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Aluminum-based alloys are widely used in many branches of modern industry (aviation, mechanical engineer-
ing, shipbuilding, instrument-making, energy and medicine, etc.). The promising method for further expanding the
scope of these alloys is surface treatment based on the use of concentrated energy fluxes (laser beams, plasma
flows, powerful ion beams, continuous and pulsed electron beams). The purpose of this paper is to establish the
possibilities of integrated electron-ion-plasma modification of the structure and properties of the surface layer of
technically pure aluminum A7. The surface alloy was formed in a single vacuum cycle using the “KOMPLEX”
facility (ISE SB RAS) by spraying a titanium film with a thickness of 0.5 um and the subsequent irradiation with
an intense pulsed electron beam in the aluminum melting mode. After 20 “spraying/irradiation” cycles, nitriding
(540 °C, 8 h) of the formed surface alloy was performed in a low-pressure gas discharge plasma using the plasma
generator “PINK”. Surface alloy studies were carried out applying the modern materials science methods (scan-
ning and transmission electron diffraction microscopy, X-ray phase analysis, determination of hardness and wear
resistance). The choice of elements alloying the surface layer of aluminum was based on the analysis of binary
state diagrams of AI-N, Al-Ti, Ti-N systems and the isotermal section of the ternary system AI-Ti-N. It has been
shown that formation of an entire series of binary and ternary compounds, including MAX-phases of the composi-
tion Ti,AIN and Ti,AIN;, is observed under equilibrium conditions in the AIl-Ti-N system. The carried out research
has allowed to state that an integrated method of electron-ion-plasma modification of technically pure A7 alumi-
num by nitriding (540 °C, 8 h) of the surface alloy formed by pulsed melting in vacuum of the Al-Ti system
(20 “spraying/irradiation” cycles with an electron beam with parameters 10 J/em?; 50 us; 10 pulses; the titanium
film thickness in each cycle 0.5 um) leads to formation of a multiphase multielement submicro-nanocrystalline
surface layer up to 20 um thick. It is shown that the mechanical (microhardness) and tribological (wear resistance
and friction coefficient) properties of the formed surface layer exceed manifold the properties of the original
commercially pure aluminum A7.

Keywords: aluminum, electron-ion-plasma processing, nitriding, structural researches, nanostructure,
properties.
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Cnnasbl Ha OCHOGE AMIOMUHUS WUPOKO UCHOAL3VIOMCA 60 MHOSUX OMPACIAX COBPEMEHHOU NPOMBIULIEHHOCTU
(asuayuu, mawunocmpoenuy, Kopabirecmpoenuu u npubopocmpoerul, dHepeemuxe, meouyune u m. 0.). Ilepcnexmus-
HbIMU MemMOoOaMu OdlbHelue20 pacuupenus cepvl npuMeHeHuss OaHHbIX CNIAB08 SGISEmCs NOBEPXHOCMHAs 00pa-
bomxa, 0OCHOBAHHASL HA UCTIONb30BAHUU KOHYEHMPUPOBSAHHBIX NOMOKO8 dHepauu (Iyyu iasepd, NOMOoKU Nida3Mbl, MOUj-
Hble UOHHbIE NYYKU, HENPEPbIGHLIE U UMNYIbCHbIE eKmpOoHHble nyuku). Llenvio nacmosueti pabomol s61semcs ycma-
HOGIEHUE 603MONCHOCHIEU KOMNILEKCHO20 I]1eKMPOHHO-UOHHO-NIA3ZMEHHO20 MOOUDUYUPOSAHUSL CMPYKIMYPbL U CEOUCMS
HOBEPXHOCIMHO20 CIOSI MEXHUYECKU YUCTNO20 amoMunus mapku A7. Q@opmuposanie n0OBePXHOCMHO20 CRLABA OCYUeCHI-
GISIU 8 eOUHOM 8aKYYMHOM yukie na yemanoske « KOMIIJIEKCy (MCO CO PAH) nymem HanviieHust nAeHKU MUMana
moawunou 0,5 MKkm u nocnedyiowezo 00xyueHusi UHMEHCUBHBIM UMNYIbCHbIM JJIEKMPOHHBbIM NYUKOM 8 DedlcuMe Nid6-
nenust amomunust. Iocne 20 yuxnos «nanvirenus/obnyuenusy npoeoounu azomuposanue (540 °C, 8 u) cghopmuposanno-
20 NOGEPXHOCMHO20 CHIABA 8 NIA3Me 20308020 PaA3psod HU3KO20 OAGIeHUsl ¢ UCNONb308AHUEM NIA3MO2EHEPAmMopa
«I[IMHK». Hccnedosanus n0BepXHOCMHO20 CRIABA OCYWECMEISIU MEMOOAMU COBPEMEHH020 MAmepuaiogedenus (CKa-
HUpYIOWas 1 npoceeuusaiowds IAeKmpoHHaAs OUGPAKYUOHHASL MUKPOCKONUS, PEHM2EeHODA306blll AHAIU3, OnpedeneHue
meepoocmu U USHOCOCMOUKOCm). Bvibop necupyowjux nosepxHocmublil ot arOMUHUsL JNEMEHNO08 Obll OCHOBAH HA
ananuze ounapuwvix ouazpamm cocmosmui cucmem AI-N, Al-Ti, Ti-N u uzomepuuecko2o ceuenust mpouHoU CUCmembl
Al-Ti-N. Iloxazano, umo 8 pasnogecuvix yciogusx 6 cucmeme Al-Ti-N nabmoodaemcs gopmuposanue yenoeo psovl
0BOUHBIX U MPOUNBIX coeduneHull, 8 mom yucie u MAX-¢pas cocmaesa Ti,AIN u Ti,AIN;. B pesynvmame 6blnoaHenHvix
UCCIeO08AHUTL YCMAHOBNIEHO, YO KOMNJIEKCHbIL Memoo I1eKMpPOHHO-UOHHO-NIAZMEHHO20 MOOUDUYUPOBAHUS MeEXHU-
yecku wucmozo amomunus mapku A7 nymem asomuposanus (540 °C, 8 u) nosepxnocmmnozo cnuasa, cpopmuposantozo
UMRYIbCHbIM naasnenuem 6 eaxyyme cucmemol Al-Ti (20 yuxnos «nanvlieHus/001yuenusy 1eKmpoHHbIM NYYKOM C Na-
pamempamu 10 Joc/cn’; 50 mxe; 10 umn.; momyuna nienxku mumana 6 kaxcoom yuxie 0,5 MKm), npusodum k gopmu-
POBAHUIO MHO20(AZHO20 MHO20IJEMEHMHO20 CYOMUKPOHAHOKPUCMALIUYECKO20 NOBEPXHOCHHO20 CNOS MOIUUHOU 00
20 mxm. Hoxazano, umo mexanuveckue (MUKpOmMEepOoCmy) u mpubonocuieckue (U3HOCOCMOUKOCMb U KOIhduyuenm
MpeHUst) c8olUCmBea chopMUpoBAHHO20 NOBEPXHOCIMHOZ0 CNIOSI MHOZOKPAMHO NPEBOCX00AM CEOUCMBA UCXOOHO20 MeX-
HUYeCKU Yucmo2o amomunus A7.

Kniouegvie cnoga: anomunuil, azomuposauue, cmpykmypHble UCCLe008aHUsl, DIeKMPOHHO-UOHHO-NAA3MEHHAsL 00pa-
bomxa, HaHOCMPYKMYpa, C6OUCMEA.

Introduction. Titanium and aluminum-based alloys (hardness, wear resistance, resistance to the influence of
are widely used in the aerospace industry, mechanical hostile environment, etc.) [S—13]. One of the perspective
engineering and shipbuilding, medicine, etc. [1; 2]. In  methods of metals and alloys surface treatment is the ap-
many cases extension of scope of these materials is based  proach based on the integrated impact of plasma streams
on the improvement of properties of a surface layer of a  and intensive pulse electron beams on the material surface
detail or product. It happens due to formation of wear [5;13].
resistant, hard and super hard coatings; creation of multi- The purpose of the present research is to find opportu-
element multiphase sub-micro nanocrystal surface layers;  nities for integrated electronic ion-plasma modification of
and integrated processing combining formation of multi-  the structure and properties of commercially pure alumi-
purpose coatings on preliminary modified surface of a  num surface layer.
detail [1-5]. Perspective methods of surface treatment are Material and method of research. Material of re-
those based on the use of concentrated energy streams search — commercially pure aluminum A7 brand (0.15Si,
(laser beams, plasma streams, powerful ion beams, 0.16Fe, 0.01Cu, 0.03Mn, 0.02Mg, 0.04Zn, 0.03Ga,
continuous and pulse electron beams) [5-12]. Employing  0.01Ti, balance Al, weight. %) [14]. Specimen dimen-
this approach allows to drastically improve material prop-  sions 15x15x5 mm. The surface alloy was formed
erties connected with modifying surface layer condition in a single vacuum cycle using the “KOMPLEX” facility
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(ISE SB RAS) by spraying a titanium film with a thick-
ness of 0.5 um and the subsequent irradiation with an
intense pulsed electron beam in the aluminum melting
mode. After 20 “spraying/irradiation” cycles, nitriding
(540 °C, 8 h) of the formed surface alloy was performed
in a low-pressure gas discharge plasma using the plasma
generator “PINK”. Research into the element and phase
structure, defective substructure condition was carried out
applying the methods of scanning electron microscopy
(Philips SEM-515 with microanalyzer EDAX ECON IV)
and transmission diffraction electron microscopy (JEOL
JEM-2100 F), X-ray diffraction analysis (X-ray diffrac-
tometer Shimadzu XRD 6000). Material properties were
characterized by hardness (PMT 3, indentation load
0.2 H). Tribological studies (wear resistance and friction
coefficient identification) were carried out on tribometer
Pin on Disc and Oscillating TRIBOtester (TRIBOtechnic,
France) under the following parameters: steal ball of 6
mm diameter, track radius — 2 mm, indentation load and
track length vary depending on the ware resistance factor
of the material under study.

Results and discussions. Fig. 1 shows binary state
diagrams Al-N, Al-Ti, Ti-N and Isothermal section of the
ternary system Al-Ti-N. Two of the three alloying ele-
ments of the ternary system Al-Ti-N are metals, while the
third one nitrogen is a non-metal and belongs to VB group
of the Periodic table. Nitrogen atoms possess five elec-
trons on the outer s- and p-shells ([He]2s2p”). With such
electronic structure nitrogen quite easily attaches three
more electrons which is a characteristic of non-metal.

System AI-N. Nitrogen is almost insoluble in Al nei-
ther in liquid, nor in hard states [15]. In the Al-N system
existence of only one connection in the field of the
stoichiometric structure of AIN with hexagonal structure
was found (Pearson's symbol #P4, pr. gr. R6sts, ZnS pro-
totype) (fig. 1).

System Ti-N. Titan possess a characteristic of activel
interaction with nitrogen. It finds reflection in formation
of compounds in the Ti-N system in the form of solid
solutions with variable structures and with wide areas of
homogeneity: B—(Ti,N), a—(Ti,N), 6—TiNx (cF8, NaCl)
(fig. 1) [16]. In compounds &-TiNy atoms Ti form a
metal face-centered cubic sublattice, where in octahedral
interstices interstitial (nitrogen) or vacancies may be pre-
sent. In not stoichiometric disordered compound 6—TiNy
change of structural vacancies concentration causes wide
area of homogeneity. Under the temperature of ~ 1100 °C
and content of N atoms ~33% from the phase 6-TiNy
nitride e-Ti,N (¢P6, anti-TiO,) with the narrow area of
homogeneity is formed. Besides, in a number of studies
existence of three intermediate phases was identified:
C-TiyN;x (AR8) [17], n-Ti3N,x (AR6, VTa,C,) [18; 19],
Ti4N3_X (hR2, V4C3) [17, 18]

System Al-Ti-N. Inside isothermal triangle in the sys-
tem Al-Ti—N existence of three nitride compounds of
strong stoichiometric ratio was found (fig. 1): t,—-Ti;AIN
(Pearson's symbol c¢P5, prototype CaTiO;) [22; 23];
©,-TLAIN (AP, Cr,AlIC) [24]; t3-Ti,AIN; (hP16,
Ti4AIN3) [25]. Apart from that, in [26-28] metastable
condition Ti;_ AN (cF8, NaCl).
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Out of the three compounds formed in the system
Al-Ti-N, compound t,-Ti;AIN proves the most stable
[29] and belongs to the phase group H [30]. Literature
shows that there are several ways of how compounds
7,-Ti,AIN can be prepared. Let us demonstrate the
synthesis of particles with Ti,AIN phase. First, under
exothermic reaction of powders Al and Ti in nitrogen
atmosphere [31]. Second, as a result of powders Al
and TIN hot pressing and subsequent homogenization
of samples under the temperature 850 °C within
200 hours [32]. Third, when sintering under above
1500 °C from powders AIN and Ti [33; 34]. Fourth, as a
result of 24 hours roasting under between 1275 °C and
1600 °C and 1100 MPa of powder bland Al, Ti, TiN and
AIN nitrides pressed under room temperature [35]. Fifth,
when nitriding Al-Ti alloys as a result of roasting under
1000 °C [36]. Sixth, when heating a powder bland con-
sisting of two parts Ti and one part of AIN under 1400 °C
for 48 hours under the pressure of =~ 40 MPa [24].
Seventh, powder bland AIN and Ti vacuum sintering un-
der 107 Pa for 16 hours [37].

Recently great attention is drawn to perspective
materials — polycrystalline nanolaminates. This class of
materials represents machine processed ceramics which is
stable at high temperatures [38—41]. In terms of structure
nanolaminates, which are called still MAX phases, [42]
represent threefold compounds with structure M, AX,
(M = transition metal, A = element of IIIA or IVA group
of the Periodical table, X = C or N, # accepts integer val-
ues 1, 2, 3). MAX are phases representing laminated hex-
agonal structure with space group P6s/mmc with two for-
mula units in a space unit (fig. 2). The unique distinctive
feature of these materials is a laminated crystal lattice,
a natural arrangement of layers of atoms M- and A-
elements.

According to literature [42], more than 70 of the popu-
lar nanolaminates are titanium nitride-based. They are
phases Ti,AIN (211) and Ti4AIN; (413), where element X
is nitrogen.

In the light of the aforesaid it is possible to assume
that application of the high-energy electronic ion-plasma
integrated processing of aluminum surface in a uniform
vacuum cycle combining formation of “film (tita-
nium)/(aluminum) substrate” system, radiation with an
intensive pulse electron beam of aluminum surface in the
melting mode, and subsequent saturation of the alloyed
layer with nitrogen atoms of low pressure gas category
plasma can lead to specific structural and phase states
which will cause formation of a multiphase surface with
the increased physical and mechanical properties. The
research of commercially pure aluminum modified layer
phase structure was conducted applying the methods of
X-ray diffraction analysis. It is revealed that the surface
layer is multiphase material and contains a-Ti (5.2 mass.
%), ALTi (58.4 mass. %), AIN (24.2 mass. %) and Al
(12.2 mass. %).

The undertaken research showed that the surface layer
up to 20 microns thick has sub-microcrystalline, typical
structure of which is provided in fig. 3.
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Fig. 1. Isothermal section at 900 °C of the Al-Ti-N ternary system [20; 21] and binary state diagrams
of the AI-N [15], Al-Ti [15] and Ti-N systems [16]

Puc. 1. U3orepmuueckoe cedenne npu 900 °C Tpoitnoit cuctemsr Al-Ti-N [20; 21]
u OuHapHble quarpammel coctostauii cucteM Al-N [15], Al-Ti [15] u Ti-N [16]
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Fig. 2. Crystal structure of MAX-phases with transition metals (M)
with layers of elements A (C or N) from groups IIIA and IVA [41]
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metaiutamu (M) co cnosmu u3 anemenToB A (C wmm N) u3 rpymm [ITA
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Fig. 3. Electron-microscopic image of the surface layer of commercially pure aluminum grade A7 modified
by nitriding (540 °C, 8 h) of a surface alloy formed by pulsed melting in a vacuum of the Al-Ti system
(20 sputtering/irradiation cycles) with an electron beam with parameters Jem?; 50 us; 10 imp.; titanium

film thickness in each cycle 0.5 pm):
a — arrows indicate bend contours of extinctions; b — dislocational substructure of material

Puc. 3. D1eKTpOHHO-MHKPOCKOIIMYECKOE H300paxKeHHe ITIOBEPXHOCTHOTO CIIOSI TEXHUUECKU YHCTOTO
MOMHHMS Mapku A7, MoguduuuposaHHOro myteM azotuposanus (540 °C, 8 1) MOBEpXHOCTHOTO CIIIaBa,
c(hOopMHUPOBAHHOTO UMITYJILCHBIM IUIABJICHHEM B BakyyMe cucTeMsl Al-Ti (20 IUKIIOB «HAIbLIe-
HUS1/00TydeHHs» 3JIEKTPOHHBIM ITyYKOM ¢ IapameTpaMu 10 Tix/em?; 50 Mic; 10 HMIL; TOJIMHA IICHKH
THTaHa B KOKAOM uKie 0,5 Mkm):

a — CTpeJKaMM yKa3aHbl U3TMOHBIC KOHTYPBI SKCTHHKINH; b — AUCIOKAMOHHAs CyOCTPYKTypa MaTepuania

Crystallite sizes change ranging from 0.2 microns up
to 0.9 microns.

Crystallites have various forms changing from globu-
lar to facetted. In crystallites volumes a dislocation
substructure in the form of chaotically distributed disloca-
tions is observed (fig. 3, b). The scalar density of disloca-
tions changes in limits (0.8 <+ 1.1)x10'" cm ™.

Electronic and microscopic image of crystallites is
characterized by a large number of flexural extiction
contours (fig. 3, contours are specified by arrows).
Existence on electronic and microscopic images of such
contours indicates curvature torsion of a crystal lattice of
the studied foil that testifies, in turn, elastic tension of the
studied material layer [43]. Generally, contours start from
crystallite border lines. This fact proves that the crystallite
border lines are the source of material elastic tension [44].
A number of studies [45—47] shows that the cross sizes of
a flexural extinction contour are inversely proportional to
tension amplitude of this particular foil section. Analyzing
the electronic and microscopic image of the material
structure shown in fig. 3, it can be noted that the cross
sizes of flexural contours are minimum at crystallites
border lines and are maximum in the center of the crystal-
lite. Therefore, amplitude of curvature torsion of a crystal
lattice of material is minimal in the center of crystallites
while increases as approaching the border line of the sec-
tion.

Applying the methods of the micro-diffraction analy-
sis with the subsequent indicating of micro-diffraction
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patterns it was found that crystallites are formed by the
phases a-Ti, A;Ti and Al that was also revealed by the
methods of the X-ray phase analysis. In most cases grains
of a-titanium and aluminum are located in chains parallel
to the modifiable surface of a sample.

On borders of crystallites extended layers having
nanocrystal structure with particles size of 10-20 nanome-
ters are observed. A typical image of such structure
is show in fig. 4. The microdiffraction patterns analysis
received from similar foil sections shows that nanocrys-
tals are aluminum nitrides. As a rule, such layers
are formed along the titan aluminide Al;Ti grain sections
borders. Nanodimensional allocations of aluminum
nitride particles are found in aluminum grains volume as
well.

Electronic microscope JEOL JEM-2100 F allows stud-
ies applying the methods of electron microprobe analysis,
distribution of chemical elements forming the material.
Results of such research of the modified layer of com-
mercially pure aluminum are given in fig. 5. Nitrogen
atoms distribution in the structure of the studied material
attracts a lot of attention. It is clear that in the aluminum
layer (substrate), adjacent to the modified layer (the lower
part of the picture in fig. 5) atoms of nitrogen are distrib-
uted unevenly, concentrating along borders of a cellular
dislocation substructure. In aluminum grains volume lo-
cated in the modified layer (specified by an arrow fig. 5),
atoms of nitrogen form nanodimensional objects which
are obviously aluminum nitride particles.
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Properties of thealuminnum modified layer was
characterized by the size of microhardness and wear
resistance.

As a result of the research it was revealed that
modifying of commercially pure aluminum of A7 brand
by nitriding (540 °C, 8 h) of the surface alloy formed
by pulse melting in the system vacuum.

Al-Ti (20 cycles “dusting/radiation” via the electron
beam with the parameters of 10 J/cmz; 50 microsec; 10 imp.;
thickness of titan film in each cycle equals 0.5 microns)
leads to formation of a surface layer which micro-
firmness by 9 times exceeds the hardness of the initial
material, wear resistance is 400 times higher, friction co-
efficient is 3.5 times less than that of the initial material.

Fig. 4. Electron-microscopic image of the surface layer of technically pure aluminum grade A7, modified by nitriding
(540 °C, 8 h) of a surface alloy formed by pulsed melting in a vacuum of the Al-Ti system (20 sputtering / irradiation cy-
cles) with an electron beam with parameters 10 I/ cm?; 50 s; 10 imp; film thickness of titanium in each cycle (0.5 pm):

a, b — bright-field images; ¢ — dark field obtained in the [200] AIN reflex; d — microelectron diffraction pattern. The arrows on
fig. 4, a, b indicate aluminum nitride particles located along the boundaries of titanium aluminide;
on fig. 4, g is the reflex in which the dark-field image was obtained

Puc. 4. D1eKTpOHHO-MHKPOCKOIINIECKOE H300paKeHHE ITIOBEPXHOCTHOTO CIIOS TEXHUUECKH YHCTOTO AJIFOMUHUS MapKu
A7, MoguunupoBaHHOTO IyTeM azoTupoBanus (540 °C, 8 1) MOBEpXHOCTHOTO CIUIaBa, CHOPMUPOBAHHOTO UMITYJIbC-
HBIM IUTaBJIeHUEM B BakyyMme cucTeMsl Al-Ti (20 IUKIOB «HANBIICHNS/00IydeHHS» 3JIEKTPOHHBIM ITyJKOM C TTapaMeTpa-
mu 10 I[)K/CM2 ; 50 Mxc; 10 ¥MIT.; TONIWHA TUICHKHA THTaHA B K&KAOM nukie 0,5 MKM):

a, b — cBeTyoNONBHBIC N300paKEHNUS; ¢ — TEMHOE Mo0J1e, noiy4eHHoe B peduiekce [200] AIN; d — MUKpoOdIEKTpOHOrpaMMa.
Crpenkamu Ha puc. 4, a, b yka3aHbl YaCTHIBI HUTPHIA ATFOMUHUSL, PACIIOI0KEHHbIE BIOJIb TPAaHUI] ATIOMUHU/IA THTAHA,

Ha puc. 4, d — pediexc, B KOTOPOM OBLIO IOITYyIE€HO TEMHOIOIBHOE H300paskeHHe
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Fig. 5. Electron-microscopic image of the surface layer of technically pure aluminum grade A7 modified by nitriding
(540 °C, 8 h) of a surface alloy formed by pulsed melting in a vacuum of the Al-Ti system (20 sputtering / irradiation
cycles) with an electron beam with parameters 10 J/ cm 2 ; 50 p s; 10 imp.; film thickness of titanium in each cycle
0.5 pm) (a); image of the foil part (a) obtained in the characteristic X-ray radiation of titanium atoms (Tig,) (b)
and nitrogen (N,) (c); d — combined image of the foil part () obtained in the characteristic X-ray radiation of titanium
atoms (Tik,) and nitrogen (N,); arrows indicate aluminum grains

Puc. 5. DnexTpoHHO-MHKPOCKOIINYECKOE H300paXkeHHe TOBEPXHOCTHOTO CIIOS TEXHUYECKH YHCTOTO aJIFOMUHUS
Mapku A7, MOIuGHUIUPOBAHHOTO ITyTeM azotupoBanus (540 °C, 8 1) TOBEpXHOCTHOTO CILIaBa, c()OPMUPOBAHHOTO
HMITYJIbCHBIM IIIaBJIeHHEM B BakyyMme cucTeMbl Al-Ti (20 IMKIIOB «HAIBIIEHHs/00IyIEHHSD 3JIEKTPOHHBIM ITyIKOM

¢ mapametpamu 10 Ix/em?; 50 Mxc; 10 MMIL; TONIIMHA [UTCHKH TUTAHA B KaXA0oM mukie 0,5 MKM) (a); n300pakeHne

y4actka (onbru (@), HoITydeHHOE B XapaKTePHCTHIECKOM PEHTTCHOBCKOM u3iny4deHnn aromoB tutana (Tig,) (b)

u azota (N,) (¢); d — coBMemeHHOE n300paxkeHue yqactka Qoibru (a), HOITy4YeHHOE B XapaKTePUCTHIECKOM
PEHTI€HOBCKOM M3TydeHun aToMoB TuTaHa (Tiy,) u a3ota (Nk,). CTpenkamu yka3aHbl 3epHa aTFOMUHUS

Conclusion. The analysis of binary charts of Al-N,
Al-Ti and TIN systems conditions and isothermal section
of the threefold AL-TIN system is made. It is shown that
under equilibrium conditions in these systems formation
of double and threefold compound including the MAX
phases of Ti,AIN u Ti4AINj; structure is observed.

It is established that a complex method of electronic
ion-plasma modifying of commercially pure aluminum
of A7 brand by nitriding (540 °C, 8 hours) of the surface
alloy formed by pulse melting in an Al-Ti system vacuum
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(20 cycles “dusting/radiation” an electron beam
with the parameters of 10 J/em?; 50 microsec; 10 imp.;
thickness of a titan film in each cycle equals 0.5 microns)
leads to formation of a multiphase multi-element
sub-micro nanocrystal surface layer up to 20 microns
thick.

Mechanical (micro-hardness) and tribological (wear
resistance and friction coefficient) properties of the
formed surface layer drastically surpass the properties of
initial commercially pure A7 aluminum.
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