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Dependences of erosion characteristics have been studied for ZrN—(Cr, Ni, Al,O5;) elec-
trode material and relations have been established between the phase composition, struc-
ture, and tribotechnical properties of coatings formed by electric spark alloying techniques.

WccemoBaHbl 3aBUCHMOCTH PO3HMOHHBIX XaPAKTEPUCTUK 3JIeKTPOAHOTo Marepuaysa ZrN—
(Cr, Ni, Al,03) 1 ycraHOBIEHEI CBA3M MeXJIy (Da3OBBIM COCTABOM, CTPYKTYPO#l M TpuboTexHu-

YEeCKMMHM CBOHCTBAMH 9JIEKTPOUCKPOBOI'O IOKPBITUA, HOJy4YeHHOro meromom IWJI.

Novel electrode materials are required to
provide high anti-friction characteristics of
electric-spark coatings. The electric-spark
alloying (ESA) is used to enhance the reli-
ability and durability of machine details [1].
The ESA is one of the coating laying tech-
niques and belongs to technological proc-
esses of good promise. Short electric pulses
at high current strengths are used in that
method [2]. The ZrN hetero-phase materials
are of good prospects as ESA electrodes in
preparation of wear-resistant coatings [3—
5]. There are no works dealing with study
of transfer mechanisms in the course of
ESA with ZrN-based electrodes. The purpose
of this work is to study the erosion charac-
teristics of ZIN—(Cr, Ni, Al,O5) electrode ma-
terial prepared using powder metallurgy
techniques and to establish the correlation
between the structure, phase composition of
the coating, its mechanical properties and
the material transfer intensity from the
anode to the cathode.

The alloying materials were prepared by
compacting and sintering in a SShV furnace
under argon atmosphere at 1400-1700°C.
The spark alloying of steel-45 was carried
out in an EFI-46A unit (Ip =1.25 A, C=
300 pF, U,, =15 V). For metallographic
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examination a MIM-9 microscope was used,
for durometry a PMT-8 device, for X-ray
phase analysis (XPA), a DRON-3 and copper
emission were applied. The tribotechnical
characteristics of the compositions were
measured using a M-22M unit [5] that made
it possible to determine the friction coeffi-
cient (f) and the sample wear intensity (I,
pum/km) in the bush/shaft geometry. The
tribotechnical parameters were determined
in air without lubricating medium introduc-
tion into the contact area, in combination
with the CrVMn steel at V =5 m/s, 10 m/s
under pressure P = 0.5 and 1.0 MPa.

The structure and properties of ESA-
made coatings are known to be influenced
substantially by the granulometry and phase
composition of the electro-erosion products
as well as by the electrode erosion [6]. The
formation of alloyed layer and its properties
are influenced, in first turn, by the phase
composition of electrode material. Accord-
ing to XPA data, the ZrN—(Cr, Ni, Al,O3)
electrodes comprise mainly ZrN, ZrNi, ZrCr,
and, also Ni and Zr solid solutions [4]. We
have studied the effect of the anode phase
composition on the main parameters of
steel-45 ESA process, namely, the specific
erosion of anode Aa, the specific mass gain
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Fig. 1. Kinetic dependences of total cathode
mass gain XAk (1) and total anode erosion
YAa at the specific alloying duration
T = 600 s/cm? for steel-45 using ESA material
ZrN—(Cr, Ni, Al,O,). Inset: transfer coefficient K
at 1 = 600 s/cm?.

of cathode, Ak, measured for each minute of
treatment per 1 cm?2 area, the total anode
erosion, XAa, and the total cathode mass
gain, XAk, measured for the alloying dura-
tion t© =10 min/em2, and average mass
transfer coefficient K = ZAk/ZAa at 1 =
10 min/ecm?. Fig. 1 shows the kinetic curves
of the total anode erosion, (ZAa) and the
total cathode mass gain (XAk) for 10 min.
The anode erosion is seen to attain its maxi-
mum value at the 9th minute of alloying
(Fig. 1, curve 2). This seems to be due to
the presence of brittle oxides ZrO, that
favor the anode destruction (Table), thus
increasing the solid phase amount in the
erosion products. The cathode mass gain in-
creases gradually with the alloying duration
(Fig. 1, curve I). The average mass transfer
coefficient of ZrN—(Cr, Ni, Al;03) material at
T =10 min is 0.5 (inset in Fig. 1).

In the course of steel-45 ESA, the elec-
tric erosion products in solid, liquid, and
gaseous phases interact within the melt
micro-bath at the working surface with the
substrate material and the air components
(oxygen and nitrogen) [7]. As a result, a
surface coating is formed having the phase
composition distinct from that of elec-
trodes. Under ultrafast cooling of the liquid
and the gaseous phase condensation, metas-
table compounds may arise [7]. A layer is
formed at the surface consisting of ZrN,O,,
Cr(Ni) solid solution, ZrNis, ZrCr, intermet-
allic compounds, ZrO,, ZrQOq;5, Fey0g,
Cry,0O3 oxides (Table), the main phase in the
alloyed layer being ZrO,. In the course of
spark coating, secondary phase structures
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Fig. 2. Microstructure of ESA-made ZrN—(Cr,
Ni, Al,O53) coating on steel-45. x230.

(| 200um

Fig. 3. Morphology of erosion product parti-
cles after ESA with ZrN—(Cr, Ni, Al,O5) elec-
trode. x75.

are formed [7], what is confirmed by forma-
tion of Fe,O3 in the coating. According to
XPA data, the erosion products comprise
ZrO, and Cr as the main phases. In addi-
tion, ZrNis, ZrCr, intermetallic compounds,
'Y_Ni203, OL_A|203, Fezo3, Y_Cr203 oxides
are present.

The metallographic studies have shown
that the micro-structure of ESA-made ZrN-
(Cr, Ni, Al,O3) coating is a non-etchable
"white” layer of about 35 pm thickness.
The layer microhardness attains 1.4 GPa.
The alloyed "white” layer includes rather
numerous areas of "gray” layer with
1.8 GPa microhardness. That seems to con-
sist of ZrO, that is evidenced by XPA data
and confirmed by the ZrO, microhardness
values reported in [9]. The steel-45 micro-
structure is a ferrite-perlite one having
0.22 GPa microhardness (Fig. 2). Under the
hardened layer, there is a 1 to 2 um thick
fine-grain thermal zone (Fig. 2). The mor-
phology of the electric erosion product par-
ticles is presented in Fig. 3. According to
XPA data, these particles contain mainly
intermetallic (ZrNis, ZrCry) phase as well as
oxide (ZrO,) one. The erosion products are
irregularly shaped particles and globules of
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Table
20 Dexp Phase composition
ZrO, ZrOy 35 a—AlLO; | a—-Fe,04 ZrNi, ZrCr,

18.25 4.86 4.86,, 4.14,,
30.72 2.91 2.92,00

31.71 2.82 2.82,,

32.67 2.74 2.69 2.794
34.67 2.59 2.60,, 2.557¢0

35.75 2.51 2.53 50, 2.51 2.54g4,
36.42 2.47 2.48,00 24549,

40.7 2.217 2.17g,
43.8 2.07 2.05,,, 2.09;00 2.08;0

45.57 1.99 1.995,

47.33 1.92 1.91, 1.874, 1.94,,
51.33 1.78 1.80, ¢ 1.8444 1.82,,
53.25 1.72 1.74,, 1.6944

60.9 1.52 1.53,00 1.54,,
63.75 1.46 1.464, 1.4754, 1.441,, 1.45,, 1.48, 1.41

70.5 1.336 1.859;, 1.8755, 1.388;,

72.67 1.30 1.827,,

75.17 1.264 1.267,, 1.274,, 1.22

83 1.163 1.164;4, 1.1454,

96.42 1.034 1.0854, 1.022,,
104.83 0.973 0.9764,

20 to 80 um size (Fig. 2), the globules
amounting about 40 %. Dendrites are ob-
served within the globules, thus evidencing
the presence of a metallic phase therein.
The tribotechnical tests were carried out
at the sliding speed of 5 and 10 m/s and
load P = 0.5 and 1 MPa. The wear intensity
I for the coating under study is about
5 um/km at the sliding speed of 5 m/s.
As the sliding speed is increased to 10 m/s,
the wear intensity is 2.6 times higher
(I =13 um/km at P = 0.5 MPa). The fur-
ther load increase up to 1 MPa at sliding
speed of 10 m/s results in a sharp increased
wear intensity (I =283 pm/km, Fig. 4a).
That is, as the sliding speed increases from
5 to 10 m/s, the wear intensity of ESA-
made ZrN—(Cr, Ni, Al,O3) coating rises in
about 4.7 times. As the load increases from
0.5 MPa to 1 MPa, the wear intensity rises
by a factor 1.8 at sliding speed of 10 m/s.
The friction coefficient for ESA-made ZrN-
(Cr, Ni, Al,O3) coating is essentially inde-
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pendent of sliding speed and load and
amounts about 0.32 (Fig. 4b). The presence
of ZrO,, Al,O; oxides as well as of ZrCr,
intermetallic in the alloyed layer has been
shown to effect favorably the coating wear
resistance. The formation of ZrQOg 35 oxide
having layered structure in the alloyed
layer increases the coating wear resistance.

Thus, the electric spark alloying process
of steel-45 using ZrN—(Cr, Ni, Al,O3) elec-
trode prepared by powder metallurgy is
characterized by stable values of the cath-
ode mass gain, anode erosion and by the
transfer coefficient exceeding 0.5. In the
ESA-made ZrN—(Cr, Ni, Al,O3) coating, the
major phases are ZrO, oxide and ZrNi,,
ZrCry intermetallic compounds. The pre-
sence of ZrCr, intermetallic and ZrO,
oxide increases the hardened layer wear
resistance. The highest wear resistance (I
= 4.9 um/km) is attained in the ESA-made
ZrN—(Cr, Ni, Al,O3) coating at sliding speed
of 5 m/s and load of 0.5 MPa.
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Fig. 4. Dependence of wear resistance I (a) and friction coefficient f (b) for ZrN—(Cr, Ni, Al,O;) coating
on rotation speed under load P.
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EnxexTpoickpoBe JeryBaHHS €JEKTPOAHHMM MaTepiajom
Ha ocHOBi ZrN

O.B.Ilaycmoeécovkuii, B.H.Hoeéixoeéa, H.M.Mopdoéeydv

IMocaimKeHo 3ajeKHOCTI eposifiHux xapakTepucTuk eaekrpoxuoro marepiamxy ZrN—(Cr, Ni,
Al,O3) Ta BCTaHOBJIEHO 3B’A3KM MiXK (DAa30BMM CKJIAZOM, CTPYKTYPOIO Ta TPUOOTEXHIUHMMM
BJIACTUBOCTSIMH €JeKTPOICKPOBOIro IIOKPUTTS, oxep:kanHoro meromzom EILJI.
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