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Figure 2. Fe,sMn,5Gass alloy; a) optical microscopy; EBSD orientation map,
visible are cubic L1, grain, whereas tetragonal L1, grains are black as evalua-
tion quality was poor due to the misfit in ¢/a ratio; c) scale orientation in EBSD
map; d) summarized diffraction pattern from large grain material. The summa-
tion over rotated and inclined sample was applied, but it was found insufficient
for finding proper tetragonal lattice parameters.
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Well known Ti-Al-N hard coatings commercially used for
abrasive wear protection in machine industry exploit com-
bination of extreme hardness with good oxidation resis-
tance. But inherent brittleness limits their applications. In
general, hard coatings have to show high toughness, elas-
ticity and good adhesion to substrate, while keeping hard-
ness and thermal stability at reasonable levels. Enhance-
ment of toughness in terms of ductility increase was pre-
dicted for TiAIN (cubic B1) alloyed with transition metal,
with best results for Ta, Mo and W [1]. Compelling im-
provements were predicted by numerical simulations and
some experiments by means of low tantalum alloying (y <
0.1) of Ti;...,Al,Ta,N coating material [2,3]. Hardness in-
creased up to 40 GPa and spinodal decomposition process
shifted from 900 °C to 1200 °C.

Here, we investigated this material with even higher Ta
content y. Our aim was the detailed X-ray diffraction struc-
tural analysis of Ti,...,Al,Ta,N (TATN) coatings as-depos-
ited on monocrystalline Si (001), Al,O; (0001) and on
polycrystalline tungsten carbide substrates with y =0 - 0.6.
Deposition was performed using reactive unbalanced DC

magnetron co-sputtering from TiAl and Ta tilted targets in
a flowing Ar + N, mixture atmosphere at 0.5 Pa. Samples
were mounted on the heated holder at different positions
with respect to the targets, yielding different Ta content in
TATN thin films. The chemical elemental composition de-
termined by energy dispersive spectroscopy showed
monotonic increase of Ta content with the decrease of
(sample, Ta-target) distance.

The XRD analysis involved microstructure determina-
tion, texture specification by pole figures measurement and
residual stress analysis using sin’y method. Figures 1a and
1b show measurements of area maps with combined 26/6
-scans at varying y tilt positions of sample without Ta
(TiAIN) and sample with higher Ta content (y = 0.46), re-
spectively. These patterns show very clearly presence of
various structural effects together. With increasing tanta-
lum content, the phase remains cubic NaCl type, the lattice
parameter increases and coherent domain size decreases.
Regardless of substrate type in all coatings the texture
evolves from 111 (for y = 0) to 001 orientation with in-
creasing y. Polar figures in 111 reflection show presence of
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another preferential orientation within plane nearly parallel
to the surface. The texture is mainly influenced by the ef-
fect of directional sputtering on tilted substrates. Residual
stresses evolved from tensile stress of 1.2 GPa in the coat-
ings without tantalum (y = 0) to compressive stress up to
-4.4 GPa with increasing Ta content.

The investigation of mechanical properties supported
by density functional theory simulations show relatively
stable hardness ~30 GPa and monotonic decrease of elastic
stiffness with the increase of Ta content. Calculations sug-
gest progressive modification of the metal-N bonding char-
acter from ionic (y = 0) to more covalent (y > 0). Analysis
of structural and mechanical properties on wide set of sam-
ples enabled to indirectly estimate their correlation with
growth processes.
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Figure 1. 26/0—y area map around 111 and 002 reflections of
sample with (a) y = 0 and (b) y = 0.46.

Ti lon Implantation

IONTOVA IMPLANTACE TITANU
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Titan a jeho slitiny jsou hojné pouzivany v leteckém, auto-
mobilovém a chemickém primyslu a nachézeji také Siroké
uplatnéni v biomedicinskych aplikacich. Divodem je
jejich vysoka pevnost v tahu, dobra korozni a Ginavova
odolnost, tvarnost, relativné nizky modul pruznosti a vyji-
mec¢na biokompatibilita a biologicka neutralita. Nevy-
hodou titanu a titanovych slitin je vSak pro nekteré aplikace
Spatnd odolnost proti otéru, nedostatecna povrchova
tvrdost a nedostate¢na odolnost vii¢i nékterym chemickym
prostfedim. Z tohoto divodu je nutno pro mnohé aplikace
povrch titanovych materidld modifikovat. V poptedi
naseho zajmu stoji iontové implantace dusiku. Ukazuje se,
ze tato metoda znaéné zlepSuje mechanické vlastnosti a
zatézovou a korozni odolnost velké skupiny materiald
(kovu, polymert a keramik). U titanu ¢i titanovych slitin
dochazi pii implantaci dusiku k tvorbé TiN, fazi [1].

Ovlivnéna hloubka iontovou implantaci dosahuje pouze
nékolika stovek nanometr. Proto je velmi dileZité mit
dobte definovany povrch vzorku. Bézna piiprava vzorku
pomoci lesténi se ukazala pro difrakéni experimenty ne
uplné vhodna, protoze dochazi k ovlivnéni mikrostruktury
povrchu a k rozsifeni difrakci. K pochopeni dopadu
iontové implantace na mikrostrukturu povrchu je vhodné
mit povrch s takovou mikrostrukturou, kterd minimalné
ovlivituje difrakéni profily a je tedy mozné pozorovat
efekty zptisobené iontovou implantaci.

Je vhodné se podivat i na morfologii a drsnost povrchu,
obr. 1. Povrch titanového vzorku (Grade II) vylestény do
zrcadlového lesku mél drsnost okolo 100 nm. Elektro-
lytické lesténi vytvoii na povrchu sinusové zvinéni, ale
lokaln¢ =zistava povrch stale hladky. Iontové lesténi
(odprasovani) preferenéné odprasuje urcité krystalogra-
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Obrazek. 1. Porovnani drsnosti po iontovém lesténi (nahote), elektrolytickém lesténi (uprostied) a klasickém
lesténi (dole).

fické roviny, viz obr. 2. Data byla naméfena na optickém
profilometru firmy Zyko a zobrazena ve volné dostupném
programu Gwydion [2].

Difrakéni experimenty byly provadény na difraktomet- 4,0 um
ru X' Pert Pro od firmy PANalytical v grazing incident
geometrii s nékolika thly dopadu: 0,3°; 0,5°; 0,8°; 1°;2°;
-5,6 pm

5°; 10°. Byla pouzita Co rentgenka, parabolické zrcadlo a
paralelni deskovy kolimator v difraktovaném svazku.
Difrakéni zdznamy byly zpracovany pomoci rietveldov-
ského programu Topas. Na obr. 3 je zobrazen prub¢h
zastoupeni jednotlivych fazi v zavislosti na thlu dopadu.
Kromé matrice titanu (faze alfa) je pozorovana i
obohacena matrice o ionty dusiku, kterd se projevuje
vétsim miizkovym parametrem. Dominantni fazi v povr-

chu je faze TiN. Obrazek 2. 3D mapa povrchu iontové lesténého vzorku.
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Obrazek 3. Zavislost fazového zastoupeni ve vzorku Titanu
(Grade II) po implantaci dusiku o davce 2 * 10" iont/cm?.
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NEW KNOWLEDGE OF THE TEXTURE AND STRUCTURE EVALUATION BY EBSD
METHOD
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U.S.Steel KoSice, s.r.o., Vstupny areal U.S. Steel, 044 54 KoSice
mcernik@sk.uss.com, pvranec@sk.uss.com, adrotar@sk.uss.com, amaslejova@sk.uss.com

Method of electron diffraction referred to by EBSD acro-
nym (electron back-scattered diffraction) has been used
mainly for the analysis of the textures of polycrystalline
materials until recently. With the development of new
powerful detectors and software this method allows the
study of microstructure. Comparing to the microstructure
investigation by light microscope, the microstructure ob-
tained by EBSD method is precisely defined by image
gained from the Kikuchi lines. Therefore, it is possible to
determine phase composition of the sample, grain bound-
aries, their size, misorientation etc. Inaccuracy of the
method is given by inaccurate determination of the crystal-
lographic orientation from the Kikuchi lines image or im-
perfect sample preparation. Sample preparation is
therefore highly important and demand experience. The
preparation is related to the investigated material type and
state and is always unique. Generally, there are three ways
of sample preparation for EBSD: mechanical polishing,
electrolytic polishing and ion bombardment or their combi-
nation.

It is possible to study the texture of rolled steel strips
by EBSD method, which is also able to be investigated us-
ing X-ray diffraction (XRD) device with texture gonio-
meter. Each method has its advantages and disadvantages.
Highly deformed samples are hard to prepare for the
EBSD, therefore it is better to analyze such samples by
X-ray texture analysis. However, there are steel grades
which have very big grain and it is difficult and almost im-
possible to analyze them by X-ray diffraction method,
which uses focused beam with the radius of 1 mm. In this
case it is effective to use EBSD method and scan whole
area of the sample section (standardly 25 x 0.5 — 1.0 mm).
Usually it is more than 100 scanned images — Inverse Pole
Figure maps (IPF maps).

Second area of investigation where the EBSD
method is successfully applied is identification of micro-
structure for transformed induced plasticity (TRIP) steels.
Structural composition — bainite, martensite, ferrite and re-
tained austenite is determined. After mechanical polishing
the sample is polished electrolytically in the solution of
electrolyte containing acetic and perchloric acids. The
quality of the sample preparation can be evaluated by zero
solution parameter, i.e. percentage of unmeasured spots,
pixels (ZS). ZS value of 0 is practically unreachable be-
cause it is impossible to precisely determine orientation at
the grain boundaries. ZS values of 2 — 4 % can be consid-
ered as acceptable for obtaining correct result. The volume
of retained austenite is able to be identified for occurrence
of min. 5 %, what is better than ability of determination by
XRD. Determination of the martensite and bainite volumes
is not possible from the Kikuchi lines image due to the fact

that the tetragonality of the martensite is too small. The dif-
ferentiation of the martensite and bainite from the ferrite is
possible only based on the signal from the EBSD camper,
using the Image Quality (IQ) Map.

The EBSD method can be also used for the evalua-
tion of the state of alloyed (C, Cr, Mo, V) hard and fragile
steel components. The structure contains carbides (Fe;C,
Cr;C;), complex sulfides (MnS). It is highly probable that
due to the formation of grown carbidic and sulfidic parti-
cles these can act as initiators of microcracks. These parti-
cles are fragile and at the increased pressure they crack,
what forms initiation of the microscrack, which will under
the regular load spread by fatigue mechanism. For such
materials it is possible to use parameter of Misorientation.
By suitable selection of the parameters (7x7 pixels) it is
possible to form microstress map which shows microstress
on the crystallographic grains level. Using function of
strain contouring which uses also parameter of mis-
orientation, it is possible to show microstress through the
whole investigated component, what allows study of the
microscrack spreading in the material, see Fig. 1.

Figure 1. Strain contouring map of roller. Chromium steel with
particles.
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Comments to treatment of diffraction profiles

POZNAMKY KE ZPRACOVANI DIFRAKCNICH PROFILU

M. Cerfiansky

Fyzikélni ustav AV CR, v. v. i., Na Slovance 2, 182 21 Praha 8, Ceska republika
cernan@fzu.cz

Kazdy méfici pristroj zkresluje informaci, kterou se o
meéfeném objektu snazime ziskat. V piipadé méfeni na
praskovém difraktometru dochazi k posuntim profild,
jejich rozsiteni, piipadné se méni jejich tvar, stavaji se
nesymetrické atd. Je to disledek konecnych rozméra
ohniska a clon, nedokonalosti fokusace a nedokonalosti
monochromatizace primarniho zafreni atd. Matematickym
popisem tohoto zkresleni je tvrzeni, Ze méfeny profil 4 je
konvoluci fyzikalniho profilu f'a pfistrojové funkce g.

Pribeh pristrojové funkce se méfi na vhodném stan-
dardu, tedy na vzorku, ktery sdm nema difrakcni rozsireni
od fyzikalnich vlivi, jakymi jsou mala velikost krystalic-
kych ¢astic nebo mikrodeformace. Jinymi slovy se fika, ze
difrakéni profily standardu jsou Diracovy delta-funkce.
Pokud jsou jeho difrakéni profily naméfeny ve stejném
uthlovém intervalu jako u méteného vzorku a pokud ma
stejné absorp¢ni vlastnosti jako méfeny vzorek, mluvi se o
idedlnim standardu [1]-[4]. Zejména zminka o delta-
funkcich vede k nazoru, ze idealni standard je iluzi a ma
cenu hledat standard optimalni [5]. Standard ma byt ze
stejného materiadlu jako méfeny vzorek. Pokud to neni
mozné, m¢l by mit co nejvice podobné absorpéni vlastnosti
a difrakeni profil na stejném misté (Ghlu) jako sledovany
vzorek. Velikost krystalickych ¢astic standardu mé byt
vetsi nez 2000 angstremt a mikrodeformace maji byt pod
10, Snad jeste lepsi je velikost &astic nad 1 mikron, ale
nad 10 mikront mohou vadit fluktuace intenzity difrak-
tované¢ho zareni [6]. Material standardu ma byt zihan na
odstranéni vnitinich pnuti. Standard nema byt kompaktni,
aby pfi chladnuti po Zzihani v ném nevznikaly dalsi pnuti.
Ma se tedy jednat o prasek, jehoz krystalické ¢astice maji
optimalni velikost [5]. Pokud nejsou uvedené pozadavky
na standard splnény v dostate¢né mife, mluvi se o nei-
dealnim standardu a byly odvozeny matematické korekce
[1]-[4] Fourierovych koeficient prubéhu jim difraktované
intensity, umoznujici urcit fyzikalni profil Stokesovou
metodou [7].

Tato metoda fesi problem dekonvoluce tim, ze urcuje
Fourierovy koeficienty fyzikalniho profilu f jako podil
ptislusnych Fourierovych koeficient méteného profilu /2 a
profilu standardu g. Warrenova — Averbachova inter-
pretace Fourierovy koeficientli fyzikalnich profild pak
umoznuje ziskat informace o velikosti krystalickych ¢astic,
mikrodefomaci a ptidané dalsich strukturnich poruchach.

Doposud zminované zkresleni 1ze povazovat za syste-
matické chyby méfeni. Pfi zpracovani difrakcnich profilti
vSak maji mimotfadné velky vyznam ndhodné chyby jejich
méfeni. Problém dekonvoluce realné naméfenych dat patii
mezi tzv. nekorektné zadané ulohy, u kterych neni ptedem
zarucena existence, jednoznacnost a stabilita feseni. Zvlas-
t¢ kvuli méficim chybam vstupnich dat je dilezitou
otazkou stabilita feSeni, t. j. vlastnost, ze male zmény
vstupnich dat vedou k malym zménam vysledku. Tento
problém je tim naléhavéjsi, ¢im je pomér Sifek profilu
meéteného a profilu standardu mensi. Lze fict, Ze pokud je
znaén¢ mensi nez dva (blizi se 1), uz nema cenu dekon-
voluci pocitat a pokud je vetsi nez Sest, neni dekonvoluce
potiebna [8]. Pfi zminéném poméru vétsim nez dva, lze
digitalni filtraci (spektralnimi okny) zna¢né omezit vliv
nahodnych chyb [9]. K jeste¢ lepSim vysledkim vede
pouziti sofistikovangjSich filtraénich procedur, napf.
Wienerova optimalniho filtru [10].
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