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Abstract: In this study, waste of hydrogenation catalysts of the “Pricat 9920” grade, used in the conversion of liquid 

vegetable oils into semi-solid products at IDEAL OIL JSC located in the Namangan region of the Republic of Uzbekistan, was 

utilized. To analyze the chemical composition of this hydrogenation catalyst waste, an average sample was collected and analyzed 

using a high-performance energy-dispersive X-ray fluorescence spectrometer equipped with a polarization system - Rigaku NEX 

CG EDXRF (Japan). In the territory of the Republic of Uzbekistan, Namangan region, sulfuric acid was used to extract nickel as a 

microelement from the spent hydrogenation catalyst of “IDEAL OIL” JSC. The effects of processing time, stirring rate using a 

magnetic stirrer, and the solid-to-liquid ratio of the waste with the solvent were systematically investigated. Taking all the above-

mentioned parameters into account, it was determined that under the optimal technological conditions-20% sulfuric acid solution, 

temperature of 60 °C, solid-to-liquid ratio of 1:7, interaction time of 30 minutes, and a stirring speed of 800 rpm-it is possible to 

achieve a nickel recovery of 81.7% from the spent hydrogenation catalyst. 

 

Keywords: microelements, sulfuric acid concentration, temperature, number of cycles, solid:liquid ratio, X-ray 
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Introduction. With the increasing population on Earth, the demand of every 

individual for high-quality food to maintain a healthy and active life has become a 

persistent problem [1]. In this case, one of the most appropriate solutions is 

biofortification, which involves increasing the nutritional value of crops through the use 

of fertilizers [2]. Although traditionally used macroelement fertilizers positively affect 

crop growth, they cannot compensate for the role of microelements in performing 

essential life functions. The failure to replenish microelements in the soil, which are lost 

due to degradation or leaching, negatively affects not only plant life but also the health 

of humans and livestock that consume them [3]. It has been proven by scientists that a 

number of diseases in humans, such as anemia (iron, vitamin B12, and folate), 

anisocytosis (cell deformation, zinc and vitamin A), neutropenia and osteoporosis 

(copper and calcium), and hemolysis of red blood cells (selenium), arise as a result of 

microelement deficiency [4]. Insufficient intake of essential microelements such as 

selenium (Se), zinc (Zn), manganese (Mn), molybdenum (Mo), copper (Cu), boron (B), 

iron (Fe), nickel (Ni), and chlorine (Cl) leads to hidden hunger in the body [5]. 
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Incorporating these microelements into traditionally used fertilizers and applying them 

as fertilizers provides solutions to a number of problems. 

Extracting valuable microelements, which are preferable for use as fertilizers, from 

solid wastes that are secondary products of industry and production, and subsequently 

utilizing them, leads to an increase in the nutritional value of crops through fertilizers. 

At the same time, recycling wastes generated from commercial, industrial, agricultural, 

and mining activities eliminates the environmental hazards associated with them. Over 

the past few decades, the industrial sector has undergone rapid development, and the 

production process has begun to significantly demonstrate its negative impact on the 

environment. Failure to consider these generated products as recyclable secondary 

resources or their improper disposal leads to various problems. Unlike organic 

substances, solid wastes containing heavy metals do not undergo biological degradation; 

they can only change their oxidation state and may remain in a semi-decomposed state 

for many years [6]. Excessive accumulation of heavy metals and their salts in the soil 

negatively affects soil microorganisms [7], the plants growing there [8], and their 

functional activity [9]. Many heavy metals present at high concentrations are also 

potentially toxic to living organisms [10]. The use of industrial waste as a secondary 

resource mitigates its negative environmental impact, while utilizing the valuable 

microelements contained in it in appropriate amounts as fertilizer components makes a 

significant contribution to improving soil and crop productivity (the content of Ni 

microelement in soils for crop cultivation ranges from 3 to 1000 mg/kg-¹ [11]) [12]. 

Various methods are used worldwide to extract such metals. In particular, Li and 

co-authors described two main methods for processing industrial solid wastes. The first 

method is direct leaching using acidic (such as H2SO4, HCl, and HNO3) or alkaline (such 

as NaOH and Na2CO3) solutions [13, 14]. Jifeng Liao, Chunfa Liu Li, Jinxuy Li, Deshun 

Xu, Ye Zhong, and Bolar used an ammonium chloride solution, applying 2 M 

hydrochloric acid, 3 M ammonium chloride at specific molar ratios, and a liquid-to-solid 

ratio of 6:1 (ml/g) at 90°C for 90 minutes. As a result of their experiment, the amount of 

extracted nickel reached 87.7% [15]. A group of scientists including Luo, Zhai Mu, Huang, 

Xin, and Xu used low-temperature roasting, selective decomposition, and water leaching 

methods to extract nickel from low-grade nickel sulfide ores [16]. Scientists such as CW 

Nam, SP Barik, and KH Park developed a process for extracting Ni(II) from industrial 

solid wastes using sulfuric acid leaching depending on time, temperature, and H2SO4 

concentration, followed by solution extraction, precipitation, and crystallization. In our 

study as well, the process is based on acid leaching (using different concentrations of 

H2SO4) of waste from the oil and fat industry followed by filtration, in which parameters 

such as time, temperature, and stirring rate were taken into account. 

Materials and Methods. In this study, waste of hydrogenation catalysts of the 

“Pricat 9920” brand, used in the conversion of liquid vegetable oils into semi-solid 

products at “Uchqo‘rg‘on Yog‘” JSC located in the Namangan region of the Republic of 

Uzbekistan, was utilized. To analyze the chemical composition of this hydrogenation 

catalyst waste, an average sample was collected and analyzed using a high-performance 
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energy-dispersive X-ray fluorescence spectrometer - Rigaku NEX CG EDXRF (Japan), 

equipped with a polarization system. The obtained results are presented in Table 1 and 

Figure 1. 

 
Figure 1. Elemental composition of spent hydrogenation catalyst 

 

The data obtained show that the spent catalyst mainly contains nickel (12.1%) and 

silicon (3.01%). The analysis also noted the presence of aluminum, sulfur, and calcium in 

amounts well below the detection limit. 

 

Table 1. Elemental chemical composition of hydrogenation catalyst waste from 

Uchkurgan Oil JSC. 
 

№ Element mass., % 

1 Ni 12,1 

2 Si 3,01 

3 Al 0,68 

4 S 0,42 

5 Ca 0,34 
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Figure 2. Oxide composition of the spent hydrogenation catalyst 

 

To extract the nickel microelement from the spent catalyst into the solution, waste 

with the following composition was used: NiO - 11.0%, SiO₂ - 4.55%, Al₂O₃ - 0.916%, SO₃ 

- 0.755%, CaO - 0.341%. 

 
Figure 3. Ground state of the spent hydrogenation catalyst 
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The waste containing the spent catalyst was ground to a particle size of up to 500 

microns and sieved to obtain the required fraction. During the experiment, studies were 

conducted to investigate the effects of technological parameters such as concentration, 

temperature, stirring rate, solid-to-liquid ratio, and mixing duration on the transfer of the 

nickel microelement from the waste into the solution. 

Results. The effect of sulfuric acid concentration on the extraction of nickel from 

hydrogenation waste was studied under the conditions of a solid-to-liquid ratio of 1:3, 

temperature of 30 °C, mixing duration of 15 minutes, and a stirring rate of n = 500 rpm 

(Figure 4). 

As the concentration of sulfuric acid increased from 3% to 20%, an increase in the 

degree of nickel extraction into the solution was observed. At sulfuric acid concentrations 

of 3, 5, 10, 15, and 20%, the nickel extraction degree increased to 10.6, 11.3, 13.5, 16.1, and 

19.7%, respectively. However, with a further increase in sulfuric acid concentration from 

25% to 30%, the degree of nickel transfer into the solution decreased from 17.5% to 16.2%. 

This can be explained by the fact that, with increasing sulfuric acid concentration, other 

elements present in very small amounts in the waste become activated, which leads to a 

lower extraction of nickel into the solution. 

 

 
Figure 4. Effect of sulfuric acid concentration on the degree of nickel extraction (S:L = 

1:3, temperature 30 °C, n = 500 rpm, τ = 15 min) 

 

In subsequent studies, experiments were carried out using a sulfuric acid 

concentration of 20% under technological conditions of S:L=1:3, mixing duration of 15 

minutes, and a stirring rate of 500 rpm. It was observed that when the temperature 

increased from 30 °C to 60 °C, the activation of reaction kinetics led to an increase in 

nickel extraction into the solution from 19.7% to 25.7%. However, when the temperature 

was further increased to 80 °C, the evaporation of water from the solution at high 

temperature caused a significant decrease in nickel extraction. 
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At a mixing duration of 15 minutes, stirring rate of 500 rpm, and the selected 

optimal conditions of 60 °C temperature and 20% sulfuric acid concentration, the effect 

of the solid-to-liquid ratio on the degree of nickel extraction was investigated. The results 

showed that when the solid-to-liquid ratio increased from 1:3 to 1:7, the nickel extraction 

increased from 25.7% to 41.5%, respectively. 

 

Table 2. Effect of various factors on the degree of nickel extraction from hydrogenation 

catalyst waste using sulfuric acid solutions 
 

Factors Degree of nickel 

extraction, % 

Experimental conditions 

Effect of sulfuric acid concentration, % 

3 10,6  

S:L = 1:3, interaction time 15 minutes, 

stirring rate 500 rpm, temperature 30 °C 
5 11,3 

10 13,5 

15 16,1 

20 19,7 

25 17,5 

30 16,2 

Effect of temperature, ℃ 

30℃ 19,7  

 

Sulfuric acid concentration 20%, mixing 

time 15 minutes, mixing speed 500 rpm, 

Q:S=1:3 

40℃ 21,7 

50℃ 22,6 

60℃ 25,7 

70℃ 23,5 

80℃ 21,2 

Effect of solid:liquid ratio 

1:3 25,7  

 

Sulfuric acid concentration 20%, mixing 

duration 15 minutes, stirring rate 500 

rpm, temperature 60 °C 

1:5 26,5 

1:7 41,5 

1:10 34,4 

1:15 19,2 

1:20 10,1 

Effect of mixing duration, minutes 

15 41,5  

 

Sulfuric acid concentration 20%, S:L=1:7, 

mixing speed 500 rpm, temperature 60℃ 

30 45,2 

45 27,8 

60  15,1 

90 10,9 

120 7,01 

Effect of mixing speed, rpm 

500 45,2 Sulfuric acid concentration 20%, S:L=1:7, 

mixing duration 30 minutes, 

temperature 60℃ 

600 49,1 

700 68,6 
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800 81,7 

900 72,8 

1000 63,5 

 

However, since the selected object-the spent catalyst waste-was formed during the 

hydrogenation of vegetable oils, it contains a small amount of residual oil. At the same 

time, increasing the S:L ratio up to 1:20 leads to flotation of the nickel-containing waste 

on the solution surface due to the increased liquid phase, which disrupts the contact 

between sulfuric acid and the solid phase and results in a sharp decrease in the degree of 

nickel extraction. 

 

 
Figure 5. Effect of various factors on the degree of nickel extraction from spent 

hydrogenation catalyst using a 20% sulfuric acid solution: 1 - temperature; 2 - solid-to-

liquid ratio; 3 - interaction time; 4 - stirring rate 

 

Studies were also conducted on the effect of mixing duration on the degree of nickel 

extraction at a sulfuric acid concentration of 20%, S:L = 1:7, stirring rate of 500 rpm, and 

temperature of 60 °C. The results showed that when the duration increased from 15 to 30 

minutes, the nickel extraction into the solution increased from 41.5% to 45.2%, 

respectively. However, when the mixing duration was further increased from 30 to 120 

minutes, the extraction degree decreased by up to 7.01%. 

In the final stage of the study on extracting nickel from spent catalyst waste using 

sulfuric acid, the effect of stirring rate on the degree of nickel extraction was investigated. 

The results showed that increasing the stirring rate from n = 500 rpm to n = 800 rpm 

significantly enhanced the reaction rate, leading to a sharp increase in nickel extraction 

from 45.2% to 81.7%. However, at a stirring rate of n = 1000 rpm, strong hydrodynamic 

effects between the solution and the solid phase caused intense splashing of the solution 
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onto the reactor walls. This resulted in limited contact between the waste and the liquid 

phase, a reduction in the effective volume of the sulfuric acid solution, and consequently 

a decrease in the degree of nickel extraction. 

Furthermore, under the optimal technological conditions - 20% sulfuric acid 

solution, temperature of 60 °C, solid-to-liquid ratio of 1:7, interaction time of 30 minutes, 

and a stirring rate of 800 rpm - it was possible to achieve 81.7% nickel extraction into the 

solution from the spent hydrogenation catalyst. 

 

  
Figure 6. Nickel extraction into 

solutions of sulfuric acid at different 

concentrations. 

Figure 7. Nickel extraction into a 20% 

sulfuric acid solution under optimal 

conditions. 

 

As shown in Figures 6 and 7, when studies on nickel extraction from spent catalyst 

waste were carried out using sulfuric acid solutions of different concentrations, the 

formation of a green-colored solution confirming the presence of Ni²⁺ ions was observed. 

In addition, quantitative analysis data and visual results confirm that the maximum 

amount of nickel was transferred into the solution from the spent catalyst waste. 

Conclusion. In conclusion, sulfuric acid was used to extract the nickel microelement 

from the waste of “IDEAL OIL” JSC located in the Namangan region of the Republic of 

Uzbekistan. In this process, sulfuric acid solutions of different concentrations were 

applied, the time regime was monitored, the stirring rate using a magnetic stirrer was 

taken into account, and the solid-to-liquid ratio of the waste with the solvent was also 

studied. Considering all the above-mentioned parameters, it was determined that under 

the optimal technological conditions - 20% sulfuric acid solution, temperature of 60 °C, 

solid-to-liquid ratio of 1:7, interaction time of 30 minutes, and a stirring rate of 800 rpm - 

it is possible to achieve 81.7% nickel extraction from the spent hydrogenation catalyst. 
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