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Du plex stain less steels have high cor ro sion re sis tance in
many en vi ron ments, where the stan dard austenitic and fer -
rit ic steel is con sumed and where their prop er ties sig nif i -
cantly ex ceed sin gle phase steel. Du plex steels com bine
prop er ties of both phases and due to two-phase micro -
structure, some prop er ties are better than high-al loyed sin -
gle-phase steel, e.g. abra sion re sis tance [1]. Thereby,
smaller amount of ma te rial from du plex steel is nec es sary
to man u fac ture func tion com po nents. Du plex steels are due 
to aus ten ite phase sus cep ti ble to me chan i cal re in force ment, 
i.e. lo cal changes in me chan i cal prop er ties of sur face lay -
ers. 

The im por tance of the tex ture re sides in the ani so tropy
of most ma te rial prop er ties. For this rea son, the de ter mi na -
tion and sub se quent in ter pre ta tion of the tex ture in ma te rial 
en gi neer ing is very im por tant. More over, tex ture anal y sis
dur ing the thermo-me chan i cal pro cess ing of ma te ri als pro -
vides in for ma tion on ba sic mech a nisms in clud ing de for -
ma tion, recrystallization or phase trans for ma tion. The
prop er ties, which are in flu enced, are, for ex am ple, the
Young’s modulus of elas tic ity, Pois son num ber, hard ness,
strength, duc til ity, abra sion re sis tance, mag netic per me -
abil ity, elec tri cal con duc tiv ity etc. So called plas tic ani so -

tropy pre fer to use a cer tain slide plane sys tem dur ing de -
for ma tion. Tex ture is there fore used in the pro duc tion of
ma te ri als with spe cific prop er ties [2]. Ma jor de for ma tion
mech a nisms re spon si ble for the for ma tion of fer rite and
aus ten ite roll ing tex tures in du plex steels should be the
same as in the sin gle phase steels; however their con tri bu -
tion and significance are expected to change [3].

Gen er ally, met als and al loys with a body cen tred cu bic
lat tice (bcc) tend to form fi bre tex tures. For bcc ma te rial,
there are six char ac ter is tic fibres [4]. Most ori en ta tions are
formed into two char ac ter is tic fibres of Eu ler space. Dur ing 

cold roll ing, pri mar ily, the a1 and g fi bre are cre ated. The

a1 fi bre is char ac ter ized by crys tal lo graphic di rec tion
<110> which is par al lel to roll ing di rec tion, e.g.

{001}<110>, {112}<110>, {111}<110>. The g fi bre in -
clude crys tal lo graphic di rec tions with {111} planes which
are par al lel to nor mal di rec tion, e.g. {111}<110>,
{111}<112> [2, 3, 5]. The val ues of tex ture com po nents
are sig nif i cantly de pend ent on the struc ture (es pe cially on
the grain size and ini tial tex ture), chem i cal and phase com -
po si tion [3].

The tested sam ples of plate shape were made of AISI
420 (fer rit ic) and AISI 318LN (du plex) type of stain less

Fig ure 1. Val ues of ODF, i.e. f(g), along a1, e and g fibres of fer rit ic steel.
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steel. The sam ples were rolled with 0, 10, 20, 30, 40, and
50% re duc tion of thick ness. At the end, the sam ples were
an nealed in air lab o ra tory fur nace for 7 hours at 650 °C in
or der to re duce re sid ual stresses. 

Us ing CoKa ra di a tion, X’Pert PRO MPD diffracto -
meter was used to sam ple anal y sis. Tex ture anal y sis was
per formed on the ba sis of the ori en ta tion dis tri bu tion func -
tion (ODF) cal cu lated from ex per i men tal pole fig ures re -
corded of three planes {110}/{220}, {200}, and {211}
us ing MTEX soft ware.

Ac cord ing to [3], af ter 40% of de for ma tion the lim ited

a1, e and g fibres, see Fig. 1, may de scribe the roll ing tex -
ture of fer rite. It is ev i dent that ini tial tex ture (0% de for ma -
tion) is nearly ran dom.  For higher de gree of de for ma tion,

a1 and g  fibres are dom i nant com po nents of roll ing tex ture
of fer rit ic steel. Fer rit ic steel ex hib ited the {001}<110>,
{112}<110>, and {111}<110> ori en ta tions which are

com po nents of a1 fi bre tex ture. Ro tated cu bic ori en ta tion
{001}<110> is one of the typ i cal com po nents of fer rite
roll ing tex ture. All fibres as sume the higher val ues of the

ODF for in creas ing de gree of de for ma tion. Both fibres a1,

and e de scrib ing the fi nal tex ture are very inhomo geneous.

Nev er the less, it is nec es sary to ex pect that two-phase
steel have dif fer ent be hav iour of the con stit u ent phases in
com par i son with sin gle-phase steel [6].  In most cases,
there will be dif fer ences be tween the tex tures of two- and
sin gle-phase steels. Ac cord ing to [3], these val ues of fi bers
are not typ i cal for fer rite phase in duplex steels.
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Martensite of the Ni-Mn-Ga mag netic shape mem ory
Heusler al loys ex hib its large magnetoelastic re sponse and
it is, there fore, of cur rent in ter est for pos si ble ap pli ca tions
in ac tu a tor and magnetocaloric de vices. The pri mary con -
di tion for the mag netic shape mem ory ef fect is a phase
trans for ma tion from the high tem per a ture and high sym me -
try cu bic aus ten ite to a low sym me try martensite phase. We 
fo cus on the non-stoichiometric com po si tions of the
Ni-Mn-Ga re sult ing in mod u lated 10M martensitic struc -
ture. 

Apart from the well-known martensitic trans for ma tion
ob serv able e.g. as a steep change in the AC mag netic sus -
cep ti bil ity, elec tric re sis tiv ity and di la ta tion curves [1], we
re cently dis cov ered a non-stan dard be hav iour of the tem -
per a ture de pend ence of elec tric re sis tiv ity, few tenths of
kel vin be low the trans for ma tion to aus ten ite (Fig. 1). Sim i -
lar ef fect on the evo lu tion of the lat tice pa ram e ters was ob -
served by Richterová [2] mak ing the ini tial set of
mea sure ments.

We mea sured the tem per a ture evo lu tion of the lat tice
pa ram e ters of sin gle-crys tal line sam ples with very fine
tem per a ture step, us ing the PANalytical X’Pert PRO
diffractometer and Peltier el e ment for heat ing [3]. The di -
ver gent ge om e try and the twinned microstructure al low us

to ob serve the 400 and 040 re flec tions si mul ta neously in
one rel a tively quick (~ 20 s) scan with rea son able res o lu -
tion (Fig. 2). Very slow heat ing (0.8 K/min or lower) al -
lows us to observe this dynamic effect in detail. 

Fig ure 1. Elec tric re sis tiv ity as the func tion of tem per a ture. Lin -
ear evo lu tion dur ing heat ing in martensite fol lowed by ir reg u lar
be hav iour be fore the steep jump to aus ten ite at TA.
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In the tem per a ture re gion anal o gous to the ir reg u lar re -
gion in the re sis tiv ity mea sure ment, two re flec tions 400
and 040 of the orig i nal 10M martensite merged to one peak
of the new phase marked as 10M’. This struc tural change
prior trans for ma tion to aus ten ite cor re sponds to changes in
re sis tiv ity shown in Fig. 1. The heat ing was stopped just
be low the TA and im me di ately fol lowed by cool ing re sult -
ing in ob serv able hys ter esis of the oc cur rence of the 10M’
phase, as seen in Fig. 2. 

Mea sured data were fit ted in cus tom-made pro gram
based on MS Ex cel and VBA for ap pli ca tions, us ing
solver.xlam add-in for the least squares method im ple men -
ta tion. Four pa ram e ters of the pseudo-Voigt func tion used
for each pro file fit ting were ob tained – in ten sity at max i -

mum, 2q po si tion, rel a tive width and shape pa ram e ter [5].
Ther mal evo lu tion of the cal cu lated lat tice pa ram e ters a
and b of the 10M phase and the a’ pa ram e ter of the 10M’
phase and cor re spond ing max i mal in ten si ties of the dif frac -
tion lines dur ing heat ing are shown in Fig. 3-4. 

Al though the 10M’ phase seems to be pres ent in the
whole tem per a ture in ter val, the in ten sity of the cor re spond -
ing re flec tion be fore tran si tion to 10M’ is ap prox i mately

two or ders lower than the in ten sity of the re flec tions cor re -
spond ing to the dom i nant 10M phase. There fore, the lat tice 
pa ram e ter a’ in lower tem per a ture re gion can only be es ti -
mated with ma jor er rors and is de picted just to com plete the 
over all im age. As the lat tice pa ram e ter of aus ten ite is far
from de picted re gion (aa = 0.584 nm at T = 332 K), the
10M’ phase cannot be ascribed to austenite.

Upon cool ing, the 10M’ phase re mains sta ble in a
broader tem per a ture in ter val, then it trans forms back to
10M struc ture at ~ 318 K. The re cip ro cal space map ping
showed no sig nif i cant dif fer ence be tween the 10M and
10M’ – in par tic u lar, the same sat el lite re flec tions were
present in the maps. 

Af ter the the o ret i cal cal cu la tions of the dif frac tion lines 
and de tailed scan ning elec tron mi cros copy (SEM) ob ser va -
tions, the 10M’ was as cribed to be the {110}-nanotwinned
form of the 10M monoclinic phase orig i nat ing from the
low en ergy of the a/b twin bound aries (see ref. [4] for
details).

1. P. Veøtát, J. Drahokoupil, O. Perevertov, O. Heczko, Phase 
Tran si tions, 89, (2016), pp. 752-760.

Fig ure 2. 400 and 040 re flec tions as a func tion of tem per a ture (back ground level cor re sponds to tem per a ture on the 
right axis) upon heat ing (a) and cool ing (b). [4]

Fig ure 3. De vel op ment of the lat tice pa ram e ters a and b of the
10M and a’ of the 10M’ struc ture dur ing heat ing. Dom i nant phase 
is marked with more sat u rated colour.

Fig ure 4. In ten si ties of the dif frac tion lines dur ing heat ing cor re -
spond ing to Fig. 3.
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High En tropy Al loys (HEAs) are multicomponent al loys
de fined by be ing com prised of at least five el e ments in
equiatomic or near-equiatomic ra tios (that is usu ally in ter -
preted as a range of 5-35 at.% per el e ment). High con fig u -
ra tional en tropy of these al loys may en hance the for ma tion
of one equi lib rium phase as solid so lu tion with ran domly
dis trib uted at oms oc cu py ing lat tice points of usu ally BCC
or FCC struc ture. 

 The spe cial na ture of these al loys al lows them to have
re mark able prop er ties like high hard ness, sta bil ity of phase
com po si tion, creep re sis tance, ra di a tion re sis tance, low
dif fu sion co ef fi cient, biocompatibility and others.

The Hf-Nb-Ta-Ti-Zr al loy (HfNbTaTiZr) has been de -
vel oped as a re frac tory al loy by Senkov in 2011. [1] It is
also con sid ered as a po ten tial biocompatible ma te rial. [2] It 
forms a sin gle phase BCC solid so lu tion at RT.

Sev eral in gots of this al loy have been pre pared us ing
the arc melt ing method in pro tec tive ar gon at mo sphere by
UJP s.r.o. com pany and they are be ing ana lysed us ing var i -
ous meth ods, XRD be ing one of them. Dur ing prep a ra tion
the al loy was melted and mixed in a cop per cru ci ble which
was wa ter-cooled at the bot tom. Dif fer ent cool ing con di -
tions in dif fer ent places of the cru ci ble re sulted in
nonhomogenous microstructure in the as-cast in got. Sam -
ples were cut out trans versely from the in got bar and were
ana lysed by XRD, SEM and optical microscopy.

Rietveld re fine ment was used (Fun da men tal Pa ram e -
ters Ap proach in TOPAS V5 soft ware [3,4]) to de ter mine

the lat tice pa ram e ter, size of co her ently dif fract ing do -
mains and microstrains from the XRD measurements .

The cross sec tion of the in got re vealed both den dritic
microstructure and big grains – the first men tioned was lo -
cated near the free sur face and the sec ond near the bot tom
of cooled cru ci ble. This het er o ge neous microstructure
caused large dif fer ences be tween XRD pat terns ob tained
from dif fer ent re gions of the sample. 

Spe cial at ten tion was ded i cated to the in ves ti ga tion of
ther mal sta bil ity of the al loy up to 1400°C dur ing in situ an -
neal ing in XRD high tem per a ture cham ber. So far the de -
com po si tion of the BCC solid so lu tion into two BCC
so lu tions with sim i lar lat tice pa ram e ter at cca 900°C has
been ob served at high-tem per a ture XRD mea sure ment.
More mea sure ments are to be car ried out at HTXRD and
also at DSC to un der stand better the behaviour of the alloy.

1. O.N. SENKOV, J.M. SCOTT, S.V. SENKOVA, D.B.
MIRACLE, C.F. WOODWARD, Jour nal of Al loys and
Com pounds, 509:20, (2011), pp. 6043–48.

2. V. BRAIC, M. BALACEANU, M. BRAIC, A.
VLADESCU, S. PANSERI, A. RUSSO,  J Mech Behav
Biomed Ma te. , 10, (2012), pp. 197-205.

3. R.W. CHEARY, A. COELHO, J. Appl. Crystallogr., 25:2,
(1992), pp. 109–121.

4. A. A. COELHO, TOPAS ver sion 5 (Com puter Soft ware),
Coelho Soft ware, Bris bane, (2016).
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La ser pro cess ing is now a days widely used in mod ern in -
dus try, mainly be cause of its high pro duc tiv ity and pre ci -
sion. De vel oped la ser weld ing meth ods us ing high power
la sers took over the ca pa bil ity to fill groove with cold or hot 
wire metal from arc weld ing. This leads to change in me -
chan i cal prop er ties of welds, es pe cially re duc ing their
hard ness due to the quench ing [1]. There fore, the pa per
out lines us ing X-ray and neu tron dif frac tion the ca pa bil ity
of the ad vanced la ser weld ing for join ing thick sheets of
struc tural steel in com par i son with arc weld ing spe cif i cally
metal ac tive gas (MAG) weld ing. Prof it able changes of
real crys tal lo graphic struc ture and re sid ual stresses (RS) in
com par i son with con ven tional la ser welds im prove the re -
sults dur ing im pact and ten sile test and mainly en hance fa -
tigue life. This has been shown in the ar ti cle [2]. This pa per
de scribes the ef fects of weld ing on the RS and the real crys -
tal lo graphic struc ture (phase com po si tion, crys tal lite size,
microstrain) on cross-sec tion of welds. Fur ther more, the
re sults of neu tron dif frac tion ver ify pre vi ous as sump tions
of RS re dis tri bu tion as a re sult of the sur face prep a ra tion
for de ter mi na tion mea sured lines by X-ray dif frac tion in
two di rec tions on the cross-sec tion of the welds.

The ana lysed butt-welds were pre pared by a dou ble
sided la ser weld ing with cold wire and multilayer dou ble
side MAG weld ing from two 300 × 150 × 20 mm3 sheets
made of S355J2 steel. The mea sure ments were per formed
in three lines per pen dic u lar to the welds. One line passes
through the cen tre of the weld and the other two are lo cated
three milli metres be low each sur face. The ex am ple of com -
par i son of RS for up per line ob tained by neu tron and X-ray
dif frac tion in di rec tion per pen dic u lar to the weld is plot ted
for both sam ples in Fig. 1. In ad di tion, phase anal y ses were

mea sured on the cross sec tions, where the weight rep re sen -
ta tion of re tained aus ten ite (see Fig. 2), crys tal lite size and
microstrain (see Fig. 3) were eval u ated by Rietveld anal y -
sis. In the graphs, the cen tre of the welds is given by zero on 
the x-axis.

The re sult ing RS gra di ents ob tained us ing both meth -
ods with a dif fer ent ap proach are in clear cor re la tion. The
re dis tri bu tion of RS dur ing the cut ting has not yet been ac -
cu rately de scribed, but it can be de duced from these pre -
sented re sults that the prep a ra tion of the cross-sec tion for
X-ray dif frac tion mea sure ments of the welds did not sig nif -
i cantly change the dis tri bu tion of re sid ual stresses in the
cut ting plane. They were only par tially af fected. The de -
pend ency of re tained aus ten ite for the la ser weld cop ies the
bound ary be tween the melt pool and the HAZ where the
cool ing was the fast est. On the con trary, the microstrain
reaches the high est values in the middle of the original melt 
pool.

From our point of view, X-ray dif frac tion is a suit able
in stru ment to de scribe the real struc ture and re sid ual stress
state even for the cross-sec tion of such thick plates. How -
ever, it is nec es sary to keep in mind that even the re sid ual
stresses in the plane of the cut are par tially af fected by pre -
par ing the cross-sec tion. It is of ten as sumed that the re sid -
ual stresses in this plane are not af fected, but it is not
al ways the cor rect as sump tion even according to these
results.

1. M. Sokolov, A. Salminen, M. Kuznetsov, I. Tsibulskiy,
Ma te ri als & De sign, 32, (2011), pp. 5127-5131.

2. I. Èerný, & J. Sís, Key En gi neer ing Ma te ri als, 713, (2016), 
pp 82-85.

Fig ure 1. Com par i son of RS ob tained by X-ray and neu tron dif frac tion in di rec tion per pen dic u lar to the weld for la ser (left) a MAG
sam ple (right).
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Studované vzorky novotvoøených galenitù pocházejí z
hoøících hald po tìžbì èerného uhlí a uranu z Radvanic,
Markoušovic a Rybníèku (okres Trutnov). Haldový mate -
riál zde obsahoval velké množství uhelného materiálu
obohaceného o uran. Pøi  hoøení haldového materiálu se Pb, 
vèetnì jeho izotopu 210Pb, dostává do unikajících plynù. Pøi 
následné desublimaci a krystalizaci galenitù vstupuje do
jejich krystalových struktur. Radioaktivita studovaných
galenitù je tak zpùsobena pøítomností izotopu 210Pb, jeho
dceøinými rozpadovými produkty (210Bi a 210Po) a
sekundárními jadernými efekty zpùsobenými vysokou beta 

Fig ure 2. Weight per cent age of re tained aus ten ite for la ser weld. Fig ure 3. Microstrain for la ser weld.

Obrázek 1. Kostrovité krystaly galenitu z Radvanic.


