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Abstract: Herein, slag-TiO2/Ti photoelectrode was prepared by deposition technique using a Ti plate 

as a template. The influence of slag doping on TiO2/Ti photoelectrode electrochemical performance 

was investigated. Previously, TiO2/Ti photoelectrode was synthesized by an anodizing method in an 

electrolyte solution containing glycerol, DI water, and NH4F. This study also varied the measurement 

of potential difference and deposition time photoelectrode. In addition, there has unique excellence, 

such as high surface area and stability. The electro­chemical studies of slag-TiO2/Ti photoelectrode 

were determined using Linear Sweep Voltammetry (LSV) technique in K3[Fe(CN)6] electrolyte 

solution. We found the slag composition with various mineral dominant contents such as Fe2O3, Al2O3, 

MgO, and SiO2, respectively 10.37%, 2.98%, 21.96%, and 38.71%. The results exhibit that the modified 

slag-TiO2/Ti photoelectrode with a potential difference of 2.0 Volt and a deposition time of 15 minutes 

presents higher electrochemical performance and good stability than other photoelectrodes.  

Keywords: Nickel slag; TiO2/Ti photoelectrode; electrodeposition method; linear sweep 

voltammetry. 
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1. Introduction 

The surface phenomenon of TiO2 semiconductor material, which can be applied as a 

photocatalytic material in decomposing organic pollutants, has attracted the attention of 

researchers around the world in recent years. The surface of TiO2 can absorb UV-Vis light and 

produce a hole (h) which is a strong oxidizing agent, so it’s very effective in degrading organic 

pollutants that are difficult to degrade by methods that have been developed previously [1,2]. 

In addition, other advantages of TiO2 are environmentally friendly, non-toxic, and high 

photocatalytic activity [3,4].  

Several obstacles in applying TiO2 as a photocatalytic material, such as catalyst 

recovery, are difficult to carry out, thus triggering new pollution. Moreover, the electron-hole 

pair recombination that occurs is very fast, causing inefficient degradation. On the other hand, 

TiO2 can only absorb UV light around 4-6% in sunlight, prompting the need for surface 

modification of TiO2 [5,6]. Doping methods use non-metallic elements (such as N, B, C, F), 

transition metals (such as Fe, Ni, Cu, Zn, Mn, Cr), and lanthanide metals, showing increased 

photocatalytic activity of TiO2 under UV irradiation [7]. Its performance successfully extended 

the working area of TiO2 to Visible light, thus allowing for a wider range of applications using 
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direct sunlight [8–12]. In addition to the doping method, the working electrode-based 

photoelectrocatalytic method was also reported to improve the photocatalytic activity of TiO2, 

where this method can reduce the rate of electron-hole pair recombination and provide better 

degradation results [13,14]. 

Seeing the promising prospect of the TiO2 semiconductor, it became a passion for 

modifiying the surface of this material. So in this research, TiO2/Ti surface doping will be 

carried out through electrochemical anodizing using Pomalaa nickel processing slag waste as 

the metal element. Based on the literature study, in addition to Ni, Slag waste also contains 

many other transition elements such as Cu, Zn, Fe, and Co. Furthermore, it also contains metals 

such as In, Ge, and Al [15,16]. The existence of these elements can be a leverage for the success 

of this research. Moreover, using Pomalaa nickel processing slag as a doping material is a 

breakthrough. It can be used as an alternative step in processing nickel slag waste which is 

reported to increase yearly. 

2. Materials and Methods 

2.1. Materials. 

The materials used in this study were titanium plate (0.5 mm thick and 99% pure), 

ammonium fluoride (NH4F), ethanol (C2H5OH), distilled water, potassium ferricyanide 

K3[Fe(CN)6], methylene blue (MB) dye was purchased from Sigma–Aldrich (M). Especially 

nickel slag obtained from PT. Antam Pomalaa-Koalaka, Southeast Sulawesi-Indonesia. 

2.2. Preparation and characterization of nickel slag. 

Slag samples were obtained from the Pomalaa Nickel Processing Slag waste reservoir. 

It was ground mechanically using a disk mill. Hereafter, the slag was sifted using a 100 µm 

size. Finally, the slag was characterized by XRF to notice the oxide composition. 

2.3. Formation of slag-TiO2/Ti by electrodeposition method. 

The prepared Ti plate was inserted into a probe containing an electrolyte solution of an 

87% glycerol solution and distilled water with a volume ratio of 24:1 and 0.27 M NH4F. Ti 

plate was cut with lengths of 4 cm and width of 0.5 cm, respectively. Anodizing was done for 

4 hours by placing the Ti plate as the anode and the Cu plate as the cathode using a potential 

difference of 25 V, which was connected to the power supply. The electrodes formed were then 

doped with a slag solution using the electrodeposition method to produce slag-TiO2/Ti 

electrodes. Finally, the slag-TiO2/Ti electrode was calcined for three h at 500 °C.  

2.4. The electrochemical activity of the photoelectrode. 

The electrochemical activity test of the electrode was observed using the Linear Sweep 

Voltammetry (LSV) technique in 0.1 M K3[Fe(CN)6] electrolyte solution using a 3-electrode 

system. The electrodes used include slag-TiO2/Ti photoelectrode as a working electrode, 

platinum (Pt) wire as a counter electrode, and Ag/AgCl electrode as a comparison electrode. 

Measurements were made from a potential range of -1V - 1 V with a scan rate of 0.1 V/s. 
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3. Results and Discussion 

3.1. Electrodeposition of slag-TiO2/Ti. 

The electrodeposition process increases the activity of the TiO2 photocatalyst by adding 

dopant slag to the TiO2 crystal lattice. The potential difference varies, including 1 Volt, 1.5 

Volt, and 2 Volt with a time of 10 minutes. The selection of a temperature of 500 °C during 

the calcination process aims to glue the Slag-TiO2/Ti layer to make it stronger so that the 

bonding force between the thin layer and the TiO2 formed by the Ti plate layer is getting better. 

In addition, it removes the remaining water solvent and forms TiO2 crystals in the anatase phase 

[17,18]. Visually the results obtained in the electrodeposition process are shown in Figure 1. 

 
Figure 1. (A) Slag-TiO2/Ti electrodeposition process and (B) slag-TiO2/Ti photoelectrode 

3.2. Characterization of slag composition and morphology of TiO2/Ti. 

The slag sample used was obtained from PT. Antam Pomalaa-Kolaka. The slag, still in 

the form of lumps, was washed using clean water to remove impurities such as soil and grass. 

The prepared slag samples were then analyzed using XRF to see the content of the elements 

and activated to remove the impurities. The results of XRF characterization on the slag sample 

showed the presence of dominant oxide compounds such as Fe2O3, Al2O3, MgO, and SiO2, 

respectively 10.37%, 2.98%, 21.96%, and 38.71%. The rest were compounded minor 

compounds such as Ni, Co, TiO2, and Zn, which have a small percentage (Table 1). 

Table 1. Characterization of XRF slag before activation. 

No. Element Composition (%) 

1.  Ni 0.06 

2.  Fe 7.25 

3.  Co 0.0002 

4.  MgO 21.96 

5.  SiO2 38.71 

6.  Si 18.09 

7.  Fe2O3 10.37 

8.  Cr2O3 1.17 

9.  Al2O3 2.98 

10.  CaO 1.14 

11.  MnO 0.35 

12.  TiO2 0.07 

13.  K2O <0.01 
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No. Element Composition (%) 

14.  Na2O 0.001 

15.  P2O5 0.001 

16.  SO3 0.09 

Total  100 % 

SEM was used to determine the surface structure and morphology of the TiO2/Ti 

photoelectrode prepared. The surface morphology of the anodized TiO2/Ti electrode with a 

potential difference of 25 V for 4 hours, calcined at a temperature of 500 °C, was shown in 

Figure 2. The results show the formation of TiO2 nanopores on the surface of the Ti plate 

[19,20]. The presence of glycerol in the anodizing process greatly affects the resulting oxide 

layer. Low water content in glycerol will form an oxide layer with good homogeneity. The high 

viscosity of the glycerol solution allows the movement of the electrolyte ions (F- ions) in the 

solution to be more limited so that the oxide layer formed has good regularity [21,22]. In 

addition, the presence of NH4F solution in the anodizing process will result in the formation of 

a tube template on the photoelectrode. 

 

Figure 2. Surface morphology of TiO2/Ti photoelectrode. 

3.3 Electrochemical test of slag-TiO2/Ti photoelectrodes  

An electrochemical test of the electrode was observed using the Linear Sweep 

Voltammetry (LSV) method in 0.1 M [K3(FeCN6)] electrolyte solution using a 3-electrode 

portable potentiostat system [23,24]. Slag-TiO2/Ti photoelectrode as the working electrode, 

platinum wire (Pt) as an auxiliary electrode, and Ag/AgCl electrode as the comparison 

electrode. An electrode test was carried out to see the effect of slag dopants on the 

photoelectrolysis system. The results of the LSV test are shown in Figure 3. 

 
Figure 3. Amperogram of slag-TiO2/Ti photoelectrodes; (A) variation of potential difference, and (B) variation 

of deposition time. 
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Based on Figure 3A, it can be seen that the potential difference applied to the slag-

TiO2/Ti working electrode in the photoelectrocatalyst system causes the formation of a positive 

electric field due to a decrease in the fermi energy level. The resulting electrons are transferred 

to the Pt auxiliary electrode via an external circuit. On the other hand, the holes produced in 

the valence band will be brought to the TiO2 surface to attack the material in contact with the 

catalyst surface to initiate the oxidation reaction of organic compounds. Therefore, the potential 

difference increases the e-/h+ separation and the rate of photohole capture by the target 

compound, which will increase the efficiency of photodegradation on the electrode surface. 

The deposition time affects the testing process because the deposition time can increase 

the sensitivity and lower the detection limit. The pre-concentration stage can have an influence 

on the measurement of the analyte current at the slag-TiO2/Ti working electrode. Based on 

Figure 3B, it can be seen that with increasing deposition time, the resulting current is greater. 

This is because, with increasing deposition time, the opportunity to reduce the slag solution in 

the solution will be greater so that more ions will be trapped on the surface of the 

photoelectrode [25–27]. These ions will help the degradation process of analyte compounds. 

3.4 Determination of Scan Rate 

A study of the effect scan rate was carried out using the LSV technique in K₃[Fe(CN)₆] 

electrolyte solution. Measurements were made on photoelectrodes with a potential difference 

of 1 Volt, 1.5 Volt, and 2 Volt. The electron transfer that occurs at the slag-TiO2/Ti 

photoelectrode was affected by the scan rate. Variations of scan rate used in this research 

include 0.05; 0.1; 0.2, and 0.5 V/s. Based on the results in Figure 4, it can be seen that the 

photoelectrode with a potential of 2 Volts shows higher electrochemical performance and good 

stability than other photoelectrodes. 

Moreover, the optimum scan rate was shown at a scan rate of 0.5 V/s. This phenomenon 

was caused by slag in the TiO2/Ti electrode, which can help the electron transfer process so 

that the redox reaction rate becomes faster at the electrode surface [28,29]. A larger scan rate 

would be caused the time needed to reach equilibrium to be faster as well [30]. Conversely, a 

lower scan rate will result in a thinner diffusion layer. 

 
Figure 4. Potential difference variation; (A) 1 Volt, (B) 1.5 Volt, and (C) 2 Volt. 
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Figure 5. Variation of deposition time; (A) 5 minute, (B) 10 minutes, and (C) 15 minute 

The scan rate was determined by varying the scan rate, namely 0.05 V/s, 0.1 V/s, 0.2 

V/s, and 0.5 V/s, with deposition times of 5 minutes, 10 minutes, and 15 minutes. 

Measurements were made with a potential range of 1 V-1 V in K₃[Fe(CN)₆] electrolyte solution 

[31]. It can be seen that (Figure 5) the resulting voltammogram increases as the scan rate 

increases. Increasing the scan rate would be caused a high current of the analyte redox reaction 

[32]. The highest peak current was generated at the photoelectrode with a deposition time 

variation of 10 minutes. This phenomenon was caused by a high scan rate. The diffusion layer 

formed will be thin so that the transfer of electrons around the surface of the working electrode 

takes place properly [18,29,33]. 

4. Conclusions 

In summary, the electrodeposition method successfully synthesized the slag-TiO2/Ti 

photoelectrode. In short, TiO2/Ti photoelectrode was synthesized by the anodizing method in 

an electrolyte solution containing glycerol, DI water, and NH4F. This study also varied the 

measurement of potential difference and deposition time electrode. XRF analyses further 

confirmed the presence of dominant mineral contents such as Fe2O3, Al2O3, MgO, and SiO2, 

respectively 10.37%, 2.98%, 21.96%, and 38.71%. The experimental results LSV exhibited 

that slag-TiO2/Ti photoelectrode with a potential difference of 2.0 Volt and deposition time of 

15 minutes presents higher electrochemical performance and good stability compared with 

another photoelectrode. 
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