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The article is devoted to study of the problem of improving of durability of surfaces of
copper plates of molds of machines for continuous casting of billets. Presented here are
the results of investigations of combined Ni-coatings on Cu that are a thin Ni-sublayer
obtained by electric spark alloying method and a working Ni-layer deposited by arc plasma-
spraying. Complex analysis (optical microscopy, durometric analysis and SEM) of the
coatings is conducted and their mechanical characteristics are also studied. The using of
Ni-sublayer is shown to increase the adherence of coatings considerably. Resulted in the
work are the values of adhesion and other characteristics of the coatings obtained.
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HccnemoBaH BOIIPOC MOBBHIMIEHNUA CTOMKOCTY IIOBEPXHOCTEH MEAHBIX IJIUT KPUCTAJIN3ATO-
POB MaIllMH HEIPEPHIBHOTO JHUTBHSA 3aroTOBOK. IIpexcTaBieHBbl pPe3yJabTATHI HCCJIEI0BAHUI
KOMOMHHPOBAHHLIX IIOKPBLITUN HUKEJIA HA MeIH, IIPEJACTABJIAIONINX CO00II TOHKMH IIOLCJION
HUKeJd, [MOJYUYEHHBII MEeTOAOM 3JEKTPOHCKPOBOIO JEerupoBaHudA, U pabouuii cjaoil HUKesd,
HAHECEHHBIM METOIOM ILJIa3MEeHHO-IYyrOBOI'0 HamblaeHHs. IIpoBemeH KOMILIEKCHBIN aHAJIU3
MOKPBITHH (oOTHYEeCKas MUKPOCKOIHN:SA, AOpoMerpuueckuii aHaams u COM), msyuyeHBI uUX
MEeXaHNYECKNe XapaxkTepucTuru. I[oKasaHo, UTO NPUMeHEeHHEe HHUKEJEBOr0O IIOACIOA SHAYU-
TeJBHO YBEJIMYMBAET CIleIIEHHe IOKPbITuil. IIpuBeqeHbl 3HAUEHUA CLEIUICHHA W IpPyrue
XaPAKTePUCTUKHU IIOJYUEHHBIX ITOKPBITHI.

OrpyuManHa KOMOIiHOBAHMX 3MIIHIOUYNX HMOKPHTITIB MITHHX KPHCTAJXi3aTOPiB MaINMH
Oe3nepepBHOro aurra 3aroroBok. A B.JTaycmosecvruii, B.I.Xpucmoe, B.€.Illeaydvro, I.B.J]]o-
yeurxo, B.I.3enenin, M AIlonewykx, B.M.Tenniox, €.B.3esenin.

Hocaig:keHo NUTAaHHA IiABUINEHHA CTIIKOCTI MOBEPXOHb MiZHUX IJIMT KPUCTAJIZATOPiB
MaluH 0e3lepepBHOro JUTTA 3aroTOBOK. IIpeacTaBiieHo pe3yiabTAaTH IOCIiIMKeHb KoMOiHOBA-
HUX IIOKPUTTIB HiKeN Ha Miai, 10 SABIATb 0000 TOHKHII HigIIap HiKeao, OTPUMAHUN
METOJOM €eJIEKTPOiCKPOBOro JieryBaHH#A, i poboumii miap HiKel0, HAHECEHMH METOMIOM ILIA3-
MEHHO-AYroBOr0 HalWJIeHHs. I[IpoBeleHO KOMILIEKCHHUH aHAJIs HOKPHUTTIB (omTMUHA MiKpO-
cKoilria, gropomerpuunuil ananis Ta CEM), BuBueno ix mexamiuHi xapaxrepuctuxu. Ilokasa-
HO, 1[I0 3aCTOCYBaHHS HiKeJeBOro Higmapy sHavHO 30ijblnye 3uemienHd moxkpurris. Hasemxe-
HO 3HAUEHHS SYeIlJIeHHdA 1 iHIi xapakTepuCTHKU OXepPKaHuX HOKPUTTIBE.
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1. Introduction

In metallurgy industry the increase of
durability of wear surfaces of Cu-plates of
molds of machines for continuous-casting of
billets (MCCB) in dozens of times is at-
tained mainly by application of Ni-coatings
[1, 2]. The basic technology of depositing of
such coatings is electroplating [3] having a
number of lacks, the main of which are big
consumption of electric power and environ-
mental contamination. So, the working out
of alternative technologies [4, 5] of Ni-coat-
ing obtaining on Cu-plates is of current im-
portance. The technology of electrospark al-
loying (ESA) in a combination with arc
plasma-spraying [6, 7] can be referred to
such technologies.

The formation of the alloyed surface
layer at ESA is defined by anode metal
transfer on a metal cathode at a spark dis-
charge and their active interaction among
themselves [8].

Repeated influence of spark discharges
between the anode (Ni-wire) and the cathode
(Cu-plate) leads to the formation of dense
Ni-coating alloyed with Cu-plate.

However owing to high heat conductivity
of Cu, the thickness of dense fused Ni-base
is limited but it’s quite enough to produce
Ni-sublayer by ESA followed by arc plasma-
spraying of the base coating.

The technology of arc plasma-spraying
with the remote wire anode allows to de-
posit Ni-coating up to 2 and more millime-
ters in thick. Without Ni-sublayer such
coating has the low value of adherence with
Cu-surface [9—-11].

The use of plasma spraying can consider-
ably accelerate the process of obtaining of
protective Ni-coating on the big areas of Cu-
plates of cooling and integration of ESA
and arc plasma-spraying can serve as the
basis for new combined technologies pos-
sessing several advantages to work out.

The aim of the work is to obtain and
investigate the complex coating consisting
of Ni-sublayer deposited by ESA on a work-
ing surface of Cu-plate and the working Ni-
coating deposited by arc plasma-spraying
method.

As it’s researched, some aspects of form-
ing of ESA- and arc plasma-sprayed-coat-
ings by wire Ni-materials and also their me-
chanical characteristics namely adhesive
strength, cohesion, porosity are studied.
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2. Experimental

ESA Ni-coating was deposited on the sam-
ples of M1 copper at "0" mode on "ELITRON-
52" or EEV-2 installations in Ar medium. Pulse
energy — 4-7.5 J, processing time —
0.6 Ms/cm?, impulses frequency — 100 Hz.
After ESA-coatings were washed in degreasing
solvent and processed by jet-abrasive method
with electrocorundum (fraction 0.5-12).

Then arc plasma-sprayed Ni-coating was
deposited on the obtained in that way Ni-
sublayer with UN-26 unit. A spraying was
carried out at an optimal distance between
the spraying anode and a surface of Cu-sam-
ples. The mode of coating application deter-
mined depending on the necessity of the
maximal adhesive strength, cohesion and
porosity is presented in Table 1.

Plasma forming Ar-gas flow at the pres-
sure of 0.8 MPa is within 2 m3/h and the
compressed air cooling plasmatron —
20 m3/h at the pressure of 0.5-0.7 MPa.
The wire feed speed is no more than
5 m/min and that of plasmatron horizontal
moving relative to the samples —
1 mm/min with vertical step — 20 mm.

The working capacity of Ni-coatings on
Cu-plates of molds in MCCB is defined by
their adhesion to Cu-base, cohesion and po-
rosity. In the given work adhesive strength
of Ni-coatings with Cu-base was defined by a
pin test [11, 12]. In Fig. 1 the scheme of
the work tool for adhesion of Ni-coatings to
Cu base to define is presented.

Into Cu-disk (20 mm) having a hole
(3.8 mm) M1-Cu-rod was inserted. Face-
plates of details were grinded in one plane
and ESA Ni-coating of 0.1-0.15 mm in thick
was deposited on it. As at a separation of a
pin sample, the coating is exposed to influ-
ence both tearing and cutting loadings, the
rod in the disk was turned up to ESA-coating
shear throughout the diameter of 3.8 mm so
that the strength of ESA-coating wasn’t over-
laid on the value of adhesive strength of the
following arc plasma-sprayed coating.

On the surface of the samples obtained in
such way, arc plasma-sprayed coating about
2 mm in thick was deposited. Further the

Table 1. Mode of coating deposition with
UN-26 unit

Material | Distance | Current, Arc Wire
to A voltage, diameter,
sample, A% mm
mm
Ni 120 200 70 1.4
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coating

Fig. 1. Schema of adhesive strength defining.

samples were tested by IR100 rupture-test ma-
chine where the rod was torn out from a disk
with a hole. Then the samples were investi-
gated metallographically and their mechanical
and other properties were also defined.

While carrying out metallographic
analysis of the samples, the complex tech-
nique including metallography (NEOPHOT-
32 optical microscope (Karl Zeiss, Jena,
Germany)), durometric analysis and struc-
ture investigation on SEM REM-106I
(SELMI, Ukraine) was applied.

For the structure of investigated com-
pounds to find out, chemicals [13] and the
conditions of etching resulted in Table 2
were used. The microstructure of cross-sec-
tion of the compounds obtained by complex
Ni depositing was investigated.

To define cohesion, Ni-layer of 2 mm in
thick was sprayed on Cu-plate. After that it
was separated and the samples — strips of
4 mm in width for mechanical properties to
define were cut out from it by electroerosion
cutting. The surface of the strips was grinded
to remove its irregularities up to 1.6—2.0 mm
in thick. The samples were made of the strips
(type MI96, GOST 6996-66) for the coating
rupture strength to define. Then the samples
were torn by IR100 rupture-test machine
with the use of self-aligning grips.

Table 2. Chemicals and etching conditions

| arc Iasa-sprayed

Fig. 2. Microstructure of arc plasma-sprayed
Ni-coating on Cu-substrate, interface (x100).

3. Results and discussion

As stated earlier, the technology of arc
plasma-spraying with the remote anode al-
lows to deposit with high efficiency a coat-
ing to several millimeters in thick. Such a
coating without sublayer has low adhesive
strength with Cu-surface [14, 15].

Resulted in Fig. 2 is the microstructure of
plasma Ni-coating on Cu-plate. Chips and dis-
continuities between Cu-surface and Ni-coating
are seen well. The value of adhesive strength
of Ni with Cu at direct its depositing by plasma
spraying on Cu-substrate after grit blasting of
Cu-surface comes to 6—8 MPa. This is evidence
of the absence of chemical-metallurgical inter-
action at the phase boundary. In all cases the
coating break occurs through line — Cu-sub-
strate — an arc plasma-sprayed coating.

Somewhat different picture is observed
in case of application of Ni-sublayer depos-
ited by ESA. Resulted in Fig. 3 is cross-sec-
tion of Cu-sample with the combined coat-
ing. One can see Ni-sublayer having consid-
erable adhesion to processed Cu-surface
owing to mixing of the melted Ni-electrode
with fused Cu-surface. The absence of obvi-
ous defects in the adherence area is ob-

Material Chemical mixture Method of using Notice
Cu (M1) | Nitric acid (50 ml) + Chemical etching at intensive To remove oxide film,
water (50 ml) stirring of chemical hydrochloric acid (80 ml) and
T=5...80 s, water (20 ml) at T = 20°C,
T = 20°C t=1...3 s are used
Ni (H1) Sulfuric ammonium Electroetching
(20 g) + water U=6...15V,
(100 ml) t=38...10 s
214 Functional materials, 26, 1, 2019
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arc plasma-sprayed Ni-coating

Fig. 8. Microstructure of cross-section of Cu-
sample with combined coating (x100).

served. The coating break occurs through
boundary line with arc plasma-sprayed coating.

SEM data confirm the presence of Cu in Ni-
sublayer that is mixing of Ni with Cu (Fig. 4).
Its content can amount to 70 and more percent.

Adhesive strength of arc plasma-sprayed
Ni-coating with ESA Ni-sublayer has turned
out within 24-36 MPa. This is significantly
more than the value of adhesion of arc
plasma-sprayed Ni-coating deposited directly
on Cu without Ni-sublayer (6—8 MPa).

Thus, the application of Ni-sublayer de-
posited by ESA allows to increase adhesive
strength of coatings considerably.

Investigations have shown that in practice
dense Ni-coatings deposited on Cu by ESA can be
obtained no more than 0.15 mm in thick, then
fusion lacks and porosities arise. It’s caused by a
number of the factors [16] one of which may be
that the heat of electrospark discharge to a
greater extent goes to the body of Cu-detail in-
stead of processed surface fusing.

Another important feature of the coat-
ings is cohesion of a working layer of arc
plasma-sprayed Ni-coating which is con-
nected directly with its porosity. Porosity
was defined by hydrostatic method and it
came to 10.2-12 % for the given samples.
At such porosity coating strength came to
100-110 MPa which is quite a high charac-
teristic for arc plasma-sprayed coating [17].

4. Conclusions

The technology of depositing of the com-
bined coatings of Ni on Cu providing for
depositing of Ni-sublayer by ESA and a
working Ni-layer by arc plasma spraying is
developed. The possibility of obtaining suf-
ficiently dense Ni-coatings on Cu-plates of
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Fig. 4. Distribution of the elements in arc
plasma-sprayed coating with ESA-Ni-sublayer.

molds in MCCB is shown. At that adhesive
strength of arc plasma-spraying coatings on
Cu, at the use of ESA sublayer, can amount
to high values (24-36 MPa), cohesion —
100-110 MPa at the porosity of 10.2-12 %.

References

1. V.G.Kozhemyakin, V.A.Shapovalov, V.P.Bur-
nashev et al., Sovrem. Electrometal., 4, 37 (2014).

2. AMT(r)-advanced molds manufacturing technique.
http://www.kme.ru/cm21/media/
upload/file/AMT russisch 080508.pdf [in Russian].

3. A.E.Vlasov, Vestnik Yuzhno-Ural‘skogo Un-ta.
Ser.: Metallurgiya, 16, 143 (2016).

4. K.Aoudia, S.Lamri, S.Achache et al., Coat-
ings, 8, 424 (2018).

5. E.E.Kornienko, O.A.Rubtsova, I.P.Gulyaev et
al., IOP Conf.Ser.: Mater.Sci. Eng., 286,
012028 (2017).

6. K.S.Perevoznikov, Proc. Bryansk State Engineering
Technological University, Iss. 22, 22 (2015).

7. RU Patent No. 2173352 (2001).

8. Yu.l.Mulin, L.A.Klimova, D.V.Yarkov, Fiz.
Khim. Obrabotki Materialov, 3, 50 (2000).

9. K.Middeldorf, Therm. Spray Bull., 2, 6 (2009).

10. A.Nakahira, Proc. ITSC-2009, Las-Vegas,
USA (2009), p.499.

11. Yu.A.Kharlamov, Tyazh. Mashin., 2, 10 (2000).
12. UA Patent No. 84231 (2008).

13. M.Beckert, H.Klemm, Sposoby Metallo-
graficheskogo Travleniya, Spravochnik, Met-
allurgiya, Moscow (1988) [in Russian].

14. G.V.Samsonov, A.D.Verkhoturov, G.A.Bovkun
et al., Spark Alloying of Metal Surfaces,
Naukova Dumka, Kiev (1976).

15. G.Sundararajan, Y.R.Mahajan, S.V.Joshi, Proc.
ITSC-2009, Las-Vegas, USA (2009), p.511.

16. F.Kh.Burumkulov, V.A.Denisov, A.Yu.Kos-
tyukov et al., Electronnaya Obrabotka Materi-
alov, 2, 24 (2011).

17. I.S.Borisov et al., Gas-thermal Coatings of
Powder Materials, Handbook, Naukova
Dumka, Kiev (1987).

215



