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VLIV URYCHLOVACÍHO NAPÌTÍ NA RTG LAMPÌ NA KVALITU DIFRAKÈNÍHO
ZÁZNAMU

Petr Nakládal

Pøírodovìdecká fakulta, Univerzita Karlova, Praha

Rentgenové lampy používané v rámci strukturních a
mineralogických analýz lze provozovat v širokém spektru
jejích volt – ampérové charakteristiky. Nejèastìjší

nastavení provozních parametrù bývá napìtí 40kV a proud
30 mA. Pøednáška bude prezentovat, jak mohou být
nìkteré z nastavení pracovního bodu RTG lampy ošidné. 
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X-ray dif frac tion (XRD) is one of the most ef fec tive and
ac ces si ble meth ods for study ing the struc ture of func tional
semi con duc tor ma te ri als, es pe cially when de fects and in -
ter nal dis tor tions play an im por tant role. Its ca pa bil i ties
were il lus trated for Zn1-xMnxTe thin films with 5 pct. Mn
con tent, where the ad di tion of al loy ing el e ment in tro duces
struc tural dis or der. High-res o lu tion XRD data were an a -
lyzed us ing a mod i fied Wil liam son–Hall (W–H) ap proach,
which makes it pos si ble to dis tin guish be tween the ef fects
of crys tal lite size and lat tice strain while also con sid er ing
di rec tional (anisotropic) broad en ing caused by de fects.
The re sults show that peak broad en ing is mainly gov erned
by strain (microstrain ~10-3), while the crys tal lite size re -
mains rel a tively large (>100 nm). The anal y sis also re veals
dis lo ca tion den si ties on the or der of ~1014–1015 m-2, in -
creas ing with Mn con tent, in di cat ing a higher level of
struc tural de fects. The films ex hibit a pre ferred (111) ori -

en ta tion, and pole fig ures con firms par tial strain re lax ation
and slight crys tal misorientation (tilt of a few tenths of a de -
gree). When com bined with com ple men tary tech niques
such as SEM and HRTEM, XRD method en ables a more
com plete and con sis tent un der stand ing of struc tural prop -
er ties across dif fer ent length scales. This makes it a key
tool for un der stand ing how ma te rial struc ture in flu ences
the per for mance of func tional thin films in ap pli ca tions
such as optoelectronics and spintronics.

The work has been sup ported by the Span ish Generalitat
Valenciana (Pro jects Nos. ISIC/2012/008 and PrometeoII/ 
2015-004) and Span ish MINECO (Pro ject No. TEC2014-
53727-C2-1-R). Au thors ac knowl edge the SCSIE (Uni ver -
sity of Va len cia) for pro vid ing ac cess to ad vanced char ac -
ter iza tion fa cil i ties.

Fig ure 1. (a) X-ray Dif frac tion pat terns of Zn1-xMnxTe films with a nom i nal Mn con tent of 5%, de pos ited on glass sub strates by
close-space vac uum sub li ma tion (CSVS) at dif fer ent sub strate tem per a tures; (b) mod i fied Wil liam son–Hall plot of the Zn1-xMnxTe film 
grown at 650 °C.
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BENTONITE RESEARCH FOR CZECH DEEP GEOLOGICAL REPOSITORY OF
NUCLEAR WASTE: WHAT DOES XRD TELL US?
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Ben ton ite is an ab sorb ing swell ing clay ma te rial con sist ing
mainly of min er als from a smectite group. Smectites are ex -
pand able alu minium phyllosilicate min er als, with very
small crys tal lites and large sur face area. This prop erty
makes them ex cel lent ad sor bent. There fore, bentonites are
con sid ered to be the most suit able ma te ri als for the
multibarrier sys tem of a deep geo log i cal re pos i tory (DGR)
of high-level ra dio ac tive waste. Most con cepts of DGR
con sider tem per a tures up to 100 °C. An in crease in tem per -
a ture could led to cost sav ings due to in creas ing dis posal
ca pac ity. The rel e vant min er al og i cal re search on ben ton ite
ma te rial at 200°C has been per formed to clar ify to min er al -
og i cal and geo chem i cal changes that oc cur dur ing heat ing.
Pel let ized ben ton ite ex tracted from Èerný vrch de posit
(BCV) and pro cessed at Keramost Ltd. Obrnice Plant
(Most, Czech Re pub lic) was used as a tested ma te rial. The
BCV ma te rial rep re sents Czech Mg-Ca ben ton ite and con -
sists of mainly of mont mo ril lo nite, mi nor ity of kaolinite,
quartz, illite, Mg-cal cite, goethite and traces of other car -
bon ates in clud ing sid er ite and an ker ite.

The con ducted re search con sists of two parts. The first
part in ves ti gates the ef fect of long-term ther mal load ing up
to 200 °C on the prop er ties of the ben ton ite bar rier within a
mock-up in-situ ex per i ment con ducted in the Josef Un der -
ground Re search Lab o ra tory (Fig ure 1), Smilovice-

 Chotilsko, ÈR.  The re sults pro vide in sight into the changes 
oc cur ring in the ben ton ite as a func tion of the dis tance from 
the heater and con trib ute to the as sess ment of the sta bil ity
of Ca–Mg type ben ton ite un der el e vated tem per a ture con -
di tions in the ini tial pe riod of the life time of the DGR. The
sec ond part pres ents a com ple men tary lab o ra tory
programme and sum ma rizes the re sults of the study of
BCV ben ton ite sub jected to ther mal load ing at 200 °C un -
der dry con di tions. These lab o ra tory ex per i ments sim u late
a worst-case ther mal sce nario (200 °C), as so ci ated with in -
ten sive dry ing of the ben ton ite in the vi cin ity of the dis -
posal can is ter shortly af ter its em place ment in a deep
geo log i cal re pos i tory for high-level ra dio ac tive waste.

Pow der X-ray dif frac tion was ap plied for mon i tor ing
the min er al og i cal com po si tion of stud ied ben ton ite. XRD
was also used in de ter mi na tion of the layer charge of
smectite. Per ma nent layer charge is an im por tant in trin sic
prop erty of smectites which stems in gen eral from cat ion
sub sti tu tions in the oc ta he dral and/or tet ra he dral sheet or
from va can cies in the oc ta he dral sheet. The pro ce dure in -
volv ing Cu-triethylenetetramine com plex (Cu-Trien) ex -
change fol lowed by eth yl ene gly col (EG) sol va tion,
reg is tered via XRD was used pri mar ily for dis tin guish ing
the layer charge. The lab o ra tory ex per i ments con firmed a
decrease in cat ion ex change ca pac ity and a re duc tion in the

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 32,  no. 2 (2026)       131

Fig ure 1. (a) Ben ton ite bar rier within a mock-up in-situ ex per i ment con ducted in the Josef Un der ground Re search Lab o ra tory dur ing
dis man tling of the ex per i ment. The heat ing hous ing tube is vis i ble in the cen tre. (b) Sam pling of ben ton ite sam ples for min er al og i cal
anal y sis with the dismantling procedure.
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av er age layer charge of smectite as a re sult of Mg2+ fix a tion
[2]. Sub se quent rehydration tests dem on strated only par tial 
re vers ibil ity of these changes. Min er al og i cal and geo chem -
i cal anal y ses of sam ples col lected dur ing the dis man tling of 
the ex per i ment dem on strated that the ther mal im pact on the 

ben ton ite is spa tially lim ited to a nar row zone in the im me -
di ate vi cin ity of the heater.

1. M. Koubová, P. Vorm, J. Lang, O. Petrov, Appl. Clay Sci.,
232, (2023), 106788.
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Clay Sci., 270, (2025), 107773.
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Crys tal lo graphic tech niques are pow er ful tools for de ter -
min ing the struc ture and spa tial ar range ment of at oms and
mol e cules in crys tal line ma te ri als. How ever, not all mol e -
cules form well-or dered crys tals. In cases where high pre -
ci sion meth ods such as X-ray or elec tron dif frac tion do not
pro vide suf fi cient struc tural de tail, force field based mo lec -
u lar dy namic sim u la tions can of fer valu able in sights into
the po si tions and be hav ior of in di vid ual mol e cules within
Metal-Or ganic Frame works (MOF) .

Ap ply ing mo lec u lar dy nam ics to MOF struc tures con -
tain ing bo ron-18 clus ters and cyc lo hex ane mol e cules can
sig nif i cantly ac cel er ate the pro cess of crys tal struc ture de -
ter mi na tion. This ap proach al lows for a more de tailed un -
der stand ing of an chor ing sites and intermolecular
in ter ac tions within the frame works.   

The first phase of cal cu la tions fo cuses on the prep a ra -
tion of MOFs and their de tailed char ac ter iza tion, par tic u -
larly in terms of crystallinity and num ber of de fects
(ex pressed as the ligand-to-metal ra tio). The study be gins
with the well-es tab lished prototypical Fujita MOF

[(ZnI2)3(tpt)2],[1] where tpt de notes 2,4,6-tris(4-pyridyl)- 
1,3,5- triazine. This MOF serves as a host struc ture for the
ad sorp tion of non-po lar mol e cules such as cyc lo hex ane
and bo ron clus ters.

Us ing this model sys tem with sta ble bo ron 18 cages, we 
will in ves ti gate the po ten tial and lim i ta tions of com bin ing
mo lec u lar dy nam ics sim u la tions with sin gle crys tal X-ray
dif frac tion to im prove the pre ci sion of struc tural de ter mi -
na tion.

1. Y. Inokuma, et al. Na ture, 495, (2013), 461-466.
doi.org/10.1038/nature11990

This study was sup ported by the Grant Agency of the Czech 
Re pub lic No. 25-16442S.

Fig ure 1. Z-view of MOF struc ture with bo ron (B18) cages and cyc lo hex ane mol e cules
from quench mo lec u lar dy nam ics in NVT en sem ble, T = 298 K, timestep 1 fs, Nose
thermostat.
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Red-fig ure is one of the main types of pot tery dec o ra tion
used by an cient Greeks in tro duced in an cient Ath ens
around 530 BCE. In this tech nique, the back ground is
painted black while the fig ures and other de picted ob jects
or or na ments use the nat u ral coloure of the clay. The dis -
tinc tive col our of the black gloss was achieved through the
pres ence of mag ne tite (Fe3O4), while the lus trous ap pear -
ance re sulted from a par tially vit ri fied clay-based ma trix.
The black slip stands in sharp con trast to the light clay
body, whose col our ranges from yel low to red de pend ing
on the iron con tent in the form of he ma tite (Fe2O3). The
high est qual ity pot tery was pro duced in Ath ens, where the
lo cal clay is nat u rally rich in iron, re sult ing in a deep black
slip and an in tense red clay body. In the 5th cen tury BCE,
red-fig ure pot tery was ex ported to other parts of the Greek
world, such as south ern It aly where lo cal pro duc tion cen -
tres arose. The trans mis sion of both the red-fig ure and
black gloss tech niques still raises many ques tions re gard -
ing the or i gin and train ing of the first ar ti sans, their ad ap ta -
tion to lo cal re sources, and the in ter ac tion be tween newly
in tro duced and In dig e nous tech niques. [1] 

To un der stand paint ing tech nique and iden tify pos si ble
di ver gence from the orig i nal At tic pro duc tion, eleven
red-fig ure ob jects from the col lec tion of the Fac ulty of
Arts, Charles Uni ver sity in Prague, dated to the sec ond half 
of the 4th cen tury and pro duced in Apulian, Campanian and
Lucanian work shops, were stud ied non-invasively us ing
hand-held X-ray flu o res cence (XRF), X-ray pow der dif -
frac tion (XRPD), in fra red (FTIR) and Raman spec tros copy 
and op ti cal mi cros copy (OM) (Fig. 1, 2). In ad di tion, scan -
ning elec tron mi cros copy with en ergy dispersive spec tros -
copy (SEM/EDS) and small an gle neu tron scat ter ing
(SANS) were used for in ves ti ga tion of frag men tary pieces. 

The com pre hen sive study of these an cient vases dem -
on strates that the black gloss tech nol ogy di verges in cer tain 
as pects from the tra di tional pro ce dures used in main land
Greece. The most strik ing dif fer ences were the pres ence of
low-tem per a ture phases, such as clay min er als, gyp sum,
and cal cium oxa lates in the form of whewellite or
weddellite. Oxa lates and gyp sum in the black gloss and
clay body were in ter preted as sec ond ary (deg ra da tion)
prod ucts re sult ing from mi cro bial ac tiv ity and sul -
phate-rich en vi ron ment usual for fu neral sites near gyp -
sum-bear ing rock for ma tions. On the other hand, the clay
min er als, part of the orig i nal ma te rial, are pres ent in dif fer -

ent forms: in the black gloss in a dehydroxylated state, and
the clay body with struc tur ally bound hydroxyl groups.
This find ing im plies that the clay body was fired un der
milder con di tions than the black gloss, or that the fir ing du -
ra tion was too short to fully heat the thick clay body,
resulting in the retention of the clay minerals in this form.

An other strik ing dif fer ence is the ab sence of mag ne tite
in the black gloss of some vases, where it is re placed ei ther
by hercynite or other spinel phases (typ i cally found along -
side mag ne tite), or by car bon black. The pres ence of spinel
phases gen er ally con trasts with the mild fir ing tem per a -
tures in di cated by the pres ence of clay min er als. This sug -
gests a new tech nique for pro duc ing spinel-based black
slip, in which the spinel phases were pre pared in ad vance
and mixed with a clay-based filler ma te rial. This slip was
ap plied to the vase, and the en tire piece was fired un der
mild con di tions. The fir ing pro cess may also have been sig -
nif i cantly shorter. This new tech nique in di cates a ten dency
to ward more eco nom i cal pro duc tion of red-fig ure pot tery.
The sep a rately man u fac tured spinel-based ma te rial (or
even its com plete sub sti tu tion by car bon black) could be
pro duced in larger quan ti ties and ex tended with filler ma te -
rial. Fir ing the en tire painted piece quickly, low-tem per a -
ture would also have been in ex pen sive com pared to the
tra di tional three-phase fir ing cy cle. [2]

1. A. D. Trendall, Red Fig ure Vases of South It aly and Sic ily:

Hand book, Lon don. 1989, pp. 288.

Fig ure 1. The XRPD anal y sis of Plate 26.3 (4th cen tury BCE,
Apulia, South It aly). Photo P. Bezdièka.
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Fig ure 2. The XRPD pat tern col lected on black gloss of the vase Peliké 27.3 (4th cen tury BCE, Apulia, South It aly). Iden ti fied phases:
Gp – gyp sum (CaSO4·2H2O, PDF 00-033-0311), Hcer – hydrocerussite (Pb3(CO3)2(OH)2, PDF 04-016-7055), Hc – hercynite
(FeIIAl2O4, PDF 00-034-0192), Ilt – Illite (K0.65Al2[Al0.65Si3.35O10](OH)2, PDF 04-016-2975), Kln – kaolinite (Al2Si2O5(OH)8, PDF
1-080-0885), Mag – mag ne tite (FeIIFeIII

2O4, PDF 00-019-0629), Wed – weddellite (Ca(C2O4)·(2.5-x)H2O, PDF 00-017-0541). Photo P.
Bezdièka.


