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Abstract: The production and characterization of ethyl ester from orange peels oil were investigated. The oil
was extracted from the orange peels by solvent extraction using petroleum ether. Biodiesel was produced
through transesterification of orange peels oil and ethanol using EDTA-modified and naturalbentonite clay
catalysts.Natural bentonite clay obtained from Ogoniland was modified using ethylene diaminetetracetic acid
(EDTA) to produce EDTA-modified bentonite clay. The physico-chemical properties and metal oxide
compositions of both the natural and modified bentonite clay samples were determined using specific gravity
bottle method, pH drift method, ethylene glycol monoethyl ether (EGME) method, atomic absorption emission
and X-ray fluoresce spectroscopy. The extraction gave 50% oil yield. The result revealed that the substitution
of EDTA in the octahedral sheet and tetrahedral layer gave a progressive increase in the cation exchange
capacity (CEC) values (34.0-55.0 meq/100g). The zero point of charge (5.0-6.8), the specific surface area (30.0-42.0
mg /g) and the specific gravities (2.4-2.6) increased from natural bentonite clay to the EDTA-modified bentonite2

clay. The results revealed that the substitution of the clay interlayer with EDTA decreased the metal oxide
compositions. The biodiesel produced werecharacterized to determine the physiochemical properties and the
results obtained were further compared to international standards. The result showed high energy content of
41.00 mJ/kg for the EDTA-modified clay catalyst. The energy content (34.50 mJ/kg) was low for the natural clay
catalyst. This high value will give better efficiency in power engines. The viscosity valueswere found to be 5.92
and 4.82 mm /sec at 40°C for EDTA-modified and natural clay catalysts. These values were within the limit of2

the ASTM (D6751) standard and greater than that of petro-diesel. The diesel fuel samples were observed to
have density values of 0.88 and 0.86 g/cm for EDTA-modified and natural clay catalysts. The value for the3

modified clay catalyst was within the ASTM acceptable limits. The flash point (160°C) for EDTA-modified clay
catalyst and 180°C for natural clay were found to be higher than the ASTM standard and the petro-diesel
values. The cloud point for the modified and natural clay catalysts  was  found  to  be  4.10°C  and  3.20°C.
These values were within the ASTM acceptable limit but higher than that of petro-diesel. However, the fire
point values for modified and natural clay catalysts were found to be 199°C and 201°C. The value of cetane
number was found to generally increase with increasing carbon chain length. The result obtained showed that
biodiesel produced using EDTA-modified clay catalyst recorded high cetane number (55.00); this value was
higher than that of petrol-diesel with cetane number of 52 and the ASTM standard value of 48.6 but lower using
the natural clay catalyst (34.50). The results of the characterization of biodiesel obtained demonstrated the
synergy between orange peels oil andEDTA - modified catalyst which gave better fuel property than the natural
clay and could serve as an alternative to fossil fuels.
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INTRODUCTION new catalysts, adsorbents or catalyst support; in this

The development and application of novel into materials research [1]. Clays and clay minerals have
techniques in order to create greener ecosystem requires been extensively studied for various purposes because of

sense, clays and clay minerals are promising resources
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their diversity, chemical composition, structural The catalyst can be easily separated from the reaction
properties, ionic exchange capacities and the related environment, regenerated and recycled and hence reduce
surface charge phenomena [2-4]. However, most of the the problems with corrosion in the reactor. The solid acid
catalytic properties of clays are due to their acidic catalyst will also produce a more pure glycerol because
character, which is significantly influenced by the clay the production process does not require a washing or
interlayer structure [5]. neutralization steps. Bentonite is a very important clay

The chemical and petrochemical industries globally mineral, with numerous industrial applications such as in
have been cautioned to maintain eco-friendly environment the production of ceramics, cosmetics, paints and paper,
by the relevant environmental authorities. Literature has as well as pollutants adsorbent and as a catalyst.
shown that the global production data revealed that Bentonite is a raw, commercial, low-cost, easily available,
biofuel is a complementary alternative  to  petroleum non-corrosive and environmentally friendly material
diesel [6-8]. Comparatively to petroleum diesel, biodiesel among others. The use of bentonite and other clay
(fatty acids methyl  esters  (FAMES)  or  fatty  acids  ethyl minerals in transesterification and transthiolesterification
esters (FAEES)) characterization have shown reduction in have been widely reported [14-16].
emissions of particulate matter and carbon monoxide and In this study to further improve the fuel properties of
such emissions do not contain aromatic hydrocarbons or biodiesel produced, the bentonite clay mineral has been
sulphur. Biodiesel is non-toxic, highly biodegradable and modified using ethylene diamine tetra acetic acid (EDTA).
renewable since it represents an almost closed CO  cycle This synthesis produces anorganophilic or organoclay.2

(approximately 78%) when derived from biomass [9]. Organophilic clays find a diverse range of applications
Biodiesel according to [9] is a fuel formed by mono-alkyl such cosmetics, inks, polishes, chromatography [17],
esters of long-chain fatty acids derived from vegetable or dispersions of hydrophilic polymers in oil and catalysis
animal oils and fats which meet ASTM D6751 [18].
specifications and it is designated as B100 according to However, literature has shown different modifications
the American Society for Testing and Materials (ASTM). of clay  minerals  using  quaternary ammonium cations
The application of oils with high free fatty acid (FFA) [19-21] for biodiesel production and as adsorbents for
content leads to a large catalyst consumption and wastewater treatments [22-24].
increases the cost of biodiesel purification. This is due to Literature has shown that short-chain alcohols such
the fact that the FFA is saponified by the homogeneous as methanol, ethanol and butanol are the most frequently
alkaline catalyst producing insoluble soap-like employed in biodiesel production. The selection of the
precipitates. alcohol is based on cost and performance consideration.

To overcome this limitation, orange peels oil was Ethanol can be produced from agricultural renewable
used in this study to produce biodiesel.Sweet orange resources, thereby attaining total independence from
(Citrus sinensis) is the world’s most commonly cultivated petroleum-based alcohols. In addition, experiments have
fruit tree. It is classified into the family of Rutaceae which shown that ethanol, as an extraction solvent, is preferable
comprises mandarins, limes, lemons, grapefruits, sour and to methanol because of its much higher dissolving power
sweet orange. Citrus fruits are of immense economic for oils. For this reason, ethanol is sometimes used as
value; occupying the top position in fruit production. suitable alcohol for the transesterification of vegetables
Orange trees are widely cultivated in tropical and oils [25]. Therefore, producing ethyl esters rather than
subtropical climates for the sweet fruit, which is peeled or methyl esters is of considerable interest, because, in
cut (to avoid the bitter rind) and eaten whole, or addition to the entirely agricultural nature of the ethanol,
processed to extract orange juice [10-11]. The peels the extra carbon atom provided by the ethanol molecule
obtained from citrus fruits constitute between 50 and 65% slightly increases the heat content and the cetane number
of the total weight of the fruits.When not processed [26]. From an environmental standpoint, ethyl ester
further, this by-product becomes  a  very  worrisome utilization is also more advantageous than the utilization
waste capable of causing serious environmental  pollution of methyl esters. According to [27], the results obtained
[12-13]. showed that when considering emissions of nitrogen

In addition, solid acid catalyst was employed because oxides (NO ), carbon monoxide (CO ) and smoke density,
of numerous advantages such as insensitive to the rapeseed oil ethyl ester had less negative effects on the
presence  of   FFA  and   can   simultaneously  catalyze environment in comparison with that of rapeseed oil
the reactions  of  esterification and transesterification. methyl ester.

x x
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In Nigeria, the practice of discarding citrus fruit and The oil was extracted from the orange peels by solvent
peels wastes into the environment has become worrisome. extraction using petroleum ether. The percentage yield of
This leads to the release of odors, serving as fertile the oil was calculated by using the expression below:
ground for insect proliferation and generally, the
production of an unsightly environment with reduced
aesthetic view. 

Therefore the aim of this research is to extract oil from
the orange peels and utilize it in the production of fatty
acid ethyl ester in the presence of EDTA-modified
bentonite clay catalyst.

MATERIALS AND METHODS

Sample Collection: Sample of bentonite clay was
collected from Tai in Ogoniland, Rivers State.The sample
was washed with water, sun-dried for two days and
sieved to remove other impurities and particles. It was
then ground to powder in a mortar and allowed to pass
through 106 m sieves to form a homogeneous powder.
The reagents used in this study were of analytical grade.

Clay Modification: The clay sample (10 g) was stirred with
100 ml of 0.3 M PCl  under a condenser for 6 hrs and then5

allowed to stand for 24 hrs. The mixture was filtered and
dried at room temperature. The residue (obtained clay
sample) was stirred with 300 ml of 0.4 M EDTA for 6 hrs
under  a  condenser  and  allowed  to  stand  for 24 hrs.
The product obtained was washed severally with distilled
water until it was chloride free. Then the product was
freeze-dried. The resulting product is EDTA-modified
bentonite clay (organoclay).

Catalyst Characterization: The specific gravity of both
the  natural   and   EDTA-modified  bentonite  clay
samples were determined using a specific gravity bottle.
The percentage metal oxide compositions: S O , Al O ,i 2 2 3

Fe O , C O, M O, Na O, EDTA Oxide and K O were2 3 a g 2 2

determined using Bulk Scientific Atomic
Absorption/Emission      Spectrophotometer     (205A).
The specific surface area (SSA) of the clay samples was
determined using Ethylene Glycol Monoethyl Ether
(EGME) method [28].The cation exchange capacities were
determined by saturating the clay samples (1.0 g) with
excess of 1.0N sodium acetate solution, resulting in an
exchange of other cations (Mg, Ca and K) by sodium.
Subsequently, excess sodium was rinsed from the clay
sample followed by quantitative desorption of sodium by
ammonium. The concentration of displaced sodium was
then determined by Atomic Absorption Spectroscopy.

% Yield = 

Catalyst Testing of Transesterification: Each run, 50 g of
ethanol and 10 g of EDTA-modified bentonite catalyst
were firstly mixed and refluxed at 80°C for 1 hr as the
catalyst activation step. The ratio of ethanol to orange
peelsoil was kept constant of 1:3. Secondly, the 150 g of
orange peels oil had been added to transesterify for 8 hrs.
The weight ratio of ethanol: catalyst: orange peels oil was
5: 1: 15. The transesterification product was allowed to
stand in a separating funnel for glycerol separation. Due
to the strong emulsions formed during the process of
ethanolysis, glycerol was not separated only by gravity
and in order to separate it from the ethyl ester phase,
approximately 10 g of pure glycerol was added to the
transesterification product, the separating funnel was
shaken vigorously and the product was allowed to stand.
The glycerol layer separated from the ester layer within 1
hr. The addition of pure glycerol to the mixtures, removed
the residual catalyst and the soaps which may have been
formed during the transesterification reaction, thus
creating a difference in the density between the two
phases and in this way making it easier for their
separation by gravity. After separation of the two layers,
crude ethyl esters were washed several times (up to 10)
with 50 cm  of hot distilled water (50°C) in a separating3

funnel until neutral pH. Finally, the water present was
eliminated by heating at 110°C. All sampling solutions
were filtered to remove catalyst particle and impurities
prior to biodiesel analysis. The EDTA-modified bentonite
clay catalyst was not reused since it was cheap and easily
prepared in comparison with the other catalyst. This
process was repeated for the natural clay catalyst.

Measurement of the Biodiesel Properties: The biodiesel
properties obtained were investigated following the
methods of [29] as represented in Table 1 below.

Table 1: Measuring devices and test methods for measuring fuel properties.

Properties Measurement apparatus Standard test method

Density Hydrometer ASTM D941

Flash and fire point Penksy-Martins apparatus ASTM D93

Calorific value Bomb calorimeter ASTM D240

Viscosity Redwood viscometer ASTM D445

Cetane number Ignition quality tester ASTM D613
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Table 2: SSA, CEC, pH, specific gravity and ZPC of the samples
Parameter Natural bentonite EDTA-modified bentonite
pH 6.8 7.4
ZPC 5.0 6.8
SSA (mg /g) 30.0 42.02

Specific gravity 2.4 2.6
CEC (meq/100g) 34.0 55.0

Table 3: Elemental composition of natural and EDTA-modified bentonite
clays

Oxide composition (%) Natural bentonite EDTA-modified bentonite
SiO 58.60 48.62

Al O 38.20 34.62 3

CaO 20.00 10.10
MgO 0.40 0.10
Na O 0.20 0.082

Fe O 5.80 2.202 3

K O 2.80 0.962

MnO 0.06 0.02
EDTA Oxide 0.00 8.46
Al/Si ratio 1.53 1.40

RESULTS AND DISCUSSION

Characterization: The results of the characterization of
the natural and EDTA-modified bentonite clay minerals
are presented in Tables 2 and 3 below.

The results obtained showed that in the interaction
between clay components and EDTA solution, three
different behaviors were observed. Some substances and
compounds were physically dissolved in EDTA solution,
some of them reacted with it and others showed no
interact with the EDTA solution. Table 3 showed the
results of the chemical analysis of  the  natural  and
EDTA-modified clay obtained (all values were represented
as wt% on a dry weight basis). Alumina, silica and to an
extent calcium was the major components of the bentonite
whereas other oxides, such as magnesium oxide, sodium
oxide, potassium oxide, ferric oxide and manganese oxide,
was present in trace amounts. Through the EDTA
modification of the clay, the percentage of the chemical
composition of the considered compounds varied. The
SiO  content decreased by reducing the acid strength,2

which was due to a decrease in the Si/Al ratio resulting
from the depletion of the Al cations from interlayers and
octahedral sheets of the bentonite. Simultaneously, the
percentage content of Al O , MgO,MnO and Na O2 3 2

decreased progressively. The decrease in aluminum
content could be attributed to the shielding of aluminum
cations by the silicon oxygen network and the presence
of Al-O-Si bonds which results in low solubility at the low
acid strength [30]. The elemental analysis revealed an
increment in the percentage content of EDTA oxide (8.46)

in the clay interlayer. This was due to surface
modification. The exchange of the interlayer Na, Ca, Mg,
Fe and Mncations began at first and followed by leaching
of the octahedral cations (Al, Mg, Fe and Mn) through
the bentonite dissolution. It should be, however, noted
that the acidity of the bentonite clay arose from H  in the+

surface exchange sites but the presence of EDTA at the
interlamellar lowered the acidityas  shown  in  Table 2.
This is due the fact that EDTA is a weak acid. Due the
substitution of EDTA compound in the octahedral sheet
and tetrahedral layer of the clay, a progressive increase in
the cation exchange capacity (CEC) values was observed.
The zero point of charge (5.0-6.8), the specific surface area
(30.0-42.0 mg /g) and the specific gravities (2.4-2.6)2

increased from natural bentonite clay to the EDTA-
modified bentonite clay.

Biodiesel Properties: The values of the properties of
biodiesel produced are presented in Table 4 below.

The percentage yield of 50% oil was obtained from
the solvent extraction. The heat of combustion refers to
the measure of energy content in the fuel. The energy
content of fuel is an important measure of its Gibbs free
energy. The heat value of 41.00 mJ/kg was obtained using
EDTA-modified clay while 34.50 mJ/kg was obtained for
natural clay. This is an indication that the engine powered
by this biodiesel will be of high efficiency for EDTA-
modified clay than natural clay. The energy content of oils
depend on the place where they are grown, the season,
composition and other factors. For ethyl esters, the heat
content increases as the length of the fatty acids chain
increases. [29] noted that increase in peroxide values
lower the energy content of biodiesel fuels. Viscosity is a
measure of the resistance of oil to flow. As the
temperature of oil is increased, its viscosity decreases and
becomes less viscous. Viscosity is one of the most
important properties of biodiesel since it affects the
operation of fuel injection equipment, particularly at low
temperatures. High viscosity leads to poorer atomization
of the fuel spray and less accurate operation of the fuel
injectors [29]. The viscosity values for EDTA-modified
clay and natural clay were found to be 5.92 and 4.82
mm /sec at 40°C. This value fell within the limit of the2

ASTM (D6751) standard and greater than that of petro-
diesel. Non edible oils were observed to have high
viscosity values about six times more than ASTM limits
[29]. Density is another important property  of  biodiesel.
It can be observed from the readings that the value of
density for EDTA-modified clay was within the ASTM
limit.  This  observation  is in line with the work carried out
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Table 4: Comparison of biodiesel properties obtained with the ASTM standard and petro-diesel properties
Biodiesel properties EDTAM. Clay Nat. Clay ASTM (D6751) Petro-diesel values
Density (g/cm ) 0.88 0.86 0.89 0.853

Viscosity (mm /sec) @ 40°C 5.92 4.82 1.90-6.00 3.942

Flash point (°C) 160.00 182.00 130.00 54.00
Cloud point (°C) 4.10 3.20 - 3-12 - 12.70
Fire point (°C) 199.00 201.00 - -
Cetane number 55.00 48.20 48.65 52
Caloric value (MJ/kg) 41.00 34.50 - -
*EDTAM. Clay means EDTA-amodified clay
*Nat. Clay means natural clay

by [31] on the study of biodiesel production from melon characterization of biodiesel obtained showed that the use
(colocynthiscitrullus) seed oil. The biodiesel obtained was of orange peels oil and solid heterogeneous catalyst
observed to have density values of 0.88 and 0.86 g/cm  for could serve as an alternative to fossil fuels. The clay and3

EDTA-modified clay and natural clay. The flash point its modification are cheaper, readily available, easily
(160°C and 182°C) of the biodiesel was found to be higher disposed after transesterification and can help in the easy
than the ASTM standard and the petro-diesel values. separation of glycerol from the biodiesel formed in the
This flash point value obtained was higher than the value reaction mixture.
generated from rape seed methyl ester but lower than that
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