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Introduction

Neutron and X-ray diffraction is a very powerful tool in
texture analysis of zirconium base alloys used in nuclear
technique [1]. Textures of five samples (labeled as ZZ13,
7714, 7719, 2716 and ZZ17) were investigated by using
pole figures and inverse pole figures.

The pole figure measurement were performed at a 6-0X'-
Pert PRO diffractometer with CrKa radiation. Pole figures
for planes 010 (26 = 48.4°), 002 (26 = 53.1°), 011 (26 =
55.6°) and110 (266= 90.4°) were measured.

The inverse pole figure measurements were performed
at diffractometer KSN-2 at Laboratory of Neutron Diffrac-
tion, Department of Solid State Engineering, Faculty of
Nuclear Sciences and Physical Engineering, CTU in
Prague. The wavelength used was A = 0.1362 nm. The data
were processed using software packages X'Pert Texture,
HEXAL [2] and GSAS [3].

50 mm

80 mm

Figure 1. Shape and dimensions of ZZ samples.

Samples

The texture measurements of five samples (labeled as
7713, 2714, ZZ19, ZZ16 and ZZ17) were performed at
the diffractometer KSN-2 at Laboratory of Neutron
Diffraction, Department of Solid State Engineering, Facul-
ty of Nuclear Sciences and Physical Engineering using the
TG-1 texture goniometer with automatic data collection
[2]. The monochromatic neutrons having wavelength
0.1362 nm were used.

Fig. 1 shows shape and dimensions of samples. Four
samples (ZZ14, 7719, 2716 and ZZ17) were deformed by
uniaxial tension by using mechanical testing system
ISNTRON 5882. Tab. 1 shows parameters of the experi-
ment. Structure of the initial (non-deformed by uniaxial
tension) sample ZZ 13 observed by using light microscope
Zeiss Axio Imager ZM1 and back-reflection X-ray diffrac-
tion patterns are in Fig. 2.

Table 1. Parameters of uniaxial tension experiment.

Sample € [%] o [MPa]
7714 6 121
7719 10 124
7716 15 134
7717 20 146
2713

Figure 2. Structure of initial sample ZZ13 observed by light microscope Zeiss Axio Imager ZM1 (left). Back-reflection X-ray diffrac-

tion pattern (right).
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Figure 3. Pole figures of zirconium samples ZZ 14,7719, 2716 and ZZ17. System of coordinates is represented by ND, RD, and TD.

Table 2. Calculated inverse pole figures of ZZ samples.

Sample 7713 7714 7719 7716 7717
p002, TD 1.3 1.9 1.8 2.1 23
p002, ND 2.8 2.7 2.6 2.8 3.1
p002, RD 0.1 0.1 0.1 0 0
p100, TD 1.0 0.7 0.5 0.6 0.5
p100, ND 0.4 0.5 0.4 0.5 0.4
p100, RD 2.6 32 43 3.8 4.0
pl110, TD 0.8 0.8 0.7 0.7 0.9
p110, ND 0.21 0.3 0.2 0.4 0.4
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Inverse pole figures

The intensity ratios pyi q Were calculated by Mueller formula
for (100), (002), (101), (102), (110), (103), (112) and (201)
reflections for directions = TD, ND, RD. In Tab. 2 are cal-
culated pole densities for planes (100), (002) and (110).

Pole figures
Pole figures are shown in Fig.3.

Discussion and Conclusions

Our results can be summarized as follows:

+ Samples prefer orientation of planes (100) and (110) per-
pendicular to rolling direction.

» The position of the basal poles is tilted by 30° from the
normal direction (ND) toward the transverse direction
(TD).

S7

« Samples prefer orientation of planes (102) and (103)
perpendicular to normal direction
+ Level of resulting texture increases with deformation.
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Urceni stavu zbytkové napjatosti v pevnych latkach
rentgenovou difrakei predstavuje pfikladné vyuziti
fyzikalniho inzZenyrstvi, tedy aplikaci fyzikalnich metod na
feSeni inzenyrské problematiky. VétSina doposud v praxi
vyuzivanych metod difrakénich méfent a algoritmi vypoctu
zbytkovych napéti predpoklada idealni pfipad izotropniho
polykrystalického materialu, coz neni splnéno v piipad€ ex-
istence krystalografické textury neboli pfednostni orientace.
Vzhledem k relativné castému vyskytu pfednostni orientace
nejen v kovovych materidlech je vice nez zadouci mit k
dispozici metodu, postup a ptipadné tézZ vypocetni program
pro korektni ur¢eni zbytkovych napéti.

Na zaklad¢é zobecnéné napéeové rovnice byl v Matlabu
vytvofen program stress.m, jez vyuZziva k vypoctu stavu
zbytkové napjatosti metodu fteSeni Winholtze-Cohena.
Dulezitou soucasti této metody je vyuziti metody nejmen-
Sich Ctvercu [1]. Metoda ur€eni anizotropnich elastickych
konstant (X-ray stress factor - XSF) spociva ve vahovych
pramérech rentgenografickych elastickych konstant (X-ray
elastic constant - XEC) a monokrystalickych elastickych
konstant. Vaha se urcuje z PPO (pfimych pdlovych
obrazct), tedy z relativnich intenzit jednotlivych naklont y
arotaci ¢ vzorku. Pro takto zvoleny postup je nutnosti splnit
ur¢itou podminku, pfi jejimz zanedbani chyba vypoctu
rapidné roste. Jedna se o limitni pfipady textury (slaby nebo
z4dny - netexturovany piipad, nebo silny a ostry - silné
texturovany ptipad) [2].

K ovéteni korektnosti vypoctu programu stress.m byl
pouzity tryskany vzorek (material CSN 41 1375), kde se
oCekavala absence prednostni orientace. Vysledny stav
napjatosti tohoto vzorku s predpokladem pfitomnosti textury
by se nemé¢l li§it od stavu s predpokladem zanedbani
pritomnosti textury. Pfi porovnani vyslednych tenzort

napéti Ize fici, e se nelisi, jelikoz program stress.m velmi
slabé texturované vzorky (jako je v tomto piipadé
tryskany) bere jako netexturované. Proto program uréil
nulovy podil texturované slozky v tryskaném vzorku.
Program tedy opravdu v této limit¢ textury pocita
korektné.

K vlastnimu experimentu se vyuzil siln¢ texturovany
vzorek plechu na vyrobu konzerv. Tento vzorek dle
pfimych polovych obrazcli obsahuje silné texturované
roviny {211}. XEC konstanty byly vypoc¢itany na zaklad¢
Eshelby-Kronerova modelu, z databaze XEC  byly
vybrany monokrystalické elastické konstanty o-Fe: Sy,
=7,6 TPa’', 8112, =-2,8 TPa, 512, = 2,15 TPa"'. Hodnota
mezirovinné vzdalenosti nenapjatého materidlu rovin
{211} byla urcena na zaklad¢ nalezeni tzv. beznapé-
ového sméru v,

Pro pozdéjsi porovnani vysledkti byl ovSem napted
uréen tenzor zbytkové napjatosti se zanedbanim
pritomnosti textury (standardni vypocet trojosého stavu
napjatosti metodou Winholtze-Cohena a s pouzitim XEC
konstant vypocitanych z monokrystalickych elastickych
konstant), viz nasledujici tenzor (1).

-124

5
c=| -8 -62 1
1 0 -52 1

3 MPa (1)
2 5

Z tohoto vysledku je patrné, Ze stav napjatosti v
ozafeném objemu vzorku je trojosy s nenulovou
hodnotou tzv. hydrostatického napéti o33.

Po uréeni ptimého pdlového obrazee rovin {211}, viz
obr. 1, jiz byla k dispozici vSechna potiebna vstupni data
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Obr. 1 Pfimy polovy obrazec rovin {271} méfeného vzorku.

pro vypocet tenzoru zbytkové napjatosti se zapocitanim
pritomnosti textury (ureni trojosého stavu napjatosti
metodou Winholtze-Cohena ale s pouzitim XSF konstant),
viz nasledujici tenzor (2).

-163 12
c=| -13 -112 3 8
1 0o -7 3 3 13

MPa (2)

Z tohoto vysledku je patrné, ze v ramci zminénych
aproximaci lze stav napjatosti ve vzorku charakterizovat jako
dvojosy.

S8

Program stress.m dle polové hustoty odhadl podil
texturovaného slozky na 81 %. Tato hodnota je
dostatecné velika na to, aby tento vysledek mohl byt bran
v ramci zminénych aproximaci jako korektni. H. Délle,
viz [2], pracuje s hodnotou 80 %. Navic vypocet prob&hl
v poradku, vérohodnost vypoctu byla rovna 0,84 (kde
maximum je rovno jedné). Z téchto divodu lze tento
vysledny tenzor brat jako korektni v daném limitnim
priblizeni textury

Stav zbytkové napjatosti pro predpoklad zanedbani
textury, viz (1) se lisi od tenzoru s piedpokladem
pritomnosti textury, viz (2). Dtivod je zfejmy; zanedbani
vlivu textury. Konkrétné hodnoty normalovych napéti
G11, O lze v piipadé predpokladu pfitomnosti textury
konstatovat vyznamny rozdil (o 40-50 MPa). Slozka o33
je naopak nizsi, jeji hodnota neni v ramci chyby
statisticky vyznamna. Je patrné, Zze korekce ma v tomto
konkrétnim piipadé mensi vliv na smykové slozky
napéti.

Jako vedlejsi vysledek byla zjisténa zavislost vybéru
linearnich elastickych metod na Millerovych indexech a
materidlech. Pro roviny {211} o-Fe je tento vybér
bezptedmétny, jelikoz se poté dosahuje naprosto
stejnych vysledkti pfi riznych vybérech zminénych
metod. Jina situace by nastala napf. u o-Fe pro roviny
{310}, pro roviny {211} u jinych materialt atd.

1. R.A. Winholtz, J. B. Cohen, Austr. J. Phys., 41, (1988),
189-199.

2. H.Délle, J. Appl. Cryst., 12, (1979), 489-501.
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Uvod

Slitiny Ni-Mn-Ga vykazuji zajimavé fyzikalni jevy, jako je
magnetokaloricky a elastokaloricky jev a tvarova pamée [1].
Bylo objeveno, ze nékteré slitiny typu Ni-Mn-Ga vykazuji
obfi deformaci v magnetickém poli [2]. Tento jev,
fundamentaln¢ odlisny od magnetostrikce, se nazyva jev
magnetické tvarové paméti (Magnetic shape memory
-MSM). Uvazuje se, ze tento jev by bylo mozno vyuzit pfi
konstrukci sensortt ¢i aktuatorti. Proto jsou tyto slitiny v
soucasné dob¢ intensivné studovany.

Pro tyto jevy je nutnou podminkou martensiticky pfechod
[3]. Tuto zménu Ize vyvolat teplotni zménou, tlakem, nebo
dokonce magnetickym polem.

V dalsim textu se budeme zabyvat studiem detailniho
prabéhu strukturnich zmén spojenych s timto piechodem
pii zméné teploty.

Teorie

V Ni,MnGa dochazi pfi martensitickém piechodu ke
zméné z kubické miize na tetragonalni, ktera muze
vykazovat drobnou ortorombickou ¢i monoklinickou
odchylku (y # 90°) [4]. Protoze martensiticky pfechod je
fazovy prechod 1. druhu, je s nim spojeno latentni teplo a
puvodni i nova faze mohou ve vzorku koexistovat
souCasné. Diky geometrické neshodé¢ kubické a
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Obr 1. Vznik g,b-laminatu dvojcaténim. Diagonala tvofi rovinu
dvojcaténi. Sed¢ ptivodni miiz.

tetragonalni miize dochazi ke vzniku smykového napéti ve
vzorku a ten zptisobuje dvojéaténi miize.

Primarné vznikaji dvojcata s orientaci a a ¢, sekundarné
pak vznika jemna struktura zvana a, b-laminat [5]. Rovina
dvojcaténi zde zrcadli mtizku tak, Ze ji otaci okolo osy c,
puvodni smér strany a piejde na b, zatimco smér strany ¢
zustava shodny v ptivodni i ozrcadlené miizi. Viz Obr. 1.
Jednotliva dvojcata tvoii ve vzorku tenké vrstvy, odtud
tedy nazev této faze.

Experiment

Predmétem studia byl monokrystal NisoMn;yGay, (at.
%) od firmy AdaptMat Ltd. Pfi daném slozeni ma
Ni-Mn-Ga za pokojové teploty pseudotetragonalni mfiz s
miizkovymi parametry a ~ 0,59 nm, b ~ 0,59 nm, ¢ ~ 0,56
nm a y ~ 90° Pri vyhtati cca nad 50° C dochazi k
martensitickému fazovému piechodu a ve vzorku se
objevuje austeniticka faze s kubickou mfizi s prostorovou

grupou Fm-3m a miizkovymi parametry a ~ 0,58 nma o =
90°.

RTG méfeni probéhlo na horizontadlnim praskovém
difraktometru X’Pert PRO PANalytical. Zdrojem zareni
byla kobaltovd anoda (L = 1.78901 A) s ¢&arovym
ohniskem. Pii experimentu bylo vyuzito asymetrického
Bragg-Brentanova autofokusa¢niho uspofadani pro
divergentni svazek. K ohfevu vzorku bylo uzito Peltierova
¢lanku se zdrojem s ménitelnym proudem a napétim.

Vysledky a diskuze

Zkoumali jsme polohu difrakci 400, 040, 004 v zavislosti
na teplot¢ vzorku. Pii ohfevu jsme nejdiive pozorovali
vzajemné piiblizovani rozmérd a, b zakladni bunky, az
doslo k jejich ztotoznéni na urcité hodnoté, ktera byla blize
rozméru b — miiz tedy pfesla na tetragonalni symetrii. Pti
dalsim ohfivani dochazi ke skokovému ptfechodu ke
kubické austenitické fazi.

Podobné vysledky jsme obbdrzeli také pfi méfeni s
klesajici teplotou. Austenitickd faze skokové presla do
martensitické faze s tetragonalni symetrii (¢ = b). Pfi
dalsim poklesu teploty doslo k rozstépeni na dva rtizné
rozméry a, b. Prechod do martensitické faze ve sméru
roviny 004 jsme nepozorovali, vzorek se patrné diky
zpuisobu odvodu tepla a vysledné heterogenni nukleaci
vzdy zorientoval ve sméru rovin 400 a 040 a nikdy
nevznikl variant s orientaci 004. Teplotni zavislost
miizkovych parametrii pii pocatecni orientaci @, b je na
obr. 2.

Teplotni kiivka pfi fazovém pirechodu vykazuje
hysterezi. Velikost hystereze se mirné lisila pro rtizné
pocatecni orientace vzorku, coz muze byt zpisobeno
nedostate¢né pomalym ohfevem vzorku, anizotropii teplot-
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Obr 2. Vyvoj miizkovych parametrii a a b s teplotou. Patrna teplotni hystereze martensitické transformace.
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ni vodivosti a zavislosti na historii vzorku. Naméfena
velikost se pohybuje okolo 6° C.

Zavér

Studovali jsme vyvoj pseudotetragonalni struktury
Ni-Mn-Ga s teplotou. Pfi martensitickém ptechodu do
kubické austenitické fdze jsme zaznamenali neznamou
mezifazi s tetragonalni symetrii. Strukturni pfechod je v
souladu s teorii martensitické transformace vratny, teplotni

ktivka pii chlazeni vykazuje hysterezi o velikosti nékolika
stupiidi.
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In the recent decade, significant attention has been dedi-
cated to nano-scale materials owing to their interesting
physico-chemical or optical properties and possible appli-
cation as sorbents, catalysts or specialized nanocomposite
materials [1]. Chemical approach used to synthesize such
materials, very often oxides, may result in the formation of
intermediate precursors, whose properties and composition
may not be completely understood. In this regard, X-ray
powder diffraction (XRPD) serves as very convenient tool
for phase identification of prepared materials, determina-
tion of crystallite size or other structural properties related
to nano-scale materials. A relatively novel approach to syn-
thesize nano-oxides utilizing ionizing or UV radiation has
been used by our research group for the preparation of vari-
ous oxides [2-3]. Recently we also started to investigate
mixed oxide systems (AOx —BOy), where the possibility of
solid solution between both terminal oxides significantly
complicates the description of the produced nanomaterial.
In this regard, XRPD very simply identifies the presence of
solid solution and when coupled with any analytical
method capable of elemental analysis it can yield exact
composition and weight fraction of all phases present in the
sample.

The first and also most important purpose of XRPD in
analysis of nano-oxide materials is the phase identification
with respect to different preparative conditions. Irradiation
of e.g. aqueous solution containing zinc nitrate and various
other additives by UV light, electron beam or gamma rays
can lead to formation of many different products. In the
presence of propan-2-ol, hexagonal zinc oxide ZnO,
orthorhombic zinc hydroxide Zn(OH), (wulfingite) or
monoclinic layered hydroxide-nitrate Zns(OH)g(NOs),
may be formed (often also a mixture of two phases is pro-
duced). Involved mechanism seems to be rather complex
and phase identification may thus indicate some possible

explanations or hints to reactions involved. When hydro-
gen peroxide (‘OH radical source and efficient UV
sensitizer) is added to the solution, cubic zinc peroxide
ZnO; (pyrite structure type) with very small particle size is
produced by the irradiation. Addition of formate anion
HCOO™ (-OH radical scavenger and photo-active com-
pound) to zinc nitrate promotes the formation of rather
small amount of layered hydroxide-carbonate
Zns(OH)¢(CO;3), (hydrozincite), probably due to radia-
tion-induced CO, formation from the formate ion. Mild
thermal treatment of all produced non-oxide compounds
(200 —400 °C) leads to their decomposition into zinc oxide
while retaining their nano-scale character.

Crystallite size of the prepared nanomaterials / can be
also determined from powder diffractogram due to the dif-
fraction line broadening. The simplest method involves de-
termination of peak width (FWHM) and using Scherrer
equation:

K\

- b
B c0s 6,

()

i

where K is shape factor (0.89 for spherical particles), A is
radiation wavelength and By is the FWHM of selected dif-
fraction line Oy corrected for instrumental broadening.
Such a simple size determination is justified by the fact that
many oxides produced by radiation method are true
nanoparticles with sizes in the range 10 — 50 nm, which was
confirmed by other methods such as electron microscopy.
Very small spherical nanoparticles with ~ 10 nm diameter
are produced in the case of ZnO, — consequently, its dif-
fraction lines are very broad and even after its decomposi-
tion to ZnO above circa 200 °C the particle size increases
only slightly. Most produced compounds such as e.g. syn-
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thetic garnets retain their nanoparticle character even after
calcination at very high temperatures [3].

Solid solutions of many oxides may be easily obtained
when their structure types (or just their lattice systems) are
identical — a typical example involves fluorite-type UO,
and ThO,. Due to the different size of U*" and Th*' ions,
their lattice constants a differ; when the solid solution is
formed, resulting fluorite-type phase has lattice constant a
inbetween UO, and ThO,. Thus, precise determination of
diffraction lines position can be used to estimate the
amount of U and Th in the fluorite-type dioxide. Such ap-
proach was used for the determination of composition in
the radiation-induced preparation of mixed oxide (U,Th)O,
nuclear fuels, where irradiation of aqueous solution con-
taining uranyl nitrate, thorium nitrate and formate ion
causes the formation of an amorphous phase. After calcina-
tion at 400 °C or higher in reducing atmosphere, sin-
gle-phase fluorite-type oxide is formed; diffraction lines
positions shift with increasing Th content in aqueous phase
indicating efficient incorporation of Th into the mixed
oxide.

Solid solutions of oxides with different lattice systems
are less common, but can be obtained in specific systems.
Irradiation of solutions containing nickel nitrate, zinc ni-
trate and formate ion induces formation of amorphous solid
phase, most probably consisting of mixed (basic) carbon-
ates of Ni and Zn. After mild calcination, halite-type cubic
NiO and wurtzite-type hexagonal ZnO are formed, both
with very high specific surface area (> 50 m”.g™") and small
crystallite size. When the Zn content in the aqueous solu-
tion is low, only a single phase with cubic lattice is ob-

S10

served by XRPD — the lattice constant a is larger than in the
case of pure NiO due to incorporation of larger Zn>" ions
into NiO lattice. When the zinc concentration is too high,
two separate phases of pure NiO and ZnO are formed. Sim-
ilar effect may be observed in radiation-induced prepara-
tion of ZnO-CdO mixed oxides (CdO has halite structure),
where Cd*" may be partially incorporated into hexagonal
ZnO (shift of diffraction lines to lower angles 20) and si-
multaneously, Zn2+ is present in CdO (shift of CdO dif-
fraction lines to higher angles 26). This is more surprising
than (N1,Zn)O solid solution, because CdO has no hexago-
nal wurtzite-type modification, whereas for ZnO a
high-pressure halite-type modification is known.

To conclude, XRPD is an almost irreplaceable and ex-
tremely useful analytical method in the field of oxide
nanomaterial synthesis, enabling the determination of not
only the composition, but also the size of particles and pres-
ence of interesting structural effects, most notably solid so-
lutions.
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Introduction

In nuclear power engineering it is possible to see the ten-
dency to increase the burn-up of nuclear fuel, which leads
to more effective fuel utilization and reduces operating
costs. However, together with increasing burn-up, the de-
mands on the resistance of the cladding tubes in which the
nuclear fuel is encapsulated are increasing. Niobium-al-
loyed zirconium meets the increasing requirements best.

At elevated temperatures during reactor operation the
Zr alloy shows some creep and the cladding tube undergoes
changes. The goal of this work was to study creep-caused
texture changes in Zr1Nb alloy (also denoted as E-110) by
neutron diffraction.

Samples and methods

Tubes composed of Zr and 1 wt % Nb, contain 400 wppm
0, and 10— 50 wppm H;_ too. Tubes were made for fuel rod
construction for water-water nuclear power reactors
(VVER) and were stored in UJP PRAHA. The outer diam-
eter of tubes prior to deformation was 9,16 mm and their
wall thickness was 0,70 mm. Five tubes (samples D, E, F,
G, H) of initial length of 100 mm were exposed to 350 —
850 °C and constant tensile stress of 5 — 200 MPa in axial
direction (AD). Samples were extended by 36 — 48 %. The
atmosphere composed of argon, 10 wppm H,O, 5 wppm O,
and 1 wppm CO, was used. Traces of water vapour and ox-
ygen caused hydridation and oxidation of the alloy. The ex-
periment was carried out in UFM AVCR [1]. The texture
was analyzed by KSN-2 difractometer, thermal neutrons
were produced by LVR-15 reactor in Nuclear Research In-
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stitute in ReZ u Prahy. The results were plotted as inverse
pole figures calculated by Harris method [2, 3]. The hy-
drides were documented on metallographic polished sec-
tions in UJP PRAHA.

Changes of texture and reorientation of hydrides

Temperatures corresponding to VVER operation tempera-
ture or higher, combined with constant tensile stress, cause
creep leading to increased formation of zirconium crystal-
lites, which rotate their bases in a direction perpendicular to
tangential direction (TD). This represents conditions fa-
vourable for hydride precipitation in the radial direction
(RD), which dramatically reduce tube wall resistance to
rupture. However, this effect was observed during experi-
ments with open tubes without internal overpressure. Un-
der real operation conditions in a reactor, the overpressure
of gasses inside the fuel rod contributes to the deformation
of cladding tubes. Results of Rogozyanov et al. [4] suggest
that in standard operation conditions of VVER, the effect
of axial tensile stress slightly dominate over the internal
overpressure effects. The final deformation is approx. 80 x
smaller than the deformation resulting from performed ex-
periments and resulting texture changes will have only
small influence on the orientation of hydrides. Distinctive
unfavourable changes in hydride orientation can be ex-
pected only during accident of cask/container accompained
by temperature rise and break of the cask/container.

The orientation of hydrides did not changed continu-
ously: hydride orientation is usually random and direc-
tional alignment was found only in extremely deformed
tubes, where the pole density (p ") of plane (100) in AD ex-
ceeded the boundary which lies in the interval 6,9 — 8,6.

S11

New texture

In cladding tubes exposed to 700 °C and constant tensile
stress of 10 MPa for 184 h (sample G), a new (not yet de-
scribed in literature) texture appeared: the highest pole
density (p") in TD was found for (101) pyramid followed
by p’ for (100) prism. This texture can be explained by
{111} twinning, as only this twin can face both (101) and
(100) planes perpendicular to TD. Moreover, only in this
sample the (110) prism shows the highest p "in AD of all of
the observed planes in this sample, while the (100) prism
has the lowest p " compared to all samples. High p” of the
(110) prism and the occurrence of {111} twinning prove
recrystallisation. Reversible phase transformation of a sig-
nificant amount of a-Zr - B-Zr probably contributes to the
formation of this new texture.

Literature

1. Sklenicka V., Kucharova K., Priprava realizace programu
creepovych zkousek povlakove trubky paliva pro
lehkovodni reaktory. Technicka zprava UFM AV CR, no.
704309, Brno 2009, 10 p.

2. Harris G.B., Quantitative measurement of prefered orienta-
tion in rolled uranium bars. Philospophical Magazine Se-
ries 7, vol. 43,1952, no. 336, p. 113-125.

3. Kruzelova M., Vratislav S., Dlouha M., Study of zirconium
based alloys by neutron diffraction. Materials Structure 18,
2011, no. 3, p. 184-187.

4. Rogozyanov A. Ya., Smirnov A. V., Kanashov B. A.,
Polenok V. S., Nuzhdov A. A., Use of the Irradiation-Ther-
mal Creep Model of Zr-1% Nb Alloy Cladding Tubes to
Describe Dimensional Changes of VVER Fuel Rods. Jour-
nal of ASTM International 2, 2005, no. 3, p. 651-665.

STRUCTURE AND FUNCTION OF BACTERIAL NUCLEASES
J. Stransky'?, J. Dohnalek?

"Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, Bfehové 7,
115 19 Praha 1
?Institute of Macromolecular Chemistry, Academy of Sciences, v.v.i, Heyrovského namésti 2, 162 06 Praha 6
stransky@imc.cas.cz

Keywords: nucleases, protein crystallography, sin-
gle-wavelength anomalous dispersion

Abstract

Nucleases are a broad group of enzymes which controls hy-
drolysis of phosphodiester bonds in nucleic acids. The re-
action is used in wide spectrum of biological processes,
which is in correlation with number of different structures
and reaction mechanisms. Nucleases play their role in
DNA replication, transcription from DNA to RNA, nucleic
acid’s repairs, apoptotic processes and controlled cell death
or in degradation of nucleic acids as a nutrition source. The
reaction mechanisms are possible to characterise with re-
spect to reaction centre constitution, presence of metal
ions, deprotonated water or typical amino-acid residues as

serine, thyrosine or histidine. One of the bacterial nu-
cleases was successfully crystallized and diffraction data
were collected. A phase problem solution is in progress.

Introduction

Nucleases are a group of enzymes responsible for cleavage
of DNA and RNA. The reaction is involved in various bio-
logical processes: DNA replication, recombination, repara-
tion processes, nucleic acids (NA) degradation,
programmed cell death, etc. Different requirements on nu-
cleases function leads to structural and reaction mecha-
nisms diversity. As nucleic acids are an essential
compound of living beings, their degradation is fatal.
Therefore, production and function of nucleases is strongly
regulated in cells.
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