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ABSTRACT 

Catalytic Conversion of Furfural from Hemicelluloses of CitrillusColocynthis L. 

(Melon) Seed Husk to Liquid Hydrocarbons over NiO/SiO2 was investigated. A 

central composite design was used for furfural production, using response surface 

methodology, a furfural with optimum yield of 75.03% was achieved by acid-

catalyzed hydrolysis/dehydration of Melon Seed Husk at Temperature (220 °C), Acid 

Concentration (10%H2SO4), and Reaction Time (55 minutes) which was subsequently 

converted to liquid hydrocarbons via Furfural-Acetone condensation followed by 

Hydrodeoxygenation of Furfural-Acetone Adduct. FT-IR spectrum of the produced 

furfural showed absorption at 1670 cm-1 and 2800 cm-1 indicting a conjugated 

carbonyl functional group and aldehydic hydrogen. The Hydrodeoxygenation was 

carried out in a stainless-steel reactor at 150 °C for 8hours. The NiO/SiO2 catalyst for 

Hydrodeoxygenation reaction was prepared by wet impregnation method. XRF 

analysis of the NiO/SiO2 revealed a Percentage Metal oxide Composition of 73.939% 

SiO2 and 24.641% NiO. The Hydrodeoxygenation using NiO/SiO2 in water at 150 °C 

for 8hoursyielded liquid hydrocarbons with 86.61% hydrocarbons yield (C9-C12) and 

1.46% 2-propenylidenecyclobutene. The result revealed that Citrullus Coloncythis L. 

(Melon) Seed Husk is a good source for furfural and liquid hydrocarbons production 

and could be used as a feedstock in industries for fuel and chemical production. 
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CHAPTER ONE 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Introduction 

Humanity is now faced with the challenges of the increasing demand for fuels and 

chemicals driven by global population growth and diminishing fossil resources, 

energy security due to political issues, and environmental problems caused by CO2 

emissions and the resulting global warming.To solve these, various forms of 

renewable energy resources have been explored to develop sustainable processes. 

Different from other energy sources such as, solar, wind and geothermal; biomass is 

the most promising alternative resources since it can provide the liquid fuels 

directly by a sequence of chemical reactions (Clark et al., 2006). 

Biomass, a renewable non fossil carbon energy source, is regarded as an ideal 

alternative to traditional fossil resources because it is environmentally friendly and 

abundant. In recent decades, great interest has been devoted to the production of 

biofuels and biochemicals using non-edible lignocellulosic biomass, which is 

abundant in agricultural residues and waste streams.(Perlacket al., 2005). 

The use of lignocellulosic biomass avoids the food-versus-fuel debate and can 

potentially significantly reduce CO2 emissions. It is one of the most promising 

options for the green and sustainable production of fuels and chemicals. 

Lignocellulosic biomass mainly contains cellulose, hemi- cellulose, and lignin, 

which constitute 40−50%, 25−35%, and 15−20% of lignocellulose respectively. 

(Clark et al., 2006).. 
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Transportation fuels such as gasoline, diesel, and jet fuel are the main targets of 

biofuels. Bioethanol as bio-gasoline and fatty acid alkyl esters as biodiesel are now 

commercialized on a large scale. However, these “first-generation” biofuels have 

problems such as low energy density, low stability, and sometime conflict with food 

production. To overcome these problems, intense work has been undertaken to 

develop next-generation biofuels that are produced from nonfood biomass such as 

Melon Seed Husk and are totally compatible with petroleum-based transportation 

fuels composed of hydrocarbons. 

1.1.1 Biomass 

Biomass is a renewable energy generated from animal and plant organic matter. 

Though, when utilized tends to generates carbondioxide. It was also created from 

solar energy, water, carbondioxide and does not increase net carbon dioxide volume 

in the earth, as such biomass can be regarded as carbon neutral (Kamimoto, 2008). 

1.1.2 Melon 

Melon (Citrullus Colocynthis L.) is a tropical herbaceous, tendril-bearing, vine 

plant of thecucurbitaceaefamily commercially cultivated in various regions in 

Africa (more especially Northern Part of Nigeria). It is an essential perennial cash 

crop cultivated for its fruits and oil-bearing seeds, the fruits are ovoid shaped and 

weighs an average of 1.5kg. The mesocarp comprises numerous brown coloured 

oval shaped, dorsoventrally flattened seeds enclosed in a brittle cortex. The seeds 

contain a white, soft textured oil-rich kernel that is typically dehulled for processing 

into melon seed oil (MSO). The oil content of melon seed ranges from 22.10 to 
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53.50% along with a crude protein content of 21.8%. The oil is an important 

feedstock used for various food, Medicinal, biodiesel fuel, pesticides, and industrial 

purpose (Nyakuma, 2015b).  

1.1.3 Melon Seed Husk (MSH) 

Melon Seed Husk (MSH) is the oval shaped, brown colored, outer coat, generated 

from decortication of the melon seeds. With the growing culinary and medicinal 

importance of melon seeds, it is estimated that the cultivation and extraction of 

Melon Seed Oil (MSO) will result in increased wastes over the coming years 

(WorldWatch Institute, 2017). This will present further waste disposal and 

management challenges for the communities reliant on the crop for livelihood. In 

addition, current strategies (open air burning, incineration, and deposition in land 

fill sites and refuse dumps) for the disposal and management of agricultural wastes 

such as Melon Seed Husk are considered inefficient, unsustainable, and 

environmentally hazardous (Nyakuma, 2015). Therefore, practical solutions are 

urgently required to significantly address problems associated with fossil fuels, the 

potential challenges of greenhouse gas (GHGs) emissions, global warming, and 

climate change resulting from fossil fuels combustion, open air burning, land 

filling, and dumping of agro forestry wastes into the environment. 
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Plate 1.1:Melon Seed Husk 

Source: Author’s field work 2019 

The utilization of Melon Seed Husk (MSH) as fuel feedstock for biomass and 

bioenergy applications is a potential solution for the current waste management 

strategies for disposing MSH and addresses fossil fuels environmental challenges. 

The value addition of MSH can be achieved through biomass conversion 

technologies (BCT). This can be achieved by employing practical to energy 

technologies such as torrefaction, pyrolysis and gasification (Nyakuma,2015).  The 

application of the outlined low carbon technologies (LCT) can potentially address 

the challenges associated with fossil fuels by producing clean and renewable 

transportation fuel, mitigate the uncontrolled emission of GHGs from combustion 

of fossil fuels and burning of waste disposable biomass of melon seed oil 

extraction, land filling and reduce the associated costs of managing solid wastes 

such as MSH in the future(Nyakuma, 2015). Upgrading of lignocellulosic biomass 

into transportation fuel fractions have been intensively studied by catalytic 

hydrogenation-deoxygenation of furfural-Acetone condensationadduct as chemical 

precursor (Huber et al., 2006).   
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1.1.4Furfural 

Furfural is a liquid chemical that is sourced from renewable resources; it is created 

from hemicelluloses components (pentosans) of vegetable matter. It is also the only 

compound of the furan series being directly obtained from biomass(e.g. Melon Seed 

Husk) at industrial scale. Furfural production is generally carried out by hydrolysis 

of hemicelluloses-derived pentosans into monomeric pentoses, and their subsequent 

acid-catalyzed dehydration.It is an important organic chemical, produced from agro 

industrial wastes and residues containing carbohydrates known as pentosans 

(Gebreet al., 2015) 

As no commercial synthetic routes have been found so far, all furfural 

manufacturing activity is based on pentosans containing residues that are obtained 

from the processing of various agricultural and forest products. In commercial 

terms the most important intermediate derived from furfural is furfuryl alcohol. The 

chemical formula for furfural is C5H4O2.In structure, it is a heterocyclic compound 

consisting of a furan ring (four carbon atoms and an oxygen atom) plus an aldehyde 

group. Chemically, furfural participates in the same kinds of reactions as aldehyde 

and other aromatic compounds. Indicating its diminished aromaticity relative to 

benzene, furfural is readily hydrogenated to the corresponding tetrahydrofuran 

derivatives. 

1.1.5Synthesis of Furfural 

Furfural can be produced from lignocellulosic biomass by dehydrating pentoses 

which are found in hemicelluloses of agricultural waste. The pentosans fraction of 
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lignocelluloses is converted into monosaccharide by acid hydrolysis. Then further 

dehydration reactions of pentoses yield furfural. Pentosan (C5H8O4) fraction of 

melon seed husk is converted into pentose (C5H10O5)n which is then cyclohydrated 

to furfural (C5H4O2) using dehydration method. Dilute sulphuric acid is used for 

this purpose. Furfural formed is recovered using distillation and separation.(Ong 

and Sashikala, 2007). The stoichiometric equation for this reaction is as below: 

 

OOH O 

H          OHOHOH 

  HO           HH+             HO       H                     H+/-H2O                             H       

H           OHH          OH H        OH 

OHOHOH 

H+/-2H2O

O
O

Furfural  

C5H10O5C5H4O2 + 3H2O 

(Pentoses)(Furfural) 

Scheme 1.1: Formation of Furfural from Pentose (Ong and Sashikala, 2007). 

The monomer/dimer furanyl derivatives (C8-C15) are formed when condensation of 

furfural was carried out with ketone/aldehydes. Valuable liquid hydrocarbons are 
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obtained from this reaction (Condensation reaction) by converting the complex 

molecules with ketonic C=O, aliphatic C=C, Furanic C=C bond (Ulfa et al.,2017). 

Hydrodeoxygenation (HDO) is an effective method for the removal of oxygen from 

hemicellulose derived aldol adduct (Zhang et al., 2013). Bifunctional catalyst 

comprised of active metal and solid acid exhibits excellent activity for HDO 

reaction. Normally, it is considered that the metal acts as hydrogenation activity 

center while the support provides acid sites for HDO reaction (Zhang et al., 2013). 

The selection of catalyst plays an important role. Among different metal loading, 

the noble metal such as platinum (Pt) and palladium (Pd) have been revealed as 

suitable metals for hydrogenation reaction (Fabaet al.,2012). Furthermore, since 

HDO of bio-fuel is expected to be a large-scale process, employment of noble 

metal-based catalysts could significantly raise production costs. However, the high 

prices of these noble metals failed to impress the industrial scope. As a 

consequence, the development of non-noble metal catalyst seems more rational. 

Thus, it seems more reasonable to use Ni-based catalyst for bio-fuel production via 

HDO owing to its lower cost (Ulfa et al., 2017). 

Apart from the active metal, support material is also the key factor determining the 

catalytic performance. In the past, Al2O3 was widely used as catalyst support for 

HDO due to its cheap cost, excellent texture, and suitable acidity. However, coke 

formation tends to occur because of the induction of acid sites during HDO (Ulfa et 

al., 2017). Catalyst activity usually disappeared swiftly because large amount of 

coke formed during the HDO reaction process. Worse, part of Al2O3 can be 
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transformed into bohmite under hydrothermal conditions because alumina is known 

to be metastable under hydrothermal conditions, which usually lead to a decrease 

for catalytic activity. To overcome these drawbacks, one of the major challenges in 

HDO reaction is to find suitable catalyst support. Recently numerous support 

materials such as active carbon, ZrO2 and TiO2were explored (Ulfaet al., 2015). 

Onwudiliet al., (2018) reported the influence of Si/Al ratio on the pyrolysis-

catalysis of a simulated plastic sample for the production of upgraded fuels and 

chemicals. The yield of the product oil decreased with the addition of the catalysts, 

but the oil was of significantly lower molecular weight range, containing a product 

slate of premium fuel range C5-C15 hydrocarbons. 

SiO2is an inert material with excellent hydrothermal stability, and had been used as 

a catalyst support in the HDO of organic compounds. For example, Pt catalyst 

supported on SiO2 was used in the HDO of cresol and guaiacol,obtaining high 

hydrocarbon yields (Zhanget al., 2017).  

To overcome these problems mentioned above, thus, in this research work, an 

inexpensive non-sulfided HDO catalyst was prepared by impregnation using the 

pristine transition metal Ni (nickel) as the active component and SiO2(silica) as 

support. The aim is to convert diverse hemicellulose derived furfural of melon seed 

husk into liquid hydrocarbons via Hydrodeoxygenation (HDO). The catalytic 

conversion of melon seed husk to liquid hydrocarbons via hydrogenation followed 

by deoxygenation is proposed in one-step reaction using NiO/SiO2 catalyst. The use 

of SiO2 was reported increasing the activity of the catalyst by decreasing carbon 
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deposition on the surface of catalyst which lead to the formation of oxygenated 

compounds (Zhanget al., 2014). The crystal structure of SiO2 is relatively stable in 

water and organic solvent. Hence, the reaction under liquid phase is favorable. 

1.2 Literature Review 

1.2.1 Lignocellulosic Biomass 

In general, lignocelluloses biomass can be defined as a renewable resource that can 

be transformed and used for the production of fuels or transformed into bioenergetic 

form for final use. Because of its abundance, availability and renewable character it 

serves as a promising feedstock for bio-fuels, bioenergy, biomaterials, and 

biochemical production(Machadoet al., 2016). 

Energetic crops, industrial residues, forestry and urban residues and agricultural 

residues are the major sources of biomass. Example of energetic crops are hybrid 

willow, sunflower and barley, they are generally densely cultivated, have high 

production and short rotation while agricultural residue comprised of stalk and 

leaves which are not collected in commercial crops such as rice straw, bagasse 

saccharine sorghum. Moreover, biomass that not collected from logging site as well 

as from forest management operations are refers to as forestry residues while solid 

residues, sewage sludge and industrial residues are termed as industrial and urban 

residues (Machadoet al., 2016). 

Solar is used by plant to form a sugar building block (which is stored in a polymer 

form as cellulose, starch, or hemicellulose) and oxygen by combining carbon 
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dioxide and oxygen. Most biomass approximately contained 75 wt % sugar 

polymers (Huber et al., 2006). 

The first step for biofuels production is obtaining an inexpensive and abundant 

biomass feedstock. Biofuel feedstocks can be chosen from the following: waste 

materials (agricultural wastes, crop residues, wood wastes, urban wastes), forest 

products (wood, logging residues, trees, shrubs), energy crops (starch crops such as 

corn, wheat, barley; sugar crops; grasses; woody crops; vegetable oils; hydrocarbon 

plants), or aquatic biomass (algae, water weed, water hyacinth). The structured 

portion of biomass is composed of cellulose (35-50%), hemicelluloses (20-35%), 

lignin (15-25%) and a number of other compounds (Cormaet al., 2007). 

1.2.2 Production of Liquid Fuels from Biomass 

The catalytic sequence for the production of liquid fuels from biomass is proposed 

to be by dehydration of biomass, condensation reaction and hydrogenation and/or 

deoxygenation reaction. The dehydration of biomass gives furfural, the five-

membered ring heterocyclic compounds with one carbon replaced by oxygen. The 

direct conversion of furfural fails to give long chain hydrocarbon derivatives except 

for the formation of gaseous (Sitthisaet al., 2011) In order to get the longer carbon 

chain, the condensation of furfural with ketone/aldehyde is subjected to give 

monomer/dimer of furanyl derivatives with carbon chain varied from C8 to C15. The 

condensation products contain conjugated ketone C=O, aliphatic C=C, and cyclic 

C=C furan bond which can be converted into liquid hydrocarbons through catalytic 

hydrodeoxygenation reaction (HDO) reaction (Faba et al., 2014); (Mahfud et al., 

2016) ;(Ulfaet al., 2018). 
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Scheme 1.2:Chemical Transformation of Biomass to Liquid Hydrocarbons (Rong et al., 2010) 

Based on the background, a synthetic strategy to produce diesel-like hydrocarbon 

via catalytic HDO reaction has been intensively examined. The catalyst screening 

showed that noble metal catalysts, such as Pd and Pt are the most promising 

selective metal catalyst for HDO reaction (Fabaet al., 2016). However, the 

industrial scopefor the utilization of noble metal-based catalyst such as Pd and Pt 

tends tobe too expensive and uneconomical. Compounds with low boiling point 

tends to be absorbed on the active of Pd catalyst which promote the deactivation of 

the catalyst. Meanwhile, nickel as a non-noble metal catalyst has the promising 

properties for Hydrodeoxygenation by the selectivity over C=C bond and low-cost 

production (Mahfud et al., 2016). 

The use of support is also important to increase the activity of the catalyst. Oxides 

support catalyst seems to be a more promising alternative due to their wide surface 

area, a combination of their acidic and basic sites properties, and have moderate 
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hydrothermal stability. The oxides with different types of acidic sites and strengths 

are interesting matrices from a catalytic point of view (Zhang et al., 2014)  

Garbaet al., (2019) reported a number of viable options which are being explored 

for the production of energy to meet growing global energy demand. The research 

investigated the conversion of millet husk to liquid hydrocarbons. Furfural was 

produced from millet husk via a single-stage process that involved simultaneous 

hydrolysis and dehydration processes, and was subsequently converted to straight-

chain hydrocarbons through Aldol condensation and Hydrodeoxygenation 

reactions. The Hydrodeoxygenation of the Aldol condensation product over 

NiO/Al2O3 (493 K, 30 bar and reaction time of 1 hour) yielded liquid hydrocarbons 

with the selectivity of 77.5%.  

Wang et al., (2015) investigated a new route for biomass derived aviation fuel 

synthesis by catalytic conversion in aqueous phase. Furfural with the yield of 71% 

was produced by acid hydrolysis of raw corncob, and hydrogenated to 2-

methylfuran obtaining a yield of 89% over Raney Ni catalyst, both of which were 

implemented under mild reaction conditions. The Hydroxyalkylation/alkylation 

condensation of 2-methylfuran and furfural to C15 intermediate was conducted by 

using organic and inorganic acid as the catalyst under the reaction condition of 328 

K and atmospheric pressure. The maximal 95% of the C15 intermediate was gained 

when using sulfuric acid as the catalyst. 83% of liquid alkanes (C8-C15) yield and 

more than 90% of C14/C15 selectivity were produced by hydrodeoxygenation of the 

C15 intermediate. 
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Muhammad et al., (2015) investigated a fuel production using two way-stage fixed 

bed reactor and determined the product yield, composition and hydrocarbon 

distribution obtained from real-world waste plastics, simulated mixed plastics and 

four virgin plastics in the presence of a zeolite HZSM-5 catalyst. For the 

uncatalysed pyrolysis of the plastics, a high yield of oil/wax was obtained for the 

plastic materials in the range of 81-97wt% . The yield of the oil/wax decreased with 

addition of catalyst to between 44 and 51 wt %. However, the composition of the 

oils was significantly increased in aromatic hydrocarbon content. In addition, the 

composition of the oils was shifted from molecular weight hydrocarbon (C16+) to 

fuel range hydrocarbons (C5-C15) with a high content of single ring aromatic 

hydrocarbons such as benzene, toluene, ethylbenzene, xylenes and styrene. 

1.2.3 Furfural Production 

Xylans, one of the types of hemicelluloses present in abundance in lignocellulosic 

biomass, are composed mainly of pentose which are generally the major 

constituents of hemicelluloses in grasses and woods. Lately, studies focusing on the 

conversion of xylans to bioenergy, chemicals and biomaterials have received a lot 

of attention in the context of bio refineries. Among the products which can be 

obtained from pentose, there are furfural, which is a promising alternative, since it 

is a versatile compound that can be used in the synthesis of several other important 

chemicals, such as furan and furfural alcohol, furfural acetate, tetrahydrofuran, 2-

methylfuran, and 2-methyltetrahydrofuran and it is vastly used in several 

applications in refining oil, plastics production, pharmaceutical and agrochemical 

industries (Wang et al., 2015)  
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Furfural is commercially produced in batch or continuous processes using mineral 

acids as catalysts, even though this process presents drawbacks in the form of 

corrosion, difficulty in recovering the catalyst and the product from reaction 

mixture and risks to health and the environment. Aiming to optimize furfural 

production processes, several studies have been done involving the use of new 

types of catalysts in monophasic and biphasic reaction systems. Considering some 

organic solvents tested in biphasic systems that can increase the yield and 

selectivity of furfural, 2-methyltetrahydrofuran has been shown to be a good option. 

This compound can be prepared from lignocellulosic biomass and easily separated 

from the aqueous phase due to its low solubility in water, stability in acid and 

alkaline conditions, low toxicity, easy recyclability and environmentally 

friendliness characteristics, because it is a product from green chemistry.  Besides 

improving reaction system, it has been studied the use as catalysts which do no 

harm so much the environment as the mineral acids. (Li et al., 2015) 

In order to replace the use of mineral acids in furfural production, in recent years, 

many heterogenous catalyst were developed and applied successfully in the reaction 

for furfural preparation. One of the problems about using heterogenous catalyst is 

when the reaction solvent is too polar and highly protic, as water for example, 

because only a few heterogenous catalyst can keep the desired acidity due to 

interactions between solvent-surface by solvation.  

Sokotoet al., (2018) investigated the furfural production from millet husk via 

simultaneous hydrolysis and dehydration processes. Effect of reaction variables 
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such as temperature (120–200°C), resident time (15–45 min), and acid 

concentration (5–10%) was studied using central composite design. Furfural yield 

of 71.55% was achieved at 184 °C, 39 min, and 9% acid concentration. FT-IR 

spectrum of the produced furfural showed absorption at 1,697 and 2,880 cm−1 

indicating a conjugated carbonyl functional group and aldehydic hydrogen.  

Chen (2015) developed a new method of furfural production using the liquor 

obtained after steam explosion pretreatment of rice straw, using as acid solid 

catalyst HZSM-5 Zeolite. In order to improve process efficiency, it was added to 

the reaction mixture a polymerization inhibitor, 4-methoxyphenol, which improved 

conversion of rice straw liquor in furfural.  

Another study involving Zeolites use as acid catalyst was developed by Gao (2014) 

in which aqueous waste hemicelluloses solutions were used along with ZSM-5 

Zeolite, being proved the catalyst stability and the possibility of its reuse. 

1.2.4 Aldol Condensation Reaction 

Aldol condensations and hydroxyalkylation-alkylation (HAA) reactions are two 

effective methods to extend the carbon chain length for furfural upgrading to fuels. 

Similar to Hydroxymethylfuran (HMF), furfural can also undergo aldol 

condensation with external carbonyl-containing molecules having an α-hydrogen 

(e.g. Ketones) in the presence of a base or an acid catalyst. Further hydrogenation 

of aldol products can produce high-quality longer-chain alkanes. The Dumesic 

group developed a sequential aldol-condensation and hydrogenation strategy for 

furfural upgrading in the aqueous phase using a bifunctionalPd/MgO–ZrO2 catalyst 
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(Barrett et al., 2016). The cross aldol-condensation of furfural with acetone results 

in water-insoluble monomer and dimer products, which are subsequently 

hydrogenated to give products with high overall carbon yields (>80%).  

Seoet al., (2018) reported Two-step hydrodeoxygenation of furan trimmers using 

supported Ni catalysts by substituting with noble metal catalyst (Pd/C) and 

(Ru/tungstate Zirconia). The substitution of the noble metal catalyst was successful 

leading to good HDO activity. A maximum theoretical yield of 87.9% of the oil 

phase product was achieved by the combination of the first step of Ni/CeO2 

(Hydrogenation) and the second step of Ni/tungstate zirconia 

(hydrodeoxygenation). Although more cracking of hydrocarbon product observed 

over the Ni catalyst (Seoet al., 2018). 

1.2.5Furfural Upgrade to Fuels and Conversion Processes 

Furfural is considered as a platform chemical for the production of liquid 

hydrocarbons and gasoline additives such as 2-methyltetrahydrofuran (2-MTHF). 

Hydrogenation remains the most versatile reaction to upgrade furanic components 

to biofuels. For instance, it can lead to promising gasoline blends including 2-

methylfuran (2-MF), 2,5-dimethylfuran (DMF) and 2-methyltetrahydrofuran (2-

MTHF). Synthesis of biofuel components, including DMF from biomass and 

biomass derived carbohydrates via Hydroxymethylfuran (HMF) platform chemical 

has received significant attention in the recent years. (Yantao, et al., 2019.) 
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Scheme 1.3:Transformation of Furfural into Fuel Additives and Liquid Alkanes 

(Cormaet al., 2014). 

Sitthisa et al., (2011), investigated conversion of furfural using Ni-Fe bimetallic and 

SiO2-supported Ni under process condition of 1 bar H2 in the 210-250 °C 

temperature range. Hydrogenation and decarbonylation of the furfural results in the 

formation of furfuryl alcohol and furan as primary products over monometallic 

Ni/SiO2, while Fe-Ni bimetallic catalyst increased 2-methylfuran (2-MF) yields 

with reduced in the furan yields and C4 products. The results shows that C=O 

hydrogenation and C-O hydrogenolysis were promoted at low temperature and 

higher temperature respectively by the addition of Fe which suppressed the 

decarbonylation activity of Ni.  

In another report, vapor phase furfural hydrogenation studies were performed on a 

series of silica supported mono disperse Pt nanoparticle catalysts where the extent 

of decarbonylation and hydrogenation of carbonyl group was highly dependent on 

the size and shape of Pt nanoparticles (NPs). Small particles were found to 

predominantly give furan as major product (via decarbonylation) while larger sized 

particles yielded both furan and furfuryl alcohol (carbonyl hydrogenation product). 
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Octahedral particles were found to be highly selective towards furfuryl alcohol, 

while cube-shaped particles produced an equal amount of furan and furfuryl 

alcohol. Furan and furfuryl alcohol were further converted to propylene and 2-

methylfuran via decarbonylation and hydrogenolysis, respectively (Pushkarevet al., 

2012). 

The authors suggested that the aromatic ring hydrogenation reactions for both 

furfural and furan-based compounds do not readily occur on Pt under the 

investigated conditions, most probably due to the poisoning of Pt surface with 

chemisorbed CO produced during furfural decarbonylation. 

 A comparative study for furfural hydrodeoxygenation using three different metal 

catalysts, Cu, Pd and Ni supported on SiO2, revealed that products distribution was 

strongly dependent on the metal catalyst. A high selectivity to furfuryl alcohol was 

obtained for Cu/SiO2 (with a small amount of 2-MF) as compared to furan 

decarbonylation observed followed by further hydrogenation to form THF in the 

case of Pd/SiO2.Comparatively, Ni/SiO2 promoted ring opening reactions to form 

butanal, butanol and butane in significant quantities. 

1.3 Research Problem 

As concern grows over the twin challenges of climate change and energy security 

(Diminishing Fossil Fuels resources), a number of viable options are being explored 

for the production of energy to meet the Global demand in sustainable fashion 

(Garbaet al., 2019). The cultivation and extraction of vegetable oil from melon 

seeds generates large quantities of lignocellulosic waste known as Melon Seed 
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Husk (MSH).  With the growing culinary and medicinal importance of melon seeds, 

it is estimated that the cultivation and extraction of Melon Seed Oil will result in 

increased waste over the coming years(world watch institute, 2017). This will 

present further waste disposal and management challenges for the communities 

reliant on the crop for livelihood. In view of this, there is an urgent need to explore 

new sustainable alternatives for valorizing and utilizing Melon seed husk (MSH). 

The exploitation of biomass for energy and biochemical production has been 

recognized as a viable option for adding value to lignocellulosic agricultural residue 

such as corn stover, wheat straw, rice husk/straw, and millet husk with varying 

degree of success (Garba et al., 2019). Therefore, it is suggested that an alternative, 

albeit potentially more efficient waste disposal strategy and management of MSH is  

the utilization of Melon Seed Husk as a feedstock for clean energy fuels and power 

generation. Hence, this could be achieve by converting the furfural from 

hemicelluloses of Citrullus Colocynthis L. (Melon) Seed Husk (MSH) to liquid 

hydrocarbons which are found in the hemicellulose of agricultural waste. However, 

this will serve as an alternative of transportation fuels from fossil fuels, potentially 

mitigate the uncontrolled emission of greenhouse gases (GHGs) from fossil fuels 

combustion and Open air burning, landfilling and reduce the associated costs of 

managing solid wastes (Baktash et al.,2015). 

Several work were reported in the literature on the production of liquid 

hydrocarbons and effect of reaction conditions from lignocellulosic biomass, such 

as Concorbs (Wang et al., 2015) and Millet husk (Garba et al., 2019). To the best of 

our knowledge there is no published information in literature on the production of 
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liquid hydrocarbons from Furfural of Hemicelluloses of Citrullus Colocynthis 

L.(Melon) Seed Husk, therefore this research intend to produce liquid hydrocarbons 

from Furfural obtained from Hemicelluloses of Citrullus Colocynthis L.(Melon) 

Seed Husk via Hydrodeoxygenation using NiO/SiO2 as a catalyst. 

1.4 Justification 

Melon seed husk which is a non-edible material, contains higher heating value than 

value reported for other lignocellulosic biomass fuel in the literature. this is 

primarily due to the high Carbon, Volatile matter, fixed carbon which accounts for 

the combustible content of MSH. The low N and S contents indicates that the 

thermal conversion of MSH will potentially result in low emissions of nitrous, 

sulfur oxides and other greenhouse gases (GHGs) into the atmosphere during 

thermal conversion (Nyakuma, 2015).  This effectively highlights the 

environmentally friendly potential of the Melon seed husk (MSH) as a potential 

biomass fuel for future thermochemical application. However, conversion of Melon 

Seed Husk to liquid hydrocarbons presents opportunities for the production of 

clean, renewable and sustainable energy, fuel and chemicals. Likewise, potentially 

viable strategy for the efficient disposal and management of future agricultural 

waste stream and may also help create job for the teaming jobless youth. 
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1.5 Aim and Objectives 

The aim of this research work is to produce liquid hydrocarbons from Citrullus 

Colocynthis L.(Melon) Seed Husk via Catalytic Hydrodeoxygenation of Furfural 

derivatives using NiO/SiO2 catalyst. 

The objectives of the research are to; 

I. Produce Furfural from Melon Seed Husk. 

II. OptimizeFurfural Production from Hemicellulose of Citrullus Colocynthis 

L.(Melon) Seed Husk. 

III. Prepare and Characterize Catalyst for Hydrodeoxygenation Process 

IV. Convert the Produced Furfural into Hydrocarbons 

V.      Determine the Chemical Composition of the generated Liquid Hydrocarbons 

1.6 Scope and Delimitation 

The scope of this research focuses on the production of liquid hydrocarbons from 

hemicellulose of Melon seed husk using NiO/SiO2 catalyst via Hydrodeoxygenation 

Reaction. However, emphasis was made to optimize the furfural production process 

and determine the chemical compositions of the liquid products. However, the 

research will not account for the studies of the thermo gravimetric and kinetics of 

the melon seed husk, optimization of other reaction stages and the gases that were 

produced during the process. 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.1 Materials 

The chemical reagents/solvents and apparatus/Instruments used are listed in Table 

2.1 and Table 2.2 below: 

Table 2.1: List of Chemicals and Solvents 

Chemicals/s

olvents 

Chemical 

formula 

Purity Grade Manufacturer 

Sulphuric acid H2SO4 97.0 A.R British Drug House 

Sodium chloride NaCl 99.5 A.R LOBA Chemie Pvt 

India 

Dichloromethane CH2Cl2 99.0 A.R E-Merck Darmstadt 

Sodium sulphate Na2SO4 99.0 A.R LABTECH 

Chemicals 

Sodium hydroxide NaOH 97.0 A.R LOBA Chemie Pvt 

India 

Ethanol C2H2OH 95.0

  

G.P.A Kermel 

Acetone (CH3)2CO 99.0 A.R LOBA Chemie Pvt 

India 

Ethyl acetate CH3COOC2H5 99.5 A.R LOBA ChemiePvt 

India 

Hydrated nickel 

nitrate 

Ni(NO3).6H2O 99.9 A.G E-MERCK 

DARMSTADT 

Silica SiO2 99.5 A.R LOBA Chemie Pvt 

India 

Key:A.R=Analytical reagent, A.G=Analar Grade 

 

 

 

 



23 
 

Table 2.2: List of Apparatus/Instruments 

Instruments/Apparatus Model Manufacturer 

Analytical Balance AW320 Shimadzu Japan 

Hot plate with Magnetic  

Stirrer 

ERC-1000H Tokyo RikakikaiCo.Ltd,Japan 

Glass Tubular Reactor SS316L Fabricated in India 

Rotary Evaporator SB-1100 Shangaieyela(Tokyorikakika 

Co. Ltd China) 

Laboratory oven SM9053 Surgifriend Med., England 

Temperature Controller 

with Furnace 

FU400 Schnider Electric 

Muffle Furnace  M110 PetrotestGermany 

FT-IR Spectroscopy M530 Vuk Sci. 

FT-IR Spectroscopy Carry630 Agilent Technology, USA 

XRF SN9952120 Thermofisher 

GC-MS 7890B  Agilent Technology, USA 

The glass wares were washed before and after each stage of experimental works to 

ensure maximum purity.   
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2.2 Sample Collection and Treatment 

The Melon Seed Husk was obtained from a Local Melon Seed Processing Centre in 

Nguru Local Government Area ofYobe State. The collected sample was dried under 

the sun in a dry place, ground, and sieved then stored in a dry place. 

2.3 Methods 

2.3.1 Reagent Preparations 

This section gives detail procedure for the preparation of reagents used. 

a. Sulphuric Acid (H2SO4)Solution (10%, 8%, 7%, and 5%) 

The H2SO4solution (10%) was first prepared by dissolving approximately 26.00 

cm3 of concentrated sulphuric acid in a beaker containing distilled water and the 

solution was transferred into 250 cm3 volumetric flask then filled up to the mark 

with distilled water. the solution was allowed to cool down at room temperature. 

The H2SO4 solution of 8%, 7%, and 5% were prepared by dissolving approximately 

21 cm3, 18 cm3, 13 cm3of concentrated sulphuric acid respectively in a beaker 

containing distilled water and each solution was transferred into 250 cm3 volumetric 

flask then filled up to the mark with distilled water. 

b. Sodium Hydroxide (NaOH) Solution (4M). 

The 4M NaOH was prepared by Weighting Sodium hydroxide pellets (16.000g) and 

dissolved in 50 cm3 of distilled water in a small beaker. The solution was then 

transferred into 100 cm3 volumetric flask then filled to the mark with distilled 

water. 
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2.3.2 Catalyst Preparation 

 Preparation of NiO/SiO2 (NiS)  

Impregnation of Nickel in the Silica support, The NiO/SiO2 was prepared by 

dissolving 2.96g of nickel(II)nitrate(Ni(NO3)2.6H2O) in water added with 5.96g of 

Silica (SiO2) composite stirred for 24hours at room temperature, after filtration the 

precipitate obtained was dried at 120 OCovernight followed by Calcination at 500 

OC for 5hours (Zhang et al., 2017). 

2.3.3 Catalyst Characterization 

The prepared NiO/SiO2 catalyst was characterized using X-ray Fluorescence (XRF) 

and The Fourier transform infrared (FT-IR)Spectroscopy. 

The Fourier transform infrared (FT-IR) spectroscopic analysis of the prepared 

NiO/SiO2 was carried out at the Analytical Chemistry Laboratory, Yobe State 

University, Damaturu, using M530 model Spectroscopy. The transmission rate was 

set at the range of 4000-600 cm-1 at 4 cm-1 resolution value. The sample was mixed 

with alkali halide potassium bromide (KBr) and compressed into a thin transparent 

pellet using hydraulic press and placed in standard sample compartment of the 

spectrometer and spectral data was obtained. 

The XRF analysis of the NiO/SiO2 was carried out at the Central Science 

Laboratory, Umaru Musa Yaradua University, Katsina using ARL QUANT’X 

EDXRF ANALYSER SN9952120 Model. The sample was mixed with alkali halide 

potassium bromide (KBr) and compressed into a thin transparent pellet using 
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hydraulic press and placed in standard sample compartment of the XRF machine 

and the peaks of the elemental compositions were obtained. 

2.3.4 Experimental Design 

Response Surface (Central Composite Design) statistical experiment design was 

used to design the furfural production experiment and the optimization design. 

Three independent variables namely Temperature (oC), Time (Mins), and Acid 

Concentration (%) were selected for the investigation. Table 2.3 shows the lower 

and upper levels of the factors employed based on literature survey. (Muhammad et 

al., 2016; Sokoto et al., 2018). 

Table 2.3: Process Variables and their Levels used in the Central Composite 

Design 

Independent Variables Symbols Level of Variable 

Low(-)           High(+) 

Temperature (o C) A 150                   220 

Time (Mins) B  25                      55 

Acid Concentration (%) C 5                        10 

 

 A total of 20 runs were obtained (Table 3.1). The experiment was design 

using MINITAB 17 statistical software and the data collected from the experiments 

was analyzed using same software at α = 0.05 (95% confidence level). 
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2.3.5 Description of the Experimental Runs for Furfural Production 

The method described by Sokoto et al., (2018) was adopted for the synthesis of 

furfural. Each trial involved dried samples (5.0g) of melon seed husk and sodium 

chloride (NaCl) (5.0g) were mixed in a clean beaker. The mixture was placed into a 

borosilicate glass tube reactor (250cm3) and dilute sulphuric acid (H2SO4)( 50cm3 

of 10%, 8%, 7% or 5%) as in the design matrix was added into the glass tube. The 

reactor was placed upright inside furnace and connected to water condenser. The 

Distillation process was carried out according to the chosen variables of sulphuric 

acid concentration (%), temperature (O C) and time (mins) as in the design matrix 

respectively.   

The organic portion of the distillate was extracted with dichloromethane using 

separatory funnel and sodium sulphate (0.2g) was added to remove any trace water 

in the distillate. The solvent used was removed using rotary evaporator at 40oC. 

And the resultant solution was analyzed by FT-IR spectroscopy (Sokoto et al., 

2018).  

To obtain furfural yield (equation (2.1)), the weight of furfural obtained from each 

run was normalized to the weight of the sample of melon seed husk. (Muhammad et 

al., 2016; Sokoto et al., 2018). 

%Furfural Yield=
𝑾𝒆𝒊𝒈𝒉𝒕𝒐𝒇𝑭𝒖𝒓𝒇𝒖𝒓𝒂𝒍𝒇𝒐𝒓𝒎𝒆𝒅(𝒈)

𝑫𝒓𝒚𝒘𝒆𝒊𝒈𝒉𝒕𝒐𝒇𝒔𝒖𝒃𝒔𝒕𝒓𝒂𝒕𝒆𝒖𝒕𝒊𝒍𝒊𝒛𝒆𝒅(𝒈)
𝒙𝟏𝟎𝟎………………….(2.1) 
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    Plate 2.1: Set up for Furfural Production 

    Source: Author’s Field work 2019  

2.3.6Data Analysis 

The furfural yields obtained from the experiments conducted were analyzed on 

MINITAB 17 Statistical Software to estimate the main and interaction effects on 

the reaction variables (temperature, time and acid concentration) on the furfural 

yield. The percentage furfural yield was fitted with a full quadratic polynomial 

model using regression analysis (equation (2.2)). The fitness of the model was 

evaluated by the coefficient of determination (R2) and the effects of terms were 

evaluated using analysis of variance (ANOVA) at 95% confidence level. 

𝑌 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2
2 + 𝑏3𝑋1𝑋2(2.2) 



29 
 

Where,𝑏0, 𝑏1, 𝑏2, 𝑏3are intercept, linear, quadratic, and interaction coefficients 

respectively. 

Contour plots were developed using the fitted quadratic polynomial equation, 

holding one of the independent variables at a constant value and changing the other 

variables. Optimizer on the MINITAB 17 was used to optimize the factors and the 

optimal level obtained was experimentally validated (Muhammad et al., 2016). 

2.3.7Optimization and Validation of the Furfural Yield 

Optimization of the furfural yield was carried out using response optimizer in 

MINITAB 17 statistical software. Three independent variables namely 

Temperature, Time and Acid Concentration that affect the furfural yield were 

optimized in this study to determine the experimental condition that is best for 

maximization of furfural yield. Further experimental study was carried out for 

Validation on the reliability of the conditions predicted by the response surface 

optimizer.  

2.3.8Aldol Condensation of Furfural with Acetone 

The aldol condensation of furfural with acetone was performed using a flat bottom 

flask of 250 cm3 capacity equipped with a magnetic stirrer. Then 10cm3 of the 

distillate furfural was mixed with 5cm3 of acetone in the ratio of 2:1, and was 

subsequently transferred into the reactor, where 50% water/Ethanol (v/v) was added 

to the mixture. The reactor was heated at 85 °C and 20cm3 of 4M NaOH solution 

was added to the mixture with vigorous stirring (500rmp/min) for 30 minutes. 
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(Garbaet al.,2019). The resulting precipitate was filtered and washed three times 

with ethanol to remove excess NaOH. Any crystalline products that had formed 

were dissolved in ethylacetate. The products were analysed using a FT-IR (Garbaet 

al., 2019). 

2 O
O

Furfural

O

Acetone          -2H2O               
O

O

O

1,5-bis-(furan-2-yl)-pentan-3-one 

Scheme 2.1: Condensation of Furfural with Acetone  

2.3.9 FT-IR Analysis of Furfural Produced and Furfural Acetone Adduct 

The FT-IR analysis of produced furfural and aldol adduct was carried out at the 

Central Science Laboratory UsmanuDanfodiyo University, Sokoto using Carry630 

Model Spectroscopy. The transmission rate was set at the range of 4000-650 cm-1 at 

a resolution of 4 cm-1. A drop of the sample was placed on a thin film positioned in 

the standard sample compartment of the FT-IR and the spectral data was obtained.  

2.3.10 Hydrodeoxygenation of Furfural-Acetone Adduct (FAA) to 

Hydrocarbon Fuels 

Hydrodeoxygenation of the Furfural-Acetone Adduct (FAA) Condensation product 

was carried out in liquid phase using Stainless steel tubular reactor at 

150°CoverNiO/SiO2 catalyst.5g of the Aldol adduct (FAA) and 0.2g NiO/SiO2 

catalyst and 60cm3of water was transferred into the reactor and the reactor was 

purged with nitrogen gas. The reactor was pressurized with hydrogen gas at up to 

2bars and heated to 150OC for 8 hours. The liquid product obtained at the end of the 
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reaction was then filtered and extracted using dichloromethane and analyzed by gas 

chromatography and mass spectrometry (GC-MS) (Ulfaet al.,2019). 

 

Plate 2.2:Set up for Hydrodeoxygenation of Furfural-Acetone adduct to 

Hydrocarbon fuels 

Source: Author’s field work 2019 

2.3.11 GC-MS Analysis of Hydrodeoxygenated Product 

The GC-MS analysis of the hydrodeoxygenated product was carried out at 

Analytical Chemistry Laboratory Yobe State University, Damaturu on Agilent 

Technologies GC 7890B, MSD 5977A. The injection volume was 1 μl and the inlet 

temperature was maintained at 230oC. The oven temperature was programmed 

initially at 80oC for 5 min and then programmed to 300oC at the rate of 6 oC and 
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holding the temperature for 15 min and the total run time was 45 min. The MS 

transfer line was maintained at 250oC, the source temperature was maintained at 

230oC and the MS Quad at 150oC. The ionization mode was set at 70eV. Total Ion 

Count (TIC) was used to evaluate for compound identification and quantitation. The 

spectrum of the separated compound was compared with the database of the 

spectrum of known compound saved in the NIST02 Reference Spectral Library. 
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CHAPTER THREE 

RESULTS AND DISCUSSION 

3.1 Effect of the Process Variables on the Furfural Yield 

The experiments were performed on furfural production from melon seed husk. 

Table 2.1 above shows the experimental conditions applied for each treatment 

condition. 20 runs of experiment and their results were obtained (Table 3.1). At 

experimental conditions the value of furfural yields varies from 18.72% to 72.86%.  

 

 

 

 

 

 

 

 

 

 

Table 3.1: Central Composite Design for the Furfural Production 
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Run Temp.( °C) Time  (Min) Acid Conc. (%) FurfuralYield (%) 

1 150 25 5 18.72 

2 220 25 5 29.64 

3 150 55 5 58.40 

4 220 55 5 47.12 

5 150 25 10 38.00 

6 220 25 10 66.13 

7 150 55 10 37.61 

8 220 55 10 72.86 

9 183 40 8 43.72 

10 187 40 8 50.40 

11 185 39 8 40.06 

12 185 41 8 38.02 

13 185 40 7 54.42 

14 185 40 8 56.30 

15 185 40 8 54.70 

16 185 40 8 59.66 

17 185 40 8 53.08 

18 185 40 8 56.66 

19 185 40 8 55.46 

20 185 40 8 50.92 
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The ANOVA analysis results (Table 3.2) of the model F-value for furfural yield 

indicates that the model is significant. The significant of the models are confirmed 

by relatively higher Fischer’s ‘F-statistics’ value and lower value of probability(‘P’ 

value) (Chaudhary and Balomajumder, 2014). The results of analysis of variance 

(ANOVA) in fitting the results (table 3.2) into equation (2.2) reveal thatwith 

exception of square terms and interaction of Temperature and Time all other linear 

and interaction terms of the process variables are all statistically significant (p< 

0.05, at α = 0.05), althoughwith the “lack of fit” (F-value = 7.00) and (p-value = 

0.026) implies that the lack of fit of the data is significant (p <0.05). The high 

coefficient variation (R2 = 87.28%) show that the model adequately accounts for the 

empirical relationship between the furfural yield and the process variables. 

 

 

 

 

 

 

 

 

 



36 
 

Table 3.2: Results of Analysis of Variance (ANOVA) for Furfural Yield (%) 

Source DF Adj SS Adj MS F- Value P-Value  

Model 9 2713.92 301.547 8.31 0.001 

Linear 3 1465.51 488.502 13.46 0.001 

Temp.,( °C) 1 501.40 501.403 13.82 0.004 

Time (mins) 1 502.10 502.403 13.84 0.004 

Acid Conc. (%) 1 462.00 462.004 12.73 0.005 

Square 3 389.30 129.768 3.58 0.055 

Temp.,( °C)* 

Temp.,( °C) 

1 0.03 0.029 0.00 0.064 

Time (mins)* 

Time (mins) 

1 197.68 197.684 5.45 0.978 

Acid Conc. 

(%)*Acid Conc. 

(%) 

1 201.84 201.840 5.56 0.042 

2-Way Interaction 3 859.11 286.369 7.89 0.040 

Temp.,( °C)*Time 

(mins) 

1 28.43 28.426 0.78 0.005 

Temp.,( °C)*Acid 

Conc. (%) 

1 507.85 507.848 14.00 0.397 

Time (mins)*Acid 

Conc. (%) 

1 322.83 322.834 8.90 0.004 

Error 10 362.81 36.281   

Lack-of-Fit 5 317.74 63.548 7.05 0.026 

Pure Error 5 45.07 9.013   

Total 19 3076.73    

DF= degree of freedom, Adj SS= adjusted sum of squares, Adj MS= adjusted mean 

squares,        F-Value = F-statistic value. 
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Regression analyses of the results (Table 3.3) further shows that with the exception 

of square term of temperature and interaction term of Temperature and time all 

other linear and square terms of the process variables are statistically significant (p 

< 0.05). On the other hand, all the interaction terms are also statistically significant. 

Thus, on eliminating the insignificant terms from the model the new regression 

model (equation (3.1)) with seven significant terms is better than previous model 

(adjusted R2 = 79.86% compared to 77.60%) (Appendix I) with 9 terms.  
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Table 3.3: Results of Regression Analysis showing the Estimated Coefficients 

of the Model and their Significance 

Term Effect Coef SE Coef T- Value P-Value Significance 

Constant  51.12 1.74 29.39 0.000 S 

Temp.,( °C) 15.83 7.91 2.13 3.72 0.004 S 

Time (mins) 15.84 7.92 2.13 3.72 0.005 S 

Acid Conc. 

(%) 

15.19 7.60 2.13 3.57 0.978 ns 

Temp.,( 

°C)*Temp.,( °C) 

-78 -39 1391 -0.03 0.042 S 

Time(mins)* 

Time(mins) 

-6494 -3247 1391 -2.33 0.042 S 

Acid Conc. 

(%)*Acid 

Conc. (%) 

6562 3281 1391 2.36 0.040 S 

Temp.,( ° 

C)*Time 

(mins) 

-3.77 -1.88 2.13 -0.89 0.397 ns 

Temp.,( 

°C)*Acid 

Conc. (%) 

15.94 7.97 2.13 3.74 0.004 S 

Time(mins)

*Acid 

Conc. (%) 

-12.70 -6.35 2.13 -2.98 0.014 S 

S=statistically significant, and ns= statistically not significant, Coeff= regression 

equation coefficient, SE Coeff= Standard error for coefficients, T-value = t-statistics 

value. 
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The four-in-one residual plots (Appendix II) show that the basic requirements of the 

regression analysis have been met: the residuals are randomly and normally 

distributed. Because of the apparent skewness of the residuals from the histogram, 

the normality distribution was confirmed with test for normality (Appendix III) (p = 

0.392, (P>0.05) Anderson-Darling statistic = 0.369): 

Regression Equation 

 
𝐹𝑢𝑟𝑓𝑢𝑟𝑎𝑙𝑌𝑖𝑒𝑙𝑑(%) = 6108 − 0.1938𝑇𝑒𝑚𝑝. , (°𝐶) + 1163𝑇𝑖𝑚𝑒(𝑚𝑖𝑛𝑠) −

7823𝐴𝑐𝑖𝑑 𝐶𝑜𝑛𝑐. (%) − 14.52𝑇𝑖𝑚𝑒(𝑚𝑖𝑛𝑠) ∗ 𝑇𝑖𝑚𝑒(𝑚𝑖𝑛𝑠) + 522𝐴𝑐𝑖𝑑 𝐶𝑜𝑛𝑐. (%) ∗

𝐴𝑐𝑖𝑑 𝐶𝑜𝑛𝑐. (%) + 0.03863𝑇𝑒𝑚𝑝. , (°𝐶) ∗ 𝐴𝑐𝑖𝑑 𝐶𝑜𝑛𝑐. (%) − 0.1694𝑇𝑖𝑚𝑒(𝑚𝑖𝑛𝑠) ∗

𝐴𝑐𝑖𝑑 𝐶𝑜𝑛𝑐. (%)                                                                                                                 (3.1) 

Fig 3.1-3.3 are contour plot describing the relationship between any two of the 

process variables as they affect the furfural yield while holding the other variable 

constant.  

The furfural yield increased with increasing Acid concentration and reaction Time. 

At a lower Acid concentration and reaction time (<6%, <30 minutes), the furfural 

yield was <30%. Highest yields (>70%) are only obtained at Acid concentration 

>9% and reaction Time 55 minutes. (Fig 3.1) 
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Figure 3.1:Contour Plot Showing the Combined Effect of Acid Concentration and 

Reaction Time on Furfural Yield with the Reaction Temperature Held Constant. 

Acid Concentration and Temperature also interact positively to influence the 

furfural yield (Fig 3.2). When Acid Concentration is >9% and the Temperature is < 

160 °C, the furfural yields is <45%. Maximum yields of the furfural (>70%) are 

obtained when the distillation process conducted at Acid Concentration (>9%) and 

Temperature (>210 °C) (Fig. 3.2) 

                 

Figure 3.2:Contour Plot Showing the Combined Effect of Acid Concentration and 

Reaction Temperature on Furfural Yield with the Reaction Time Held Constant 
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Fig. 3.3 shows the combined effect of the reaction time and temperature on the 

furfural yield. When the reaction time is <35 minutes and Temperature <160 °C the 

furfural yield is <40%. The yield increases with an increase in both variables such 

that, with the reaction performed with Acid Concentration10%, yields of >70% can 

only be obtained when the reaction Time is 55 minutes and Temperature is >210 °C 

(Fig 3.3). 

 

Figure 3.3:Contour Plots Showing the Combined Effect of Reaction Time and 

Reaction Temperature on Furfural Yield with the Acid Concentration Held 

Constant 

3.2 Response Optimization and Validation 

Table 3.3 shows the predicted results for an optimal solution obtained from the 

optimization. The solution predicted a maximum furfural yield of 74.14% and 

desirability of 1 with optimal process conditions oftemperature, time and Acid 

concentration of 220° C, 55 minutes and 10% respectively.  

Furfural yield of 75.03% was obtained from validation experiment carried out at the 

levels of the process variables predicted in solution 1.it was observed that the 
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optimizer predicted and experimental validated results were 74.14 and 75.03% 

respectively which indicates a relative deviation of 0.89% between experimental 

validated result and model predicted result. Since the result of the validation result 

showed agreement with predicted value, the model is reliable (Muhammad et al., 

2016). Thus, it can be suggested that the optimization model is reliable and may 

therefore be more attractive for larger scale furfural production from melon seed 

husk via acid catalysed hydrolysis/dehydration using Distillation process.Sokoto et 

al., (2018) reported a maximum yield of 71.55% from millet husk at 184°C for 39 

minutes reaction time, 9% acid concentration. Their result is slightly lower yield 

compare to current work but, it was achieved at lower temperature, time and acid 

concentration. 

Table 3.4:Predicted Result of Optimization and Validation of Melon Seed 

Husk Furfural Yield 

 Temp., 

(° C) 

Time 

(mins) 

Acid Conc., 

(%) 

Furfural 

Yield (%) 

Desirability 

Solution      

1 220 55 10 74.1401 1 

 

3.3 Furfural Identification 

The produced furfural identity was evaluated using Carry630 Fourier Transform 

Infra-red (FT-IR). The FT-IR spectrum (Appendix V) shows a very strong 

absorption at 1670 cm-1. This absorption shows a very significant functional group 

which corresponds to absorption of conjugated carbonyl (C=O). The C=O 
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absorption wave number slightly lower than usual (i.e 1740-1720cm-1) absorption 

of aldehyde due to internal hydrogen bonding which occurs in conjugated 

unsaturated aldehydes, and conjugation lower the vibrational frequency of carbonyl 

compounds. The absence of peak at 1725cm-1 indicates strongly the presence of 

aldehydes not ketone group (Ong and Sashikala, 2007). The presence of the 

aldehyde group was proven with the existence of two weak absorption observed at 

2850 cm-1 and 2800 cm-1 which indicates moderate intense stretching of aldehydic 

C-H which is attributable to Fermi resonance between the fundamental aldehydic 

C-H stretching and the first overtone of the aldehydic C-H bending vibration it 

appears at 1,370cm-1 in the spectrum, these bands are frequently observed for 

aldehyde group.. In addition, Strong peaks indicated from 1570 cm-1 to 1470 cm-1 

are inactive of stretching of C=C from aromatic ring. Aromatic =C-H bending out 

of plane peaks was observed from 900 to 750. Two strong peaks at 1,160cm-1 and 

1,200cm-1 indicated C-O stretching vibration.This IR spectrum was compared with 

the furfural IR spectrum published by Garbaet al., (2019), Amehet al., (2016),and 

Ong and Sashikala (2007)and it suits that spectrum.   

3.4 Furfural Acetone Adduct Identification 

The condensation reaction of furfural with acetone was carried out in a flat-

bottomed flask of 250cm3 capacity equipped with magnetic stirrerusing NaOH as a 

catalyst.From the FT-IR analysis of the Furfural-Acetone-Adduct (Appendix VI) 

obtained, shows the frequency of the main absorption bands illustrates the C-H 

vibrational frequency which appears at 3140 and 3120 cm-1, correspond to the sp2 

vibration in the furan ring. The stretching absorbance C=O observed at 1600cm-
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1infers the carbonyl group, and a sharp stretching absorbance band at 1010cm-1 

probably indicates C-O stretching for cyclic C-O-C linkages of furfural. The peaks 

at 1450cm-1 and at 1550cm-1 may be as a result of C=C stretching vibration in the 

furan unit. Similarly, the lower broad absorption at 3400cm-1 could be due to the 

presence of O-H vibration, which could be attributed to the absorption of the 

solvent (ethylacetate) that remained in the product. , similar with finding of Garba, 

et al (2019) and Gandini (2010). 

3.5 NiO/SiO2Catalyst Characterization 

The FT-IR spectra for NiO/SiO2 registered in the range of 600-4000 cm-1 as 

presented in Appendix VII. Absorption peaks with the FT-IR spectrum of NiO/SiO2 

show the vibrational peaks representing the characteristic metal-oxygen stretching 

frequencies associated with the vibrations of Ni-O-Si-O and Ni-O-Si bonds.The 

spectra show a broad band at 3411 cm-1 that is related to the silanolsSiOH stretch 

vibration (O-H) present on the silica surface (Querem et al., 2018). The bands 

centred at 1,121.46 and 827.73 cm-1 correspond to the asymmetrical and 

symmetrical stretch vibration mode associated to the Si-O-Si which is found at 

1050cm-1 for pure silica.and stretch Ni-O-Si respectively (Bonakinet al., 2015), 

finally The absorption peak at 618.45 cm-1 can be associated to the Ni-O. The 

characteristic absorption of NiO/SiO2 observed corresponds to the absorption of 

NiO/SiO2 reported by Zhang et al., (2013) and Tarafdaret al., (2005). 

The percentage of metal analysed by XRF (Appendix VIII) present a relative peak 

of 73.939% SiO2support and 24.641% NiO. The result also reveal the presence of 
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some other element which were also detected al low percent as presented in the 

table below: 

Table 3.5:XRF Results of NiO/SiO2 

Element Peak(cps/mA) Relative Peak (%) 

SiO2 125654 73.939 

NiO 41875 24.641 

Fe2O3 24 0.014 

Al2O3 890 0.524 

MgO 109 0.064 

Na2O 2 0.001 

SO3 363 0.214 

P2O5 942 0.554 

CaO 30 0.018 

K2O 2 0.001 

TiO2 9 0.005 

Cr2O3 13 0.008 

BaO 2 0.001 

SrO 2 0.001 

Sb2O3 6 0.004 

Cs2O 5 0.003 

ZrO2 14 0.008 
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3.6 GC-MS of Hydrodeoxygenated Product of Furfural Acetone Adduct  

The mixture of Furfural Acetone Adduct (FAA) was subjected for direct 

Hydrodeoxygenation(HDO) using Ni/SiO2 as a catalyst. The reaction was carried 

out in a stainless steel tubular reactor using water as solvent. After heated at 150°C 

for 8hrs, the product was analysed using GC-MS (GC 7890B, MSD5977A, Agilent 

Technology). Result in Table 3.5 show the distribution of the alkanes obtained from 

hydrodeoxygenation of aldol adductsThe Hydrodeoxygenation products using 

Ni/SiO2 catalyst were detected as the mixture of alkane derivates and oxygenated 

product. The products were mainly liquid hydrocarbons with a carbon range C9-

C12similar work was reported by Han et al. (2015) on hydrodeoxygenation of 

pyrolysis oil for hydrocarbon production using nanospring based catalysts. 

Hydrocarbons yields of the Alkanes and Cycloalkenes products obtained from 

hydrodeoxygenated product over NiO/SiO2was 86.61% and 1.46% respectively. 

Analysis of GC-MS of the product (Appendix VII) showed the products obtained 

are Nonane, Decane, Dodecane and 2-propenylidenecyclobutene. There were some 

other organic oxygenates identified by the GS-MS data including 2-butoxy ethanol 

and 11-(2-cyclopenten-1-yl) undecanoic acid which are most likely by-products. 

The hydrogenation, ring opening, and deoxygenation reaction was occurred giving 

the varied products. Wang et al. (2015) obtained an experimental yield of more 

90% liquid alkanes (aviation fuels range C8-C15) using Ni/ZrO2-SiO2 from raw 

concorb. Garba et al.,(2019) reported 77.50% of liquid hydrocarbons with a carbon 

range C10-C22 from hydrodeoxygenation of furfural-acetone adducts over 

NiO/Al2O3 obtained from hemicelluloses extract of millet husks. 
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Table3.6:Composition of HydrodeoxygenatedProduct  

Name of Hydrocarbon Molecular Formula Molecular Weight(g) 

Nonane C9H20 128 

Decane C10H22 142 

Dodecane C12H26 170 

2-propenylidenecyclobutene C7H8 92 
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CHAPTER FOUR 

CONCLUSION AND RECOMMENDATIONS 

4.1 CONCLUSION 

Liquid hydrocarbons were produced from Furfural obtained from Hemicellulose of 

melon seed husk by catalytic hydrodeoxygenation. The pathway involved the 

simultaneous steps of melon seed husks hydrolysis/dehydration to furfural, Aldol 

condensation of furfural and acetone to give Furfural-acetone adduct (FAA) and 

hydrodeoxygenation of the Furfural Acetone Adduct (FAA) to the final 

hydrocarbons (C9-C12 alkanes and cycloalkene). The optimum furfural yield of 

75.03% was achieved via degradation of hemicellulose fraction of the melon seed 

husk using H2SO4 as catalyst. TheNiO/SiO2catalyst was produced via impregnation 

method. The FT-IR of NiO/SiO2 revealed the presence of functional group Si-O-Si 

and peak at 618.45 cm-1associated to the Ni-O. 73.939% Silica (SiO2) and 24.641% 

NiO was obtained by the XRF analysis of NiO/SiO2 Catalyst. More than 86% of 

liquid alkanes and 1.46% cycloalkenes yields was obtained by hydrodeoxygenation 

of Furfural Acetone adduct (FAA) over NiO/SiO2. In the liquid alkanes the main 

carbon chain was in the ranges of C9-C12, both which are suitable for transportation 

fuels.   
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4.2 RECOMMENDATIONS 

 The following are recommendation for future work: 

1. Different type of acid (like HCl, and Organic acid) should be adopted for 

furfural synthesis with the same/different acid concentration to ascertain the 

optimum yield that could be obtained. 

2. The use of different solvents for the extraction of the furfural and hydrocarbon 

products is recommended in order to ascertain the influence/effect of solvent on 

furfural and hydrocarbons yields. 

3. Effect of the amount of substrate at different mass to the amount of acid at 

different volume should be investigated for furfural production. 

4. Availablenon-edible and inexpensive biomass should be harnessed to find their 

potentials in generation of biofuels and other value-added chemicals. 

5. The condensation process should be optimize to get the desired target product 

and activity of heterogeneous catalyst should be investigated. 
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APPENDICES 

Appendix I: Model Summary 

Model Summary    

S R-sq R-sq(adj) R-sq(pred) 

5.71011 87.28% 79.86% 17.31% 
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Appendix II: Four-in-One Residual Plots for Furfural Yield(%) 
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Appendix III: Probability Plot for Normality Test 
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Appendix IV: Optimization Plot 
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Appendix V: FT-IR Spectrum of Furfural Produced 
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Appendix VI: FT-IR Spectrum of Furfural-Acetone Adduct (FAA) 
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Appendix VII:FT-IR Spectrum of NiO/SiO2 Catalyst 
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Appendix VIII: XRF Result of Ni/SiO2 Catalyst 
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Appendix IX: GC-MS Chromatogram of Hydrodeoxygenation Product  

YOBE STATE UNIVERSITY DAMATURU  

    FACULTY OF SCIENCE 

DEPARTMENT OF CHEMISTRY 

CHEMISTRY ANALYTICAL LABORATORY 

GCMS ANALYSIS RESULTS 

(GC 7890B, MSD 5977A, Agilent Tech) 

 

 

Umar Abba Aji@UDUS 

SAMPLE NAME: HDOP  

CHROMATOGRAM 

 
 

MASS SPECTRA/NIST LIBRARY COMPARISON 

 

                           PEAK1
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PEAK 2 

 
Name: Methylene chloride 

Formula: CH2Cl2 

MW: 84 Exact Mass: 83.9533553 

 

OTHER PEAKS 
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PEAK 1B 

 
 

 

PEAK2B

 
Name: Cyclobutene, 2-propenylidene- 

Formula: C7H8 

MW: 92 Exact Mass: 92.0626 

 
Name: (S)-4-Benzyl-2-oxazolidinone 

Formula: C10H11NO2 

MW: 177 Exact Mass: 177.078979 

 

Hit 1. (mainlib) Methylene chloride
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Hit 2. (mainlib) (S)-4-Benzyl-2-oxazolidinone
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PEAK3B

 
Name:Propanal, 2,2-dimethyl-, oxime 

Formula: C5H11NO 

MW:101ExactMass:101.084064 

 
Name: Oxazolidine, 2-ethyl-2-methyl- 

Formula: C6H13NO 

MW: 115 Exact Mass: 115.0997143  

 

 
Name: Butyl aldoxime, 2-methyl-, anti- 

Formula: C5H11NO 

MW: 101 Exact Mass: 101.084064 

 

Hit 1. (mainlib) Propanal, 2,2-dimethyl-, oxime
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                           PEAK4B

 
Name:Propanal, 2,2-dimethyl-, oxime 

Formula: C5H11NO 

MW: 101 Exact Mass: 101.084064 CAS#: 637-91-2 NIST#: 46275 ID#: 1861 

DB:mainlib 

 

PEAK5B

 
Name: Nonane 

Formula: C9H20 

MW: 128 Exact Mass: 128.156501 CAS#: 111-84-2 NIST#: 228006 ID#: 7287 

DB:mainlib 

Hit 1. (mainlib) Propanal, 2,2-dimethyl-, oxime
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Name:Decane 

Formula: C10H22 

MW: 142 Exact Mass: 142.172151 CAS#: 124-18-5 NIST#: 114147 ID#: 22349 

DB:mainlib 

Other DBs: Fine, TSCA, RTECS

 
Name: Dodecane 

Formula: C12H26 

MW: 170 Exact Mass: 170.203451 CAS#: 112-40-3 NIST#: 291499 ID#: 22550 

DB:mainlib 

 

 

PEAK6B

 
Name: 3-Buten-2-one, 4-(2-furanyl)- 

Formula: C8H8O2 

MW: 136 Exact Mass: 136.052429 CAS#: 623-15-4 NIST#: 341365 ID#: 91533 

DB:mainlib 
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PEAK 7B rt: 28.786mins 

 
Name: 11-(2-Cyclopenten-1-yl)undecanoic acid, (+)- 

Formula: C16H28O2 

MW: 252 Exact Mass: 252.20893 CAS#: 459-67-6 NIST#: 12245 ID#: 1990 

DB:mainlib 

Hit 1. (mainlib) 11-(2-Cyclopenten-1-yl)undecanoic acid, (+)-
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