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TRIBOCORROSION RESEARCH OF NI-Al,O4/TIO, COMPOSITE
MATERIALS OBTAINED BY THE METHOD OF
ELECTROCHEMICAL DEPOSITION

Mertor0 [aHOTO AOCHIKEHHsI OyI0 MPOBEACHHS eIEKTPOXIMIYHOTO OCA/DKEHHs 1 TPiOOKOpPO3iOHHUX
JOCIII/DKEHb KOMITO3UTHHX MaTepianiB Ha ocHOBI Ni-Al,Os/TiO,. 3a 4ac mociipkeHs Oyno BHKOHAHO
EJICKTPOXIMIUHE OCAJUKEHHS PI3HMX KOMIO3UTHUX MaTepiaiiB, IIPU bOMY MPOBOAMIOCS MOPIBHAHHSA 3
6a30BUMH MaTepiaiaMH, TaKUMH SIK JYIUVICKCHA CTallb 1 €MEKTPOXIMIYHO OCaKeHHH Hikenb. Bymu
OXapaKTepH30BaHi pPOOOYI YAaCTKH 3 BHUKOPHCTAHHSIM METOAIB JIa3epHOi JucHepcii, a IOKpPHUTTS
xapakTtepusyBanucs B SEM 3 BUKOPHUCTaHHSM Pi3HHX AETEKTOpPiB (3BOpOTHE po3citoBaHHs i BropuHHi
enektporn), EDX (enepromicriepcHasi peHtreniscbka cnekrpockoris) i FIB (chokycoBanuii ioHHHI
mydok). Ha ocHoBi BukoHanuX 3HiMKiB B SEM Oyna BH3HawdeHa 3aJIe)KHICTh KiJTBKOCTI YaCTHHOK B
MOKPUTTI Bif KOHUEHTpaLii YacTuHOK TiO, B po3umHi i 4acy eleKTpOXiMiYHOrO OCaIKEHHS TOKPUTTIB.
Takox Oynu npoBeseHi Tpubosnoriune gociimpkends marepianis Ctans/Ni/Ni-TiO,, Tpibokoppo3ioHHe
nociimkerns Marepianis Ni/Ni-TiO,, nopiBHsuibHa 1106y 10Ba POQiNiB JOPiXkOK OTPUMAHHX ONTHIHUM
METOJIOM Ha OCHOBI KOH(OKAJIBFHOT MiKPOCKOMIT Ta BU3HAUSHHS 3aJIEKHOCTI BUCOTH 1 LIMPUHK Npo(diniB
BiJl BHKOPHCTOBYBAHOI'O MaTepiaiy.

K1040Bi c10Ba: KOMIIO3UTHI MaTepiain, TPHOOIOTIUHI JOCIIIKEHHS MaTepialliB

llempto  maHHOTO  WCCNEAOBAaHMA  OBUIO  MPOBEJCHHME  DJICKTPOXMMHUYECKOTO — OCAXKICHHA H
TPUOOKOPPO3HOHHBIX HCCIICOBAaHHIT KOMIO3UTHBIX MaTepuanoB Ha ocHoBe Ni-Al,03/TiO,. 3a Bpems
HCCNENIOBAHUH  OBITO  BBITIONHEHO DJIEKTPOXHMHYECKOE OCAKACHHE PA3IUYHBIX KOMIIO3HTHBIX
MaTepHanoB, P 3TOM NPOBOAUIOCH CPaBHEHHE C 0a30BBIMM MaTepualaMM, TAKUMH KaK JyTJieKCHas
CTallb M 3JIeKTPOXMMHYECKH OCAXKJICHHBIH HHKeNb. BbUIM OXapakTepu3oBaHbI pabodyMe HacTHIBI C
HCIOJIb30BaHUEM METOIOB JIa3epPHOW JIUCIIEpCHM, a TOKPBITUS Xapakrepu3oBaiuck B SEM ¢
HCIOJIb30BaHUEM pa3NMyHbIX JaeTekTopoB (OOpaTHOE paccesHue M Bropuunbie snektponsl), EDX
(oHeproaucnepcHas peHTreHoBcKasi criektpockonus) U FIB (doxycupoBaHHBI HOHHBEINH my4ok). Ha
OCHOBE BBINOJHEHHBIX CHUMKOB B SEM Oblna ompeseneHa 3aBHCHMOCTh KOJMYECTBA YacTHI[ B
HOKPBITHU OT KOHIeHTpauuu dactui] TiO, B pacTBOpe M BPEMEHH JJICKTPOXHMHYECKOTO OCAKICHHU
noKpeITHi. Taroke ObUIH IpoBeseHs! Tpubosornueckue uccienosanust marepuanos Crans/Ni/Ni-TiO,,
TpubokopposronHsie uccienoBanus Matepuanos Ni/Ni-TiO,, cpaBHHTeNbHOE MOCTpOeHHE Hpoduieii
JIOPO’KEK TONYYEHHBIX ONTHYECKUM METOIOM Ha OCHOBE KOH(OKAIEHONH MHKPOCKOITHH U ONpEIEICHUE
3aBHCHMOCTH BBICOTBI M IMUPUHBI IPO(HIIEH OT NCHIOIB3yEeMOT0 MaTepHaa.

KiroueBble cJ10Ba: KOMIO3UTHBIE MaTePUaIbl, TPUOOIOrHUECKHE MCCIIEIOBAHMS MATEPHATIOB

The purpose of this study was to perform electrochemical deposition and tribocorrosion studies of
composite materials based on Ni-Al,O4/TiO,. During the research, electrochemical deposition of various
composite materials was carried out, while comparison was made with base materials such as duplex
steel and electrochemically precipitated nickel. Working particles were characterized using laser
dispersion methods and the deposits were characterized by SEM using different detectors (backscattered
and secondary electrons), EDX (energy-dispersive x-ray spectroscopy) and FIB (focused ion beam).
Based on the photographs taken in SEM, the dependence of the amount of particles in the coating on the
concentration of TiO2 particles in the solution and the time of electrochemical deposition of the coatings
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was determined. Tribological studies of Steel/Ni/Ni-TiO, materials, tribocorrosion studies of Ni/Ni-TiO,
materials, comparative construction of track profiles obtained by optical method based on confocal
microscopy and determination of the height and width of profiles from the material used were also
carried out.

Keywords: composite materials, tribological studies

The objective of the work was the preparation and modification of metallic
surfaces for the experimental and theoretical tribocorrosion studies of composite
materials based on Ni-Al,O4/TiO..

The main material in this study was duplex steel (duplex 2463). Duplex steel
is a ferritic-austenitic stainless steel, which combines the most useful properties of
ferritic and austenitic steels, also due to the high content of chromium and
molybdenum, has very good resistance to pitting corrosion, crevice corrosion and
corrosion resistance. Bi-directional microstructure of the steel provides high
resistance to stress corrosion cracking and has high mechanical strength [1, 2].

For the experiment, five plates of duplex stainless steel with size of 100 mm
by 40 mm by 3 mm were taken. Two plates were cut using a SiC disk into smaller
ones with size 40 mm by 20 mm by 3 mm. Further, 40 by 20 by 3 mm plates were
also cut using a SiC disk onto plates with a smaller dimension of 20 mm by 10 mm
by 3 mm.

Initially, 40x20x3 samples were polished using SiC disks with grain sizes of
200, 400 and 1000. Finishing polishing was performed on a soft grinding wheel
with a diamond atomizer. Later, this idea was rejected because there was no
qualitative adhesion of the nickel coating on the samples. Subsequently, SiC
grinding was carried out with disks with a grain size of 200.

After this, the samples were washed in running water, alcohol, distilled water
and drying with compressed air.

From the stainless steel samples, the following parameters were taken: anode
frequency impedance, cathode frequency impedance, cyclic voltammetry and open
circuit potential [3].

The small and medium samples had different positions in the electrochemical
deposition baths. For samples 40x20x3 (medium), the best conditions for the
deposition of nickel are: the vertical position of the samples and a round platinum
electrode located slightly lower and centered about the vertical axis of the sample.
And for samples of 20x10x3 (small), the best conditions for the deposition of
nickel are: the horizontal position of the samples and a special platinum electrode.
Later it was decided to make the precipitation for medium samples in the horizontal
position.

As is known, stainless steel is usually resistant to most corrosion effects,
thanks to a thin oxide film on the surface. In this regard, it is quite difficult to
obtain a coating with high-quality adhesion to the surface of the base metal.
Accordingly, if this film is removed from the surface of the sample and held in
such a state (while electrodeposition occurs), any galvanic metal can be applied to
the stainless steel surface.
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To remove the oxide film from the surface of stainless steel and to ensure
good adhesion between the coating and the base metal, one of the chemical
purification technologies described in the American Standard was applied [4].

The composition of the electrochemical bath and the parameters for the first
treatment:

- Sulfuric acid (H,SO, ) - 650 ml
-Water-to 11

- Potential (cathodic) - 10 V

- Temperature - room

- Time - 2 min

The composition of the electrochemical bath and the parameters for the

second treatment:

- Nickel chloride (NiCl) - 240 g

- Hydrochloric acid (HCI) - 120 ml

- Water-to 11

- Temperature - room

- Time - 2 min

- Current density (cathodic) - 16,2 A/dm?

For all time, 4 solutions for the electrochemical deposition of composite
materials have been made. All solutions are based on a standard solution for nickel
plating:

- Nickel sulphate Ni,SO, - 300 g/l
- Nickel chloride NiCl, - 50 g/I

- Boric acid H;BOs - 40 g/l

- Formalin - 1,2 g/l

- Methanol - 1,4 g/I

In the first solution, there were no additional (ceramic) components. The
second solution contained aluminum oxide Al,O3; - 10 g/l in addition to the main
components of the solution for the electrochemical deposition of nickel. The third
solution contained titanium dioxide TiO, - 20 g/I. Initially, in the fourth solution,
concentration of the TiO, was 10 g/l. Based on the fourth solution, 3 small samples
were obtained. After that, the concentration of TiO, was increased to 30 g/l.

An attempt was also made to deposit the composite coating on the basis of
Al,O;. During the investigation of the coating on the basis of Al,O; in a
microlaboratory, Al,O; particles were not detected. A particle diameter of Al,O;
was also measured, which is 80 um. In this connection, a decision was made to
deposit TiO, particles instead of Al,Os.

Electrochemical deposition of coatings was carried out using Autolab and the
Nova program [5] with the following parameters:

- Mode - Galvanostatic;

- Current range - 100 mA,;

- Bandwidth - High stability;

- Apply current - 0.035 A/dm?;
- Duration - 1800 s;

- Interval time - 0.1;
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After each deposition, the thickness of the coating was calculated according to
the Simpson's rule [6]:
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Depending on the surface area, deposition time and concentration of TiO, in
solution, the thickness of coatings was from 0.023 mm to 0.069 mm.

After deposition of the coatings on the samples, the coatings were examined
in SEM, the results are given below (Figure 1).

Figure 1 — Study of the coating in a scanning electron microscope: (a) violation of the
coating, (b) TiO, particles, (c) TiO, particle diameter measurement, (d) thickness
measurement of coatings

Figure 1(a) shows a violation of the coating based on Ni-TiO, due to the
emerging hydrogen bubble. Also in the figure 1(a), a trace (bottom right corner) of
the coating cut is visible to determine its thickness and internal structure.
In the figure 1(b), the TiO, particles included in the Ni structure are clearly visible.
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In the figure 1(c), the TiO, particle diameter is measured, which is 5.952 pm.
In the figure 1(d), the coating thickness is measured, which is 30.34 pm, which
corresponds to the calculations.

In addition to the above, was made a study of the particle size of titanium
oxide by the optical method (from 2728 nm to 5706 nm). The results correspond to
the studies in SEM (Figure 1(c)).

A direct dependence of the amount of TiO, particles in the coating on the
concentration in solution was determined using the method of graphical particle
counting using images taken in SEM through the ESB filter and the ImageJ
program [7-9]. The results are shown in the histogram below (Figure 2). The
histogram was plotted against the initial particle size, time of deposition and
concentration of particles in solution.
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Figure 2 — The percentage of area occupied by the particles
as a function of the deposition time and concentration of TiO2
in the solution for the initial size of 0.50 um

As can be seen on the histogram, there is a marked dependence on the amount
of particles in the coating from the concentration of TiO, in the solution and the
deposition time: the larger the particle concentration of TiO, in the solution and the
longer the deposition time, the more particles in the coating.

It should be noted that in the histogram with 30 g/l for the columns of
20 minutes and 30 minutes there is some ambiguity. To resolve this ambiguity,
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additional studies with a solution of TiO, with a concentration of 30 g/l are
necessary.

After that, tribological and tribocorrosive studies of the Steel/Ni/Ni-TiO,
materials were performed using the reciprocating motion of a 3 mm ball of Al,O,
with different exposure time and load. The results are shown below.Tribological
studies were carried out for Steel/Ni/Ni-TiO, materials with a load of 1 N and an
exposure time of 10/20/30/40 minutes. After that, the construction of track profiles
was carried out using a micro laboratory and an optical method based on confocal
microscopy. Below are graphs for different materials and different time
(Figures 3-6).

Height of profile, um
Height of profile, um

Width of profibe, um Width of profibe, um

Figure 3 — Comparison of track profiles Figure 4 — Comparison of track profiles
for duplex steel for nickel
depending on the time of exposure depending on the time of exposure

In the figure 3, the dependence of the shape of the track profile on the time of
the load action is visible: with increasing exposure time, the height and width of the
track profile increases rectilinearly.

Figure 4 shows that when comparing the profile of the tracks of nickel and
duplex steel, the tracks are not clearly expressed regardless of the time of impact of
the load. Also on the track with 30 minutes of load, there is some uncertainty,
which is associated with a strong damage to the coating.

In the figure 5 it is noticeable that unlike the nickel tracks, the tracks Ni-TiO,
are not very obvious and hard to identify

In the figure 6, there is a clear tendency to increase the height and width of the
track profile for stainless steel, For Ni and Ni-TiO, do not change with increasing
exposure time.

After tribological studies tribocorrosive studies were carried out for Ni and
Ni-TiO, coatings. Tribocorrosion studies were carried out for 30 minutes at a load
of 2/3/5/7 N in sulfuric acid H,SO,4 0.5 M. Below are the comparative graphs of
track profiles (Figures 7-9).
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Figure 5 — Comparison of track profiles Figure 6 — Comparison of track profiles
for Ni-TiO, for Steel/Ni/Ni-TiO2
depending on the time of exposure in 40 minutes
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Figure 7 — Comparison of track profiles Figure 8 — Comparison of track profiles
for nickel for Ni-TiO,
for 30 minutes for 30 minutes
with different loads with different loads

In the figures 7 and 8, a relative construction of track profiles for Ni and Ni-
TiO, coatings is performed. For Ni coating, it can be seen that the height and width
of the track profile increases in direct proportion to the increase in load with an
unchanged exposure time. At the same time, the track profile for Ni-TiO, coverage
with increasing load and constant time does not change.
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Figure 9 — Comparison of track profiles for Ni/Ni-TiO, coatings for 30 minutes and 5N load

Conclusions

During the period of research the following stages were performed. Samples
were prepared for the electrochemical deposition of composite materials, which
included cutting, grinding, polishing, and electrochemical cleaning before
deposition. Four solutions were made for the electrochemical deposition of nickel
and composite materials with the addition of additional ceramic elements - Al,Os
and TiO, in various concentrations. The precipitation itself was carried out directly
on samples of duplex steel of various sizes, in different positions (vertical and
horizontal) and with different particle concentrations of TiO, in solution. Studies of
coatings in SEM have been carried out by various techniques, such as energy-
dispersive x-ray spectroscopy, focused ion beam technique, transmission electron
microscopy. The Al,O; particle size was measured in a microlaboratory, as well as
particles TiO, by a laser method. In addition, the dependence of the amount of
particles in the coating was determined as a function of the concentration of TiO, in
the solution by the graphic method using the ImageJ program. A tribological study
of samples of various materials Steel/Ni/Ni-TiO, materials and comparative
construction of track profiles was carried out. A tribocorrosive study of Ni/Ni-TiO,
samples and a comparative construction of track profiles were also carried out.

The following main results can be singled out:
- there is a definite dependence of the amount of particles in the coating, depending
on the concentration of TiO, particles in the solution and the time of
electrochemical deposition of coatings. The greater the concentration and the
longer the deposition time, the greater the amount of particles in the coating (for a
concentration of 10 and 20 g/l). For a concentration of 30 g/l, additional studies are
needed;
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- after tribological studies of the materials, Ni-TiO,, it was determined (confirmed)
that Ni/Ni-TiO, coatings perform a protective function against mechanical abrasion
under direct action on the base material;

- after tribocorrosive studies of Ni/Ni-TiO, materials, it was determined that for Ni
coating, the height and width of the track profile is noticeably increased depending
on the increase in load with constant exposure time. At the same time, the track
profile for Ni-TiO, coverage with increasing load and constant time does not
change. In this connection, it is possible to single out the positive influence of the
TiO, particles in the coating, which increase the protective functions of the coating
from mechanical abrasion, while the load for Ni-TiO, ceases to play such a
significant role.
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