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Transesterification of Cotton Seed Oil toBiodiesdl using
Nanoparticlesof Bentonite Clay Catalysed Reaction

Philip Shallsuku

ABSTRACT

This work focuses on optimizing various process parameters involved in
transesterification of cotton seed oil to biodiesel by bentonite clay catalyzed
reaction. The various process paramaters studied include temperature, oil
to alcohol ratio, reaction time and amount of catalyst to improve the yield of
biodiesel. The various properties of biodiesel produced such as calorific
value, Cetane index, flash point and pour point were determined. The aim of
applying nano-catalysis in the present project is to produce catalysts with
improved selectivity, extremely high activity, low energy consumption, and
long lifetime. This can be achieved only by precisely controlling the size,
shape, spatial distribution, surface composition and electronic structure,
and thermal and chemical stability of the individual nano-components.
Cotton seed oil is extracted from the seeds of cotton plants (Gossypium
herbaceum, G. barbadense and G hirsutum) and other related species of
Gossypium. Current production technology for the extraction of cotton seed
oil generally relies on crushing with solvent extraction. The clay used in this
work is calcium bentonite clay from North-eastern Nigeria. The biodiesel
produced ischaracterized using FT-IR spectral analysisand GC-MSanalysis
to ascertain the variousfunctional groupsand compounds present. The major
finding is that genotype differences in characteristics of cotton seed oil exist
under field conditions. Highest oil content and amount of tocopherol is
obtained from Funtua, while the highest oleic and linoleic acid content is
found in Zaria and Funtua cotton species respectively. It is desirable to use
non-edible oils, particularly those which can be grown on non-fertile or
waste lands unfit for growing food crops. Thiswill helpin not only utilization
of waste land but also create jobs for the rural poor.

Keywords: cotton seed oil, nanoparticles, bentonite clay, biodiesel, trans-
esterification.

INTRODUCTION

Cottonisone of the most important commercial cropsof Nigeriaandisthesingle
largest natural source of fibre. It playsadominant rolein industrial economy asthe
backbone of textileindustry. Cotton isnot classified asafood crop. Nigeriahasa
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strong potential for implementation of biodiesal production programme, using non-
edibleoilsasfeedstock. Thenon-edibleoil cropsaregrowninthewastelandsthat are
not suitablefor cultivation. The cost of cultivationismuch lower becausethese crops
can gtill sustain reasonable oilsand high freefatty acids. Theuseof Fatty Acid Methyl
Esters(FAME), oftenreferred to asbiodiesd, instead of fossi| diesel fuel hasagrest
potentia toincreasethe share of fuel sfrom renewabl e sourcesand to reduce greenhouse
gasemissons.

Duetotheincreasing priceof petroleum together with environmental concerns
caused by the combustion of fossil fuels, the search for alternative fuelshasgained
much attention (Canakci and Van Gerpen 2001; Antolin, Tinaut, Briceno, Castano,
Perez, and Ramirez 2002; Alterntivefuels Data Centre, 2018). Waste cooking ails,
and non-edibleails, which are avail able cheaply, are attractive starting materia sfor
biodiesel production (Chang, 1997; Ketlogetswe and Gandure, 2011). Themain
advantageof thisfuel isthat itspropertiesand performanceare similar to conventiona
diesd fuels(Maand Hanna, 1999; Kumar Pradeep 2012). Diesd fud isvery important
for theeconomy of acountry asit hasawiderange of usage. Direct use of vegetable
oils or animal fats as fuel can cause numerous engine problems like poor fuel
atomization, incomplete combustion, enginefouling and lubrication oil contamination,
whichisdueto higher viscosity (Fan, 2008). Hencetheviscosity of vegetableoilscan
bereduced by several methodswhichinclude blending of oils, micro emulsification,
cracking/pyrolysisand transesterification (Sarada, Shailgaand StaRamaRgu, 2010)
citedin Nair, Deepthi and Sivakalyani, 2013). Among these, transesterificationis
widely used for industrial biodiesel production (Xiao, Mathew and Obbard, 2009).

Blending Biodiesal ismixing conventional petroleum diesel with biodiesdl to
giveabiodiese blend which canbeadded in any proportionto the petro-diese (Shahid
and Jamal, 2011). Biodiesel can be used inits pureform (B100), but may require
certain enginemodificationsto avoid maintenance and performance problems. Biofue,
whichissimilar to biodiesd iscommonly usedin the United Statesmorethan Europe
(Teffer, 2018). Itisproduced fromoilsor fatsusing transesterification, whichisthe
chemical process between triglycerides and short-chain alcohol in the presence of
basic or acidic catayst to produce mono-akylester (Antolin, Tinaut, Briceno, Castano,
Perez and Ramirez, 2002) andisaliquid smilar incompositiontofossil/minera diesd
(Khan 2012). Chemically, it consists mostly of fatty acid methyl (or ethyl) esters
(FAMES). Thedirect use of oilsand fats as diesel isin fact hindered by the high
kinematic viscosity of thefeedstock and by the carbon deposition. Hence, oilsand fats
must be processed to be compatiblewith existing engines (Nayaka, 2011).

Therearedifferent transesterification processesthat can beapplied to synthesize
biodiesd: (a) base-catal yzed transesterification, (b) acid-catalyzed transesterification,
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(c) enyzyme-catdyzed transesterification, and (d) supercritical dcohol transesterification.
Themost common method ishomogeneoudy base-catalyzed transesterification, which
ismuch faster than any of the others (e.g. 4000 timesfaster than homogenous acid
catalysisreaction), in addition to be easier and cheaper (Ramaswamy, ?Huang and
?Ramarao, 2013). Nowadays more than 95% of theworld total biodiesdl isproduced
from highly pure edible 0il feedstock, entailing theincreasing of food prices and
deforestation. On the other hand, non-edibl e oils have gained attention because of
their elevated oil content and the possibility to be growninterritories suitablefor
agriculturewith reduced cultivation costs.

Residual cooking oilsare aso considered aspossiblefeedstock for biodiesel
production dueto thelow costs, but they are composed mainly of Free Fatty Acids
(FFAS), which strongly influencetheyield and purity of thebiodiesdl. Although base-
catalyzed transesterificationisasimple process, itisvery sensitiveto the presence of
freefatty acidswhichleadsto undesired saponification reactionsof pursued products.
Consequently, it requireshigh cost virginoil (high grade) asfeedstock, highly increasing
the production cost as compared to the acid-catal yzed transesterification.

Cataystsnormally employedinthesynthesisof biofudsareexpensiveor show
other disadvantages such asdifficulty of removal from the product, low stability and
low selectivity. Nanotechnol ogy has devel oped nano-catalystswith intermediate
characteristics between homogenous and heterogenous systems, combining thehigh
activity of homogenous catalysts, with the easy recovery of heterogeneous solid
materias. Somemethodol ogiessuccesstully usehomogenous cata yststo speed reaction
ratesup, increasing conversion and selectivity, minimizing Sdereactionsand by-products.
However, homogeneous catalysts cannot be recovered and reused. They must be
neutralized at the end of the reaction, producing vast quantities of undesired waste
chemicals that have to be separated, and limiting implementation of continuous
downstream processes. Moreover, corrosionisespecialy favoured in homogeneous
cadyss Alternatively, heterogeneouscataysisoffers, in additionto theaforementioned
advantagesinherent to acatal ytic reaction, the possibility of recyclingthesolid catalys.

Nevertheless, masstransfer effectsare mostly negligiblein homogeneous
catalysis, where reactants, products, and catalysts are in the same phase. On the
contrary, typicd; liquid-solid heterogeneous cata yzed reactionsfor biomassconverson
arelimited by masstransfer or diffusion processes between solid phase of catalysts
andliquid phaseof reactants, leading tolong reactionratesand low efficiency. Therefore,
heterogeneouscatalys sresearch hasfocused on deve oping solid catd ystsin nanometer-
Szescae(nanocatalysts), wheremasstransfer resstanceisminimized by theintrinsic
large surfaceto volumeratios. Feed stocksfor diesel include: animal fats, vegetable
oils, soy, rapeseed, Jatropha, Mahua, Mustard, flax, sunflower, palm oil, hem, field
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pennycress, PongamiaPinnataand algae (Brunet Solé, 2012). Researchinto theuse
of Fatty Acid Methyl Esters(FAMES) (alkylester) asan dternativefuel diesdl engine
has continued to gain ground especially in the devel oped economy. It isprojected,
cond dering atributeslike biodegradability andlow combustion emissions, that alkylester
will eventually replaceregular petroleum diesdl fuel. However, cost of vegetableail,
especialy inNigeria, imposesoneof themgor draw backsontheir useasfue currently.
Accordingly, theresearch effortson biofuel stechnol ogy have beenintensified in order
to reduce production costs. The main approach has been to devel op more efficient,
environmentaly friendly and economicaly viablenovel processes. Theshift fromfood
crop feed stocksto non-edible oil provides an opportunity to enhance sustainable
energy farming intheareaof seedsconsderedto beaviablesourceof biofuel feedstock.

Moreresearch and investment will focus on crops such as cotton suitablefor
growinginarid, subtropica andtropical conditions. Thiswill culminateinresponsible
commercialization of biofuels, driven by theneed for increased energy security. The
selection of land onwhichto grow the feed-stocksisacritical component of the ability
of biofuelsto deliver sustainable solutions. A key cons derationisthe minimization of
biofuel competitionfor primecropland. Significant opportunitiesareofferedtoarange
of playersfrom farmersto project developersand investors.

MATERIALSAND METHOD

Cotton seed oil Extraction: Cotton seed Oil isextracted from the seeds of various
speciesof cotton plants, growninNorthern Nigeria- Kano, Funtuaand Zaria. Generdly,
thereis 18% oil content in cotton seed. It ispaleyellow in color. The Gossypium
herbaceum and Gossypium hirsutum speciesare more generally used to extract oil.
But it should be mentioned that most of the cotton productionin Nigeriaisusedinthe
textileindustry.

In order to determine oil content, cotton seedswere crushed in blender and
dried at 103£2 °Ctill the constant weight. Crude oilsof seedswereextracted with the
soxhlet method for 6 hours. Recovered crude oilsweretakento arotary evoparator
at 35°C (Anderson 2004). Obtained oil sampleswerefiltered and stored at 4°Cin
dark glassbottlesprior to anayses. Seed oil content inwhich oil wasextracted three
timeswith hexane according to the method outlined by O'Brien (Last, Kriiger and
Duirnholz (Nd); Hanna, Isom and Campbell 2005). Oil can be extracted from cotton
seed either by direct crushing or by scientific processing. Majority of cotton seedin
devel oping countriesisprocessed by direct crushing of ginned white cotton seedsin
expellers. Theprocessisinefficient asalargeamount of oil remainsin the cake, but
duetoitssimplicity, low machinery cost and ready market for undecorticated (UD)
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cakefor cattlefeed, itisvery popular. In scientific processing of cotton seed, first
lintersand hullsare removed from the seeds by delinting and dehulling/decortication
operationsrespectively and oil isthen extracted fromthekernelseither by first using
expellersand then solvent (hexane) or entirely by solvent extraction.

Fatty acid pattern: before the determination of thefatty acid composition, the oil
wasfractionedintotriglycerides(TG's) asmgor fraction, and theminor partid glycerides,
namely, diglyceries(DG) and mono-glycerides(MG) aswell asfreefatty acids(FFA).
Fractionation was conducted with the help of TL C using hexane/diethyl ether/formic
acid mixture (70/30/1 v/viv) asadevel oping solvent. Thelocated zonesof TG (R, =
0.76), DG (R =0.15), MG (R =0.01), and FFA (R, = 0.4) were scraped off the plate
and extracted with n-hexane. The hexane solution was dried over anhydrous sodium
sulphate and the solvent was distilled of under N,,. Each fraction was convertedinto
ME (methyl ester) using 5% HCL in methanol (Chrestie, 1973) and the mixturewas
refluxed at 70-80°C for oneto two hourstill completetransesterification. Thereaction
wasmonitored withthehelp of TL Cto ensurethe conversion of adl glyceridefractions
and FFA into ME (methyl ester). Silicagel G platesand n-hexane: diethyl ether:
acetic acid (80: 20: 1, v/v/v), asadevel oping solvent, were used.

TheME (methyl ester) solution waswashed with distilled water until acid
free, dried over anhydrous sodium sul phate and the solvent was distilled of f under N2.
The ME (methyl ester) was kept in 5 ml dark vials and stored until use at 4°C.
Hewlett Packard-HP 5980-A gas chromatograph was employed for the analysis of
ME (methyl ester ) under thefollowing operating conditions: column, DB-23(0.32mm
x 30m); temperature programming, 150 - 230°C, 3°C/min; injector temperature,
230°C; detector, FID at 240°C; carrier gas, Helium at flow rate of 1.3ml/minand split
ratio, 100:1. Peak areaswere determined by an el ectronicintegrator and percentages
compositionsof fatty acidswereautomatical ly cal culated. Calibrationwasmadeusing
the standard fatty acid methyl esters.

Satistical Analysis: All experimental dataare expressed asmean+ S.D. Significant
differences among the groups were determined by one-way anaylsis of variance
(ANOVA) using the SPSS statistical analysisprogramme. Statistical significancewas
considered at p< 0.05.

The Preparation of Catalyst: The bentonite clay istypically extracted from open-
air mineswith deposits of varying depths, from few centimetersto several meters
containing many impurity typesin North-esstern Nigeria Thedigtribution of clay particle
sizeswasmeasured beforeand after purification usngalL aser Particle SizeAnayzer.
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Purification of Clay Samples: Bentonite Clayscontain the essential montmorillonite
clay minerd aswell assubstantia inertimpurities. Theactivity level attainabledepends
upon the concentration of themontmorillonite. High activity clay cannot be obtained
by bentonite containing alow percentage of montmorillonite. Remova of inertimpurities
from bentoniteto effect concentration of montmorilloniteisamethod for improving the
activity of bentoniteclays. A s mpletechniquewhich can beemployed to concentrate
certain montmorillonitesisdisperson and centrifugation. Thisprocessisschematicaly
presented in Figure 1. Sodium bentonitesare readily dispersed and respond well to
centrifugal separation. Thisprocessisinadegquate for the moreimportant calcium-
magnes um bentonitesfrom which themgority of activated claysare prepared. These
bentonitesrequirespecia chemical trestmentsto render them satisfactory for centrifuga
concentration. Onecommercia processempl oysthe addition of ammonium carbonate
totheagueousdurry of bentonite prior to concentration. Figure 2 illustratesthisprocess
for obtai ning concentrated cal cium-magnesium montmorillonite.
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—_— — p— — ) %
| Slurry ? | Centri fuge ’ '-'Eni_m: 2 | Activation
Bentonite | — l
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Figure 1. Schematic presentation of asimpletechniquewhich can be employedto
concentrate certain montmorillonitesisdispers on and centrifugation
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Figure2: Processfor obtai ning concentrated cal cium-magnesum montmorillonite
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Characterization of Bentonite Clay Catalysts: The chemical composition of the
sampleswere determined using asequential spectrometer of X-ray fluorescence per
wavelength XRF — 1800 Shimadzu; the powdered samples were pressed to disc
shape under apressureof 10 ton, using boric acid assupport (base). The morphol ogy
of the sampleswere observed with ascanning electron microscope (SEM) SSX-550
Shimadzu, with 10kV voltage under vacuum; preparation was performed applying a
little amount of powder on acarbon tape and all sampleswere metalized with gold.
The scanning el ectron micrograph of parent calcium bentonite (a) and (b) showing

impuritiesasquartz, presentinthesample.

X-ray diffraction measurementswere conducted in aX-ray diffractometer
Shimadzu XRD-6000, Cu-K , radiation (€= 1.542 A), 30kV voltage, 15 mA electric
current, scanning from 2 to 50° in 2eand scan speed of 0.25° per step, with acounting
time of 1sec per step. The datawere collected using a0.5mm divergencedit along
with a0.5 and 0.3mm receiving dits. Powder sampleswere placed on anauminum
sample holder, pressed to obtain aregular surface and inserted in the diffractometer
goniometer support. A silicon standard was used to calibrate the equipment. The
qualitativeinterpretation was performed by comparison with existing standard was
used with PDF2 database (the International Centre for Diffraction Data, ICDD:
www.icdd.com, 1996) using specific software. Quantitative analysiswas performed
by meansof Rietveld refinement method by meansof the DBWSTools2.4 for Windows.

Biodiesel Production: Transesterification is the chemical process between
triglycerides and short-chain alcohol in the presence of basic or acidic catalyst to
produce mono-alkylester (Antolin et al, 2002). The long- and branched-chain
triglyceridemoleculesaretransformed to mono-alkylestersand glycerol. Commonly
used short-chain alcoholsare methanol, ethanol, propanol, and butanol (Last, Kriiger
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and Durnholz, Nd). Methanol iscommercially used duetoitsavailability and cost
effectiveness (K etlogetswe and Gandure, 2011). The subsequent useful product is
Fatty Acid Methyl Ester (FAME) commonly known asbiodiesd!.

A laboratory-scal e biodiesel production set-up was designed and fabricated
inthelaboratory asshownintheFigure4. It consstsof amotorized ftirrer, straight coil
electric heater and stainless steel containers. The system was designed to produce
5litresof biodiesel. Temperature of the mixture of triglyceride, methanol and catalyst
weremaintained at about 55°C. Triglycerideisreadily trans-esterified in the presence
of clay catalyst at atmospheric pressureand at 55 to 66°C with an excessof methanol.
Themixture at theend of reaction isallowed to settle. Thelower Glycerol layer is
drawn off, whilethe upper methyl ester layer iswashed to remove entrained Glycerol
and then processed further.

During the preliminary investigation, 200g of methanol and 5g of clay catalyst
werefirstly mixed and refluxed at 80°C for 1hr asthe catalyst activation step. The
ratio of methanol: cotton oil iskept constant at 2:5 without any changesinthisresearch.
Secondly, the 250g of cotton oil had been added to transesterify for 8 hours. The
weight ratio among methanol: catalyst: cotton oil was 10.1: 25. During thereaction,
every 2 hours, themixturein the reaction was successively taken and characterized.
The schematic diagram of experimental set upisillustratedin Figure4. All sampling
solutionswerefiltered to remove catalyst particleand impurities prior to biodiesel
analysis. Then they became clear and ready for further determination of biodiesel
propertiesafter glycerol/biodiese separation. Theclay-based catalyst wasreused after
separation by filtration.
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In the process of making biodiesel through trans-esterification, it was noted that

biodiesdl and glycerol arethe products. o
Vegetable oil (Cotton) > — Biodiesel

Reactor for
Alcohol (Methanol/ethanol) * . . .

Theproductsareliquid, but they area so immiscible (do not dissolvein each other)
and havedifferencesin specific gravity. The specific gravity of the productsisshownin
Tablel.

Tablel1: Specificgravity of productsand unused reactantsin biodiesd transesterification

Material Specificgravity (g/cm?3)
Glyceral (Pure) 1.26
Glyceral (Crude) 1.05
Biodied 0.88
Methanol 0.79

Source: Antolinet al (2002).

In batch processing, gravity separation isused, and the productsremainin
thereactor; thereactor then becomesasettler or decanter. Oncethereactionisfinished,
the product mixture then sitswithout agitation. After 4-8 hours, theglycerol layer
settlesat the bottom (becauseit has higher gravity) and the biodiesdl settlesat thetop.
However, if acontinuousflow facility isutilized, the products separatetoo dowly ina
settler, soacentrifugeisused. A centrifugewill spintheliquidsat avery high speed,
which helpsto promote density separation. Thereareafew different typesof industria
centrifugesthat can beused for biodiesal separation (Antolin et al 2002).

Determination of biodiesel properties: For thefue properties, some major methods
were used to characterizeimportant propertiesof biodiesdl. They consisted of Saybolt
kinematic viscosity (ASTM D2161-87) at 37.8°C and 100°C, flash point (ASTM
D93-90), cloud point (ASTM D2500-91), pour point (ASTM D97-87) and
Conradson carbon residue (ASTM D189-88). Saybolt viscometer was supplied by
Koehler Instrument Co., Modeled K 21420. The closed-up apparatusfor flash point
determinationismodel K 16270 from Koehler Instrument Co. aswell.

Cetane Number (CN): TheCN isoneof thecommonindicatorsof diesdl fuel quality.
It measuresreadiness of thefuel to auto ignitewheninjected into theengine. ASTM
standard test method D 613 statesthat, for fuelswith Cetane Numbersintherange 44
to 56, the repeatability should bewithin 0.7 to 0.9 Cetane Number Units. The GC-
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MSanaysisof liquid productswas performed on aHewl ett Packard HP 5890 Series
|1 GC gas Chromatograph interfaced to Hewl ett Packard 5972 seriesmass selective
detector using aZebron ZB-5M Scapillary column (30mx 0.25mm ID x 0.25pmfilm
thickness) with thefollowing temperature program: theinitia temperatureof 40°C was
held for 10mins, increased with 4°C.min* at 280°C and maintained at this final
temperaturefor 10min. total runtimewas80min. theheliumwasthecarrier gas.

Temperature of theinjector was 250°C. the volume of injected samplewas
0.1pL. MSmodewascarried out infull scan, with the scan range of 10-700 amu and
the scan speed up to 1800 amu* s*. Theionizationintensity of 70 eV wasused. The
acquisition of chromatographic datawas performed by meansof the HPchem software.
All mass spectraobtained by GC-M Swereinterpreted based on an automeatic library
search (DATABASE/wiley6.1). Theliquid productswere analyzed a so by aFourier-
transform infrared spectrometry (FTIR) using aJASCO-FTIR 610 spectrometer, in
the4000-400 cmrt wavenumber range, using theliquid filmtechnique. TheFTIR andlysis
of solid sampleswas performed using the KBr pellet technique. Theliquid products
wereanalyzed a so by ultraviol et-visible spectroscopy (UV-Vis) usingaUNICAM
UV-4 spectrometer equi pped with photomultiplier detector. All UV-Visspectrawere
recorded intherange of 190-400nm bandwidth, cell path length of 1cm and hexaneas
reference. The FTIR and UV-Visspectraof al the studied sampleswereregistered at
room temperature.

Sudy of Transesterification Process Parameters. Thetransesterification process
of conversion of cotton seed oil to biodiesel was performed by varying the various
factorsaffecting thereaction liketemperature of transesterification, amount of catalyst
used, alcohol to oil molar ratio and reaction time. Thestudy rangeof variablesaffecting
thebiodiesd yieldisgivenin Table2.

Table2: Rangeof Biodiesdl production parameters

Factors Minimum Maximum
value value
Temperature of trans-esterification (°C) 50 70
Amount of bentoniteclay nanoparticles, g/L 0.5 15
Alcohol tooil molar ratio 6:1 10:1
Reactiontime(min) 60 120

Source: Chang (1997); Shahid and Jamal (2011).
Emission Char acteristicsdetermined according to literature procedure (Chang, 1997;
Shahid and Jamal 2011).
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RESULTSAND DISCUSSSION

Catalysts Characterization: The calcium bentonite clay used in this work was
obtained from north-eastern Nigeria. Details of the characteristics of the calcium
bentonite clay have been reported el sewhere (Diman and Wijeyesekera, 2008). The
techniqueof scanning e ectron microscopy (SEM) isused to eva uate the morphol ogy
of theclay particles, i.e., the geometry (shape), size, and size distribution (Abdullahi
and Audu, 2017). Themodificationsduring the process of purification correlate with
increased content of monmorilloniteand nanoparticles. Thetechniquesof purification
of parent calcium bentoniteclay indicatethe possibility of building apilot plant for the
production of kilogramsof high quality bentonite.

Fig.5: SEM |mag$ of d|fferent productsobta nedafter pur|f| cation and themodified
purified bentonite. (8):RB; (b): centrifuga sediment; (c):PB; (d) MB.

Table3: Chemica anaysisfrom X-ray fluorescence (in wt%) of calcium bentonite
fromnorth-eastern Nigeria.

Component Adamawa Borno Gombe
SO, 555559 60.9223 62.8574
ALO, 220061 220078 22618
FeO, 6.7387 9.4662 8.2045
Mgo 31727 3.369%6 34978
Cao 0.1505 17214 00238
Na,0 00578 00726 01212
K0 00202 - 0.049%5
TiO, 03741 11433 0.2057
CuO 00163 0.1818 0.1069
CO, 11.649% - -

SO, - 00429 00558

Source: Experimentation, 2017
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Table 3 presentsthevariation of chemical composition of thesesamples. Silica(S0,)
isrelated to quartz mineral impurities, and it isalso one of the constituents of clay
minera montmorillonite. ALLO,ismainly associated with montmorilloniteand kaolinite,
becauseimpuritieslikequartz do not have a uminuminitscomposition.

Bentonite Clay Nanoparticles Size Distribution: Theresultsof the XRD analysis
reveal that most of theimpurities, whichincluded quartz, cristobalite, calcite, gibbsite
and feldspar, were removed from the clay by the purification process. Finally, the
thickness of thelayersin the crystal structure of montmorillonite and the patterns
generated by XRD indicate that the clay was comprised of crystal layerson top of
each other following purification (Fig. 6). Thesizedigtribution of varioussamplesclay
nanoparticlesisshownin Figure 6. The size of the diameter for nano-particleswas
determined. Thevolume percentagedistribution showss zewith mean particlediameters
of lessthan 1, 50 and 500nm for NPsclay.

Volune (%)

- T TR E TR

10 100 1000
Diamcter size (nm

Figure6: XRD pattern, local pure sampleand particlessizedistribution.

Nanoparticlesvaryingin sizefrom 1 to 500nm and aconcentration of 0.1 and
1 wt% are shown to be effective in transesterification. As mentioned above, the
disadvantages of homogeneous base-catalyst transesterification are high energy-
consumption, costly separation of the catalystsfrom the reaction mixture and the
purification of crudebiodiesd fuel (BDF). Therefore, toreducethe cost of thepurification
process, nanoparticlesof bentonite clay, have been used because these catalystscan
beeasly separated from the reaction mixture, and can bereused.

Cotton seed Oil Composition and Properties: The fatty acid of Cotton seed Oil
generaly contains 70% unsaturated fatty acids. Theoil contains:
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- Pamiticacid: 22-26%

- Linoleicacid: 49-58%

- Oleicacid: 15-20%

Arachidic/behenicandlignoceric acid: 10%

Cotton seed oil isdescribed asa* naturally hydrogenated” substance by scientists.
Thisisduetothefact that the saturated fatty acidsinit are natural palmitic, mysristic
and stearic acids. Thefatty acidscomposition for cotton seed oilsare shownin Table
4. Thelinoleic, palmitic, oleic and stearic acidswerethe principal fatty acidsfor all
genotypesanalyzed. Thevaluesof myristic, palmitoleic, linolenic, arachidic did not
exceed 1%. It wasfound that the content of oleic acid varied between 14.06-17.00%
in cotton seed oil according to genotypes. Highest oleic and linoleic contentswere
found in oils obtained from genotypes of Zaria (17.00%) and Funtua (55.82%),
respectively. Sharmaet a (2009) havereported highest oleic and linoleic acid contents
of 24.81% and 52.78% in cotton genotypes, respectively. Highest palmitic and stearic
acid contentsweredetected in oilsof Zaria(25.63%) and Kano (3.13%), respectively.
The concentration of palmitic acid (16:0), asaturated fatty acid, ishigher in cotton
seed oil (~24%) thanin many other vegetable oils (Sarada, Shailgja, SitaRamaRaju
and Radha, 2010). Theresultsobtained arein accordance with O’ Brien (2003) and
Baydar and Turgut 1999; Roche, Essahat, Bouniols, Asri, Mouloungui, Mondiesand
Alghoum (2004) whose reportsindicate that fatty acid compositions of seedsvary
according to genotype and environmental factors.

Aswith other vegetableails, quality of cotton seed oil usualy comesfrom fatty
acid composition and unsaponifiable matters mentioned. Their anount and oil yield
varies depending on genotype, ecological conditionsof region processand storage
conditions (Baydar and Turgut 1999).

Table4: Fatty acidsprofilesof cotton seed oil of cotton varieties (%)

Fatty acids Kano Funtua Zaria Mean Range
Myrigtic (C14:0) 079 0.78 0.80 0.79  0.78-0.80
Pamitic (C16:0) 2552 2485 2563 2533 24.85-25.63
Pdmitoleic(C16:1) 055 054 0.57 055 0.54-0.57
Stearic (C18:0) 313 301 3.12 3.08 3.01-3.13
Oleic(C18:1) 1511 14.06 17.00 1539 14.06-17.00
Linoleic(C18:2) 5401 5582 5200 5394 52.00-55.82
Linoleic(C18:3) 014 014 0.12 013 0.12-0.14
Arachidic (C20:0) 029 030 0.31 030 0.29-0.31
Source: Experimentation, 2017

This article is published under 3.0 Unported License 104




Journal of Environmental Issues and Agriculture in Developing Countries
Volume 10, Number 2, August 2018

ISSN: 2141-2731

Table5: Fatty acid constituents present in cotton seed oil (Gossypium hirsutum).

Fatty acid

Myrigtic (C14:0)

Pamitic (C16:0)
Pamitoleic(C16:1)

Stearic (C18:0)

Oleic(C18:1)

Linoleic(C18:2)
Linoleic(C18:3)

Source: Experimentation, 2017

% Composition

0.8
24.4
04
2.2
17.2
55.0
0.3

Table6: Optimization of biodiesd synthesisfrom cotton seed ol

Run Temperature Amount of Bentonite Alcohal to Reaction Yidd
(°C) Clay nanoparticles oil ratio time(min) (%)
(9L)
1 0 05 6 120 830
2 50 05 10 120 910
3 50 15 10 60 715
4 0 15 10 120 900
5 0 05 10 60 950
6 0 15 6 60 A0
7 50 05 6 60 950
8 50 15 6 120 950

Source: Experimentation, 2017

Table7: Physical and chemical propertiesof cotton seed oil

Property
Percent Composition

Physical stateat 25°C/1Atm.
Color

Odor

Densty/Specific Gravity
Smoke-point

Viscosty

Source: Experimentation, 2017

Characterigtic/Value

Fatty Acids: Linoleic (46.7-58.2%), Pamitic

(21.4-26.4%), Oleic (14.7-21.7%), Stearic

(2.1-3.3%), Mysristic (0.6-1.0%), Palmitoleic
(0.0-1.2%), other fatty acids, unsaponifiable

tocopherol <1%.
Liquid

Pdeydlow
Practically odorless
0.915-0.921 at 25°C
232°C (450°F)
n=80 mPasat 20°C
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Figure8: Cotton seed Oil Image
Table8: Therangeof fatty acid content of four cotton species

Name of the species Extent of Variability Reference
Palmitic Searic  Olec Linoleic
acid acid acid acid
% % % %
G arboreum 231-259 2334 2086.3 41.1-50.6 Pande (1998)
G herbaceum 205234 3244 175208 51.355.1 Pande (1998)
G hirsutum 23.1-28.0 2434 14.7-209 476554 Pande (1998)
G barbadense 244-255 26-30 18.7-19.7 50.0-51.7 Pande (1998)
G arboreum 890-21.2 11-29 16.5-30.7 30.3-59.3 Dani et al. (1997)
G hisutum 8.83-244 1245 10.3-30.2 20.6-58.0 Dani etal. (1997)

Extent of variability observedinfatty acid profilesin above mentioned studies
for all the cultivated cotton speciescould well beutilizedin developing lineswith high
polyunsaturated and monounsaturated fatty aci ds contentsthrough appropriate breeding
techniques.

Biodiesel Properties and Specifications: To insure quality biodiesel, there are
standardsfor testing thefuel properly to seethat it meets specificationsfor use. ASTM
(Aninternationa Standardsand Testing Group) hasamethod tolegaly definebiodiesd
for useindiesd engines, labelledASTM D6751, “ Standard Specification for Biodiesd
Fuel Blend Stock (B100) for Middle Distillates.” Also biodiesel should meet the
European specifications of EN 14214, other than the parameters of Cetane Number,
lodine Value and some of the seasonal requirement. Thebiodiesal synthesized using
transesterification process using cotton seed oil wasandyzed by estimating thevarious
physical properties. Thevarious properties of biodiesel synthesized likeacid vaue,
viscosity, flash point, density, caorific value, pour point and cloud point estimated are
shown in Table 9. The results obtained were compared with ASTM D6751 and
EN14214 standards and were observed to bein therange meant for quality biodiesel
asshowninTable9.
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Table9: Estimated values of physica propertiesof biodiesdl.
S/N Property Biodiesel synthesized
from cotton seed oil ASTM D6751  EN14214

1 Acid Number, mg KOH/g 0.313-0.38 mg KOH/I Max 0.8/KOH/g Max 0.5 KOH/g

2 Kinematic viscosity, 40°C 2.496 mm?/s 1.9-6mm?/s 3-5mm?/s

3 Flash Poaint, °C 156°C Min 130°C Min 120°C

4 Density at 15° C 0.8855g/cc - 0.860-0.900 g/cc

5 Cdorificvaue 33.78 MJkg - ~35MJkg (EN14213)
6 Pour Point 2°C 15to 10 0°C Max (EN14213)
7  Cloud Point 9°C -3°Cto 15°C

8  Cetane Number 52 >49 >47

Source: Experimentation, 2017

Table 10: Conversion of glyceridesto biodiesal showing intermediates.

Properties Test method? Limit

Ester content/(mol mol?) 9% EN 14103 min 96.5%
Mono-glycerides content/(mol mol?) 0.06% EN 14105 max 0.80%
Di-glycerides content/(mol mol?) 0.03% EN 14105 max 0.20%
Tri-glycerides content/(mol mol?) <0.02% EN 14105 max 0.20%
Free glycerol content/(mol mol?) <0.02% EN 14105 max 0.02%
Total glycerol content/(mol mol*) 0.05% EN 14105 max 0.25%

Source: Experimentation, 2017

Aswithall materials, production and quality of biodiesel isimportant. Most
importantly, the transesterification reaction should reach completion for highest
production and quality. Dueto the nature of transesterification of triglycerides, asmall
amount of tri-, di-, and mono-glyceridesremain. Table 10 showsthe changesinthese
compoundsastheglyceridesreact to form biodiesal. Someterminology to beaware
of: 1) bound glycerol isglycerol that has not been compl etely separated from the
glycerideand isthe sum of tri-, di-, and mono-glyceridesand 2) tota glycerol combines
the bound glycerol with thefree glycerol. The estimation of various properties of
biodiesel isdoneto ascertainitsquality. The Fourier transform infrared spectroscopy
(FT-IR) isused to characterizethe biodiesdl and glycerol obtained by transesterification
of cotton seed ail. The absence of the OH peak and the presence of ester peak at
1750 cmr and C_H peak near 2800-3000 cmr shows the presence of chain fatty
ester.

Most of thecarbonsareall singlebonded carbonsC__ C, and sp? hybridized
and hence C__ H bond stretching isobserved at 2800-3000 cm™. The C_H bending
will show good absorbance around 1350-1480 cmtasobservedinFig. 10. TheC__ O
bond intherange of 1000-1300 cmtis present inthe ester group, and canbeseen as
morethan onepeak. Sincethereare C__ C bondsalso present duetolinolenic acid
and other unsaturated acid methyl ester as observed from peak at 1653 cm?

This article is published under 3.0 Unported License 107




Journal of Environmental Issues and Agriculture in Developing Countries
Volume 10, Number 2, August 2018
ISSN: 2141-2731

characteristicof C__ Cstretching. TheC__H stretching isobserved at wave number
675-1000 cm. Product identification gave methyl esterssuch asmethyl oleatefrom
acid components.

Figure9. FT-IR spectrumof biodiesal synthesized by trans-esterification of cotton
seed ail.

Glycerol content in biodiesel must beaslow aspossible, asASTM standards
state. The Biodiesal will not technically be*biodiesel” unlessASTM standardsare
met, which meansbeing below thetotal glycerol specifications. High glycerol content
can causeissueswith high viscosity and may contributeto deposit formation and filter
plugging. Crudeglycerol isoften adark brown color and must berefined and purified
beforeuse e sawhere. Inbiodiese preparation, brown layerswill form, and, possibly,
whiteflakesor sediments, formed from saturated mono-glycerides, that will fal tothe
bottom of thetank the biodiesel isbeing stored in (Gerpen, 2013).

S

Biodiesel

sedimeny ——P— 5_ &

Figure 10: Biodiesel with crude glycerol and saturated mono-glyceride settled at bottom
Source: Gerpen, J. V. (2013, February 16). Biodiesel Production Principlesand Pro-
cesses. Farm Energy
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Nano-catalysts for biodiesel production: In the biodiesel production method,
transesterification isthe chemical reaction between triglyceridesand alcohol inthe
presence of nanoparticlesof bentonite clay for producing monoesters. Thetriglyceride
moleculesaretransformed to monoester and glycerol. Thetransesterification method
incorporatesasequenceof threereversiblereactions. The conversionsof triglycerides
to di-glycerides, di-glyceridesto mono-glyceridesand glyceridesinto glycerol yield
one ester molecule in each stage. The general transesterification reaction can be
represented by reaction scheme bel ow (Gerpen, 2013).

H:C-OCOR Catalyst H.C-OH R,COO-CH;
. - -I . ]
I = HC-OH + R:COO-CH;

HC-OCOR; + CH:0H |

H.C-OCOR; i !_-RI'-UH R,CO0O-CH;

Mixture of Fatty acid

{ 1ethanol Glyeerin g
Triglycende Methanol s actars

Reaction scheme of transesterification of triglycerides with methanol: The
transesterification reaction of oil and acohol with ahomogeneouscatalyst isthegen-
era method for the preparation of biodiesel. However, the homogeneous catalysts
have many shortcomings, such asrequiring largeamountsof water, difficultiesin prod-
uct isolation, and environmental pollution caused by theliquid wastes. Theuseof “a
green” method based on heterogeneous catalystsisanew trend in the preparation of
biodiesel. Among the different possible optionsto produce biofuel s, the a coholysis of
oilshasbeen frequently utilized, especially for the synthesisof biodiesal. Most ad-
vanced nano-catalystsfor the production of biodiesel are base nano-catalysts, acid
nano-catalysts, and bi-functional nano-cataysts. Base nano-cataystsaccel eratethe
reactioninmild reaction conditions, but need pureails. In contrast, acid cataysiscan
catalyzethea coholysisof low-grade feedstock, but istime consuming process. Bi-
functional catalysts have been proposed as solutionsfor biodiesal productionfrom
low-gradeoilsin aone-step reaction, catalyzing at the sametimethetransesterification
and estexification reaction of oilsandfats. Fromtheresultsreported above, nanoparticles
of bentoniteclaysexhibited great potentia aseffective catalystsfor the production of
biodiesdl from Nigeriacotton seed oil. The nanoparticlesnot only improved theyield
of biodiesal but also solved the problem of side reaction of soap formation of base-
catayzed transesterification:
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A
CH, — OOCR, CH,—OH
[ 0 1
. | CH —OOCR
OOCR
CH, — OOCR, CH,— OOCR,
Triglyceride Water Free fatty acid Diglyceride
B

i R
NaOH + H-OH —* Na* + OH' + H-O — C—R;—*H-OH + *Na'0 — C —R,

Sodium hydroxide in water lons Free fatty acid Soap

Fig11: A: Sidereaction of triglyceridewithwater. B: Formation of freefatty acid can
react with akali ionstoform soap

Source: Clifford C. B. (Nd). EGEE 439: Alternative Fuelsfrom Biomass Sources.
https.//www.e-education.psu.edu/egeed39/node/684.

Reaction scheme2: A sidereaction of triglyceridewith water. B. Formation of free
fatty acid can react with akai ionsto form soap, during base catalyzed reaction.

. Methanol and base (NaOH in this case) is combined. NaOH
separates into ions in methanol. The “OH reacts with the H of
methanol to make H,0O, leaving the “OCH, to react with the
fatty acid.

N
S0,

CH,OH + Na*+ '0OH — Na* + -

L"//—)

Both should be as dry as possible
Water production increasesthe sidereaction of soap formation,
which is unwanted.

Figure12: Formation of methoxide

Source: Clifford C. B. (Nd). EGEE 439: Alternative Fuel sfrom Biomass Sources.

Comparison between trans-esterification by base catalystsand clay-based catalysts
showed that the clay-based catal yststrans-esterification can be represented asfollows:
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e i Caralyvst o

Inglycernide T ROH <«— » Ihglycenide + RCOOR
Catalvst

Diglycends + ROH * Monoglveride + R COOR
Catalvst

Monoglveerds + ROH <+—* Glycerol + R COOR

Thefirg gepistheconversonof triglyceridesto diglycerides, followed by theconversion
of diglyceridesto monoglyceridesand of monoglyceridesto glycerol. Theoverall
chemicd reaction of thetransesterification processis:

CH-O0R; CH>OH
| (Caralvzt) !
CHOOR. +3CH;OH ——» 3CH;O0Ry + CHOH
CH->00R: CH,OH
Tniglycenide Methanol Biodiesel Glycerin

Asseen above, thetransesterificationisan equilibrium reaction in which excessa cohol
isrequired to drivethe reaction close to completion. Thereaction takes placewith
maximum yield obtained at temperatureranging from 45-60°C.

Application of biodiesel and Emission Char acteristicsof biodiesel

Based on literature review and experimental data, it hasbeen reported that in most
cases, biodiesd iscompatiblewith diesd enginesfrom 1994 onwards, which use* Viton'
(by Dupont) synthetic rubber intheir mechanica fud injection systems. Notehowever,
that no vehiclesare certified for using pure biodiesel before 2014, astherewasno
emisson control protocol availablefor biodiesal beforethisdate (Chang 1997; Shahid
and Jamal 2011; O’ Brien et al 2005).

Biodiesel mixing with diesel improvesmost of thefuel propertiesand can be
used asan dternativefud for diesel engines. They havelower emissonsand highflash
point (usually >300F), hencethey are safer. They are biodegradable and essentially
non-toxic. Mass emissions of carbon monoxide and particul atesfound lower with
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Biodiesdl blends, but NOX increased (Chang, 1997; O’ Brien, 2002; Jain, Kumar
and Chaube, 2011). Other advantagesof biodiesel includethat itsphysica and chemical
properties are very similar to petroleum based diesel fuel in terms of operation.
Therefore, it canbeused in diesel engineswithout expensive alterationsto engine or
fuel system. It isalso biodegradable and freefrom sulphur and aromatics, making it
safer to handle and transport. Biodiesal runsin any conventional, unmodified diesel
engine. Addition of even 2% biodiesel helpsin significant improvement of lubricity of
diesdl. Thebest advantageisthefact that it isarenewablefuel source, whilepetroleum
islimited. Thisalonewill bethereasonfor itsever increasing popul arity.

Biodiesel used asblendsin different portionsto petroleum diesel showed
sgnificantimprovement intermsof GHG emission. [t wasobserved that on combustion
of biodiesdl —petroleum diesdl blends, thelevel of carbon monoxide (CO), carbon di-
oxide (CO,), smoke, particulate matter (PM) werereduced significantly; whereasthe
amount of oxidesof Nitrogen (NOX) wasincreased. Since biodiesel isoxygenated,
engines have more compl ete combustion than with ordinary diesel (O’ Brien, Jones,
King, Wakelyn and Wan, 2005; Kumar 2012; Chattopadhyay and Sen, 2013).

Sincebiodiesd isan effective solvent and cleansresiduesdeposited by minera
diesal, enginefiltersmay need to be replaced more often, asthe biofuel dissolvesold
depositsinthefuel tank and pipes. It also effectively cleansthe engine combustion
chamber of carbon deposits, hel ping to maintain efficiency. Inmany European countries,
a5% biodiesel blend iswidely used and isavailable at thousands of gasstations(Ma
and Hanna 1999; Kumar 2012; Mal hotra 2005 cited in Khan, Baseer and Shakoor
2016).

CONCLUSION

Theresultsof thisstudy reved that cotton seed oil hasthepotentia for useasarenewable
and industrial feedstock for biodiesel production. Thisresearch project focused on
developing an environmentally friendly and economically viable processfor the
production of biodiesd. Thetransesterification of cotton seed oil using nanoparticles
of bentoniteclaysascatalyst to produce biodiesel wasstudied. Theinteraction effects
of variousfactors such astemperature, amount of catalystsused, alcohol to oil ratio
andreactiontimeonyield of biodiesd wereinvestigated. The maximumyield of 98%
biodiesel was obtained. Thereported resultsreved that the high specific surfacearea
of nanostructure materialsin comparison with bulk catalystsisfavourablefor contact
between catalyst and substrates, which effectively improvetheyield of products.
The nanoparticlesof bentonite claysused in thiswork have the advantage of
being recoverableand recyclable. Currently, most of the biodiesal production processes
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are based on thetransesterification of vegetabl e oil susing heterogeneous nano-cataysts,

which areknown for their high activity and low cost, making them suitablefor large-
scaeindustrial operation. Infact, thisclassof catalystsofferseconomical, ecological

andtechnicd advantages, which arecritica parametersfor improvement of theefficiency
and sugtainability of biodiesd manufacture. Asawholeusing milder operating conditions
could lead to areductionin energy consumption requirements of the processwhich
could befeasiblewith using nano-catalysts. Nanoparticles have alarge surface-to-
volumeratio compared to bulk materials. They are attractive candidatesfor use as
catalysts. The bentonite claysarelocally availablein Nigeria. The non-edible cotton
seed oil hasbeen found to beapotentia raw material for the production of biodiesdl.

Themethyl ester of cotton seed oil has propertiesthat meet theinternationa

standard (ASTM D6751 and EN14214) for biodiesd . From thefindingsof the present
study, it seemsrational to recommend theimplementation of biofuel sprogrammein
Nigeria. Thebiodiesel productionisyet to commenceonacommercial scaleinthe
country. Although there seemsto be strong potential for the production of biodiesd,

theimplementation of programmesfor collection of seedsand investmentsfor the
economic production of fuel grade biodiesel would need government support. Nigeria
has|arge degradableland where non-edible oil seeds could be grown for conversion
into biodiesd. Thiscan helpin creation of millionsof jobsparticularly intherura area,

bes desproviding energy security through the production of homegrown cotton seed
genotypesfor usein production of cotton seed oil biodiesel. Thereisaneed for Cotton
GinnersAssociation of Nigeria(CGAN) to promoteinvestment in the production of

home grown cotton in Northern Nigeriaand beyond.
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