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2), it is nec es sary to de ter mine the ranges of sub sti tu tion
(sub sti tu tion lim its) within which the min eral is de fined.
Em pir i cally it was de ter mined that the name staroèeskéite
would be valid for a lillianite struc ture with com po si tion

AgxPb3-2xBiySb2+x-yS6 with the bound aries  y £ x £ 0.8, and

1-y x £  y £ 2, where the pa ram e ter x = Ag con tent = L% and
y = to tal Bi con tent.  Thus we con cluded that for
staroèeskéite to ex ist, there must be tween 20 to 50 % oc cu -
pa tion of M2 site by Pb, apart from fully oc cu pied M3 site.

Other Pb con cen tra tions in M2 site lead to dif fer ent min er -
als.

1.    R.Pažout, M. Dušek (2010) Crys tal structure of nat u ral
orthorhombic  Ag0.71Pb1.52Bi1.32Sb1.45S6, a lillianite
homologue with N = 4; com par i son  with gustavite. Eu ro -
pean Jour nal of Min er al ogy, 22,741-750.

2.    R. Pažout, J. Sejkora J (2018) Staroèeskéite,
Ag0.70Pb1.60(Bi1.35Sb1.35)S2.70S6, from Kutná Hora, Czech
Re pub lic, a new mem ber of lillianite  ho mol o gous se ries.
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The ma jor ity of hith erto prac ti cally used dif frac tion mea -
sure ments meth ods and al go rithms for re sid ual stresses cal -
cu la tion as sume case of iso tro pic (non-tex tured) poly-cr
ystalline ma te rial. Due to the com par a tively fre quent ex is -
tence of pre ferred ori en ta tion (tex ture), not only in met als,
it is more than de sir able to have at dis posal a method, pro -
ce dure and even a com pu ta tion al go rithm for proper and
cor rect re sid ual stresses de ter mi na tion. For this pur pose, a
new method was used for de ter mi na tion of re sid ual stresses 
with out ne glect ing the tex ture.

For de ter mi na tion of re sid ual stresses, three meth ods

were used: stan dard sin2y method, method of har monic
func tion [1] and new method based on a model by Dölle [2,
3]. Con trary to Dölle method, the new method de ter mines
anisotropic elas tic con stants as a weighted av er age be -
tween sin gle-crys tal and X-ray elas tic con stants with
weight ing be ing done ac cord ing to the rel a tive in ten si ties

in the mea sured di rec tions. 
The tested sam ples of plate shape were made of AISI

420 (fer rit ic), AISI 304 (austenitic) and AISI 318LN (du -

Fig ure 2. Di ver sity of min eral spe cies from the se ries of lillianite homo logues with N = 4: Star - staroèeskéite, Gus - gustavite, UN -
undersubstituted gustavite, Ter - terrywallaceite, Fiz – fizelyite,  Ram – ramdohrite, And IV – andorite IV, Nak – nakaseite (Cu-rich
andorite VI).
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plex) type of stain less steel. The sam ples were cold-rolled
to 1.5 mm in thick ness 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 in or der to re duce re sid ual
stresses. Ana lysed stresses were com pared with the o ret i cal
val ues of ex ter nal stresses gen er ated by four-point bend -

ing. Pre sented stresses s are su per po si tion of ex ter nal

stresses sN and re sid ual stresses af ter an neal ing

(snon-bended). Val ues of s’N  rep re sent the o ret i cal value of

stresses with re spect to snon-bended. In ideal case, the val ues

of s should be equal to s’N.

The CoKa ra di a tion and X’Pert PRO MPD
diffractometer were 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 which were ob tained from three dif frac tion lines
{110}/{220}, {200}, {211} of fer rite phase and  {111}/
{311}, {200}, {220} of aus ten ite phase  us ing MTEX soft -
ware [4]. For de ter mi na tion of har monic co ef fi cients,
which are nec es sary to know for method of har monic func -
tion, the ResMat soft ware was used.

X’Pert PRO MPD diffractometer with man ga nese and
chro mium ra di a tion was used to mea sure lat tice de for ma -
tions in aus ten ite and fer rite phase, re spec tively. Dif frac -

tion an gles 2qhkl were de ter mined from the peaks of the

dif frac tion lines Ka1 of planes {311} of aus ten ite and

{211} of fer rite phase. Dif frac tion lines Ka1 were fit ted by
Pearson VII func tion and Rachinger’s method was used for 

sep a ra tion of the dif frac tion lines Ka1 and Ka2.
The ap pli ca bil ity of the new method of re sid ual stress

de ter mi na tion in tex tured ma te ri als was proofed for sin -
gle-phase ma te ri als and for ma jor phases of multi-phase
ma te ri als to approx. 50% yield strength, see Figs. 1. How -

ever, com pared with the stan dard sin2y and har monic func -
tion meth ods, much more ac cu rate re sults were achieved.
The main rea son is pres ence of very sharp and strong tex -
ture, es pe cially in du plex steel. Other rea sons are dif fer ent
meth ods of cal cu la tion re sid ual stresses and mainly ac cu -
racy of tex ture cal cu la tion.

1. H. J. Bunge, Tex ture Anal y sis in Ma te ri als Sci ence. Lon -
don: Butterworth. 1982.

2. H. Dölle, J. Appl. Cryst., 12, (1979), 489-501.

3. J. Capek, Z. Pala, O. Kovarik, IOP Con fer ence Se ries: Ma -

ter. Sci. Eng.. 82.1, (2015), 012112.
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Phenomen., 60, (2010), 63-68.

This work was sup ported by the Czech Sci ence Foun da -
tion, grant No. 14-36566G.

d) Austenite phase of du plex steelc) Fer rite phase of du plex steel

b) Austenitic steel
a) Fer rit ic steel

Fig ure 1. De ter mined stresses s de pend ing on ex ter nal stress s’N of sam ples with 50% re duc tion of thick ness.
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The aim of the con tri bu tion will be to de scribe the ef fects of 
la ser pro cess ing on the microstructure and re sid ual stresses 
of la ser cladded H13 tool steel on the clas si cal con struct
steel S355 sub strate. The com par i son of sur face re sid ual
stresses ob tained by X-ray dif frac tion in di rec tion par al lel
(L) and per pen dic u lar (T) to the clad is plot ted in Fig. 1.
Re sid ual stresses at the be gin ning and the end of the clad
are com pa ra ble with the ex per i men tal er ror. In the di rec -
tion L, re sid ual stresses ex hibit slight com pres sive stresses
along the clad. How ever, in the di rec tion T, ten sile re sid ual
stresses were ob tained. Our re search con cludes that in this
case of la ser clad ding, phase trans for ma tion and not
shrink age is likely to be a dom i nant ef fect on the for ma tion
of com pres sive re sid ual stresses along the clad. Fur ther -
more, martensitic struc ture and un equal con cen tra tion of
al loy ing el e ments was ob served on the cross-sec tion of the
clad us ing elec tron back scat ter ing dif frac tion and en -
ergy-dispersive X-ray spec tros copy. These re sults will be
com pared with the data ob tained by the X-ray dif frac tion.

Mea sure ments were sup ported by the pro ject TH02010664 
of the Tech nol ogy Agency of the Czech Re pub lic and by

Uni ver sity of Groningen. This work was sup ported by the
Stu dent Grant Com pe ti tion CTU in Prague grant No.
SGS16/245/OHK4/3T/14.
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Re sid ual stresses are phe nom ena that de velop in all welded 
struc tures due to lo cal heat ing and slight dif fer ence be -
tween the chem i cal com po si tion of the weld ing ma te rial
and welded parts. Stresses have di rect in flu ence on duc til -
ity and tough ness of both weld metal and heat af fected zone 
of the weld area, which af fect the ser vice life time of struc -
tures. 

The two-axis diffractometer SPN-100 at the Cen ter of
Ac cel er a tors and Nu clear An a lyt i cal Meth ods (CANAM)
in Øež, is an in stru ment ded i cated to macro/mi cro strain
scan ning of polycrystalline ma te ri als. Re cently, the
diffractometer has been equipped with a new two-di men -
sional po si tion sen si tive de tec tor (2D-PSD). 

For sam ple po si tion ing, in ad di tion to stan dard x-y-z
trans la tion stage, a new six-axis ro botic arm has been in -

stalled to al low more flex i ble ma nip u la tion of com plex
sam ples.

Re cent neu tron dif frac tion ex per i men tal re sults ob -
tained with the up graded tools will be pre sented, this in -
clude:

• Strain/stress dis tri bu tion mea sure ments in the
vi cin ity of butt weld from spher i cal stor age
tank made of C-Mn un al loyed steel. 

• Com par i son of re sid ual stresses ob tained af ter
join ing thick sheets of struc tural steel by the la -
ser weld ing and arc weld ing meth ods.

• Study of re sid ual stresses in cold ro tary swaged 
tung sten heavy al loy.

Fig ure 1. Sur face re sid ual stresses on the top of the clad in di rec -
tion L and T along the length of la ser track, where x is the dis tance
from the be gin ning of the clad.
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For the de vel op ment of new steel grades, it is nec es sary to
know the microstructure and tex ture of rolled steel sub -
strate be cause ev ery tech no log i cal pro cess forms spe cific
microstructure and tex ture of the ma te rial. Lab o ra tory dif -
frac tion meth ods XRD (X-ray dif frac tion) and EBSD
(Elec tron Back-Scat tered Dif frac tion) are suit able for the
knowl edge of microstructure and tex ture. Both meth ods
de scribe the tex ture in the form of pole fig ures, ori en ta tion
dis tri bu tion func tion (ODF) and se lected tex ture fi bers.
Tex ture is very im por tant for the ma te ri als with high ani so -
tropy. For the dual phase (DP) steels the microstructure is
more im por tant. The con tent of re tained aus ten ite and
martensite frac tion in the fer rite are pa ram e ters which de -
fine the steel prop er ties. For the DP steels with hard ness of
1000 MPa the amount of aus ten ite was mea sured at 6%.
The most pre cise and ef fi cient mea sure ment of aus ten ite is
by means of XRD. The sam ple is polished and for the in hi -
bi tion of ani so tropy, the sam ple ro tates dur ing the mea sure -
ment. De ter mi na tion of aus ten ite con tent was not done
pre cisely by means of EBSD as the mea sure ment is highly
de pend ent on the per fect sam ple prep a ra tion for the mea -
sure ment.

How ever, EBSD method pro vides many ad van -
tages which are not pro vided by clas si cal op ti cal mi cros -
copy meth ods of microstructure in ves ti ga tion. This
in cludes many pa ram e ters, i.e. im age qual ity (IQ) map, in -
verse pole fig ure (IPF), grain av er age misorientation

(GAM), ker nel av er age misorientation (KAM), geo met ri -
cally nec es sary dis lo ca tions (GND), grain size and oth ers.
All these pa ram e ters com pre hen sively de scribe the
microstructure of DP steels. IQ pa ram e ter is very im por tant 
for the de ter mi na tion of martensite frac tion. This pa ram e ter 
makes pro vi sion for dis tor tion of the lat tice, there fore it is
very suit able to de ter mine the martensite frac tion, what is
used by many au thors [1]. This method was also used by K.
Radwanski [2] for the de ter mi na tion of the de formed fer -
rite frac tion. The martensite con tent can be also cal cu lated
from fit ted XRD pat tern by TOPAS soft ware which uses
Rietveld method of fit ting. It is nec es sary to en ter the struc -
tures – fer rite, martensite or aus ten ite. 

Both pa ram e ters KAM and GND in clude in for ma -
tion about microtensions and dis or ders in the grain which
are ex pres sion of in creased con tent of low-an gle bound -
aries. In creased amount of misorientation of 0° – 5° is in
gen eral mainly ob served for grain bound aries and in
martensitic grains. By en ter ing the lat tice pa ram e ter and
slip sys tem it is pos si ble to cal cu late the value of geo met ric
dis lo ca tion den sity us ing GND [3]. It was found that av er -
age value of geo met ric dis lo ca tion den sity in creases with
the in creased hard ness of DP steels, see Fig. 1.

Cal cu la tion of sev eral phys i cal prop er ties is pos si -
ble in the soft ware used for eval u a tion of the EBSD data,
such as OIM or Channel5. Us ing these pro grams, it is pos -
si ble to form the maps or dis tri bu tion sep a ra tions of Tay lor

Fig ure 1. Lay out of the neu tron strain/stress scan ner at the large re search in fra struc ture Cen ter of Ac cel er a tors and Nu clear An -
a lyt i cal Meth ods (CANAM).
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and Schmidt fac tors. How ever, these pro grams are not able
to de ter mine the R – Lang ford fac tor which is very suit able
for prac ti cal met al lurgy. This model pa ram e ter is still pos -
si ble to cal cu late by popLA soft ware from XRD mea sure -
ments.
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Fig ure 1.  The ef fect of GND (geo met ri cally nec es sary dis lo ca tions) on the strength of DP steel.


