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Abstract 
The growing imperative for sustainable energy sources has spurred significant interest in the 
catalytic conversion of biomass, such as agricultural waste, into biofuels. Lignocellulosic biomass 
is a promising raw material for the production of energy and bio-based chemicals. This study 
investigates the catalytic conversion of hemicellulose derived from maize cobs into liquid 
hydrocarbons using NiO/Al2O3 as a bifunctional catalyst in an aqueous phase. The process 
comprises the initial generation of furfural via a one-step acid-catalyzed hydrolysis-dehydration 
sequence, followed by its transformation into liquid hydrocarbons via aldol condensation and 
hydrodeoxygenation. The empirical results demonstrate a conversion efficiency of 61.08% with the 
NiO/Al2O3 catalyst under optimized reaction conditions (220°C, 30 bar, 1 h), corresponding to a 
hydrocarbon selectivity of 61.08%. Gas chromatography/mass spectrometry (GC/MS) analysis of 
the liquid product identified the presence of alkanes within the C7-C15 range, with heptane (28.06%) 
and decane (17.65%) constituting the principal products. This finding substantiates the viability of 
employing hemicellulose sourced from maize cobs as a feedstock for producing liquid hydrocarbons 
through hydrodeoxygenation catalyzed by NiO/Al2O3.  

Keywords:  Bifunctional catalyst, Hydrodeoxygenation catalyst, Initial furfural production, Liquid 
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1. Introduction  

Investment in sustainable energy in the oil and gas sector has increased steadily (Yurukcu et al., 
2023) due to frequent crises in the petroleum supply, the risk of scarcity, price volatility, and 
environmental impacts (Aji et al., 2025a). Interest in alternative energy sources has increased over 
the last two decades (Biswas et al., 2022; Pustějovská et al., 2023). Currently, the dominant energy 
resource is fossil fuels. As of 2020, fossil fuel consumption was high, while renewable energy use 
was very limited, with hydro, wind, solar, and nuclear sources contributing 83%, 12.6%, and 6.3%, 
respectively (Holechek et al., 2022), while in India, fossil fuels account for over 70% (Channi, 
2022). The adverse impacts of fossil fuels, particularly their effects on ecosystems, have underscored 
the urgent need to transition to sustainable energy sources, which are vital to meeting our energy 
requirements (Halkos & Gkampoura, 2023). Renewable energy sources are a sustainable and 
healthier option compared to fossil fuels, offering advantages for human well-being, slowing climate 
change, and protecting ecosystems (Kandpal & Singh, 2022). Additionally, the combustion of fossil 
fuels emits CO2, causing detrimental environmental effects and accelerating the greenhouse effect 
(Kashef et al., 2022) and global warming (Azni et al., 2023). 

Interest in the catalytic conversion of biomass, particularly agricultural waste, into biofuel has 
increased due to the growing need for sustainable energy alternatives (Inyang et al., 2022). Among 
biomass resources, agricultural residues, such as maize cobs, are particularly attractive due to their 
availability and low cost. The literature shows that catalytic conversion of Hemicellulose, a 
significant component of lignocellulosic biomass, yields valuable liquid hydrocarbons (Aji et al., 
2022; Nikolopoulos et al., 2023). Hydrolysis of agricultural residues, such as maize cobs, into ester 
fuels reduces greenhouse gas emissions and improves environmental performance (Aji et al., 2025b; 
Qu et al., 2023). These materials can be combusted in boilers to generate heat, which is then 
converted into electricity (Boni et al., 2023). Bio-waste and residue conversion techniques have 
enormous potential, both environmentally and economically, owing to the carbon cycle of biomass 
and technological advancements (Chen et al., 2023). It is also well established that biomass is a safe 
energy source and can reduce emissions of hazardous gases (Kalak, 2023).  

The conversion of lignocellulosic biomass typically proceeds through a multistep catalytic pathway 
(Figure 1), involving the initial breakdown of hemicellulose into intermediates such as furfural, 
followed by upgrading to long-chain hydrocarbons via aldol condensation and hydrodeoxygenation 
(HDO). Numerous studies have explored different catalyst-feedstock combinations for this process. 
For instance, high hydrocarbon yields have been reported using Ni/Al2O3 on food waste (59.48%) 
(Valizadeh et al., 2020), and Mo-Co/γ-Al2O3 on waste cottonseed oil (61.9%) (Melo et al., 2021), 
while Pt-Ni/γ-Al2O3 has been used with pine sawdust (52.67%) (Zheng et al., 2021). 
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Figure 1: Flow mechanism of hydrocarbon production from Maize cobs  

A major challenge in this area is the continued need to enhance the conversion process. This requires 
the use of cost-effective, highly efficient, and selective bifunctional catalysts capable of processing 
non-food-competing lignocellulosic feedstocks. In this context, Nickel Oxide supported on Alumina 
(NiO/Al2O3) is a promising candidate. It is a well-established bifunctional catalyst in which the 
acidic sites of Al2O3 facilitate the initial condensation/dehydration reactions, and the nickel-based 
sites are highly effective for the subsequent hydrogenation and hydrodeoxygenation steps required 
for alkane production. The selection of this specific catalyst is therefore motivated by its potential 
for synergistic action of the metallic and acidic sites to achieve high conversion and selectivity from 
the abundant hemicellulose in maize cobs. 

The pressing need for sustainable production of fuels and chemicals without impacting the food 
supply has driven researchers worldwide to develop second-generation technologies. These 
technologies aim to use non-edible feedstocks, such as lignocellulosic biomass, while ensuring that 
food production remains unaffected. Production of liquid fuels via aqueous-phase processing could 
be a promising approach to harnessing biomass for fuel generation. The process is viable as it uses 
water-soluble feedstock at moderate temperatures and pressures (Azman et al., 2023). This research 
aims to convert hemicellulose from maize cobs using NiO/Al2O3 as a catalyst. The study employs a 
systematic approach to investigate catalyst performance by GC/MS, FT-IR, and XRD.  

2. Methodology  

2.1 Materials 

The reagents used in this research were Nickel (II) nitrate, alumina powder, maize cob, sodium 
chloride (NaCl), sulfuric acid (H2SO4), Sodium Sulphate, Acetone, Ethanol (50.0%), and Ethyl 
acetate. 

2.2 Collection and Processing of Samples 

Maize cobs were obtained from a processing facility situated in the Nguru Local Government Area 
of Yobe State, Nigeria. For sample preparation, the cobs were first shade-dried, then ground, and 
subsequently sieved. The prepared sample was stored in a dry storage area until needed.  
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2.3 Catalyst Preparation  

The Nickel(II) nitrate catalyst was synthesized via the incipient wetness impregnation method, 
following the procedures outlined by Mathew et al. (2023) and Mo et al. (2023) (Mathew et al., 2023; 
Mo et al., 2023). This involved adding 100 cm³ of a 0.6 M Nickel(II) nitrate solution to 200 g of 
alumina powder (Al₂O₃) at a 1:2 ratio, with constant agitation on a magnetic stirrer. The resulting 
slurry was subsequently dried at 80 °C for 8 hours. Following drying, the material was calcined at 600 
°C for 4 hours. The catalyst was then kept in a desiccator for subsequent characterization and analysis.  

2.4 Conversion Process  

In the initial reaction steps, glucose and fructose were hydrolyzed. The molecules were converted to 
methyl furfural and acid catalysts via dehydration. The intermediate was converted to liquid alkanes 
via aldol condensation and hydrogenation over a bifunctional catalyst at 220 °C reaction temperature 
and 30 bar for 60 minutes (Jiang et al., 2023).  

2.5 Furfurals production  

The method outlined by Aji et al. (2022) was adopted for furfural production. The procedure involved 
first combining 5.0 g of a dried sample with 5.0 g of NaCl in a clean beaker. This mixture was then 
transferred into a 250 cm3 borosilicate glass tube reactor. Subsequently, 50 mL of 10% H2SO4 was 
introduced into the reactor. The distillation process was carried out in a furnace, with the reactor 
positioned upright and connected to a water condenser. Pre-determined variables for acid 
concentration, temperature, and duration governed the distillation. Following distillation, the organic 
component of the distillate was extracted with dichloromethane in a separating funnel. Residual water 
was removed from the extract by adding 0.2 g of sodium sulfate. Finally, the solvent was evaporated 
at 40°C using a rotary evaporator. 

2.6 Aldol condensation   

The aldol condensation was performed according to the established methodology described by Aji 
et al., (2022); Garba et al., (2018). The reaction was conducted in a 250 cm3 flat-bottomed flask 
reactor equipped with a magnetic stirrer, employing acetone as a reactant. A reaction mixture was 
initially prepared, comprising 10 cm3 of distilled furfural and 5 cm3 of acetone, maintaining a 2:1 
ratio. This was followed by the addition of 50% aqueous ethanol to the mixture. The reactor was 
subsequently heated to 85°C, and the contents were vigorously stirred at 500 rpm for 30 minutes, 
during which 20 cm3 of 4 M NaOH was added. Post-reaction workup involved filtration to ensure 
the complete removal of excess NaOH. This was achieved by triple-washing the mixture with 
ethanol. Finally, the resulting crystalline product was dissolved in ethyl acetate and analyzed by 
FTIR. 
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2.7 Hydrodeoxygenation   

Hydrodeoxygenation (HDO) was conducted according to the process described by Aji et al., (2022); 
Garba et al., (2018). The aldol product was HDO in a stainless-steel tubular reactor. The reaction 
mixture, composed of 30 cm³ of the aldol adduct and 1.8 g of NiO/Al₂O₃ catalyst, was subjected to 
a hydrogen pressure of 30 bar. The reactor was maintained at 220 °C for one hour under an inert 
atmosphere. Following the reaction, the liquid product was filtered and analyzed by GC-MS. 

2.8 XRD and FT-IR Spectroscopic Analyses  

XRD of the synthesized catalyst was conducted at the National Geosciences Research Laboratory, 
Nigerian Geological Survey Agency, Kaduna, Nigeria, utilizing an Empyrean intelligent 
diffractometer (Malvern Panalytical, Netherlands). 

FT-IR spectroscopic analysis was performed on the prepared catalyst, standard furfural, and the 
furfural aldol adduct. This was carried out at the Central Advanced Science Laboratory Complex, 
Usmanu Danfodiyo University, Sokoto, using an Agilent Model 650. For the analysis, the sample 
was combined with the alkali halide potassium bromide (KBr) and compressed into a thin, 
transparent pellet using a hydraulic press. Spectral data were then recorded with the pellet placed in 
the spectrometer's standard sample compartment. The transmission rate was measured across the 
range 4000–650 cm⁻¹ with a resolution of 4 (Aji et al., 2022).   

2.9 GC-MS Method of Analysis 

Analysis of the hydrodeoxygenation product was performed using an Agilent 7890B GC/MS system 
coupled to an MSD 5977A at the Chemistry Central Laboratory, Yobe State University, Damaturu. 
The system used a capillary column (30.0 m in length, 250 μm in diameter, 0.25 μm in film 
thickness). A 1 μL injection volume was used, with the inlet temperature maintained at 250°C in 
splitless mode. The oven temperature program began at 70°C, held for 1 minute, then increased to 
260°C at 10°C/min, and finally held at 260°C for 5 minutes. The oven front inlet temperature was 
also set to 250°C. Helium was used as the carrier gas at a flow rate of 18 cm3/min, a pressure of 
4.9693 psi, and a septum purge flow of 3 mL/min. The ionization mode was set at 70 eV. Compound 
identification and quantitation were performed using Total Ion Count (TIC), and the mass spectra 
of the separated compounds were compared against the NIST02 Reference Spectral Library for 
identification. 

3. Result and Discussion  

3.1 Catalyst Characterization 

The FT-IR spectrum of the synthesized (NiO/Al2O3) catalyst, displayed in Figure 2, reveals a 
vibrational peak characteristic of metal-oxygen stretching frequencies between 400 and 650 cm-1. 
This range is consistent with the vibrations of Ni-O-Al-O and Ni-O-Al bonds, aligning with reported 
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findings (Aazza et al., 2020; El Nahrawy et al., 2020). A sharp peak observed around 469 cm-1 may 
correspond to the Ni-O stretching frequency of the functional group, possibly from nickel nitrate 
used in the synthesis. This further confirms the findings of Sokoto et al., (2017). The Ni-O peak 
intensity could have been reduced as nickel nitrate was decomposed to nickel oxide, as mentioned 
(Arranz & Palacio, 2023). Upon calcination, the nickel nitrate may have thermally decomposed into 
oxide and lost nitrate. Thus, this could lead to the loss of nitrate peak characteristics in the Infrared 
spectrum of the synthesized nickel oxide over alumina. The reduced intensity of the absorption band, 
which corresponds to nitrates, can be seen at 520 cm−1, 500 cm,−1 and 450 cm−1 on the  IR spectrum 
of nitrate oxide from NiO/Al2O3.  The absorption peak at 610 cm-1 in the infrared spectrum was due 
to Al-O stretching vibrations (Matsui et al., 2020). The observed characteristic absorption of 
NiO/Al2O3 aligns with the absorption previously reported for NiO/Al2O3 in reference (Alam et al., 
2020). 

 
Figure 2: FT-IR Spectrum of the catalyst (NiO/Al2O3) 

Figure 3 shows the XRD spectrum of the NiO Catalyst. The sharp, broad peaks observed in the XRD 
spectrum may be due to the medium-size effect and to combustion-related reflection peaks (Mlotswa 
et al., 2020). Incomplete combustion of the residue may have occurred during subsequent calcination 
at 600 °C, and pure cubic-phase NiO was obtained, as confirmed by (Cárdenas-Arenas et al., 2020). 
The calcined powder has crystallographic parameters in the Fm-3m space group (No. 225) and a 
lattice parameter of 4.178 Å.  The calcined powder exhibits notable crystallographic features 
characteristic of a face-centered cubic (FCC) structure, as indicated by its assignment to the Fm-3m 
space group (space group number 225), which is consistent with the literature (Al-Hada et al., 2020; 
Das et al., 2021). The high symmetry inherent in the Fm-3m space group suggests that the material 
exhibits uniform, isotropic properties, which are advantageous for various applications, including 
catalysis and electronic devices. The lattice parameter of 4.178 Å (Devi et al., 2022) further 
underscores the unit cell’s compact, orderly atomic arrangement. This structural uniformity may 
enhance the material’s mechanical strength and thermal stability, making it suitable for high-
temperature processes. Additionally, precise crystallographic information provides valuable insights 
into potential atomic-scale interactions, which can be crucial for tailoring the material’s properties 
for specific applications. 
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Figure 3: XRD spectrum of NiO Catalyst  

Figure 4 shows the spectrum of the Al2O3 Catalyst. The XRD pattern shows sharp peaks indicating 
the presence of small-sized particles. The crystallographic parameters indicated a rhombohedral 
crystal system, space group R-3c (space group number 167), and lattice parameters a = b = 4.7590 
Å and c = 12.9965 Å, as confirmed by the established findings (Mebed et al., 2022). This may be 
due to the high calcination temperature, which led to the formation of crystalline alpha-Al2O3 
particles (Wang et al., 2021). The elemental analysis of the calcined powders also showed the 
absence of Ni, Al, and oxygen impurities (Mateos et al., 2019). 

 

Figure 4: XRD Spectrum of Al2O3 catalyst support.  
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3.2 Proposed Reaction Mechanism and Catalyst Functionality 

The conversion of hemicellulose derived from maize cobs into liquid hydrocarbons proceeds via a 
three-stage reaction pathway, comprising hydrolysis/dehydration, aldol condensation, and HDO. 

Stage I: Acid-Catalyzed Hydrolysis and Dehydration 

In the first stage, hemicellulose undergoes acid-catalyzed hydrolysis in the presence of sulfuric acid 
(H₂SO₄), yielding monomeric sugars, predominantly pentoses and hexoses. These sugars subsequently 
undergo acid-catalyzed dehydration to form furfural, a key intermediate. 

 

 

This step reduces oxygen content while generating a reactive platform molecule suitable for carbon–
carbon coupling reactions. 

Stage II: Base-Catalyzed Aldol Condensation 

In the second stage, furfural undergoes aldol condensation with acetone in an alkaline medium 
(NaOH), forming a C₉ aldol adduct. This reaction effectively increases the carbon chain length, which 
is essential for producing hydrocarbons within the targeted fuel range (C₇–C₁₅) 

 

The aldol condensation step represents a critical carbon-coupling route that bridges biomass-derived 
oxygenates to fuel-range intermediates. 

Stage III: Hydrodeoxygenation and Hydrogenation 

The aldol adduct is subsequently converted into linear alkanes (C₇–C₁₅) via hydrodeoxygenation and 
hydrogenation over a bifunctional NiO/Al₂O₃ catalyst at elevated temperature and hydrogen pressure. 

 

This stage involves the simultaneous operation of two complementary catalytic functions. 

Acidic Function (Al₂O₃) 

The acidic sites on the alumina support promote deoxygenation reactions, including dehydration and 

Hemicellulose    Pentose/Hexoses 
H2SO4 

C5H10O5 + C3H6O     C5H4O2 (Furfural) 

-3H2O 

C5H4O2 + C3H6O     C9H10O3 + H2O 
NaOH 

C9H10O3 + xH2     C7-C15 alkane + H2O 
NiO/Al2O3 
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decarbonylation, and facilitate further molecular rearrangements and condensation steps. 

Metallic Function (NiO): 

NiO serves as the primary active phase for hydrogenation and HDO reactions, enabling efficient 
cleavage of C–O bonds and saturation of C=C bonds. Catalyst characterization (Figure 3) confirms 
the presence of a cubic crystalline NiO phase, providing structurally uniform, catalytically accessible 
active sites. The compact atomic arrangement and high dispersion of NiO on the high-surface-area 
Al₂O₃ support ensure a high density of exposed metallic sites for effective hydrogen activation. 

The synergistic interaction between acidic Al₂O₃ sites and metallic NiO centers underpins the 
catalyst’s bifunctional nature, enabling efficient sequential dehydration, condensation, hydrogenation, 
and hydrodeoxygenation, ultimately yielding fuel-range hydrocarbons. 

3.3 Identification of Furfural 

The FT-IR assignment of functional groups to the produced furfural is shown in the Table 1. 

Table 1: Spectral analysis of produced and standard furfural 

Functional 
Group 

Observed 
Frequencies cm-1 

Standard 
Furfural 

Observed 
Furfural 

Assignment 

C=O 1780-1670 1988 1690 Aldehyde 
C-H 2900-2700 2848-2814 2848-282 Aromatic 
C-H 3100-3000 - - - 
C=C 1600-1450 1570-1460 1570-1460 - 
C-O 1300-1000 1200-1000 1200-1000 Ether 

 
The FT-IR spectrum of the produced Furfural, shown in Figure 5, exhibited a strong and sharp 
absorption peak at 1690 cm-1. This peak is characteristic of the conjugated carbonyl (C=O) group 
(Indriyanti et al., 2023). As indicated in Table 1, this C=O absorption frequency is lower than typically 
observed for aldehydes. This reduction is attributed to the internal hydrogen-bonding characteristic of 
conjugated unsaturated aldehydes and to the general effect of conjugation in lowering the carbonyl 
vibrational frequency (Cattaneo et al., 2021).  A similar C=O absorption was also present in the 
standard furfural spectrum. Two weak absorptions confirmed the aldehyde functional group at 2848 
cm-1 and 2812 cm-1 in the standard furfural spectrum. These correspond to the moderately intense 
aldehydic C-H stretching vibration. The observation of two peaks is due to Fermi resonance between 
the fundamental aldehydic C-H stretching vibration and its first overtone of the C-H bending vibration. 
Unlike the standard furfural spectrum, the produced furfural spectrum showed no peaks in the 2100 - 
2260 cm-1 range. The peaks in this region of the standard spectrum may be due to other compounds 
in the commercial furfural standard (Chawananon et al., 2023). Both the produced and standard 
furfural spectra showed firm peaks between 1570 cm-1 and 1466 cm-1, which are indicative of the C=C 
stretching vibrations within the aromatic ring. Additionally, a firm peak at 1020 cm-1 in both spectra 
confirmed the C-O stretching vibration. The spectrum also showed broad, lower absorptions at 3462 
cm-1 and 3540 cm-1. These peaks likely correspond to O-H vibrations and may be attributed to residual 
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solvent absorption in the product (Venzie et al., 2021).  Hence, the IR spectrum of the produced 
furfural was consistent with that of the standard furfural spectrum. 

 

Figure 5: Furfural FT-IR Spectrum from Maize Cobs 

3.4 Analysis of the Aldol Adducts 

Table 2 shows the characteristics of aldol adducts as analyzed using FT-IR, from which the peak for 
each absorption was assigned. 

Table 2: FT-IR Spectra of the Aldol Adducts 
Class of Hydrocarbons Functional Group Wavenumber (cm-1) 
Ketone C=O 1700-1725 
Alkenes Stretching C-H 3080-3140 
Alkenes C=C 1630-1670 
Aromatic C-H 3000-3100 
Aromatic C-H 1450-1600 
Ether C-O 1199-1240 

Figure 6 presents the FR-IR spectrum of the Furfural-Acetone dimer, with peak assignments listed 
in Table 2. The key absorption bands identified include (C–H) vibrational frequencies at 3055 and 
3141 cm-1, which correspond to sp2 vibrations in the furan ring (Yamada & Mizuno, 2021). Infrared 
spectroscopy revealed several key functional groups. A stretching absorbance band at 1584 cm-1 
suggests the presence of a carbonyl C=O group (Doney et al., 2020; Fuseya et al., 2020). The sharp 
stretching absorbances observed at 1199 cm-1 and 1240 cm-1 are likely attributable to the C-O 
stretching vibration characteristic of the cyclic C-O-C linkage found in furfural (Nejad et al., 2023). 
Additionally, broader, lower-frequency absorption bands at 3462 cm-1 and 3540 cm-1 may be due 
to O-H vibrations, possibly arising from residual solvent absorption in the product (Venzie et al., 
2021). 
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Figure 6: FT-IR Spectrum of the Aldol Adducts  

3.5 Analysis of the Hydrodeoxygenation Products  

Table 3 shows the chemical composition of hydrodeoxygenation products analyzed using GC-MS. 
The Table shows the distribution of hydrocarbons and oxygenates obtained from the 
hydrodeoxygenation of aldol adducts. The products were mainly liquid hydrocarbons within the 
carbon range of (C5 - C20). The presence of unsaturation (pentadecene) indicated partial 
hydrogenation, which might require further hydrogenation.  

Table 3: Compositions of Hydrodeoxygenation Products 

 
The total relative peak area of hydrocarbons was 61.08%, with heptane and decane as the major 
products, each accounting for 28.06% and 17.65%, respectively. This result was higher than that 
reported for many catalysts in the literature (Table 4). In addition to alkanes, the liquid phase also 
contains substantial quantities of other alkanes, potentially resulting from decomposition and 
polymerization reactions. Other organic oxygenates, such as methanol and acetic acid, were found 
in the liquid phase but were not alkanes. These compounds are most likely byproducts of incomplete 
hydrogenation. 

 
 
 

Component Yield (%) HC (%) 
C5-C10 53.54 - 
C11-C20 7.54 - 
C20+ - - 
Total 61.08 38.92 
Oxygenates - - 
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Table 4: Comparative performance of the developed catalyst and literature 
Entries Reference Catalyst Biomass % Yield 
1 Valizadeh, et al (2020) Ni/Al2O3 Food waste 59.48 
2 Melo, et al (2021) Mo-Co/γ-Al2O3 waste cottonseed oil  61.90 
3 Zheng, et al (2021)  Pt-Ni/-Al2O3 Pine sawdust 52.67 
4 This work NiO/Al2O3 Maize Cobs 61.08 

 
This work makes a significant contribution by demonstrating the high efficiency of NiO/Al2O3 in 
converting maize cobs, an abundant agricultural waste, into valuable products. The comparable yield 
to the highest reported values underscores the potential of this catalyst-feedstock combination for 
sustainable and efficient waste-to-energy processes. This highlights the importance of exploring 
diverse feedstock and catalyst options to enhance the efficiency and sustainability of biomass 
conversion technologies. 

4. Conclusion 

This work successfully demonstrates the conversion of hemicellulose obtained from maize cobs into 
liquid hydrocarbons using NiO/Al2O3 as a bifunctional catalyst. The process achieved a high 
conversion rate of 61.08% under optimal conditions of 220°C, 30 bars, and 1 hour. GC-MS analysis 
revealed a significant yield of alkanes, particularly heptane and decane, underscoring the catalyst's 
efficiency in producing valuable liquid fuels. Compared with previous studies, including the 41.98% 
yield reported for NiO/SiO2 using waste cooking oil, the catalyst exhibited superior performance. 
The IR spectrum and elemental analysis confirmed the structural integrity and purity of the 
synthesized catalyst. These results suggest that NiO/Al2O3 is a promising catalyst for sustainable 
biomass valorization, contributing to the development of advanced catalytic processes for renewable 
energy production. This study underscores the potential of utilizing maize cob-derived 
hemicellulose as a feedstock for liquid hydrocarbon production, thereby advancing the field of bio-
based chemical synthesis.  
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