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IMPURITIES DISTRIBUTION IN SPACE NEAR THE SEAM
AT WELDING PRODUCTS OUT OF THE Zr1%Nb ALLOY

V.V. Levenets, A.O. Shchur, I.A. Petelguzov, N.N. Belash

National Science Center “Kharkov Institute of Physics and Technology”,
Kharkov, Ukraine
E-mail: levenets@kipt.kharkov. ua

In this work the nuclear-physics methods of analysis of the content of a matter based on the using of proton
induced characteristic X-ray emission of the atoms and momentum y-ray emission from nuclear reaction was applied
to determine the gaseous impurities N, O, F and elements B, Ca, Ti, V, Cr, Fe, Ni, Cu, Nb, Mo, Cd, Sn, Hf, Pb, in
zirconium alloys and to research the absorption of oxygen, nitrogen and fluorine by a matter of tubes made from
alloy Zr1%Nb during the procedures of the fabricating of models of fuel assembly. There are a number of the
factors, which affect negatively on material of shells and fuel assembly as hole at a technological process of
manufacture fuel assembly for nuclear reactor VVER-1000. Such factors are the interstitial impurities (oxygen,
nitrogen), hitting in metal during operations of hyper thermal processing, in particular, at welding details of fuel
assembly. The gaseous impurities of atmosphere of the weld — nitrogen and oxygen inserted in a welding seam can
degrade rust resistance of a seam and slash a plasticity of a material. A surface of manufactured fuel assembly or
samples for researches can to be polluted by fluorine from pickling compositions at the stage of a chemical polish by
an etching in fluorine inclusive solutions. Fluorine, as is known, is a fissile element lowering rust resistance and of

details of ends of fuel assembly.

INTRODUCTION

Zirconium is one the based materials using in active
zone of nuclear reactor. To add to handworks from
zirconium demanded chemical, physical and mechanical
characteristics it is necessary to clear of a starting
material from a number of pollution and enter to the
composition of zirconium alloys the certain elements in
known content. The impurities containing in zirconium
have sufficient difference in physical-chemical
properties and content. Therefore an analytical
arrangement is required including the possibility of
determination of gas-making impurities C, N, O, F and
elements Li, Be, B, Cl, Ca, Ti, V, Cr, Fe, Ni, Cu, Nb,
Mo, Cd, Sn, Hf, Pb to manufacture the zirconium alloys
using in nuclear energetic. The solving of such problem
requires of the joint using of the complex of analytical
methods with high sensitivity, expressivity, cheapness,
ecological safety etc. In this work nuclear-physics
methods of analysis of a matter using characteristic X-
ray emission induced by accelerated protons (PIXE) and
proton induced momentum y-emission from nuclear
reaction (PIGE) was applied to determine the content of
elements with atomic number in range 20<Z<82 and N,
O, F in zirconium alloys.

1. EXPERIMENTAL ARRANGEMENT
USED TO ANALYSES OF ELEMENTAL
CONTENT OF ZIRCONIUM UNITS

In National Science Center Kharkov Institute of
Physics and Technology was designed the small-sized
analytical installation “Sokol” for the analysis of
elemental content of a matter by nuclear-physical
methods using accelerated charged particles [1]. This
installation since 1983 was used for the analytical
purposes. The installation consists of the electrostatic
accelerator of a horizontal type with output equipments;

experimental cameras for application of a set of nuclear-
physical methods of the analysis; measuring -
computing equipment permitting the automation of
processing of outcomes of experiment. The accelerator
has following parameters: energy of accelerated single-
charged ions — 0.2...2 MeV; stability and energy
homogeneity of ions - 0.04 ... 0.07 %; a current of
beam of ions on straight output - 50 pA; a current of
beam of ions after the analyzer - 20 pA; accelerated
ions - hydrogen and helium; resource of operation -
3000 hours annually.

The experimental cameras are installed on four
channels. They allow to analyze the matter by PIGME,
PIXE, using elastic backscattering at large angles
(RBS), X-ray emission exited by particle induced X-ray
emission (PXX); elastic recoils from nuclear reaction
(ERD); the analysis by nuclear microbeam. This
arrangement was used for the solving of a broad
spectrum of the tasks: definition of element composition
of matter (construction materials, materials of an
electronics engineering, geologic samples, objects of an
environment, medicine etc.); learning of allocation of
impurities on a surface and in bulk of a sample with
high space permission; learning of physical-chemical
processes (corrosion, thermal and radiation-stimulate
diffusion, ion implantation, ionic - plasma coating.

For execution of this work the camera using the
complex of methods PIXE and PIGE was utilized. The
target folder allows to dispose in the camera
simultaneously up to 16 thick or thin targets. The
camera was isolated from beam tube vacuum and
adjusting equipment and was utilized as a Faraday cap
for measurement of the charge of protons, which has
landed on the target. To measure X-ray and y-ray
emission Si(Li) and Ge(Li) detectors were used. The
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Pb-Ta collimator of X-ray emission and set of absorbers
were allocated before the face of Si (Li) detector.

1.1. SAMPLE PREPARATION

The demountable device was designed for learning
absorption of gases from a welding atmosphere during
argon-arc and helium-arc welding (Fig. 1). This devise
permitted to produce welded samples for carrying out of
the analysis. It allowed to butt-weld two nipples
@ 9,15x7,72 mm at tight fit on hearts. The temperature
regime of thermal investment at welding was alike to
conditions of welding of nozzles of fuel assembly to the
shell.

Welded seam

Fig. 1. The scheme of device for manufacture of samples
of welded joints of tubes from alloy Zr1%Nb:
1 - welded nipples; 2 - end tube expanders, 3 - spigot
expander, 4 - a pressing spring; 5 - pressing cap;
6 - nut

The welding was produced using improved
installation of electric arc-welding of SA - 281 with
application of the new system admission of gas and
preparation of a welding atmosphere. Before the
welding camera was pumped off up to pressure
5-107 Pa and spacefilled by an argon or helium of given
cleanness, then again pumped off and spacefilled by gas
up to 0,14 MPa. The welding was made in argon
atmosphere at current 22 A and in helium atmosphere at
current 16 A. The welded nipples cut on formative line,
unbent on slices, from which one produced disks for an
exposure by a beam of protons from the accelerator. For
learning a kinetics of an oxidizing the cutting samples
was mechanically ground or chemically polished in
fluorine compounds traditionally applied in surfacing of
zirconium workpieces. At such processing on a surface
of workpieces the difficultly deleted residual amounts
of fluorine are saved which were determined in the
given work. The two kind of welded samples were
made. First was prepared using pure welded argon with
impurities O, — 50 ppm, N, — 7 ppm, H,O — 9 ppm.
Second kind of samples was prepared using the same
argon but after it purification in special patron/ The
content of impurities were no more then 1 ppm O,, Ny,
H,, CO, and H,. The etching was produced in two
solutions: 5% HF, 45% HNO3, rest water, and 10% HF,
30% HNO3, 30% H2S0O4 and 30% of water. The series
wash in distilled water and in special solutions was
produced to delete of fluorine salts after an etching. The
researches were fulfilled using two sorts of samples for
comparison of tubes from experimental alloy Zr1%Nb

and samples of standard nominal alloy E110 applied for
shells of fuel assembly of nuclear reactor VVER-1000.

2. DETERMINATION OF ELEMENT
COMPOSITION AND ALLOCATIONS OF
IMPURITIES NEAR THE WELDING SEAM

For the analysis of element composition samples of
interest the targets from zirconium alloys have used as
disks with diameters 20 and thickness of 0.3 mm. The
energy of protons was 1.6 MeV, current of a beam —
3 mA, the spectrums were measured up to a charge of
protons fallen on the target 5000mC. The characteristic
X-ray emission registered by Si (Li) detector with
energy resolution 250 ¢V for a line 5.9 keV, which
placed at 135° to a beam direction. The momentum Y-
ray emission originating in nuclear reactions excited by
accelerated protons registered by Ge(Li) detector with
resolution 2.5 keV for a line 1332 keV placed at 45° to a
direction of a beam. The irradiated targets were in
vacuum inside the camera. X-ray emission reached
Si(Li) detector after passing through a foil from
aluminum by thickness 50 pm and diaphragm from a set
of lead-tantalum foils with diameter of a hole of
0.3 mms, that has allowed to diminish loading a
spectrometric tract of the Si(Li) detector and measure
X-ray spectra simultaneously with spectra of y-
radiation. The sizes of a projection of a beam of protons
on the target varied from 1 mm in diameter at scan of a
surface of the target up to 15 mm.

To determine of contents of oxygen and fluorine the
lines with energy 495 keV from reaction '°O (p, y)'’F
and 6129 keV from reaction "F(p,o)'®O were used.
These lines registered by  Ge(Li) detector
simultaneously. For optimization of conditions of
measurements the signal from the detector was divided
into two channels: including a line with energy 495 keV
and including all range of energies from 0 up to 8 MeV.
It has allowed to improve energy resolution and to
increase accuracy of determination of oxygen. On Fig. 2
are shown the parts of spectrum including lines used for
the analysis O, N and F.

For determination of nitrogen a line 4439 keV from
reaction "N(p,ay)'’C was used. The elements with
atomic number in a range 20 < Z < 50 were determined
using X-ray emission of K —shell and contents of
hafnium and lead were determined using X-ray
emission of L-series [2].

The data obtained testify that the adding of oxygen
into surface layers of zirconium units happens mainly
during the welding. If the welding argon without
padding clearing was used the content of oxygen in
surface layer of metal was raised on 0.01...0.02 %. The
using of the patron of special clearing allows to
decrease the absorption of oxygen up to 0.01 %. An
etching of the samples on depth up to 20 microns
promotes the padding decrease of surface contamination
by oxygen. The absorption of nitrogen during welding
happens to a lesser degree, than oxygen.

There were a number of cases of absorption of
nitrogen up to 0.002 % at welding without the clearing
patron. It can be explain by the using of poor cleanness
of gas.
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Fig. 2. Spectrum of y-radiation of a sample of a
zirconium alloy

The absorption of nitrogen did not exceed 0.001 %
for the majority of measurements. If the patron of
clearing and etching was used the absorption of nitrogen
was less than 0.001 weight. %. This value is close to
level of dispersion of concentration of nitrogen in initial
state of alloy.

The application of sequentially connected patrons
has reduced to twofold lowering of a level of surface
contamination by oxygen and nitrogen of welding seam.
After operations of an etching of a surface the
concentrations of nitrogen and oxygen in surface layers
have achieved basic values. The content of fluorine after
the etching was raised beside nominal value. This
enlargement makes at optimal time of an etching value
in an interval of 0.001...0.002 %. This value on the sum
with an original content of fluorine for depth of a
stratum of alloys 1...2 microns gives less than
0.06...0.10 pg/cm?. To research the distribution of light
impurities near the welding seam the local analysis
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some samples was made. The diameter of proton beam
was focused to 1mm and the scanning the sample across
welding seam was carried out to determine the content
of O, N, F using PIGME.

The scan was carried out at energy of a proton beam
1518 keV. Width of the welding seam was about 3 mm.
The distribution of oxygen and nitrogen near the seam
are shown in Fig. 3.
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Fig. 3. The variation of content of oxygen and nitrogen
inside and around welding seam. Helium-arc welding of
two nipples from an alloy Zr1%Nb

The impurities concentrations have two maximum
on the left and on the right side of center. With the
increasing of distance from centre the concentration of
both impurities descend reaching a reference value for
the given sample of an alloy.

SUMMARY

As a result of the held researches it was be shown
that using methods PIXE and PIGME it is possible to
determine simultaneously the contents of nitrogen,
oxygen, fluorine and elements with atomic numbers in a
range 20 < Z < 82 in samples of zirconium alloys. The
information about of contents in a sample of elements at
a level N - 0.006 weight. % with an error 16%, O -
0.10 weight. % with an error 16 %, F - 0.0005 weight..
% with an error 4%, Ca, Ti, V, Cr, Fe, Ni, Cu, Cd, Sn,
Hf, Pb with an error 10...15%, Nb with an error
3...5%, Zr with an error 0.1...0.2% can be received
during 25...40 minutes.

It is shown that the using of electric arc installation
with application of the padding clearing device of
welding gas provides the obtaining of enough high
cleanness of a welding seam on contents of oxygen. The
quantity of absorbed oxygen in the field of a welding
seam compounds a maximum 0.01% if a special
clearing of welding gas used. An averaged padding
absorption of nitrogen by surface layer in the field of a
welding seam compounds values about 0.001 %. With
improvement of cleanness of welding gas and control of
its composition it is possible to provide complete
cleanness of welding seam from impurities.
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HNPUMEHEHUME XPU U MUSP IS UCCIEJOBAHUSA PACITPEAEJIEHUSA DJIEMEHTOB
B OKOJIOINOBHOM ITPOCTPAHCTBE B TPYBAX U3 Zr1%Nb

B.B. Jlegeneu, A.A. lHlyp, U.A. Ilemenveyzoe, H.H. beaaw

SnepHo-¢pu3uyeckue METO/bl aHAIN3a COCTaBa BEIECTBA ITPUMEHEHBI JUISl ONPEJIENICHNs SJIEMEHTHOTO COCTaBa
M3MIENUH U3 MUPKOHUEBBIX MaTepHalioB, BKIIto4ast razoodpasyromue npumecu C, N, O, F, snementsr B, Ca, Ti, V,
Cr, Fe, Ni, Cu, Nb, Mo, Cd, Sn, Hf, Pb, u nccnenoBanus noriomeHns MaTepruaioM TpyOok 3 cmuiaBa Zrl%Nb
KHCIJIOPOZa, a30Ta 1 (ropa Bo BpeMsl OIepalliii 10 M3TOTOBJICHHUIO MOJIENICH TBIIOB. B TexHOMOrMueckom mnporecce
nzrorosieHust TBAMOB BBOP-1000 mpucytcTByeT psia (hakTopoB, BO3AEHCTBHE KOTOPHIX HAa MaTepHai 000JIOUKHA U
Ha TBIJBI B IIEJIOM MOJKET MMETh HETaTUBHBIE MOcIeACTBUS. Takumu (akTopamu SBISIFOTCS IPUMECH BHEAPCHUS
(xucmopop, a30T), MOMAJAONINEe B METAaJUI BO BpeMs OMEpanuii BEICOKOTEMIIEPAaTYPHBIX 00paboTOK, B 9aCTHOCTH
NpU CBapke JeTajell TBIJIOB. BHenpeHHbIe B CBApHOW OB Ta3oBbIe COCTABIIIONIME aTMOC(Epbl CBapKH a30T U
KHUCJIOPOJ MOTYT yXyAIIaTh KOPPO3UOHHYIO CTOMKOCTh IIBA M CHIXKATh IUIACTUYHOCTh MaTepuana. Ha cragum
XHUMHUYECKOMN TMOJIMPOBKH MMOBEPXHOCTU U3TOTOBJICHHBIX TB3JIOB WUJIHU 06pa3u013 JUIA I/ICCHe}IOBaHI/Iﬁ IIYTEM TpaBJICHUA
B (hTOpCcoaepKaIIMX PACTBOPaX MOBEPXHOCTh MOXKET 3arps3HATHCS (TOPOM M3 TPAaBHIIBHBIX cOCTaBOB. DTOp, Kak
W3BECTHO, SIBJISIETCSl aKTHBHBIM O3JIEMEHTOM, CHIDKAIOIIMM KOPPO3HOHHYIO CTOMKOCTH O0OJIOYEK U KOHIIEBBIX
JieTajieil TeIIOBBIICISIIONINX AIIEMEHTOB.

BUKOPUCTAHHA XPB I MBAP JIUIA JOCILIZKEHHSA PO3IIOAIJTY EJIEMEHTIB
BLJISI CBAPHOTI'O IBY B TPYBKAX I3 Zr1%Nb

B.B. Jleseneun, A.O. Llyp, 1.A. Ilemenvzy3oe, M.M. binaw

SnepHo-¢i3nyHi METOM aHAIII3y CKJIay PEYOBHHHM BUKOPHCTaHI JJIsl BU3HAUCHHS eJIEMEHTHOTO CKJIay BUPOOiB
13 IIMPKOHIEBHX MatepialiB 3 BKIOYeHHAM razopux nomimok C, N, O, F i enemenriB B, Ca, Ti, V, Cr, Fe, Ni, Cu,
Nb, Mo, Cd, Sn, Hf, Pb, a Takox JoCIiIKeHHS ITOTIMHAHHS MatepiaioM TpyOok i3 ciaBy Zrl1%Nb kucHIO a3oTy i
(GTOpy mpH orepamisx IO BUTOTOBJICHHIO MoOJeliel TBeliB. B TeXHOJOriYHOMY mpoleci BUTOTOBJICHHS TBEJIB
BBEP-1000 mpucyTHI (pakTopH, BIUIUB SKUX HAa MaTepiall 0OOJOHKH i Ha TBEIH B IIJIOMY MOXYTh MaTH HETaTHBHI
Hacmigkud. Takumu (akropaMu € JIOMINIKA YKOpPIiHEHHS, IO TMOTPAIUITIOTh B METal B  HACHTIIOK
BHCOKOTEMITEpaTypHIX 00poOOK, 30KpeMa IpH 3BapIOBaHHI JeTaiieil TBeliB. YKOpIHEHHI B 3BapHUI IIOB Tra3o0Bi
CKJIa/10Bi aTMoc(epH 3BapKu a30T i KUCEHb MOXKYTh IOTiPIIUTH KOPO3iHHY CTIHKICTh MIBY 1 3HH3WTHU IUIACTHYHICTH
Matepiany. Ha crazmii ximMiuHOi MONpOBKM TOBEpXHI TBETIB B PO3UYMHAX, IO BMIMIYIOTH (PTOp, MOXYTH OYyTH
3a0pyaHeHHS (PTOPOM, 1110 TAKOXK MOXKE 3HU3UTH KOPO3iIHHY CTIMKICTh 000JOHOK 1 KIHIIEBUX JeTajICH TBEIIB.
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