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Abstract: Hydrotalcite (HT) was synthesized using a low-supersaturation coprecipitation method from 

Mg(NO₃)₂∙6H₂O and Al(NO₃)₃∙9H₂O precursors (1:1 molar ratio), with Na₂CO₃ as the base and NaOH 

as the precipitant. The HT material was further modified by loading nickel (Ni) and vanadium (V) 

metals through a hydrothermal wet impregnation method. X-ray diffraction (XRD) analysis confirmed 

the successful synthesis of hydrotalcite, showing characteristic diffraction peaks at 2θ values of 11.46°, 

23.35°, 34.98°, 39.34°, 47.51°, 60.88°, and 62.13°. Brunauer–Emmett–Teller (BET) analysis revealed 

a type IV-H3 isotherm with a surface area of 39.99 m²/g. The best catalytic performance in the 

hydrocracking of waste cooking oil (WCO) was achieved using the 5% Ni–V (1:2)/HT catalyst. Gas 

chromatography–mass spectrometry (GC–MS) analysis of the liquid products showed a reduction of 

carboxylic acids from 94.02% in the feedstock to 19.79%, and increased the hydrocarbon composition 

reaching 26.69% and aromatic compounds reaching 45.59%. The hydrocarbon product distribution was 

dominated by the kerosene fraction (C10–C13, 13.72%), followed by gasoil (C14–C22<, 10.22%) and a 

gasoline fraction (<C5–C9, 1.69%), which was not observed with other catalyst modifications.  

Keywords: hydrotalcite; nickel-vanadium; hydrocracking; waste cooking oil.  
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1. Introduction 

HT is represented by the formula Mg6Al2(OH)16CO3∙4H2O, a layered mineral 

structurally consisting of three layers, namely two outer layers with positive charges (cations) 

and an inner intermediate layer containing water molecules and anions [1]. Hydrotalcite 

belongs to the group of layered double hydroxide (LDH) structures or anionic clays with the 

general structural formula [M2+
(1-x)∙M

3+
x(OH)2]

x+∙[(An-)x/n∙yH2O]x-, where M2+ and M3+ are 

divalent metal cations (such as Mg2+, Ni2+, Zn2+, Cu2+, etc.) and trivalent (such as Al3+, Fe3+, 

Cr3+, etc.); An- is an exchangeable interlayer anion; x is the molar ratio of M2+ /(M2+ + M3+) 

typically found at 0.2 < x <0.4 [2]. The special structure of HT results in unique properties, 

namely good adsorption, tunable surface basicity, large composition variation, homogeneous 

dispersion of M2+ and M3+ cations, excellent cation exchange, and also excellent interlayer 

anions, good thermal stability, and “memory effect” capability [3]. This makes HT compounds 

promising for applications in adsorption materials, pharmaceuticals, waste treatment, 

photochemistry, redox reactions, and catalysis [4]. 

A catalyst is a material used to influence the rate of a chemical reaction due to its ability 

to lower the activation energy without affecting the equilibrium position of the reaction [5]. 

Catalysts are generally divided into two categories: homogeneous catalysts, which have the 

same phase as the reactants (usually liquid or gas), and are composed of only one component. 

Furthermore, heterogeneous catalysts have a different phase from the reactants and are 

composed of two or more components (catalyst system: metal and carrier) [6]. Heterogeneous 

catalysts have advantages over homogeneous catalysts because they are easily separated from 

the product and can be regenerated, are more economical and environmentally friendly, and 

are not difficult to dissolve in the reactants [7]. Heterogeneous catalysts are further classified 

into acidic heterogeneous catalysts (zeolites, non-zeolites, and mesoporous molecular sieves) 

and basic heterogeneous catalysts (hydrotalcites, oxides, hydroxides, amides, and salts of alkali 

metals, alkaline earth metals, weak acids, and strong bases) [8]. 

The preparation method, such as the catalyst, significantly influences its properties by 

affecting surface area, pH, and metal dispersion within the carrier [9]. Some common methods 

for producing HT include induced hydrolysis, sol-gel, rehydration/reconstruction, 

hydrothermal, and coprecipitation at ultra-low saturation while maintaining a constant pH of 

7-10 [3]. Coprecipitation is the most widely used method for preparing HT with an interlayer 

of carbonate anions because it enables large-scale production in a short time by controlling 

parameters such as metal salt concentration, reagent type, reaction temperature, and washing 

and drying conditions, as well as pH. Hydrotalcite compounds are highly attractive materials 

due to their broad applications, economical production, ease of preparation, and the ability to 

synthesize them with a wide variety of compositions [10]. Hydrotalcite is known as an effective 

solid base heterogeneous catalyst and is widely used as a catalyst support [11]. 

A heterogeneous catalyst system consists of a metal-bearing component and a support 

component [12]. The metal-bearing process on the carrier surface can generally be carried out 

in three ways, namely dry impregnation, ion exchange, and wet impregnation [13]. This method 

has the advantage that the metal-bearing phase can be completely dispersed in the carrier, 

making it more optimal than the other two methods [14]. The wet impregnation method is 

carried out by wet contact between the catalyst support solid and the metal solution or by 

immersing the support directly in the metal solution [15]. However, previous studies have 

reported that bifunctional metal impregnation of the adsorbent material via hydrothermal 
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treatment significantly increased the specific surface area and pore volume [16]. Similar 

research was conducted by Madzaki et al. [17], who compared hydrothermal impregnation with 

wet impregnation, showing better material efficiency, increased specific surface area, higher 

adsorption capacity, and good thermal stability. 

Bimetallic heterogeneous catalysts are used in environmental remediation and energy 

production due to their properties, which can be controlled by the composition of the metal 

system, the preparation method, and the morphostructure [18]. Nickel (Ni) is a transition metal 

with catalytic activity comparable to that of noble metals. It is efficient in deoxygenation and 

hydrotreating reactions. It is more reactive than other transition metals. It is able to accept lone 

electron pairs, resulting in higher acidity, a property required in cracking reactions. Ni also has 

a weak bond with the product, making it easily desorbed from the reaction product. However, 

Ni is susceptible to coke formation and sintering during catalytic deoxygenation reactions. 

These weaknesses can be overcome by adding promoters such as other transition metals to 

form bimetallic catalysts [19]. 

In one period, metals have a tendency to have similar properties, such as metallic 

properties, magnetism, and reactivity. In the first row of transition metals, there are Scandium 

(Sc), Titanium (Ti), Vanadium (V), Chromium (Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), 

Nickel (Ni), Copper (Cu), and Zinc (Zn) [20–23]. Vanadium modification of hydrotalcite 

shows catalytic activity in oxidative and non-oxidative ethanol dehydrogenation reactions with 

high conversion. Vanadium/hydrotalcite also reduces the basicity of hydrotalcite [24]. 

Nazarova et al. [25] studied the effect of vanadium-coexisting nickel catalysts on catalytic 

cracking feedstock. The results showed an increase in the catalyst's dehydrogenation reaction 

activity, while the reaction with the Ni catalyst alone resulted in increased coking, and the 

reaction with the V catalyst alone resulted in destructive results with a decrease in catalytic 

activity, indicated by a decrease in yield percentage. Furthermore, studies of heterogeneous 

bimetallic Ni-V catalysts supported by hydrotalcite by Costa et al. [26] and Summa et al. [27], 

for CO2 methanation, both showed similar results, where V promotes the texture and electronic 

properties of Ni/HT. Vanadium changes surface properties, such as surface area and 

mesoporosity, increases Ni dispersion, affects surface basicity, and increases base sites on the 

surface. However, the addition of excess V decreases catalytic activity and decreases 

selectivity. catalyst for methane and promotes the water-gas reverse reaction [28]. 

The objective of this research is to develop synthesized hydrotalcite catalysts and to 

modify them through nickel–vanadium metal impregnation, thereby enhancing catalytic 

activity for the conversion of WCO into liquid biofuels. 

2. Materials and Methods 

2.1. Materials. 

This study were used Al(NO3)3∙9H2O and Mg(NO3)2∙6H2O (≥98%, Merck), 

commercial hydrotalcite (Sigma-Aldrich, with SA=78.0 m2/g ), NaOH (pure pellets, Merck), 

Na2CO3 (≥99.5%, Sigma-Aldrich), HCl (p.a., Merck), Aquades, Ni(NO3)2∙6H2O (≥99.99%, 

Merck), V2O5 (≥98%, Merck) and Waste Cooking Oil (WCO) was obtained from local market.  

2.2. Synthesis of hydrotalcite. 

The hydrotalcite synthesis procedure using chemical precursors in this study was 

carried out using the co-precipitation method (Figure 1), referring to the thesis research of 
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Hafshah [29] and adapting the research of Arhzaf et al. [30]. A precursor solution was prepared, 

namely a 1:1 mol mixture of Mg(NO3)2∙6H2O with Al(NO3)3∙9H2O in 200 mL of distilled 

water, and a certain amount of base solution was also prepared in the form of 100 mL of 0.5 M 

Na2CO3 and 100 mL of 1.5 M NaOH solution which were added progressively during mixing 

to maintain the working pH in the range of 10 until a white suspension was formed. Mixing 

was carried out slowly, with rapid stirring using a magnetic stirrer at 65°C for 5 h, taking care 

to prevent the sample from evaporating into the environment. After the reaction time was 

reached, the slurry was aged for 48 h at a temperature of 70°C with slow stirring. The resulting 

precipitate was vacuum filtered and washed with distilled water until the pH of the wash water 

was nearly neutral. After that, the resulting precipitate was dried in an oven at 110°C overnight, 

followed by calcination at 600°C for 6 h and desiccated overnight. Then, samples were 

prepared for initial characterization and stored in containers labeled “HTs”, namely synthetic 

hydrotalcite. 

 
Figure 1. Equipment for hydrotalcite synthesis. 

2.3. Impregnation of nickel-vanadium metal in hydrotalcite. 

Modification was carried out by adding two metals, Nickel and Vanadium, to the 

hydrotalcite using a hydrothermal impregnation method. The modification was carried out in 

stages, using Nickel and then Vanadium, with metal loadings of 5 and 10% and metal ratios of 

1:1 and 1:2, resulting in four variations for each type of hydrotalcite. A 10 mL Ni(NO3)2∙6H2O 

solution was prepared and then slowly added to the hydrotalcite in a beaker glass with stirring 

at room temperature for 60 minutes. After that, it was left overnight at room temperature. Next, 

adapting the research procedure of Utami et al. [31], the mixture was put into a hydrothermal 

vessel and then heated at an oven temperature of 80°C for 4 h. The results obtained were dried 

at 110°C overnight. Then, with the same steps, this Ni/HT solid was added with 10 mL of V2O5 

solution in a glass beaker, until finally the NiV/HT solid was obtained. The results were 

calcined at 550°C for 3 h and then reduced using a hydrogen gas flow at 300°C for 3 h. The 

results obtained are weighed, stored, and labeled according to the modification conditions and 

type of support. Then, they were prepared for the characterization stage.  
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2.4. Catalytic activity. 

The catalytic activity testing process in this study was adapted from the methods used 

by Marlinda et al. [20] and Al-Muttaqii et al. [32]. The process was carried out using a batch 

reactor equipped with a mechanical stirrer (Figure 2). A total of 15 mL of WCO (feedstock oil) 

and 0.5 grams of catalyst were introduced into the reactor. The reactor was then tightly closed 

to prevent gas from escaping into the environment during the cracking reaction. H2 gas was 

breathed into the reactor three times at a pressure of 15-25 bar. Gas was then injected at a 

pressure of 20 bar with a holding time of approximately 10 minutes to ensure stable pressure. 

The reaction was carried out for 2 h at 350°C with stirring. After the reaction time was reached, 

the reactor was allowed to reach room temperature. Next, the product is centrifuged to separate 

the liquid cracking product and the solid catalyst. The solid catalyst was dried, weighed, the 

results recorded, and stored with appropriate labels. Then, the liquid product is measured, 

stored in vials, labeled, and prepared for characterization by GC-MS to determine the 

composition of the cracking product. The data will be used to analyze the catalytic activity of 

the catalyst used. The composition of the liquid product (LC) was determined from equation 

(1) and the Gasoline, Kerosene and Gasoil fractions were determined using equation (2) based 

on the GC-MS results. 

%Yield LC =  
𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑

𝑇𝑜𝑡𝑎𝑙 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
 𝑥 100%                               (1) 

%Yield Fraction =  
𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 ℎ𝑦𝑑𝑟𝑜𝑐𝑎𝑟𝑏𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
 𝑥 100%             (2) 

 
Figure 2. Hydrocracking process equipment. 

3. Results and Discussion 

3.1. XRD analysis. 

In the XRD analysis results for variations of synthesized hydrotalcite, shown in Figure 

3. The addition of Nickel and Vanadium metals does not change the structure of the 

hydrotalcite, but the greater the mass of the added metal, the greater the decrease in the intensity 

of the diffraction peak in the 2θ = 10-40° region, which indicates a decrease in crystallinity and 

increases the possibility of a decrease in surface area [33]. Meanwhile, in the 2θ = 35-70° 

region, there is a shift in the characteristic peak of the hydrotalcite diffractogram [34]. Also, in 

the 2θ = 35-70°, there is a shift in the characteristic peaks of the hydrotalcite diffractogram, 
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while the significant difference in the synthesized hydrotalcite is the characteristic peaks of 2θ 

of Nickel and vanadium metals, which are discussed further in the four modification variations, 

because the dispersion of the metal at the metal development stage occurs better in the 

synthesized hydrotalcite. In the 2θ = 37.22° (Ni) and 37.35° (V) regions [35,36], metals were 

detected with more specific peak intensities than before (JCPDS card No. 89-5144) [37]. 

Furthermore, at 2θ = 42.29°, a characteristic vanadium peak appeared, which had a higher 

intensity than the adjacent nickel metal at 2θ = 43.58°; the sharp specific nickel peak in the 

commercial hydrotalcite modification did not occur. Three characteristic metal peaks were 

detected in the adjacent 2θ regions, namely 2θ = 61.26 and 65.12° (V) and 63.07° (Ni) (JCPDS 

No. 18-0888) [38]. According to Paras et al. [39], the crystallinity of the material can be 

determined by the sharpness of the diffraction peaks of the analyzed samples, a broad peak 

wave indicates an amorphous phase while samples with a high crystalline phase produce very 

sharp peaks. 

 
Figure 3. XRD analysis results (a) HT; (b) 5% Ni-V (1:1)/HTs; (c) 5% Ni-V (1:2)/HTs; (d) 10% Ni-V 

(1:1)/HTs; (e) 10% Ni-V (1:2)/HTs. 

3.2. SEM-EDX analysis. 

SEM images were analyzed, and it was seen that the surface shape was almost the same 

on all catalysts, as shown in Figure 4. The surface of the material formed aggregates that 

gathered together irregularly. The EDX results show that all hydrotalcite compositions in the 

material, as well as Ni and V metals, have been successfully impregnated (Figure 5). Mapping 

of Ni and V metals shows that the metals are evenly distributed on the catalyst surface (Figure 

6). Therefore, based on the SEM-EDX results, it shows that Hydrotalcite and Ni-V metal 

impregnation have been successfully carried out. 
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Figure 4. SEM images of (a) HTs; (b) 5% Ni-V (1:1)/HTs; (c) 5% Ni-V (1:2)/HTs; (d) 10% Ni-V (1:1)/HTs; 

(e) 10% Ni-V (1:2)/HTs.  

 
Figure 5. EDX spectra of (a) HTs; (b) 5% Ni-V (1:1)/HTs; (c) 5% Ni-V (1:2)/HTs; (d) 10% Ni-V (1:1)/HTs; 

(e) 10% Ni-V (1:2)/HTs. 

https://doi.org/10.33263/BRIAC163.096


https://doi.org/10.33263/BRIAC163.096  

 https://biointerfaceresearch.com/   8 of 18 

 

 
Figure 6. Ni and V Mapping of (a) 5% Ni-V (1:1)/HTs; (b) 5% Ni-V (1:2)/HTs; (c) 10% Ni-V (1:1)/HTs;  

(d) 10% Ni-V (1:2)/HTs. 

3.3. N2 adsorption-desorption analysis. 

The synthetic hydrotalcite was analyzed using BET to provide surface character 

information, in the form of average pore size, total pore volume, and pore distribution data or 

specific surface area (SBET) [40]. Based on Table 1, the surface area data of the synthetic 

hydrotalcite is approximately 39.99 m2/g. The surface area is not larger than the results in the 

study of Park et al. [41]. This discrepancy can occur due to differences in measurement 

consistency, such as testing conditions, software and tool versions, and sample condition [42]. 

Based on the data in Table 1, it can be seen that synthetic hydrotalcites have mesoporous 

particle sizes according to the International Union of Pure and Applied Chemistry (IUPAC) 

standards, with an average pore diameter of 2-50 nm [43]. Furthermore, in Figure 5, the convex 

shape of the BET model graph of the N2 adsorption-desorption isotherm (P/P0 = 0-1.0) 

demonstrates that both commercial and synthetic hydrotalcites fall into the type IV adsorption 

isotherm, indicating a mesoporous structure [44]. The adsorption-desorption isotherm curves 

exhibit hysteresis loops at high relative pressures, but the desorption lines vary, indicating 

differences in the type and shape of the hysteresis loops associated with specific pore structures 

[45]. According to Mališová et al. [40], the mesoporous texture of the sample can be seen based 

on the shape of the curve due to capillary condensation, which forms a hysteresis loop caused 

by the mechanism of pore filling and emptying under varying material conditions. Furthermore, 

in the modification of commercial hydrotalcite, the results obtained were comparable to the 

volumetric, namely the largest increase in surface area was shown in the variation of 5% Ni-V 

(1:2)/HTs with a surface area of 59.57 m2/g. A significant decrease in surface area was shown 

in the variation of 10% Ni-V (1:1)/HTs, namely 11.191 m2/g. The results of the modification 

of the synthesized hydrotalcite included mesoporous, with an average diameter in the interval 

of 25.64-31.22 nm. Based on the research of Pan et al. [46], the shape of the N2 adsorption-

desorption isotherm graph on all modifications of commercial hydrotalcite type IV which is 

included in the classification of hysteresis loops H3 which represents the shape of slit-shaped 

pores, but in the variation of 10% Ni-V (1:1)/HTs (Figure 7) shows the character of the 

classification of hysteresis loops H2 which represents the shape of ink bottle pores. 

Table 1. BET analysis results of synthetic hydrotalcite and Ni-V/HTS catalysts 

Catalysts 
Surface area 

(m2/g) 

Total pore volume 

(cm3/g) 

Dpore 

(nm) 

Metal loading (w.t%) 

Ni V 

HT 39.99 0.39 39.23 - - 

5% Ni-V (1:1)/HTs 50.14 0.34 27.36 3.49 4.23 

5% Ni-V (1:2)/HTs 59.57 0.38 25.64 1.23 1.81 
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Catalysts 
Surface area 

(m2/g) 

Total pore volume 

(cm3/g) 

Dpore 

(nm) 

Metal loading (w.t%) 

Ni V 

10% Ni-V (1:1)/HTs 11.19 0.08 31.22 5.20 8.86 

10% Ni-V (1:2)/HTs 37.05 0.23 27.36 3.21 9.76 

Figure 7 shows the N2 adsorption-desorption isotherm graph and pore size distribution: 

a) synthetic hydrotalcite (HTs); b) synthetic hydrotalcite (HTs) and modified synthetic 

hydrotalcite (HTs) with metal Ni-V: b) 5% (1:1); c) 5% (1:2); d) 10% (1:1); e) 10% (1:2). The 

synthesized hydrotalcite (Figure 4a) are classified as having H3 hysteresis loops, representing 

the lamellar slit pore shape. Similar studies that synthesized and characterized materials 

resembling hydrotalcite or the LDH group found the same isotherm classification, namely the 

type IV N2 adsorption-desorption isotherm with H3 hysteresis loops [47,48]. A Barrett-Joyner-

Halenda (BJH) adsorption model curve was plotted to obtain the pore size distribution using 

pore diameter and differential pore volume data [46]. The N2 adsorption-desorption isotherm 

for all modifications of the synthesized hydrotalcite type IV, which is classified as H3 in the 

hysteresis loop classification, exhibits a slit-shaped pore structure. 

 
Figure 7. N2 adsorption-desorption isotherm graph and pore size distribution (Inset) of(a) HTs; b)5% Ni-V 

(1:1)/HTs c) 5% Ni-V (1:2),/HTs d)  10% Ni-V (1:1)/HTs; e) 10% Ni-V (1:2)/HTs  
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3.4. Catalytic activity. 

The modified hydrotalcite was tested for its activity as a catalyst through a hydrogen-

pressure cracking reaction, also known as hydrocracking. The feedstock oil used in this study 

was purified WCO. WCO has significant potential as an alternative raw material for biodiesel 

fuel conversion due to its high fatty acid content, predominantly oleic and palmitic acids, as 

shown in Figure 8 [49]. The results of the GC-MS analysis are interpreted in Table 2. The main 

components in WCO are Dodecanoic acid (30.71 %), Myristic acid (9.95 %), Palmitic acid 

(19.80 %), (E)-11-Octadecenoic acid (13.72 %), (E)-9-Octadecenoic acid (5.63 %). 

 
Figure 8. GC-MS chromatogram of purified WCO. 

Table 2. The composition of purified used cooking oil. 

Compounds Selectivity (%) 

Carboxylic acid  

Hexanoic acid 0.45 

6-Methylheptanoic acid 4.67 

Decanoic acid 4.19 

Dodecanoic acid 30.71 

Myristic acid 9.95 

Palmitelaidic acid 0.14 

Palmitic acid 19.80 

cis-Vaccenic acid 0.22 

(Z,Z)-9,12-Octadecadienoic acid 1.51 

(E)-11-Octadecenoic acid 13.72 

(E)-9-Octadecenoic acid 5.63 

Stearic acid 2.85 

(Z)-Oleic acid 0.18 

Ester 2.35 

Alcohol 0.92 

The liquid product was measured, stored in vials, labeled, and prepared for 

characterization using GC-MS. The purpose of the analysis was to determine the composition 

of the cracking product, which would be used to assess the potential catalytic activity of the 

material used based on its conversion success. In this study, the hydrocracking reaction 

products were grouped into alkanes (paraffins, isoparaffins, cycloparaffins), alkenes/olefins, 

monocyclic aromatics, polycyclic aromatics (PAHs), carboxylic acids, esters, alcohols, and 

other compounds such as ketones, ethers, and amides, as presented in Table 3. 
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Table 3. Composition of the hydrocarbon compound group of liquid products 

Hydrocarbon 

composition 

Catalysts (%) 

HTs 
5% Ni-V 

(1:1)/HTS 

5% Ni-V 

(1:2)/HTS 

10% Ni-V 

(1:1)/HTS 

10% Ni-V 

(1:2)/HTS 

n-Paraffin 1.16 1.40 19.95 1.48 1.69 

Iso-paraffin 0.00 0.05 0.44 0,.46 0.00 

Cyclo-paraffin 0.89 0.72 4.41 1.66 0.78 

Aromatic 0.00 0.00 26.85 0.60 0.04 

Olefin 2.51 3.91 1.89 8.89 4.24 

Ester, Alcohol 2.27 3.22 0.00 6.01 2.55 

PAH - - 18.74 - - 

Carboxylic acid 88.71 86.98 19.79 71.58 87.04 

Etc. 4.46 3.72 7.93 9.31 3.67 

The distribution of compound components resulting from the hydrocracking reaction 

with synthesized hydrotalcite is shown in Figure 9. The catalytic performance of synthesized 

hydrotalcite and its Ni–V modified derivatives demonstrated a strong dependence on both 

catalyst composition and reaction temperature. The unmodified hydrotalcite exhibited poor 

activity, with 88.71% of carboxylic acids remaining unconverted and only minor formation of 

alkanes (2.05%) and alkenes (2.51%). Incorporation of Ni and V metals enhanced catalytic 

activity, as observed with 5% Ni–V at a 1:1 ratio, which slightly increased alkane and alkene 

yields. A significant improvement was achieved with 5% Ni–V at a 1:2 ratio, where only 

19.79% of carboxylic acids remained, and substantial production of alkanes (24.81%), aromatic 

hydrocarbons (26.65%), and polycyclic aromatic hydrocarbons (18.74%) was obtained. This 

indicates that the synergistic interaction between Ni (hydrogenation function) and V (redox 

function) promoted more effective cracking and deoxygenation [50]. However, the high yield 

of aromatics and PAHs suggests that elevated reaction temperatures favored aromatization and 

condensation pathways [51]. The formation of aromatic hydrocarbons in hydrocracking 

reactions affects biofuel quality and catalyst stability. High aromatic content generally lowers 

the H:C ratio compared to paraffinic hydrocarbons, which can reduce cetane value and result 

in less clean combustion [52]. Aromatic hydrocarbons can undergo further condensation 

reactions to form PAHs, which become precursors for coke formation on the catalyst surface. 

This coke deposition will cover the active sites of the catalyst, both metal and acid sites, and 

inhibit the diffusion of reactants into the catalyst pores, thus causing a decrease in catalytic 

activity during the reaction. Therefore, aromatic formation in the hydrocracking process is 

generally kept to a minimum to meet the desired target fuel requirements, thereby maintaining 

the quality of the biofuel produced while extending the catalyst's service life [53]. A simple 

mechanism that could possibly occur is shown in Figure 10. The increase in aromatic products 

can be caused by the increase in catalyst acidity and the length of time the feedstock is attached 

to the active site [54]. In contrast, higher metal loading (10% Ni–V at both 1:1 and 1:2 ratios) 

resulted in decreased activity, with more than 70% of carboxylic acids remaining unconverted. 

This decline is attributed to metal overloading, which likely blocked active sites and restricted 

reactant diffusion [55]. Overall, moderate Ni–V loading (5% at 1:2) provided the highest 

conversion efficiency, while reaction temperature played a critical role in determining product 

selectivity, where moderate temperatures favored alkane formation, and higher temperatures 

promoted aromatics and PAHs [56]. 

In this study, the alkane compounds, namely n-paraffin, isoparaffin, and cycloparaffin, 

produced by the hydrocracking reaction, were classified into three fractions. These three 

https://doi.org/10.33263/BRIAC163.096


https://doi.org/10.33263/BRIAC163.096  

 https://biointerfaceresearch.com/   12 of 18 

 

fractions are saturated hydrocarbons grouped based on the number of carbon atoms: gasoline 

(<C5-C9), kerosene (C10-C13), and gasoil (C14-C22<), as presented in Table 4. 

 
Figure 9. Distribution of components of the liquid product compound group of the hydrocracking reaction with 

variations in the HTs. 

 
Figure 10. Simple purpose mechanism of the hydrocracking WCO using Ni-V/HTs catalyst. 

Figure 11 presents the distribution of liquid fuel fractions obtained from catalytic 

activity tests using synthesized hydrotalcite (HTs) and its Ni–V modified forms. The 

unmodified hydrotalcite produced only kerosene (0.56%) and gasoil (1.49%), indicating low 

catalytic activity. Modification with Ni–V metals significantly altered the product distribution. 

The 5% Ni–V (1:2)/HTs catalyst achieved the highest liquid fuel yield, producing gasoline 

(1.69%), kerosene (13.72%), and gasoil (10.22%). This result demonstrates that the Ni: V ratio 

of 1:2 provides an optimal balance between hydrogenation (Ni) and redox (V) functions, 

thereby enhancing conversion efficiency [57]. In comparison, the 5% Ni–V (1:1)/HTs catalyst 

produced gasoline (1.92%), kerosene (0.33%), and gasoil (1.40%), but the total liquid fraction 

yield was lower than that obtained with the 1:2 ratio. Increasing the metal loading to 10% 

reduced catalytic activity. For 10% Ni–V (1:1)/HTs, only kerosene (0.24%) and gasoil (3.36%) 

were obtained, while 10% Ni–V (1:2)/HTs produced kerosene (0.43%) and gasoil (2.04%). 

These results indicate that excessive metal loading may block the active sites of the hydrotalcite 

support and hinder reactant diffusion, leading to lower conversion efficiency [19]. Overall, the 

5% Ni–V (1:2)/HTs catalyst exhibited the best performance, with high selectivity toward 
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kerosene and gasoil fractions, which are particularly important for liquid biofuel applications 

[58]. 

 
Figure 11. Fractions of liquid product components from catalytic activity tests using: (a) HTs; (b) 5% Ni-V 

(1:1)/HTs; (c) 5% Ni-V (1:2)/HTs; (d) 10% Ni-V (1:1)/HTs; (e) 10% Ni-V (1:2)/HTs. 

4. Conclusions 

The 5% Ni–V/HTs catalyst with a 1:2 metal ratio demonstrated the best performance 

compared to other catalyst formulations. Catalytic test results showed a significant reduction 

of carboxylic acids in WCO, from 94.02% to 19.79%. In addition, there was also a significant 

increase in the composition of hydrocarbons and aromatic compounds, reaching 26.69 and 

45.59% respectively. The hydrocarbons in liquid products were predominantly composed of 

the kerosene fraction (C10–C13,13.72%), followed by gasoil (C14–C22<, 10.22%). Notably, a 

gasoline fraction (<C5–C9, 1.69%) was also obtained, which was not detected in other catalyst 

modifications. These findings indicate that the 5% Ni–V (1:2)/HTs catalyst provides optimal 

activity and selectivity for liquid fuel production from WCO. 
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