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Annotation. [Ilposedeno uccredosanue 6GuuUAHUA OOAYYCHUS  UMRYILCHOIM — DJICKMPOHHbIM — RYUYKOM U
nocnedyroueco  HAB0OOPONCUBAHUA HA  pacnpeoeienue MUKpomeepooCmu No  NONEePeyHoOMy WUy
yupkonuegozo cnaasa I110. Iokaszano, umo HaeoOopodCUBaHUE NPUBOOUM K HE3HAYUMEIbHOMY DOCHY
MmeepoOCmU MOAbKO HA HEOObWOU 2yOuHe, Ymo 2080pum 0 MOM, 4Mo 6000PO0 He NPOHUKAem 6 2yOuHy
006pasyos, a JOKATU3YEMCS 6 TMOHKOM NOGepXHOCMHOM cloe. Takoil pe3ynrbmam noomeepiicoaemcs
uccnedoganuem pacnpeoenenus 6000poda No - 2nyoume YUpKOHUEB020 CHaA8d Nocie  OOnYueHus U

Haeodopoofcueanz.

Zirconium and its alloys are some of the most intgotrelements of the core nuclear power reactdso, A
zirconium has a low neutron capture cross sectimhgiood corrosion resistance. However, during djoeraf
the nuclear reactor components,zirconium produqie®ed to such hydrogenation and hydrogen emIonitte
can be destructed. To prevent the penetration @fdgen in zirconium alloys surface modificationzatonium
alloys with pulsed electron beams (IEP) is useds ©hdue to the fact that after inoculation thefeee layer of
material is formed of about 10 microns, which stohggdrogen under hydrogenation [1, 2]. To confihis t
effect the distribution of microhardness of thettiegf the samples of zirconium alloy E110 afteadliation by a
pulsed electron beam and hydrogenation is investiga the present study.

Material and methods of researchror the purpose of study the samples of zirconilioy &110 were
made with the dimensions 20 x 20 x 0,6. Irradiatibrihe samples was carried out on the "Solo" B EB
RAS, with the two sides at the energy density ofJ18 cm2, pulse number 3, and pulse duration 50 ms.
Hydrogenation was performed at installation GascRea Controller [3] at 2 atm., temperature of 35C and
the concentration of 500 ppm. Analysis of the disition of hydrogen in the prepared samples wasethout
on a glow discharge plasma spectrometer Profilédi2zrohardness of a series of 40 measurementdaatdaof
50 g was measured with a hardness HV-1000 diagraichvis shown in Figure 1.

The micro-hardness on Vickers HV-1000 consists t@itée (1) on which the sample is placed up toighte
with 40X objective (2). Then a test load with trentble adjustment test force is set up (3).
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Fig. 1. Scheme for Micro-Hardness Vickers HV-10DO1able; 2 - 40X lens; 3 - handle adjustment feste; 4

- rotating head; 5 - indenter; 6 - measuring flywhe

After moving the rotating head (4) on the inden{B) begin to carry out surface diamond pyramid
indentation.After this change the position of théating heads on the 40X objective lens and eyepiggs to
find the imprint of diamond pyramid on the sampleface. Then the length of the diagonal of the Iteguprint
with a flywheel is measured(6). Next the lengthiaf diagonal in the 40X lens is defined on thees@igivheel.

Then the hardness is determined by the formula (1):

_F
(ko). W

where d - diagonal indentation in the 40X lenstdst force in kilograms; 40 - lens magnification.

HV = 1,8544 =+

The results of the studiesFigure 2 shows the distribution of micro transeesgctions of zirconium alloy

E110 after irradiation with pulsed electron-bearadiation and after the IEP and hydrogenation.
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Fig. 2. Distribution of Micro transverse sectionszirconium alloy E110 after irradiation and afteradiation

IEP IEP and hydrogenation
Pulsed electron beam irradiation at an energy tea6il8 J / cm2 and 3 pulses 50 microseconds kescts

to surface hardening of zirconium alloy E110, whistassociated with structural-phase changes irsuhace

layers of the material as a result of high-speeatihg and rapid cooling during irradiation [1-2pAs shown in
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Figure 2 microhardness value is ~ 195 HVO0,05todef 50 microns and it decreases with furtherdase in
depth to ~ 140 HVO0,05. Subsequent hydrogenation3% ° C and a hydrogen pressure of 2 atm.
withtheconcentration of 500 ppm hardness increassto a depth of 50 microns. This result is dudhie fact
that after the irradiation of EPI hydrogen zircanialloy at the above settings hydrogenation islined in the
surface layer and does not penetrate into the ddtie material.
To determine the localization of hydrogen after tlgdrogenation of the samples before and aftedimteon

IEP the distribution of hydrogen in depth with a&sjppometer Profiler-2 is investigated. The resaftthe study
are presented in Figure 3. As it was shown by thdiss hydrogen is concentrated in the surfacer laj¢he

material after modifying zirconium alloy E110 wihpulsed electron beam [2].
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Fig. 3. The distribution of elements in the depthicconium alloy E110 after irradiation IEP and

hydrogenation

Conclusionln this paper we investigated the distribution ot transverse sections of zirconium alloy
E110 after pulsed electron beam irradiation andsegbent hydrogenation. Studies have shown thatguls
electron beam irradiation at the energy densityl8fJ/cri for three 50 ms pulses each increases the
microhardness of the layer 50 to a depth of aboht rhicrons in time. Subsequent hydrogenation to a
concentration of 500 ppm leads to the increaseaadrtess at a depth of 50 microns, which is assatiaith the
localization of hydrogen in the surface layer dgriydrogenation. This result is confirmed by thedgtof the

hydrogen distribution in the depth of zirconiunoglE110 after irradiation and hydrogenation.
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