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Structure, hardness, and tribological characteristics of electrospark coatings from ZrN-
(Cr, Ni, Al,O3) on U8 steel after treatment by concentrated solar radiation (CSR) have been
investigated. It is shown that the intensity of wear and factor of friction of specimens
with coating after CSR are essentially less than for non-treated U8 steel. At changing of
regime of CSR treatment from 785°C, 25.3 s to 530°C, 8.6 s and at decreasing of sliding
speed at wear test from 10 m/s to 5 m/s the tribological characteristics improves. After
treatment by CSR the strengthening of steel surface is observed — the quenching with
formation of martensite and troostite take place. At treatment by concentrated solar
radiation changing in phase composition of coatings observed: before treatment by CSR
the main phase in coating is ZrO, (cubic), after treatment by CSR the main phase is ZrNi,
ZrO, (tetragonal) is also present.

WccneqoBaubl CTPYKTYpPa, TBEPAOCTb, TPUOOJOTMUECKNE XaPAKTEPUCTUKU 9JIEKTPOUCKPO-
Berx mokpeituit us ZrN-(Cr, Ni, Al,Oz) Ha cramu Y8 mocie 06paboTKM KOHIIEHTPUPOBAHHBIM
comeunblM uaayudenuem (KCH). Iloxasamo, YTO HMHTEHCHMBHOCTh M3HOCA U KOd(hHUIlHEHT
TpeHusi 00pasIoB ¢ MOKPbITHEM Iocie BodxeiicTBusa KCU cyimecTBeHHO MeHbIIEe, 4YeM HeoOpa-
6orannoit cranu ¥Y8. IIpu msmenenun pexuma obpaborku KCU or 785°C, 25,3 ¢ mo 530°C,
8,6 ¢ U IpPU YMEHBIIEHUN CKOPOCTU CKOJBIKEHUS IIPU HMCHbITaHuUM Ha TpeHwe or 10 m/c mo
5 M/c TpubosormyecKue xapaKTepUCTUKU yayumiaiTcda. I[locie obpaborku KCU Habmiomaer-
csl YIPOUHEHWE IOBEPXHOCTU CTAJU — MPOUCXOLUT 3aKalKa ¢ o0pasoBaHWEM MAapPTEHCUTA U
TpooctuTa. Ilpu 06paboTKe KOHIEHTPUPOBAHHBIM COJHEUHBIM W3JyYeHueM HabII0gaiTes
usMeHeHUs B ()a30BOM cocTaBe MOKpPBITHIL: 1o o0padorku KCU ocHoBHas (pasa B MOKPBITUU —
ZrO, (rybuuecknit), mocae o6paborkn KCH ocmosmaa (asa ZrNi, mpucyrcreyer Takxe ZrO,
(TeTparoHaJbLHBIH).

© 2008 — Institute for Single Crystals

The requirements of high antifriction
characteristics of coatings obtained by elec-
trospark erosion requires the development
of novel electrode materials. The elec-
trospark alloying (ESA) is used to enhance
the reliability and service life of machine
parts [1]. The ESA wusing short electric
pulses at a high current strength is a coat-
ing method of good prospects [2]. To en-
hance the surface properties of U8 steel, the
use of ESA is of considerable interest. The
main specific features of ESA consist in the
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obtaining of an alloyed layer having an en-
hanced adhesion to the substrate. The ESA
apparatus is rather simple and easy to use.
However, the formation of non-continuous
and rough coatings due to the discharge
pulse discreteness is among its drawbacks
[2]. It is expedient to use the concentrated
solar irradiation (CSI) to enhance the physi-
cal and mechanical properties of the ESA
coatings [3]. The heating temperature in
this work was monitored using an SGU-2
unit with help a chromel/alumel thermocou-
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Fig. 1. Microstructure of a ZrN-(Cr, Ni, Al,O;) ESA coating (a) and of steel. On the heating depth:
perlite (b) (initial), martensite + troostite (c), perlite (d) after CSI treatment.

ples attached to the reverse side of the
sample.

The heterophase ZrN materials are of
good prospects as the ESA electrodes for
the manufacturing of wear-resistant coat-
ings [4]. The alloying electrodes were pre-
pared by compacting and sintering in a
SShV furnace under argon atmosphere at
1400-1700°C.

In this work, the structure and proper-
ties of ZrN-(Cr, Ni, Al,O3) coatings obtained
on U8 steel using the ESA have been studied.
The alloying was carried out using an EFI-
46A unit at I = 1.5 A, C = 300 pF. The tri-
botechnical characteristics were measured
using a MT-68 unit [5] in the bush/shaft
mode, thus allowing to hold the friction co-

Table 1. X-ray phase analysis data for surfaces

efficient (f) and the sample wear rate
(um/km). The tribotechnical characteristics
were measured in air without any lubricat-
ing material in the contact zone, the HVG
steel being the friction material, at V =
5 m/s, 10 m/s and pressure P = 0.5 MPa
and 1.0 MPa. The MIM-9 microscope, PMT-
3 unit and DRON-8 installation with in Ko
copper emission were used to carry out the
metallographic, durometric, and X-ray
phase examinations, respectively. The sur-
face treatment by CSI was carried out using
a SGU-2 unit that is a mirror concentrator
of solar energy provided with a Sun tracing
system. The radiant energy flux was con-
trolled using a jalousie and was of 3000 to
4000 kW /m?.

Material composition, %

ESA ESA + CSI

ZiN + (Cr, Ni, AlL,Og)

Main phase: ZrO, (cubic) '
Solid solutions: Ni(Zr), FeNi, FeCr”
Oxides: FeCrO, Al,O,

“traces
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Fig. 2. a —“Wear intensity (I) and friction co-
efficient (f) of ZrN-(Cr, Ni, Al,Oz;) ESA coat-
ings as a function of the heating temperature
T (°C) and the holding time t (s): T = 785, 1
=25.3 (1); T =530, t=8.6 (2); U8 steel
(non-annealed) (3). b — Wear intensity (I) and
friction coefficient (f) of ZrN-(Cr, Ni, Al,O3)
ESA coatings as a function of the heating
temperature T (°C) and the holding time 1 (s):
T =635, 1 =15.2 (1); T =460, 1= 9.8 (2).
U8 steel (non-annealed) (3).

The work is aimed at the study of the
CSI treatment use to enhance the physical
and mechanical properties of the ESA coat-
ings.

The X-ray phase examination of the sam-
ples under study has been shown what fol-
lows. During the CSI treatment, the cubic
ZrO, is transformed into the tetragonal one.
Moreover, the intermetallic compounds ZrNi,
FeNi, FeCr (trace amounts) are formed as
well as the ternary FeCrO oxide. The main
phase in the ESA coatings prior to the CSI
treatment is a ZrO, cubic while after the
CSI, the intermetallic compound ZrNi is the
main phase. In both cases, the Zr solid solu-
tion in Ni, Ni(Zr), is present.
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Fig. 3. Wear intensity I (a) and friction coef-
ficient f (b) of ZrN-(Cr, Ni, Al,0;) ESA coat-
ings as a function of the rotation speed under
loading P.

The microhardness investigations has
shown that the microhardness of 50 pum
thick alloyed layer is 9.5 GPa. The sample
was irradiated at T = 635°C, 1=15.2 s.
Under the coating, troostite is formed with
7.8 GPa microhardness. Within the troos-
tite structure region, 100 pm thick marten-
site areas are observed with 11 GPa micro-
hardness, followed by perlite areas with
3.78 GPa microhardness (Fig. 1, a—d). The
structure of the steel untreated by CSI con-
sisting of perlite is shown in Fig. 1b.

The tribological tests have shown that
the wear rate and friction coefficient in-
crease as the heating temperature rises
(Table 2, Figs. 2 and 38).

The tribological characteristics have been
shown to decrease as the sliding speed drops
(Table 2, Figs. 2 and 3). The tribological
properties of the U8 steel (unannealed) are
appreciably more as compared with those of
and CSI-treated ESA coatings in both speed
modes (Figs. 2—-4).

Thus, as the sliding speed decreases from
10 m/s to 5 m/s and the heating tempera-
ture from 635°C to 460°C, the tribotechni-
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Table 2. Tribotechnical properties of ZrN + (Cr, Ni, Al,0;) ESA coatings treated by CSI

No. Heating temp. | Heating time, | Sliding speed Loading P, Friction Wear rate, I,
T, °C s V, m/s MPa coefficient, f pm,/km
1 785 25.3 10 0.5 0.48 14.3
2 635 15.2 5 1.0 0.44 17.5
3 530 8.6 10 1.0 0.34 13.9
4 460 9.8 5 0.5 0.36 11.1
cal characteristics improves. After CSI . A.D.Verkhoturov, I.A.Podchernyaeva, F.F.Egorov,

treatment of ZrN-(Cr, Ni, Al,O3) coatings ob-
tained on U8 steel using ESA, the steel sur-
face is strengthened due to hardening with

martensite and troostite formation.
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JJeKTpoickpoBi mokpuTTa Ha ocHOBi ZrN Ha craxi ¥8
micass 00pOOKM KOHIEHTPOBAHUM COHIAUYHHM
BUINIPOMiHIOBAHHAM

O.B.Ilaycmoesacovruil, B.B.Ilacuunuii, B.I.Hoeéixoeéa,
H.M.Mopadoeeyw, JI.Il . Icaesa, C.0.0cmanenko

BuBueHO CTPYKTYpPY, TBEPAiCTh, TPUOOJIOTiUHI XapaKTEePUCTUKU €JeKTPOiCKPOBUX IIO-
kpurTiB 3 ZrN-(Cr, Ni, Al,O;) ma crami V8 micina 06po0KM KOHIEHTPOBAHHM COHAYHUM
sunpominoBanHaAM (KCB). IlokasaHo, 110 iHTEHCUBHICTH 3HOUIYBaHHA Ta KoedilieHT TepTda
3pas3KiB 8 mokputTaMm micaa BmiuBy KCB cyrTeBo MeHIIe, HisK HeoOpoOseHoi ctani ¥8. Ilpu
sminenni pesxumy o0pooxm KCB Bix 785°C, 25,3 ¢ mo 530°C, 8,6 ¢ Ta mpu 3MeHIIEHHL
IIBUAKOCTI KOB3aHHs mpu BUIPoOyBanui Ha Teprts Bixg 10 m/c 1o 5 m/c Tpubosoriuni xapak-
TePUCTUKU IOKpalnyioTbhes. Ilicass o06pobkum KCB cmocrepiraerbca 3minHeHHS IIOBEpPXHi
crayii — Mae Micre saraprTyBaHHS 3 YTBOPEHHAM MAPTEHCUTY Ta TpoocTuTry. IIpm o006pobiri
KOHIIEHTPOBAHUM COHAYHHUM BHUIIPOMIiHIOBAHHAM CcIIOCTepiraioTbca 3MiHeHHA y (dasoBomMy
ckiani mokpurTiB: g0 06pobku KCB ocHoBHa dasa y mokpurri — ZrO, (xy6iummii), micma
06po6xu KCB ocroBHa (asa ZrNi, mpucyrniii Takox ZrO, (TerparonanbHmii).
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