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ques tions con cern ing the func tion ing of the bind ing do -
main and the whole endolysin, fur ther work is needed, es -
pe cially the struc ture of the whole mol e cule and the
com plexes with pos si ble lig ands should be solved. 
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Lab o ra tory X-ray pow der dif frac tion is a very ef fec tive and 
non-de struc tive method for di rect phase anal y sis of paint
lay ers usu ally con sist ing of com pli cated mix tures of pig -
ments, bind ers, dyes, fill ers and/or deg ra da tion prod ucts.
While a con ven tional Bragg-Brentano set-up al lows di rect
non-in va sive anal y sis of smaller painted ob jects, e.g. min -
ia ture por traits, a mi cro-dif frac tion mode plays a sub stan -

tial role in the anal y sis of sam ples (usu ally smaller than 1
mm) taken from paint ings. The ap pli ca tion of min er al og i -
cal anal y sis for study of prov e nance and tech nol ogy of late
Gothic/early Re nais sance paint ing ma te ri als as well as ex -
am ples of un cov ered deg ra da tion prod ucts will be pre -
sented. The meth od olog i cal pros and cons will be also
dis cussed.
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We are pro duc ing and study ing Mag netic Nanoparticles
(MNPs) due its ap pli ca tions in biomedicine. The suit able
size have to be com pa ra ble to bi o log i cal en ti ties (cells,
pro teins, and genes), con trol la ble trans port of MNPs in
hu man body (drug de liv ery). The pur pose of our study is
pro duce par ti cles for their abil ity to gen er ate heat when an
AC mag netic field is ap plied (mag netic hyperthermia). In
par tic u lar, mag netic hyperthermia ther apy is based on the
fact that some types of can cer cells are more sen si tive at
tem per a ture 41-45 °C than the healthy cells and that the re -
quired heat can be pro duced by MNPs. Now a days ma jor -
ity in-field in ves ti ga tions are based on in vi tro or in vivo
an i mal model, but also, in the case of iron ox ide based
MNPs, this ap proach is used at the clin i cal level [1]. The
heat ing abil ity of MNPs is de pend ent on mor phol ogy,
microstructural and mag netic prop er ties of MNPs, but also
re lated to the am pli tude and fre quency of an ap plied mag -
netic field. In that sense, dur ing the last years the syn the sis
meth ods have been in ten sively de vel oped in or der to con -
trol par ti cle size dis tri bu tion, sur face ef fects and the de gree
of interparticle in ter ac tions, so that mag netic prop er ties fa -
vour able for par tic u lar ap pli ca tion could be suc cess fully
tai lored. Al though the tons of stud ies was pub lished, there
is huge con fu sion and mis un der stand ing in terms such as

par ti cle, crys tal line and grain size, which in flu enced the
main char ac ter is tic – the mag netic prop er ties. The con fu -
sion is orig i nated by very wrong un der stand ing of an a lyt i -
cal method which are ap plied. For our pur pose of mag netic
hyperthermia, we are look ing for mag ne tite Fe3O4 and

maghemite g-Fe2O3. 
The stan dard method of de ter mi na tion of phase com po -

si tion by X-ray pow der dif frac tion (XRD) is not very help -
ful (see Fig. 1) in our case it pro duced re sults on the range

Fig ure 1. X-ray pat tern of tiny par ti cles.
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in be tween nano/amor phous which could be in ter preted in
any way or it could not be in ter preted at all.

As well as the chem i cal com po si tion ob tain by EDS do
not lead us to the cor rect re sults be cause the pres ence of S
was over looked in the sam ples R1 a R2. Even tu ally, the
real struc ture and the chem i cal bound was de ter mined by
X-ray photoemission and Mössbauer spec tros copy which
show as the pres ence of S and omit the ex is tence Fe2+ type
of bound for all sam ples. The mea sure ment of mag netic
prop er ties by PPMS was much more help ful. It dis tin guish
Neél tem per a tures and Morine tran si tion of he ma tite (R3
and R4) at 940K and at 250K and the same tem per a tures
when maghemite trans form to he ma tite (R1 and R2) [2,3]. 

This more ad vanced tech nique helps us to de ter mine
the phase com po si tion as maghemite and he ma tite in stead
of mag ne tite and maghemite, we are ex pect ing.
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Zaèátkem letošního roku byl ve Fyzikálním ústavu uveden
do provozu rentgenový tomograf ZEISS Xradia 610 Versa, 
viz obr. 1. V pøíspìvku bych se rád vìnoval mým prvním
zkušenostem nejenom s tímto tomografem, ale i z tomo -
grafií obecnì. 

Princip mìøení je na tomto tomografu založen na
kombinaci nìkolika stovek až tisícù snímkù s rùznou
orientací vzorku kolem vertikální osy. Jako zdroj záøení je
zde použita wolframová anoda s volbou urychlovacího
napìtí od 30 do 160 kV. Èím je vìtší napìtí tím má
spektrum vlnových délek vìtší èást v tvrdší èásti spektra, a
tedy dochází obecnì k menší absorpci záøení ve vzorku.
Pro modifikaci spektra je možné použít i sadu absorpèních
filtrù které se umís•ují na zdroj záøení. Pro pøedstavu lze
øíci, že napø. hoøèíkové vzorky lze mìøit až o tlouš•ce
nìkolika málo centimetrù, zatímco u vysokoentropických

slitin obsahující tìžší kovy narážíme na problémy u vzorkù
o tlouš•ce nìkolika málo milimetrù. Náš tomograf je
vybaven objektivy se zvìtšením 4x a 20x a v ideálním
pøípadì dosahuje rozlišení až 200 nm na voxel. 
Dosažitelné rozlišení je dáno také velkostí a tvarem vzorku

Obrázek. 1. Vnitøek tomografu Xradia 610 Versa.

Obrázek 2. Øez vnitøní strukturou vlašského oøechu.

Obrázek 3. Držáèek vzorku a vzorek vysokoentropické slitiny o
rozmìrech 5x5x3 mm.
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(vzdálenosti mezi studovanou oblastí na vzorku a zdrojem
záøení) a jeho absorpèními vlastnostmi, protože s vìtším
zvìtšením objektivu se na detektoru používá tenèí detekèní 
vrstva a tvrdší složky záøení se hùøe detekují. 

Z principu metody je zøejmé že velmi dobøe
pozorovatelné jsou póry, èi kontrast mezi vzduchem a
materiálem. Jako ilustrativní pøíklad zde uvádím øez
strukturou vlašského oøechu, obr.2. Zajímavìjší je již
pohled na mikrostrukturu vzorku obsahujícím fáze
s menším absorpèním kontrastem, viz. napø. dendritická
mikrostruktura v lité vysokoentropické slitinì na obr 4.

Praktické zkušenosti ukazují, že pokud umístíme
vzorek velkými plochami rovnobìžnì èi kolmo na osu
otáèení dochází k nežádoucím artefaktùm ve výsledném
3D obraze. Je proto vhodné umístit vzorek pod úhlem. Jako 
dobrý nástroj se ukázala 3D tiskárna, na které si celkem
snadno mùžete vytvoøit držáèek na míru, viz obr 3. Další
výhodou umístìní bìžného vzorku ve tvaru kvádru tak aby
byl špièkou nahoru a v ose otáèení je ten, že mùžete
studovat silnì absorbují vzorky bez nutnosti jejich øezání.
Což je v duchu rtg tomografie jako nedestruktivní metody,

která nám umožòuje nahlédnout do vnitøní struktury
materiálu. 
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The ap pli ca tion po ten tial of zir co nium and ti ta nium al loys
can be seen in au to mo bile, air craft in dus try and in med i cine 
as well. Thus, they are in ten sively stud ied mainly for their
me chan i cal prop er ties such as cor ro sion re sis tance,
biocompatibility and spe cific strength. The me chan i cal
prop er ties are strongly in flu enced by the microstructure
and phase com po si tion of these al loys. Both pure zir co -
nium and ti ta nium can ex ist in two dis tinct crys tal struc -
tures - al pha and beta phase. The beta phase is sta ble only at 
high tem per a tures above 700 °C (so-called beta-transus
tem per a ture), how ever the sta bil ity and co ex is tence of
phases are strongly in flu enced by add ing beta-sta bi liz ing
el e ments (sta bi lizes the beta phase) to the al loy, such as Mo 
or Nb. A higher con tent of the beta-sta bi liz ers re sults in sta -
ble beta phase even at room tem per a ture. The beta phase
has a cu bic body-cen tred unit cell. The al pha phase has a
slightly dis torted hex ag o nal close packed (hcp) struc ture
where the most densely packed planes {110} of beta be -
come the basal planes {0001} of al pha. In al loys with
higher amount of the beta-sta bi liz ing el e ments (~ 10-15
wt.%) a so-called omega phase may form. The omega
phase has a hex ag o nal struc ture which is a re sult of a col -

lapse of two-thirds of the {111} beta lay ers into one layer.
The omega phase causes a brit tle ness of the ma te rial – its
pres ence is un de sir able. How ever, it forms in the al loys via
martensitic trans for ma tion upon quench ing from tem per a -
tures above beta-transus tem per a ture and dis ap pears upon
heat ing to higher tem per a tures ~ 500 °C. There fore, a com -
plete un der stand ing of phase trans for ma tions oc cur ring
upon heat ing in the al loys is nec es sary in or der to choose an 
ap pro pri ate thermomechanical treat ment to achieve the de -
sired me chan i cal prop er ties of the ma te ri als.

The pre sented study is fo cused on the in ves ti ga tion of
phase con tent and sta bil ity in Zr12Nb, Zr15Nb and
Ti15Mo al loys in tem per a ture in ter val 30 – 800 °C. The
high en ergy X-ray dif frac tion mea sure ments were per -
formed on polycrystalline bulk sam ples. In all three al loys
the for ma tion of the omega phase is ob serv able which com -
pletely dis ap pears above 500 °C and is fol lowed by the for -
ma tion of al pha phase. Al though the se quence of the
for ma tion of phases is the same in both type of al loys, the
mech a nism and way of the for ma tion of the omega phase is
dif fer ent.

Obrázek 4. Øez špièkou vzorku z obr. 3. Velikost pixelu cca 1.5 

mm.
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Plasma sprayed coat ings are ma te ri als with his tory of ex -
treme ther mal con di tions. Very fine ce ramic pow der par ti -
cles are car ried by gas into high enthalpy plasma stream
gen er ated by plasma torch and mol ten drop lets are pro -
jected onto cooled sub strate. So lid i fied splats of added ma -
te rial are be ing lay ered and be come a heat-sink for next
in com ing over heated liq uid drop lets. There fore, in ter est ing 
chem i cal com pounds may be formed on the in ter face be -
tween splats de spite high cool ing rate. More over, re cent
ad vances in plasma tech nol ogy en able in jec tion of sec ond -
ary ma te rial into the plasma torch by feed ing of liq uid sus -
pen sion or so lu tion. Us ing eth a nol or wa ter car ri ers
in flu ences al ready harsh con di tions and new pa ram e ters of
free dom for tai lor ing of coat ings are avail able. Re cently,
we uti lized hy brid plasma spray ing pro cess by si mul ta -
neously feed ing the plasma stream with both pow der and
liq uid feedstocks [1]. Very fine splats formed from liq uid
pre cur sors may act as a co he sion im prov ing agent for better 
du ra bil ity of coat ings. 

Fig ure 1 shows an ex am ple of hy brid coat ing sprayed
from Al2O3 pow der and a wa ter based TiO2 sus pen sion. At
the in ter face of splats be tween alu mina and ti ta nia, the
newly formed Al2TiO5 phase was iden ti fied. How ever,
only on the up per in ter faces where the large alu mina drop -
let in ter acted with al ready de pos ited min ia ture TiO2 and
the interdiffusion hap pened. Fig ure 2 shows the X-ray
diffractogram of such coat ing. Ma jor part of peaks in ten -

sity is in metastable phases d and g-Al2O3 whose de fected
spinel struc ture is still not well de scrib able by Rietveld re -
fine ment fit ting. There fore, com bi na tion of stan dards of
pow der de pos ited coat ings with XRF method is necessary
to achieve accurate phase ra tios

1. R. Musalek, T. Tesar, J. Dudik, J. Medricky, J. Cech, F.
Lukac, J Therm Spray Tech (2022).

Au thors would like to ac knowl edge the fi nan cial sup port
from the Grant Agency of Czech Re pub lic by pro ject
22-21478S.

Ó Krystalografická spoleènost

110 Struktura 2022 -  Lec tures Ma te ri als Struc ture, vol. 28, no. 2 (2022)

Fig ure 1. Mi cro graphs of plasma sprayed coat ing of Al2O3 fed
as a pow der (dark) and TiO2 fed as a liq uid sus pen sion (white).
In ter face be tween splats shows formed Al2TiO5 phase formed
dur ing cool ing process.
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Ni2MnGa is a broadly stud ied sys tem be cause of its prop er -
ties re lated to the mag netic shape mem ory. The com pounds 
based on Ni-Mn-Ga sys tem have also an in ter est ing ap pli -
ca tion po ten tial as the micropumps or the sen sors [1, 2].
Their shape mem ory prop er ties are con nected to the
martensitic trans for ma tion, dur ing which the high-tem per -
a ture cu bic phase (aus ten ite) un der goes a trans for ma tion to 
the low-tem per a ture phase with a lower sym me try
(martensite) [3]. Be cause of a large mag netic ani so tropy
and a high mo bil ity of the in ter nal re gions (so called twin
vari ants/twinned do mains) 
in duced re ori en ta tion could be achieved - it is more en er -
get i cally pref er a ble to re ori ent the whole unit cell than to
ro tate mag netic mo ments. A sim i lar struc tural re ori en ta tion 
could be achieved by the ap pli ca tion of an ex ter nal me -

chan i cal force in ten sion or com pres sion.
The high-res o lu tion re cip ro cal space map ping with

X-ray dif frac tion proved it self as a good tool to study the
struc ture in Ni2MnGa spec i mens [3, 4], which could con -
tain sev eral twin vari ants due to the shape mem ory ef fects.
The re cip ro cal space map ping helps to dis tin guish be tween 
the Bragg re flec tions cor re spond ing to in di vid ual twins.
More over, re cip ro cal space map ping al lows the pre cise
study of the lat tice pa ram e ters and a pos si ble mod u la tion in 
the struc ture. Our goal was to study the struc ture dur ing the
re ori en ta tion by X-ray dif frac tion in-situ in the ap plied ten -

sion.
For this pur pose, we mounted the ten sile stage (pos si ble 

load up to 4 kN) in side the diffractometer. The stud ied
spec i men was Ni50Mn28Ga22 with martensitic struc ture at
the room tem per a ture. The dif frac tion mea sure ments re -
vealed the strain in the di rec tion of ap plied ten sion about

ap prox i mately 3 % at 20 MPa lead ing to an ex cep tion ally
small Young modulus be low 1 GPa. The struc tural mod u -
la tion prop a gated along [1 1 0] is af fected de pend ing on the 
di rec tion of ap plied ten sion. The mod u la tion am pli tude de -
creases when the ap plied ten sion is par al lel to the basal
plane (0 0 1). When the ten sion is ap plied per pen dic u larly
to (0 0 1), the am pli tude re mains al most con stant. The
length of mod u la tion vec tor re mains the same within the
range of errorbars re gard less on the ten sion di rec tion. The
re sults also dif fer in de pend ence on the way how the sam -
ple is hold in side the stage. Hold ing di rectly with clamps
al lows al most full struc tural re ori en ta tion at ap prox i mately
10 MPa, but the sam ple cracks when the twin bound ary
reached the place on the sam ple hold by the clamps. Hold -
ing by a glue pre vented the re ori en ta tion and the full re ori -

en ta tion did not oc cur up to 20 MPa.
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Fig ure 2. Mi cro graphs of plasma sprayed coat ing of Al2O3 fed as a pow der (dark) and TiO2 fed as a liq uid sus pen sion (wihte). In ter face
be tween splats shows formed Al2TiO5 phase formed dur ing cool ing process.


