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The work reports the method for copper and nickel based coatings reinforced by
ultrafine particles of alumina or zirconia deposition. The electrolytes’ compositions as well
as electrosynthesis modes are grounded. Considerable enhance in the both physical-me-
chanical properties and corrosion resistance of synthesized composite systems over tradi-
tional monolayer coatings by copper and nickel is shown.
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IIpennosxxeH MeTOn IONYyUYEHHs IIOKPBITHII HA OCHOBE Meou W HUKENSd, apMUPOBAHHBIX
YAbBTPAIUCIEPCHBIMY YACTULAMY OKCHUIA AJIOMHHUA WIN IMUPKOHUS. [IpuBeIeHBI COCTABBI
JIEKTPOJINTOB U PEXKUMBI dJIeKTpocuHTe3a. [[oKasaHo 3HAUNTENbHOE IOBLIIIeHNe PUIUKO-Me-
XAHUYECKUX CBOMCTB 1 KOPPO3MOHHOM CTOMKOCTH CHHTE3WPOBAHHBLIX KOMIIOSHUIIMOHHBIX CIIC-
TeM I10 CPABHEHWIO ¢ TPAAUIIMOHHBIMU OJHOCJIONHBIMU HOKPBITUAMHU MeIW M HUKEJd.

ApMoBaHi HAHOCTPYKTYPHMMH OKCHAAMHN KOMIIOZMIiiHI IIOKPUTTA HA OCHOBI mimi
(miremro). M.Caxuenro, O.0suaperro, M.Bedo.
3aIpoIIOHOBAHO METOJ] OTPUMAaHHS IIOKPUTTIB Ha ocHOBI mimi i mikesro, apMOBaHUX yJaAbBTpPa-
OUCIEePCHUMI YaCTHHKaMU OKCHUAY ajioMiHiro abo nupkoniro. IlpuBegeHo craagm eyexT-
poxitiB, i pemumum eneKkTrpocuHTedy. llokaszano sHauyHe MOigBHUIIeHHS (Pi3UKo-MexXaHiuHUX
BJIACTUBOCTE i KOpPO3iliHOl CTIMKOCTI CMHTE30BaAHMX KOMMIOSHUIHHUX CHUCTEM y IIOPiBHAHHI 3

TPaSUIIAHUMY OLHOMIAPOBUMU IIOKPUTTAMU Migi i Hikero.

1. Introduction

Development of key sectors of the mod-
ern industry is based on the new materials
and high technologies using. Application of
thin-film coatings obtained by electrodeposi-
tion can significantly improve the perform-
ance of the products, such as wear-, heat-
and corrosion resistance, as well as give
specific technological characteristics of the
working surfaces of the machine parts and
tools. Priority in the electroplating develop-
ment is to create a new type of the coating
metals and alloys, in particular, composite
electrochemical (CEC). Nano-sized particles
are used as the second phase of such coat-
ings. Such heterogenous system as com-
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pared to their monometallic analogs have
specific , and in some cases, unique physi-
cal-chemical and physical-mechanical, in-
cluding tribological characteristics [1, 2].

In this connection it is of interest to ob-
tain the coatings and foils based on metal
copper and nickel matrix reinforced by
nanostructured alumina or zirconia. Neces-
sary size of the adding particles is provided
by chemical dispersion.

2. Experimental

The copper and nickel foil reinforced
with nanoscale aluminum or zirconia was
prepared by electroforming on substrates
made of polished stainless steel X18H10T
(AISI 304). The adherent CEC of similar
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Fig. 1. Structure of the electro-consisting composite coatings: Ni-ZrO, (a), Ni-Al,O5 (b), Cu-ZrO, (c)
and Cu—Al,0O; (d). Concentration of the dispersoid in electrolyte is 25 g/dms3.

composition was deposited on mild steel [3]
from the electrolyte with a varying content
of the disperse phase [4, 5].

Both the copper foil with the thickness
of 10-30 uym and the CEC based on copper
were obtained by electrolysis in electrolyte
solution with following ingredients (g/dm3):
potassium pyrophosphate 330-380; copper
sulfate 70—90; citric acid 15-25, at the cur-
rent density of 1-8 A/dm?2 and temperature
of 20-25°C for 30—40 min. As an auxiliary
electrode a copper plate was used. For rein-
forcement of the foil we added 10-40 cm3
of sol containing 10-50 g/dm3 nanosized
alumina dispersed phase to 50 cm3 of the
basic electrolyte.

Foil and CEC based on nickel were formed
at the current density of 2-8 A/dm?2, the
temperature of 20-25°C for 30-40 min
from the Watts sulfate electrolyte contain-
ing, g/dm3: nickel sulfate 80—820; nickel chlo-
ride 7-20; boron hydroxide 25-40. The dis-
persed phase was added in a proportion as for
the copper foil [6, 7]. As an auxiliary elec-
trode a nickel plate was used.
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Alumina hydrosol was prepared by dispers-
ing a high-temperature form y—Al,Oz in aque-
ous alkali solution at pH>13 for 10-30 min
and followed by decantation of the colloidal
solution. Dispersion of the alumina particles
occurs due to the partial chemical dissolu-
tion of amphoteric oxide under above pH
value to form the hydroxylic complexes
[AI(OH)4]~. As a result the size of the dis-
persed phase particles is reduced and stabil-
ity of the sol increases as [AI(OH),]~ are more
efficient and stable charge-forming ions with
substantial stability constant K ~ 3.2.1032,
Thus, colloidal particles of the following com-
position are forming in the solution:

[M(AL,O3) - NIAIOH - (n - X)Na* - szo}x_ -
- xNat - zH,0.

Additionally the sol stability is ensured
by presence in the composition of charge-
forming ions simultaneously the two ele-
ments of which are similar in nature to the
nucleus — oxygen and aluminum. Shred-

ding of the high-temperature form y-Al,O4
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Fig. 2. Dependences of microhardness (a), tensile strength (b), the fluidity limit (¢) and plasticity
(d) of Nickel (1) and Copper (2) composites on Al,O; percentage in electrolyte.

is going by top-down mode, and peptization
is provided by that for the nanoscale parti-
cles the Brownian motion is competing with
sedimentation. In such way we can control
the composition and structure of the inter-
mediates during dispersion of the reinfore-
ing phase. The resulting material is promis-
ing for synthesis of the CEC with improved
functional properties [8].

We synthesized CEC reinforced with
nanoscale particles of zirconia stabilized
with yttria (according to the tech specifica-
tion the size of the particles was 1 nm). The
phase of ZrO, was added to the basic elec-
trolyte in amount of 10-50 g/dm3. The
electrolysis was conducted at the current
density 0.5-3.5 A/dm2 and temperature
20-55°C for 40-60 min.

Physical and mechanical properties (duc-
tility, tensile strength and yield point) of
the foils and coatings of Ni-Al,O5, Ni=ZrO,,
Cu-ZrO, and Cu-Al,O; were determined on
TIRAtest-2300 machine, the microhardness
was measured using PMT-3 apparatus, the
grain size and surface morphology were
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analyzed by MIM-7 microscope at magnifi-
cation of 1,200 times. Corrosion tests were
carried out in the neutral (0.5 M NaCl) en-
vironment, the corrosion rate was deter-
mined using the polarization resistance
technique. Polarization measurements were
performed in a thermostated glass cell using
potentiostat IPC-Pro, with automated sys-
tem of data registration. As an auxiliary
electrode a stainless steel plate was used.
Examination of chemical composition and
surface morphology of the coatings was per-
formed with a scanning electron microscope
(SEM) ZESS EVO 40 XVP. The image of sur-
faces of the samples was obtained by detect-
ing secondary electrons (BSE), by scanning
the surface with the electron beam, allowing
to investigate morphology of the surface with
the high resolution and contrast.

3. Resulls and discussion
The SEM results analysis shows that the

composite structure of copper and nickel
(Fig. 1) can be isolated polyhedral particles
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Fig. 3. Dependences of microhardness (a), the fluidity limit (b), plasticity (c¢) and specific depth of
relaxation (d) in Nickel (1) and Copper (2) composites on ZrO, percentage in electrolyte.

with the grain phase of ZrO, or Al,Oj;. Av-
erage size of the inclusions is less than
1 um for ZrO, and it is in the range of
1-5 um for Al,O3, while the size of the cop-
per grain is 5—7 um. The second-phase par-
ticles are located the both as in the grains
as on their boundaries and grain size of
copper in the obtained composites with
Al,O3 is reduced to 8 um. There is a ten-
dency to aggregation and formation of con-
glomerates of the particles with increasing
dopant concentration in the solution. There-
fore, we need to set the optimum content of
the hardening phase for forming the compos-
ites with the high strength properties [9].

It should be noted that the concentration
dependences of physical and mechanical
characteristics of the CEC, reinforced with
alumina (Fig. 2) have both monotonous and
extreme characters. Thus, when increasing the
content of Al,O3 in the slurry phase from 10 to
50 g/dm3 microhardness of the CEC based on
copper increases from 850 to 1100 MPa, a ten-
sile strength — from 150 to 250 MPa, yield

108

point — from 100 to 200 MPa. For nickel-
based composites with increasing content of
Al,O5 in the slurry from 10 to 50 g/dm3 the
microhardness increases from 1000 to
1400 MPa, a tensile strength — from 400
to 500 MPa and yield point — from 450 to
650 MPa.

Quite predictable is antibate variation of
ductility of composites with increasing of
the dispersed phase concentration in the so-
lution [10]. The reason for this behavior is
due to the inclusion of composite particles
of Al,O3, which act as obstacles to disloca-
tion motion reliably, which is typical for
particulate hardening mechanism for the
Orowan (rounding of the second phase par-
ticles by dislocations). The nickel coatings
exhibit higher mechanical properties in
comparison to the composites based on cop-
per [11].

The concentration dependences of physical
and mechanical properties for the foils rein-
forced with ZrO, are similar. Indeed, a micro-
hardness of the composite coatings based on
copper was increased from 270 to 310 MPa

Functional materials, 22, 1, 2015
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and the yield point — from 80 to 120 MPa
when increasing the content of ZrO, in the
slurry phase of 25 to 50 g/dm3.

For the nickel-based composites with in-
creasing content of AIZO% in the slurry
phase from 10 to 50 g/dm® the microhard-
ness increases from 390 to 490 Mpa and
yield strength — from 130 to 160 MPa. Re-
laxation resistance increases with increasing
content of the disperse phase as for the
composites based on nickel and copper.
Similar trends are observed for coatings
which reinforced by alumina particles.

Corrosion testing of the CEC in neutral
(pH 6-7) chloride containing solutions
showed that the inclusion of nanosized
Al,O5 particles in the metal-based matrix
contributes to reduction of the corrosion
rate of 0.02-0.07 mm/year.

4. Conclusion

The composite compact grained nonpor-
ous coating and foil of variable thickness
based on nickel and copper matrix rein-
forced with nanoscale alumina and zirconia
were fabricated by electrochemical method.
It is shown that the application of chemical
dissolution of amphoteric alumina allows
the flexibility to manage the size of the
dispersed phase and stabilize the colloidal
solution. The synthesized materials have the
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high barrier and physical-mechanical prop-
erties, in particular, the microhardness and
yield point of the coatings were increased
substantially while a slight decrease in duc-
tility was observed.
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