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It has been shown that the emitting ability of TiN electric spark coatings increases in
1.5 time after treatment by concentrated solar irradiation. This is effective for the use in
friction pairs of mechanisms in outer space. The concentrated solar energy treatment of
TiN-Ni spark coatings increases in 2-8 times the wear resistance due to oxide phase
formation in the alloyed layer. The structure of steel 45 changes in the area of concen-
trated solar radiation action from the ferrite-pearlite to troostite with grain refining and
hardness increase. The spark coating of 60 %TIN + 40 % Ni has been found to have opti-
mum frictional and physical-mechanical properties.

ITokasaHo, 4TO B 3JIEKTPOMCKPOBLIX MOKPbITHAX M3 1IN mpu poGasiaemumu Ni mocuae oGpa-
GOTKY KOHIIEHTPUPOBAHHBIM COJHEUHBIM U3JIYyUEHHEM U3JIydYaTebHAas CIIOCOOHOCTHL YBEJIUUU-
Baerca B 1,5 pasa, uTo 9)HEKTHBHO NPU HCIOJB30BAHMH B y3JaX TPEHWS MEXAaHU3MOB B
KOCMMUYECKOM IIPOCTpaHCcTBe. IIpuMeHeHNe KOHIEHTPHPOBAHHON COJHEUHON SHEPruum IJas 00-
paborku DUJ-okpeituit u3 TiN-Ni moBbimiaer mM3HOCOCTOWKOCTL MOKPBITHIT B 2—3 pasa
BCJIEICTBHE 00PA3OBAHMS OKCUAHON (pasbl B JIErMPOoBAHHOM cioe. B ctanm 45 B 30He BO3Aeli-
CTBUS KOHIIEHTPUPOBAHHON COJHEYHOM SHEPTUU MPOUCXOAAT CTPYKTYPHBIE U3MEeHeHUs OT (eppu-
TO-TIEPJUTA OO0 TPOOCTUTA € M3MeJLUeHNeM 3epHa UM IOBLINIeHNeM TBEPAOCTH. YCTaHOBJIEHO, UTO
OITUMAJILHBEIMY TPUOOTEXHUUECKUIMU W (PUBNKO-MEXaHUUYECKUMM CBOMCTBAMMN W U3JIydaTeILHON

CITOCOGHOCTHIO 00JIa/IaeT SJIeKTPONCKpPoBoe ToKpbiTre us Marepuana 60 % TiN + 40 % Ni.

The use and saving of new energy
sources becomes more vital every year. Elec-
tric spark alloying (ESA) and surface treat-
ment by concentrated solar irradiation (CSI)
belong to the new energy-saving methods of
hardening technologies. During ESA, a dis-
crete discharge pulse provides formation of
a protective layer with changed structure of
different thickness, continuousness and
roughness on the workpiece surface [1]. To
improve the surface quality, additional
treatment of ESA coatings with concen-
trated solar radiation is advisable. This al-
lows to decrease the porosity, cure the mi-
crocracks and improve the adhesion. The
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advantages of CSI method consist in non-
contact heating in any medium, in vacuum,
pollution-free heating and the possibility to
regulate widely the input energy [2, 3].
Titanium nitride is a promising material
for wear-resistant coatings [4]. To reduce
the fragility and increase the transport fac-
tor, ductile nickel should be introduced in
the production course of titaniumium ni-
tride electrodes. The structure and hardness
of the surface layer after ESA with TiN—Ni
system materials is studied in [5], where
the following characteristics of ESA process
are considered: cathode mass overweight,
anode erosion, transport factor. The aim of
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this work is to study the concentrated solar
radiation influence on some physical-me-
chanical properties of electric spark coat-
ings of TiN-Ni materials: hardness, thick-
ness, wear resistance.

Steels of 45 and U8 grades were coated
by electric-spark alloying using electrodes
made of TiN + (1-100) % Ni. The admix-
ture to the titanium nitride was chosen
with regard to the fact that nickel forms a
continuous series of solid solutions with iron
(the main element of the substrate material)
and promotes good adhesion of coating mate-
rial to steel. The ESA was carried out in an
EFI-46A unit at I = 1.5 A, C = 300 puF. The
CSI treatment of the surface was made in
SGU-2 unit being a mirror solar energy con-
centrator provided with a sun tracking sys-
tem. The radiant heat flux was regulated by
shutters and was in the range of 3000 to
4000 kW /m2.

The friction tests were carried out in a MT-
65) unit at the slip velocity of V' =10 m/s and
load P =5 kg/m2 in the "bush-in-shaft"
scheme in the open air, according to the
procedure described in [5]. In the course of
experiment, the friction force was regis-
tered wherefrom the friction of the movable
joint (f) and the linear wear of the friction
pair were calculated. The linear wear allows
to evaluate the wear intensity of the sample
(I), um/km. The X-ray phase analysis of
CSI-treated samples was carried out using a
DRON-8M unit in Cu-K, radiation. The
metallographic analysis of electric-spark
coatings and steel was carried out by means
of optical microscope MIM-9. During the
experiment in SGU-2, the temperature was
controlled with chromel-alumel thermocou-
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Fig. 1. The heating temperature T,°C, as a
function of the treatment time 7, s, for spark
coatings of TiN—Cr system:

80 %TiN + 20 %Ni (1); 60 %TiN + 40 %Ni (2);
90 %TIiN + 10 % Ni (3); TiN (4); Ni (5).

ples fixed on the backsides of the samples;
it did not exceed 400°C. As the coated sam-
ples were made of the same material and all
had the same size of 10x10 mm2, it was
possible to evaluate the surface radiant
emittance basing on the sample temperature
increase intensity at the same density of
input heat flux.

It is known that the radiant emittance
coefficient (or emissivity) of a surface may
change essentially in accordance with the
composition and physical nature of the coat-
ing material [7]. The higher the emissivity
is, the higher is the temperature of the
heated surface and the higher the tempera-
ture increase intensity on the sample back-
side. In this work, the dependences of the
sample heating temperature T (°C) on the
CSI treatment duration (t, s) have been ob-
tained. The heating curves of the compos-
ites under consideration show that even

Table 1. The results of steel and coatings phase analysis after ESA and ESA+CSI

Electrode material composition, X-ray phase analysis of the surfaces
0,
%o ESA ESA + CSI
TiN TiN, Fe, Fe,Ti, TiO, TiN, Fe, Fe,0,, Fe,Ti", TiO,
90TiN + 10Ni TiN, TiOZ*, o—Fe, FeTi, FeNi¥, TiN, TiO,, a-Fe, FeQ\Tiaog,
TiNi®, Ni(Fe) Ni(Fe), Ti-Ni—O™
80TiN + 20Ni TiN, FeTi, Ni¥, Fe®, TiNi* TiN, TiO,, Ni¥, Fe, NiTiO3""”"',
Feq 43Nig 530,, TiFe,O
60TiN + 40Ni TiN, FeNi*, TiO,, Ni¥, Fe, TiNiS*, TiN, Ni¥, Fe", TiO,, EeNi*,
NiTiO4 Fe, 43Ni 5304, NiTiO;™, NiO,
FeTiO;", Fe,0,
Ni Ni(Fe), Ni, Fe”",_ FeNi, Fe,0,, Ni(Fe), Ni, a-Fe, NiO, a-Fe,04;
Fe, 43Nig 5304 Fe, 43Nip 530,

Note: ~ traces, * a large amount.
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small quantities of Ni (~10 %) addition in-
crease appreciably the emissivity of the sur-
face compared to the pure titanium nitride
coatings (Fig. 1, curves 1-5). The results
shown in Fig. 1 let us conclude that TiN
coatings with 10 to 40 % Ni were treated at
nearly similar heating temperatures of the
studied surfaces. The emissivity coefficient
values of the coating surface increase due
to the introduction of nickel into titanium
nitride. The emissivity for TiN—-(20-40) %
Ni coatings increased by a factor of 1.5 as
compared to TiN coating.

The results of the X-ray phase analysis
(XPA) of ESA coatings and CSI-treated ESA
coatings are shown in Table 1. The studied
coatings are polyphase systems formed due
to interaction between the elements of steel
substintensity material and those of elec-
trode materials and oxygen: solid solutions,
intermetallides, and oxides. It is seen from
Table 1 that in all compositions of TiN—Ni
system coatings, there are the following
phases: TiN (the major phase), intermetal-
lides TiNi3, Fe,Ti, FeNi, simple and complex
oxides — Fezo3, Ti4Fe3O, Fez43N|O53O4;
solid solution Ni(Fe) (Table 1). Solid solution
Ni(Fe) is rvealed in the diffraction patterns

of TiN + (10—-20 %)Ni ESA coatings and the
same coatings treated by CSI. It is noted
that after the sun treatment of the studied
surfaces, the amount of the dissolved metal
(iron) in the solid solution of nickel in-
creases; this means that the diffusion proc-
ess is more intense. It is found that when
CSI is applied to the ESA coatings under
consideration, the amounts of solid solution
and intermetallide phases reduce while that
of the oxide phase increases.

The metallographic examination of the
coatings obtained after ESA and CSI showed
that the alloyed layer thickness at low con-
tent of (10—40) % Ni binder remained al-
most unchanged (Table 2, Fig. 2, 3). How-
ever, for ESA coatings of 20 %TiN +
80 % Ni material and pure nickel, the hard-
ened layer thickness increases by 5 times as
compared to TiN coatings (Fig. 1). The al-
loyed layer microhardness for TiN coating
with (1-10) % Ni decreases sligutly after
CSI treatment (by a factor of about 1.1)
(Table 2). As the nickel content in the coat-
ing increases from 20 % to 40 %, the layer
microhardness increases 1.2 time after CSI
treating (Table 2). When nickel content in
the material composition of electrode mate-

Table 2. Physico-mechanical and durometric properties of steel and coatings

Electrode | The alloyed | The alloyed The alloyed The microhardness of the Steel
material layer layer layer alloyed layers and the steel, structure
composition, | thickness thickness | continuousness H“, GPa
% after ESA, after
um ESA+CSI, ESA |ESA+CSI| The thermal
wm zone of the
steel after
ESA+CSI
TiN 10 10 35 1.7 1.5 0.4-0.6 Troostite
0.18 Pearlite
90TiN + 10Ni 15 15 50 1.4 1.5 0.7-0.4 Troostite
0.3-0.2 Ferrite +
pearlite
80TiN+20Ni 40 40 50 0.8 1.0 0.8-0.4 Troostite
with
martensite
areas
0.23 Ferrite +
pearlite
60TiN + 40Ni 50 50 80 1.1 1.2 0.65 Troostite
0.23 Ferrite +
pearlite
Ni 50 50 100 0.25 0.7 0.7 Troostite
0.25 Ferrite +
pearlite
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Fig. 2. The structure of TiN and 45 steel spark
coating after concentintensityd solar irradia-
tion (CSI): coating + troostite (a); ferrite +
pearlite ; basic structure of steel (b). x240.

rial increases, the continuousness increases
5 times compared to TiN coatings. The al-
loyed layer consists of "white” unetchable
layer from 10 to 100 um in thick (depend-
ing on the metal binder content) and dark
layer with thickness of 15 um and 0.55 GPa
microhardness, covering the "white” layer
(Fig. 4a). The dark layer seems to consist
of complex iron oxides with the elements of
electrode material (Fe, 43Nig 530, and oth-
ers) (Table 1) and forms a dense film on the
sample surface. This film cures cracks and
rough places and can act as a lubrication
during wear and friction tests. There are a
lot of taupe-green inclusions, apparently,
iron and nickel oxides. In some cases, for
instance, in coatings of 60 % TiN + 40 % Ni,
grey phase zones of 2.4 GPa microhardness
are observed, that probably consist of com-
plex oxides Tiy,Fe,O, and Fe, 3Nig 530, (Fig.
4a).

After CSI treating, the structure of steel
45 changes. For example, in the samples
with TiN and 80 %TiN + 20 % Ni ESA coat-
ings, the initial structure of steel 45 (fer-
rite and pearlite streak like) transforms
into fine-dispersed troostite one with
martensite areas, which results in the 4
times (0.9 GPa) increase of hardness com-
pared to the untreated steel (Fig. 2a; 3a—
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Fig. 3. The microstructure of 80 %TiN +
20 %Ni and 45 steel spark coating after con-
centintensityd solar irradiation in the sample
depth: coating + troostite with martensite
areas (a); troostite (b); sorbite (c); ferrite +
pearlite (d). x240.

Functional materials, 12, 1, 2005



News of Technology

I, pm
80 O ESA
B O ESA +CSI

60—

40—
20

oL (I

1 2 3 4 5 6 7

Fig. 4. The wear intensity (I) of coatings: TiN
(I); 90 %TiN +10 %Ni  (2); 80 %TiN +
20 %Ni (3); 60 %TiN + 40 %Ni (4); 20 % TiN
+ 80 %Ni (5); Ni (6); steel U8, CSI untreated (7).

3d). After only electric-spark alloying, the
steel structure remained unchanged and con-
sisted of two phases (ferrite and pearlite)
with 0.18 GPa microhardness. As to samples
with pure TiN ESA coatings, the no marten-
site areas were observed at metallographic ex-
amination of the CSI treated steel.

In friction tests, Ni content increasing to
40 % reduces the wear intensity (I) of the
TiN ESA coating from 4 to 1.2 times (Fig.
2). Further increase of Ni> 40 % in TiN
ESA coatings causes the double increase of
wear intensity, and in comparison with non-
hardened steel, even a 5-fold increase. CSI
treatment of the ESA coatings under con-
sideration results in a 1,2- to 3-fold de-
crease of wear intensity as compared to
non-irradiated coatings. The exception was
90 %TIiN + 10 % Ni ESA coating where the
wear intensity increased twice as compared
to TiIN ESA coating, apparently due to the
formation of iron solid solution in nickel
Ni(Fe). Thus, the composition 60 %TiN +
40 % Ni shows the minimum wear intensity
(I =9.7 um/km). The use of CSI reduces
1.2 time the wear intensity of this coating
as compared to the untreated one. The wear
resistance of 60 % TIN + 40 % Ni ESA coat-
ing increases 5 times as compared to the
TiN one and 7 times as compared to the CSI
untreated steel (Fig. 4). The average fric-
tion factor for TiN—Ni ESA coatings is 0.32—
0.30 (Fig. 5). As the Ni content in the coat-
ing increases to exceed 40 %, the friction
factor reduces from 0.30 to 0.26, obviously
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Fig. 5. Friction factor (f) for coatings: TiN
(1); 90 %TiN+ 10 %Ni (2); 80 %TiN +
20 %Ni (3); 60 %TiN + 40 %Ni (4); 20 %TiN
+ 80 %Ni (5); Ni (6); steel U8, CSI untreated (7).

due to the appearance of free nickel, accord-
ing to XPA data (Table 1). The friction fac-
tor for unhardened steel is 1.8 time higher as
compared to TiN ESA coating and 1.8 time
higher as compared to Ni ESA coating (Fig. 5).
The CSI treatment of TiN-Ni ESA coating
causes the increase of friction factor by a fac-
tor of about 1.2 time.

To conclude, it has been established that
the emissivity of TiIN-Ni coating materials
increases 1.5 time as compared to the pure
TiN coating, which is effective for the use
in friction pairs of mechanisms in the outer
space. In the zone disposed to concentinten-
sityd solar energy, steel 45 is subjected to
structure changes from ferrite-pearlite to
troostite with grain size diminution and in-
crease of hardness. The concentintensityd
solar radiation treatment at the same tem-
peratures of ESA-surfaces of TiN-Ni in-
creases the wear resistance 2—3 times due to
formation of oxides in the alloyed layer,
according to XPA data. It has been estab-
lished that the electric spark coating of
60 % TiN + 40 % Ni material has the optimum
friction and physical-mechanical properties.
The wear resistance of ESA-coatings made of
60 % TiN + 40 % Ni has increased 1.2 times as
compared to the same coatings not treated
with CSI.
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CrpykrypoyrBOopeHHa Ta 3HOococTiikicTs EIJI mokpurTiB
3 TiN-Ni micaa o0poOKM KOHIIEHTPOBAHUM COHAYHHUM
BUIIPOMiHIOBAHHAM

O.B.Ilaycmoécovkuil, I'O.@Pponos, 1.1.Timogeesa, B.1.Hogiroséa,
B.C.Iluzanenrxo, H.M.Mopdoéeuyw, O./].Kocmenxo, JI.I1.Icaesa

Tlokasano, mp y enexTpoickpoBux mokputtax 3 TiIN mpu gomasamui Ni micas oGpobGru
KOHIIEHTPOBAHUM COHAYHUM BUIIPOMIHIOBAHHAM BUNPOMIiHIOBaJbHA 3A4THICTH 361MBLIIYETHCA
y 1,5 pasa, mo € eeKTUBHUM IIPU BUKOPHCTAHHI y By3JaX TepTd y KOCMiuHOMY IpocTOpi.
3acTocyBaHHA KOHIEHTPOBaHOI coHAuYHOI eHeprii mna o6po6ku ElJI-moxpurris 3 TiN—Ni
nigsuiye sHococTilikicTs moxpurTis y 2—3 pasu, BHACHILOK YTBOPEHHS OKCUAHOI dasu y
aseropamomy Imapi. ¥ crani 45 y somi aii KoHIenTpoBamol comauHOl eHeprii BimOyBarorbcsa
CTPYKTYPHI 3MiHHM Bim (repuTo-mepiiTy mo TPoocTUTy i3 moxpiOHEeHHAM 3epHa Ta IiABUIIEH-
HAM TBepaocTi. BeraHoBieHo, mio onrumasabHi TpuborexHiuHi 1 (ismxo-mexaniumi BIacTU-
BOCTI Mae eqeKTpoickpose moxkputrta 3 marepiamxy 60 %TiN + 40 % Ni.
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