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mul ta neously. The real-time mea sure ments are com ple -
mented by post-growth AFM and XRR mea sure ments. 

The out-of-plane thick ness de pend ent struc ture of the
thin films, in clud ing the cov er age of mo lec u lar lay ers and
out-of-plane lat tice con stant, is probed us ing XRR mea -
sure ments at the anti-Bragg con di tion. We ap ply a growth
model first pro posed by Trofimov et al. [5] in com bi na tion
with kinematical scat ter ing the ory [6] to sim u late the XRR
data. Ad di tion ally, we need to im ple ment thick ness de -
pend ent lat tice con stant to fully de scribe the ex per i men tal
ob ser va tions. The de tailed anal y sis re veals the layer- by-
 layer growth mode in the first two mo lec u lar lay ers and an
on set of the film rough en ing from the third monolayer on -
wards. Ad di tion ally, we ob serve change of the out- of-
 plane lat tice spac ing and con com i tant change of mo lec u lar
tilt dur ing the growth of the 2nd – 4th monolayer.

The in-plane struc ture of the thin films is probed us ing
GISAXS mea sure ments (see Fig. 1), which al low for de ter -
min ing thick ness de pend ent dis tance of mo lec u lar is lands
and their size. We use the tem per a ture de pend ence of the
is land size to de ter mine ef fec tive ac ti va tion en ergy of is -
land nu cle ation in dif fer ent lay ers. The ef fec tive en ergy in
the 2nd layer is smaller than that in the 1st layer. The
difference in activation en er gies ex plains the fact that is -
lands grow smaller in the 1st layer than in the 2nd layer as
ob served us ing GISAXS and also in AFM post-growth im -
ages.

In con clu sion, com bined in situ real-time GISAXS and
XRR mea sure ments bring in sight into the growth of the
first few monolayers of DIP thin films. In par tic u lar, we are 
able to cap ture the tran si tion from layer-by-layer growth to
the thin film rough en ing and the change of lat tice pa ram e -
ters dur ing the growth and to iden tify dif fer ence in ac ti va -
tion en er gies for the first two molecular layers.
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Ba sic ad van tages and dis ad van tages of neu tron ra di a tion
and its in ter ac tion with mat ter - with re spect to ma te ri als re -
search by means of neu tron dif frac tion - are listed. The ar -
eas of Small-An gle Neu tron Scat ter ing (SANS) [1]
ap pli ca tion in ma te ri als science are discussed.

Sev eral ex am ples of the use of SANS to microstructural 
char ac ter iza tion of tech no log i cally im por tant me tal lic ma -
te ri als are shown. First, a con tri bu tion of in-situ SANS to a
so lu tion of an open ques tion in INCONEL polycrystalline
super al loy load char ac ter is tics is re ported. Sec ondly, evo -

lu tion of g’-pre cip i tate mor phol ogy in pre-de formed sin -
gle-crys tal Ni-base super al loy at el e vated tem per a tures is

de ter mined. Af ter wards, char ac ter iza tion of a po rous mem -
brane pre pared by se lec tive phase dis so lu tion pro cess from
the sin gle-crys tal Ni super al loy is pre sented. Fur ther,
SANS char ac ter iza tion of Ni3Si-type nanoparticles dis -
persed in a mix ture of H2O/D2O us ing the con trast vari a -
tion method is shown. Fi nally, the in ves ti ga tion of a model
sys tem (Al-Pb) for test ing liq uid-phase dis per sion
strength en ing is dis cussed.



Pre ci pi ta te microstructu re evo lu ti on in ex po sed
IN738LC su per al loy

Nickel-base super al loy IN738LC has been stud ied af ter
low-cy cle fa tigue by SANS [1,2]. Sam ples sub jected to
high-tem per a ture low-cy cle fa tigue [4] were an nealed at
var i ous tem per a tures to change the size and the dis tri bu tion 
of pre cip i tates. Ex- and in-situ SANS and high res o lu tion
TEM stud ies were per formed. It was found by SANS that
ad di tional pre cip i tates are pro duced ei ther dur ing slow
cool ing from high tem per a tures or af ter re heat ing above
570°C (Fig. 1). Their size and dis tri bu tion were eval u ated.
The pre cip i tates arise re gard less the ap pli ca tion of the me -
chan i cal load. Nev er the less, these small pre cip i tates in flu -
ence low-cy cle fa tigue re sis tance. From the SANS data, it
can be also de duced that the equi lib rium vol ume frac tion of 

g’-pre cip i tates at tem per a tures from room tem per a ture to
825 °C is sig nif i cantly higher than pre vi ously re ported
45%. The ki net ics of for ma tion of small and me dium-size

g’ pre cip i tates at 700 and 800 °C was de ter mined as well.

Mor pho lo gy chan ges of ã’ pre ci pi ta tes in pre-de -
for med sin g le-crys tal Ni-base superalloy

Ex po sure of a super al loy to an ex ter nal load re sults in

anisotropic coars en ing of the g’ pre cip i tates (raft ing). ã’
raft ing can also oc cur as a re sult of purely ther mal treat -
ment, with out the si mul ta neous pres ence of an ex ter nal
load, if the spec i men has been pre-de formed at rel a tively

low tem per a ture. The evo lu tion of g’ mor phol ogy in
pre-de formed spec i mens of SCA425 Ni-base superalloy
was ex am ined [5]. SANS data pro vide in di ca tion of raft ing
dur ing the sub se quent heat ing af ter se vere com pres sive
pre-strain ing (2%).

Pore structu re cha rac te ri zati on in na no po rous
mem bra ne

Us ing a se lec tive phase dis so lu tion tech nique, nano-po rous 
mem brane can be pro duced from sim ple two-phase me tal -
lic al loys. It con tains through-thick ness elon gated chan -
nel-like pores of only a few hun dred nanometer width and
has a num ber of pro spec tive ap pli ca tions. Knowl edge of
microstructural pa ram e ters is es sen tial for mem brane op ti -
mi za tion. Non-de struc tive char ac ter iza tion of the pore
microstructure was car ried out by SANS tech nique [6]. The 
com bined re sults from pin hole (Fig. 2) and dou ble-crys tal
fa cil i ties en abled to de ter mine microstructural pa ram e ters
of the nanoporous mem brane (pore-to-pore dis tance, raft
thick ness, pore vol ume frac tion, spe cific in ter face). The
con trast vari a tion us ing D2O and H2O helped to con clude

on scat ter ing length den sity of both g’ pore walls as well as

the orig i nal g-phase ma trix.

Cha rac te ri zati on of core-shell na no par ticles

The Ni3Si-type nanoparticles dis persed in a mix ture of
H2O/D2O were char ac ter ized by SANS us ing the con trast
vari a tion method. The nanoparticles were pro duced by ex -
tract ing pre cip i tates from a bulk Ni-13.3Si-2Al (at.%) al loy 
us ing elec tro chem i cal phase sep a ra tion tech nique and were 
pre-char ac ter ized by X-ray dif frac tion and trans mis sion
elec tron mi cros copy. The ex is tence of a core-shell struc -
ture in the nanoparticles with a Ni3Si(Al) core and amor -

phous SiOx shell was con firmed by the SANS mea sure -
ments [7]. By com par ing the pre cip i tate mor phol ogy in the
Ni-Si-Al al loy with the ex tracted nanoparticles, it was
clearly es tab lished that the size of pre cip i tates is un af fected 
by the ex trac tion pro cess and that the amor phous shell
forms on top of the par ti cle core.

Me tal-ma t rix com posi te con ta i ning liquid-phase
dis per si on

Al-Pb bi nary sys tem is a suit able model sys tem for test ing
liq uid phase dis per sion strength en ing in bulk ma te ri als for
struc tural ap pli ca tions. Liq uid Pb is lands can be finely dis -
persed in still solid Al ma trix due to the sub stan tial dif fer -
ence of melt ing points. The Al-Pb sys tem pre pared by
means of Equal Chan nel An gu lar Press ing (ECAP) pro cess 
was in ves ti gated by Small-An gle Neu tron Scat ter ing tech -
nique (SANS) which en ables in-situ mea sure ment of size
and mor phol ogy pa ram e ters of Pb in clu sions at el e vated
tem per a tures. It was ob served that the lead par ti cles were
elon gated roughly in the di rec tion of ECAP [8]. Dur ing the
sub se quent in-situ ther mal cy cle RT-400°C-RT, the elon -
gated Pb par ti cles trans formed to nearly spher i cal shape.
The change of scat ter ing con trast dur ing melt ing of Pb
mapped the trans form of the con fined lead par ti cles to the
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Fig ure 1. In-situ SANS for non-cy cled sam ple: in-situ heat ing
RT-700-800-900°C-RT (hold at each tem per a ture dur ing the
in-situ SANS was al ways 1.5 hour).
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Fig ure 2. 2D cross-sec tion dS/dW(Qx,Qy) is shown (left) for H2O
filled pores of the po rous mem brane (scheme shown on right).
The grey scale map shows mea sured 2D data and the white
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BENSC, HZ Berlin.



liq uid phase. The cen ter of the tran si tion re gion is around
342°C (615K) for both the as-cast and the ECAP de formed
sam ples, which is a sig nif i cant shift with re spect to the free
Pb melt ing point 327°C (600K). For the ECAP sam ple, the
transition is not sharp, indicating a broad size distribution
of lead particles (Fig. 3).
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UTI LI ZA TION OF SANS FOR IN VES TI GA TION OF MAG NETIC STRUC TURES AND
DY NAM ICS

V. Ryukhtin

Nu clear Phys ics In sti tute ASCR, Øež near Prague, Czech Re pub lic
ryukhtin@ujf.cas.cz

There are plenty in ter est ing ex am ples of mag netic struc -
tures stud ied by small-an gle neu tron scat ter ing (SANS).
Here we would like to pres ent sev eral suc cess ful top ics of
the SANS us age. For ex am ple, the very first ex per i men tal
ob ser va tion of mag netic flux line lat tices (FLL) - mag netic
vor texes in type II su per con duc tors - have been done us ing

SANS. Gen eral ap proach as well as prac ti cal de tails of FLL 
mea sure ments will be dem on strated. Other ex am ple is
ferroflu ids based on mag netic nanoparticles. SANS can be
used for not just for struc tural char ac ter iza tions but also for
study ing of their dy nam ics us ing stro bo scopic and
TISANE options.
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Fig ure 3. The tem per a ture de pend ence of vol ume frac tion times
scat ter ing con trast of con fined Pb par ti cles in the Al-4%Pb ECAP
sam ple dur ing the ther mal cy cle.
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Superplastic (SP) de for ma tion of fine grained ma te ri als
(FGM) is ac com pa nied by cre ation of cav i ties and cracks.
Cav i ta tion pro cesses de scribe quan ti ta tively driv ing mech -
a nisms such as grain bound ary slid ing (GBS). Small an gle
neu tron scat ter ing (SANS) can be ef fec tively used for char -
ac ter iza tion of cavitaion in yittria sta bi lized zir co nia

(3Y-TZP) un der go ing SP de for ma tion. We would like to
pres ent re sults of pin-hole and dou ble-crys tal SANS mea -
sure ments with treat ment and in ter pre ta tion dem on strat ing
ef fec tive de scrip tion of bulk cav i ta tion. Treat ment and fit -
ting of these re sults will be ex plained in the followed
presentations.
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Metastable b ti ta nium al loys are of great in ter est to the au -
to mo tive, aero space and bio med i cal in dus try due to their
out stand ing me chan i cal prop er ties. De pend ing on the sta -

bil ity of b phase in metastable b ti ta nium al loy, sev eral
metastable phases can form. Prob a bly the most im por tant

and most fre quently stud ied metastable phase is the w
phase formed dur ing quench ing by a diffusionless
displacive trans for ma tion. We have stud ied this pro cess by
x-ray dif frac tion (XRD) and small-an gle x-ray scat ter ing

(SAXS) per formed on sin gle crys tals of b ti ta nium al loy
(Ti-6.8Mo-4.5Fe-1.5Al in wt.%). XRD ex per i ments have
been car ried out on a stan dard x-ray lab o ra tory source

(CuKa, 1.6 kW) us ing two ge om e tries. In the low-res o lu -
tion setup (polycapillary op tics, par al lel-plate collimator
and sec ond ary graph ite mono chro ma tor) we mea sured pole 

fig ures in dif frac tion max ima of both b and w phases be fore 
and af ter age ing an neal ing at 300 °C. From the mea sure -

ment a dis tinct topotaxy re la tion be tween the b and w lat -

tices fol lows. Fur ther, we used a mid dle-res o lu tion setup
(par a bolic x-ray mir ror on the pri mary side) for the mea -

sure ment of coplanar re cip ro cal space maps around b and

w dif frac tion max ima. From the maps we de ter mined the

size of the w par ti cles in the b host lat tice, their lat tice pa -
ram e ters and lo cal lat tice de for ma tion around the par ti cles.
The re sults of the dif frac tion stud ies are in press [1].

SAXS mea sure ments have been car ried out at APS
Argonne, USA, us ing the pho ton en ergy of 20 keV. The

ex per i men tal data clearly in di cate that the w-par ti cles are
self-or ga nized; they cre ate a dis or dered cu bic lat tice. From
the data we de ter mine the mean par ti cle dis tance and the
de gree of or der ing as func tions of the age ing time. We de -
vel oped a nu mer i cal model based on a Monte-Carlo sim u -
la tion of the nu cle ation and growth of par ti cles that
qual i ta tively ex plains the mea sured data.

1. J. Šmilauerová, P. Harcuba, J. Pospíšil, Z. Matej and V.
Holý, Acta Ma ter. (in press).
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Mono lithic in te gra tion of other semi con duc tor ma te ri als
onto sil i con sub strates is ex pected to ex tend Si-based tech -
nol ogy to wards new op ti cal and elec tri cal functionalities
in ac ces si ble by the mere di men sional scal ing pre dicted by
Moore’s Law. Un less wa fer bond ing tech niques are used,
such in te gra tion of dis sim i lar ma te ri als nec es sar ily in -
volves het ero-epitaxial growth. How ever, the growth of
epitaxial lay ers on a sin gle crys tal sub strate usu ally re sults
in un de sired de fect for ma tion above a cer tain crit i cal thick -
ness, if the cor re spond ing crys tal lat tices ex hibit a poor
match of lat tice pa ram e ters or ther mal ex pan sion co ef fi -
cients. 

Re cent achieve ments dem on strate that ex tremely thick
Ge-lay ers with ex cep tional crys tal line qual ity can be
monolithically in te grated onto a Si CMOS plat form de spite 
the large lat tice and ther mal mis matches. Dis lo ca tions,
layer crack ing and wa fer bow ing could all be elim i nated by 
a novel mask-less de po si tion pro cess wherein high-qual ity
Ge tow ers are epitaxially grown by LEPECVD tech nique
on mi cron size struc tures with high as pect ra tios ma chined
into a clean, patterned Si-wafer [1,2].

In this work we pres ent X-ray diffraction struc tural
study of var i ous types of Ge crys tals epitaxially grown in
shape of elon gated pil lars on prepatterned Si sub strates

(Fig. 1). The Ge crys tals height ranged from 1 to 8 mm and
dif fer ent pat terns were ex plored. The typ i cal area of pil lars

was ~ 2 ´ 2 mm2 sep a rated by 1 mm wide trenches.

The aim of the struc tural in ves ti ga tion of the Ge pil lars
was to de ter mine crys tal lat tice tilt and strain as from whole 
pil lars as lo cally within the pil lar. Thus XRD mea sure -
ments in coplanar ge om e try around the sym met ric (004),
and the asym met ric (115) re flec tions were per formed us ing 
a fo cused beam. The ex per i ment was re al ized at ESRF,
Grenoble, at the ID01 beamline, which is equipped with a
Fres nel zone plate, so that the fi nal beam spot size was ~

500 ´ 300 nm (Fig. 2). Such con di tion al lowed us to map
the dif fracted in ten sity across the in di vid ual pil lars and to
ob tain (x,y) po si tion map of dif fracted in ten sity. Us ing a
2D pixel de tec tor, 3-di men sional re cip ro cal space maps
(RSMs) were con structed for each (x,y) position of the
x-ray beam on the sample (Fig. 3).

The ana ly sis of 3D RSMs re cor ded at 2D sur fa ce mesh
al lowed us to ob ta in the (x,y) map of lat ti ce tilt, strain and
re la xati on wi thin Ge pil lars. The re sults show that the crys -
tal pla nes clo se to Ge/Si in ter fa ce are bent due to elas tic re -
la xati on of ther mal strain which de ve lops du ring co o ling
from the growth tem pe ra tu re. By scan ning diffracti on tech -
nique we were able to distin guish be tween lat ti ce ben ding
and tilts of the who le crys tals. The lat ti ce ben ding was in
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Fig ure 1. SEM im age of epitaxial grown Ge crys tals on etched 8

mm Si pil lars shows 1.2 mm high crys tals hav ing pil lar pe riod

3 mm and 1 mm large trench.

Fig ure 2. Ex per i men tal setup of scan ning nanodiffraction ex per -
i ment.



very good agre e ment with the fi ni te ele ment cal cu lati ons
[3,4]. 
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CYLINDRICAL IMAGE PLATE DIFFRACTOMETER – ORIENTING AND INDEXING
OF LARGE COMPACT SAMPLES IN REFLECTION MODE

Z. Matìj, J. Šmilauerová, J. Pospíšil, T. Brunátová, P. Harcuba, V. Holý, R. Kužel

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague,
Ke Karlovu 5, 121 16 Praha 2, Czech Re pub lic

matej@karlov.mff.cuni.cz

In tro ducti on

Rigaku RAPID II in stalled in the X-ray lab at MFF UK [1]
is a ver sa tile diffractometer pro pos ing di verse op tions for
ma te rial anal y sis by X-rays. It is equipped with a three-axis 
goniometer and a large curved im age plate (IP) de tec tor.
The in stru ment can be rou tinely uti lised for sin gle crys tal
struc ture so lu tion as well as for pow der dif frac tion. Re sid -
ual stress or tex ture stud ies were also re ported [2]. The aim
of this con tri bu tion is a dis cus sion of pos si bil i ties and lim i -
ta tions of this in stru ment, which is not as com mon as the
Bragg-Brentano or par al lel beam diffractometers. Its
unique ad van tage, that large parts of the re cip ro cal space
are ex plored si mul ta neously, is il lus trated on an ex am ple
ap pli ca tion of the anal y sis of (co her ent) in clu sion
nanoparticles in Ti-al loys.

Diffrac to me ter, lar ge sam ples and re flecti on ge o -
me t ry

The diffractometer is de picted in Fig. 1. Its stan dard ap pli -

ca tions in clude anal y sis of small (~ 0.01-1 mm) sin gle
crys tal sam ples or pow ders filled in glass/capton cap il lar -
ies. These ex per i ments can be done di rectly in trans mis sion 
ge om e try and the ad van tage of the large cy lin dri cal IP de -

tec tor to cap ture a wide range (~ 200°) of scat ter ing an gles

is fully uti lised. Con trary, for large (~ 10 mm) com pact
sam ples of a “coin” size and thick ness, which are of main

in ter est here, the re flec tion ge om e try is the only rea son able
op tion. A typ i cal ex per i ment is de picted in Fig. 2. The sam -
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Fig ure 1. Rigaku R-Axis Rapid II diffractometer with im age
plate sys tem.

Fig ure 3. Ex am ple of 3D re cip ro cal space map re corded in the
mid dle of the 3.1 um pil lar show ing de tailed cut through Ge dif -
frac tion peak. 



ple sur face is roughly aligned to be per pen dic u lar to the
(phi) spin axis. Other two goniometer axes (omega, psi) are 
set to gen eral fixed po si tions. A quick (20-30 min) “sur -
vey” ex per i ment can be done with sam ple (phi) spin ning or
a se ries of pic tures can be ac quired with crys tal os cil lat ing
in small (phi) in ter vals dur ing an “over night” ex per i ment.

Re fe ren ce sam ples 

In or der to un der stand the dif frac tion ge om e try in de tail
and test the ac cu racy of the ex per i ment the NIST stan dard

Si pow der sam ple and a high qual ity de fect free Si wa fer
were mea sured un der con di tions de scribed above. The
anal y sis of the Debye rings from the pow der sam ple is il -
lus trated in Fig. 3. In the first step dif fracted in ten sity at

sev eral (b) po si tions on the rings was fit ted with Cu-Ka

dou blet pro files. The re fined ex per i men tal 2q po si tions
were then com pared with that cal cu lated for the nom i nal
lat tice pa ram e ter and in clud ing zero-beam and sam ple dis -
place ment [3] cor rec tions. This dif fer ence was smaller than 
~ 0.05° on all the Debye rings. If in ad di tion the lat tice pa -
ram e ter was re fined, the dis crep ancy from the nom i nal
value was about ±0.001 C. For sin gle crys tal data the ac cu -
racy reached was slightly worth. About 15-40 dif frac tion

max ima were ana lysed. The dif fer ences in 2q po si tions

were prac ti cally same ~ ±0.05° and the (b) po si tions on the
rings were pre dicted with ~ 0.1° er ror. Un for tu nately the
dis crep ancy in the lat tice pa ram e ter was ±0.003C for the
sin gle crys tal ex per i ments.

Ori en ting and in dexing of sin g le crys tals of LCB
Ti-al loy

In dex ing of LCB beta-Ti al loy [4] is a chal leng ing prob -
lem. The sin gle crys tals con sist of a metastable bcc beta-Ti
ma trix and of a large frac tion of (co her ent) in clu sion
nanoparticles of hex ag o nal-Ti. The sam ples were ana lysed
also by pole fig ures (PF) mea sure ments and re cip ro cal
space map ping in [5]. 

A pre lim i nary anal y sis of the quick “sur vey” ex per i -
ment us ing the Rigaku 2DP soft ware is de picted in Fig. 4.
Dif frac tion max ima from two dif fer ent crys tal sys tems
(bcc beta-Ti ma trix and in clu sion of hex ag o nal omega-Ti
phase) are sim ply iden ti fied. A large part of the re cip ro cal
space is ex am ined in this rapid ex per i ment. This is an ad -
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Fig ure 3. Anal y sis of Debye rings from the NIST stan dard Si pow der sam ple for cal i bra tion of beam and sam ple dis place ment in stru -
men tal cor rec tions. Dif fracted in ten sity in the bot tom right cor ner of the IP is shad owed by the goniometer head.

Fig ure 2. Florescent tar get mounted in the sam ple po si tion. Dur -
ing a typ i cal ex per i ment two goniometer axes are set to fixed po -
si tions (omega = 210°, psi = 55°) and the sam ple is
spin ning/os cil lat ing around the axis (phi) per pen dic u lar to the
sample surface.
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van tage es pe cially if we con sider that e.g. for PF mea sure -
ments the line (2Theta) po si tion must be known a pri ory.
The lon ger “over night” ex per i ments bril liantly sim plify the 
ori en ta tion and in dex ing pro ce dures and en hance sig nal
from weak dif frac tion max ima. An im age from such a mea -
sure ment is de picted in Fig. 5. Fi nally it was in dexed by the

beta-Ti ma trix and four fam i lies of omega-Ti in clu -
sions [5].

Re fe ren ces

1. R. Kužel, Rigaku R-Axis Rapid II at MFF UK:
www.xary.cz/kfkl-osa/eng/rapid/ (Jul 23, 2013).

Fig ure 5. Pos si ble in dex ing of an im age taken in the os cil la tion mode. In ten sity max ima can be in dexed by (bcc) beta-Ti ma trix (blue
cir cles) and by 4 fam i lies (subindexes A, B, C, D) [5] of (hex ag o nal) omega-Ti (cyan crosses). 

Fig ure 4. A pre lim i nary anal y sis of the quick “sur vey” mea sure ment of the LCB beta-Ti al loy sin gle crys tal us ing the Rigaku 2DP
soft ware. Sim u lated green Debye rings are re lated to the (bcc) beta-Ti ma trix phase. Con trary red lines come from the mi nor omega-Ti 
nanoparticles. The lat tices of both phases are co her ent hence some beta-Ti green rings are over lapped with red rings of (hexagonal)
omega-Ti.
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SAXS PORT FO LIO @ RI GA KU 

Pe ter Ober ta 

Rigaku In no va tive Tech nol o gies Eu rope, Novodvorská 994, Praha 4, CZ – 142 21, Czech Re pub lic
 

Rigaku Cor po ra tion is the world larg est X-ray in stru ment
ded i cated com pany. With more the 1400 em ploy ees world -
wide, it is the world lead ing in no va tion com pany spec i fied
on X-ray sci en tific and in dus trial in stru men ta tion. Cov er -
ing a broad range of in stru men ta tion from XRD, XRF,
SAXS, X-ray sources (mi cro sources and ro tat ing an odes)
to small mol e cule in stru men ta tion. 

The SAXS port fo lio from Rigaku con tains XRD in stru -
men ta tion which can be ex tended to SAXS ex per i ments
like the Ul tima IV and the SmartLab sys tem to spe cial ized
SAXS in stru men ta tion like the NanoMax, NanoMax IQ
and the S – MAX 3000. 

In col lab o ra tion with the user com mu nity, Rigaku in -
tro duced sev eral in stru men tal op tions unique in the SAXS
mar ket. The S – Max 3000 is the only SAXS in stru ment of -
fer ing two sam ple cham bers (WAXS and SAXS si mul ta -
neously), an 80 mm sam ple cham ber off set for q – value
ex ten sion (0.00464 C-1 – 4.85 C-1) and a pat ented 2D
Kratky block for beam di ver gence re duc tion and flux ad -
just ment. In com bi na tion with the Rigaku stron gest lab o ra -
tory source (FR-E ro tat ing an ode), de liv er ing al most a
bend ing mag net flux, the user can in ves ti gate all of sam ple
types. 

Ses sion IV-a, Wednesday - afternoon, September 11
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Par ti cle size and microstress es ti ma tion from the pro files of dif frac tion lines

URÈOVÁNÍ VELIKOSTI KRYSTALITÙ A MIKRONAPÌTÍ Z PROFILÙ 
DIFRAKÈNÍCH LINIÍ 

M. Èeròanský

Fyzikální ústav AV ÈR, v. v. i., Na Slovance 2, 182 21 Praha 8, Èeská republika
cernan@fzu.cz

Vìtšina materiálù, zejména strojírenských a stavebních,
má polykrystalickou strukturu. To znamená, že se jedná o
více nebo ménì dokonalé malé krystaly - krystalické
èástice, které tvoøí kompaktní tìleso. Velikost a míra
dokonalosti tìchto èástic má velký vliv na mechanické,
magnetické a jiné fyzikální i technologické vlastnosti
polykrystalických materiálù, které jsou dùležité pro jejich
výrobu a využití.

Velikost krystalických èástic lze urèit z profilu
difrakèních linií, zejména z jejich šíøky. Profil je tím užší,
èím více je difraktujících rovin podobnì, jako ve fyzikální
optice viditelného svìtla je šíøka spektrální linie tím užší,
èím více je vrypù na møížce, resp. èím více vrypù tvoøí
møížku. Pøesnìji øeèeno, z šíøky difrakèních profilù urèu -
jeme velikost oblasti koherentního rozptylu ve smìru

kolmém na difraktující roviny. Obvykle je menší než
velikost zrna urèena metalograficky.

K namìøené šíøce difrakèního profilu pøispívají expe ri -
men tální efekty od nenulových rozmìrù zdroje primárního
záøení a od nenulové hloubky vnikání primárního záøení do 
vzorku, který je rovinný a neleží tedy celý na fokusaèní
kružnici, dále od nenulové axiální di ver gence, od nenulové 
šíøky clony detektoru a od nenulové šíøky spektrálního
intervalu primárního záøení, jakož i od nedokonalého
seøízení difraktometru. Vliv tìchto faktorù popisuje
pøístrojová funkce g, která zkresluje skuteèný fyzikální
profil f, který je zpùsoben jenom velikostí èástic,
mikrodeformacemi a pøípadnì dalšími fyzikálními vlivy.
Mìøený profil h je pak konvolucí profilù g a f. Pøístrojová
funkce g se obvykle zjiš•uje mìøením na vhodném vzorku,
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