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Abstract. Hydrotalcite (HT) is a type of clay mineral belonging to the group of layered double hydroxides (LDHs) or anionic clays, which has a
layered structure like brucite (Mg(OH),), but some of the divalent cations (such as Mg?*) are replaced by trivalent cations (such as Al**). HT as a
heterogeneous catalyst is particularly attractive because it is easy to separate and resistant to high temperatures. HT as a catalyst can be used in
hydrocracking reaction to produce biofuel. Metal impregnation on HT is very promising to enhance catalytic activity especially with the bifunctional
mechanism of catalyst. Ni-V metal impregnation has been successfully carried out on HTc using wet impregnation method which is indicated by the
results of X-Ray Diffraction (XRD) which shows the emergence of typical peaks of both metals and HTc in 26 = 35-70° for HTc, 28 = 37.22° (NiO)
and 37.35° (V20s) regions, 26 = 43.58° for NiO, 26 = 61.26° (V) and 63.07° (Ini). Scanning Electron Microscopy-Energy Dispersive X-ray (SEM-EDX)
show a shape that is consistent with the characteristics of HT, namely the shape of the particles layered overlapping each other. In addition, the
particle size of HTc is quite small with a scale of 1 ym indicating a particle size of hundreds of nanometers. EDX mapping shows that Ni and V have
been dispersed evenly on the HTc surface. Based on the results of N2 adsorption-desorption isotherms, it shows that mesopores are formed which
are characterized by hysteresis loops. Ni-V metal impregnation increases the surface area up to 19.915 m?/g and the pore diameter up to 37,642 nm.
The results of the Waste Cooking Oil (WCO) hydrocraking reaction show that Ni-V metal impregnation can reduce the carboxylic acid composition
up to 67.81% and increase hydrocarbons up to 15% at 10% Ni-V/HTc 1:2.
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1. Introduction hydrotalcite very effective for various chemical reactions

involving proton transfer mechanisms or acid-base reactions,
such as transesterification of vegetable oil into biodiesel, aldol
condensation reactions, isomerization reactions, and reforming
of carbon dioxide gas. HT has wide applications such as
adsorbent, medicine and catalyst because it has good ion
exchange properties and is resistant to high temperatures.
Furthermore, its porous structure and ability to evenly disperse
metals make hydrotalcite ideal as a support for active metals
(e.g., Ni, Co, or Cu) in hydrogenation and hydrocracking
reactions (Duan et al., 2022).

HT as a catalyst is currently attracting considerable
interest. HT as a heterogeneous catalyst is particularly attractive
because it is easy to separate and resistant to high temperatures.
However, because the pore size and surface area are relatively

Hydrotalcite (HT) is a type of clay mineral belonging to the
group of layered double hydroxides (LDHs) or anionic clays,
which has a layered structure like brucite (Mg(OH),), but some
of the divalent cations (such as Mg?") are replaced by trivalent
cations (such as AI**). This replacement causes the layers to
become positively charged, so that anions such as carbonate
(CO3?7) and water are bound in the interlayer space to balance
the charge (Lauermannova et al., 2020). This unique structure
provides superior properties such as anion exchange capacity,
high surface area, thermal stability, and strong alkaline
properties after undergoing the calcination process. After
calcination at temperatures around 400-600 °C, hydrotalcite
will change into a mixture of metal oxides (MMO) which has
strong base active sites (O*, OH"). This property makes
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Table 1
Previous research on hydrotalcite as a catalyst
No. Catalyst Aplication References

1 Ni-Al hydrotalcite Methanation (Zeng, Yao, Wang, & Gao, 2025)

2 Cu/Ni hydrotalcite Hydrogenation (Gupta & Kantam, 2018)

3 Hydrotalcite-Derived Metal Catalytic Upgrading (Hui, Zhuohua, Tong, & Yuan, 2022)

4 Ca riched Hydrotalcite Transesterification (Cakirca & Akin, 2021)

5 Hydrotalcite Deoxygenation (Prabhakara, Bramer, & Brem, 2022)

6 Ni/Al hydrotalcite Fast Pyrolysis (Yang et al., 2024)

7 Ni-V/HTc Hydrocracking This study

moderate, it can cause pore blockage by reactants and coke. (Di
et al 2025). Catalytic activity can be improved with
modifications to the HT surface are necessary. One approach is
impregnation with metal to increase its acidity and active sites.
Some commonly used metals are Zn, Cu, Al, Cs, K, Ni and Co
(Faria et al., 2022; Kumar et al., 2024; Lin et al., 2021). Metal
impregnation is also commonly performed using a bifunctional
system, impregnating two metals simultaneously. Bifunctional
metals are useful for increasing catalyst stability, surface area,
and acid sites. The use of bimetals can increase liquid
production and enhance isomerization and aromatization
(Adany et al., 2025; Al Muttaqii et al., 2025a). Nickel offers the
advantages of low cost, high deoxygenation and hydrogenation
activity, and selectivity toward hydrocarbons (Aziz et al., 2023).
Vanadium, on the other hand, has excellent stability at high
temperatures and is selective toward aromatic compounds,
making it excellent for hydrocarbon cracking (Zhou et al 2025).

Hartati et al., (2025) reported that the effect of 10% Ni
impregnation on the Ca/ZSM-5 catalyst resulted in higher
catalytic activity, reaching a conversion of 96.65%. The
resulting selectivity increased from 47.7% for Z11 to 66.6% for
Z11-Ni10 towards C15-C17. This indicates that nickel acts as an
additional active site for DO and inhibits the secondary cracking
reaction. In addition, the use of a Ni/H-ZSM-5 catalyst for the
conversion of palmitic acid to n-alkanes achieved 86.17%
conversion and 76.31% selectivity. Nickel is the most widely
used metal for deoxygenation reactions because it offers high
performance at relatively low cost compared to noble metals
(Hongloi et al 2022; Hongloi et al, 2019; Sriatun et al 2020)

HT as a catalyst can be used in several catalytic reactions,
one of which is the hydrocracking reaction to produce biofuel.
Many previous studies have used HT as a catalyst in biodiesel,
methanation and hydrogen production (Table 1). For example,
(Cakirca & Akin, 2021) conducted a transesterification reaction
of microalgae into biodiesel using HT as a catalyst. Several other
studies have also conducted similar experiments using metal
support (Cabrera et al, 2025; Shrivastava et al, 2023). In
addition, several studies have used HT as a catalyst in the
production of bio-oil from biomass (Guo et al., 2023; Lu et al,,
2023). However, there has not been much research using HT as
a catalyst for hydrocracking reactions, especially from feedstock
using WCO. Hydrocracking is used to obtain shorter
hydrocarbon chains with the aid of H. gas. Some feedstocks
widely used in biofuel production include non-edible oils from
plants such as Cerbera manghaas, Reutealis trisperma, Jatropha
curcas, and others (Al Muttaqii et al., 2025a). Additionally, there
are several potential feedstocks such as used oil, WCO, and
asphalt (Ding et al., 2021; Jovita et al., 2024; Lam et al., 2017).

WCO is a very abundant and promising feedstock. It
consists of saturated and unsaturated fatty acids, with the
majority comprising approximately 63% unsaturated fatty acids
(Rahman et al., 2025). Furthermore, Indonesia, with the largest
oil palm plantations and the largest consumer of palm cooking

oil in the world, produces 18.5% of WCO annually (Dwita et a/
2024). High FFA content causes saponification (soap formation)
when using homogeneous base catalysts such as NaOH or KOH,
thereby reducing the efficiency of the transesterification
reaction. Therefore, a heterogeneous catalyst that is stable,
active, and resistant to FFA and water is needed to optimize the
process of converting WCO into biofuel. Furthermore, WCO has
the potential to serve as a feedstock for hydrocracking reactions
into biofuels, both diesel and aviation fuel fractions (Azira et al
2024). Therefore, this study examined Ni-V metal impregnation
on HTc with varying metal ratios and catalyst loading ratios.
Furthermore, catalytic hydrocracking tests was conducted on
WCO at 350°C.

2. Materials and methods

2.1 Materials

This study were used commercial hydrotalcite (Sigma-
Aldrich, with SA=78,0 m?/g), Aquadest, Ni(NO3)2:6H:0
(=99.99%, Merck), V205 (=98%, Merck) and Waste Cooking Oil
(WCO).

2.2 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 (Fig. 1). Modification was carried out in
stages, using Nickel and then Vanadium with varying 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(NO3s)2:6H20 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. (2019) (Utami et al., 2019), the mixture was put into
a hydrothermal vessel and then used 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/HTc solid was
added with 10 mL of V.05 solution in a beaker glass, until finally
the NiV/HTec 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.

2.3. Characterization of the catalyst
The crystallinity of all samples catalysts were determined

by using X-ray diffraction (XRD) with powder diffractometer
(PHILIPS-binary X'Pert MPD, 30 mA, 40 kV) and the radiation
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Fig. 1. Impregnation and catalytic activity illustration

of Cu-Ka ranging 26 = 5°- 90°. The morphological and metal
elemental distribution of all sample catalysts were characterized
using Scanning Electron Microscopy-Energy Dispersive X-ray
(SEM-EDX) Jeol JSM-IT200. The textural properties such as
surface area and pore volume were determined using N2
adsorption—desorption of Quantachrome Touchwin v1.11
instrument. Quantachrome ASiQwin instrument was used to
calculate the pore size distribution by BJH method.

2.4. Catalytic Activity

The catalytic activity testing process in this study was
adapted from the methods used by Marlinda et al. (2022)
(Marlinda et al., 2022) and Al-Muttadqii et al. (2025) ( Al Muttaqii
et al., 2025b) (Fig. 1). The process was carried out using a batch
reactor equipped with a mechanical stirrer. A total of 15 mL of
WCO (feedstock oil) and 0.5 g 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. H, gas was breathed into the reactor three times at a
pressure of 15-25 barr. Gas was then injected at a pressure of 20
barr 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, labelled and prepared for
the characterization stage using GC-MS to determine the
composition of the cracking product and the data will be used
to analyze the catalytic activity of the catalyst used. The
composition of the liquid product was determined from
equation (1) and the Gasoline, Kerosene and Gasoil fractions
were determined using equation (2) based on the GC-MS
results.

Peak area of compound
Total liquid peak area

%Yield LC = x 100% (1)

Peak area of Fraction
Total hydrocarbon peak area

%Yield Fraction = x100%  (2)

3. Results and discussion

3.1 Characterization of the catalyst

In the XRD analysis results for variations of commercial
hydrotalcite shown in Fig. 2, the addition of nickel and
vanadium metals does not change the structure of the
hydrotalcite, but the greater the mass of the added metal will
result in a decrease in the intensity of the diffraction peak in the
20 = 10-40° region which indicates a decrease in crystallinity
and increases the possibility of a decrease in surface area (Du et
al., 2024). The decrease in intensity is caused by the metal filling
the pores and surface of the catalyst and the occurrence of
thermal stress during the impregnation process (Anggoro et al,
2016; Prameswari et al, 2023; Mohiuddin et al, 2018).
Meanwhile, in the 26 = 35-70° region, there is a shift in the
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Fig. 2. XRD analysis results of (a) Commercial Hydrotalcite, (b) 5%
Ni-V (1:1)/HTec, (c) 5% Ni-V (1:2)/HTc, (d) 10% Ni-V (1:1)/HTc,
(e) 10% Ni-V (1:2)/HTc
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Fig. 3. SEM images of (a) HTc, modified with metal Ni-V: (b) 5% (1:1); (c) 5% (1:2); (d) 10% (1:1); (e) 10% (1:2)

characteristic peak of the hydrotalcite diffractogram (S. Wang,
Zheng, & Lang, 2024). Nickel and vanadium metals were
detected in the four modification variations, namely in the 20 =
37.22° (Ni) and 37.35° (V) regions (Al Muttaqii et a/ 2021; Ma et
al 2022). Furthermore, in the region 26 = 43.58°, a high intensity
characteristic peak belonging to nickel metal appeared and was
detected in the region 26 = 61.26° (V) and 63.07° (Ni). According
to Paras et al. (2023) 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

(a)-
c)- A>

Fig. 4. Ni and V Mapping images of modified HTc with metal Ni-V (a

phase while samples with a high crystalline phase produce very
sharp peaks.

SEM images of HTc (Fig. 3(a)) show a shape that is
consistent with the characteristics of HT, namely the shape of
the particles layered overlapping each other. In addition, the
particle size of HTc is quite small with a scale of 1 ym indicating
a particle size of hundreds of nanometers (Li et al 2026). The
SEM results on HTc that have been impregnated with Ni and V
metals show a similar morphological form, but with the
presence of metal spread on the surface marked by white spots

) 5% (1:1); (b) 5% (1:2);

) 10% (1:1); (d) 10% (1:2)
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Fig. 5. N adsorption-desorption isotherm graph and pore size distribution of (a) HTc, modified with metal Ni-V: (b) 5% (1:1);
(c) 5% (1:2); (d) 10% (1:1); (e) 10% (1:2)

as shown in Fig. 3(b-e). The presence of metal also causes the
particle size to increase because the metal is dispersed on the
HT surface (Chen et al., 2026). The dispersion of metals on the
HTc surface is evidenced by the EDX mapping shown in Fig. 4.
It can be seen that the metals are evenly distributed on the HTc
surface. At 10% catalyst loading, more metal colors are seen,
indicating that the amount of metal is greater on the HTc
surface. Therefore, it can be concluded that Ni and V metals
have been successfully impregnated on the HTc.

Fig. 5 shows convex shape of the BET model graph of the
N2 adsorption-desorption isotherm (P/Po = 0—1.0) demonstrates
that all catalyst fall into the type IV adsorption isotherm,

Table 2
BET analysis results of HTc

indicating a mesoporous structure (Parkash, 2020). 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 (Seekhiaw et al
2023). HTc and HTc impregnated by Ni-V are classified as
having H3 hysteresis loops, representing the lamellar slit pore
shape (Aziz et al., 2024). Similar studies that synthesized and
characterized materials resembling hydrotalcite or the LDH
group found the same isotherm classification, namely the type
IV N: adsorption-desorption isotherm with H3 hysteresis loops
(Cui etal, 2019; Luetal., 2019). Table 2 shows the indication of

Catalysts Surface area Pore Volume Dyore
(m*/g) (cm’/g) (nm)
HTc 13.884 0.072 20.998
5% Ni-V (1:1)/HTc 17.694 0.101 22.796
5% Ni-V (1:2)/HTc 8.671 0.081 37.642
10% Ni-V (1:1)/HTc 16.591 0.097 23.576
10% Ni-V (1:2) /HTc 19.915 0.104 21.070

ISSN: 2252-4940/© 2026. The Author(s). Published by CBIORE
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metal development has an effect on the surface area, where in
the modification of commercial hydrotalcite a significant
increase is shown in the variation of 10% Ni-V (1:2)/HTec,
namely 19.915 m?/g. However, a decrease is shown in the
variation of 5% Ni-V (1:2) /HTC, namely 8.671 m?/g. Summa et
al. (2021), stated that the increase in surface area occurs due to
metal dispersion on the hydrotalcite surface, while the decrease
can occur due to uneven metal dispersion so that the pores
blockage occurs. The results of commercial hydrotalcite
modification include mesoporous, with an average diameter in
the interval of 21.070-37.642 nm. Based on research by Pan et
al. (2021), the shape of the N, adsorption-desorption isotherm
graph on all modifications of commercial hydrotalcite type IV
which are included in the H3 hysteresis loops classification
which represents the shape of slit-shaped pores.

3.2 Catalytic activity

Fig. 6 shows that the WCO feedstock has the largest
composition of Dodecanoic acid, Palmitic acid, and
Octadecenoic acid, namely 30.71, 19.80, and 19.35%. This
indicates that WCO contains carboxylic acids with a
hydrocarbon chain length range of C12-C18. As shown in
previous studies also showed similar results (Alotaibi et al,
2024; Chauhan et al., 2025).

Analysis liquid product using GC-MS aims to determine
the composition of the cracking product, the data of which
would be used to determine the potential catalytic activity of the
material used based on its conversion success. In this study, the
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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 2. Interpretation of
the distribution of compound components resulting from the
hydrocracking reaction with HTc is shown in Fig. 7. The results
of the catalytic test reaction on commercial hydrotalcite can
only convert 94.02% of the carboxylic acids in the used cooking
oil feedstock into alkanes (3.63%) and alkenes (3.88%), as much
as 87.60% of the carboxylic acids are not converted. In the
modification of commercial hydrotalcite with a 5% Ni-V metal
development ratio of 1:1, the conversion of carboxylic acids into
alkanes (2.16%), alkenes (2.64%), polycyclic aromatic
hydrocarbons (0.38%) with unconverted carboxylic acids of
88.57%. The increase in conversion occurs in the 5% Ni-V metal
development ratio of 1:2 which leaves 81.28% of the carboxylate
because it can produce alkanes (2.32%) and alkenes (5.83%).
Then, the modification of commercial hydrotalcite with 10% Ni-
V metal development at a ratio of 1:1 had the highest conversion
of alkane products (4.93%), alkene (8.59%) and aromatic
hydrocarbons (0.34%). However, other compounds were also
produced with the highest percentage, namely 9.37% with a
percentage of ester and alcohol products of 8.63%. While the
modification with 10% Ni-V metal development at a ratio of 1:2
had a conversion of alkane products (4.38%) and alkene
(11.13%), unconverted carboxylic acids of 67.81%, the reaction
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Fig. 6. GC-MS chromatogram of purified waste cooking oil

Table 3
Composition of the hydrocarbon compound group of liquid products
-, Catalyst
Composition HTc 5% N-V (1:1)/HTc 5% N-V (1:2)/HTc 10% N-V (1:1)/HTc 10% N-V (1:2)/HTc

n-Paraffin 2.53 1.09 1.36 3.38 1.80
Iso-paraffin 0.00 0.26 0.31 0.00 0.37
Cyclo-paraffin 1.09 0.80 0.66 1.54 2.21
Aromatic 0.00 0.00 0.00 0.34 0.00
Olefin 3.88 2.64 5.83 8.59 11.13
Ester, Alcohol 2.00 2.98 3.42 8.63 9.21
Carboxylic acid 87.60 88.57 81.28 68.15 67.81
PAH 0.00 0.38 0.00 0.00 0.00
Etc. 2.89 3.28 7.14 9.37 7.47

ISSN: 2252-4940/© 2026. The Author(s). Published by CBIORE



L. Marlinda et al

Yield (YoArea)

u [soparaffin

mEtc.

wPAH

mCarboxylic Acid

mEster, Alcohol

mOlefin/Alkene

Aromatics

— u Cycloparaffin
(*"

mn-Paraffin
6000 o o
& ¢ ¢ 8

Fig. 7. Distribution of components of liquid product compound
groups of hydrocracking reactions with HT¢ variations

directed the conversion into other compounds (7.47%) and
alcohol-ester (9.21%). The persistently high carboxylic acid
content may be due to catalyst deactivation (Wang et al., 2021).
Furthermore, the relatively high carboxylic acid content may be
due to an insufficiently high reaction temperature and an
unsuitable catalyst (Banchapattanasakda et a/, 2023; Satriadi et
al 2022).

In this study, the alkane compounds, namely n-paraffin,
isoparaffin, and cycloparaffin, produced by the hydrocracking
reaction, were classified into three fractions. These three
fractions are saturated hydrocarbons grouped based on the
number of carbon atoms: gasoline (<C51-C9), kerosene (C10-
C13), and gasoil (C14-C22<). The interpretation of the data from
the product component fractions from hydrocracking is shown
in Fig. 8, commercial hydrotalcite produces kerosene (0.83%)
and gasoil (2.80%), the four variations in commercial
hydrotalcite do not have any conversion into gasoline fractions.
Then, at 5% Ni-V (1:1) HTc and 5% Ni-V (1:2) HTc, kerosene
(0.40%) and gasoil were obtained at 1.76% and 1.92%,
respectively. The highest product percentage was obtained at
10% Ni-V (1:1) HTc, namely kerosene (0.60%) and gasoil
(4.33%), then at 5% Ni-V (1:2) HTc, kerosene (0.49%) and gasoil
(3.89%). This is in accordance with previous research, most of
which obtained biofuel results in the gasoil or long hydrocarbon
chain range (Jovita et al., 2024; Rashidi et al., 2022).

The relatively low hydrocarbon yield (~15%) and the high
proportion of residual carboxylic acids (~68%) indicate that the
reaction did not proceed as a full hydrocracking process.
Instead, the catalytic behavior is more representative of
hydrogen-assisted upgrading involving partial deoxygenation
and limited cracking (Santiko et al 2026). Hydrotalcite-derived

100%
80%
0% m Gasoil
(€19-22<)
I\wmmm
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Fig. 8. Fractions of liquid product components from catalytic
activity tests using: (a) HTc; (b) 5% Ni-V (1:1)/HTc; (c) 5% Ni-V
(1:2)/HTc; (d) 10% Ni-V (1:1)/HTc; (e) 10% Ni-V (1:2)/HTc
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Fig. 9. Radar graph of the relationship between Sger, pore
volume and hydrocarbon yield

catalysts are known to exhibit moderate acid-base properties,
which favour reactions such as hydrogenation, ketonization,
and decarboxylation rather than extensive C—C bond scission.
In the present system, the Ni-V species likely promote partial
hydrogenation and oxygen removal, while the insufficient
density and strength of acidic sites limit deep hydrocracking
activity. As a result, oxygenated intermediates, particularly
carboxylic acids, remain dominant in the product mixture (Al
Muttaqii et al.,, 2024).

Fig. 9 shows the relationship between SBET, pore volume,
and hydrocarbon yield. The higher the surface area, the higher
the pore volume and hydrocarbon yield. In addition, the more
metal impregnated causes the hydrocarbon yield to increase.
This is associated with the increasing number of active sites of
metal spread on the HTc surface. Then the ratio of Ni and V also
affects the hydrocracking results and catalyst characteristics.
The size of the NiO cation is larger compared to V20s which
causes a 1:1 ratio to convert WCO into less hydrocarbons
(Hartati et al, 2025; Pan et al, 2022). The +5 charge of
Vanadium also makes the abundance of active sites and the
smaller cation size causes the number of V:0s cations to be
much greater so that a 1:2 ratio obtains a greater hydrocarbon
yield (Shen et al,, 2021).

4. Conclusion

Based on the conducted study, hydrotalcite-derived catalyst
(HTc) materials were successfully synthesized and subsequently
impregnated with bimetallic Ni-V at metal ratios of 1:1 and 1:2,
with catalyst loadings of 5 wt% and 10 wt%. XRD analysis
confirmed the successful incorporation of both metals onto the
H Tc support. Characteristic diffraction peaks were observed in
the 20 range of 35-70° corresponding to HTc. Specific peaks at
20 = 37.22° and 43.58° were attributed to NiO, while peaks at
20 = 37.35° and 61.26° corresponded to V,0, and metallic V,
respectively. A peak at 63.07° further confirmed the presence of
Ni species, indicating successful metal deposition without
significant structural collapse of the HTc framework.

SEM analysis revealed a morphology consistent with typical
hydrotalcite characteristics, showing layered structures with
overlapping plate-like particles. The observed particle size was
approximately 1 pm at the microscale, indicating primary
particle dimensions in the range of several hundred nanometers.
SEM-EDX elemental mapping demonstrated homogeneous
dispersion of Ni and V across the HTc surface, suggesting
effective impregnation and minimal metal agglomeration.

Nitrogen adsorption—desorption isotherm analysis indicated
the formation of mesoporous structures, as evidenced by the
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presence of hysteresis loops. Metal impregnation significantly
enhanced the textural properties, increasing the surface area up
to 19.915 m?/g and enlarging the average pore diameter to
37.642 nm. Hydrocracking experiments using waste cooking oil
(WCO) showed that the untreated reaction product contained a
high proportion of carboxylic acids. However, the incorporation
of Ni-V metals markedly improved catalytic performance,
reducing the carboxylic acid content by up to 67.81%,
demonstrating the effectiveness of the bimetallic HTc catalyst
in promoting deoxygenation reactions.
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