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THE EXPLOITATION OF X-RAY DIFFRACTION IN CHARACTERISATION OF
STRENGTH OF HOT-ROLLED AND COLD-DRAWN FERRITIC-PEARLITIC STEEL
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and G. Lehmann2
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A se ries of sam ples of the C45 (0.45 wt.% C) steel was pre -
pared by hot roll ing with dif fer ent thermomechanical his -
tory in an in dus trial-type roll ing stage (e.g. roll ing
tem per a ture and speed, cool ing rate). The microstructure of 
re sult ing ma te rial was fer rit ic-pearl it ic with a pearlite vol -
ume frac tion rang ing from 57 to 90%; the mean inter -
lamellar spac ing in the pearlite var ied be tween 180 and
270 nm. An equally-spaced ar range ment of mis fit dis lo ca -
tions was found at the fer rite/cementite in ter faces. The
microstrain they gen er ate was ob served in the X-ray dif -
frac tion by means of anisotropic line broad en ing; the den -
sity of the dis lo ca tions was proved to be pro por tional to the
den sity of the lamellas. The dis lo ca tion den sity was found

to cor re late with the ul ti mate ten sile strength (UTS) of the
steel in the ten sile test as well as the den sity of the lamellas.
Upon grad ual cold draw ing through con i cal dies, the dis lo -
ca tion den sity ob served in X-ray in creased up to about 50% 
of elon ga tion, the UTS was still well-fol low ing its de pend -
ence on the dis lo ca tion den sity, while the den sity of pearl it -
ic lamellas re mained in tact. The X-ray dif frac tion can thus
be uti lised for an in stant and non-de struc tive es ti ma tion of
UTS of hot-rolled fer rit ic-pearl it ic steels and cold-drawn
steels with mod er ate grade of cold de for ma tion.

Ex tended con tri bu tion sub mit ted.
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ZKUŠENOSTI S PRÁŠKOVOU MIKRODIFRAKCÍ VE FORENZNÍ PRAXI

M. Kotrlý

Kriminalistický ústav Praha, Strojnická 27, Pra ha 7
kup321@mvcr.cz

Fázová analýza je ve forenzní oblasti jednou ze základních
úloh. Vìtšina expertiz v kriminalistice se zabývá
urèováním, popisem a komparacemi prakticky libovolných 
látek, které mohou pøijít do styku s osobami èi pøedmìty. V
obecném pøípadì se ve forenzní laboratoøi lze setkat s
materiály jak pøírodního pùvodu, tak i libovolnými
hmotami vzniklými èinností èlovìka a laboratoø by mìla
být schopná fázi urèit. V tomto kontextu jsou samozøejmì
velmi významné i možnosti rentgenových metod.

Samozøejmì ale ani XRD metody nejsou samo -
spasitelné a jsou obvykle používány v kombinacích s
dalšími metodami (zejména SEM-EDS/WDS, Ramanova
mikrospektrometrie, optická mikroskopie, XRF, FTIR
apod.).

Klasické aplikace XRD metod však narážejí ve
forenzní oblasti na jeden základní problém, kterým je
množství materiálu, resp. potøeba analyzovat pøesnì
definované místo, jehož velikost je alespoò øádovì
srovnatelná s velikostí plochy analyzované dalšími
metodami – pøedevším optickou a elektronovou
mikroskopií a mikroanalýzou (EDS/WDS/mikroXRF).
Øešení tohoto problému pøináší, alespoò èásteènì, systém
rentgenové práškové mikrodifrakce. V Kriminalistickém
ústavu Praha (KUP) je využíván systém kombinace bìžné
rentgenky, kapiláry fokusující rentgenový svazek do
prùmìru okolo 0,1 mm, a poziènì citlivého detektoru.
Ex tended con tri bu tion to be sub mit ted.

L12

HIGH-BRILLIANCE LOW-MAINTANACE MICROFOCUS SOURCES FOR
DIFFRACTOMETRY

Till Samtleben, Bernd Hasse, Andreas Kleine, Jürgen Graf, Jörg Wiesmann, 
Carsten Michaelsen

Incoatec GmbH, Max-Planck-Strasse 2, 21502 Geesthacht, Ger many

Mod ern microfocus X-ray sources de fine the state-of-
 the-art for a num ber of ap pli ca tions such as pro tein crys tal -
log ra phy and small-an gle scat ter ing in the home lab. These
sources have small an ode spots of 50 µm or less. They are
usu ally com bined with two di men sional multilayer mir rors
as beam-shap ing de vices that im age the source spot onto
the sam ple po si tion, mag ni fied to a suit able size, and de -
liver a par al lel or fo cused mono chro matic beam.

The Incoatec microfocus source IµS in cor po rates the
op ti mized com bi na tion of an ex tremely bright and very du -
ra ble sta tion ary air-cooled microfocus source and the lat est 
type of two-di men sional beam shap ing
multilayer Montel op tics, the Quazar op tics.

The source is avail able with cop per, mo lyb de num, chrome
and sil ver ra di a tion; op tics for fo cus ing or collimating the
beam are avail able.

The IµS is us able for sin gle crys tal dif frac tion, small
an gle x-ray scat ter ing, ma te ri als char ac ter iza tion, pow der
dif frac tion, and other ap pli ca tions as well. We will show
lat est ap pli ca tions of the IµS equipped with dif fer ent
two-di men sional beam shaping multilayer optics.

The ap pli ca tions and re sults pre sented here are show ing 
the ver sa til ity of the IµS. The source can be used for all
kinds of ex per i ments and can eas ily be in te grated in all

kind of setups.
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Fig ure 1. Bruker APEX DUO, equipped with Cu and 
Mo, IµS.

Fig ure 2. Up grade of a Huber
goniometer with a Ag , IµS.

Fig ure 3. Re place ment of a Mo sealed tube
with a Mo IµS on a Bruker AXS X8.
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HIGH-ENERGY MILLING INDUCED CALCITE TO ARAGONITE TRANSFORMATION IN
EGGSHELL 

A. Zorkovská and P. Baláž 

In sti tute of Geotechnics, SAS, Watsonova 45, 043 53 Košice, Slo vak Re pub lic
zorkovska@saske.sk

Egg shell biomaterial has been me chan i cally ac ti vated in a
plan e tary mill Pulverisette 6 (Fritsch, Ger many) in air for
in creas ing time (15– 960 min.). X-ray dif frac tion study of
the mill ing prod ucts has been car ried out us ing a D8 Ad -
vance diffractometer (Bruker, Ger many), the dif frac tion
pat terns were treated with the MAUD and Diffracplus Topas 
soft ware. 
The anal y sis has re vealed an ex ten sive and fast cal -
cite-to-ar agon ite trans for ma tion, what is a poly mor phous
trans for ma tion of CaCO3 from trigonal to orthorhombic
crys tal sys tem. The pro cess started af ter 15 min. of mill ing.
The vol ume frac tion of the ar agon ite phase reached max i -
mum (~65%) af ter 240 min. of mill ing, the mechano -
chemical equi lib rium be tween phases was established after 
960 min.  

The Slo vak Grant Agency VEGA (pro ject 2/0009/11), the
Agency for Sci ence and De vel op ment (pro ject APVV-
 0189-10) and the pro ject “Cen tre of Ex cel lence of Ad -
vanced materials with Nano- and Submicron–Struc ture”
(“nanoCEXmat”) fi nanced by the Eu ro pean Re gional De -
vel op ment Fund are grate fully ac knowl edged. The SEM

mi cro pho to graphs have been kindly pro vided by the In ter -
na tional La ser Cen ter in Bratislava (J. Kováè, A. Šatka)

Ex tended con tri bu tion sub mit ted..
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GROWTH OF SAPPHIRE PROFILES BY EFG METHOD AND THE USE IN
STRUCTURAL ANALYSIS

J. Polák

Crytur spol. s. r. o., Palackého 175, Turnov, 51101
polak@crytur.cz

Sin gle crys tal line alu mi num ox ide - sap phire - be longs to
one of the most im por tant ar ti fi cially pro duced ma te rial
due to its unique phys i cal and chem i cal prop er ties. Sap -
phire has a high re frac tive in dex and a broad trans mis sion
band span ning the ul tra vi o let, vis i ble and in fra red bands. 
Sap phire is very hard ma te rial (Moh’s 9) and has an ex -
traor di nary me chan i cal strength up to melt ing point 2053
°C, very good ther mal con duc tiv ity, high elec tric re sis tiv ity 
and out stand ing chem i cal re sis tance even to strong ac ids,
bases and flu o ri na tion agents. All this makes sap phire a
much sought-af ter ma te rial in in dus try and sci ence.

Typ i cally is sap phire grown as bulk crys tal by
Czochralski or Kyropoulos method. How ever crys tal ma -
chin ing is dif fi cult in com par i son to other ma te ri als due to
its high hard ness. First growth of pro filed sin gle crys tal
sap phire was pub lished in 1971 by La Belle and Mlavsky
(TYCO lab o ra to ries) [1].  EFG (Edge-de fined Film-fed

Growth) method is in prin ci ple sim i lar to older one (1953)
of A. V. Stepanov for growth of shaped sin gle crys tals of
met als [2]. Re view of mod ern mod i fi ca tions of EFG and
re lated meth ods was pub lished [3][4]. Main ad van tages of
EFG method are growth of near net shape de creas ing pro -
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Ka (keV)
µ/r

(cm2/g-1)
d (cm) t

Cu 8.04 3.24E+01 0.10 0.0%

Mo 17.441 3.09E+00 0.10 29.2%

W 58.856 2.46E-01 0.10 90.7%

Ta ble 1. Ab sorp tion co ef fi cients and trans mit tance at im por tant

Ka lines
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Figure 1.  XRD spec tra of high-en ergy milled egg shell. Du ra tion
of mill ing in di cated in the graph.



duc tion costs, pos si bil ity of growth of com pli cated shapes
and large scale pro files, faster growth rate and also au to -
mated pro cess con trol. 

Crytur pro duces sap phire sin gle crys tals, rods, rib bons,
tubes and fi bers since 1978 and is the only EU man u fac -
turer of the EFG sap phire to day. 
Sap phire tubes are used in var i ous in dus trial and sci en tific
ap pli ca tions de mand ing ex traor di nary ma te rial prop er ties.
High pres sure, high tem per a ture, to gether with harsh
chem i cals are the right rea son to use sap phire tube in stead
of quartz or co run dum ce ram ics. Tubes pro duced by EFG
method can be de signed to ac cord ing to de mands of spe -
cific ap pli ca tions like UV/VIS/IR mea sure ments, nu clear
mag netic (NMR) or X-ray (XRS) spec tros copy. 

High pres sure MNR tubes have to take hold of enough
vol ume and typ i cal out side di am e ter is 10 or 5 mm and wall 
thick ness 1 - 1.5 mm. Pres sures used dur ing mea sure ments
are in range 10-150 MPa, the high est pres sure re quire tubes 
with spe cial col lar de sign and post growth tube an neal ing
[5]. 

In XRS high pres sure XRS cap il lar ies are used. Out side 
di am e ter of such a cap il lary is typ i cally 1.57 mm (1/16"
com pat i ble with lab o ra tory equip ment) or 1.0 mm and wall
thick ness 0.2 - 0.4 mm are used. Cru cial pa ram e ter for XRS 

is ab sorp tion co ef fi cient of sap phire for Ka lines of X-ray
sources. 

The max i mum pres sure pmax is a func tion of the ten sile

strength t of the ma te rial and the quo tient of the outer and
in ner di am e ters do and di. Ac cord ing to [5] re la tion can be
ap prox i mately ex pressed as 

p d d imax ln( / )= t 0
2 2               (1)

Due to pos si ble pres ence of ma te rial de fects like bub -
bles or ma te rial stress in sap phire cell the max i mum op er at -
ing pres sure has to be ver i fied by in ter nal pres sure test.
Some tubes show time de pend ent pres sure thresh old, this
pro cess will be fur ther stud ied. Also pres sure test at el e -
vated tem per a ture will be im por tant to set con di tions which 
sap phire cell can with stand.
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My great ac knowl edge ment to our col leagues M. Steinhart
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Fig ure 1. Ab sorp tion co ef fi cients of Al2O3 - sap phire in de pend -
ence of ra di a tion en ergy.

Fig ure 2. Pres sure test of sap phire cap il lary OD/ID 1.0/0.6 mm,
tube burst at 1550 bar af ter 7.5 min.


