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The main parameters of the cast and hot-milled steel 45 electric-spark alloying with
eutectic Ni-Cr—Al-Y alloy have been studied, including the anode total erosion, the cathode
mass gain and the material transfer mean coefficient. The phase composition and structure
state of initial electrode materials and electric-sparked coatings made thereof. The elec-
trode material structure character has been shown to define the kinetic parameters of
surface layer growth. The wear resistance of the layers obtained is defined also by the
initial structure of electrodes.

UccnenoBanbl OCHOBHBIE MMapaMeTPhl KMHETUKHU 9JIEKTPOUCKPOBOTO JIETMPOBAHUS CTAJU
45 cmmaBom Ni—Cr—Al-Y 3BTEeKTHUYECKOr0 COCTaBa B JIUTOM U TOPAYEIIPECCOBAHHOM COCTOSI-
HUW: CyMMapHas 9PO3Us aHOJA, IPUBEC KaToga U CPeqHUH KoadhuIueHT nepeHoca Marepua-
na. Vgyuensl (asoBbIM COCTaB M CTPYKTYPHOE COCTOSTHUE MCXOIHBIX MATE€PUAJIOB 3JIEKTPOA
¥ 9JeKTPOMCKPOBBLIX IMOKPBITHHM M3 HUX. [loKasaHo, UTO XapakTep CTPYKTYPLI MaTepPHUAJIOB
3JIEKTPOLOB B HCXOJHOM COCTOSIHUY OIpejesisieT IapaMeTpPhl KUHETUKU HapalMBAaHUS IIO-
BEPXHOCTHOTO cJiosi. I3HOCOCTOMKOCTD MOJIyUEHHBIX CJIOEB TaK)Ke OIPEeNeJSeTCs XapaKTepoM
CTPYKTYPHI BJIEKTPOAOB B MCXOLHOM COCTOSITHUU.
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The electric spark alloying (ESA) method
is one of effective techniques for surface
recovery and hardening. It consists in a pre-
dominating erosive destruction of anode ma-
terial and transfer of the erosion products
onto the cathode surface with formation of
a layer having modified structure and com -
position. The electric-spark coating ("white
layer™) structure formation under local ac-
tion of high pressures (2106 to 70106 MPa),
temperatures (5000 to 6000°C) and cooling
rates (10° to 109 deg/s) defines their high
physical and mechanical properties. The se-
lection of electrode material is associated in
first turn with the considerations of phase
formation within the alloyed layer and thus
defines its further functional application.

Ni—Cr-Al alloys alloyed with yttrium and
refractory metals are used widely in elec-
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tron-beam, plasma, and detonation-made
coatings [1-3].

The common casting technology provides
for limitation of chromium (max. 10 to
12 % Dby mass), aluminum (max. 2 to
2.5 %) and rare-earth metals (max. 0.1 to
0.2 %) content in those alloys. However,
the novel technology of high-energy hot
powder pressing (in what follows, HP)
elaborated at I.Frantsevich Institute for
Materials Science Problems, National Acad -
emy of Sciences of Ukraine [4] provides es-
sentially pore-free materials where Ni, Cr,
and Al can be combined within wide concen -
tration ranges. This makes it possible to use
these alloys as electrodes for electric-spark
alloying to obtain coatings with pre-speci-
fied physical and mechanical properties,
first of all, with high heat resistance and
wear resistance.
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Fig. 1. Microstructure of Ni—-Cr—Al-Y alloy (X500): cast (a) and hot-pressed (b).

In this work, studied are kinetic charac-
teristics of Ni—Cr—Al-Y electric-spark coat-
ing formation, its phase composition and
structure state.

It is known [5] that a four-phase eutectic
transformation L - a +y+ [ occurs in a
section of Ni—Cr—NiAl ternary diagram. How-
ever, the available data on the eutectics
chemical composition [6, 7] are contradic-
tory. Basing on investigations done by the
authors, the alloy composition nearest to
the eutectic has been found. This alloy con -
taining 2 % (mass) of yttrium (Ni, 50.7; Cr,
38.3; Al, 9.0; Y, 2.0) was obtained using
melting and HP.

The melting was carried out in an arc
furnace with permanent tungsten electrode
under a protecting atmosphere. Electrolytic
nickel (N-0), refined chrome (ERCh-0,
99.9 % purity), high-purity aluminum 9-
995, and melted yttrium metal (IPM-1)
were used as initial materials. The same
contents of components were used as pow-
ders to prepare the alloy using HP (The
grain size values of the powders in pm are
indicated in brackets). The powders of elec-
trolytic nickel, GOST 97-22-74 (<40 mm),
chrome PCh1M, TU 14-1-1470-75 (<40 pm),
and aluminum, PAR-91 (<10 pm) were
used. Yttrium was introduced as hydride
YH, (2 to 5 pm). The phase composition and
structure of the alloys in the initial state
and as electric-spark coatings were studied
using optical microscopy, differential ther -
mal analysis (DTA), as well as X-ray and
micro-X-ray spectral analysis.

The 45 steel was subjected to electric-
spark alloying using cast and hot-pressed
electrodes made of the alloy mentioned
above. To that end, an EFI-46A unit was
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Fig. 2. DTA patterns of cast (a) and hot-
pressed (b) Ni—Cr—Al-Y alloy under heating.

used in the following mode: the vibrator
frequency 100 Hz, the short-circuit current
1.5 A, the treatment duration for 1 cm?2
area 10 min. To obtain the coatings in-
tended for wear resistance test, an Elitron-52
was used at 100 V and pulse energy 7.5 J.

The main parameters of electric-spark al -
loying process were determined from the
time dependences of the anode erosion and
the cathode mass gain. Those include: the
specific anode erosion, Aa, and the specific
cathode mass gain, Ak, measured at each
minute of the 1 cm? area treatment; the
total anode erosion and the total cathode
mass gain measured over 10 min of the
1 cm?2 area treatment; and the mean mate-

rial transfer coefficient, %' = z Ak/z Aa.

In the cast alloy, the ternary eutectic struc -
ture is observed consisting of y (Ni-based solid
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Fig. 3. Yttrium distribution in cast (a) and
hot-pressed (b) Ni—Cr-Al-Y alloy.

solution with f.c.c. lattice), a (Cr-based
solid solution with b.c.c. lattice), and [
(NiAl intermetal based solid solution with
b.c.c. lattice). Along the boundaries of the
ternary eutectic (0 + Yy + P) colonies, the bi-
nary eutectic is arranged consisting of the
Y Ni-based solid solution and the Y,Niy7 in-
termetal phase (see Fig. 1a). As determined
by DTA, the melting point of the binary
eutectic is 1175°C, that of the ternary one,
1267°C (Fig. 2a).

In contrast to the cast alloy, the hot-
pressed one shows a single thermal effect at
1285°C (Fig. 2b). The phase composition of
the HP alloy was formed in the course of
sintering of the mixture including nickel,
chrome, aluminum, and lithium hydride
powders. Under heating and exposure for
40 min at 1150°C, a, Yy, and B solid solu-
tions were formed having grain structure
(Fig. 1b). Yttrium hydride dissociated
under heat forming atomic yttrium. The yt-
trium, when interacting with inclusion im -
purities adsorbed at the powder particles
forms complex oxides and oxynitrides. The
micro-X-ray analysis has shown that in the
cast alloy, yttrium is distributed non-homo -
geneously as large conglomerates forming
the eutectic (Fig. 3a). In the HP alloy, the
oxides oxynitrides, and intermetallic phases
containing yttrium are distribute homoge -
neously over the whole sample volume and
form a dispersion-hardened structure (Fig. 3b).

Kinetic curves of the anode erosion, the
cathode mass gain, as well as values of the
mean material transfer coefficient for cast
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Fig. 4. Kinetic curves of the total cathode

mass gain ZAk (3, 4), total anode erosion

ZAa (5, 6) and mean mass transfer k' at

electric-spark alloying of 1 cm? of steel 45
with Ni—Cr—Al-Y alloy at the specific alloying
duration t = 600 s/cm2 (1, 2). 1, 3, 5 for
hot-pressed alloy; 2, 4, 6 for cast one.

and hot-pressed electrodes are shown in Fig.
4. The cast anode erosion attains a maxi-
mum value of 13.61073 g/cm3. It is lower
for the HP anode.

The material amount thrown out of the
anode is determined [8] as Y= EEft, where
Yy is the thrown material mass, g; E, the
single pulse energy, J; f, the pulse repeti-
tion frequency, Hz; k, a proportionality fac-
tor depending on the electrode material
physical constants, the medium composi-
tion, and the pulse duration; #, the treat-
ment duration, seconds.

It the case under consideration, both cast
and hot-pressed anodes have the same ele-
mental composition and are subjected to
electric sparking in the same conditions,
but are different in the phase composition
defined by the manufacturing technology. It
is just the distinctions in the anode struc-
tures that define obviously the erosion dif -
ference.

The presence of ternary and binary eu-
tectics containing intermetal phases as large
colonies (conglomerates) favors the brittle
destruction of the anode by the spark pulse.
As a consequence, the erosion products con -
tain the solid phase along with liquid and
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Fig. 5. Microstructure of Ni—-Cr-Al-Y electric-
spark coating on steel 45 (X50) (alloying
using an Elitron-22 unit).

vapor ones. The solid phase has no time
enough to melt within the short pulse ac-
tion period. The solid destruction products
are no fixed on the cathode, thus causing
the material loss [9].

At the same time, the cathode mass gain
is almost the same for alloying with cast
and HP anodes. The monotonous cathode
mass increase with the alloying duration
evidences that the brittle destruction
threshold of the surface layer was not at-
tained in 10 min alloying. The obtained
layer thickness attains 700 to 800 pm,
thus, this alloy seems to be suitable in re-
pairing worn articles. The mean material
transfer coefficient for the alloying with
HP electrodes exceeds that for the cast elec-
trodes (%' is 0.7 to 0.8 and 0.3 to 0.5, re-
spectively).

The electric-spark coating microstructure
(Fig. 5) is the high-density "white layer”
that is not etchable. The micro-hardness of
electric-spark coatings obtained with both
cast and HP anodes is 10.3 to 11.2 GPa,
thus, it exceeds that characteristic for indi-
vidual components of the eutectic (3.5 to
8.3 GPa).

The X-ray phase analysis reveals the
nickel and chrome based solid solutions as
well as NiAl B-phase in the coatings. Be-
sides, intermetal phases Al3Y, AINiY, and
oxide Y,05; are found. The X-ray spectral
microanalysis has confirmed the X-ray
phase data. Nickel, chrome, and aluminum
have been found to be distributed homoge -
neously in the electric-spark coatings
(Fig. 6), thus evidencing the thin conglom -
erate structure of the ternary eutectic
phase. In coatings made of both cast and
HP alloy, yttrium is distributed in a dis-
crete manner similar to that in the initial
HP alloy. This may be due to yttrium-con-
taining oxides or oxynitrides.
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Fig. 6. Ni, Cr, Al, and Y distribution in
Ni—Cr—AIl-Y electric-spark coating on steel 45.

The formation of mixtures of solid solu-
tions in electric-spark coatings made of eu-
tectic alloys is confirmed by [10] where it
has been indicated that when the anode ma -
terial contains elements (Cr, Ni) limitless
soluble in the substrate (Fe), a coating is
formed consisting of solid solutions based
on those elements. Such layers are charac-
terized by a high solidity and good adhesion
to the substrate.

The wear resistance of electric-spark
coatings was tested on a MT-68 unit using
steel 45 samples (5x5x15 mm3) provided
with electric-spark coatings made of the
cast and hot-pressed alloy. The test condi-
tions were as follows: lubricant-free friction
in air at room temperature, the 65G steel
being used as the second pair member; slip -
ping speed V =10 m/s, loading 2 MPa. The
friction coefficient f and the wear intensity
in pm/km were monitored during the test.
As a wear resistance reference, a steel 45
sample with electric-spark coating made of
sintered chromium-doped VK-3U hard alloy
(WC, Co, Cr).

The friction coefficient for cast alloy
coatings is 0.29, for those of HP one, 0.27.
The wear of cast alloy coatings attained 18
to 20 pm/km, while for those of HP one, 10
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to 12 pm/km, thus being commensurable
with that of VK-3U alloy coatings. The
wear resistance of the initial cast alloy is
30 to 35 pm/km, that of the HP one, 14 to
18 pm/km. The friction coefficient is 0.41
and 0.38, respectively.

Thus, the studies carried out have shown
that the electric-spark alloying of steel 45
with Ni—Cr-Al-Y eutectic alloy results in for-
mation of surface layer having a structure
different from that of the initial alloy. The
main distinction consists in a high dispersity
of phase components and their homogeneous
distribution. This provides an improved wear
resistance of the coatings as compared to the
initial cast and hot-pressed alloys.
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®a30yTBOpEeHHS Ta KiHeTHKAa (opMyBaHHSA
eJieKTpoickpoBoro mokputta i3 cmaasy Ni—Cr-Al-Y
Ha cTaJjgi 45

O.B.Ilaycmoeécovruil, P.A.An¢inyeea, T.B.Kypinna,
C.I'ITamauwyx, T.H.Yeeuuenosa

HocaimkeHi ocHOBHI mapamMeTpy KiHETHMKU €JIEKTPOICKPOBOTO JIeTyBaHHA cTati 45 cmia-
BoM Ni—Cr—Al-Y eBTeKTMYHOrO CKJIany y JWUTOMY Ta TapAdYelpecOBAHOMY CTaHi: cyMapHa
eposia aHOIy, MPUBIC KaTOAy Ta cepenHiil KoegimieHT mepeHocy marepiany. Buueno ¢aso-
BUH CKJIAJL Ta CTPYKTYPHUM CTaH BHUXiJHWX MarTepianiB eJeKTPOXIB Ta eJIeKTPOiCKPOBUX
nokpurTiB i3 Hux. IlokasaHo, 0 XapaKTep CTPYKTYPU MaTepiayiB eJeKTpoAiB y BuUximHOMY
cra"i o0yMOBJIIOE IapaMeTpU KiHeTWKMN HApOIyBaHHA IOBEPXHEBOTO IIapy. SHOCOCTiHKicThb
OIEpP’KaHWX IIapiB TAKOXX BUBHAUAETHCA XAPAKTEPOM CTPYKTYPH €JIEKTPOJiB y BUXimHOMY

cTaHi.
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