to Li2CuSb is fa cil i -
tated by the very strong struc tural re la tion ship be tween the
two phases. The Sb at oms of Cu2Sb cre ate a slightly dis -
torted face-cen tered frame work that, on lithiation, un der -
goes small dis place ments to cre ate the “CuSb”
face-cen tered ar ray of Li2CuSb. This re ac tion cor re sponds
to a vol ume ex pan sion of 25%. Both the Li2CuSb and
Li2CuSn phases show a solid-so lu tion be hav ior of lith ium
within the struc tures. Fur ther lithiation of Li2CuSb re sults
in ex tru sion of the re main ing Cu at oms and the for ma tion
of Li3Sb, a pro cess dur ing which the Sb face-cen tered ar ray 
is kept vir tu ally in vari ant. The cu bic-cu bic phase trans for -
ma tion from Li2CuSb to Li3Sb in volves a vol ume ex pan -
sion of only 13%. The re ac tions for the Cu2Sb sys tem can
be sum ma rized as fol lows:

Cu2Sb + Li  ®  Li2CuSb + Cu  (1)

Li2CuSb + 2 Li  ®  Li3Sb + Cu (2)

In this pre sen ta tion, em pha sis is placed on the struc tural 
trans for ma tions of two intermetallic sys tems: Mn2Sb
(Cu2Sb-type struc ture) and MnSb (NiAs-type struc ture),
shown in Fig. 1. The sim i lar i ties/dis crep an cies be tween
these sys tems and the ear lier stud ied struc tures are ex -
plored in terms of struc tural trans for ma tions and elec tro -
chem i cal per for mance. 
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