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ABSTRACT 

Ni-B-TiO2 nanocomposite coating is a surface technology solution to improve the wear resistance of Ni-plating 

when working in corrosive and highly corrosive environments. One of the ways to increase the wear resistance of 

the composite coating is to optimize the density of TiO2 particles involved in the coating. To achieve this, we have 

modified the process parameters to increase the micro-hardness of the coating. The research results of Ni-B-TiO2 

nanocomposite coating showed that the subtle hardness of the composite coating depends significantly on the 

stirring speed, current density and temperature of the electrolytic solution. Changing these parameters during the 

plating process can result in a composite coating with a micro-hardness 2 times more than that of a conventional Ni 

coating. In this article, part one, we introduce the goal of increasing the micro-hardness of the nano-coating by TiO2 

particles. Part two, is how to do the experiment, the third part is the results and discussion, the fourth part is the 

conclusion. 
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INTRODUCTION 

Ni-B-TiO2 nanocomposite plating to create a coating on metal, alloy, and plastic substrates. Ni-B-TiO2 composite 

coating has special mechanical properties to increase the working ability of machine parts in corrosive and corrosive 

conditions. The principle and mechanism of composite plating are outlined in the references [1]. The parameters of 

the composite plating process, such as current density, pulse mode, stirring speed, electrolyte temperature, pH, have 

a direct influence on the structure and mechanical properties of the composite coating [2]. Current density is possibly 

the most widely explored parameter. The current density has little or no effect on the number of particles adhering 

to the coating. For Ni-B-TiO2 system at high stirring speed, the maximum point of particles clinging to the coating 

will shift towards high current density. Similarly, when the density of neutral particles in the plating bath increases, 

a minimum point is formed towards the low current density [3]. In addition to transporting the particles, stirring also 

helps to keep the particles in suspension and stabilize the particles' suspension. Both the stirring of the electrolyte 

solution and the mixing of the hard particles with the electrolyte solution dissolve the clumping of the neutral 

particles. To uniform coating, the suspension should contain dispersed fine particles [4,5].  

The effect of temperature seems to be different for composite plating systems. With the Ni-Al2O3 system, the effect 

of temperature on the percentage of particles involved in the coating is negligible. However, the graphite content in 

the Cr coating increased with the same temperature up to 500C. Meanwhile, Cr- Al2O3 is the opposite, which means 

that the hard particles involved in the coating decrease when the temperature increases to 500C. In both cases the 

effect of temperature above 500C can be ignored. In the Ni-V2O5 system, the hard particles involved in the coating 

are the largest at 500C. The percentage of hard particles involved in the Cu coating decreases continuously with 

increasing temperature [6-8]. The neutral particles insoluble in the electrolyte solution are kept suspended in the 

solution by the stirrer and participate in the formation and development of the metal coating. The existence of neutral 

particles in a composite coating significantly changes the hardness and strength of the coating and changes the 

interaction characteristics of the coating with the opposing surface or surroundings [9]. The increased micro-

hardness of the composite coating shows more participation of neutral particles in the coating.  
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Since the micro-hardness of the coating is closely related to the density of neutral particles participating in the 

coating, the micro-hardness measurement results of the coating can be used to evaluate the density of the neutral 

particles involved. into the coating. In some previous studies, stirring speed is a parameter that strongly influences 

the density of neutral particles participating in the coating by maintaining neutral particles with high density 

suspended close to the surface of the cathode [7-10]. The current density has less effect on the density of particles 

participating in the coating and then the temperature, pH [1,12]. The results of the study show that the greatest effect 

of temperature on micro-hardness of the coating (it is possible to increase the hardness of the Al2O3 coating by up 

to 125%), then on current density and coating temperature. However, the influence of the parameters mentioned 

above on the microscopic hardness is different for different composite coatings on Ni substrates (the degree of 

influence of the same parameter as the current density can be as different as 34.0 %) [13-15]. The difference between 

the results of previous studies on the properties of the composite coating compared to this study can be attributed to 

the differences of each specific composite coating system [16]. The effect of pH on microscopic hardness is 

negligible, so the pH is kept constant in this study. In this article, we study about effects of process parameters on 

the micro-hardness of Ni – B - TiO2 nanocomposite coatings through three steps. We first research and manufacture 

the coating system Ni – B - TiO2 on the cutting tools to improve the micro-hardness and gloss for the details. Next 

we discuss the analysis of chemical molecules in the coating. Finally, we focus on analyzing and evaluating the 

micro-hardness of Ni – B - TiO2 layer nanocomposite coatings on the substrate surface. 

EXPERIMENTAL SECTION 

Sample preparation 

The sample used for the nanocomposite plating process is 09CrSi steel, reached a hardness of 58-60 HRC, 

cylindrical size d = 26 mm, h = 10 mm, polished, then cleaned, washed in an acid mixture tank at ambient 

temperature before plating. During the plating process, the suspension is mechanically stirred at the above speed for 

a period of 1.5 hours. After plating, the sample is rinsed in running water, then ultrasonically rinsed in distilled water 

for about 10 minutes. 

System Ni – B - TiO2 nanocomposite plating  

The Ni – B - TiO2 nanocomposite coating equipment designed and manufactured by the research team includes an 

electrolytic solution tank with a capacity of 60 liters. This automatic electric switching heating system can raise and 

stabilize the temperature of the solution. up to 800C, the automated control system provides pulsed direct current or 

continuous flow to the plating tank, the mechanical stirring system can continuously adjust the stirring speed from 

10 v/p to 350 v/p. (Figure 1). 

 

Figure 1. System stirring Ni-Al2O3; 1. AC power source, 2. Inverter, 3. Electric motor, 4. Engine bracket, 5. Gear 

transmission, 6. Rack for the whole system, 7. Plating tank, 8. Shaft cover, 9. Propeller, 10. Electrolyte solution 
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Materials 

The chemicals used for Ni – B - TiO2 nanocomposite plating are listed in the Table. 1. Sodium dodecyl sulfate is 

used as an additive to increase the surface activity of neutral particles. Neutral particles used in the experiment are 

TiO2 with particle size ≤ 1 µm and TiO2 content of 50 g/l (Figure 2.).  

 

Figure 2. SEM image Neutral TsiO2 particles 

Table 1. The chemicals used for Ni- Al2O3 composite 

Ingredient Unit (g/l) Ingredient Unit (g/l) 

NiSO4.6H2O  300 Sodium dodecyl 

 sulfate (g/l) 

0,1 

NiCl2.6H2O  50 TiO2 50 

H3BO4  40 pH 4 - 4,5 

Mode and preparation process 

Plating process is done with a solution pH between 4 and 4.5 (pH adjusted by adding NH3 or dilute hydrochloric 

acid). 

- Change stirring speed from 140 rpm to 245 rpm 

Plating temperature 400C, current density 5A/dm2 

- Change of current density: 2A/dm2, 3A/dm2, 5A/dm2, 7A/dm2 

Plating temperature 400C, stirring speed 210 rpm 

- Plating temperature change: 300C, 350C, 400C, 450C 

Stirring speed 210 rpm, current density 5A/dm2. 

Before plating, the suspension is stirred by Swiss ultrasonic stirrer SW3H for 30 minutes, then mechanically stirred 

in the plating bath for 6 hours. Note that the stirring of the solution must be uniform and continuous, if the stirring 

of the solution is interrupted, hard particles can create unwanted clumps on the plating. 

RESULTS AND DISCUSSION 

The effect of stirring speed on the microstructure and the microhardness of the coating layer 

The participation of TiO2 neutral particles in the Ni coating was investigated on a scanning electron microscopy 

(scanning electron microscopy) Jeol 5410 LV at the Hanoi University of Science. Observed results on the electron 

microscope showed that the density of neutral particles TiO2 participating in the Ni coating decreased gradually 

when the stirring speed increased from 140 rpm to 245 rpm. At a stirring speed of 140 rpm, the density of particles 

participating in the coating reaches a maximum. On the Fig. 3, it can be seen that TiO2 particles participate in the 

coating relatively evenly when stirred at 175 rpm (Fig. 3a). The particle density becomes denser when the stirring 

speed decreases to 140 rpm (Fig. 3b). However, if the stirring speed is reduced to 105 rpm, the TiO2 particles are 

fused together to form relatively large arrays, reducing the coating's mechanical properties. EDS analysis (Fig. 3c) 

shows that the chemical composition of the coating is relatively homogeneous, the substrate material can influence 

mainly Ni and TiO2, the presence of Fe. 
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Figure 3. (a) SEM image showing participation in the coating of TiO2 particles when stirred at 175 rpm; (b) Stir 

at 140 rpm; (c) EDS surface analysis of (b) confirmed the participation of TiO2 particles in the Ni nanocomposite 

coating. 

From the results, measured the microscopic hardness Table. 2. It can be seen that the hardness of Ni-B-TiO2 

nanocomposite coating depends on the TiO2 particle density and the uniform distribution of these particles in the 

coating ie depends on the stirring speed. With a stirring speed of 245 rpm, the micro-hardness of the coating is the 

lowest (191 HV10). The micro-hardness of Ni-B-TiO2 nanocomposite coating was the highest at 250 HV10, 1.4 

times that of conventional Ni coating (170 HV10) at 175 rpm stirring speed. 

Table 2. Subtle hardness of Ni-B-TiO2 nanocomposite coating when changing stirring speed from 140 rpm to 245 

rpm, plating temperature 400C, current density 5A/ m2. 

Measured 

times 

Ni Ni-B-TiO2 140 

rpm 

Ni-B-TiO2  

175 rpm 

Ni-B-TiO2  

210 rpm 

Ni-B-TiO2 245 

rpm 

1 154 240 250 225 160 

2 184 235 230 240 213 

3 170 222 250 230 200 

Average 170 232 243 230 191 

 

Stirring speed is a parameter of particular concern because it is a parameter that directly affects the degree of 

participation of particles in the coating. Neutral particles required by the surface of the cathode to join the composite 

coating should be moved from the source to the cathode. Stirring promotes particle movement and increased stirring 

will cause more hard particles to join the coating. However, excessive stirring will reduce particles joining the 

coating because these particles will be thrown off the cathode surface before they are retained [17]. For Ni-B-TiO2 

system at high stirring speed, the maximum point of particles clinging to the coating will shift towards high current 

density [18,19]. When stirring at high speed, the TiO2 particles dispersed into the coating more evenly but with low 

density, which causes the subtle hardness of the coating to decrease. Conversely, when the stirring speed of TiO2 

particles is reduced beyond a certain limit, the particles clump together to form relatively large arrays, reducing the 

hardness and mechanical properties of the coating.  

This explains that the largest number of particles involved in the coating at the stirring speed of 140 rpm, the number 

of particles participating in the coating decreases gradually as the stirring speed increases and reaches the lowest 

value stirring speed. highest in the study (245 rpm). The micro-hardness of the coating obviously depends on the 

density of the particles involved and the degree of even distribution in the coating. At low stirring speed the degree 

(a) (b) 

(c) 
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of particles participating in the coating is more than that at high stirring speed. However, at the stirring speed of 140 

rpm, the microscopic hardness of the coating was only 232 HV10 compared to 243 at the 175 rpm stirring speed, the 

clumping phenomenon of TiO2 particles explains this at the speed of Low stirring reduces the microscopic hardness 

of the coating. When the stirring speed exceeds 210v/p, the microscopic hardness begins to decrease, indicating that 

increasing the stirring speed too high leads to the problem of making it difficult for hard particles to join the surface 

of the plating (Figure 4). 

 

Figure 4.  Relationship between the microscopic hardness of the composite coating and the stirring speed 

From the above analysis, it can be seen that the stirring speed of 175 rpm gives both a high density of neutral 

particles in the coating and the highest micro-hardness of the coating. This is the stirring speed that should be 

selected when studying the effects of other process parameters in the next studies.         

The influence of the current density on the microcoating hardness  

The effect of current density, with Ni-B-TiO2 nanocomposite coating, the micro hardness reaches maximum value 

HV10 = 350 at current density 3A/dm2 and decreases to HV10 = 225 at current density 5A/dm2 (Fig. 5 and Table. 3).       

 

Figure 5. Relationship between the microscopic hardness of the composite coating and current density 

Current density is possibly the most widely explored parameter. The effect of the current density on the density of 

the particles involved in the coating can vary. First, the current density has little or no effect on the number of 

particles attached to the coating. Second, the dependence of the current density and the number of particles adhering 

to the coating can follow the rule of several extreme points. 
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Table 3. Subtle hardness of Ni-B-TiO2 nanocomposite coating when changing current density 2A/dm2, 3A/dm2, 

5A/dm2, 7A/dm2 
,plating temperature 400C, stirring speed 210 rpm . 

Measured 

times 

Ni Ni-B-TiO2 

2A/dm2 

Ni-B-TiO2 

3A/dm2 

Ni-B-TiO2 

5A/dm2 

Ni-B-TiO2 

7A/dm2 

1 154 270 300 225 270 

2 184 300 350 240 260 

3 170 290 300 230 290 

Average 170 286 316 230 273 

Since the micro-hardness of the coating is closely related to the density of neutral particles participating in the 

coating, the micro-hardness measurement results of the coating can be used to evaluate the density of the neutral 

particles involved. into the coating. Current density is a parameter that affects the density of neutral particles 

participating in the coating by maintaining the neutral particles with high density suspended close to the surface of 

the cathode. Current density high, is also the cause of surface denaturation as well as preventing hard particles from 

participating in the plating layer. However, it can be seen that with Ni-B-TiO2 nanocomposite coating, the current 

density has little effect on the density of particles participating in the coating. 

The influence of the coating temperature on the microstructure and the microcoating hardness 

Regarding the effect of temperature, for Ni-B-TiO2 nanocomposite coating, in the temperature range from  to 500C, 

the microscopic hardness reaches the maximum value HV10 = 346 at 350C (Table. 4). The results of HV10 micro 

hardness measurement for TiO2 composite coating showed that the stirring speed, current density and the 

temperature of the plating solution significantly affect the microscopic hardness of the composite coating. The 

experimental results show that the effect of the plating temperature on the microscopic hardness is the greatest, the 

change in temperature in the above range can increase the hardness by 125% for Ni-TiO2 coating. For Ni-B-TiO2 

nanocomposite coating, the effect of the current density on the microscopic hardness is greater than that of the 

stirring rate (Table. 4 and Fig. 6). 

Table 4: The microhardness of Ni-B-TiO2 nanocomposite coating when changing the plating temperature: 30C, 

35C, 40C, 45C, stirring speed 210 rpm, current density 5A/dm2. 

Measured 

times 

Ni Ni-B-TiO2 

30C 

Ni-B-TiO2 35C Ni-B-TiO2  

40C 

Ni-B-TiO2 

45C 

1 154 270 330 225 300 

2 184 260 380 240 350 

3 170 250 330 230 300 

Average 170 260 346 230 316 

 

The increased micro-hardness of the composite coating shows more participation of neutral particles in the coating. 

Since the micro-hardness of the coating is closely related to the density of neutral particles participating in the 

coating, the micro-hardness measurement results of the coating can be used to evaluate the density of the neutral 

particles involved. into the coating. The current density has less effect on the density of particles participating in the 

coating and then the temperature, pH [1,6]. The research results show that the influence of temperature on 

microscopic hardness of the coating is greatest, and then on current density and coating temperature. However, the 

influence of the aforementioned parameters on the microscopic hardness is different for different composite coatings 

on Ni substrates (the degree of influence of the same parameter as the current density can be as different as 34. %). 

The difference between the results of previous studies on the properties of the composite coating compared to this 

study may be due to the differences of each specific composite coating system. Effect of pH on microscopic hardness 

is negligible, so the pH is kept constant in this study. 
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Figure 6.  Relationship between microscopic hardness of composite coating and plating temperature 

CONCLUSIONS 

To increase the wear resistance of the working surface in corrosive environments, increasing the microscopic 

hardness of the surface layer is an effective solution. Altering parameters of the plating process such as stirring 

speed, current density, and plating temperature lead to significant changes in the subtle hardness of the Ni-B-TiO2 

nanocomposite coating. Temperatures have the most significant influence on the microscopic hardness of the 

composite coating (which can increase hardness up to 125%) followed by stirring speed and current density (which 

can increase hardness up to 86%). These results are of great significance in enhancing the wear resistance of the 

contact surface. The article only stops at studying process parameters sporadically, the problem of experimental 

planning, in order to provide a set of process parameters, is a further research direction of the article. The next 

development direction is the introduction of an optimal set of process parameters, which is also a very urgent and 

challenging issue. 
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