Texture of zirconium alloys for nuclear industry

Due to excellent mechanical properties, corro-
sion resistance and low neutron absorption, Zr-Nb
alloys are widely used in nuclear reactor designs.
However, a crystallographic preferred orientation —
a crystallographic texture — is formed in these alloys
during the processes of thermomechanical treat-
ment. It determines the anisotropy of the physical
properties (elastic, plastic, thermal, etc.) of products,
and also affects the mechanisms of their degrada-
tion: for example, the preferred orientation of hy-
dride precipitates, radiation creep, or swelling.

Fig. 1

a) CxemaTnuHbIii BUA TPyObI 13 Zr-
2.5%Nb cnnaBa 1 Mmakpockonmuyeckas
cncTema KoopauHat. b) MukpocTpyk-
Typa cnnasa, MN3M [2]. c) 684 n3me-
PeHHbIX (HUKHAA NONOBUHA) 1 684
YTOUHEHHbBIX MOAENbHbIX ANPpPaK-
LIMOHHBIX crneKTpa obpasua (BepxHAnA
nonosuHa). d) HekoTopble NosntocHble
odurypol Zr-2.5%Nb B obpasue.

Puc. 1

a) Scheme of the Zr-2.5%Nb alloy
pressure tube and the macroscopic
coordinate system. b) Alloy mi-
crostructure, TEM [2]. ¢) 684 experi-
mental (lower half) and 684 model
refined (upper half) diffraction pat-
terns for the sample. d) Several Zr-
2.5%Nb pole figures in the sample.

Thermal neutron diffraction is a unique non-
destructive method that makes it possible to study
the crystallographic texture of bulk samples with
linear dimensions of ~ several cm. At FLNP JINR, this
method is implemented on a specialized time-of-
flight diffractometer SKAT.

Investigation of samples from several batches
of pressure tubes (diameter 100 mm, wall thickness
4 mm) made of Zr-2.5%Nb alloy using a multi-stage
process (extrusion at 800°C, air cooling down to
room temperature, cold-pilger rolling and final ther-
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bnarogapsa OTANYHBIM MeXaHNYeCKM CBOWN-
CTBaM, KOPPO3MOHHOIN CTONKOCTU YU HU3KOMY MNO-
rMOLLEeHNIO HEUTPOHOB, criasbl Zr-Nb wnpoko npu-
MEHAIOTCA B KOHCTPYKLUUAX ALEPHbIX PEAaKTOPOB.
OpHaKko B xofe NpoLeccoB TEPMOMEXaHNYECKON
06paboTKM B 3TVX CMlaBax GOPMUPYETCA NPenmy-
LLeCTBEHHasA opreHTaLua 3épeH — Kpuctansorpa-
¢dunyeckan Tekctypa. OHa obycnaBnMBaeT aHU30-
Tponuto Gr3nYecKknx CBONCTB (ynpyrux, nnactuye-
CKMX, TEMSIOBbIX U AP.) U3[ENWIA, a TaKXKe BAUSET Ha
MeXaHM3Mbl X Aerpagaunn: Hanpumep, Npenmy-
LECTBEHHYI0 OPUEHTALMIO NPELIENUTATOB rMapu-
[lOB, panaLMOHHYI0 MON3YYecTb UK paciyxaHue.

Ondpakuma TennoBbiX HENTPOHOB ABNAETCA
YHUKaNIbHbIM Hepa3spyLlalnmMm MeToa0oM, NO3Bo-
NALWKM 1CcCnefoBaTb KpucTtannorpadpuueckyto
TeKCTypy 06bEMHbIX 06pa3sLLOB C MIMHENHbIMU Pa3-
Mepamm nopaaKa HeECKONbKMX CaHTMeTpoB. B JIHD
OWAN sToT MeToa peanr3oBaH Ha Cneynannsnpo-
BaHHOM BpeMsAnponéTHom andpaktomeTpe CKAT.

MN3yueHne o6pa3uoB U3 HECKONbKUX Cepui
Tpy6 BblCOKOro AaBneHus (guametp 100 mm, Ton-
LMHA CTEHOK 4 MM), N3rOTOBMIEHHbIX U3 crnaBa Zr-
2.5%Nb c nomoublo MHOrosTanHoro npouecca
(akcTpy3usa npm 800°C, oxnaxxaeHue Ha BO3ayxe A0
KOMHaTHOM TeMnepaTypbl, XoNnogHasa NUANrpumMo-
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mal treatment at 400°C for 24 hours) showed that a
strong one-component texture is formed in the
tubes with the preferred orientation of {10 1 0} crys-
tallographic planes along the axial direction of the
tube, and (0001) planes tangential to the tube sur-
face [1] (Fig. 1). The texture component is very nar-
row relative to the angles @1 (half-width of the
distribution is, on average, = 8.8°) and @2 (= 7.7°);
relative to the angle @, the distribution of orienta-
tion intensity is much broader (= 35.2°) (Fig. 2). In
general, the texture characteristics in tubes from
different batches do not change much. However,
the samples from the front part of the tubes show
a less sharp texture than the samples from the back

Fig. 2

a) CxeMaTWYHbIN BUA NperMyLle- a
CTBEHHOW OpUEHTaLMN KPUCTANINTOB

B Zr-2.5%Nb cnnase. b) Pacnpegene-

HVi€ OPUEHTALNOHHOWN NHTEHCUBHO-

CTV B OPVIEHTALMOHHOM

gl

npocTtpaHcTge. ¢) CeyeHus pacnpepe- AD 11070}

NEeHNA OPUEHTALVOHHON NHTEHCKB-
HocTv BRonb yrnos @1 n® s
pasnnyHbIX 06pa3sLax 13 HauyanbHOM
1 KOHeYHom yacten Tpyo6.

Puc. 2

a) Scheme of the preferred orienta-
tion of crystallites in the Zr-2.5%Nb
alloy. b) Distribution of the orienta-
tion intensity in the orientation space.
¢) Sections of the distribution of the
orientation intensity along @1 and ®
angles in different samples from the
front and back parts of tubes.

BadA NpoKaTKa 1 BbigepxkKa npu 400°C B TeyeHune 24
YyacoB) NoKasaso, YTo B HMX GopmMUpyeTCcsa ocTpas
OA4HOKOMIMOHEHTHaA TeKCTypa C NpenmMyLLeCTBeH-
HOW opueHTauueln Kpuctannorpadbmyeckmx nnoc-
kocTeit {10 1 0} Baonb akcranbHoOro HanpasneHus
TpyO6bI, @ nnockocTtert (0001) — KacaTenbHO K Mo-
BepxHoCTK TpyObl [1] (Puc. 1). TekcTypHas Kommo-
HEHTAa OYeHb Y3Kafa OTHOCUTENIbHO YrnoB @1
(nonywmnpuHa pacnpegeneHns B cpegHem = 8.8°) u
@2 (= 7.7°), otTHocutenbHo yrna O pacnpepeneHne
OpPVEHTALNOHHOM MHTEHCMBHOCTM HAaMHOTO LIMpe
(= 35.2°) (Puc. 2). B uenom, xapaktepncTnkuy Tekc-
TYpbl B TPy6ax 13 pa3fiMyHbIX CEPUA MPAKTUYECKU
He n3meHatoTcA. OgHako obpasubl U3 HayaNbHOM
yactu Tpy6 OeMOHCTPUPYIOT MeHee OCTPYHO TeKC-

part of the tubes: the texture indices are 6.5 and 7.8,
respectively.

Comparison of these results with data ob-
tained with neutron diffractometers at other re-
search centers shows the high precision of texture
measurements by the neutron diffraction method.
For example, the typical uncertainty in texture index
values is about 5%, the uncertainty in the angular
position of the texture component is about 1%, and
about 2% in its angular width. Features of the neu-
tron diffraction texture analysis on the SKAT diffrac-
tometer and examples of typical problems being
solved are given in a recent review [2].
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TYpy, YeM 06pa3Lbl M3 KOHEYHOW YacTu TpyO: TeKc-
TYPHbIA MHAEKC paBeH 6.5 1 7.8, COOTBETCTBEHHO.

CpaBHeHMe 3TUX pe3yNnbTaToB C AaHHbIMY, NO-
NYYEHHbIMU Ha HEWTPOHHbIX AudpakToMeTpax B
ApYrux NccnenoBaTenbCKUX LeHTPax, NokasbiBaeTt
BbICOKYI0 TOYHOCTb M3MEPEHUIN TeKCTYpbl HENTPO-
Horpaduuecknm metogom. Tak, TUMMUYHaA Heornpe-
OenéHHOCTb M3MepeHUsa TeKCTYPHOro uHAeKca
CoCTaBnAeT 0Koo 5%, yrnoBowr No3nLUmnmn TeKCTYp-
HOW KOMMOHEHTbl — oKoNno 1%, eé WwupuHbl —
oKono 2%. OcobeHHOCTUN HeNTPOHOTrpaduUeckoro
TEKCTYPHOro aHanu3a Ha gudpaktometpe CKAT un
NpuMepbl pellaeMblix HayUHbIX 3a4a4 NpUBeeHbI B
cBexxem o63ope [2].
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