Engineering and Technology Journal 41(12) (2023) 1456-1464

1975
a2

UNIVERSITY OF TECHNOLOGY-IRAQ

Engineering and Technology Journal [2‘t

; /et g zngneerinQs
Journal homepage: https:/etj.uotechnology.edu.iq EethroL ooy

JOURNAL

Synthesis and Characterization of NiP-TiC-SiC Nanocomposite Coating

via Electroless Process on Alumina Substrate
‘ ’.) Check for updates |

Rusul Kh. Abd**,Abbas Kh. Hussein", Laith K. Abbas”

* Polymer and Petrochemical Engineering Dept., Basra University for Oil And Gas — Basra-Iraq
P Materials Engineering Dept., University of Technology-Iraq, Alsina’a street, 10066 Baghdad, Iraq.
*Corresponding author Email: rusul.alhamad@buog.edu.ig

HIGHLIGHTS ABSTRACT

e The morphology of the coating was changed
by the addition of nanoparticles.

o The best contact angle was obtained for the
coating prepared at (95°C for 30 minutes).

e Polarization resistance was improved notably
for coating produced at (85°C for 60
minutes).

Present-day industrial need high surface engineering quality since it deals with
many material properties that are applied in modern applications. Autocatalytic
plating of material surfaces enhances their mechanical and chemical properties.
This study used electroless plating to create (NiP-TiC-SiC) nanocomposite
coatings on alumina ceramic under various time and temperature deposition
conditions to get the best performances of nanocomposite coatings. Different
coating morphologies have been created, as seen in (FESEM) images. The (EDX)

results show that the (NPs) were effectively integrated and that the main elements
ARTICLE INFO of the coating are nickel and phosphorus. The (XRD) pattern validates the
existence of metallic nickel and the phases (NiP, Ni2P, and NisP). The

Handling editor: Mustafa H. Al-Furaiji hydrophobic properties of the (NiP-TiC-SiC) NCCS generated at (95°C for 30
Keywords: minutes) increased to (127.26°). The corrosion behavior was studied via the
Electroless NiP electrochemical method, which was done in the (3.5 wt%) NaCl at (25°C) and the
Coating results showed that the addition of (TiC) together with (SiC) nanoparticles shows
Nanoparticles a significant enhancement in the polarization resistance, the maximum polarization
Contact angle resistance value was obtained for (NiP-TiC-SiC) prepared at (60 minutes 85°C)
Corrosion and it is equal to (56.31419 kQ.cm).

1. Introduction

Alumina ceramic can be metalized by various techniques including sputtering, vapor deposition, and electroless plating (EL)
[1,2]. Due to its ease of use and low cost, the EL deposition procedure was chosen for the current study since it can produce a
coating with excellent characteristics. It is an autocatalytic method in which the reduction of metal ions by the oxidation of a
reduction agent, and the deposition was done on the materials substrate [3-5]. The substrate is coated while it is dipped in an EL
bath, which includes a supply of metal ions, reducing agents, stabilizers, complexing agents, wetting agents, additives, etc [6].
EL (NiP) is frequently employed because of its good corrosion and wear resistance [7-10], it has different benefits, such as
uniform plating, and solderability, but it also has some drawbacks, such as worse adhesion and slower plating rate than
electroplating[11]. The incorporation of nanoparticles onto a (NiP) matrix from an EL bath led to the form of nano-composite
coatings. The enhancement in nanocomposite coating properties depends on the nature of the nanoparticles and their distributions
into the matrix [12]. Nanoparticles’ sizes range from (1-100 nm), and they exhibit many distinct properties from their parent
material because of an increase in the surface area to volume ratio of nanoparticles [13]. There have not been many studies on
EL (Ni-P) deposition on alumina substrate; in the year of (2020), K. D. Sameer et al. examined the effect of sensitization and
activation settings on the viability of nickel coating on 50 nm alumina particles. A comparison of two activations and sensitizing
methods, namely individual and blended activations, had been made when coating particles [ 14]. While P. Zhang, et al. developed
an easy and economical activation method on porous alumina ceramic in the year (2021), They start the EL nickel plating reaction
by depositing metallic nickel nanoparticles on the alumina ceramic as a catalytic active core. As a result, the metallic nickel
activation process provides a possible activation strategy for EL nickel plating on porous alumina ceramic [10], and R. K. Gupta,
et al. produced an experimental study on EL nickel plating on alumina ceramic (2021), and they were successes in producing a
uniform and compact coating film [11].
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Despite its excellent specifications, alumina cannot be utilized in more widely industrial applications due to its low tensile
strength, mechanical unreliability, sensitivity to thermal shocks, and its main shortcoming, brittleness, which results in poor
fracture toughness; however, surface metallization has potential to expand its application areas. From the survey of the previous
studies, we note that there is not enough study on investigating the possibility of deposited nanocomposite coating on alumina
substrate and how the plating period and bath temperature can affect the coating properties, this study aims to develop the best
nanocomposite coatings (NCCs) on an alumina substrate by adding (TiC) and (SiC) nanoparticles to the conventional (NiP) bath
and plating alumina at various deposition times and temperature in order to get the best performances of EL (NiP-TiC-SiC)
nanocomposite coatings.

2. Experimental Work
2.1 Materials

High-purity alumina (99,7%) (C799 aluminum oxide ceramic plate made in China/ shenzhen jinghui industry limited
company) samples with dimensions (20 x 20 x 2 mm) were used in this experiment.

The chemicals, sodium hypophosphite purchased from (BDH chemical Itd /England), glycine from (HiMedia
Laboratories/India), sodium fluoride, ethanol absolute and hydrochloric acid supplied from (SDFCE sd fine-chem limited/
Mumbeai), formaldehyde (panreac QuPimicaSLU C/ Spain), sodium citrate (prolabo/Mexico), sodium acetate ( central drug
house Itd. Company/India), hydrofluoric acid, and potassium sodium tartrate tetrahydrate purchase from (HIMEDIA laboratories
Pvt. Ltd./India), nanoparticles (sic, tic) supplied from china and it characterized in the Nanotechnology and Advanced Materials
Research Center/University of Technology.

2.2 Pretreatment and Electroless Plating

(NiP-TiC-SiC) nanocomposite coating on alumina ceramic is summarized using EL (NiP) plating with the addition of (TiC)
together with (SiC) nanoparticles under different time and temperature deposition conditions. Pre-treatment, activation, and EL
(NiP) plating are the three main steps in the plating process. Pre-treatment includes washing the samples with acetone. The
etching process is done by immersing the samples in the mixed aqueous solution of (10%) Hydrofluoric acid and (2 gl-1) Sodium
fluoride and stirring for a period of (10 minutes) to generate roughness for making it suitable for adhesion. In the sensitization
process, Stannus chloride (SnCl2) (10gl-1) and hydrochloric acid (HCI) (40 ml/l), were stirred for a period of (15 minutes) at
room temperature, followed by rinsing with distilled water and then dried. Activation of the surface is the most important step
before EL plating. Palladium chloride (PdCI2) (1gml-1) along with (HCI) (10 ml/l) were stirred for a period of (15 minutes). for
the activation step. Furthermore, the samples were washed and dried at a temperature of (90°C) for (1 hour). Table 1 mention the
process variable of each pretreatment step.

Table 1: The process variable of each pretreatment step for alumina samples

Process Solution (concentration) process parameters (temperature, time)
Cleaning Washing the sample with acetone. At room temp. for 30 seconds

Etching (10%) HF and (2 gl'1)NaF For 10 minutes

Sensitization (10 gI'") SnCl> and (40 ml) HC1 15 minutes at room temperature

Activation Palladium chloride (1 gI'') pdClzand (10 ml) HCl 15 minutes at room temperature

Final step The samples were washed and dried at a temperature of 90°C for 1 hour

The plating process is carried out by stirring the palladium-activated alumina samples in a freshly prepared coating bath
consisting of nickel sulfate (0.1 M), sodium acetate (0.2 M), sodium citrate (0.16 M), glycine (0.28 M), and Sodium
hypophosphite (NaH,PO») (0.36 M) under different plating parameters. The composition of the EL deposition bath can be seen
in Table 2. The nano-particles were beta-silicon carbide and titanium carbide.

Table 2: The composition of the electroless deposition bath for alumina samples

Bath Composition

Nickel sulfate 0.1M
Sodium hypophosphite 0.63 M
Glycine 0.28 M
Sodium citrate 0.16 M
Nanoparticles SiC and TiC 5gl!
Sodium acetate 02M

2.3 Plating Characterization

The nanocomposite coatings were characterized by using different techniques, FESEM (MIRA3 TESCAN, China) (Hv=10
and WD=5) was used to investigate the surface morphology of the coatings the test was done in the University of Tehran/School
of Metallurgy and Materials Engineering. EDX provided by "TESCAN Vega II XMU" was employed to analyze the chemical
composition of the nanocomposite coatings the test was conducted in the Applied Sciences Department at the University of
Technology. XRD (type XRD-7000, Shimadzu) with Cu Ka radiation at (40 kV) and (30 mA) was utilized to characterize the
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phase structure of the coatings the test was conducted in the Nanotechnology and Advanced Materials Research
Center/University of Technology.

A contact angle meter (Goniometer, Jikan, CAG-10) was used to determine the surface wettability of the nanocomposite
coating by applying drops to test samples and capturing pictures of water droplets on the surface. While the corrosion behavior
was studied by electrochemical method in (3.5 wt%) NaCl at (25°C), the test was conducted by (SOLARTRON) equipment type
with a scan rate of (2 mV s ') within the potential range of (=250 to +500 mV), both contact angle and corrosion test were done
in the university of Tehran/ school of metallurgy and materials engineering.

3. Results and Discussion

3.1 Surface Morphology and Composition of The Coating

The surface morphology of the (NiP) and (NiP-TiC-SiC) NCCs, which were formed at (60 minutes and 85°C), is made clear
by the FESEM photos in Figure 1 (A and B). Figure 1(A) Particle-free EL (Ni-P) coatings have nodules that resemble cauliflower,
and it is illustrate of an amorphous substance. The surface morphology of the coating is altered by the addition of (2.5 g/l)
concentrations of each (TiC) and (SiC). It is obvious that the nucleation of the EL (NiP) nanocomposite coating has been affected
by the presence of nanoparticles in the plating bath as shown in Figure 1(B), and that was agreed with the references [15-17].

Det: inmeam ; i 1
Bl 708 E 5im

208 UM |Dete{midi: 1011722
(A) (B)

Figure 1: Field emission scanning electron microscope (FESEM) image of the electroless coating prepared at (60 minutes
and 85°C) with (A) NiP particle free coating (B) NiP-TiC-SiC nanocomposite coating

The (EDX) spectra of the (Ni-P) and (NiP-TiC-SiC) NCCs prepared at (60 minutes and 85°C) were presented respectively
in Figure 2 (A,B) and it is clear that the nanoparticles were successfully incorporated in the matrix.

sl S
| | Bl 24 Sedes wum. C nomm. C Atom. € Brrer (1 Sigm) ST T T ELEN Series wmn. € nomm. € Atom. © Brror (1 Sigma)
i [wt.8] [wt.3] [at.®] [wt. %] O PR Y B [wt.5] (wt.%] [at.%] [we- %]
E — & -
| Mi 28 Leseries 70.06 70.06 38.66 B.72 G o Wi 28 Lesaries 5663 72,78 43.W 6.87
— I 6 Hemerims 1531 1531 427 2.45 - e & Heeries 10,54 13,54 38,76 1.57
| P 15 B-series  9.57 9.5 10,00 0.55 7% o P 15 Kwseries £.23 10.64 12.12 0.46
o R L ‘0 8 Kseries 4.83 483 478 0.94 Pl Tizieseries 101 1,30 0.9 0.44
7 M 13K-series 0.23  0.23  0.27 0.06 —t —t 0 8 Feeerles 1.01  1.30 287 0.27
[ T3 | - 5i 14 Kseries 0.28 036 0.46 0.06
N I : Tetal: 100.00 100.00 100.00 (- i 0.08 0.10 0.04
1 T
100.00 10000

g

(A) (B)

Figure 2: Energy dispersive spectroscopy (EDX) scan spectra of electroless coating at (60 minutes and 85°C) (A) NiP
particle free coating (B) NiP-TiC-SiC nanocomposite coating

Table 3 lists the qualitative analysis of the (NiP) and (NiP-TiC-SiC) obtained by (EDX). The result of (EDX) suggests that
the major component in the coating is nickel and shows that the (NPs) were successfully incorporated. The presence of (NPs)
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leads to an increase in (Ni) content from (70 wt.%) to (72.78 wt.%) and the phosphorus content increased from (9.57 wt.%) to
(10.64 wt.%) respectively.

A dense and evenly distributed nanocomposite coating was obtained when the temperature has been raised and numerous
micro-NiP balls was seen on the surface because the plating solution was no longer stable at the highest temperature, and that
was agreed with the references [18]. The majority of the substrate is covered as plating time and temperature rise, and no defects
like gaps or pinholes are apparent. However, it was noticed that the number and size of (NiP) nodules remain unchanged as the
deposition duration increases. The only difference is that some growth of the EL (NiP) matrix on the top of the nanoparticles
leads to an increase in the surface roughness of the EL (NiP) nanocomposite coatings, and that was agreed with reference [19].
Figure 3 (A, B,C) depicts the FESEM image of (NiP) nanocomposite coating with both (TiC) and (SiC) NPs prepared at (30
minutes 75°C), (60 minutes 85°C), and (90 minutes 95°C) respectively.

The (EDX) analysis for the (NiP-TiC-SiC) nanocomposite coatings are presented in Figure 4 (A,B,C) deposited at (30
minutes 75°C), (60 minutes 85°C), and (90 minutes 95°C) respectively. The (Ti wt.%) and (SiC wt.%) was utilized to estimate
the nanoparticles content because the nanoparticles were the only source of (Ti and Si) in the coating.

The weight percentage of the constituent elements of the nanocomposite coating in the (EDX) data is shown in Table 4. In
the case of the (30 minute 75°C) deposition condition, no sufficient coating was obtained, while with increasing deposition time
and solution temperature both (Ni wt.%) and (P wt.%) were increased.

(XRD) pattern of (NiP) and (NiP-TiC-SiC) nanocomposite coating prepared at different immersion times and temperatures
were shown in Figure 5 (A, B, C, D). Using the previous study data, it is determined that the presented picks correspond to the
(012),(104), (110), (113), (024), (116), (018), (300), and (119) of a rhombohedral structure of (a-Al>03) [20]. The sample plating
at (30 minutes) immersion time and a temperature of (75°C) exhibited no different broad peak at a (2-Theta) angle (43-50) the
nickel peaks, which were confirmed by (EDX).

Table 3: Elemental compositions of nanocomposite coating at (60 minutes and 85°C)

No Nanocomposite coating Ni(wt.%) P(wt.%) Ti (wt.%) Si(wt.%)
A NiP 70.06 9.57
B NiP-TiC-SiC 72.78 10.64 1.30 0.36

a) (B) ()
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Figure 3: Field emission scanning electron microscope (FESEM) of the nanoparticles of (NiP-TiC-SiC) nanocomposite
coating incorporation at (A) 30 minutes 75°C (B) 60 minutes 85°C (C) 90 minutes 95°C

1459



Rusul Kh. Abd et al. Engineering and Technology Journal 41(12) (2023) 1456-1464

Table 4: Elemental compositions of (NiP-TiC-SiC) nanocomposite coating at different times and temperatures

No. Electroless deposition time and temp. Ni (wt.%) P (wt.%) Ti (wt.%) Si (wt.%)
A 30 minutes 75°C 0.43 0.52 9.02 0.87
B 60 minutes 85°C 72.78 10.64 1.30 0.36
C 90 minutes 95°C 76.17 12.08 2.7 0.67
iy o
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Figure 4: (A), (B), and (C) show the (EDX) spectra of (NiP-TiC-SiC) nanocomposite coating deposited at (30 minutes
75°C), (60 minutes 85°C), and (90 minutes 95°C) respectively

3.2 Contact Angle

Surface wettability is measured using a contact angle meter by applying drops to test samples and capturing pictures of water
droplets on the surface of alumina plating by (NiP) and (NiP-TiC-SiC) NCCs using an EL deposition process under different
times and temperatures, as shown in Figure 6 (A,B). It was observed that the (NiP-TiC-SiC) nanocomposite coating prepared at
(30 minutes 95°C) shows the maximum contact angle value as illustrated in Figure 7. In general, a solid surface is called
hydrophilic if the water contact angle is less than (90) degrees, and hydrophobic if the water contact angle is greater than 90
degrees. This is a crucial characteristic for demonstrating effective anticorrosive capabilities. The wettability of the surface was
strongly depending on the surface roughness and surface finish, there is a clear relationship between the roughness of the surface
and contact angle value, and that was agreed with the reference [21]. The contact angle results show hydrophilic properties on
the surface of the coating prepared for a short time and at low temperatures or for a long time and at high plating temperatures.
The surface roughness of the finish coating is affected by the plating time; it is normal for the coating to be created in separate
locations because deposits frequently develop at multiple locations. With time, the film moves through a diffusion stage
distinguished by expanding and merging with the nanoparticles before becoming a solid film. As the deposition time increased,
another nodule formed, resulting in high surface roughness due to a large number of nodule protrusions over the surfaces. At the
same time, the temperature of the plating bath affects the plating rate, so insufficient plating time or a high plating rate can
increase surface roughness and decrease the contact angle.
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Figure 5: The XRD pattern of (A) NiP, (B) NiP-TiC-SiC prepared at 30 minutes 75°C, (C) NiP-TiC-SiC prepared at 60
minutes 85°C, (D) NiP-TiC-SiC prepared at 90 minutes 95°C
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Figure 6: The maximum contact angle measurements of alumina plating by (A) NiP (B) NiP-TiC-SiC, prepared

at (30 minutes 95°C)
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Figure 7: Contact angle results for alumina plating with (NiP-TiC-SiC) nanocomposite coating
at different electroless plating conditions

3.3 Corrosion Test

The corrosion resistance of the EL (Ni-P) nanocomposite coating with (TiC) and (SiC) nanoparticles under different
deposition conditions was investigated using an electrochemical method in (3.5 wt%) NaCl at (25°C), Figure 8 show the tafel
curves (potentiodynamic polarization curves) for the (NiP-TiC-SiC) nanocomposite coating at different EL plating conditions.
By extrapolating the linear sections of the anodic and cathodic Tafel lines, researchers were able to measure the samples'
corrosion potential (Ecorr) and current density (Icor), among other electrochemical parameters. These findings are reported along
with the cathodic (B:) and anodic (B,) tafel slope values in Table 5. The amount of the polarization resistance (Rp) was
determined using the Stren-Geary Equation 1 [22] :

Bg.B. 1
2.303IcoRRr (Ba+Bc) (

R, =

Since the hypophosphite layer stops nickel from further hydrating in corrosive environments, the hypophosphite layer acts
as a protective barrier for nickel, improving the corrosion protection of the (NiP) coatings. With the addition of (NPs), the (NiP)
coating's resistivity is greatly increased. As is generally known, (Ti) is a corrosion-resistant metal, which enhances the (NiP)
coatings' ability to resist corrosion. The addition of (NPs) makes the (NiP) coatings denser and their porosity reduces, limiting
the active sites for corrosion and eliminating direct electrolyte contact with the substrate. In addition, the NiP coatings may be
more porous [7]. Adding nanoparticles to the (NiP) matrix has a varied impact on polarization resistance when compared to
(NiP-free nanoparticles) [23]. From Figures 9,10 and Table 5, the (NiP-TiC-SiC) nanocomposite coatings at different EL plating
conditions show different polarization resistance. And it is clear that the addition of (TiC) together with (SiC) nanoparticles
shows a significant enhancement in the polarization resistance of (NiP). The effect of mixing both (TiC) and (SiC) nanoparticles
on the enhancement of the polarization resistance of (NCCs) could be explained by the minimization of the size of (NiP) nodules,
which served as a physical barrier and prevented chloride ions from diffusing onto the sample surface. The corrosion resistance
in the case of deposition at (30 minutes and 85°C) has shown the greatest value, which indicates that the coating is more stable,
less soluble, and has fewer porosities.
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MNiP-TIiC-SiC (30 min.
MNiP-TIiC-SiC (30 min.
0.2 —
— NiP-TIiC-SiC (60 min.
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Figure 8: Tafel curves for alumina plating with (NiP-TiC-SiC) nanocomposite coating at different
electroless plating conditions immersed in (3.5 wt.%) NaCl solution at (25°C)
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Figure 9: The value of the polarization resistance (Rp) of alumina ~ Figure 10: Tafel curves for alumina plating with (NiP and NiP-TiC-SiC)

plating with NiP-TiC- SiC nanocomposite coating at nanocomposite coating at (60 minutes and 85°C) electroless
different Electroless plating conditions plating conditions.immersed in (3.5 wt.%) NaCl solution at
(25°C)

Table 5: Tafel fitting results of alumina plating with (NiP-TiC-SiC) nanocomposite coating at different electroless
plating conditions that immersed in (3.5 wt.%) NaCl solution at (25°C)

No. Coating composition ~Ecorr  Icorr Ba B Rp

(mV) (uA-cm™?) (mV/decade) (mV/decade) (k. cm)
1 NiP-TiC-SiC (30 min.75°C) 180 0.398107171 330 340 182.6519
2 NiP-TiC-SiC (30 min.95°C) 320 1.071519305 230 210 44.48366
3 NiP-TiC-SiC (60 min.85°C) 290 1.202264435 288 340 56.31419
4 NiP (60 min. 85°C) 298 4466835922 200 150 8.332192
5 NiP-TiC-SiC (90 min.75°C) 330 0.933254301 200 260 52.59586
6 NiP-TiC-SiC (90 min.95°C) 320 0.361409863 186 47 45.07762

4. Conclusion

The main purpose of this study is to develop the best nanocomposite coating (NCCs) on an alumina substrate by adding
(TiC) and (SiC) nanoparticles to the conventional (NiP) plating bath and depositing at various bath temperatures and for various
plating period in order to get the best hydrophobic and corrosion resistance performance. The addition of (TiC) and (SiC)
nanoparticles to the (NiP) deposition bath changed the morphology of the nanocomposite coating deposited on an alumina
substrate; as a result, the best contact angles have been obtained for the electroless (NiP-TiC-SiC) nanocomposite coating
prepared at (95°C for 30 minutes), and it is equal to (127.26°). While the (NiP-TiC-SiC) nanocomposite coating produced at
(85°C for 60 minutes) exhibits a notable improvement in polarization resistance.
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