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In tro ducti on

Neu tron dif frac tion tex ture anal y sis is used ex ten sively in
re search into the pref er en tial ori en ta tion of zir co nium
based al loys used in nu clear tech nique [1]. Tex tures of five
zir co nium sam ples la beled as ZZ were in ves ti gated by us -
ing in ver sion pole fig ures. The tex ture mea sure ments were
per formed on the KSN-2 neu tron diffractometer lo cated at
the re search re ac tor LVR-15 in the Nu clear Re search In sti -
tute, plc. Rez, Czech Re pub lic. Col lected data were pro -
cessed by soft ware pack age GSAS. The wave length used

was l = 0.1362 nm.

Sam ples

We had se ries of five zir co nium sam ples la beled as ZZ.
Fig. 1 shows shape and di men sions of sam ples. Four sam -
ples (ZZ14, ZZ19, ZZ16 and ZZ17) were de formed by uni -
ax ial ten sion by us ing me chan i cal test ing sys tem
ISNTRON 5882. Tab. 1 shows pa ram e ters of the ex per i -
ment.  Struc ture of the ini tial (non-de formed by uni ax ial

ten sion) sam ple ZZ13 ob served by us ing light mi cro scope
Zeiss Axio Imager ZM1 is in Fig. 2.

In ver se pole fi gu res

The in ten sity ra tios phkl,q were cal cu lated by Mueller for -
mula for (100), (002), (101), (102), (110), (103), (112) and
(201) re flec tions for di rec tions q = TD, ND, RD, see Tab.
2.

Dis cus si on and Conclu si ons

Our re sults can be sum ma rized as fol lows:
• Sam ples pre fer ori en ta tion of planes (100) and (110)

per pen dic u lar to roll ing di rec tion.
• Basal planes are ori ented per pen dic u lar to nor mal di rec -

tion.
• The tex ture in creases with de for ma tion.

Fig ure 1. Shape and di men sions of ZZ sam ples

Fig ure 2. Struc ture of ini tial sam ple ZZ13 ob served by light mi -
cro scope Zeiss Axio Imager ZM1.

Sam ple e [%] s [MPa]

ZZ14 6 121

ZZ19 10 124

ZZ16 15 134

ZZ17 20 146

Ta ble 1. Pa ram e ters of uni ax ial ten sion ex per i ment.

Sam ple 13 14 9 16 17

p002, TD 1.3 1.9 1.8 2.1 2.3

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 3.2 4.3 3.8 4.0

p110, TD 0.8 0.8 0.7 0.7 0.9

Ta ble 2. Cal cu lated in verse pole fig ures of ZZ sam ples.
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Zir co nium based al loys are used in nu clear tech nol ogy,
and our re sults are con sis tent with data pub lished by the
other au thors [3].
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The most im por tant area of zir co nium al loys us age is to day
the nu clear energetics. In this sphere the zir co nium al loys
are mainly used as pro tec tive lay ers of nu clear fuel rods
where they cre ate a first bar rier against the re ac tor core at -
mo sphere. For this ap pli ca tion the Zr-al loys must en sure a
very low ab sorp tion cross sec tion for ther mal neu trons,
high cor ro sion re sis tance in wa ter steam at high pres sure
and tem per a ture a good me chan i cal prop er ties. In this form
these al loys are used in pres sur ized- and boil ing-wa ter re -
ac tors. Ex cept of those prop er ties zir co nium has a strong
af fin ity for gas eous ox y gen, ni tro gen and hy dro gen with
which they can form sta ble ox ides, ni trides and hy drides [1, 
2]. Phys i cal and me chan i cal prop er ties of zir co nium are in -
flu enced es pe cially by ox y gen pres ence sig nif i cantly. In
form of solid so lu tion ox y gen and also ni tro gen sta bi lize

the low-tem per a ture a-Zr mod i fi ca tion with HCP lat tice
and also in crease the zir co nium hard ness. The phase trans -

for ma tion tem per a ture of pure zir co nium a ® b is 863 °C,
Fig. 1 and 2.

The de vel op ment of new Zr-al loys is in now a days fo -
cused on their be hav iour op ti mi sa tion dur ing the Loss of
Cool ant Ac ci dent (LOCA). This type of re ac tor ac ci dent
re sults in a rapid mod er a tor es cape in time shorter than 10

sec onds, fol lowed by a rapid heat ing of the Zr-al loy in
steam en vi ron ment at the tem per a ture above 1000°C.
These se vere con di tions lead partly to a fast high-tem per a -
ture ox i da tion and also to a phase trans for ma tion of Zr-al -

loy to high-tem per a ture b-mod i fi ca tion with body-cen tred
cu bic lat tice struc ture un til the re ac tor core is flood with

wa ter and the clad ding is quenched back to a-phase. The
tem per a ture  of Zr-al loy phase trans for ma tion is strongly
in flu enced by free ox y gen and ni tro gen placed in in ter sti -
tial po si tions of crys tal lat tice and also by a heat ing rate [3],
Fig. 1 and 2. 

The Zr-Nb al loy E110G was used as an ex per i men tal
ma te rial, Tab. 1. This ma te rial is to day most of ten used for
nu clear fuel rods pro tec tive lay ers. With re gard to in ter sti -
tial ox y gen and ni tro gen in flu ence on phase trans for ma -
tions the sam ples of pure Zr sup plied by Goodfellow Ltd.
were used for the com par i son. Dur ing pre vi ous ex per i -
ments [4, 5] was ob served, that the phase trans for ma tion of

zir co nium to b-phase did not pro ceed even at 1000°C. On
the ba sis of that, the ex per i men tal sam ples were heated at
three tem per a tures, 1100 °C, 1150 °C and 1200 °C. Af ter
that, the sam ples were cooled down at 1000 °C, 900 °C
800 °C and 30 °C, Fig 3. The dif frac tion pat ters were re -
corded at all these tem per a tures. 

Fig ure 1. Zir co nium – ox y gen bi nary phase di a gram.

 

Fig ure 2. Zir co nium – ni tro gen bi nary phase di a gram.
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The XRD mea sure ments pro ceeded in high-tem per a -
ture cham ber Anton Paar HTK 1200N be ing a part of au to -
matic pow der diffractometer Panalytical X’Pert Pro. This

in stru ment uses a cop per X-ray tube (lKa = 0.15406 nm)
and an ul tra-fast semi con duc tor de tec tor PIXcel. The
cham ber was evac u ated with the aid of turbo-mo lec u lar
pump Ed wards EXT75DX. A dry scroll pump Ed wards

XDS5 cre ated the ini tial vac uum. For the low est pres sure
achiev ing, the deaeration step at 250 °C for 60 min utes was
ap plied on the sam ples. 

From the XRD re sults of both types of ex per i men tal
ma te ri als is ev i dent that they con tain a sig nif i cant amount
of ni tro gen. This el e ment is in all sam ples in form of solid
so lu tion – dif frac tion pat terns of both sam ples in ini tial

state show only a pres ence of a-Zr phase. The ni tro gen
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Fig ure 3. Heat treat ment of ex per i men tal sam ples. 

E110G Alloy

Ele ment

Nb [%] Fe [ppm/%] H [ppm] N [ppm] C [ppm] O [ppm] Ni [ppm] Hf [ppm]

1,0 - 1,1 0,055 3 20 100 840 - ~500

Ta ble 1. Chem i cal com po si tion of E110G Zr-Nb al loy.
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Fig ure 4. Par tial dif frac tion pat tern of Zr-1Nb_12. 
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causes an ex pres sive in creas ing of a ® b phase trans for -
ma tion tem per a ture, Fig. 2. 

A trace amount of high-tem per a ture b-Zr phase can be
iden ti fied in E110G al loy af ter heat ing at 1150 °C, sam ple
Zr-1Nb_12, Fig. 3. This is mainly caused by in ter sti tial ni -
tro gen but also by in ter sti tial ox y gen which is con tained in
the ma te rial struc ture al ready in ini tial state, Tab. 1. That is

why the b-Zr phase is  un sta ble un der 1000 °C and trans -

forms back to low tem per a ture a-Zr. Due to high amount of 
in ter sti tial ni tro gen in the struc ture also a zir co nium nitride
ZrN have cre ated on the sam ple sur face dur ing the cool ing
from 1150 °C to 1000 °C. In the case of pure zir co nium,

sam ple Zr_29, the small amount b-Zr phase cre ated al ready 
af ter the heat ing at 1100°C, but dur ing the cool ing down at

1000 °C. This is caused by a-Zr sur face layer de ple tion of
ni tro gen which is used for cre ation of sur face ZrN layer,
Fig. 4. Dur ing the sub se quent cool ing down, the re sid ual
in ter sti tial ni tro gen amount in the struc ture of zir co nium

de creases and the phase trans for ma tion of b-Zr to low-tem -

per a ture a-phase pro ceeds in ac cord with the bi nary phase
di a gram Zr - N, Fig. 5. 
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Great suc cess in Ni2MnGa de rived al loys [1,2] at tracted at -
ten tion to wards sim i lar Heusler al loys in clud ing co balt
based CoNiAl and CoNiGa [3,4]. As the NiMnGa al loys
suf fer due to their strongly intermetallic state (brit tle ness,
poor creep and fa tigue prop er ties) the co balt based al loys
seemed to be the in ter est ing can di date for the me chan i cally
stron ger and more resistant FSMAs.

The ar ti cle de scribes the prog ress in work on
Co38Ni33Al29 al loy [5,6]. The de fined crys tals with sin -
gle-crys tal line ma trix were pre pared af ter long strug gling.
The in flu ence of an neal ing on martensitic trans for ma tion
was in ves ti gated. Both post-mor tem XRD and in-situ neu -
ron dif frac tion con firmed the martensitic phase trans for -

ma tion of al loy ma trix B2 « L10 and sta ble amount of A1
par ti cles (fcc co balt solid so lu tion) in al loy, Fig. 1. The im -
age of trans for ma tion paths is blurred con sid er ing the re -
sults of res o nant ul tra sound spec tros copy (RUS), mag netic
sus cep ti bil ity mea sure ments and var i ous microscopies
(LOM, SEM, AFM), which shows trans for ma tion tem per -
a ture sig nif i cantly higher (about approx. 70 °C). The

strong premartensitic phe nom ena can be doc u mented by
the evo lu tion of damp ing in RUS. Re gard less to struc tural
con fu sion all sam ples ex hibit pseudoelastic be hav iour at
room tem per a ture, which is strongly de pend ent on crys tal -
lo graphic ori en ta tion as shown in Fig. 2.
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Sur face decarburization of con struc tion steels oc curs dur -
ing their forg ing, draw ing and cast ing. As a soft en ing pro -
cess, decarburization leads to a con sid er able fa tigue limit
de crease. This det ri men tal ef fect can be re duced by
strength en ing the de car bu rised layer us ing plas tic de for ma -
tion in duced by shot peening. As a re sult com pres sive re -
sid ual stresses are cre ated in the sur face layer.

The aim of the con tri bu tion is to pres ent the re sults of
X-ray dif frac tion anal y sis of re sid ual stress depth pro files
in sur face lay ers of sand-blasted and shot-blasted steels.
Depth dis tri bu tions of mac ro scopic (first-or der) re sid ual
stresses were de ter mined up to approx. 500 µm be neath the
blasted surface. 

ex tended ab stract sub mit ted

Fig ure 1. The struc ture of the sam ples ob served by scan ning
elec tron mi cros copy. The pre cip i tates marked 1 are interdendritic 
A1 fcc co balt solid so lu tion par ti cles. The pre cip i tates marked 2
are L12 or dered pre cip i tates of the phase (Co,Ni)3Al.

Fig ure 2. Superelastic be hav iour in Co38Ni33Al29 al loy sin gle-crys tals is strongly de pend ent on ori en ta tion. The mea sure ment were per -
formed at room tem per a ture with de for ma tion rate 0,1 s-1.


