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and the Ni-B-PTFE-Si3sN4 nanocomposite coating was prepared on

¢ plain carbon steel. The microstructure and morphology of the

Use your device to scan and read the i coatings were examined by scanning electron microscopy, and the
article online : corrosion resistance was investigated by potentiodynamic

: polarization and electrochemical impedance spectroscopy. The
results showed that by introducing PTFE particles into the coating
bath, Ni-B-PTFE composite coating was successfully prepared. The
best corrosion resistance of Ni-B-PTFE coating was achieved when
a concentration of 3 g/L PTFE particles were used. The corrosion
current density was 2.3 pA/cm2 However, introduction of SizN4
nanoparticles into the Ni-B coating can also improve the corrosion
¢ resistance of the coating. The best corrosion resistance of Ni-B-

DOI: 10.30495/IJNM.2021.4675 :  Si3sNs coating was obtained at a concentration of 4 g/L SisN4
:  nanoparticles, with a corrosion current density of 2.2 pA/cm?.

Simultaneous application of hard and soft particles in the coating
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coefficient of Ni-B coating from 847 Vickers and 0.6 to 963 Vickers
and 0.78, respectively. Nevertheless, the incorporation of PTFE
particles reduces the hardness and coefficient of friction to 572
Vickers and 0.35, respectively. Simultaneous application of hard
and soft particles resulted a hardness of 871 Vickers and friction
coefficient of 0.6.

Danial Behroozi, Nahid Pirhady Tavandashti .Investigation of the Synergistic Effect of
Soft and Hard Particles on Corrosion and Wear Resistance Behavior of Ni-B-PTFE-SizN4

Corresponding author: Nahid Pirhady Tavandashti

Address: Department of Materials Engineering, Science and Research Branch, Islamic Azad

University, Tehran, Iran

Tell: )

Email: Pirhady@srbiau.ac.ir


https://dx.doi.org/10.30495/jnm.2021.4675
mailto:Pirhady@srbiau.ac.ir

Investigation of the Synergistic Effect of Soft and Hard Particles on Corrosion and Wear Resistance ...

Extended Abstract

1. Introduction

In the last decade, electroless nickel coatings
including Ni-P and Ni-B coatings have
received great attention due to their suitable
properties. Some studies have shown that the
combined use of hard and soft particles such
as Al;03 and PTFE [1] and SiC and PTFE [2]
can not only increase the corrosion resistance
of electroless nickel coatings, but also
improve tribological properties. In
tribological behavior, high hardness and low
friction coefficient are preferred. Studies have
shown that the application of soft particles in
coatings reduces the hardness as well as the
coefficient of friction; While incorporation of
hard particles into the coating, increases both
hardness and friction coefficient. It seems that
the simultaneous application of soft and hard
particles can create appropriate tribological
properties in the coating, including high
hardness and low friction coefficient. In this
research, for the first time hard Si3N4
nanoparticles and soft PTFE particles were
introduced simultaneously in the electroless
Ni-B coating, in order to increase both
corrosion  resistance and tribological
properties.

2. Materials and methods

Nickel chloride (NiCl..6H20) and SizNs
nanoparticles were purchased from Merck
Chemicals and NaBH4, C;HgN; and PTFE
particles were prepared from Sigma Aldrich.
Plain carbon steel CK45 with dimensions of
20x10x1 mm3 was used as substrates. After
surface preparation (including polishing,
degreasing and acid washing), the samples
were immediately placed in a plating bath.
The composition of the bath was adjusted
with 30 g/L NiClz.6H:0, 1 g/L NaBH4, 90 g/L
C:HsN2, 90 g/L NaOH, and 0.018 g/L
CH3COOH. The temperature and pH of the
bath was maintained at 85 °C and 14,
respectively. The coating deposition time was
60 minutes. In order to investigate the effect
of different nanoparticles on the coating
properties, three types of composite coatings

Journal of New Materials. 2021; 11 (43):1-22

were  prepared: including  Ni-B-SizN4
nanocomposite coating (using 2, 4 and 6 g/L
nanoparticles in the coating bath), Ni-B-PTFE
composite coating (using 1, 3 and 5 g/L PTFE
particles in the coating bath) and Ni-B-SizNs-
PTFE composite coating (in optimal
concentrations of both types of particles).

To study the microstructure and morphology
of the coatings, a field emission scanning
electron microscope (model MIRA3 by
TESCAN) was used. To evaluate the corrosion
resistance of the coatings potentiodynamic
polarization test and electrochemical
impedance spectroscopy were conducted
using EG&G model 1025. The microhardness
of the coatings was determined using the
Vickers microhardness test (Instron-Walper).
The coefficient of friction and wear tests were
performed using pin on the disk method. In
this test, a tungsten carbide pin with a
diameter of 7 mm was used, and the applied
load was 20 N. The velocity was 10 cm/s.

3. Results and discussion

First, a uniform Ni-B electroless coating with
a nodular structure was prepared. Then the
effect of concentration of SizN4 nanoparticles
and PTFE particles on the coating properties
were separately investigated. FESEM images
of the surface of the coatings showed
successful participation and evenly
distribution of the particles in the coatings.
The results from corrosion tests showed that
when the concentration of PTFE particles in
the deposition bath was 3 g/L, the best
corrosion resistance was achieved, and the
corrosion current density was 2.3 pA/cm2
Addition of Si3Ns nanoparticles to the
deposition bath also led to the incorporation
of these particles in the coating, and the best
corrosion resistance for Ni-B-SizNs coating
was achieved at concentration of 4 g/L with a
corrosion current density of 2.2 pA/cm?2.
Simultaneous application of hard and soft
particles in the coating led to an increase in
corrosion resistance, and the lowest corrosion
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current density of 0.76 uA/cm2 was obtained.
These particles act as a barrier against the
entry of corrosive ions and prevent their
access to the substrate. The results of the
electrochemical impedance spectroscopy test
were in good agreement with the results of
the polarization curves.

The results of Vickers microhardness test and
study of friction coefficient curves as a
function of wear distance for Ni-B, Ni-B-PTFE,
Ni-B-SizNs and Ni-B-PTFE-SisNs samples
showed that by applying Ni-B coating on the
surface of the steel substrate, the hardness
increased to 847 HV and the average
coefficient of friction was about O0.6.
Incorporation of PTFE particles into the
coating reduced the coefficient of friction and
the hardness of the coating; and the lowest
hardness for the coating containing 3 g/L of
PTFE particles was 572 HV and the coefficient
of friction was about 0.35. It can be concluded
that the presence of PTFE particles has
resulted a lubrication effect in the coating.
The results also showed that the addition of
hard nanoparticles to the coating increased
the hardness and coefficient of friction. The
highest hardness was obtained in the coating
containing 4 g/L of SizN4nanoparticles, which
was 962 HV and the friction coefficient was
about 0.78. Simultaneous application of both
hard and soft particles, resulted in a hardness
of 871 HV and a coefficient of friction of 0.6.
Wear rate studies also showed that the lowest
wear rate was related to Ni-B-SizN4 sample
(3.2x103 mg/N.m). By addition of PTFE
particles to the Ni-B coating, the wear rate
increased to 12.3x10-3 mg/N.m. Therefore, it
is suggested that presence of soft particles
increases the wear rate of the coating, and
incorporation of hard particles reduces the
wear rate. However, in the hybrid sample, the
wear rate was 4.9x10-3 mg/N.m.

4. Conclusion

In this study, Ni-B composite coatings with
hard SizNs and soft PTFE particles were
deposited on the surface of plain carbon steel
samples and the properties of the coatings
were investigated. The corrosion tests
showed that simultaneous application of hard
and soft particles in the Ni-B coating
increased the corrosion protection
performance. The hardness and abrasion test
results showed that the addition of SizN4 hard
nanoparticles increased the hardness and
friction coefficient of Ni-B coating, while the
addition of PTFE particles reduced the
hardness and coefficient of friction.
Simultaneous application of hard and soft
particles resulted in an increased hardness
and a decreased coefficient of friction.
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