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Abstrak 
Salah satu faktor yang memengaruhi proses leaching dari suatu sumber mineral adalah karakteristik mineral dari 

bahan baku tersebut. Tidak semua fasa mineral dapat terleaching secara langsung dan sempurna. Dengan demikian, 

beberapa mineral memerlukan perlakuan khusus sehingga proses leaching dapat berlangsung dengan maksimal. 

Studi ini akan terfokus pada mempelajari pengaruh penambahan senyawa aditif, yaitu hidrogen peroksida dan 

natrium klorida, dalam proses leaching spent catalyst dengan menggunakan larutan asam sulfat. Proses leaching 

dilakukan pada konsentrasi larutan asam sulfat 1 M selama 240 menit pada suhu ruang. Konsentrasi hidrogen 

peroksida divariasikan pada 0–9%v/v sedangkan konsentrasi natrium klorida divariasikan pada 0–0,8 mol/L. Hasil 

percobaan menunjukkan bahwa kedua senyawa aditif tersebut mampu meningkatkan perolehan nikel secara 

signifikan. Perolehan nikel tertinggi sebesar 95,08% tercapai saat penggunaan hidrogen peroksida sebesar 9%v/v. 

Perolehan nikel ini lebih tinggi 3,5 kali dibandingkan dengan tanpa penambahan hidrogen peroksida. Sementara itu, 

konsentrasi natrium klorida sebesar 0,8 mol/L mampu memberikan perolehan nikel tertinggi sebesar 50,38% atau 

meningkat sebesar 1,9 kali bila dibandingkan dengan tanpa penambahan natrium klorida. 

 

Kata Kunci: Leaching, spent catalyst, hidrogen peroksida, natrium klorida, nikel 

 

Abstract 
One of the factors that affect the leaching process of a mineral source is the mineral characteristics of the raw 

materials. Not all mineral phases can be leached completely and directly. Thus, some minerals require special 

treatment so that the leaching process can take place optimally. The purpose of this research is to investigate the 

effect of adding additive compounds, such as hydrogen peroxide and sodium chloride, to the leaching process of 

spent catalyst using a sulfuric acid solution. The leaching process was carried out at room temperature for 240 

minutes with a concentration of 1 M sulfuric acid solution. The highest nickel recovery of 95.08% was obtained 

when hydrogen peroxide was used at a concentration of 9%v/v.  The experimental results showed that the two 

additive compounds were able to increase nickel recovery significantly. The highest nickel recovery of 95.08% was 

achieved when hydrogen peroxide was used at 9%v/v. The nickel recovery is 3.5 times higher than without the 

addition of hydrogen peroxide. Meanwhile, a sodium chloride concentration of 0.8 mol/L was able to provide the 

highest nickel recovery of 50.38 %, or a 1.9 times increase over the control.  
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1. INTRODUCTION 
The hydrometallurgical process, particularly 

the atmospheric pressure acid leaching (APAL) 

process, is a common method for metal recovery. 

The APAL process extracts and dissolves 

valuable metal ions into solvents from various 

mineral sources under atmospheric conditions. 

[1]-[2]. Some advantages of this process include 

the ability to obtain the product in purer 

conditions than the pyrometallurgical method, 

being more economical, requiring less energy, 

and being environmentally friendly [2]-[4]. 

In general, the main principle of the APAL 

process is to react solvent with metal compounds 

to produce metal ions that are easily soluble in 

aqueous solutions. During the leaching process, 

the diffusion step and the chemical reaction step 

control the rate of the leaching process. To 

improve the performance of the metal ion 

leaching process, various fundamental factors 

such as temperature, particle size, agitation, 

solvent type, solvent concentration, pulp density, 

and time are influenced [5]-[7]. 

However, mineral characteristics, the phase 

and form of minerals contained in the mineral 

resources, greatly affect the performance of the 

leaching process. Not all metal elements or 

compounds in the raw materials can be dissolved 

in the solvent directly and completely. In other 

words, it is needed an extra effort to leach the 

metal from the raw materials. For example, 

nickel will be easier to leach if the nickel 

contained in mineral sources is in Ni(II) ions or 

nickel-based compounds that can be changed into 

Ni(II) ions. Nickel metal (Ni°) has properties that 

are slightly soluble in acids, such as sulfuric acid 

or hydrochloric acid, and insoluble in water [8]-

[9]. Meanwhile, Ni(II) (Ni2+) ions are water-

soluble, especially in the form of a nickel-based 

compounds such as nickel sulfate, nickel chloride, 

nickel nitrate, or nickel acetate [8]-[9]. 

The solubility of nickel or nickel-based 

compounds needs more attention when the 

leaching process is carried out on raw materials 

with a large enough nickel-metal (Nio) 

component, like a spent catalyst. Spent catalysts 

usually still have metal components in the form 

of pure metal elements. In the spent catalyst Ni/γ-

Al2O3, the nickel metal (Ni°) is still much in the 

catalyst [10]. Because pure metal cannot be 

completely dissolved in an aqueous or acid 

solution, not all nickel can be leached. Thus, in 

addition to optimizing the fundamental factors, 

other efforts are required to maximize the nickel 

leaching process from this spent catalyst.  

This study will focus on efforts to maximize 

nickel recovery in the leaching process using 

spent catalysts. The basic idea of this study is to 

convert the "insoluble" component of nickel-

metal (Ni°) into Ni(II) ions. As a result, these 

Ni(II) ions can react with other anions (from the 

solvent), such as SO4
2– ions, and form water-

soluble salts. This idea is reinforced by observing 

the Pourbaix diagram of nickel, as shown in Fig. 

1. 
 

 
Figure 1. Pourbaix diagram of nickel in water [11]  

 

In that Pourbaix diagram, Ni° (Nicryst, nickel-

metal) is stable at all pH values as long as the 

voltage potential (E) is below –0.5 V. If the 

voltage potential (E) is increased, Ni° can be 

converted into Ni(II) (Ni2+) ions. It is possible to 

make an effort by adding additive compounds 

such as hydrogen peroxide (H2O2) or sodium 

chloride (NaCl). 

In the metal leaching process, hydrogen 

peroxide is a compound that can act as an 

oxidizing or reducing agent [12]. However, in an 

acidic medium, hydrogen peroxide acts more as 

an oxidizing agent [12]-[13]. Thus, hydrogen 

peroxide can oxidize lower valence metal 

elements/ions to higher valence metal (ions/ 

compounds). In the case of nickel metal (Ni°) 

conversion from spent catalyst in sulfuric acid 

(H2SO4) solution, hydrogen peroxide will oxidize 

Ni° to Ni(II) ions or in the form of nickel oxide 

(NiO) compounds. This condition is desirable in 

this study because this oxidation process will 

produce nickel ions which can be dissolved in 

aqueous solution directly or indirectly through 

NiO compounds. Then, the Ni(II) ions will react 

with another anion (SO4
2–) or the NiO 

compounds will react with H2SO4 to form NiSO4 

salt which is easily soluble in water. The reaction 

mechanism follows the following reaction 

equation [14]-[15]: 
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Oxidation reactions 

Ni(s) = Ni2+
(aq) + 2e–                         E = 0,25V (1) 

Ni(s) + H2O2(aq) = NiO(s) + H2O(l) (2) 
 

Dissolution reactions  

Ni2+
(aq) + H2SO4(aq) = NiSO4(aq) + 2H+

(aq) (3)  

NiO(s) + H2SO4(aq) = NiSO4(aq) + H2O(l)  (4) 
 

Overall reaction 

Ni(s) + H2O2(aq) + H2SO4(aq)  (5) 

                               = NiSO4(aq) + 2H2O(l)    
 

In the absence of hydrogen peroxide, Ni° will not 

be leached into an aqueous solution. Therefore, 

the use of hydrogen peroxide has excellent 

potential to increase nickel recovery in the 

leaching process in an acidic medium [16]-[18]. 

Another additive that is applied to improve 

the performance of the leaching process is 

chloride salts, such as sodium chloride (NaCl). 

The addition of chloride salts to the sulfate 

leaching medium is mostly done for the 

chalcopyrite leaching process [19]. Some 

chloride-based compounds such as ferric chloride 

(FeCl3), cupric chloride (CuCl2), sodium chloride 

(NaCl) are good oxidizing agents [20]. The 

addition of chloride salts, such as NaCl into the 

leaching system can increase the complex formed 

in the solution [4], [20]-[22]. Besides, the NaCl 

(chloride salts) addition is also expected to 

increase the voltage potential. Thus, chloride 

salts may be able to convert elements/compounds 

in the passive area (pure metal) into ions that are 

easily soluble in an aqueous solution. This 

concept will be applied in the nickel leaching 

process from the spent catalyst. Based on the 

Pourbaix diagram of nickel in Figure 1, the 

nickel-metal (Nio) phase is in the passive zone 

which is insoluble in an aqueous solution. The 

addition of salt in the system is expected to 

convert Ni° into Ni(II) ions. Sodium chloride 

compounds also increase the formation of 

complex compounds so that the nickel recovery 

process will be better [4], [20]-[22]. In addition, 

the addition of salt, such as NaCl, into sulfuric 

acid can increase the electrolyte level of the 

solution [23]. It is possible that during the 

extraction process, the value of the voltage 

potential (E) will also increase so that the 

possibility that Ni° turns into Ni(II) ions becomes 

larger (based on Fig. 1). 

This study is designed on a spent catalyst 

leaching process using the sulfuric acid solution 

at room temperature. The effect of adding 

additives, such as H2O2 and NaCl, on nickel and 

aluminum recovery is investigated. The leaching 

process at room temperature requires a very long 

processing time if the desired metal recovery is 

high. These low operating conditions have the 

advantage of lower energy use. As a result, the 

findings of this study are expected to have a 

positive impact, allowing metals to be obtained 

with high recovery and in a short period of time. 

 

2. MATERIALS AND METHODS 
2.1 Materials  

Spent catalysts used in this study were the 

catalysts that had been saturated from the 

reforming process at PT Petrokimia Gresik. A 

solution of sulfuric acid (H2SO4) was used as a 

solvent at a concentration of 1 M. Other materials 

such as hydrogen peroxide (H2O2) and sodium 

chloride (NaCl) were also used as additives.  

 

2.2 Procedure 

The leaching process took place using a 

series of equipment, as shown in Fig. 2. 
 

 
 

Figure 2. Leaching equipment 
 

After the equipment was assembled, 300 ml of 1 

M H2SO4 solution was poured into the leaching 

vessel. A solution of NaCl or H2O2 at a certain 

concentration was mixed with that H2SO4 

solution. The concentration of H2O2 solution was 

varied in the range of 0-9%v/v while the 

concentration of NaCl was varied in the range of 

0-0.8 mol/L. Then, the temperature of this 

mixture was adjusted at 30 oC and stirred at 200 

rpm. After the desired operating conditions are 

achieved, 60 grams of spent catalyst, with a size 

of -200 mesh, was entered into the leaching 

vessel. This step indicated that the leaching had 

been started and counted as t = 0. A sampling of 

10 ml was carried out periodically at 30, 90, and 

240 minutes. This sample was first separated 

between the solid phase and the liquid phase. The 

liquid phase formed was then analyzed for the 

content of Ni(II) ions using AAS (atomic 

absorption spectrometry) and Al(III) ions using a 

UV–Vis spectrophotometer. 

1. Condensor 

2. Stand, boss, and clamp 

3. Leaching vessel 
4. Magnetic stirrer 

5. Hotplate 
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2.3 Data Analysis 

The percentage recovery of metal ions was 

calculated using the following equation. 
 

 (6) 

 

where Ct is the concentration of dissolved metal 

(Ni2+ or Al3+) ions at t; Co is the maximum 

concentration of metal (Ni2+ or Al3+) ions in spent 

catalysts. 

 

3. RESULTS AND DISCUSSIONS 
3.1 The Characteristics of Spent Catalyst 

As the raw material, the spent catalysts used 

in this study were characterized first. The 

material characterization carried out consisted of 

the constituent composition and the mineral 

phase contained in the catalyst. The composition 

of the catalyst is known by analyzing the sample 

using XRF (x-ray fluorescence). The analysis 

result is presented in Table 1. 
 

Table 1. The composition of raw materials 

Element Composition (wt.%) 

Al 38.22 

Ni 37.66 

Ca 22.61 

P 0.44 

Fe 0.43 

K 0.23 

Si 0.22 

 

Table 1 shows that the constituent elements of 

this spent catalyst are dominated by aluminum 

(Al) and nickel (Ni). These analysis results are in 

line with the analysis results for the mineral 

phase contained in the catalysts. The mineral 

phase was analyzed using XRD (x-ray 

diffraction) and the analysis results are presented 

in Fig. 3. 
 

 
 

Figure 3. XRD pattern for raw materials 
 

The analysis result using XRD in Fig. 3 shows 

that the catalyst used comprises a mineral phase 

Al(OH)3, Al2O3, NiO, Ni, CaCO3, dan Ca(OH)2.  

For the nickel leaching process, two nickel 

phases can be utilized, i.e. NiO and Ni° (nickel-

metal) phases. It is easy to obtain nickel from the 

NiO phase because the reaction between NiO and 

the solvent (H2SO4) can be carried out directly by 

following the reaction equation (4). However, for 

the leaching process from the Ni° phase, nickel 

can not be leached directly. In Fig. 3, nickel-

metal (Ni°) has a reasonably high intensity, 

especially at 44.3° and 51.8°. Nickel under this 

phase will be the focus of this study. Ni° is 

expected to be reduced from the spent catalyst by 

leaching with the addition of H2O2 or NaCl. The 

addition of both additives can oxidize Ni° to 

become Ni(II) ions and then, those ions dissolve 

in an aqueous solution. 

 

3.2 The Effect of Hydrogen Peroxide (H2O2) 

Addition on the Leaching Process of Spent 

Catalyst 
 

In this section, the parameter studied is the 

concentration of hydrogen peroxide compounds. 

The variations used for this parameter are 0; 1.5; 

and 9%v/v. The experimental results are 

presented in Fig. 4. 

 

 
Figure 4. The effect of hydrogen peroxide addition on nickel 

recovery 

 

A certain concentration of hydrogen peroxide 

added to the system has a significant effect on the 

nickel recovery process. The experimental results 

in Fig. 4 demonstrate this. This is evidenced by 

the experimental results in Fig. 4. According to 

the experimental results, the higher the hydrogen 

peroxide concentration, the higher the nickel 

recovered. 

Based on Fig. 4, the highest nickel 

percentage was achieved at 95.08% using 

hydrogen peroxide at 9%v/v and a leaching time 

of 240 minutes. The results obtained are 

reasonable and in line with the existing theory. 

Long operating duration increases the probability 

of a molecule interacting with the others. This 

condition will optimize the leaching process 
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mechanism and can recover more nickel. 

However, when the leaching time was 30 minutes, 

the use of hydrogen peroxide increased 

significantly when compared to the difference in 

nickel recovery. When compared to the 

percentage of nickel recovery without the 

addition of hydrogen peroxide, the addition of 

hydrogen peroxide at 30 minutes can increase 

nickel recovery by 19.5 times for a concentration 

of 1.5 %v/v and 26.6 times for a concentration of 

9 %v/v.  

The results of this experiment indicate that 

using hydrogen peroxide in the nickel leaching 

process is an intriguing and promising endeavor. 

This process was carried out at room temperature, 

where this operating condition is classified as low 

temperature. In general, leaching at low 

temperatures results in a low percentage of 

recovery, or it takes a very long time if a high 

percentage of recovery is desired. The 

experiments conducted in this study, on the other 

hand, demonstrated that hydrogen peroxide was 

capable of providing high recovery in a relatively 

short time and at low temperatures. 

As explained in the introduction section, 

hydrogen peroxide acts as an oxidizing agent and 

will oxidize Ni° (insoluble) to Ni(II) ions 

(soluble). This phenomenon causes the 

percentage of nickel recovery will increase after 

the addition of hydrogen peroxide. Fig. 5 shows 

that the intensity of the Ni phase decreases 

significantly when the residue sample is treated 

with hydrogen peroxide. This is visible at 44.3°. 

The results of this XRD analysis support the 

findings of previous studies, demonstrating that 

the leaching process with the addition of H2O2 

has been successfully optimized because Ni° has 

been converted into Ni(II) ions and dissolves in 

acid. As a result, the nickel recovery percentage 

increased very significantly.  

Unlike the nickel leaching process, the 

addition of hydrogen peroxide in this study does 

not provide a significant difference to the 

aluminum recovery process. This can be seen in 

Fig. 6. The leaching process at all concentrations 

of hydrogen peroxide only gave an average 

percentage of aluminum recovery of 42.5±4%. 

When it views from the mineral phase present in 

the spent catalyst (Fig. 3), aluminum is not in a 

pure metal phase but the Al2O3 and Al(OH)3 

phases which can directly react with sulfuric acid, 

then form Al(III) ions. These Al(III) ions will 

dissolve in an acidic medium and form Al2(SO4)3 

salt. The reaction equations that occur are [24]-

[25]: 
 

Al2O3(s) + 3H2SO4(aq)  = Al2(SO4)3(aq) + 3H2O(l) (7)  

Al(OH)3(s) + 3H2SO4(aq) = Al2(SO4)3(aq) + 3H2O(l) (8) 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

Figure 5. XRD pattern (a) raw materials and residue from 

leaching process (b) without the addition of H2O2, (c) with 

the addition H2O2 by 1.5%v/v, and (d) 9%v/v 
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Figure 6. The effect of hydrogen peroxide addition on 

aluminum recovery 

 

In other words, for the leaching process of this 

spent catalyst, the use of hydrogen peroxide has 

more effect on the nickel recovery. 

 

3.3 The Effect of Sodium Chloride (NaCl) 

Addition on the Leaching Process of 

Spent Catalyst 

Another parameter studied in this study is 

the addition of salt, i.e. sodium chloride (NaCl) 

during the leaching process. The salt 

concentration was varied at 0, 0.1, and 0.8 mol/L. 

For this study, there is no addition of hydrogen 

peroxide into the system. The effect of this 

variation can be observed from the percentage of 

nickel recovery, as shown in Fig. 7. 

 
Figure 7. The effect of sodium chloride addition on nickel 

recovery 

 

Figure 7 shows that the addition of sodium 

chloride during the leaching process has a 

positive impact on nickel recovery as the 

leaching process takes longer. This condition is 

very obvious, especially at the 240 minutes 

leaching time. For 240 minutes, sodium chloride 

was able to increase the percentage of nickel 

recovery from 27.07% to 44.25% (for the 

addition of 0.1 mol/L NaCl) and 50.38% (for the 

addition of 0.8 mol/L NaCl). The phenomenon 

resulting from this study is a promising effort to 

maximize the nickel leaching process. The effect 

of sodium chloride as an additive is not as 

significant as hydrogen peroxide. However, the 

addition of sodium chloride was able to increase 

nickel recovery by about two times even though 

the leaching process was carried out at a low 

temperature, 30 °C where the leaching rate at this 

temperature was prolonged.  

The use of sodium chloride can convert the 

nickel phase from Ni° to Ni(II) ions because 

theoretically, there is an increase in the voltage 

potential value. This result is further proven from 

the results of analyzing the mineral phase of the 

residue from the leaching process. The results of 

the analysis are presented in Fig. 8. Based on Fig. 

8, the nickel-metal (Ni°) phase decreased 

significantly after the addition of sodium chloride. 

This can be observed from the XRD pattern and 

peak intensity of the Ni° phase, especially at 

44.3° and 51.8°. The decrease in peak intensity 

and increase in nickel recovery further 

strengthens the study results where the addition 

of sodium chloride can increase the rate of nickel 

leaching process from spent catalyst. 

Furthermore, when Fig. 7 is compared to Fig. 

4, there is a difference in the tendency of the 

addition of hydrogen peroxide and sodium 

chloride. A comparison of the two figures shows 

that the addition of sodium chloride is not as 

aggressive as hydrogen peroxide. Increasing the 

time of 30 and 90 minutes in sodium chloride did 

not result in a significant increase in nickel 

recovery. This is in contrast to the addition of 

hydrogen peroxide, where the difference in time 

significantly increases nickel recovery. This 

phenomenon indicates that the oxidation process 

of Ni° to Ni(II) ions will be more spontaneous 

when hydrogen peroxide is added. 

An analysis of aluminum recovery was also 

performed for this parameter, and the results are 

shown in Fig. 9. In general, no significant 

changes occurred in aluminum recovery. This 

condition is similar to the study of the addition of 

hydrogen peroxide. However, Fig. 9 has a 

consistent trend in each leaching time. The 

addition of 0.1 mol/L sodium chloride gives 

slightly better leaching results. In this condition, 

the recovered aluminum is in the range of 45.66- 

48.68%. This study shows that, like hydrogen 

peroxide, the addition of sodium chloride has an 

effect on the nickel leaching process when 

compared to aluminum. 
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(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 
Figure 8. XRD pattern (a) raw materials and residue from 

leaching process (b) without the addition of NaCl, (c) with 

the addition NaCl by 0.1 mol/L, and (d) 0.8 mol/L 

 
Figure 9. The effect of sodium chloride addition on 

aluminum recovery 

 

Overall, the results of this experiment are 

supported by the results obtained from several 

previous studies [16]-[18], [20]-[22]. Those 

studies confirmed that hydrogen peroxide and 

sodium chloride are the good additive agent for 

the metal recovery, especially nickel in the low 

temperature extraction process. Both additives 

have a positive effect to leaching process becaust 

the nickel metal (Nio) phase contained in the 

spent catalysts can be extrated into the acid 

solution. 

 

4. CONCLUSIONS 
The addition of additives such as hydrogen 

peroxide and sodium chloride has a positive 

effect on the nickel leaching process from the 

spent catalyst. These two additive compounds are 

capable of converting nickel metal (Ni°) into 

Ni(II) ions which are easily soluble in an aqueous 

solution. As a result, the use of these additive 

compounds can increase nickel recovery. In 

general, the higher the concentration of additive 

compounds, the higher the nickel recovery. In 

this study, the use of hydrogen peroxide 

concentration of 9%v/v was able to leach nickel 

by 95.08% or an increase of 3.5 times when 

compared to without the addition of hydrogen 

peroxide. Meanwhile, the use of sodium chloride 

of 0.8 mol/L was able to leach nickel by 50.38% 

or an increase of 1.9 times. However, the use of 

these two additive compounds did not tend to 

affect the aluminum recovery. 
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