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Figure 2. Diversity of mineral species from the series of lillianite homologues with N = 4: Star - staroceskéite, Gus - gustavite, UN -
undersubstituted gustavite, Ter - terrywallaceite, Fiz — fizelyite, Ram — ramdohrite, And IV — andorite IV, Nak — nakaseite (Cu-rich

andorite VI).

2), it is necessary to determine the ranges of substitution
(substitution limits) within which the mineral is defined.
Empirically it was determined that the name staroceskéite
would be valid for a lillianite structure with composition
Ag.Pbs,,Bi,Sby,,S¢ with the boundaries l<x< 0.8, and
1-3 x < y <2, where the parameter x = Ag content = L% and
y = total Bi content. Thus we concluded that for
staroCeskéite to exist, there must between 20 to 50 % occu-
pation of M2 site by Pb, apart from fully occupied M3 site.
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Other Pb concentrations in M2 site lead to different miner-
als.

1. R.Pazout, M. Dusek (2010) Crystal structure of natural
orthorhombic Ag0_71Pb1_52Bi1_3ZSb1_45S(,, a lillianite
homologue with N = 4; comparison with gustavite. Euro-
pean Journal of Mineralogy, 22,741-750.

2. R.Pazout, J. Sejkora J (2018) Staroceskéite,
Ag()j()Pb]460(Bi1.3SSb]435)22.7OS6, from Kutna Hora, Czech
Republic, a new member of lillianite homologous series.
Mineralogical Magazine, 1-26. doi:10.1180/minmag.2017.

COMPARISON OF RESIDUAL STRESSES DETERMINED USING DIFFERENT
METHODS

J. Capek, K. Trojan, J. Némeéek, N. Ganev

Department of Solid State Engineering, Faculty of Nuclear Sciences and Physical Engineering,
Czech Technical University in Prague
Jiri.capek@fjfi.cvut.cz

The majority of hitherto practically used diffraction mea-
surements methods and algorithms for residual stresses cal-
culation assume case of isotropic (non-textured) poly-cr
ystalline material. Due to the comparatively frequent exis-
tence of preferred orientation (texture), not only in metals,
it is more than desirable to have at disposal a method, pro-
cedure and even a computation algorithm for proper and
correct residual stresses determination. For this purpose, a
new method was used for determination of residual stresses
without neglecting the texture.

For determination of residual stresses, three methods
were used: standard sin®y method, method of harmonic
function [1] and new method based on a model by Délle [2,
3]. Contrary to Dolle method, the new method determines
anisotropic elastic constants as a weighted average be-
tween single-crystal and X-ray elastic constants with
weighting being done according to the relative intensities
in the measured directions.

The tested samples of plate shape were made of AISI
420 (ferritic), AISI 304 (austenitic) and AISI 318LN (du-

© Krystalograficka spole¢nost



Materials Structure, vol. 25, no. 3 (2018)

165

900
800 { | =B sinzy/method
3 "new method"
700 | | mmmm harmonic function method
600 { | E=23 o'y
©
& 500 -
= 400
© 300
200 A
100 +
04
0 100 200 300 400 500 600 700
oy, MPa
a) Ferritic steel
600
— sinzwmethod
400 — "new method"
mmmm harmonic function method
== G
200
]
o
=
&
-200 -
-400 -
-600

0 100 200 300 400 500 600
oy, MPa

c) Ferrite phase of duplex steel

500
— singl,f/meihod
400 { | — "new method"
= harmonic function method
300 | | A G'N
©
o
= 200 4
i
100
0 il
-100 . ; ‘ : : : :
0 50 100 150 200 250 300
oy, MPa
b) Austenitic steel
1000
I sinzpmethod
1 "new method"
800 { == harmonic function method
= Gy
[1v] 4
L 600
=
b 400 -
200 A
0 p
0 100 200 300 400 500 600
Gy, MPa

d) Austenite phase of duplex steel

Figure 1. Determined stresses ¢ depending on external stress ¢’y of samples with 50% reduction of thickness.

plex) type of stainless steel. The samples were cold-rolled
to 1.5 mm in thickness with 0, 10, 20, 30, 40, and 50% re-
duction of thickness. At the end, the samples were annealed
in air laboratory furnace in order to reduce residual
stresses. Analysed stresses were compared with theoretical
values of external stresses generated by four-point bend-
ing. Presented stresses o are superposition of external
stresses oy and residual stresses after annealing
(Cuon-vended)- Values of o’y represent theoretical value of
stresses with respect to G,n_pendeq- In ideal case, the values
of & should be equal to oy.

The CoKa radiation and X'Pert PRO MPD
diffractometer were used to sample analysis. Texture anal-
ysis was performed on the basis of the orientation distribu-
tion function (ODF) calculated from experimental pole
figures which were obtained from three diffraction lines
{110}/{220}, {200}, {211} of ferrite phase and {111}/
{311}, {200}, {220} of austenite phase using MTEX soft-
ware [4]. For determination of harmonic coefficients,
which are necessary to know for method of harmonic func-
tion, the ResMat software was used.

X Pert PRO MPD diffractometer with manganese and
chromium radiation was used to measure lattice deforma-
tions in austenite and ferrite phase, respectively. Diffrac-
tion angles 20" were determined from the peaks of the

diffraction lines Ko of planes {311} of austenite and
{211} of ferrite phase. Diffraction lines Ka1 were fitted by
Pearson VII function and Rachinger’s method was used for
separation of the diffraction lines Kot; and Ka,.

The applicability of the new method of residual stress
determination in textured materials was proofed for sin-
gle-phase materials and for major phases of multi-phase
materials to approx. 50% yield strength, see Figs. 1. How-
ever, compared with the standard sin®y and harmonic func-
tion methods, much more accurate results were achieved.
The main reason is presence of very sharp and strong tex-
ture, especially in duplex steel. Other reasons are different
methods of calculation residual stresses and mainly accu-
racy of texture calculation.

1. H.J. Bunge, Texture Analysis in Materials Science. Lon-
don: Butterworth. 1982.

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

3. J.Capek, Z. Pala, O. Kovarik, /OP Conference Series: Ma-
ter. Sci. Eng.. 82.1, (2015), 012112.

4. F. Bachmann, R. Hielscher, H. Schaeben, Solid State
Phenomen., 60, (2010), 63-68.

This work was supported by the Czech Science Founda-
tion, grant No. 14-36566G.
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EFFECTS OF ADVANCED LASER PROCESSING ON THE MICROSTRUCTURE AND
RESIDUAL STRESSES OF H13 TOOL STEEL

Karel Trojan1, Vaclav Ocelikz, Nikolaj Ganev1, Stanislav Némeé&ek® and Jifi (v:apek1

"CTU in Prague, Department of Solid State Engineering, Faculty of Nuclear Sciences and Physical
Engineering, Trojanova 13, 120 00 Prague 2, Czech Republic
’Department of Applied Physics, Zernike Institute for Advanced Materials, Faculty of Science and
Engineering, University of Groningen, Nijenborgh 4, 9747 AG, Groningen, The Netherlands

SRAPTECH s. r. 0. ,U Vodérny 473, 330 08 Zrué-Senec, Czech Republic

The aim of the contribution will be to describe the effects of
laser processing on the microstructure and residual stresses
of laser cladded H13 tool steel on the classical construct
steel S355 substrate. The comparison of surface residual
stresses obtained by X-ray diffraction in direction parallel
(L) and perpendicular (T) to the clad is plotted in Fig. 1.
Residual stresses at the beginning and the end of the clad
are comparable with the experimental error. In the direc-
tion L, residual stresses exhibit slight compressive stresses
along the clad. However, in the direction T, tensile residual
stresses were obtained. Our research concludes that in this
case of laser cladding, phase transformation and not
shrinkage is likely to be a dominant effect on the formation
of compressive residual stresses along the clad. Further-
more, martensitic structure and unequal concentration of
alloying elements was observed on the cross-section of the
clad using electron backscattering diffraction and en-
ergy-dispersive X-ray spectroscopy. These results will be
compared with the data obtained by the X-ray diffraction.

Measurements were supported by the project TH02010664
of the Technology Agency of the Czech Republic and by
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Figure 1. Surface residual stresses on the top of the clad in direc-
tion L and T along the length of laser track, where x is the distance
from the beginning of the clad.

University of Groningen. This work was supported by the
Student Grant Competition CTU in Prague grant No.
SGS16/245/OHK4/3T/14.

CHARACTERIZATION OF RESIDUAL STRESS DISTRIBUTION IN STRUCTURAL
MATERIALS BY NEUTRON DIFFRACTION AT CANAM INFRASTRUCTURE

Charles Hervoches, Miroslav Vrana
Nuclear Physics Institute of the CAS v.v.i., ReZ? 130, 250 68 ReZ, Czech Republic

Residual stresses are phenomena that develop in all welded
structures due to local heating and slight difference be-
tween the chemical composition of the welding material
and welded parts. Stresses have direct influence on ductil-
ity and toughness of both weld metal and heat affected zone
of the weld area, which affect the service life time of struc-
tures.

The two-axis diffractometer SPN-100 at the Center of
Accelerators and Nuclear Analytical Methods (CANAM)
in ReZ, is an instrument dedicated to macro/micro strain
scanning of polycrystalline materials. Recently, the
diffractometer has been equipped with a new two-dimen-
sional position sensitive detector (2D-PSD).

For sample positioning, in addition to standard x-y-z
translation stage, a new six-axis robotic arm has been in-

stalled to allow more flexible manipulation of complex
samples.

Recent neutron diffraction experimental results ob-
tained with the upgraded tools will be presented, this in-
clude:

« Strain/stress distribution measurements in the
vicinity of butt weld from spherical storage
tank made of C-Mn unalloyed steel.

« Comparison of residual stresses obtained after
joining thick sheets of structural steel by the la-
ser welding and arc welding methods.

 Study of residual stresses in cold rotary swaged
tungsten heavy alloy.
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Figure 1. Layout of the neutron strain/stress scanner at the large research infrastructure Center of Accelerators and Nuclear An-

alytical Methods (CANAM).
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STRUCTURE EVALUATION OF DUAL PHASE STEELS BY EBSD METHOD

M. Cernik, R. Gburik, I. Kohutek, P. Vranec

U.S.Steel KoSice, s.r.o., Vstupny areal U.S. Steel, 044 54 KoSice
mcernik@sk.uss.com, rgburik@sk.uss.com, ikohutek@sk.uss.com, pvranec@sk.uss.com

For the development of new steel grades, it is necessary to
know the microstructure and texture of rolled steel sub-
strate because every technological process forms specific
microstructure and texture of the material. Laboratory dif-
fraction methods XRD (X-ray diffraction) and EBSD
(Electron Back-Scattered Diffraction) are suitable for the
knowledge of microstructure and texture. Both methods
describe the texture in the form of pole figures, orientation
distribution function (ODF) and selected texture fibers.
Texture is very important for the materials with high aniso-
tropy. For the dual phase (DP) steels the microstructure is
more important. The content of retained austenite and
martensite fraction in the ferrite are parameters which de-
fine the steel properties. For the DP steels with hardness of
1000 MPa the amount of austenite was measured at 6%.
The most precise and efficient measurement of austenite is
by means of XRD. The sample is polished and for the inhi-
bition of anisotropy, the sample rotates during the measure-
ment. Determination of austenite content was not done
precisely by means of EBSD as the measurement is highly
dependent on the perfect sample preparation for the mea-
surement.

However, EBSD method provides many advan-
tages which are not provided by classical optical micros-
copy methods of microstructure investigation. This
includes many parameters, i.e. image quality (IQ) map, in-
verse pole figure (IPF), grain average misorientation

(GAM), kernel average misorientation (KAM), geometri-
cally necessary dislocations (GND), grain size and others.
All these parameters comprehensively describe the
microstructure of DP steels. IQ parameter is very important
for the determination of martensite fraction. This parameter
makes provision for distortion of the lattice, therefore it is
very suitable to determine the martensite fraction, what is
used by many authors [1]. This method was also used by K.
Radwanski [2] for the determination of the deformed fer-
rite fraction. The martensite content can be also calculated
from fitted XRD pattern by TOPAS software which uses
Rietveld method of fitting. It is necessary to enter the struc-
tures — ferrite, martensite or austenite.

Both parameters KAM and GND include informa-
tion about microtensions and disorders in the grain which
are expression of increased content of low-angle bound-
aries. Increased amount of misorientation of 0° — 5° is in
general mainly observed for grain boundaries and in
martensitic grains. By entering the lattice parameter and
slip system it is possible to calculate the value of geometric
dislocation density using GND [3]. It was found that aver-
age value of geometric dislocation density increases with
the increased hardness of DP steels, see Fig. 1.

Calculation of several physical properties is possi-
ble in the software used for evaluation of the EBSD data,
such as OIM or Channel5. Using these programs, it is pos-
sible to form the maps or distribution separations of Taylor
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Figure 1. The effect of GND (geometrically necessary dislocations) on the strength of DP steel.

and Schmidt factors. However, these programs are not able )
. T . 3. L. Schemmann, S. Zaefferer, D. Raabe, F. Friedel, D.
to determine the R — Langford factor which is very suitable . X . )
. . PP Mattissen: Alloying effects on microstructure formation of

for practical metallurgy. This model parameter is still pos- -

. dual phase steels, Acta Materialia 95 (2015) 386-398.
sible to calculate by popLA software from XRD measure-
ments.

1. Chaowei Du: Micro-Plasticity Characterization of
Martensite, Ferrite, and Dual-Phase Steel, Technische
Universiteit Eindhoven, (2016).

2. K. Radwanski: Aplication of FEG-SEM and EBSD Meth-
ods for the Analzsis of the Restoration Processes Occuring
During Continuous Annealing od Dual-Phase Steel Strips,
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