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OKCIepUMEHTIFHO II0Ka3aHO, YTO €CJIM B COCTApEHHBIX I10J] Harpy3koil oOpasmax mocie S5 IHKIOB
OXJIaXK/ICHHE/HarpeB 0] IeHCTBUEM BHEIIHUX COKUMAIOIIMX HampsbkeHWd ot 75 mo 250 MIla cHoBa npoBecTH
UK OXJaKACHHE/HATPEB TNPH MHUHAMAIBHBIX BHEIIHUX HANPSHKEHUSIX [Oy,[=1 MIla, To mpu oxiakneHun
BHYTPEHHHUE IIOJIS1 HANPSHKEHUH MPUBENYT K POCTY BapHaHTa MAapTCHCUTA, KOTOPBIH HMPUBOIUT K YBEJINUCHHIO
pasmepoB obpasua Baonb [123]-nanpasnenus (puc.l(s)). Bennuuna JIIII® coctaBnser &pone="+1,1(x0,3)%,
Jerpazaamus ooparumoit nedopmanuu npu npossiaenun 211D B npenenax norpemHoctu uaMepenuii. Takum
o0pa3oM, TEepMOLMKIMPOBAHHUE 4Yepe3 HWHTepBaI MNpsMBIX ©  oOparHeix MII  mox  nelictBuem
MPOTHUBOCHCTBYIONNX HampspkeHnid 10 250 MIla He mpuBomuT Kk moxmaBnenuro JOII® B cocrapeHHBIX MMOT
pacTarupaoniei Harpyskoii [123]-mMonokpuctamnax CossNizsAls.

Paboma evinonnena npu noooepocke epanma POD®U, 13-03-98024 p_cubups_a.
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Experimental results are presented according to changes in the mechanical properties of zirconium-alloy
evogo Zr-1Nb from modifying its pulsed electron beams (IEP) at different exposure settings and hydrogenation.
The results show that the hydrogen saturation of the starting sample and irradiated IEP increases strength and

hardness, but decrease the plasticity.
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There arise many problems studying zirconium products protection. It is connected with requirements to a

products surface (for example, for components operating in an active zone of nuclear reactors) and criteria of the
material choice [1]. One of the promising directions in designing of materials with a high quality level of a
surface layer is the use of pulsed low-energy electron beams (PEB). The submicrocrystalline structure is formed
during irradiation by concentrating flaxes of energy, which influences the improvement of mechanical and
structural properties and creation of new and unique material characteristics.
A thin surface layer of a solid can achieve melting temperature, melt and evaporate during the irradiation in the
wide range of parameters, such as initial electron energy and density of energy. At that, heating occurs with very
high speeds and subsequent high-speed cooling, which is followed by high-speed crystallization of melt and
quenching phenomena. Finally, all these processes lead to the change of physical-mechanical properties of the
material. The choice of beam parameters plays an important role in treatment by high-current pulsed electron
beam: initial electron energy, density of energy, duration of pulse and quantity of pulses. Beam density of energy
and quantity of pulses influence on mechanical properties of zirconium alloy were studied in this work.

Blade-shaped samples of the zirconium alloy ZrINb (brand E110) were made for the research. All surface
defects (dents, scratches, rough risks) were removed by grinding and polishing operations. The irradiation of
zirconium alloy surface was carried out with the help of the electron beam system «SOLO». The treatment was
performed at T = 50 ps, energy density (E;) was varied from 5 to 25 J/em®, quantity of pulses (N) - froml to 10.
Sample saturation by hydrogen was realized with equipment PCI «Gas Reaction Controllery» using the Siverts
method. Mechanical properties (strength, plasticity and microhardness) of zirconium alloy were studied in the
tests for uniaxial tension with the help of device DFM-5000 with speed v = (2 x 10°7) m/s before destroying at
room temperature and Micro Durometer PMT-3M with Vickers indenter and load 0,3, 0,5 u 1,5 N. Fractography
of fracture surface of samples after tests for tension were performed by the scanning microscope method
(microscope Philips SEM 515).

To study mechanical properties of zirconium alloy Zr-1Nb one carried out tests for uniaxial tension of the
samples of the following series: unirradiated by PEB, after irradiation by PEB, containing hydrogen and after

hydrogenation. It is out from results (pic.1) saturation by hydrogen leads to degradation of mechanical properties
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Pic.1. The diagram of zirconium alloy (Zr-1Nb) tension strengthening of samples under study, at
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the growth of hydrogen concentration to 0,179 mass %. According to earlier results [3], after irradiation of
samples Zr-1Nb by PEB the formation of martensite of a complex morphology occurs, that leads to the
increasing of hardness (on the surface HV = 3160 MPa, initial — 1600 MPa). Submicrocrystalline martensite
plates, formed at E;=10 J/em® and N =3 and internal stresses in zirconium alloy, caused by them, make a
significant contribution to the strengthening of a material. The irradiation of a sample surface by PEB almost
does not influence the limit of strength and plasticity value. This is due to the fact that the depth of modification
(a melt is about 10 um, the heat-affected zone is about 40 pm) is much smaller than the thickness of the samples
(0, 7 mm).

Saturation of samples irradiated at Eg= 18 J/em®, N=10, N=5 and at E, = (5-25) J/em?, N =3 leads to
reduction of plasticity (to 12 %), like in the case of the initial material saturation. It is important to note, that
saturation by hydrogen from a gas medium of samples irradiated at E; = 18 J/cm”, N =1 does not influence the
deformation behavior of alloy Zr-1Nb.

Microscopic research has shown that saturation of modified samples during 60 minutes leads to the formation
of microcracks on the fracture surface. At that the largest density and crack length (100 um) is observed at an
energy density Es =18 J/em® and N =5 and E,=5 J/em® and N = 3 (Fig. 2). Earlier it has been found that one
feature of the samples data is a high density of craters having a wide spread of dimensions (from 1 to 5 um) [3].
Obviously, such defects accelerate sorption of hydrogen by samples. This conclusion has been confirmed by the
results of absolute hydrogen content measurements in zirconium alloy. Thus, at E;= 18 J/cm® and N =5 the
content of hydrogen is 0,20 mass %, at E;=5 J/em? and N=3 — 0,55 mass %, at E;=18 J/em® and N=1 —

0,11 mass. %.

30.0kV x40 200pm +— “30.0kV ¥1010
a) increase 40; b) increase 1000
Pic.2. The failure surface of zirconium alloy samples after irradiation by PEB (E; =5 J/em> u N = 3)
and saturation to Cu = 0,55 mass %

The study of influence of the high-current pulsed electron beam impact on mechanical and structural-phase
properties of zirconium alloy Zr-1Nb has ascertained:

1. The saturation by hydrogen leads to the increase of surface hardness of initial samples (to 1,5 times) and
abrupt decrease (to 53 %) of material plasticity .

2. The formation of martensitic plates in the surface layer considerably increases microhardness of
samples (maximum increase during at E; = 10 J/em® and N = 3). But irradiation of sample surface by PEB does
not influence the limit strength and plasticity.

3. A specific feature of the samples previously irradiated at Eq= 18 J/em?, N =1 is that the saturation by

hydrogen from gas medium has no effect on the magnitude of strength and plasticity of the material.
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After the electron beam processing on the alloy TiNi with tantalum coating it was developed, that the amount

of p-Ta phase increases in modified layer, the phase state changes with the appearance of B19’ martensite phase.

Hukenua TuTaHa Kak KOHCTPYKIIMOHHBIN MaTeprajl NIMPOKO MPUMEHSETCS B COBPEMEHHON MUMILIAHTOJIOTHH,
4TO JeNaeT €ro OObEKTOM MHOXKECTBA HWCCIIENOBAaHWM, HANpaBICHHBIX Ha YIy4YlleHHE OHOCOBMECTUMOCTH
cruaBa. B wactHOCTH, OHON M3 Tipo0IieM, BO3HUKAIONINX IIPH KOHTaKTe UMIIAHTOB C OHMOCPEnoi, MOXET OBITh
BBIXOJ] HWOHOB HHKENS, TPOBOLUPYIONINX TOBBIIICHHE BEPOSTHOCTH BO3HUKHOBEHHUS 3JIOKAYECTBEHHBIX
HOBOOOpa3zoBaHui. Hawmbosee mNpHUBICKATENBHBIM ISl PEHICHHS TaKOW 3ajJadd IPENCTABISACTCS METO
MAarHeTpOHHOI'O HAHECEHMS TOKPBITUH, HCIOJNb30BAHUE KOTOPOTO B KOMIUIEKCE C AJIEKTPOHHO-NYYKOBBIMU
MOBEPXHOCTHBIMU  00paboTkaMu obecrieunBaeT (OPMHPOBAHUE OJHOPOMHBIX MOKPHITHH C 3aJaHHBIMHU
XUMHUYECKUM COCTAaBOM M ToimuHOM [1]. M3BecTHO, 4TO TaHTan, OONAmalONIMi BBICOKMMH IOKa3aTeasIMU

OMOCOBMECTUMOCTH U PEHTTCHOKOHTPACTHOCTH, HGO6XOHHMOﬁ IIpyu IMMPOBEACHUN SHAOCKOMMMYCCKUX onepaunﬁ,
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