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Abstract. Possibilities of obtaining and using an intermediate layer for joining of Ti-TiB and austenitic steel 12X18HI10T (analog of
AISI 321; 1.4541; X10CrNiTilS8-10) were studied. An alloyed interlayer with TiB reinforcing fibers and the main alloying elements
of 12X18H10T steel was formed on the surface of the Ti-TiB sample. Such interlayer was formed during electron beam welding of
Ti-TiB with vanadium using foil made of 12X18H10T steel. The microstructure of the interlayer consists of a metal matrix reinforced
with microfibers. It’s composition corresponds to vanadium-alloyed titanium boride. In comparison to the initial Ti-TiB alloy,
significant grinding of reinforcing boride microfibers in the interlayer microstructure was observed. Besides, the phase formations
close to Ti2B in zone of primary titanium borides decomposition in the interlayer, initiated by electron beam were determined. As a
result, application of Ti (63—68 at. %) and V (18-25 at. %) based interlayer with alloying additives (Fe, Cr, Ni, B, C) has great
potential for utilization in electron-beam welding of 12X18H10T steel with Ti-TiB alloy.

Keywords: titanium, titanium boride; vanadium; interlayer, metallographic structure; welded joint; electron-beam welding; welding
parameters

1. Introduction

In the present article some basic regularities and optimization directions of Ti-TiB, alloys welded joints using
both with titanium alloys, and other structural materials, were investigated. The Ti-TiB alloys are characterized by
composition type structure, such as titanium matrix reinforced by TiB microfibers [1-2] with high mechanical
properties [3—4]. Therefore they can be used for joining of main materials used in mechanical engineering. The
possibilities of Ti-TiB alloy welded joints using the same alloys as well as other titanium alloys for electron-beam
welding are shown in [5]. Optimization of welding parameters allowed to obtain welded joints with strength
characteristics comparable to the based materials.

At the same time, for formation of welded joint of Ti-TiB alloy with 12X18H10T steel (analog of AISI 321;
1.4541; X10CrNiTil8-10) the use of niobium and low-carbon steel interlayers were needed [6]. It ensured the obtaining
of permanent joint, but the level of mechanical characteristics was considerably less than properties of materials
subjected to welding.

2. Problem statement

Utilization of interlayers from materials with high solubility in welded materials is a well-known processing
method [7-9]. In case of welding of 12X18H10T austenite steel with such materials as niobium or vanadium, the
creation of high thermal stresses in heat affected zone is stipulated by large difference in coefficients of thermal
expansion. Perhaps, the easiest way to solve the problem of forming an intermediate layer in a welded joint is to form
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an alloyed layer on the surface of the sample of Ti-TiB alloy, containing reinforcing fibers TiB and the basic alloying
elements of steel 12X18H10T.

3. Materials and Methods

In order to solve the this problem, the Ti-TiB alloy specimens (see the Fig. 1) of 50x50x10 mm size were used.
There were connected by 50x10 mm edge with vanadium plate of 2x50x10 mm size through the foil of 12X18H10T
steel.

10 ym
—

COMPO 10.0kV X2,000 WD21.7mm

Fig. 1. Microstructure of Ti-TiB alloy

The manufacturing method of Ti-TiB alloy and its specimens is described in [5—6]. The foil of 12X18H10T steel
has 0.1x50x10 mm sizes according to the GOST 4986-79 state standard; The vanadium plates had 99.9 % purity (the
material contains near 0.98 % of C in form of vanadium carbide, see the Fig. 2) from HMW Hauner GmbH&Co.KG.
Results of carbide inclusions composition analyses are presented in the Table 1.
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H

COMPO 10.0kV X4,000 WD 22.7mm

Fig. 2. Microstructure of vanadium with vanadium carbide
inclusions
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Table 1. Elemental composition of carbide inclusions in vanadium plate

Elemental analysis point ¢ v,
at. % at. %
1 40.17 59.83
2 66.30 33.70
3 42.52 57.48
4 66.97 33.03

Electron-beam welding was carried out on UL-144 (YJI-144, Pilot Paton Plant, Ukraine) welding machine. The
welding was carried out using the following mode of operation: Uy = 60 kV, I, = 90 mA, electron beam movement
velocity was ve, = 13 mm-s”!, beam sweep during titanium alloys welding with refractory metals and steels was circular,
0.5 mm in diameter. Distance from the electron beam to the welded joint was 70 mm. Beam spot was displaced towards
Ti-TiB alloy by the distance ~ 0.3 mm.

Specimens for metallographic investigations were cutted using a precision water jet cutter KGA 2-R-2500 (KT'A
2-P-2500, Private Enterprise “Roden”, Ukraine) in plane perpendicular to the joint surface and subsequent grinding and
polishing of cutting surface. For metallographic investigations the specimens were etched with solution: 15 % HF +
+ 55 % Hx0 + 30 % HNOs.

Metallographic investigations were carried out with utilization of the JAMP-9500F (JEOL Ltd., Japan) scanning
electron microscope with the OXFORD EDS INCA Energy 350 (OXFORD INSTRUMENTS INDUSTRIAL
PRODUCTS LIMITED, Abingdon, Oxfordshire, United Kingdom) energy-dispersive Auger-spectrometer, as well with
the JSM-840 scanning electron microscope (JEOL Ltd., Japan) with probe for X-ray microanalysis. Different modes of
image obtaining were used for metallographic analysis: in secondary electrons (SEI), in backscattered electrons (BSE)
and with characteristic X-ray emission. At that, surface image in backscattered electrons was formed in the following
modes: topographic (BSE TOPO), representing the relief, and COMPO, representing the phase components contrast.

4. Results and Discussion

In the Fig. 3 the metallo-
graphic structure and distribution
character of main elements, in
direction perpendicular to the
surface of Ti-TiB — 12X18H10T -V
connection joint, is presented.

The obtained results are the
evidence of formation between
vanadium and Ti-TiB alloy the
interlayer of alloy based on
Ti (63-68 at. %) V (18-25 at. %) with
alloying additions Fe (67 at. %),
B(1.522 at.%), Cr (5-7 at. %),
C (0.6-1.1 at. %), Ni (0.27-1.12 at. %).
The interlayer is solid in its character
and defect zone is not revealed.

In order to evaluate the
utilization of interlayer obtained for
Ti-TiB alloy welding with stainless
austenite steel (particularly
12X18H10T), it was necessary to
analyze its structure. In the Fig. 4 the
length microstructure of Ti (63—68 at. %) and
L e : V (18-25 at. %) based interlayer with

. 1 2 mm alloying additions is presented.
Fe+Ti+Ve+B+

b

Fig. 3. Structure (a) and distribution character of main elements along scanning
line (see (a)) of Ti-TiB — 12X18H10T — V joint (b)
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Fig. 4. Microstructure of Ti (63—-68 at. %) V (18-25 at. %) based interlayer witt
alloying additions (1 — 6 — points of Auger spectral analysis of elemental composition)

Revealed microstructure of formed Ti (63—68 at. %) V (18-25 at. %) bases interlayer with alloying additions is
characterized with pattern of metal matrix reinforced with microfibers, which composition (see the Table 2)
corresponds to titanium boride alloyed with vanadium [5].

Table 2. Elemental composition in analyzed points (see the Fig. 4) of interlayer of alloy on base of Ti (63—68 at. %)
V (18-25 at. %) with alloying additions

Elemental analysis B, C, Ti, Vv, Cr, Fe, Ni,
point at. % at. % at. % at. % at. % at. % at.%

1 41.36 1.82 43.59 11.18 0.61 1.19 0.26

2 41.16 191 46.03 10.05 0.15 0.24 0.45

3 34.44 5.51 47.96 10.64 0.41 0.97 0.08

4 37.46 1.60 46.88 11.96 0.42 1.55 0.11

5 0.00 2.69 67.31 21.98 0.85 6.04 1.12

6 3.05 3.10 64.15 21.31 1.43 5.91 1.06

Distribution pattern of main elements, revealed in Ti (63—68 at. %) V (18-25 at. %) based interlayer with alloying
additions from vanadium plate, Ti-TiB alloy and 12X18H10T steel foil, demonstrates that only at the boundary of
interlayer with vanadium and Ti-TiB alloy diffusive character of main elements distribution were observed (see the
Fig. 2). At that, the concentration profiles at the boundary with vanadium are characterized with more sharp decreasing
character than that at the boundary with Ti-TiB alloy. This is an evidence of considerably more intensive diffusion
processes proceeding in Ti-TiB alloy area. It is well-known that in liquid phase the diffusive processes have such
intensity which are characterized with diffusion coefficient ~ 10° cm?-s”! [10]. Intensity of such processes depends
considerably less from temperature and type of migrating atoms, than in solid state. Probably, the considerable
differences in concentration profiles at the boundary between interlayer with vanadium and Ti-TiB alloy are witness of
momentary presence of material in liquid state in these boundary areas.

Distribution pattern of main elements by interlayer thickness is even, which is usually observed at maximum
duration of diffusion processes proceeding. At the electron beam movement velocity ve, = 13 mm-s! the duration of
diffusion processes is determined mainly by residual warming up. In area of formation of Ti (63—68 at. %)
V (18-25 at. %) based interlayer with alloying additions the elements redistribution is determined, seemingly, by
convection processes caused by electron beam movement.

The microstructure of contact area of Ti (63—68 at. %) V (18-25 at. %) based interlayer with alloying additions
and Ti-TiB alloy with distinctive distribution of main chemical elements is presented in the Fig. 5. For more precise
determination of distribution by boron, the analysis was carried out by rectangular areas (see the Fig. 5).
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Fig. 5. Microstructure of area of contact of interlayer (@) alloy on base of Ti (63—68 at. %) V (18-25 at. %)
with alloying additions and Ti-TiB alloy with distinctive distribution (b) of main chemical elements

Fig. 6. Microstructure of Ti (63—68 at. %) V (18-25 at. %) based interlayer with
alloying additions and Ti-TiB alloy with marks of analysis of elemental
composition of the main structural elements

It should be noted, that the
appearance of microstructure of transient
zone of the Ti (63-68 at.%)
V (18-25 at.%) based interlayer with
alloying additions and Ti-TiB alloy is very
close to the microstructure of “welded
seam” — “basic material” transient zone in
welded joint of Ti-TiB alloy obtained by
electron-beam welding [5]. The formation
of molten metal borides can be observed in
the melted areas of materials. The size of
molten metal borides is considerable less,
than in the initial Ti-TiB alloy. Their
location is random and any predominant
orientation of fibers was not observed.

Analysis of the main distinctive
areas of transient zone was carried out. In
the Fig. 6 the microstructure of such area
with elemental analysis points 1 — 10
selected is presented. Results of analysis
are in the Table 3.
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Table 3. Elemental composition of Auger spectral analysis points (Fig. 6), corresponding to the main elements of
microstructure of contact area of interlayer alloy on base of Ti (63-68 at. %) V (18-25 at. %) with alloying additions and
Ti-TiB alloy

Elemental B C (0] Ti Y Cr Fe Ni
analysis point at. % at. % at. % at. % at. % at. % at. % at. %
1 0.71 2.78 3.02 83.88 1.66 0.53 6.22 1.19
2 0.00 3.39 6.35 76.82 5.72 0.65 6.14 0.92
3 0.00 3.93 2.77 91.82 0.00 0.44 0.94 0.11
4 0.25 4.33 2.17 92.37 0.00 0.21 0.47 0.19
5 40.40 1.88 0.00 47.51 9.22 0.20 0.52 0.27
6 45.00 2.34 0.00 42.72 9.04 0.19 0.63 0.07
7 45.26 1.34 0.00 52.68 0.10 0.00 0.43 0.20
8 47.25 2.00 0.00 49.75 0.32 0.13 0.56 0.00
9 0.00 2.95 0.00 74.98 16.03 0.74 4.30 0.99
10 1.66 3.98 0.00 70.39 17.73 0.72 4.47 1.05

Elongated bright phases (points 1, 2), according to the iron — titanium phase diagram [11], correspond to a-hard
solution. Darker phase, which in appearance is close to the titanium matrix of Ti-TiB alloy (see point 10), is not typical
for main alloy Ti-TiB. Elemental composition of such discharge (see. the Fig. 7) is presented in the Table 4.

Fig. 7. Carbide-type discharges in titanium matrix of Ti-TiB alloy in area of contact of
Ti (63—68 at. %) V (18-25 at. %) based interlayer with alloying additions and Ti-TiB alloy

Table 4. Elemental composition of carbide-type discharges in titanium matrix (see the Fig. 7)

Elemental analysis C, Ti, Vv, Fe,
point at. % at. % at. % at. %
1 61.20 28.22 8.99 1.60
2 57.82 30.44 9.84 1.91
3 58.74 30.11 9.55 1.61
4 62.51 27.59 8.04 1.86
5 61.40 28.05 9.37 1.19
6 41.82 40.59 13.95 3.64
7 52.06 34.40 10.95 2.59

Submicron clusters of carbide phase of titanium form the eutectic type areas presented in the Fig. 8.
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Fig. 8. Elongated areas of submicron carbide clusters of titanium (elemental analyses zones 1 — 3, the Table 5)
in titanium matrix of Ti-TiB alloy in zone of contact of interlayer alloy on base of Ti (63—68 at. %)
V (18-25 at. %) with alloying additions and Ti-TiB alloy

Table 5. Elemental composition of elemental analysis zones in area of elongated
submicron carbide-type inclusions in titanium matrix (see the Fig. 8)

Analysis zone B, C o, T, Vs

at.% at.% at.% at.% at.%
1 1.71 4.22 1.04 93.03 0.00
2 0.00 3.93 2.58 93.49 0.00
3 0.46 4.67 3.63 91.24 0.00
4 1.28 3.91 5.51 89.30 0.00
5 0.00 3.99 3.03 92.30 0.68
6 0.32 3.54 3.31 92.70 0.14

Essential distinction of titanium matrix in area of such microstructure formations of eutectic-like type is the
presence of oxygen in it from 1 to 5 at. %. The presence of oxygen in some zones of Ti-TiB alloy, seems to be
connected with technology of its manufacture from the powder materials [1-2, 5].

Primary titanium borides in molten zone, formed by thermal action of electron beam, are dissolved and are the
source of boron delivery for crystallization of microfibers, which composition fit with titanium boride doped with
vanadium (see the Fig. 4). At the boundary of the melt and Ti-TiB alloy the part of TiB fibers is retained (see the
Fig. 9), dissolving partly only.

1 um
)

COMPO 100kV  X4,000 WD21.7mm

a

Fig. 9. Primary titanium borides in titanium matrix at the boundary of Ti-TiB alloy and interlayer on base of Ti
(63-68 at. %) V (18-25 at. %) with alloying additions, with points of elemental analysis 1 — 4 (see the Table 6):
(a) — image in COMPO mode; (b) — image in SEI mode
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Table 6. Elemental composition of points of analysis of primary titanium boride and titanium matrix (see the Fig. 9)

Elemental analysis B, C, 0, Ti, V, Cr, Fe, Ni,
point at.% at.% at.% at.% at.% at.% at.% at.%

1 45.11 1.52 0.00 52.70 0.04 0.07 0.52 0.03

2 45.03 1.54 0.00 52.90 0.15 0.04 0.21 0.12

3 0.00 3.77 4.07 91.24 0.37 0.00 0.55 0.00

4 0.00 3.55 4.53 90.47 0.00 0.21 1.25 0.00

Near partially dissolved TiB microfibers the formation of secondary boron-containing fibers were observed (see
the Fig. 10), which composition is close to the Ti,B - meta-stable phase and which existence in welded seam heat

affected zone was supposed in [5]. Elemental composition in 1 - 6 points of analysis is presented in the Table 7.

Fig. 10. Formation of secondary boron-containing fibers (analysis points 1 — 4)
near partially dissolved microfibers of primary TiB (analysis points 5 — 6)

Table 7. Elemental composition of points of analysis of primary titanium boride and titanium matrix (see the Fig. 10)

Elemental analysis B C o Ti v Cr Fe Ni
point at.% at.% at.% at.% at.% at.% at.% at.%
1 9.06 0.67 0.00 89.48 0.25 0.00 0.54 0.00
2 5.82 1.36 0.00 91.81 0.00 0.29 0.62 0.10
3 9.44 1.00 0.00 74.30 12.57 0.56 1.68 0.44
4 10.91 0.93 0.00 76.90 9.70 0.20 0.97 0.39
5 16.10 0.79 0.00 81.68 0.51 0.00 0.93 0.00
6 15.66 0.56 0.00 81.34 1.76 0.00 0.69 0.00

Thus, the electron-beam welding of specimens made of Ti-TiB alloy, joined with vanadium plates through the
foil of 12X18H10T steel, permits to obtain the Ti (63—68 at. %) V (18-25 at. %) based interlayer with alloying
additions (Fe, Cr, Ni, B) reinforced with crushed titanium boride microfibers with increased length/thickness ratio (in
comparison with primary borides). In the interlayer formed, which thickness was ~1.7 mm, the structural defects and
phase formations, capable to initiate brittle fracture in this zone, are not revealed. Adding of such vanadium and iron
interlayer in the material ensures the reduction of iron linear expansive coefficient [11], which results in lowering of
thermal stresses level in heat affected zone of Ti-TiB alloy/12X18HI10T steel joint, which are critically influenced on
mechanical properties of such joint [6].
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5. Conclusions

1. Electron-beam welding joint of Ti-TiB alloy with vanadium through foil of 12X18HI10T steel permits to
ensure the formation of doped interlayer on Ti-TiB alloy surface, which contains TiB reinforcing fibers, as
well as the main alloying elements of 12X18H10T steel and vanadium.

2. Microstructure of formed interlayer of alloy on base of Ti (63—68 at. %) V (18-25 at. %) with alloying
additions (Fe, Cr, Ni, B, C) is characterized with pattern of metal matrix reinforced with microfibers, which
composition corresponds to titanium boride alloyed with vanadium.

3. Characteristic feature of reinforcing boride microfibers in microstructure of interlayer of alloy on base of Ti
(63—68 at. %) V (18-25 at. %) is their considerable crushing in comparison with initial Ti-TiB alloy.

4. In interlayer of alloy on base of Ti (63—68 at. %) V (18-25 at. %) with alloying additions (Fe, Cr, Ni, B, C) in
zone of primary titanium borides decomposition, initiated by electron beam affecting, the phase formations are
revealed, which are close by element composition to Ti;B.

5. Interlayer of alloy on base of Ti (63—68 at. %) V (18-25 at. %) with alloying additions (Fe, Cr, Ni, B, C),
formed on the surface of Ti-TiB alloy, is prospective for realization of electron-beam welding of 12X18H10T
steel with Ti-TiB alloy.
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CTpykTypHBI€e 3aK0HOMEePHOCTH GopMmupoBanusi cBapHoro msa cmiasa Ti-Tib ¢
BaHaJAueM Npu HaJan4um npociaoiiku craam 12X18H10T B yciaoBusix
JIEKTPOHHO-1Y4€BOH CBAPKH

I1. U. Jlo6oaa, K. O. 3Bopsikun, B. JI. 3Bopbikun, J. JI. Bp:xkmxkeBckuid, T. I'. Tapanosa, B. A. Koctun

Aunomayusn. Hccie0osanuce 603MOHNCHOCHIU NOTYYEHUA U UCHONB30BAHUSL NPOMENCYMOYHOU NPOCIOUKU OISl BLINOIHEHUS. CEAPHOLO
coeounenus cnnasa Ti-TiB ¢ aycmenummnoii cmanvro 12XI18HIO0T (ananoeu AISI 321, 1.4541, X10CrNiTil8-10). [{na smozo na
nosepxnocmu obpasya cnaaséa Ti-TiB @opmuposanace ne2upoéannas npociolika, codepxcawas apmupyiowue eoaokna TiB u
ocHosHble nezupyiowue aemenmul cmanu 12XI8HI0T. bvino onpedeneno, umo maxkas NPOCIOUKA NOAYYAEMCA NPUMEHEHUEeM
NEKMPOHHO-TYuegou ceapku coeounenus cnaasa Ti-TiB ¢ eanaduem uepes ¢ponvey uz cmanu 12X18HI0T. Bvino eviasneno, yumo
MUKDOCIPYKIYPA  CHOPMUPOBAHHOU NPOCIOUKY CHAABA HA OCHO8E MUMAHA U BAHAOUA C Je2UpyiowuMu 000asKamu umeem
Xapakmep MemaniuuecKolu Mampuybl, apMupOSaAHHOU MUKDOBOIOKHAMU, COCMAE KOMOPbIX coomeemcmeyem OOpudy mumand,

153



ISSN 2521-1943. Mechanics and Advanced Technologies #2 (89), 2020

Jlecuposannozo eéanaouem. buvino obuapysceno, umo 0as apmupylowux 60puOHbIX MUKPOBOIOKOH 68 MUKDOCHMPYKIYpEe NPOCIOUKU
CNIa6a HA OCHOBe MUMAHA U BAHAOUS XAPAKMEPHOU O0COOEHHOCMbIO AGNAEMCA UX 3HAYUMENbHOe U3MelbyeHUue 6 CPAGHeHUU C
ucxoonvim cnaasom Ti-TiB. Kpome mozo, 6 amoii npocioiike 6 30He pacnaod nepeuyHvix 60pudo8 mumawnd, UHUYUUPOBAHHO2O
6NUAHUEM INEKMPOHHO20 Jy4a, ObLIu 0OHapYdICceHbl (hazosble 00pazoeanus no snemenmuomy cocmagy onuskue Ti2B. B pesynomame
ObLI0 cOenano npednonodicenue, Ymo npociouxa cniasa na ocrnose Ti (63—68 at. %) u V (18-25 at. %) c necupyrowumu 0obasxamu
(Fe, Cr, Ni, B, C), cpopmuposannas na nogepxnocmu cniaga Ti-TiB, nepcnexmuena 0nsi uchoiv308anusi 0Jisi 91eKmMpOHHO-I4e8ol
ceapxu cmanu 12X18HI10T co cnnasom Ti-TiB.

Knrwuesvie cnosa: muman, Oopud mumauna; 6anaouii;, NPOCIOUKA, Memailocpaguueckas CMmpyKmypd,; C8apHoe coeOuHeHue,
INIEKMPOHHO-TIYHE8As C8APKA, NAPAMEMPbI CEAPKU.

CTpykTypHi 3akoHOMipHOCTI ¢popmyBaHHs 3BapHoro mBa ciuiaBa Ti-Tib 3
BaHaJieM 3a HassBHOCTI npomapky craji 12X18H10T B ymoBax e1eKTPOHHO-
NPOMeEHeBOI 3BapIOBAHHS

II. I. JIo6onaa, K. O. 3Bopuxin, B. JI. 3Bopukin, E. JI. Bp:kizkeBckiii, T. I'. Tapanosa, B. A. Kocrtin

Anomauia. [ocnioxcysanucs MO#CIU8oCmi ompumaHnHs 36apHoco 3'eonanns cnaagy Ti-TiB 3 aycmenimuoi cmanno 12X18HIOT
WITIAXOM (POPMYBAHHA NPOMIJICHO20 wapy 6 3eapHomy 3'conanni. [na yvoco na noeepxmi 3paska cnaasy Ti-TiB ¢hopmyeascs
J1e208aHULl NPOWAPOK, Wo Micmums apmyroyi gonokua TiB i ocHosHi necyioui enemenmu cmanu 12XI8HIO0T. Byno eusnauerno, wjo
Makutl nPowapox 00epIHCYEMbCsL 3ACMOCYBAHHAM eNeKMPOHHO-NPOMeHe8020 36apiosanis 3'conanns cnaagy Ti-TiB 3 eanadiem uepes
¢onvey 3i cmani 12X18HI10T. Byno eusasnero, wo MiKpOCMpyKmypa cgpopmo8aro2o npouapky chiasy Ha OCHO8I MUmawy i 6anaoiio
3 1e2yIuUMy 000asKamMu MA€E XapaKkmep Memanesoi Mampuyi, aqpMo8aHoi MiKpOBOIOKHAMU, CKIAO AKUX 8i0nosioae 60pioy mumamuy,
ne2osanozo eanadiem. byno euseneno, wo ona apmyiouux 6OpUOHUX MIKPOBOIOKOH 8 MIKPOCIMPYKMYPI NPOWAPKY CNAA8y HA OCHOBI
mumawny i 6aHAII0 XAPAKMEPHOIO 0COONUBICMIO € X 3HAYHe NOOPIOHEeHH: 8 NopieHAHHI 3 euxionum cnaaeom Ti-TiB. Kpim moeo, 6
YbOMY NPOWAPKY 6 30HI po3nady NepeuHHux Oopioie mumawy, IHIYil0OBAHO20 GNIUBOM eNeKMPOHHO20 NPOMEHs, OVIU 6UAGILEeH]
¢hazosi ymeopenus 3a enemenmuum ckiadom oausvki Ti2B. B pesynvmami 6y10 3p001eHO NPpUnyWeHHs, Wo Npouwapox cniagy Ha
ocnogi Ti (63-68 at.%) 1V (18-25 at.%) i3 neeyrouumu oobasxamu (Fe, Cr, Ni, B, C), cdpopmosanuii na nogepxui cnaasy Ti -TiB,
nepcnexmugnull 071 BUKOPUCMAHHA 01 eJIeKMPOHHO-NpomMeHego2o 3eapiosanns cmani 12X18HI10T 3i cnnasom Ti-TiB.

Knrwuoei cnosa: muman; 60pio mumany, 8anaodiil; npowapox, memanocpagiuna cmpykmypa,; 36apeHe 3'€OHaHHA; eleKmpPOHHO-
npomenese 36aplOGanHs; NApaMempu 36apioGaHHSI.
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