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TOM TAT

Céc 16p phu dién hoa chuc nang: Ni-TiO, ky nudce, Ni-CeO,-CuO xuc tac, va Ni-CBN cét, mai mon déu
can phai bén va chéng dn mon dé dam bao sy 6n dinh trong qua trinh st dung. Su hi¢n dién cua cac hat nano va
micro tro vé mit hoa hoc trong 16p phu t6 hop dan dén thay dbi két ciu bé mat va ting kha ning chéng dn mon.
Céac hat nano TiO, c6 tinh ky nudc cao, lam giam sy ngung tu do 4m bé mat va giam téc d6 dn mon xudng (I
2,23.107 A/dm?* (1,14.10* mm/nam). Céc hat nano CeO,-CuO tro vé mit hoa hoc, do d6 sy hién dién cua chung
trong céac 16p nanocomposite Ni-CeO, cling lam thay ddi cAu triic bé mat, tinh chit dién hoa va co hoc cua vat lidu
composite. Do do, tdc dd an mon cling giam xuéng i, = 1,601.10° A/dm? (0,1972 mm/nam). Tuong ty, sy hién
dién cua cac hat CBN ciling va tro vé mit hoa hoc trong 16p phu t6 hop micro Ni-CBN ciing lam ting kha ning bén
mai mon ddi voi gia tri G 1a 1789,06 twong duong véi san phdm ciia Nhat Ban va giam toc do dn mon véi i, =
7,713.10° A/dm? (4,253.102 mm/nam).

Tw khéa: Lop ma dién hoa nano, micro chirc nang, bén an mon, I6p ma xuc tac, lop ma ky nwdc, 16p mg mai cat.

‘Tac gid lién hé chinh.
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ABSTRACT

Functional electrochemical coatings: hydrophobic Ni-TiO,, catalytic Ni-CeO,-CuO, and cutting, abrasive
Ni-CBN all need to be durable and corrosion resistant to ensure stability in usage process. The presence of
chemically inert nano and micron particles in the composite coatings leads to surface texture change and corrosion
resistance increase. TiO, nanoparticles are highly hydrophobic, reducing surface moisture condensation and
corrosion speed to i, = 2.23.107A/dm?* (1.14.10* mm/year). CeO,-CuO nanoparticles are chemically inert, so
their presence in Ni-CeO,-CuO nanocomposite layers also changes the surface structure, electrochemical and
mechanical properties of the matrix. Thus, the corrosion speed also decreases to i, = 1.601.10°A/dm* (0.1972
mm/year). Similarly, the presence of hard and chemically inert grinding CBN particles in the micro composite
coating Ni-CBN also increases the abrasion resistance to the G value of 1789.06, which is equivalent to the
Japanese product, and reduces the corrosion speed to i, .= 7.713.10° A/dm? (4.253.10° mm/year).

Keywords: Functional electrochemical coating, corrosion resistance, catalyst plating, hydrophobic plating,
grinding plating.

1. INTRODUCTION catalytic platings for oxidation of engine exhaust
gases such as CO, CH
coatings for self-cleaning surfaces as well
as durable abrasives platings for cutting and

grinding tools. The nanoparticles CeO,,””

Functional materials all must meet superhydrophobic

required durability of corrosion and abrasion for
applying in different environments. Functional
plating layers are made of inert nanoparticles

or microparticles'?, so that the nature of these
particles also contributes to the increasing of
corrosion resistance of the nano and micro-
composite coatings of the coated metals®*. Due
to the compatibility with the steel material as well
as the technological advantage and economic
efficiency, nickel-plated solutionsare most
commonly used to create functional coatings>:

*Corresponding author.
Email:nguyenduchung1946@gmail.com

CuO," TiO, """ or micropaticles CBN"®
used for the mentioned functional coatings are
non-conductive, chemically inert, but their
presence in Ni coatings has an effect on varying
the corrosion speedof nickel plating!”!°. This
depends on many factors such as the structure and
composition of the nano, micro composite. Since
the parameters of plating technology, such as the
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concentration of substances in the electrolyte
solution, the diffusion process, plating time, the
temperature of the electrolyte solution greatly
affect the structure and composition of the
coating, this will affect the corrosion resistance
of Ni-composite material. The article will
present the effect of the important electroplating
technical parameters on the corrosion resistance
of the surface of functional layers: catalytic,
super hydrophobic and cutting, grinding.

2. EXPERIMENTAL
2.1. Chemicals and materials

The chemicals used to prepare the
solution are NiSO,.7H,0O, NiCl,.6H,0O, H,BO,,
laurylsulphate, which are analytical pure form of
China. The material CeO,, from Richest Goup
Ltd. Shanghai; CuO of Shanghai’s Nano Global
are 40 nm in size and CBN in 96 pum from
Changsha 3 better Ultra-Hard Materials Co.,
Ltd, China. The TiO, particles were synthesed
by Science University of Natural Science, Hanoi
National University with a particle size of 8 - 10
nm and crystalline structure was anatase.

2.2. Plating method

Nickel-plated solutions with nanoparticles
of CeO, and CuO for the catalytic function were
prepared with NiSO,.7H,O (200 = 350) g/L,
H,BO, 30 g/L, laurylsulphate 0.1 g/L, the total
content of CeO, + CuO is (2 + 14) g/L with pH
of the solution was 4 + 6. Nickel-plated solution
for TiO, nanoparticles for hydrophobic function
was mixed with NiCl,.6H,0 300 g/L, H,BO,
30 g/L, laurylsunphate 0.1 g/L, TiO, 6 g/L and
pH of solution 4. The electroplating solution
with CBN for cutting, abrasivefunctionwas
Watts solution with NiSO,.7H,0 300 g/L, H,BO,
30 g/L, laurylsulphate 0.1 g/L., CBN 160 g/L and
pH of 6.

Since the CeO,, CuO, and TiO, particles in
nanoscale, they are well distributed in the solution
when the solution is stirred. Thus, it is possible
to use a bath with cathode arranged vertically as
normal. In order to perform the plating process,

either the direct current (DC) or the pulse current,
which can be controlledthe current density and
duration according to the research requirements
(Figure 1),22? was used.

The CBN particles with size up to 100 um
are difficult to distribute in plating solution, but
it is easy to agglomerate. Thus, to codeposite
the CBN particles on the nickel plating layer,
horizontal cathode with a reasonable rotation
speed must be used (Figure 2).” With the
arrange of cathode as shown in Figure 2, the
CBN particles, when stirred at the appropriate
speed, will be dispersed in solution over the
cathode so that when deposited it will stick to the
horizontal surface of the cathode to incorporate
with Ni layer. The proper rotation speed of the
electrode will ensure the uniformbonding of the
CBN particles on the cathode surface.
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Figure 1. Reverse pulse diagram and pulse parameters:
T: pulse width (pulse duration); T’: Distance between
two pulses (break time); 0: length of cycle; i : cathode
current density

o= |73

Figure 2. 1. Engine. 2. speed gearbox, 3. drive
belt, 4. plating tank; 5. spinning cathode; 6. Motor
support; 7. plating solution; 8. stirring machine, 9.
plating source; 10. cathode; 11. anode nickel; 12.

cathoderotary control box.
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2.3 Evaluate the composition, structure and
stability of corrosion and abrasion

The content of CuO and CeO,, TiO,, CBN
particleson the plating layers was determined
by the EDX energy scattering spectra on JMS
6610LV-JED2300, JEOL, Japan at the Institute
for Chemistry and Materials/ Institute of
Military Science and Technology. The surface
morphology ofthe coatings was also determined
through scanning electron microscope (SEM)
imageswith magnifications of 1,000; 5,000 and
10,000.

The polarization curve is a graph showing
the relationship between the electrode potential
(E) and the response current density (i), used
for studying the discharge at cathode (i,) or
the corrosion process by determining the value
i =i, The cathode polarization curves for Ni
plating were measured in plating solution on
Autolab PG302 at the Institute for Chemistry
and Materials, Institute for Military Science
and Technology. The working electrode was 1
cm? nickel-plated steel; the opposite electrode
was Ni; reference electrode was Ag/AgCl;
sweep: from open circuit (OCP) to -2.0 V; room

temperature.

The impedance of Ni plating process
was measured on the IM6 (Zahner - Elektrik,
Germany) at the Institute of Chemistry, Academy
of Science and Technology of Vietnam. When a
small oscillation of voltage or current are applied
on the electrochemical system, a responsive
signal that issinusoida and phase-deviatory
to the applied oscillation will be obtained.
Measurement of the phase difference and the
impedance of the electrochemical system allows
analysis of electrode processessuch as diffusion,
discharge kinetic, double layer or explanation
of surface development of the electrode or
corrosion resistance. The measurement was
performed from 100 kHz to 10 mHz at room
temperature with 0.5 cm? nickel plated as the

working electrode; Ni as the opposite electrode;

calomen electrode as the reference electrode.

The plating hardness was determined
on the Duramin-UK hardness tester at the
Department of Materials Technology/Military
Technology Academy. The abrasion resistance
of the coating was determined by ASTM-G77
measuring the abrasion resistance of materials
using the TE97 (UK) Turning Method at the
Institute of Mining Machinery - Thanh Xuan -
Hanoi. Determination of adhesion of Ni - CeO, -
CuO and Ni - cured composites was done by
thermal shock method according to TCVN
4392: 1986.

The principleschema of determination of
Ti-CBN plating’s abrasive stability is shown in
Fig. 3. According to,*** the abrasion resistance is
determined by grinding coefficient G in grinding
process with speed of cylinderal grinding tool is:
24,000 r/min, the grinding depth is: F = 10 mm/
min. G is calculated according to the formula (1):

A (1)

G:
Vg @z

In which: V, = a xb XL is volume of
grinded metal, O, is volume of grinded metal
per unit of grinding length, Q. is volume of Ni-
CBN coating per unit length and V, = nd Ar b
is volume of grinding Ni-CBN coating with Ar
the radius of the grinding tool, b is the length
of grinding and d is the average value of the
grinding tool before and after grinding.

-

10
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Figure 3. The principal schema for evaluation of
abrasion quality of the abrasive tools

3. RESULTS AND DISCUSSION
3.1. Catalytic function
3.1.1. Composition and structure of the plating

The content of nanoparticles CeO,, CuO,
ratio CuO/CeO, and total amount of CeO, and
CuO on nanocomposite coatings obtained at the
current density of 2 A/dm?, temperature 50°C, pH
= 6 in solution of NiSO,300 g/L, H,BO, 30 g/L,
laurylsunphate 0.1 g/L, varified composition of
CeO, and CuO in the solution with unchanged
total of 8 g/L is presented in the table 1. The
results of table 1 show that the composition of
nanoparticles obtained on the coating depends
on their composition in the plating solution. It is
intent to increase while the amount of particles
in solution rising to the highest value of 7 g/L. At
this condition, the particle content on the coating
increases to 37.22% for CuO and 34.68% for
CeO,, respectively. With the ratio of CuO/CeO,
= 1, the content of CuO in the coating is 21.22%,
higher than that of the CeO,- 17.24%. In order
toget higher content of CeO, on the coating, the
ratio of CuO/CeO, = 3/5 should be used. This is
may be because of the specific gravity of CuO,
6.31 g/cm’, is smaller than that of CeO,, 7.65
g/cm?. The experimental results also show that
the total content of CeO,+ CuO on the coatings
reaches the maximum value when the total one
in the solution is 8 g/L. It is always less than
38.46%, while the total amount of particles in
the solution is smaller or larger than 8 g/L. Thus,
the content of the nanoparticles on the coating

could becontrolled by varyingtheir composition
in electrolyte solutions. Beside that, the galvanic
parameters such as current density, time and
speed of stirring solution also affect the amount
of the nanoparticles on the nanocomposite
layer. The results show that the total content of
codeposition particles changes little around 36%
while the plating time rising from 5 to 40 minutes,
but reaches the highest value with current density
of 2 A/dm? stirring speed of 600 r/min.

Table 1. Content of CeO, and CuO on the Ni-plating
when changing of their content in the solution

C onlC. on Rate | Total
: ; Ce0, Cu0

CC()O; m CCxlO n the Nl- the Nl- CCuU CCB();

electrolyte|electrolyte . . /C.. +C.
plating | plating Ce0; Cuo
(g/L) (g/L) (%) %) on the | on the
o o plating |plating

1.0 7.0 225 | 3722 | 16.54 | 39.47
2.0 6.0 4.12 | 34.64 | 841 | 38.76
3.0 5.0 5.04 | 31.08 1.23 | 36.12
4.0 4.0 17.24 | 21.22 1.23 | 38.46
5.0 3.0 20.13 | 17.36 | 0.86 | 37.49
6.0 2.0 3146 | 6.28 0.20 | 37.74
6.4 1.6 31.90 | 4.46 0.14 | 38.18
7.0 1.0 33.78 | 3.46 0.10 | 37.24
7.2 0.8 34.68 | 2.15 0.06 | 36.83

Table 2 represents the total content of
CeO, and CuO on the coatings obtainted under
different conditions of pulse plating: average
current densities i, = (2, 4, 6) A/dm’; f = 0.2;
o= 0.2; f= 100 Hz, the total content of particles
of CeO, and CuO in the solution increases to
10 g/L. The results show that, the content of
CeO, + CuO in the coating achieved to 28.46%
when average pulse current density is 2 A/dm?.
This value is lower than that achieved by direct
current becausein the pulse-current plating
process, at the same current density, there is a
dissolution of Ni on the cathode surface at half
cycle, so the particles are not buried deeply in
the plating layer and then easy to fall off the
surface of the plating due to the collisions with
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other particles from the motion caused by the
stirring of the solution. When it increases up to
4 A/dm?, the content of CeO, and CuO in the
plating layer increases up to the maximum value
of 37.69%. This phenomenon can be explained
that at high enough current density, the amount
of Ni formed on the electrode is large, as well as
the amount of H, produced in the cathode due to
the reduction of H* ions in the discharge solution
is small, the CeO, and CuO solid particles are
buried and stick well to the electrode, resulting
in high amount of nanoparticles codeposited.
At higher current density, i, = 6 A/dm?* the
content of particles on the coating decreases.
This is because at higher average current density
(cathode current density 7.5 A/dm?), the nickel
releasedmuch while the particle attached less,
the H, gas formed by H" increases much more
pushing the nano particles out of the electrode
surface before they are buried by metal plating.

Furthermore, as the current density
increases, the dischage rate of Ni*" increases,
but the speed of deposition of CeO, and CuO
into the coating layer does not increase due to
the diffusion of CeO, and CuO from the solution
to the cathode surface is limited. This is similar
to the process under direct current, so that the
particle content on the coating reduces.

Table 2. Content of CeO, and CuO (% mass) on Ni-
Ce0,-CuO nano composite plating with different

pulse modes
Pulse current density
Parameter (A/dm?)
ic ia itb
a=p=02 2.5 0.5 2.0
Particles content 28.46
a=B=02 50 | 1,0 | 40
Particles content 37.69
a=p=02 75 | 15 | 60
Particles content 32.18

In order to create a plating, - the ratio
betweenanode currentdensity and cathode current
density inpulse current plating technology -
could be changed but must be less than 1.

Table 3. Composition of CeO, and CuO particles on
plating at different B values

B o (jg / (;‘1 / (k / Pgrticle§ content
dm?) | dm?) | dm?) in plating (%)

0.1 02] 49 |049 | 4 34.51

02]02] 50 | 100 ]| 4 37.69

03102 51 | 153 4 28.62

04 102] 52 |208]| 4 13.04

The results of composition of platings
fabricated in the sulphate solution under pulse
conditions: average current density i, =4 A/dm?*;
o = 0.2; f =100 Hz, plating time 20 minutes,
Ce0, 25 g/L, CuO 5 g/L, stirring speed 600 r/min,
p varying from 0.1 to 0.4 are shown in Table 3.
From these results, it is found that, when
increasing the value of f, the cathodic current
of forming of nickel layer (i) does not change
much while the anodic current of dissolving
metal (i) increases. At a small value of 8 (0.1
+ 0.2), the increasing of f§ increases the relative
speed of nickel formation, thus facilitating the
adhesion of nanoparticles on the coating layer so
the particle content on the plating layer increases.
By continuously increasing of § value, the rate of
nickel formation decreases leading to the falling
of nano particles off the surface of the Ni coating
due to insufficient nickel layer for burying nano
particles. That will not be favorable for the
deposition of the particles into the coating and
the nano particle content in the coating layer also
decreases. Burying particles into plating layer
will be more difficult if increases f even further
(# = 0.4). At f > 0.3, nanoparticles buried are
poor, so obtained plating is smooth. Appropriate
value of £ is 0.1 + 0.2, but the layer with the
highest content of CeO, and CuO (37.69%) is
created at = 0.2.
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2 A/dm?
Figure 4. The SEM images of the Ni-CeO,-CuO

surface plated at different direct current densities

Figure 5. The SEM images of the Ni-CeO,-
CuO surface plated with different pulsed current

densities (i)

The surface morphology of Ni-CeO,-
CuO nano composite platings obtained from
direct current electroplating as well as the
pulse currentis evaluated using SEM images
and presented in Figure 4 and 5. These images
show that both the surface of the Ni-CeO,-CuO
coatings obtained by direct and pulse current
have particles on surface that create porous
structure, that increases when the current density
as well as the concentration of nano particles on
the surface get higher.

3.1.2. Corrosion resistance and abrasion
resistance of the catalytic functional coating

The corrosion resistance of the Ni-CeO,-
CuO nano composite platingwas determined by
the Tafel polarization measurement (Figure 6).
From the Tafel curves shown in Fig. 6, it can be
seen that the presence of CeO, and CuO inert
particles makes negligible changes in the shape
of polarization curves. That means the corrosion
behavior of the nano composite platings similar
to that of Ni plating in the experiment.

-2.0 4
2.5
-3.0 4
-3.5 4

o -4.0 4

§ -a5]

* -5.0 4 aNi

‘o -5.5 - b Ni-CuO
60l ¢: Ni-CeO2
65 d:Ni-Ce02-CuO
-7.0
7.6 a

.06 -05 -04 .03 .02 .01 00 01 0.2
Eagagat (V)
Figure 6. Tafel curves of the compositeplatings
measured in NaCl 3.5%

However, from the tafel graph (Fig. 6),
it is also found that the presence of CeO, and
CuO particles on the nanocomposite plating of
Ni-CeO,-CuO changesthe values of corrosion
potential (£ ), polarization resistance (R)),
and corrosion curent density (i, ) as well as
corrosion speed (v, ) of the plating layer (Table
4). The results in table 4 show that the CeO,
particles increase the polarization resistance on
the nickel plating, reducing the corrosion current,
while the CuO particles reduce the polarization
resistance and increase the corrosion current.
The Ni-CeO, nano composite plating has a lower
corrosion current while Ni-CuO coating has a
higher corrosion current than nickel one. The
Ni-CeO,-CuO nanocomposite plating has very
small corrosion current that is approximately
equal to the corrosion current as well as the
corrosion rate of the nickel plating.
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Table 4. Corrosion potential (E_ ), corrosion current
density (i), corrosion rate (v.,), polarization
resistance (R,) of plating of Ni, Ni-CuO, Ni-CeO,
and Ni-CeO,-CuO

Veom
V| R (mnl(/yéar)

Plating zCumz E
layer (A/em?) | Corr

Ni 1.688.10° | - 0.198 | 4.607.10* 0.2079

Ni-CuO |8.871.105 | - 0.303 | 7.016.10' 1.0930

Ni-CeO, | 0.809.10° | - 0.363 | 12.45.10 0.0997

Ni-CeO,-

sl 2
CuO 1.601.10 0.339 | 6.161.10 0.1972

The results of the durability test in moist-
heat accordance with TCVN 7699-2-30: 2007
as well as the durability in the saline moisture
environment in accordance with TCVN 7699-
2-52: 2007 with the 3 level of extreme degree
gave the comparable results between niken and
Ni-CeO,-CuO platings. These coatings neither
peel off nor show rust, stains and abnormalities.
Similarly, the results for adhesion of the Ni and
Ce-NiO,-CuO coatings according to TCVN
4392: 1986 with a heat shock of 300°C for 15
minutes show no evidence of peeling on the
surface of two coatings, that demonstrates a
good adhesion to ensure corrosion protection of
the materials.

The abrasion resistance of the coating
is evaluated through hardness and abrasion
resistance. The average microhardness of 5
measurements for nickel plating is 163.16 HV,
whereas it is 240.40 HV for the Ni-CeO,-CuO
coating, which is nearly 1,5 times higher than
that of nickel. This may be due to the nature of the
CeO,, CuO particles as well as the particle size
and surface structure of the plating layer which
makes the surface hardness and thus increases
the abrasion resistance. The average abrasion
resistance is 19.35 g/Nm and 4.60 g/Nm for Ni
and Ni-CeO,-CuO platings, respectivesly, under
measurement condition: 20 N load, rotation
speed of 10 r/min, the circle diameter of 34.107,
and 169 seconds. Thus, the abrasion intensity
of the Ni plating is 4.2 times (19.35/4.60) of the

Ni-CeO,-CuO composite coating. This means
that the abrasion resistance of the Ni-CeO,-
CuO composite coating is 4.2 times greater than
that of pure Ni plating. Similarly, the abrasive
coeficient of Ni coating is 1.318 which is higher
than that of the Ni-CeO,-CuO nano composite
plating of 0.274, which also demonstrates that
the Ni-CeO,-CuO composite coating is 4.2
timesmore durable than the Ni coating.

Thus, the corrosion and abrasive resistance
of the Ni-CeO,-CuO nano composite plating
ensure the catalytic functionality of the coating
is well utilized in the corrosive and abrasive
environment of the catalytic box for engine
exhaust gastreatment.

3.2. Self-cleaning superhydrophobic functional
plating

3.2.1. Composition and structure of the plating

The discharge of nickel ion to form Ni-
TiO, plating in electrolyte with different TiO,
content is shown in Figure 7.

]ot:0sn T,
=1 o1Tz 200 IO,
JotTeagn o,
DITE: 6L TO,
D1TE:2gh TO,
o110 TO,

Di1T0

L=

e <r <= <3 -0 -t -2
E. VIAGIAGT:

Figure 7. Cathodic polarization curve of Ni** discharge
in electrolyte containing TiO, 0 + 10 g/L, 55°C, stirring
solution, potential scanning speed 5 mV/s

Figure 7 shows that the cathodic
polarization of the nickel-forming process
is almost unchanged when TiO, is added in
solution with a concentration of 2 + 6 g/L, but
it slighty increases if the TiO, concentration
in the solution rising from 6 to 10 g/L. This
is due to the fact that when the concentration
of TiO, in the bath increases, the presence of
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TiO, nanoparticles in the double layer increases
reducing Ni** concentration on the cathode and
therefore reducing the discharge rate as well as
the rate of the nickel ions deposition, so that the
cathode polarization increases. However, TiO,
is electrochemical inert particle so that it has
negligible effect on Ni** discharge.

XRD results todetermine the content of
TiO, on Ni-TiO, coating formed at different
plating time and direct current densities as well
as different average pulse currentdensitiesare
shown in Table 5 and Table 6, respectively.

Table 5. TiO, content on Ni-TiO, coatings obtained at
different times and direct current densities

Plating Content of TiO,, %
time,
min | 2A/dm* | 3A/dm* | 4 A/dm® | 5 A/dm?
10 8.53 9.28 6.00 4.07

20 8.03 10.53 5.94 4.05
30 8.35 10.22 6.43 4.38

The results from Table 5 show that while
the plating time of 10 to 30 minutes results
in negligible change in the TiO, content on
the composite coating, the curent density has
strongly influences on it. In the curent density
range from 2 A/dm’* to 3 A/dm?, the TiO, content
increases and reaches the maximum value, but
as the current density increases continuously,
the TiO, content in the coating decreases
sharply. It may be because of the large amount
of H, formed at high current densities limiting
co-precipitation of TiO,.

Table 6. TiO, content on Ni-TiO, platings obtained at
different pulse parameters

Parameter Masse of TiO, in plating, %
ap 3A/dm’ | 5A/dm? | 7 A/dm?
a=£=0.1 0.22 0.78 1.05
a=£=02 1.78 0.48 2.55
a=0.1;
£=02 5.37 9.52 7.48
a=0.2;
£=0.1 12.30 10.47 8.67

The results in Table 6 show that the
coatings obtaintedunder reversed squarepulse
plating condition: frequency /= 100 Hz, average
current density i,: (3, 5, 7) A/dm*, o = B = 0.1
and o = B = 0.2 are thin, black, irregular with
very small TiO, content (< 2.55%). When B
= 0.2 > a = 0.1, with the increase of i, from
3 A/dm* to 5 A/dm’, the TiO, content on
the coating increases and then decreases as
i, increases to 7 A/dm’. This phenomenon
can be explained as the increase of H, gas by
the increase of current density decreases the
amount of TiO,coprecipitated with nickel, like
under the direct current plating. Furthermore,
as the current density increases, the rate of Ni**
reduction increases, but the rate of deposition of
TiO, particles into the coating does not increase
due to the limited diffusion of TiO, from the
solution to the cathode surface. As a result, the
particle content in the coating decreases. When
B =0.1 <a=0.2, with the increase of i, from
3 A/dm* to 7 A/dm’, the TiO, content on the
plating layer decreases. Under this condition, the
coating is light and equally. At the same average
current density of 3 A/dm?, the TiO, content on
the plating formed under pulse currentis higher
than that of direct one, the corresponding values
are 12.30% (Table 6) and 10.53% (Table 5).
This is also due to the fact thatthe pulse current
used is reversed one so that at the half cycle in
which anode becomes cathode, there is no H,
released, therefore, the H, released is less than in
direct current case and then the push nano inert
particles off the electrode surface of hydrgen gas
reduces. The high ability to adhere on the surface
of the inert particles increases the possibility of
particles buried into the plating layer, so their
content on the plating layer is high.

SEM images of surface of Ni and Ni-TiO,
composite coatings fabricated at curent density
of 3 A/dm?in 20 minutes are shown in Figure 8.
The Ni-TiO, nano composite plating formed at
this condition has 10.53% (by weight) TiO, in the
plating layer, surface morphology is uneven but
the roughness is greater than that of the pure Ni.
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Therefore, the hydrophobicity is higher (contact
angles are 164.7° and 125.7° respectively). The
surface energyis 6.623 mN/m for the Ni plating
but only is 0.055 mN/m for the Ni-TiO, plating.

.

4 e Y -t
¢ 200 xw(ﬁoo, pm 2011 COEA-IMS ]‘

Figure 8. SEM images of Ni plating (a) and Ni-TiO,
nanocomposite plating (b) formed at 3 A/dm? in 20
minutes with the same magnification of 10,000

The nanocomposite plating generally
has finer crystalline structure than pure
metallic coating®”. However, as the amount of
nanoparticles in the electrolyte increases to a
certain value, it increases the roughness of the
coating®. The pure nickel plating formed in NiCl,
solution is not a fine-grained one with uneven
surface texture, but it’s roughness is not too high
so it is only a hydrophobic surface with the water
contact angle is low of 125.7°, meanwhile the
Ni-TiO, composite coating has higher roughness
with heriachial structure which leads to super
hydrophobicity with contact angle of 164.7°.

The Ni-TiO, platings formed under
pulse current have less rough surface structure
than ones formed under direct one and their
surface morphology change when o increased
from 0.1 to 0.2 (Fig. 9). With this increase of
a, the content of TO, on the plating increases
and thus increases the roughness as well as the
hydrophobicity of the coating. When a increases
to 0.3, the TiO, content on the plating reduces
slightly, the surface morphology of the coating
is different from that of o = 0.2.

NS e S 4 e
"6k X100, - 1m¥.2012 COMFAMS?

Figure 9. SEM images and contact angle values of Ni-
TiO, nanocomposite coating formed under different
values of a: a) a=0.1;b) a=0.2; ¢) a=0.3

However, all these coatings have rough
surface and are the hydrophobic surfaces with
contact angle ~140°, water droplets can easily
roll off the surface when the surface are tilted a
very small angle.

3.2.2. Corrosion resistance of hydrophobic
plating

The corrosion resistance of the nickel-
plated layers was investigated by measuring
corrosion  current  and
impedance. Fig. 10 and Table 7 are the results
of the corrosion current measurement of nickel
plating and Ni-TiO, nanocomposite platings in
3.5% NaCl solution.

electrochemical
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Figure 10. Tafel curves of Ni plating and Ni-TiO,
nanocomposite platings in 3.5% NaCl solution
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Table 7. Corrosion current measurements of platings
of nickel in a 3.5% NaCl solution

Table 8. Mass reduction (mg/cm?) of Ni and Ni-TiO,
platings after immersion in NaCl and HCl solutions

Platin, % Ca(r)lmlaect By corr Veon
& TiO, deggref;s V) | (A/em?) | (mm/year)

Ni 0 | 125.70 |[-0.089| 2.10.10° | 6.71.10°

Ni-TiO, | 6.22| 152.80 |-0.054 | 3.41.107 | 1.09.10°

Ni-TiO, (10.53| 164.66 | 0.067 | 2.23.107 | 1.13.10*

Ni-TiO, 12.30| 136.68 | 0.020 | 6.52.107 | 2.08.107

The results of Fig.10 show that the Tafel
curves of the Ni and Ni-TiO, coatings are
similar, but the corrosion potentialsof the Ni-
TiO, coatings strongly change to the positive
side, which means that the cathodic process
is inhibited. As the results presented in Table
8 show that the corrosion currents of the Ni-
TiO, coatings are smaller than those of Ni.
This is consistent with published studies®***’
suggesting that the highly corrosion-resistant
TiO, nanoparticles involve in the coating would
act as a barrier to reduce the surface area of the
coating exposing to the corrosive environment
leading to reduced corrosion rate. In addition,
TiO, nanoparticles alter the nickel-plated surface
morphology which increases hydrophobicity of
the coating, thereby reducing moisture retention,
reducing the ability of forming the electrolyte
environment on the surface of the coating which
decrease the ability of being corroded of the
coating.

The durability of the Ni and Ti-TiO,
coatings in the chemical environment was
investigated with solutions of NaCl 3.5% and
HCIl 1 M. The Ni-plating is chemically stable
in alkaline environment due to formation of
nickel hydroxide film which is durable to the
corosion but it will be corroded in saline and is
unstable in acidic environment as well as slowly
dissolved in dilute acid solutions'. Table 8
shows the results of determination of corrosion
speed of Ni and Ni-TiO, coatings in NaCl and
HCI environments.

Platings NaCl solution HCl solution

t,h 24 48 72 24 48 72

Ni 033 | 090 | 093 | 3.23 | 547 | 6.23

Ni-TiO, | 0.07 | 0.10 | 0.12 | 0.97 | 2.63 | 3.67

The results show that the nickel plating
is stable in saline, slowly corroded in acidic
environment. The reduced mass of Ni-TiO,
coatings in the NaCl and HCI environment is
much smaller than that of Ni-plating. This is due
to the hydrophobicity of the Ni-TiO, coatings
obtained from the chloride solution.

The results of microhardness of the nickel
plating and Ni-TiO, platings are shown in Table 9.
The hardness of electroplating depends on some
factors as following: structure and mechanical
properties of plating metal; coating surface
mophology; conten of particles on coating; the
shape and size of codeposited particles. In this
case, the structure and mechanical properties
of the metal matrix, particle size and shape are
almost unchanged with different content of nano
particles on the coatings, so the hardness of these
coatings depends largely on the morphology of
the coating surface and the particle content on
the coating. The Ni-TiO, coating formed under
pulse current has less rough surface and higher
particle content on the coating so that it has
higher hardness than plating formed by direct
current. The Ni-TiO, nano composite platings
formed from direct current have similar surface
morphology, so the hardness increases with the
particle content on the plating and is higher than
that of the pure metal.

Table 9. Results of microstructure hardness testing
(HV 0.01) of nickel plating

Plating

layer Average

Ni 250.7 | 253.7 | 250.7 | 250.7 | 253.7 | 251.9

Ni-TiO,| 343.3 | 338.6 | 334.1 | 343.3 | 338.6 | 339.6
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The results show that the abrasion and
corrosion resistance of Ni-TiO, composite are
better than that of Ni.

3.3. Ni-CBN microcomposite functional
plating for grinding, cutting

3.3.1. The distribution and bury of particles on
Ni-CBN microcomposite plating

The functional plating that used as
grinding, cutting tool must have reasonable
density of the abrasive particles on the surface,
and the particles need to be buried enough in the
plating layer to have strong bond with the surface
Controlling the influence of technical factors
such as current density i, A/dm?; the rotation
speed of cathode n, r/min and the plating time
t, min may create Ni-CBN platings with a good
distribution and optimal buried for the practical
application. The actual particle distribution
K, is counted from the software from the
SEM image of the Ni-CBN plating surface
with reasonable magnification (Figure 11). The

dependence of K, on the plating technology

BT
elements mentioned above can be described by
the mathematical model elaborated from the

practical planning (Table 10 and 11) as follows:

Ky =f(n. i 1 )

Figure 11. SEM images and results of counting the
number of particles distributed on the surface of the
Ni-CBN microcomposite plating

Sample: M4, Position: 2; Practicle number: 92;
Area: 1.226 mm?; Density: 75.04 praticle/mm’.

Table 10. The real variable and encoded variables
from three plating factors: mixspeed (n), time (t) and
curent density (i).

The real variable \]::;(i::t()ili: (i
Variables
n, r/min| ¢, min |, A/dm?>| A | B C
Above level
1) 1.3 10 8 +1 | +1 | +1
Lower level
0.7 5 3 -1 -1 -1
(-1
Variable 0.6 5 5
range

The variability of the selected factors
for the model (Table 11) is: 7 varies in range of
(3 =+ 8) A/dm? because of the large grinding
grain (=100 pm), then i must be large enough to
create enough Ni to keep seeds on the surface; n
is selected in range of (0.7 + 1.3) rpm, because
if n is large, the particles could not adhere and
be kept on the surface of the sample; otherwise,
if n is too small, the particles are distributed
unevenly; the 7 is selected in range of (5 + 10)
minutes, when ¢ is small, particle distribution is
unevenly, while with large value of ¢, particles
are overlapping on the sample surface. The
results of K, determination with the variables
of plating parameters as shown in Table 10 are
presented in Table 11.

Table 11. Experimental results of the effect of three
factors: n, t and i

Encoded variables The real variable
T A B C | n, r/min | ¢, min LA Ky
dm’
1 -1 -1 -1 0.7 5 3 76.26
2 | 41| -1 -1 1.3 5 3 69.74
3 -1 +1 -1 0.7 10 3 84.01
4 | +1 | +1 | -1 1.3 10 3 79.93
5] -1 -1+l 0.7 5 8 91.35
6 | +1 | -1 | +1 1.3 5 8 83.61
7| -1 | +1 | +1 0.7 10 8 99.10
8 | +1 | +1 | +1 1.3 10 8 88.91
9 | -1 0 0 0.7 7.5 5.5 | 83.61
10 | +1 0 1.3 7.5 55 | 79.12
11 0 -1 1 5 5.5 | 77.08
121 0 | +1 1 10 5.5 | 84.01
131 0 0 -1 1 7.5 3 76.26
141 0 +1 1 7.5 8 92.17
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151 0 0 0 1 7.5 5.5 | 81.16
16| 0 0 0 1 7.5 5.5 | 81.57
17 | -1 -1 -1 0.7 3 75.04
18| +1 | -1 -1 1.3 5 3 70.96
19 -1 | 41 | -1 0.7 10 3 83.20
20 | 41 | 41 | -1 1.3 10 3 79.12
21 | -1 -1 | +1 0.7 5 8 89.72
22 | +1 -1 | +1 1.3 5 8 81.57
23 | -1 | +1 | +1 0.7 10 8 96.25
24 | +1 | +1 | +1 1.3 10 8 87.28
25 | -1 0 0 0.7 7.5 5.5 | 84.01
26 | +1 0 0 1.3 7.5 55 | 78.71
271 0 -1 1 5 55 [79.12
280 0 +1 1 10 5.5 | 86.46
291 0 0 -1 1 7.5 3 79.12
30| 0 0 +1 1 7.5 8 90.54
311 0 0 1 7.5 5.5 |83.61
321 0 0 1 7.5 55 179.12

K, = 7042 —3.13n + 1.476¢ — 0.049; + 0.3586:>

PBT
—1.359nxi 3)

From the regression equation 3, we have
examined the standards and found the tendency
and the influence of factors of the plating
technology. The rotation speed of cathode n
has the coefficient -3.13 which means that the
K, . will decrease as n increases. Coefficient

PBT
of plating time is 1.476 which shows that K,
increases when plating time increases. The
coefficients of current density i and i are -0.049
and 0.3586, respectively, thus the effect of jon
K, 1s non-linear. The interaction of these two
factors, nxi, also reduces the K, coefficient

T
due to the negative coefficient.

3.3.2. Corrosion and abrasion resistance of Ni-
CBN microcomposite coatings

The abrasive and grinding functional
plating, which based on the codeposition of CBN
grinding particles with metal nickel plating,
need to be determined the corrosion resistance
to ensure the stability of the grinding material
as well as the tool made from these platings.
Cutting grinding is made from this functional
plating. Figure 12 shows the Tafel curves of
nickel and Ni-CBN microcomposite coatings
made under different current densities.

-2.0 5
-2.5 4
-3.0 4
-3.5
-4.0 -

-4.5

lgi(A.cm?)

-5.0
5.5 4
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Figure 12. Tafel curves of nickel plating (b) and Ni-
CBN microcomposite coatings (a, ¢, d) made under
with different current densities: a) 1.5 A/dm?; ¢) 2.0
A/dm? and d) 2.9 A/dm?in NaCl 3,5%. The plating
condition is: CBN concentration 30 g/L; plating time
for L, (Liner layer), L, (CBN mount layer) and L,
(buried layer) corresponding to (5/5/15) minutes;
temperature of electrolyte is 55°C.

From Figure 12, it can be seen
that the presence of inert CBN particles
increasesthecathodic and anodic polarization
as well as shifts the corrosion potential to the
positive side, in which the coating obtained at
a plating current density of 2.0 A/dm? has the
highest effect. Table 12 presents the values
of corrosion potential, corrosion current, and
corrosion rate of Ni-CBN layers produced at
different plating current densities.

Table 12. Corrosion characteristic obtained from
potentiodynamic polarization measurement for pure
Ni coating and Ni-CBN microcomposite coatings
plated at different current densities in 3.5% NaCl
solution

LA/ 2 Veor. >
Sample dm? |com Alem*lE, V| R, Q mm/year
b | Ni 0 1.915.10° | -0.584 | 3.386.10" [1.056.10"!
Ni- © > 2
| BN 1.5 | 8.426.10°|-0.589 | 1.500.10? |4.646.10
d Ni- 2.0 | 7.713.10° | -0.545 | 1.146.10% [4.253.10°
cBN| % J713. . .146. 253,
c Ni- 2.9 19.478.10°|-0.570 | 1.093.10? |5.227.107
CBN| % 478. . .093. 227.
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The results from Table 12 also show
that the corrosion current densities of Ni-CBN
platings reduce to nearly half'the Ni plating while
the corrosion potentials reduce slightly, but the
polarization resistances decrease dramatically.
This indicates that the presence of inert CBN
particles reduces the surface area of the nickel
metal layer, thus reduces the corrosion rate of the
nickel metal.

The durability of the bonding between
CBN with Ni layer that were formed by the
nickel plating process from the Watts solution
containing CBN particles needs to be evaluated
to determine the ability to retain the grinding
grain during grinding or cutting. If the bonding
between CBN grinding particles and Ni-plated
metal, between the Ni-plated metal and the
surface of the steely core of grindstoneis not
sufficiently durable, the grinding particles will
be separated from the binder, the surface of
grindstone will be seperated from the suface of
the core. As there have been no method to assess
the durability of the bonding bridges, the bond
strength test between the grinding particles and
the binder is carried out by the experimental
grinding process to obtain a general view of the
quality of the link created by the plating process.
The durability of the produced bonding bridges
as well as the cutting properties of produced
grindstone can be evaluated by observing the
grindstone surface after grinding on the scanning
electron microscope, measuring the surface
roughness and the extracted metal volume.
Table 13 presents the relationship between time,
current density of plating layers: Ni (L)), Ni with
mounted CBN (L)) and Ni to bury CBN (L,)
with distribution coefficient of CBN particles
(K,,;) on the surface of grinding functional
microcomposite plating formed at 55°C, rotation
speed of cathode 0.7 rpm/min.

Table 13. The distribution coefficients of CBN
particles on the surface of platingsobtained at
different current densities and plating times

Sample Pll;;flenrg mittl,ute A/ il,m2 partifl?;;mmz

L, 25 3

M, L, 10 3 84.01
L, 35 3
L, 25 3

M, L, 10 8 99.10
L, 30 3
L, 25 3

M, L, 5 3 76.26
L, 35 3
L, 25 3

M, L, 5 8 91.35
L, 30 3

As can be seen in Table 13, the number
of CBN particles on the coating surface is high
value of 91.35 to 99.1 particles/mm? when the
current densities of L, is higher than the current
densities of L, and L., or plating time for burying

layer is only 30 minutes.

Figure 13. SEM image of abrasive surface after 200
grinding process

Figure 13 shows the SEM images of the
samples of Table 13 after 200 abrasion cycles
(equivalent to the abrasive time of 30 minutes).
The steel material SKD 11 for cutting have been
heat treated and have a hardness of 63 HRC. The
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deep of cutting is 0.01 mm. The SEM images
show no evidence of abrasion of the abrasive
particles on the grindstone surface. Grinding
particles involving in cutting and grinding metal
without being turned off from the surface of
grinding tool exhibiting that the nickel bonding
bridge formed by electroplating is sufficiently
stable to keep the CBN particles out of abrasion
under grinding force while CBN particles joining
in cutting or abrasiving process of metals. This is
the insurance of the stability of bonding bridge.
It can be concluded that the depth of 55% CBN
buried in the nickel plating has created a good
bond between the grinding particles and the
plating metal and the holding force is strong
enough to with stand the impact of grinding
force in cutting process without separating from
the surface of abrasiving tool.

4. CONCLUSION

Functional electroplatings have been
fabricated by combining nickel plating formed
from NiSO,, NiCl, or Watts solutions with
nanoscale or micron particles, in which Ni-
CeO,-CuO plating has catalytic function, Ni-
TiO, plating is hydrophobic and sefl-cleaning
material, Ni-CBN plating can be use as cutting
and grinding tool.

The content of the functional particles,
the proportion and distribution of the particles
in the platings as well as the degree of adhesion,
cohesion and depth of buried particles in
the platingscan be controled by controlling
the parameters of the plating technique such
as the concentration of inert particles in the
plating solution, current density, or curent
characteristics, polarization potential, plating
time and stiring speed.

EDX results and SEM images have
demonstrated the presence on the Ni plating of
Ce0,-CuO nanoparticlesmixture, 36.12% to
39.87% wt, and TiO, particles, upto 10.53% wt,
CBN, 69.74 particles/mm?t099.10 particles/mm?,
with corresponding revelation on the surface
platings. The determination of the catalytic

activity, hydrophobicity and cutting abrasion
have demonstrated the catalytic, hydrophobic,
and abrasive cutting functions of Ni-CeO,-CuO,
Ni-TiO, and Ni-CBN, respectively.

Corrosion resistance and hardness of all
functional coatings are higher than that of pure
nickel plating. Specifically, the corrosion rate
of Ni-CeO,-CuO coating is 1.601x10° A/dm?
(0.1972 mm/year), of Ni-TiO, coating is
2.23x107 A/dm? (1.14x10* mm/year and of Ni-
CBN platingis 7,713x10° A/dm? (4.253x10
mm/year). The abrasion resistance of the Ni-
Ce0,-CuO coating is 240.4 HV, 1.5 times higher
than Ni plating, and that of the Ni-CBN coating
is 63 HRC of the heat treated steels SKD 11.
These results confirm that the funtional platings
are stable enough to the environment and can
work stably for efficiency.
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