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Abstract: Zinc-bas ed composite coatings developed from synthetic ceramics (Si3N4, SiC, and 
Al2O3) have recently been employed as reinforcement to enhance their resistance to deterioration. 
However, there is limited literature on the utilization of ceramic particles sourced from agro-
industrial wastes in the formulation of these coatings. This study investigated the effect of the 
surface improvement process (SIP) using rice husk (RH) nanoparticles on the hardness and wear 
rate of A36 steel. The A36 steel, zinc bar, and RH nanoparticles were procured and characterized 
using Energy Dispersive Spectroscopy (EDS). Four cathode specimens were produced, including 
an as-received specimen of A36 steel and two anodes of zinc. Four steel specimens coated with Zn-
10RH(t25), Zn-10RH(t30), Zn-15RH(t25), and Zn-15RH(t30), denoted as S1, S2, S3, and S4, 
respectively, were developed with concentrations of 10 or 15 g/L and deposition times of 25 or 30 
minutes at a constant cell voltage of 0.5 V. The as-received substrate steel was used as the control 
specimen (CS). The hardness and wear rate (WR) properties of the deposited samples were 
examined using Vickers hardness (HV) and a Pin-on-disc tribometer, respectively. All coated 
specimens exhibited substantial improvements in hardness and wear rate properties compared to 
CS (Hardness = 85.82±0.45 HV and WR = 2.45±0.34 g/min). For the coated specimens, the 
hardness and WR values ranged from 188.50 to 288.37 HV, 260.34 to 284.38 MPa, and 0.01 to 
0.02 g/min, respectively. The inclusion of the coatings significantly enhanced the mechanical 
properties of the deposited specimens. 
 
Keywords: electrodeposition; rice husk; zinc-base; composite coatings; A36 steel 

 
1. Introduction 
 
The electrolytic deposition coating is a unique method among the various coating deposition 
techniques in material engineering research for surface modification of materials. It serves as an 
outstanding technique due to its uniformity in coating production, ease of control, and cost-
effectiveness [1], [2]. Material coating production significantly enhances mechanical properties, 
including impact resistance, fatigue strength, hardness, wear resistance, and corrosion resistance 
[3], [4]. The dual anode electrolytic deposition technique is a distinctive electrochemical process 
central to research aimed at improving current circulation through the addition of particles in metal 
matrix composites (MMC) and providing better control for enhanced effectiveness and uniformity 
in coatings [5], [6]. This dual anode electrolytic technique consists of two anodes in an electrolytic 
cell, which affects the rate of deposition, uniformity in the electrochemical process, and current 
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distribution used for material purification, electrochemical studies, and corrosion processes [7], [8]. 
Zinc materials are utilized as coatings on low-carbon steels, such as A36 steel, to improve corrosion 
performance, surface hardness, and antioxidant protection [9]. However, when the material is 
subjected to abrasive applications, pure zinc coating is unsuitable due to its low hardness and 
tendency to scratch easily, leading to minimal wear resistance [10], [11]. The coating performance 
can be enhanced by incorporating hard, inert particles such as rice husks to transform the coating 
into a valuable zinc-based metal matrix composite (MMC). 
 
Agricultural wastes, utilized as reinforcement particle composite materials for coatings, are gaining 
attention in research due to their cost-effectiveness, resource recycling, and support for sustainable 
goals. Several studies have reported the influence of agro-waste on engineering applications [12-

14]. The corrosion behavior of a nickel surface-deposited Al MMC reinforced with bamboo leaf ash 
was studied. It was noted that the Ni-deposited Al-BLA composite enhanced corrosion resistance 
and improved mechanical behavior as reinforcement percentages increased [15]. The inclusion of 
rice husks, a byproduct of agro-waste, in the MMC, like zinc, enhances the mechanical properties 
and wear resistance of the material due to the presence of silica and other compounds [16-19]. 
 
The dual anode electrolytic deposition method improves homogeneous coating and integration of 
particles into matrix composites to achieve uniformity of current distribution and control of particle 
migration [15]. Some previous studies showed enhancement in the engineering properties of 
specimens coated via this method. Shi et al. [20] enhanced hydroxyl methylcellulose (HPMC) 
coatings with Al, Cu, Al2O3, and copper oxide nanoparticles on composite materials in tackling 
wear damage challenges. Hence, the additive composite coatings improved the load-bearing 
capacity and tribological behaviour of the cellulose-based composite coatings. The study revealed 
that metal oxide nano-fillers offered enhanced tribological properties compared to metal 
nanoparticles. To enhance the properties of mild steel, rice husk ash (RHA) particle was 
incorporated into electroless Ni-P coatings. The effect of the coatings at various concentrations of 
RHA particles was investigated on the deposition rate, surface morphology, and corrosion 
behaviour. The study revealed an increased deposition rate with increased RHA particles, with good 
bonding indication between the Ni-P matrix and RHA particles. The study showcased RHA 
particles as a cheaper and eco-friendly alternative for the improvement of the properties of the 
electroless Ni-P coatings [21]. 
 
The anti-wear and hardness values of the electrodeposited Zn-ZnO-xRHA composite coating were 
investigated with the deposition parameters of the RHA particulate loading were 0, 10, and 20 g at 
15 min. deposition, 1.4 A current, 400 rpm stirring rate, and 75 °C bath temperature [22].   A 
chloride-based bath was employed for the deposition bath. The study revealed that the Zn-ZnO-
20RHA-coated substrate possessed the highest hardness, while the wear loss of the developed 
composite coatings declined with increased RHA loading. In another study by Ajayi et al. [23], the 
combination of rice husk (RH) and white clay (WC) particulates was used to develop zinc-based 
composite coatings on A36 steel. The steel samples were coated with 10 and 15 RHWC particles. 
The study explored the effect of the coatings on the hardness, tensile strength, and wear rate 
properties of the samples, as well as microstructural examinations. The coated specimens revealed 
improved engineering properties over the uncoated samples of the A36 steel with Zn-13 RHWC 
using the dual-anode electrolyte co-deposition technique. Electrodeposition technique was 
employed to deposit pure zinc and its Zn-WO3 (Zinc-Tungsten trioxide composite coatings on mild 
steel specimens. The influence of the WO3 particles on Zn deposition, surface morphology of the 
composite, and the texture coefficient was analyzed. The specimen coated with Zn-WO3 
composites showed higher corrosion resistance and microhardness. The nanocomposite coatings 
successively protect the mild steel used from chemical or electrochemical disintegration in the 
subjected environmental conditions [24]. 
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Limited literature on the use of ceramic particles of agro-industrial wastes for the enhancement of 
the engineering performance of metallic materials makes this study germane. More studies are 
required to be carried out on the utilization of agro-waste as a co-deposition coating material on 
metal substrates. Therefore, this study is aimed at using the dual anode electrolytic deposition 
technique for zinc composite coating, which is reinforced with rice husk agro-waste particles 
deposited on A36 steel. The mechanical and corrosion properties of the coated steel were 
investigated using appropriate protocols. The effects of the concentration of the rice husk particles 
and the duration of the deposition on the tribological performance, microhardness, and 
microstructural properties of the final coatings are investigated as the objectives of the study.  
 
The research outcome is expected to enhance the sustainability of the composite coatings and 
excellent durability, especially for steel applications that require surface modification with cost-
effectiveness. It is also likely to improve the utilization of agricultural wastes in the engineering 
field, which is one of the global sustainable development goals in the field of material research. 
 
2. Material and methods 
2.1 Material selection 
 
A rectangular mild steel plate (ASTM A36) of dimensions 800 mm x 800 mm x 2 mm was 
sectioned. The saturated mild steel was the specimen used for this research. The steel plate used in 
this study was obtained commercially from a metal vendor in Iwo Road, Ibadan, Oyo State, Nigeria. 
Mild steel was chosen as it is readily available and is not expensive. It is one of the most globally 
used metals. Mild steel usage is exceptional, ranging from domestic to industrial applications. The 
choice of this metal over others is based on its wide range of applications, cheapness, and ease of 
accessibility. Figure 1 depicts the flow chart of the experimental procedure observed in this study. 
 
2.2 Experimental design 
 
The design of experiment used for the experimental setup was based on the Taguchi method using 
Minitab 19 software. Two controllable input parameters, namely, nanoparticle and deposition 
time, were considered for experimentation. Hence, for each parameter, two levels were presumed 
as shown in Table 1. For a two-factor-two-level experiment, Taguchi itemized an L4 (22) orthogonal 
array for the experimental setup. Hence, a total of four experimental trials were used following the 
Taguchi L4 orthogonal array of experimental design as shown in Table 2. Each nanoparticle 
evaluation was carried out on a new workpiece material, as shown in Table 3. Before actual 
electroplating, the rust layers were removed by polishing using emery cloth to minimize any effect 
of homogeneity on the experimental results. Other constant parameters that were used during the 
experiment are given in Table 4. 
 

 
 
Figure 1.  Schematic flowchart of the experimental procedure  
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Table 1.  Controllable input parameters and their levels 
 

Factors 
Levels 

Level 1 Level 2 

Nano Particle (µm)     10 15 
Deposition Time (Min.)     25 30 

 
Table 2.  Design of Experiment [Taguchi L4 (22) Orthogonal Array] 

 

Experimental Run 
Input Parameters 

Nano Particles (g/L) Deposition Time (min) 

1 10 25 
2 10 30 
3 15 25 
4 15 30 

 
Table 3.  Chloride bath composition 

 

Component Quantity (g/L) 

Zinc chloride (ZnCl) 130 
Sodium chloride (NaCl) 50 
Potassium chloride (KCl) 35 
Boric acid  10 
Thiourea 10 
Glycine 10 
RH 10/15 

 
Table 4.  Constant parameters considered 
 

Parameter Quantity 

pH 4.5 
Current density (A/cm2) 2 
Temperature (oC) 45 
Voltage (V) 0.5 

 
2.3 Electrodeposition process 
 
The choice of electro-deposition materials, such as metal alloys, ceramic composites, and 
biomaterials, was based on their individual physical and chemical properties. Pure zinc (with 99.9% 
zinc composite) was selected as an anode. It was chosen because of its excellent protective 
characteristics, ability to form strong covalent and stable bonds with other metal alloys, moderate 
reactivity, and strong reduction potential. Other composite materials were added to zinc to obtain 
durable protection, as zinc tarnishes on its own when it reacts with the atmospheric medium, and 
it will form flakes of oxide and carbonate. The electro-deposition composite material used for co-
deposition in zinc electrolytes was rice husk (RH). RH nanoparticles (Figure 3) were chosen due to 
their sustainability and attractive mechanical, chemical, and physical properties. It possesses some 
essential features, which are: it is commonly available and affordable; ranked among the best non-
toxic substances; and has a high content of silica, ranging from 90 to 97%. The bath formulation is 
the combination of the composite, which is the main material to be deposited, and other compounds 
that will help in facilitating the process. The composition of the bath was varied based on the applied 
method and the concentration of the reinforcement particles. The bath formulated for this work is 
a chloride bath. Electrodeposition was carried out by measuring each constituent in grams (g) using 
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an electrical analytical weighing balance (OHAUS Pioneer PA214) to get an accurate measurement. 
The bath constituents were put into a vessel and mixed with one liter of purified water. The content 
is then mixed vigorously and allowed to dissolve for 24 hours using a magnetic stirrer at 250 rpm. 
A typical electro-deposition process is displayed in Figure 2. 
 

 
 
Figure 2.  A typical electrodeposition process  
 
2.4 Coating efficiency of RH deposited samples 
 
The protective capability of the composite samples was further studied by calculating the coating 
efficiency of each of the thin film deposited specimens, with respect to the polarization resistance, 
using Equation 1. 
 

( ) 1

2

    1  )  100%(
PR

Coating Efficiency CE
PR




= −       (1) 

 

where PR𝛉1 is the polarization resistance of the control specimen, and PR𝛉2 represents the 
respective coatings’ polarization resistance. 
 
2.5 Characterization of electrodeposited specimens 
 
The morphologies and structures found in the deposited coatings were studied using the scanning 
electron microscope (SEM) technique. An energy-dispersive spectrometer (EDS) was used to 
determine the elemental composition and quantity. The phases of the electrodeposited specimen 
were obtained via a PANalytical Empyrean diffractometer. Rockwell hardness scale was utilized in 
this research for the assessment of the deposited samples and the control specimen (CS). The 
process provides a precise measurement of the exact hardness result required. Rockwell hardness 
testers employ a differential-depth approach to determine hardness. The test involves pressing an 
indenter into the material and then applying a slight load to establish the zero location. A heavy 
weight is introduced after the minor load and then removed while the nominal load is maintained. 
The depth difference between the nominal and main loads determines the hardness. All the coated 
specimens, as well as the control specimen, were subjected to a wear test using a pin-on-disc wear 
test to ensure their wear resistance when they come in contact with other materials in relative 
motion. The wear rate is reported together with its corresponding coefficient of friction. 
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2.6 Electrochemical analysis 
 
The electrochemical experiment examined the mechanics of electrochemical processes using a 
typical three-electrode cylindrical glass cell with 100 ml of electrolyte at a temperature of 300 
degrees Celsius. The apparatus makes use of three electrodes—a reference electrode, a working 
electrode, and a counter electrode—to investigate the reaction processes of the working metals or 
alloys. With the help of the data collected by the Autolab data capture system (Autolab model: 
AuT71791 and PGSTAT 3.0), the rate of corrosion was calculated using the Tafel extrapolation, 
and the polarization curves were displayed. 
 

 
 
Figure 3.  Rice husk (RH) particulate 
 
3. Results and discussion  
3.1 Morphology analysis of rice husk nanoparticles 
 
The morphology of rice husk, displayed in Figure 4 and Table 5, revealed Si as the predominant 
element with percentage weight values close to some literature values [25-27]. Other elements, 
such as aluminum, calcium, magnesium, potassium, as well as chlorine, sulphur, and manganese 
were present in the composition [28], [29]. This suggests that the compound was mainly in silicate, 
phosphate, sulphide, and chloride forms. Aluminum and silicon are known for their microbial 
corrosion resistance properties and excellent strength-to-weight ratio, which makes them very 
useful for structural applications [30-33]. This is because they are passive, a property that makes 
them suitable to produce a tightly adherent film on the substrate’s surface when exposed to 
seawater. 
 
Table 5.  Chemical composition of rice husk (RH) 
 

Parameters Values 

SiO2 69.23 
Al2O3 0.61 
Fe2O3 11.79 
CaO 5.42 
MgO 0.17 
K2O 0.44 
P2O5 1.13 
SO3 1.22 

MnO 0.66 
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Figure 4.  SEM/EDS of rice husk (RH) nano-particulates 
 
3.2 Analysis of a specimen fabricated with rice husk (RH) 
 
This section of the experiment takes into consideration the deposition done using rice husk (RH) 
particulates. The deposition time and concentration of the particulate were varied. In contrast, 
other parameters, such as depth of immersion, size of the substrate, distance between cathode and 
anode, pH, voltage, and the anode used, were kept constant. The variation of the electro-deposition 
parameters used is shown in Table 6. 
 
Table 6.  Variation of the electrodeposition parameters with RH samples 

 

Exp. Run No Sample Matrix 
RH concentration 

(g/L) 
Deposition 
Time (min) 

Voltage 
(V) 

1 Zn-10RH(t25) 10 25 0.5 
2 Zn-10RH(t30) 10 30 0.5 
3 Zn-15RH(t25) 15 25 0.5 
4 Zn-15RH(t30) 15 30 0.5 

1.6833

1.7584

1.6865

1.7094

25 30

1.64

1.66

1.68

1.70

1.72

1.74

1.76

1.78

W
e
ig

h
t 

g
a
in

e
d

 (
g

)

Time (s)

 Zn-10RH

 Zn-15RH

 
Figure 5.  Weight gained at varying deposition time and concentration for RH 
 
The weight gained from the electro-deposition of RH composite coating at varying concentrations 
(10 and 15 g/l) and deposition time (25 and 30 minutes) is illustrated in Figure 5. The weight of 
the composite deposits achieved at 0.5 V surprisingly increases as the deposition time, suggesting a 
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strong adherence of RH at 0.5 V. Also, it indicates that the RH improved the adhesive properties 
of the coating to some extent. This corresponds with the report of Mohanty et al. [34] and Safavi 
and Walsh [35]. The studies state that there is a tendency for electrodeposited surfaces to adhere 
perfectly to a substrate, which is highly influenced by the nature of the additive and the purity of 
the base particles. 
 
3.3 Coating efficiency of RH deposited samples 
 
The coating efficiency of the RH deposited samples done at constant voltage is shown in Figure 6. 
Figure 6 indicates that out of the specimens in this section, Zn-15RH(t30) coating had the highest 
coating efficiency at 53.87%, while Zn-10RH(t25) coatings had the least coating efficiency at 
30.16%. This result showed that the coating efficiency increases as the electro-deposition time 
increases. The impact of time on the coating efficiency of the RH specimen deposited at 0.5 V is 
relatively significant. This shows that the best coating efficiency was achieved at 30 minutes, which 
aligns with the weight gained that was discussed, and the coating at 30 minutes is the most stable. 
However, it was detected that the coating efficiency of the specimen deposited with Zn-RH fell 
below the standard range of 90-98%. This could be due to low solid/resin content or high 
solid/resin content, pH imbalances, bath deviation, contamination, improper temperature, 
inadequate agitation, and improper surface preparation of the specimen. By methodically 
controlling these parameters and implementing a robust process management system, it is possible 
to achieve a standard range of coating efficiency for many applications. The standard range of coating 
efficiency is 90-98 % particularly for metals like copper, nickel, and zinc, by their respective high-
performance plating bath. This standard range was established by some specific organizations, like 
ASTM and ISO, for all electroplating systems. This standard represents the optimum performance 
for making a conventional well-maintained plating bath where metal deposition is the dominant 
cathodic reaction. A low coating efficiency could also indicate that a significant portion of the 
electrical energy is consumed by a side reaction at the cathode rather than the desired metal 
deposition, which has a detrimental effect on the coating quality. 
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Figure 6.  Coating efficiency of RH composite coating at 0.5 V 
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3.4 Electrochemical behaviour (polarization) of RH deposited samples 
 
Figure 7 shows Tafel curves for RH composite coatings against the control specimen. It can be 
observed that the corrosion potentials of the deposited Zn-15RH(t30) shifted towards the more 
negative region, significantly polarized passively. The position of the control specimen (CP) sample 
compared with the coated specimens signifies that the CP is more susceptible to crevice and pitting 
corrosion. Similarly, the position of the coated specimens with lesser corrosion potential shows that 
Zn-15RH composite coatings predominantly protected the cathodic region in the saline 
environment. This suggests that such a coating can be primarily used for cathodic protection in such 
a medium; meanwhile, the anodic region will not be left unprotected. This is because the adhesion 
behavior of the Zn-15RH was strong enough to resist the deterioration of the substrate to some 
extent and reduce the formation of oxides on the sample when exposed to a salt environment. Such 
a protective reaction is similar to the findings of [4], [36], and [37] when Zn-Al-SnO2/TiO2 
functional coating was used on A36 mild steel. 
 

 
 

Figure 7.  Linear polarization curve for Zn-RH composite coatings at 0.5 V 
 
 
Table 7 shows the data obtained from polarization measurement for the RH composite coating, 
which was done at 0.5 V and exposed to a simulated marine (salt water) environment. It was 
revealed that the coating done for 30 minutes, Zn-15RH(t30), had the highest polarization 
resistance of 89.275 Ω, Zn-10RH(t30) had the lowest current density and lowest corrosion rate of 
0.0001214 A/cm2 and 1.4107 mm/year, respectively. It can be observed from this table that the 
rate of corrosion of RH reduced with deposition time and followed the same trend as polarization 
potential in the reverse order. Such a steady and general reduction in corrosion rate as against the 
CP sample can be attributed to the adhesion due to the relatively good interfacial bonding of the 
RH composite coating on the substrate. The potentiodynamic polarization data showed that the 
polarization resistance increased with electrodeposition time, while the current density and the 
corrosion rate decreased with electrodeposition time. 
 
The OCP versus time plot shown in Figure 8 indicates that the potential of the RH-coated samples 
produced at 0.5 V shifted significantly towards the negative scale, confirming the efficacy of the 
coating as a cathodic protection means. Zn-15RH(t25) and Zn-15RH(t30) coated specimens were 
able to attain steady state potentials within the first 3 seconds of immersion into the seawater due 
to the near-zero slope lines observed, which agrees with other findings [38-43]. The coatings were 
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highly stable up to 120 seconds of immersion. The potentials of the four coatings overlap as they 
are very close to each other. This trend shows that at 0.5 V, the stability of the coating and its 
corrosion rate are not really influenced by the deposition time of the coating, but more by the 
nature of the additive used in the coating.  
 
Table 7.  Potentiodynamic polarization of Zn-RH specimen 

 
 

 
 
Figure 8.  OCP versus time or the Zn-RH composite coatings  
 
3.5 Microstructural characterization of Zn-RH deposited samples 
 
The microstructural features of the thin films obtained from selected Zn-RH composite coating 
from scanning electron microscopy/Energy Dispersive Spectroscopy (SEM/EDS) at a constant 
voltage of 0.5 V are shown in Figure 9(a) – (d), respectively, for  Zn-10RH(t25), Zn-10RH(t30), 
Zn-15RH(t25), and Zn-15RH(t30). These micrographs showed layers of coating compared with 
the micrograph obtained earlier from the control specimen (CS). By critically examining these 
micrographs, it can be observed that they all show some level of uniform dispersion of the 
particulates. This suggests that good precipitation and absorption of particulates lead to good 
adhesion and deposits that are more stable. Zn-15RH(t25) and Zn-15RH(t30), as shown in  (Figure 
9 (c) and (d)), possess finer grains than Zn-10RH(t25) and Zn-10RH(t30). Figure 9 (a) and (b) 
validate the findings, which verified that at higher concentrations, there is a tendency to have fine 
adhesion. This could result in uniform crystal growth [30]. Nevertheless, a few parts of the ferrite 
were still exposed as the coating did not adhere to those parts. Thus, this makes the coated samples 
susceptible to a level of marine fouling and corrosion [42-44]. 
 

Specimen 
Number 

Specimen 
Matrix 

Corrosion 
Potential, Ecorr 

(V) 

Current density, 
jcorr (A/cm2) 

Corrosion 
rate, Cr 

(mm/yr) 

Polarization 
resistance, 

Pr (Ω) 
 Control specimen -1.1591 0.00072828 8.4626 41.184 

1 Zn-10RH(t25) -1.1965 0.00031351 3.643 59.027 

2 Zn-10RH(t30) -1.1837 0.0001214 1.4107 87.653 

3 Zn-15RH(t25) -1.1147 0.00012648 1.4697 63.227 

4 Zn-15RH(t30) -1.4423 0.00014419 1.6755 89.275 
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Figure 9.  SEM/EDS micrograph of (a) Zn-10RH (t25), (b) Zn-10RH (t30), (c) Zn-15RH (t25), 

and (d) Zn-15RH (t30) at constant voltage 
 
3.6 XRD Analysis of Zn-RH Composite Coating 
 
Phase identification of Zn-RH composite coating at a constant voltage of 0.5 V was carried out by 
means of X-ray diffraction analysis. The XRD spectra for samples of Zn-RH composite coating 
deposited at varying concentrations and times are displayed in Figure 10 (a)-(b). The peaks of 
ZnAlSi, ZnSiO2, AlO3, and ZnSi were noted in the spectrum obtained with Zn-RH composite 
coating. The presence of an intermetallic phase was displayed in the X-ray diffraction obtained. This 
established that the composition elements and the compounds that constituted the rice husks (RH) 
were deposited on the substrate. 
 

 
 
Figure 10.  XRD spectra of (a) Zn-10RH (t25), (b) Zn-10RH (t30), (c) Zn-15RH (t25), and (d) 

Zn-15RH (t30) at constant voltage 
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3.7 Hardness properties of Zn-RH deposited samples 
 
Table 8 displays the average microhardness data for Zn-RH composite thin film coatings. Carefully 
observing the deposited materials, Zn-15 RH(t30) gave a better improvement. The hardness 
increases from 85.82 HV for the control specimen to 288.37 HV for the deposited composites, as 
shown in Figure 11. All of the samples' hardness profiles exhibit a noticeable average rise, with Zn-
10RH(t25) having the lowest average hardness among the matrices at 189.84 HV. The results of 
hardness obtained imply that the improvement in hardness generally doubles the micro-hardness of 
the control specimen. This improvement is attributed to the formation of an adhesive mechanism 
of the alloy coating on the working specimen. The micro hardness of the electrodeposited alloys 
depends on so many factors, such as the electrolyte and the condition of the operative [35, 45-47]. 
The microstructure developed in coatings is influenced by metallurgical processing parameters like 
grain size, which is crucial to the formation of surface hardness [48], [49], as evidenced by the most 
improved Zn-RH composites deposited at 0.5 V. 
 
Table 8.  Hardness data for Zn-RH deposited samples at constant voltage 
 

Hardness 
Depth (HV) 

Control 
specimen 

Zn-
10RH(t25) 

Zn-
10RH(t30) 

Zn-
15RH(t25) 

Zn-
15RH(t30) 

25 69.12 224.71 275.82 288.41 292.22 
30 69.88 240.62 265.22 272.08 284.12 
35 70.18 212.62 279.12 292.02  295.02 
40 72.28 208.32 275.34 286.32 288.22 
45 83.28 222.31 268.42 294.24 272.83 
50 73.81 230.44 286.60 284.48 298.40 
Average 85.82 189.84 275.09 286.26 288.37 
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Figure 11.  Hardness behaviour of Zn-RH composite coating at 0.5 V 
 
3.8 Wear behaviour and coefficient of friction of Zn-RH coatings 
 
Figure 12 revealed the tribological behavior of complete wear loss of all the matrix compositions 
and the control specimen samples. The result obtained shows that the wear resistance of the dual 
anode electrolytic co-deposition composite developed was excellent. The cumulative wear loss is 
higher for the control specimen. It is evident that the incorporation of RH particulate in the Zn 
matrix improves the plastic deformation resistance and reduces wear volume loss. Considering the 
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deposition time and the concentration of the particulate, Zn-10RH(t25) matrix at 25 minutes and 
10 g/L produced an excellent wear resistance among composites fabricated at a constant voltage of 
0.5 V. The moderate doping of particles increases wear life, which supports the performance of 
Zn-10RH(t25) [50]. Excessive particles on a Zn matrix film, on the other hand, severely reduce 
tribological resistance due to phase separation. In general, the ability to produce a functional coating 
with outstanding wear performance is not a function of excessively injected particles, but instead 
of a precise modifier that can improve adhesion and tribological properties of the thin film on the 
substrate, hence increasing wear resistance [51], [52]. In general, all composite thin film coatings 
are geometrically adequate over the control specimen [53], [54]. A 0.56 coefficient of friction value 
recorded by the control specimen falls within the range (0.3-0.6) of general values given for ASTM 
mild steel. 
 
Also, the coefficient of friction was reported alongside the wear rate to observe the friction and the 
tribological behaviour qualitatively. Zn-10RH(t25) has the highest coefficient of friction value from 
the series of Zn-RH composite coating against the control specimen (CS) under non-lubricated 
conditions and at ambient conditions. When compared to other composite coatings at constant 
voltage, Zn-10RH(t25) showed a low coefficient of friction and wear rate. It is therefore more 
necessary to explain at this point that the composite thin film coating has a lower friction coefficient 
due to various crystal sizes aligned within the Zn-matrix contact. Changes in the microstructure of 

thin films are related to the reduced behaviour [55-57]. It was observed that the wear rate decreases 

with hardness in accordance with Archard’s theory [58-60]. The results in this work are 
comparable to the existing work, which shows the consistency of the work. 
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Figure 12.  Variation of wear rate and coefficient of friction of Zn-RH deposition samples  
 
4. Conclusion  
 
Dual electro-deposition of Zinc-based RH composite coatings on A36 mild steel at a constant 
voltage of 0.5 V was carried out. The study investigated the effects of the electrodeposited 
composite coatings on the corrosion behaviour of the steel in a salt environment. Also, the present 
research examined the hardness and wear behaviour of the coatings on the steel specimen. The 
following are the conclusions derived from the study.  
 

a. The morphology of the rice husk revealed the predominance of the Si element in the rice 
husk. The rice husk nanoparticle is suitable for producing an adherent film on the substrate’s 
surface.  
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b. The weight gain of the electro-deposition coating of the RH composite with Zinc increased 
with varying concentrations and deposition time. 

c. The highest coating efficiency of 53.87% was obtained for sample Zn-15RH(t30), and the 
least coating efficiency was 30.16% at Zn-10RH(t25). 

d. The Tafel polarization result showed that Zn-15RH composite coatings predominantly 
protected the substrates in the saline environment. Zn-10RH samples had the lowest 
corrosion rate of 0.0001214 A/cm2.  

e. The hardness improved from the control (85.82 HV) to the sample Zn-15RH(t30) (288.37 
HV). The improvement observed is linked to the formation of the adhesive mechanism of 
the alloy coating on the substrate.  

f. The coefficient of friction and wear rate of the samples reduced with increased 
concentration and deposition time. Hence, the composite thin film coating has a lower 
friction coefficient due to various crystal sizes aligned with the Zn-matrix.  
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