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Abstract. The paper investigates the microstructure and phase composition of nickel- and aluminum-based intermetallic alloys obtained using two-wire
electron-beam additive manufacturing (EBAM). Relevance of the research is related to the widespread use of intermetallic alloys based on nickel
and aluminum (mainly Ni,Al) in various high-temperature applications and the need to use modern production methods when creating machine parts
and mechanisms from these alloys. Using EBAM, the billets from intermetallic alloys with different ratios of the content of main components were
obtained. Change in concentrations of the basic elements was carried out varying the ratio of feed rates of nickel and aluminum wires during additive
manufacturing in the range from 1:1 to 3:1, respectively. The results of microscopic studies of the obtained alloys showed that, regardless of nickel
content, the obtained alloys are characterized by a large—crystalline structure with grain sizes in the range of 100 — 300 um for alloys with a component
ratio of 1:1 and 150 — 400 pm for alloys with a component ratio of 2:1 and 3:1. At the same time, the alloy with an equal content of base components is
characterized by more uniform grain and microstructure compared to those with high content of Ni. By changing the concentration ratio of the compo-
nents, phase composition of the resulting billet can be purposefully controlled. In the case of an “equiatomic” content of the base components in the
alloy, a NiAl-based compound with a small phase content based on the intermetallides Ni;Al; and Ni Al is formed. At high concentrations of nickel,
the intermetallic Ni,Al phase is formed, and at a component ratio of 3:1, structure of the resulting billet consists mainly of Ni,Al phase and the y solid
substitutional solution based on nickel. The paper demonstrates the possibility of direct production of intermetallic alloys with a given phase composi-
tion during electron-beam additive manufacturing.
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®A30BbIA COCTAB U MUKPOCTPYKTYPA
WHTEPMETAIZIMMECKUX CNJIABOB, MONIYYEHHbBIX METOA40M
NPOBOMIOYHOIO 3NEKTPOHHO-NYYEBOrO
AAAUTUBHOTO NPOU3BOACTBA
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HWHcruTyT Du3uKn npouHocTH u MmatepuasoBenenuss Cuoupckoro oraesenusst PAH (Poccus, 634055, Tomck, np. Akagemuuec-
Kuii, 2/4)
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AHHOmayus. B paboTe NpoBENEHO HCCIENOBAHME MHUKPOCTPYKTYPHI M (ha30BOrO COCTaBa WHTEPMETAIUIMUECKUX CIUIABOB HA OCHOBE HMKEIs
¥ QIFOMUHUS, TTOJYYEHHBIX C UCIIOIb30BaHMEM JIBYXIIPOBOJIOYHOTO 3JIEKTPOHHO-IYyYeBOr0O aaauTuBHOrO npounssozactea (DJIAIT). AxryaspHOCTH
TIPOBEICHHBIX MCCIIEOBAaHUN CBsS3aHA C HIMPOKHM HCIIOIb30BAHHEM MHTEPMETAJUIMUCCKUX CIUIABOB HAa OCHOBE HUKENS W QIIOMHHHS (TpeHMy-
ecTBeHHO Ni; Al) B pa3iiMuHbIX BRICOKOTEMIIEPATYPHBIX MPUIIOKEHHUAX H HEOOXOIMMMOCTBIO HCTIONb30BAHHS COBPEMEHHBIX METOJIOB IIPOU3BOJICTBA
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IPH CO3JAaHUM ACTaNeil MaIllH ¥ MEXaHU3MOB U3 3THX ciu1aBoB. C nomornipio DJTATT ObUTH MOMy4YEHBI 3arOTOBKH HHTEPMETAUIHYECKHX CIUIABOB
C pa3HBIM OTHOIICHHEM COICPXKAHUS OCHOBHBIX KOMIIOHEHTOB. VI3MeHEHHE KOHIIEHTpAIHH 0a30BBIX AIEMEHTOB OCYIIECTBIIIOCH IIyTEM H3Me-
HEHHsI COOTHOLIECHHUS CKOPOCTEH 0/1a4i HUKEJIEBOH 1 aJlFOMMHHEBOH IPOBOJIOK B POLIECCE aAIMTHUBHOTO POM3BOACTBA B Auarna3one ot 1:1 no 3:1
COOTBETCTBEHHO. Pe3yIbTaThl MHKPOCKOIIMYECKUX HCCIEIOBAHUH MOIYYCHHBIX CIUTABOB IIOKA3AIIH, YTO HE3aBUCHMO OT COICP)KAHHS HUKEIIS MOIy-
YEHHBIE CIUIABbI XapaKTePU3YIOTCsl KPYIHOKPUCTAIUIMYECKOH CTPYKTYpOii ¢ pasmepamu 3epeH B auanazone 100 — 300 MKkM a1 CIU1aBoB ¢ COOT-
HomreHreM KoMroHeHToB 1:1 n 150 — 400 MxM [uIs CIIIIaBOB ¢ COOTHOIIEHNEM KOMMIOHEHTOB 2:1 u 3:1. Ilpu 3TOM crtaB ¢ paBHBIM COZEp)KaHHEM
6a30BbIX KOMIIOHEHTOB XapaKTepu3yeTcsi 6oj1ee 0IHOPOIHOM 3epeHHON MUKPOCTPYKTYPOI 110 CPaBHEHHIO CO CIIABAMHU C BEICOKMM COICPKAHUEM
HuKes. [Ipy H3MeHeHNH COOTHOIICHNS KOHIICHTPAINH KOMIIOHCHTOB, II0JaBaeMbIX B IIPOIIECCE aJJUTUBHOTO IIPOM3BOJICTBA, MOKHO IIEJICHATIPAB-
JICHHO YNPaBISTh (Ja30BBIM COCTABOM IOJIy4aeMOH 3aroTOBKH. B cilyuae «9KBHATOMHOrO» ColepkaHus B CIUIaBe 0a30BbIX KOMIIOHEHTOB (hOPMHU-
pyercs coenuHenne Ha ocHoBe NiAl ¢ neGosbimM conepxanueM (a3 Ha ocHose uHTepMeTamuaoB NiyAl; u Ni Al TIpu Gosbimmx KoHIeHTpa-
HUAX HUKeNs GopMupyeTcst naTepMeTaiaHas ¢pasa NiAl, a Ipu COOTHONIEHNH KOMIIOHEHTOB 3:1 CTPYKTypa MojTyqaeMoi 3aroTOBKH COCTOMT
HpeuMyecTBeHHO 13 pasel NiyAl vy TBEp/I0ro pacTBOpa 3aMeIEHUs Ha OCHOBE HUKelIs. B paboTe mpoieMOHCTPUPOBaHa BO3MOKHOCTh HPSIMOTO
HOJTyYEHUs] HHTEPMETaIINUECKUX CIUIABOB C 3aJaHHBIM (Da30BBIM COCTABOM B IIPOIECCE HIEKTPOHHO-TYYEBOrO aJIATHBHOIO IPOM3BOJICTBA.
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[ INTRODUCTION

Intermetallic alloys are solid materials composed
of two or more metallic elements [1]. Unlike traditional
alloys, intermetallics feature an ordered crystal structure
with strong ionic or covalent bonds [1; 2]. These charac-
teristics give intermetallic compounds a range of unique
physical and mechanical properties, including high melt-
ing points and exceptional strength, even at extremely
high temperatures [1; 2].

One of the most intriguing intermetallic compounds
for industrial applications is the Ni Al alloy. It boasts
high tensile and compressive strength across a broad
temperature range, up to 1100 °C [3 — 5], a positive tem-
perature dependence of yield strength between 0 and
800 — 900 °C [3 — 5], and excellent resistance to corro-
sion, fatigue, creep, and wear, even at elevated tempera-
tures [6 — 8]. These unique properties make nickel and
aluminum-based alloys highly valuable in various indust-
ries for high-temperature applications, particularly in
the production of gas turbine engine blades, turbocharger
rotors for diesel power plants, and structural components
in the automotive, aerospace, metallurgical, and metal-
working sectors [2; 3; 9].

However, these alloys have significant drawbacks,
including low plasticity and a tendency toward brittle
fracture, which complicates their processing during
manufacturing [1; 4; 5]. Traditional powder metallurgy
methods — such as casting, sintering, self-propagating
high-temperature synthesis, and directional solidifica-
tion [7; 9; 10] — are not suitable for producing finished
products from intermetallic alloys [11 — 13]. As a result,
additive manufacturing has emerged as a promising
method for producing machine and mechanism parts
from nickel aluminide. This process involves creating
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a part with a specified shape by sequentially layering
and melting powder raw materials or wire using a high-
energy beam [10; 11; 14].

In [11], intermetallic alloys with a composite struc-
ture were produced using selective laser sintering (SLS)
with various mass ratios of aluminum and nichrome alloy
powders. The resulting matrix, based on nichrome, was
filled with intermetallic particles of Ni,Al and NiAl.
In [15], layered intermetallic structures based on nickel
and aluminum with various stoichiometric composi-
tions were obtained using selective laser melting (SLM)
technology. In [16], samples of Ni;Al intermetallic alloy
were produced using SLM and direct laser metal depo-
sition (DLMD) methods, exhibiting slight microporosity
and microcracks that formed during the cooling of the bil-
lets. Notably, the samples produced by SLS showed
smaller grain sizes compared to those formed during
DLMD additive manufacturing, which is attributed
to the different heating and cooling regimes in the additive
manufacturing process. The cracking of additive inter-
metallic billets can be avoided by preheating the powder
mixture to 1100 °C [13]. In [17], selective electron-beam
melting (SEBM) of the IC21 intermetallic alloy powder,
based on nickel and aluminum, resulted in a material
with a structure free of pores and predominantly con-
sisting of the y" phase of Ni;Al. The alloy demonstrated
high strength properties across a wide temperature range
(25 - 1000 °C). When forming billets of the IC21 alloy
using SLM technology, samples with a dendritic structure
were obtained, consisting mainly of the y’ phase of Ni;Al,
with y-phase and NiMo-phase grains in the dendrites and
interdendritic spaces, respectively [18]. The significant
cracking observed in the billets during their crystalliza-
tion process was also highlighted in.
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The primary drawbacks of using additive technolo-
gies based on dispersed powders as raw materials include
the high cost of powders, their rapid oxidation, and
low deposition rates, among other issues [12]. A solu-
tion to these problems is to use additive manufacturing
methods that employ one or more metallic wires of a spec-
ified composition as the raw material. In [12], intermetal-
lic alloys were produced using the wire and arc additive
manufacturing (WAAM) method, utilizing nickel and alu-
minum wires. The refractory nickel wire was melted by
an electric arc source, while the low-melting aluminum
wire was added directly to the melt bath. It was shown
that by adjusting the wire feed rates, the phase composi-
tion of the resulting compounds (Ni,Al, NiAl, etc.) could
be altered. In [14; 19], M. Zhang and co-authors demon-
strated that when using a two-wire feed in WAAM, a den-
dritic y + v’ structure with y’-phase layers in the interden-
dritic spaces of the Ni;Al intermetallic alloy forms, and
the strength of the resulting billets is comparable to com-
mercial alloys.

Despite its high productivity and the absence of a need
for complex and expensive equipment, a drawback
of the WAAM method is that the additive manufacturing
process occurs in an inert gas environment, which does
not fully protect the product from harmful impurities
and oxidation. From this perspective, the most effective
approach is to use additive technologies where the billets
are printed in a vacuum. Such methods include electron-
beam additive manufacturing (EBAM) [20].

This study focuses on investigating the structure and
phase composition of nickel- and aluminum-based inter-
metallic alloys produced using EBAM with aluminum
and nickel wires.

[ EXPERIMENTAL METHODOLOGY

In this study, billets in the form of vertical walls with
dimensions of 120x24x7 mm and made of nickel and
aluminum-based alloys, were produced using a labora-
tory electron-beam additive manufacturing (EBAM)
setup developed in the Institute of Strength Physics and
Materials Science SB RAS. To produce the billets, two
wires with a diameter of 1.2 mm — nickel (NP-2 alloy,
99.5 wt. % Ni) and aluminum (ESAB OK Autrod 1070
alloy, 99.8 wt. % Al) — were fed into the melt bath.
The additive manufacturing process was carried out under
the following parameters: beam current (/) of 30 + 35 mA,
beam scanning speed (V,) of 2.5 mm/s along the deposited
layer, accelerating voltage (U) of 30 kV, elliptical beam
scan from the center, and a scan frequency of 100 Hz.
The process was conducted in a vacuum at a pressure
of 1073 Pa. The billets were formed by sequential depo-
sition of layers of uniform thickness onto a mild steel
substrate. To obtain intermetallic alloys with varying
volumetric contents of components, the feed rate ratios

of the nickel and aluminum wires were adjusted, resulting
in billets with the following nickel-to-aluminum ratios:
1:1 (Ni + Al), 2:1 (2Ni + Al), and 3:1 (3Ni + Al).

Samples for structural and mechanical studies were
cut from the cross-sections of the billets. For micro-
structural and phase analysis, the samples were mechani-
cally polished, then electrolytically grinded in a solu-
tion of 25 g CrO, and 210 ml H,PO,, and finally etched
in a solution of 90 % CH,COOH and 10 % HCIO,.
The microstructure was examined using optical micros-
copy (OM, Altami MET 1C) and scanning electron micros-
copy (SEM, Zeiss Leo Evo 50 with an energy-dispersive
X-ray spectroscopy (EDS) attachment). X-ray structural
and phase analyses were conducted using a Dron-3M dif-
fractometer (Burevestnik) with CoK  radiation. The lat-
tice parameters of the phases were determined by extrap-
olating the dependence of the (ahkl), values, determined
for each X-ray line with indices (4kl), on the function
(cosBcot) [21].

[ RESULTS AND DISCUSSION

Microstructure of alloys produced by EBAM

Fig. 1 presents OM and SEM images of the micro-
structure of nickel and aluminum-based intermetallic
alloys produced using EBAM technology. Metallographic
analysis revealed that the billets were free of macro- and
microscopic pores or cracks. All three alloys exhibited
a coarse-grained layered structure. Within the grains,
a dendritic microstructure of different morphology often
became visible during electrolytic polishing: depending
on the grain orientation relative to the polished sur-
face, either extended, wellformed dendritic branches or
broken or partially dissolved dendritic lamellae could
be observed. Additionally, homogeneous contrast areas
(layers) were noted in the images, where no segregation
was detected (Fig. 1).

The Ni + Al alloy demonstrated a fairly homogeneous
structure with infrequent interlayers. On a macroscopic
level, its structure was more uniform than that of the
2Ni + Al and 3Ni + Al alloys in terms of forming a laye-
red structure. Meanwhile, the intragranular microstruc-
ture of the equiatomic alloy showed little variation along
the height of the billet (Fig. 1, a, b). Most often, equiaxed
grains ranging from 100 to 300 pum in size were observed
(Fig. 1, a, b). The 2Ni + Al and 3Ni + Al alloys were cha-
racterized by a more heterogeneous structure, with rela-
tively thick interlayers (up to 200 pm thick) and grains
elongated in the direction of billet growth (Fig. 1, ¢ — e),
with grain sizes ranging from 150 to 400 pm. Notably,
in alloys with higher nickel content, the dendrites were
narrower, and their branches were often intact, indicating
a significantly higher density of dendrite/interdendritic
boundaries compared to the Ni + Al alloy.

403



N3BECTUSA BY30B. YEPHASI METAJLJIYPTUA. 2024;67(4):401-408.
Acmaghypos C.B., MeabHukos E.B. u dp. ®a30Bbif COCTAaB U MUKPOCTPYKTYPa HHTEPMETANIMYECKUX CIJIABOB, M0JIYY€HHBIX METO/OM ...

Fig. 1. Metallographic (a, ¢, €) and scanning electron microscopy (b, d, f) images of microstructure
of Ni + Al (a, b), 2Ni + Al (¢, d) and 3Ni + Al (e, f) intermetallic alloys

Puc. 1. OM (a, ¢, ¢) u COM (b, d, f) n300paxeHns] MUKPOCTPYKTYPbl HHTEPMETAJUTHYESCKUX CILIABOB
Ni + Al (a, b), 2Ni + Al (¢, d) u 3Ni + Al (e, f)

Thus, using two-wire feed EBAM with an equal com-
ponent ratio results in a homogeneous billet (in terms
of microstructure) that is free of macro- and microscopic
defects (pores, cracks, etc.) immediately after additive
manufacturing.

[l Phase composition of alloys obtained by EBAM

According to the phase diagram of the nickel — alumi-
num system, alloys within this binary system can exist in
the following phase states [22 — 24]:

- NiAl,
25 at. %);

—Ni,Al, (trigonal crystal lattice, homogeneity range
for nickel: 37 — 41 at. %);

— NiAl (BCC lattice, homogeneity range for nickel:
42 — 69 at. %);

— Ni Al; (orthorhombic crystal lattice, homogeneity
range for nickel: 64 — 68 at. %);

— Ni,Al (y'-phase with FCC lattice (L1, superstruc-
ture), homogeneity range for nickel: 73 — 75 at. %);

(orthorhombic lattice, nickel content:
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— Ni;Al (y-phase, disordered solid solution with FCC
lattice with homogeneity region for nickel: 73 — 75 at. %).

In this study of additive manufacturing of interme-
tallic alloys, the nickel content fed into the billet dur-
ing EBAM is relatively high (according to the chemical
composition of the NP-2 alloy, not less than 49.5 wt. %
for the Ni + Al billet). Therefore, the expected phases in
the resulting billets, based on the phase diagram, include
NiAl, Ni,Al,, Ni;Al, and a nickel-based alloy enriched
with aluminum through a substitution mechanism (when
the nickel content in the system exceeds 75 at. %).

X-ray phase and X-ray microanalyses revealed that
the phase composi-tion of the billets produced by EBAM
is determined by the feed rate ratio of nickel and alu-
minum wires into the melt bath, or, in other words, by
the mass ratio of the components of forming the interme-
tallic alloy. Figs. 2 and 3 show X-ray patterns and SEM
images with marked EDS spectrum areas for the obtained
billets. The table provides data on the chemical com-
position and corresponding phases in different areas
of the examined samples (as per Fig. 3), obtained from
EDS analysis for the three billets with different compo-



I1ZVESTIYA. FERROUS METALLURGY. 2024;67(4):401-408.
Astafurov S.V,, Mel'nikov E.V, etc. Phase composition and microstructure of intermetallic alloys obtained using electron-beam additive ...

nent ratios of nickel and aluminum (phases were identi-
fied based on a comparison of the chemical composition
in the EDS spectrum area with the “nickel — aluminum”
phase diagram [22 — 24]).

Fig. 2, a shows that when the feed rate ratio of the two
wires is Ni= 1:1, the resulting billet has a heterophase
structure composed of NiAl, NijAl;, and Ni,Al phases.
However, according to X-ray phase analysis, the Ni Al
intermetallic phase is not the predominant phase, and
EDS analysis does not detect this phase at all (Fig. 3, a,
see the Table). Consequently, in the EBAM process,
when nickel and aluminum wires are fed into the melt
bath at equal speeds, i.e., with a near-equal mass ratio
of nickel and aluminum, the formed intermetallic alloy
predominantly consists of NiAl and Ni,Al, phases.

Increasing the wire feed rate ratio to Ni:Al=2:1
in the EBAM process results in an intermetallic alloy
with a more complex phase composition. According
to the X-ray phase study (Fig. 2, b), the formed billet has
a heterophase structure consisting of NiAl, NijAl,, Ni,Al,
and Ni phases. At the same time, EDS analysis indicates
that the main phase in this case is Ni;Al, with the content
of the other three phases being relatively small (Fig. 2, b,
see the Table).

Further increasing the wire feed rate ratio to Ni:Al =
=3:1 leads to the formation of a two-phase alloy based
on Ni and Ni,Al (Fig.2, ¢, Fig.3,c, Table). In this
case, the formed Ni,Al intermetallic phase has a lat-
tice parameter of @ =0.3572 nm. This value is lower
than the typical value for the y’-phase of @ = 0.3589 nm
(for the L1, superstructure [23]). Such differences may
be due to the formation of a two-phase composition
(y +v') in the Ni Al grains during EBAM, i.e., the for-
mation of regions of disordered y’-solid solution based
on Ni,Al together with the ordered y-phase. On the other
hand, the lattice parameter of Ni in the formed alloy is
higher than that of pure FCC nickel (¢ = 0.3568 nm vs.
a=0.3526 nm [25]). This may be due to the formation
of a solid solution of aluminum in nickel via the substitu-
tion mechanism.

The results of X-ray phase analysis and energydis-
persive spectroscopy (EDS) of the intermetallic alloys
produced by EBAM showed that their phase composi-
tion generally corresponds to the mass ratio of the initial
materials (nickel and aluminum wires) fed into the melt
bath during additive manufacturing. For instance, with
a Ni ratio of 1:1, the primary phase is NiAl; at a ratio
of 2:1, a significant portion of the Ni;Al phase is formed,
with the excess aluminum being redistributed to form
Ni Al, grains. When the nickel content is three times that
of aluminum, the primary phase is Ni,Al. Moreover, X-ray
phase and EDS analyses did not detect any unreacted alu-
minum in the resulting alloys, indicating that all the alu-

minum was fully incorporated into the formation of inter-
metallic compounds during the EBAM process.

Thus, the study results demonstrate that the EBAM
process allows for the formation of nickel- and alumi-
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Fig. 2. XRD-patterns of intermetallic alloys
Ni + Al 2Ni + Al and 3Ni + Al (a — ¢)

PHC. 2. PeHTreHOFpaMMLI I/IHTCpMeTaHHI/I‘ICCKI/IX CILZIaBOB
Ni + Al 2Ni + Al 1 3Ni + Al (a - ¢)
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Fig. 3. SEM-images of microstructure of intermetallic alloys
Ni+ Al, 2Ni + Al and 3Ni + Al (a — ¢) with EDS spectra positions (Table)

Puc. 3. COM n306paxeHnst MUKPOCTPYKTYPbl HHTEPMETAJUTHMYECKUX CILIABOB
Ni + Al, 2Ni + Al u 3Ni + Al (a — ¢) ¢ HareceHHbIMHU oOnacTsmu onpeaenerust IJIC cruekTpos (cM. TadauILy)

Chemical and phase composition of intermetallic alloys in the zones of EDS analysis shown in Fig. 3

Xumuueckuii 1 ¢pa3zoBplii COCTaBbl HHTEPMETAINYECKHX CILIABOB B 001acTsAX nposenenus JJC ananusa,
0003HaYeHHBIX HA puc. 3

Ni:Al=1:1 Ni:Al=2:1 Ni:Al=3:1
Spectrum | Al/Ni, at. % Phase Spectrum | Al/Ni, at. % Phase Spectrum | AI/Ni, at. % Phase
Al 42.5/57.5 NiAl Bl 40.6/59.4 NiAl Cl 18.2/81.8 Ni,Al +Ni
A2 41.8/58.2 NiAl B2 30.6/69.4 | Ni Al + Ni,Al C2 16.1/83.9 Ni,Al +Ni
A3 42.8/57.2 NiAl B3 25.9/74.1 Ni,Al C3 15.4/84.6 Ni,Al +Ni
A4 40.7/59.3 NiAl B4 26.3/73.7 Ni,Al C4 15.1/84.9 Ni,Al+ Ni
A5 35.0/65.0 Ni,Al, B5 35.2/64.8 Ni,Al, C5 14.9/85.1 Ni,Al +Ni
A6 36.1/63.9 NiAl, B6 22.7/77.3 Ni,Al+ Ni C6 14.5/85.5 Ni,Al +Ni
A7 36.2/63.8 Ni Al B7 27.4/72.6 Ni,Al C7 15.1/84.9 Ni,Al+ Ni
A8 36.3/63.7 Ni Al, B8 26.9/73.1 Ni,Al C8 18.8/81.2 Ni,Al+ Ni
A9 37.6/62.4 NiAl B9 26.6/73.4 Ni,Al C9 13.5/86.5 Ni,Al+ Ni
A10 37.1/62.9 NiAl B10 46.0/54.0 NiAl C10 15.3/84.7 Ni,Al+ Ni

num-based intermetallic alloys with a predetermined
phase composition by varying the mass ratio of the com-
ponents fed into the melt bath.

- CONCLUSIONS

Using EBAM technology with a two-wire feed, billets
of nickel- and aluminum-based intermetallic alloys with
varying component contents were produced. The mass
ratio of nickel to aluminum was adjusted by varying
the feed rates of the two wires into the melt bath during
the additive manufacturing process. The resulting billets
were characterized by a coarse-grained, layered structure.
The alloy with an equal content of nickel and aluminum
exhibited a more homogeneous internal structure com-
pared to the alloys with ratios of 2:1 and 3:1.

The phase composition of the resulting alloys was
also determined by the mass ratio of the components used
in the additive manufacturing process. When the wire
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feed rate ratio was 1:1, a NiAl-based alloy was formed
with a small content o Ni,Al; and Ni Al phases. Increas-
ing the nickel content alters the phase composition
of the intermetallic alloy, and at a nickel-to-aluminum
ratio of 3:1, the structure of the resulting billet predomi-
nantly consists of (y +y') Ni,Al and a y-substitutional
solid solution based on nickel with a small amount of alu-
minum.

The results of this study demonstrated the fundamen-
tal possibility of producing nickel- and aluminum-based
intermetallic alloys with a specified chemical composi-
tion using EBAM technology.
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