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STRUCTURE AND PROPERTIES OF THE SURFACE LAYER ON AL-BE
ALLOY AFTER A TREATMENT IN ELECTROLYTIC PLASMA

The structure and properties of the diffusion layer formed on the Al-Be alloy surface after treatment in
the electrolytic plasma are investigated. As a result of X-ray analysis the Be,B and AlB,, phases were
basically identified in the diffusion layer. Treatment of Al-Be alloy in electrolytic plasma leads to the specific
Be crystal orientation and anisotropy. It is found the diffusion layer formed on the Al-Be (3.6 % Be) alloy
surface includes nano-sized finely dispersed beryllium borides and to a lesser extent aluminum borides that
are concentrated basically at grain boundaries and phases and provided dispersion hardening of the alloy

surface. Discharge action provides the structural changes and metastable states in surface layers of the alloy.
It is observed a noticeable reduction in the aluminum and beryllium lattices with anisotropy of the latter
after Al-Be alloy treatment. This produces residual internal stresses which affect micromechanical
properties of the alloy. The microhardness of the treated Al-Be alloy surface in 2 - 3 times higher than the
untreated, and depends on current density.

Keywords: nonequilibrium conditions, microhardness, diffusion layer, beryllium borides, dispersion
hardening.

JlocaigkyoThesl CTPYKTYpa Ta BJACTHBOCTI AudysiiiHoro mapy, yreopeHoro Ha nopepxni Al-Be
CIIABY Mic/s 00po0KH B eJIeKTPOJIiTHIN nmia3Mi. 3a pe3yJbTaTaMu PEeHTIeHOCTPYKTYPHOI0 aHAJi3y B
nudysiiinomy mapi B ocHoBHoMY ineHTHdikyloThes (a3su Be,B n AlBj;,. O0poOka B ejieKTpPOJIITHIN
miasmi Al-Be cniiaBy npuBoauTh /10 neBHOI opieHTanii kpucraniB Be Ta BMHUKHeHHs aHi3oTpomii.
BcranosJeHo, o qudy3iiHuii map, orpumManuii Ha nosepxHi ciiaBy Al-Be (3.6 % Be) B pe3yabTaTi
00po0KHM B eJICKTPOJiTHIN IU1a3Mi, BKJII0Ya€ HAHOPO3MIipHi MijakogucnepcHi Oopuau Oepuiiio i B
MEHIIOMY CTYIeHi aJIOMiHil0, 10 30cepel:KeHi B OCHOBHOMY II0 IpaHHMISIM 3epeH Ta ¢a3, i fAKi
3a0e3Mne4yI0Th AucHepciiine 3MinHEeHHs MOBepxHi ciaBy. /lig po3psiay 3a0e3neuye cTPyKTYpHi 3MiHH i
CTBOPEHHSI MeTacTa0iIbHUX CTaHIB B NOBEPXHEBHX INApPax cILIaBy. B pesyabTaTi 00podku cmiaBy Al-
Be B esieKTpoaiTHIN MUIa3Mi cnocTepiraerbcs MOMiTHe 3MeHIIeHHS Mepioly KPHCTAJIYHMX pelliToK
aominiloTa Oepuiiro 3 aHizoTpomiero octaHHboro. Ilpy HbOMY BHHHMKAIOTH OCTATOYHI BHYTPilIHi
HaNpyKeHHs, siKi BIVIMBAIOTh Ha MiKpoMexaHiuyHi BiacTuBocTi ciuiaBy. MikporBepaicTh 00pod.ieHol
nosepxHi ciuiaBy Al-Be B 2 — 3 pa3u Buiue 3a HeoOpo0JieHy i 3a/1e:KUTh Bill IITBHOCTI CTPyMY.

Keywords: HepiBHOBaXkHI yMOBH, MiKpOTBepIicTh, udy3iiHuii mwap, 6opuau Gepuitito, aucnepciiine
3MII[HEHHSI.

Hccaenytorest cTpyKTypa u cBoiicrBa 11uddy3uoHHOr0 €105, 00pa30BaHHOr0 Ha noBepxHoctu Al-
Be cniaBa mocie 00paGoTKH B 3J1eKTPOJMTHOH miazme. Ilo pe3yjabTaTtaM pPeHTreHOCTPYKTYPHOTO
aHaiau3a B JU(Q(PY3MOHHOM cj10e B OCHOBHOM HaeHTHUuupyrores ¢assl Be,Bu AlB;,. OopaGorka B
JIeKTPOIHTHOH miazve Al-Be criaBa mpuBoauMT K ompeneaéHHONl OpHeHTAMH KpHCTaLI0B Be u
BO3HMKHOBEHHI0O AHU3OTPONHMHU. YCTAHOBJIEHO, 4YTO IM(PQY3UOHHBIH C/I10H, IOJYYCHHBIH Ha
noBepxHocTH cniaBa Al-Be (3.6 % Be) B pe3y.ibTaTe 06paGoTKH B 3JIEKTPOIHTHON MJIa3Me, BKIIOYAET
HAHOpPa3MepHbIe MeJKOAUCHepCHble OOpHAbI OepH/IMSE M B MeHbIIeH CTelleHH ATIOMUHUSA,
€OCpeJ0TOYeHHbIE B OCHOBHOM IO rpaHMuIaM 3epeH H (a3 u olecneyuBaonye JMCIEPCHOHHOIO
ynpouHeHHe TMOBepXHOCTH cmiaBa. [leficTBue pa3psiga obecrednmBaeT CTPYKTYpHbIe H3MeHEHUS H
co3/1aHNe MeTACTA0MILHBIX COCTOSTHUIT B NMOBEPXHOCTHBIX CJIOSIX HACHIIAeMOro Ciiasa. B pesyiabraTe
o0padoTku Al-Be cniiaBa B 3/1eKTpo/IMTHON MU1a3Me HalJiofiaeTcsl 3aMeTHOe YMeHbIICHHe Iephojaa
KPHCTA/UIMYECKHX pelleTOK AJIOMUHHSI M Oepwiusa ¢ aHu3oTponmeii mnociaegHero. Ilpm 3Tom
BO3HHUKAIOT O0CTATOYHble BHYTPeHHHe HaNpSKeHUs, KOTOpble BJIMSAIOT HAa MHKpPOMeXaHHMYecKHe
cBoOiicTBa cmaBa. MuKpoTBepaocTh 00paboTaHHOIl MoBepXHOcTH cliiaBa Al-Be B 2 — 3 paza Bblne,
YeM HeoOpa0OTAHHON M 3aBHCHUT OT INIOTHOCTH TOKA.

Keywords: HepaBHOBECHbBIC YCIIOBHS, MHKPOTBEPAOCTh, MUM(PY3HOHHBIH CIIOM, GOpHabl OepHILTHS,
JHCTIEPCHOHHOE YIPOYHEHHE.
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1. Introduction

Technical progress in a number of important industries determined by the quality of
light alloys based on aluminum. Among them, the aluminum-beryllium alloys are most
widely used due to the small specific weight, high specific strength and high corrosion
resistance. They as structural materials are widely used in aviation, electronics, missile
and space engineering. Usually, small amounts of beryllium are introduced into high
aluminum alloys to prevent oxidation of the aluminum and other alloy components during
subsequent treatment, for example, melting and casting [1].The mechanical properties of
aluminum-beryllium alloys are increased by introducing of thinly dispersed hardening
phase [2]. The presence of the dispersed phase causes stresses in the beryllium matrix (in
the case of allocating from the solid solution), or prevents the spread of sliding (in the
case of intermetallic compounds formation). The degree of hardening depends on amount
and type of the hardening phase, from its connection with the matrix, size of its particles
and distance between them [3].Treatment of aluminum alloys by boriding in the
electrolytic plasma [4, 5], obtained in an aqueous electrolyte solution, promotes to the
surface layers formation with improved micromechanical characteristics, that include
finely dispersed nano-sized aluminum boride phases of different modification. Depth
layer and its micromechanical characteristics at identical treatment conditions depend on
the aluminum alloy composition. It should be noted the presence of Si and Mg in the
alloy promotes formation of a coating with greater depth and microhardness. The
hardening of Al-Be alloy by borated in electrolytic plasma [5], in fact, may be an
alternative to the Al-Be-B alloy [7].

In this work the structure and properties of the diffusion layer formed on the Al-Be
alloy surface after treatment in the electrolytic plasma produced around the cathode by
electrolysis in an aqueous electrolyte solution were studied.

2. Experimental details

Investigations were carried out on Al-Be (3-3.5 %) alloy samples, treated in the
aqueous electrolyte solution containing boron. The treatment was realized in the regime
of electrolyze at a voltage of 30-50V, current density of 1.4 — 2.2 A/sm? for 15 minutes.

The microstructure of the treated samples was revealed by etching in 0.5% solution
of HF. Metallographic analysis of the samples was performed on a microscope "Neophot-
21" and micro durometer PMT-3 under a load of 50 g. The phase components
identification of the diffusion layer was performed by X-ray diffraction on a DRON-2 in
the iron and copper radiations. The structure and composition of the surface layer were
investigated by micro X-ray and spectral analysis [6].

3. Results and discussion

According to X-ray analysis (Table 1) in the diffusion layer obtained after treatment in
the electrolytic plasma Be,B and AlB,, phases are mainly identified. Proceeding from the
quantities of the elastic model [8], Be,B phase is the most stable. The system of chemical
bonds in Be,B is determined of strong covalent bonds Be-Be (2s2p - hybridization), which
is complemented by covalent bonds Be-B and B-B. The presence of high-boron compounds
BeBs and BeBjis caused, apparently, by boron segregation at the grain boundary
beryllium in local action of temperature. The compound Be,B is unstable under
equilibrium conditions [7, 8] and decomposes into Be,B and Be,Bsas eutectoid at
temperatures below 985 °C. However, this process does not have time to occur under
non-equilibrium conditions of the electrolytic plasma with high rates of cooling and
heating. The formation of beryllium borides dominates over the aluminum borides
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formation. That is, boron is primarily inclined to form compounds with beryllium, since
the value of the standard enthalpy of formation for Be,B is 64.85 kJ/mol [10] and for
AlBy; — 266.1 kJ/mol [10] or 184.2 kJ/mol [12].

According to spectral analysis the boron microalloying does not exceed 1% when
diffusion processes in the electrolytic plasma are realized. At this concentration of boron
in Al-Be-Balloys [7] beryllium boride is located on the beryllium grain boundaries and
crystallized together with aluminum-based phase promoted to hardening without sharp
reduction in relative elongation. After treatment of the Al-Be alloy in electrolytic plasma
beryllium borides are also formed at the beryllium grain boundaries.

Table 1
The results of X-ray analysis of surface layer on the Al-Be alloy after the treatment
Ne Regime of treatment Phase combination
1 U=60V, j=2,42A/cM?, t=15min | Be,B, BeBg, AlB;,
2 U=30V, j=2,2A/cM?, t=15min Be,B, BeBy,, AlB;,, AlBj,

The values of the aluminum lattice parameter of Al-Be alloy computed for the
diffraction peaks 220 have shown that the lattice constant decreases from 4.0409 A for
the untreated sample up to 4.032A for treated sample at a current density 1.3 A/sm?® and
up to 4.0353 A for j = 2.2A/sm’ The change of the beryllium lattice parameters in Al-Be
alloy occurs in the direction of 100 from a = 2.275 A for the untreated sample up to a =
2.240 A for treated sample. The beryllium lattice parameter ¢ changes in direction of 002
from ¢ = 3.58 A up to 3.54 A. of The beryllium lattice parameter in the direction of 200
treated alloy is not changed. Al-Be alloy treatment in electrolytic plasma leads to the
specific orientation of the Be crystals, an anisotropy, becomes possible to greatly
improvement of properties.

Changes in the aluminum lattice parameter occur under plastic deformation by
discharge, due to alloying with components of the electrolytic plasma near the cathode, in
particular with boron and hydrogen in the process of new phases formation. With
increasing current density energetic influence on a metal surface increases resulting the
microstructure of the surface layer changes. This produces residual internal stresses
residual internal stresses which affect the micromechanical properties of the alloy.

Fig. 1 shows the change in microhardness to a depth of layer depending on the
treatment regime. In comparison with other aluminum alloys [5] Al-Be alloy after
treatment in the electrolytic plasma has a microhardness of 1.5-2 times exceeding the
microhardness of the untreated surface. While under the same processing conditions on
the Al-W alloy surface the layer is formed with a microhardness 4-7 times greater. This
can be explained as follows. Hard strengthening beryllium particles in combination with a
plastic aluminum matrix are barriers to dislocation motion and lead to decrease of the
dislocations diffusion and boron diffusion moving with them. All this eventually
decreases the microhardness of the layer.

The results of phase analysis showed the presence of lines AlByo, AlB;, phases,
formed appears at the aluminum grain boundaries. Possibility of simultaneous formation
of beryllium and aluminum borides is most probable under non-equilibrium conditions of
the electrolytic plasma formed in discharges near the cathode. The diffusion layer
includes finely dispersion metal boride phases formed primarily in the places of local
action of the discharge temperature in a high-speed heating and cooling promoted of
directional self-organization of nano-sized boride phases. The uniqueness of obtained
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layer is that borides primarily are formed at grain boundaries, in dislocations and
microdefects and have a nanoscale size. This leads to dispersion surface hardening with
particles of boride phase.
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Fig. 1Microhardness distribution on the diffusion layer depth for Al-Be (3-3.6% Be) alloy treated in the

regimes: 1 -U =60V, j=2.42 A/em? t=15min; 2- U=30V,j=2.2 A/em? t= 15 min.

4, Conclusions

Thus, the diffusion layer formed on the alloy Al-Be (3,6% Be) surface after
treatment in the electrolytic plasma includes nanosize finely dispersed beryllium borides
and to a lesser extent aluminum borides concentrated basically at grain boundaries and
phases and provided dispersion hardening of the alloy surface. Discharge action provides
the structural changes and metastable states in surface layers of the alloy. It is observed a
noticeable reduction in the aluminum and beryllium lattices with anisotropy of the latter
after Al-Be alloy treatment. This produces residual internal stresses which affect
micromechanical properties of the alloy. The microhardness of the treated Al-Be alloy
surface in 2 - 3 times higher than untreated, and depends on current density.
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