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Abstract
Biodiesel appears to be a possible substitute for non-renewable fossil fuels; however, its production requires the presence of a
catalyst to accelerate the reaction. Serving the purpose of finding effective, cheap and environmentally safe, heterogeneous
catalysts, this research used the fig leaves in three different forms, calcined, activated by KOH, and activated by both K2CO3

and CaCO3. Their efficiency in biodiesel synthesis, from spent cooking oil, was examined and compared with that of activated
carbon which has been previously investigated. The properties of different catalyst forms were specified using X-ray diffraction,
scanning electron microscope and Fourier transform infrared spectroscopy. Operating parameters studied for the three catalysts
were reaction time (from 30 to 180 min), alcohol-to-oil molar ratio (from 4:1 to 10:1), catalyst loading (from 0.5 to 5% by wt.),
and stirring speed (from 100 to 400 rpm). The increase in reaction time, molar ratio, and catalyst loading proved to have a
favorable effect on % conversion to biodiesel but to a certain degree; increasing the stirring speed augmented the conversion. At
optimum conditions (2 h of heating, 6:1 alcohol-to-oil molar ratio, 1% by wt. catalyst loading, and 400 rpm stirring), fig leaves
activated by KOH provided the highest conversion to biodiesel (92.73%). The measured properties of the produced biodiesel
(density, viscosity, flash point, cloud point, and pour point) yielded encouraging results.
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Introduction

Reliance of today’s modern societies on traditional fossil fuels
as an energy source must be diminished as they are not envi-
ronmentally friendly: their exhaust gases bring global warming,
acid rain, and ozone layer exhaustion (Maeda et al. 2008;
Chouhan et al. 2013; Sani et al. 2015; Mansir et al. 2018;
Živković and Veljković 2018; Devarajan et al. 2018). These
drawbacks triggered the attention to the urgency of developing
new renewable, economical, feasible, and sustainable energy
resources (Mahmudul et al. 2017; Zareh et al. 2017).
Biodiesel was thought to be a good replacement for the fossil
fuels, especially in the vehicles, thanks to its physical and
chemical properties (Dos Santos et al. 2017; Joshi et al.

2017). Biodiesel has a lower sulfur content than petroleum
diesel permitting less sulfur oxide emission. The volume of
noncombustible hydrocarbons and carbon monoxide in the ex-
haust gas can be reduced, when using biodiesel, by approxi-
mately 67% and 48%, respectively. Biodiesel utilization lowers
the content of particulate matter in air by 47% and hence lowers
the black smoke and smog. Biodiesel decreases the cancer risks
by nearly 80% as it is less polluting and produces less polycy-
clic aromatic hydrocarbons, spotted as possible cancer-causing
compounds (Knothe et al. 2006; Koh and Ghazi 2011; de
Araújo et al. 2013). Utilizing biodiesel and its blends reduce
the carbon dioxide emissions (Kavitha et al. 2019). Biodiesel
possesses a higher cetane number than petroleum diesel and it
has a better lubricating ability protecting engines from wear.
Biodiesel has a higher flash point (100–170 °C) than that of
petroleum diesel (60–80 °C) making it safer to handle.
Biodiesel degradation is faster and easier than that of petroleum
diesel (Zabeti et al. 2009; Mofijur et al. 2013). Also, biodiesel
can be used in compression-ignition engines instead of any
other fuel with minor or without modifications to the engine
components (Ullah et al. 2017; Kataria et al. 2019; Ueki et al.
2018). Various methods are available and feasible to produce
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biodiesel, from raw oils or oil blends, namely micro-emulsions,
pyrolysis, esterification, and transesterification (Koh and Ghazi
2011). Currently, transesterification is the most commonly used
method to produce biodiesel, where triglycerides (algae oil,
animal fats, or vegetable oils) react with alcohol (commonly
methanol or ethanol) using a catalyst that boosts the transfor-
mation of the triglyceride fatty acids into fatty acidmethyl/ethyl
esters and glycerol as by-product (Rattanaphra and Harvey
2010). The catalyst is essential in transesterification as the al-
cohol is weakly soluble in oil, in respect to their polarity differ-
ence; hence, the catalyst accelerates the reaction. Owing to its
reduced cost and physiochemical properties, methanol is the
most utilized alcohol (Singh and Singh 2010; Ullah et al.
2017; Kataria et al. 2019). Vegetable oils are the most favorable
feedstock for biodiesel production as they are renewable and
environmentally friendly. Either edible or non-edible oils can
be used. Edible oils produce around 95% of the total biodiesel
production as they are widely produced and provide biodiesel
with competing properties (Leung et al. 2010). Nevertheless,
they cause competition with edible oil markets raising both the
edible oil and the biodiesel prices. As a solution to this problem,
focus has been directed to non-edible oils as they cannot be
consumed by humans (Kansedo et al. 2009; Leung et al.
2010). The expenses of the feedstock, estimated to contribute
to 40–60% of the total biodiesel production cost, can be mini-
mized by using low-cost feedstocks (Sharma et al. 2008); the
pre-used cooking oil is a cheap suitable example (Jacobson et al.
2008). It has been recorded that around 15 million tons of spent
cooking oil are disposed annually worldwide (Lee et al. 2014)
posing an environmental threat. Thus, using this waste in bio-
diesel production will serve two purposes: decreasing the cost
of feedstock and reducing water pollution resulting from the
waste discharge (Lou et al. 2008; Dos Santos et al. 2017).
The main drawback of non-edible oils is their high content of
free fatty acids (FFA) (Shu et al. 2010; T-Kiakalaeih et al.
2013); a small part of this FFA reacts with the basic catalyst
in the presence of water and forms soap. The soap formation
consumes the catalyst, complicates the separation of glycerol,
and reduces enormously the ester yield (Lou et al. 2008).
Therefore, the production of biodiesel starting with high FFA
content feedstock takes place through two steps: the first step is
the esterification of the oil to decrease the FFA content
employing an acid catalyst (Marchetti and Errazu 2008) and
the second step is the transesterification of the esterified oil
using a basic catalyst (Muhammad et al. 2014; Pirouzmand
et al. 2018). Currently, homogeneous catalysts are commonly
used for biodiesel production in both reactions (Nata et al.
2017). Homogeneous catalysts have their flaws because they
are non-reusable and generate excess wastewater during prod-
uct purification rendering the process harder. They are highly
corrosive and require careful handling. As a result, heteroge-
neous catalysts are being developed to solve these problems as
they are easily separable, can be recycled, and facilitate the

purification process of the product. Different heterogeneous
catalysts have been used in biodiesel production as alkaline
earth metal oxides, heteropolyacids, and zeolite (Gupta and
Rathod 2018). Numerous efforts are directed, nowadays, to
promote new heterogeneous, environmentally friendly cata-
lysts, mainly from agriculture wastes.

Agricultural wastes are undesirable materials produced en-
tirely from agricultural operations resulting from growing of
crops, e.g., grapevines, fig leaves, and peanut hulls. Using
agricultural wastes, in the preparation of catalysts, serves dou-
ble purposes. One is for environmental consideration as it
converts unwanted agricultural wastes to useful, valuable ma-
terials instead of disposing them incorrectly, and the other for
economical purposes, as using agricultural byproducts re-
duces the high preparation expenses of the catalyst.

From this perspective, using fig leaves (Ficus carica) as a
heterogeneous catalyst to produce biodiesel from waste
cooking oil is discussed in this work. The fig leaves were treat-
ed with three different methods: calcination, potassium hydrox-
ide activation, and activation using a mixture of calcium car-
bonate and potassium carbonate. The catalyst efficiency was
assessed and compared to that of activated carbon, investigated
in a previous study (Kamel et al. 2017); also, the effect of the
numerous operation parameters was determined.

Materials and methods

Materials

Fig leaves (Ficus carica) were collected as agricultural waste
from a private farm in King Mariut, Alexandria, Egypt.
Domestic waste cooking oil was used as the raw material.
Methanol, sulfuric acid, potassium hydroxide, potassium car-
bonate, and calcium carbonate used in this study were of AR
grade and were used without further purification. The sulfuric
acid was purchased from ADWIC, the methanol and potassi-
um hydroxide from Sigma and Aldrich Company.

Methods

Catalyst preparation

(a) Calcined fig leaves (CFL)
Fig leaves were thoroughly washed with running tap

water three times to remove dirt, soil, and dust, then
rinsed with distilled water. The washed fig leaves were
dried at 70 °C, crushed, ground, and calcined for 2 h
using muffle furnace at 800 °C.

(b) KOH-activated fig leaves (KFL)
1 M KOH solution was mixed with the washed and

dried fig leaves (50 g of the dried fig leaves: 50 ml of
KOH solution), the mixture was heated at 70 °C till the
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mixture converted to a paste. The produced KFL paste
was heated at 450 °C for 3 h.

(c) Preparation of activated fig leaves with both potassium
carbonate and calcium carbonate (MFL)

A mixture of calcium carbonate and potassium car-
bonate was prepared in a ratio 1:1 by wt. One gram of
this mixture was added to 1 g of dried fig leaves then
calcined in a muffle furnace at 450 °C for 3 h
(Sharma et al. 2012).

Oil analysis

Titration with 0.1 NKOH solution was used to specify the free
fatty acid percentage of WCO. The average water content of
the used oil was specified as 0.17% by wt. applying the Karl
Fischer titration. Table 1 shows the WCO composition.

Catalyst characterization

Scanning electron microscopy (SEM), X-ray diffraction
(XRD), and Fourier transform infrared spectroscopy (FTIR)
were used to characterize the catalysts as in our previous study
(Kamel et al. 2017).

Biodiesel synthesis

(a) Esterification
One hundred milliliters of oil were weighed and fed to

the three-neck round-bottom flask in the bench-scale sys-
tem and heated at 50 °C. Then, alcohol was added (6:1
alcohol-to-oil molar ratio) with stirring for few minutes.
The catalyst (sulfuric acid, 1% by wt. catalyst loading)
was added, with continuous stirring, for 2 h, at 400 rpm.
At the end of the reaction, the oil was transferred from the

reactor to a separating funnel. The oil was washed using
150 ml distilled water to stop the reaction and to separate
the alcohol from the oil phase. The acid value of the
esterified oil was then measured two times.

(b) Transesterification
Thirty milliliters of the esterified oil was mixed with

the alcohol and the catalyst with continuous stirring. At
the end of the reaction, the oil was collected, filtered, and
poured in a separating funnel. Two layers formed: the top
layer was the biodiesel and the bottom layer was glycerol.

Different operating parameters studied, for the three
catalysts, were reaction time (from 30 to 180 min),
alcohol-to-oil molar ratio (from 4:1 to 10:1), catalyst load-
ing (from 0.5 to 5% (w/w)), and stirring speed (from 100
to 400 rpm). Each experiment was repeated three times
for result verification.

Biodiesel analysis

After transesterification, the oil contained residues of the cat-
alyst, methanol, and glycerol. To remove these impurities, the
oil was washed with 50 ml distilled hot water for 2–3 times.
Then, the oil layer was heated in a water bath, at 100 °C for
about 20 min to remove methanol and water from the product
(biodiesel).

The FAME (fatty acid methyl esters) content of the biodie-
sel layer was quantified using gas chromatography (GC).

Two equations ((1) and (2)) were employed to compute the
% conversion to biodiesel to investigate the effect of different
variables.

%Volume Yield

¼ Final Volume=Initial Volumeð Þ*100
ð1Þ

%Conversion ¼ %Volume Yield

*%conversion by G:C:

ð2Þ

Biodiesel property characterization

To appraise the quality of the produced biodiesel and compare
it to the universal standards, five of the main properties of
biodiesel were measured:

1. Density: The density was measured using a density meter
(KEM/DA-640) provided by Kyoto Electronics MFG
CO., LTD.

2. Viscosity: A viscometer bath (KV6) from Stanhope-Seta
Co. was used to measure the viscosity (according to the
ASTM D 445-03 method).

Table 1 Fatty acid
composition of waste
cooking oil

Fatty acid %FFA Molecular
weight (g/mol)

C8:0 0.042 ≈ 884
C13:0 0.028

C14:1 0.121

C14:0 0.098

C15:1 0.349

C15:0 0.089

C16:1 0.028

C16:0 6.714

C18:1 31.226

C18:0 58.886

C20:0 1.693

Determined by GC
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3. Flash point: The flash point was determined by the Norma
lab half automated Cleveland flash point (NCL-120), fol-
lowing the ASTM D 93-02a method.

4. Pour point: It was measured using the compact cloud and
pour point cryostat (94100-3) from Stanhope-Seta Co.
(according to the ASTM D 97-02 method).

5. Cloud point: The Seta compact cloud and pour point cryo-
stat (94100-3) from Stanhope-Seta Co. was used to mea-
sure the cloud point following the ASTM D2500-02
method (Kamel et al. 2017).

Results and discussion

Catalyst characterization

Scanning electron microscopy

Figure 1 displays the morphology of the untreated and the
treated fig leaves qualitatively using the SEM technique which
produces images by scanning the surface of the sample with a
focused beam of electrons giving information about the sur-
face morphology. It is observed that raw fig leaves, RFL (Fig.
1a), have a longitudinal, fibrous, more or less regular and non-
porous surface. After calcination, the CFL (Fig. 1b) surface
roughness is highly increased; hollow cavities, some cracks,

and some aggregates can be noted on the external surface. The
leaves treated with the potassium hydroxide, KFL (Fig. 1c),
show a highly amorphous morphology with deep holes and
pores increasing largely the surface area. Finally, the mixed
activated fig leaves, MFL (Fig. 1d), show the presence of a
great number of mesopores and a very porous outer surface.
From the observed morphology it is obvious that the different
treatments of the fig leaves produced better irregular porous
structures yielding a higher surface area.

X-ray diffraction

The structure of CFL, KFL, and MFL, using XRD analysis, is
illustrated in Fig. 2. A significant spectrum is obvious indicat-
ing that the material contains crystalline cellulosic features.
The main peak at 2θ≈12 indicates highly organized crystalline
cellulose, while the secondary peak at 2θ≈22 is a measure of a
polysaccharide structure with low organization and assigned
to broad peak with low angle. This low angle proves the pres-
ence of a mesoporous structure, with a preferred orientation,
giving very thin peaks next to each other. Another peak at 2θ ≈
30 shows more organized & crystallized quartz. Also, a peak
appearing at 2θ ≈ 44 is due to the presence of quartz as well.
From the XRD configuration in Fig. 2B, it is obvious that the
KFL has an amorphous structure which agrees with many
researches dealing with agricultural wastes being activated

Fig. 1 Scanning electron
microscopy (SEM) of the differ-
ent forms of the fig leaves. aRFL.
b CFL. c KFL. d MFL
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using KOH (Abdul Khalil et al. 2013; Cai et al. 2015;
Chouhan and Sarma 2011).

Fourier transform infrared spectroscopy

The characterization of the modified fig leaf (Ficus carica)
functional groups, performed by the FTIR spectra in the range
of 100 to 4600 cm−1, is shown in Fig. 3. With the three cata-
lysts, a band appears in the wavelength range 1026–1087
cm−1 corresponding to the C–O bond. The next observed band
in all catalysts is in the range 1431–1456 cm−1 indicating C=C
existence. Figure 3A shows a band at 1668 cm−1 and Fig. 3B
shows a band at 1624 cm−1 representing the stretching aro-
matic carboxyl group of conjugated carbonyl (mainly ketones
and esters) of lignin (C=O). The C≡C is manifested in all of
the catalysts by a band at 2347–2349 cm−1. Also, Fig. 3B
shows a band at 2985 cm−1 that contributes to the symmetrical
and non-symmetrical C–H stretching. Finally, a band showing

off at ≈ 3400 cm−1 is assigned to the symmetrical and non-
symmetrical elongated vibration of O–H absorbed water mol-
ecules; this band is very broad for the CFL; this is ascribed to
water evaporation as a result of calcination.

Effect of different operation parameters on %
conversion to biodiesel

The influence of different parameters is tested with the three
prepared catalysts and compared with the results obtained using
activated carbon as a heterogeneous catalyst discussed in a
previous work as it showed a high % conversion to biodiesel.

Effect of time

Reaction time is among the most influential parameters in the
triglyceride conversion as it has a notable role in determining
the economics of the transesterification process (Reddy et al.
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Fig. 3 Fourier transform infrared
spectroscopy (FTIR) of modified
fig leaves with the different
methods. (A) CFL, (B) KFL, (C)
MFL

Fig. 2 X-ray diffraction (XRD) of
modified fig leaves with the dif-
ferent methods. (A) CFL, (B)
KFL, (C) MFL
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2014). To explore the effect of time, running time ranged from
30 to 180 min while keeping all other parameters constant.
Figure 4 depicts that the transesterification started with a slow
rate as the alcohol dispersed slowly to react with triglyceride
(Koh and Ghazi 2011). As time elapsed, the % conversion to
biodiesel reached a peak value after around 120 min. Further
extension in reaction duration resulted in a reverse effect as-
cribed to the backward reaction causing ester losses (Draphco
et al. 2008). Similar behavior, with different optimum time,
was reported by different researchers. (Chongkhong et al.
2007; Qian et al. 2010; Zhang et al. 2010; Viriya-empikul
et al. 2012; Vi Tran et al. 2016; Nata et al. 2017; Ullah et al.
2017; Kataria et al. 2019; Murugesan 2018). From Fig. 4, it is
clear that KFL gives the highest % conversion for all tested
time periods, followed by MFL and CFL; this can be attribut-
ed to the fact that KFL shows a high amorphous morphology
with deep holes and pores.

Effect of methanol-to-oil molar ratio

Another vital parameter playing a distinguished role in the
transesterification reaction is the alcohol:oil molar ratio; an
optimum ratio has to be obtained to cut the transesterification
expenses. Four ratios have been tested, namely 4:1, 6:1, 8:1
and 10:1; while conducting the reaction for 120 min, the tem-
perature was held constant at 60 ± 1 °C, the catalyst loading at
1% by wt., and the stirring speed at 400 rpm. Figure 5 reveals
that the % conversion augmented by increasing the ratio until
attaining a peak corresponding to the ratio 6:1 and then
it started to decline with further ratio increase. This
behavior can be explained by the following facts: (i)

transesterification reactions are reversible (Draphco et al.
2008). Stoichiometrically, the reaction necessitates three
moles of methanol and 1 mol of oil producing 3 mol of
FAME and 1 mol of glycerol. Hence, the quantity of alcohol
used must be in excess to force the reaction towards the for-
mation of FAME and to enhance the % conversion. (ii) The
excess alcohol sweeps the product molecules away from the
catalyst surface and consequently serves in the regeneration of
the catalyst active sites (Kataria et al. 2019). Nevertheless, an
excessive rise in alcohol amount will cause an increase in the
solubility of glycerol in the methyl ester layer which will
harden the glycerol separation, so the reaction will be driven
backwards lowering the conversion to FAME. Several previ-
ous studies reported 6:1 also as the optimum methanol-to-oil
ratio (Ma and Hanna 1999; Leung and Guo 2006; Payawan Jr
et al. 2010; Ramachandran et al. 2011). However, numerous
other researchers reported higher optimum ratios (Ullah et al.
2017; Kataria et al. 2019; Mansir et al. 2018); it was found
that, generally, the type of catalyst used affects the optimum
methanol:oil ratio; with acid catalysts, the ratio ranged from
30:1 to 150:1 while using alkali catalysts lowered the required
ratio to be in the range of 6:1 to 15:1 (Qian et al. 2010). The
obtained results regarding the level of activity of the three
catalysts tested can be attributed to the previously mentioned
reasons in “Effect of time.”

Effect of catalyst loading

The third controll ing operating parameter in the
transesterification reaction is the quantity of the catalyst used.
Once again, the optimum amount of catalyst should be
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Fig. 4 Effect of time on %
conversion to biodiesel with
different catalysts (temperature =
60 °C, methanol-to-oil molar ratio
= 6:1, catalyst loading = 1%, stir-
ring speed = 400 rpm)
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specified to cut down the process expenses. To investigate the
effect of the catalyst loading, different amounts were used
ranging from 0.5 to 5% by wt. based on the oil weight, with
a methanol-to-oil molar ratio of 6:1, at 60 ± 1 °C, and stirring
speed of 400 rpm and each run lasted for 120 min. The %
conversion increased with increasing the amount of the cata-
lyst, due to the increase in the number of active sites available
(Al-Saadi et al. 2013), until reaching a peak at 1% by wt. and
then decreased sharply as illustrated in Fig. 6. Several factors
may cause this drop: (i) the surplus of catalysts increases the
resistance to the mass transfer making the inter-phase contact

during the reaction harder and hence diminishing the % con-
version (Ullah et al. 2017; Kataria et al. 2019); (ii) the surplus
of catalyst may react with the remaining traces of free fatty
acids present in the esterified oil decreasing the % conversion
(Gupta and Rathod 2018), (iii) raising the catalyst concentra-
tion causes the adsorption of a notable portion of the produced
biodiesel and therefore the final yield will diminish; (iv) in-
creased catalyst amount may lead to deactivation of activated
molecules by collision with ground-state molecules (Gupta
et al. 2012); (v) finally, increased catalyst load causes separa-
tion issues in the downstream (Joshi et al. 2017).
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Fig. 6 Effect of catalyst loading
on% conversion to biodiesel with
different catalysts (temperature =
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= 6:1, stirring speed = 400 rpm,
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The obtained results regarding the level of activity of the
three catalysts tested can be attributed to the previously men-
tioned reasons in “Effect of time.”

Effect of stirring speed

Reactants’mixing is vital for the accomplishment of the reac-
tion and the amelioration of the conversion. The stirring al-
lows the collision between the particles, shortens the reaction
duration and increases the conversion (Ullah et al. 2017). To
specify the optimum stirring speed, four speeds were used,
namely 100, 200, 300 and 400 rpm with the other parameters
kept fixed (2 h of heating, 6:1 alcohol-to-oil ratio, and 1% by
wt. catalyst loading) as displayed in Fig. 7. It was found that
the % conversion increased as the stirring speed increased all
the way in the range of 100–400 rpm. This result is ascribed
probably to the role of stirring in reducing the thickness of the
diffusion layer, allowing a better diffusion of the adsorbate
into the surface of the adsorbent providing a better mass trans-
fer and an enhanced % conversion (Fogler 2010; Gupta et al.
2012; Al-Saadi et al. 2013). Once again, the KFL had the
maximum conversion which is owed to its amorphous
structure.

Comparison between different catalysts

Table 2 shows the maximum % conversion to biodiesel ob-
tained at optimum conditions (2 h of heating, 6:1 alcohol-to-
oil molar ratio, 1% by wt. catalyst loading, and 400 rpm stir-
ring) with the various catalysts used. With the different oper-
ation parameters tested, the behavior of the catalysts was the
same; the activated carbon (AC) has the highest value, follow-
ed by the KFL, then the MFL, and, finally, the CFL. The

amorphous structure of the KFL, shown by the XRD, may
be considered as the main reason for his satisfactory perfor-
mance. This finding agrees with many researches dealing with
agricultural wastes being activated using KOH (Bohlouli and
Mahdavian 2019; Ishak and Kamari 2019).

The values obtained are pretty close; meanwhile, the dif-
ference in prices between the activated carbon and the pre-
pared agricultural waste is considerable which makes the KFL
an appealing effective heterogeneous catalyst for biodiesel
synthesis.

Also, the outcome of the present research was compared
with similar researches using different catalysts; Table 3 dis-
plays the % conversion to biodiesel resulting from previous
related studies and the corresponding operation conditions.

Regarding the operation conditions and the nature of the
various used catalysts, the KFL is a promising catalyst that can
be employed to obtain biodiesel using transesterification at
mild conditions.

Biodiesel fuel properties

The quality of the fuel is the key to long-term successful use.
Biodiesel quality is reflected by its chemical and physical
properties. ASTM International adopted various standards
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Fig. 7 Effect of stirring speed on
% conversion to biodiesel with
different catalysts (temperature =
60 °C, methanol-to-oil molar ratio
= 6:1, catalyst loading = 1%, time
= 2 h)

Table 2 The maximum
conversion to biodiesel
at optimum conditions
with different used
catalysts

Catalyst Maximum % conversion
to biodiesel

AC 93.95

KFL 92.73

MFL 91.32

CFL 90.75
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for measuring the biodiesel different properties since 2002.
Five of the most significant properties of biodiesel have been
measured in the current work using the ASTM standards,
compared with the average standards worldwide; and they
have been found to be in accordance with the average stan-
dards as shown in Table 4.

The measured properties were (i) density (mass/volume):
the density of the fuel has an influential effect on its behavior
in the engine (penetration, atomization, vaporization, and
combustion); (ii) viscosity: the viscosity of a fluid measures
its resistance to deformation and determines the degree of
resistance to fluid flow; (iii) flash point: it is an important
criterion for biodiesel safe storage as it is defined as the least

temperature at which the fuel can form an ignitable mixture
with air, (iv) cloud point: it is the temperature, during cooling,
at which the fuel starts to solidify and the first crystal forms;
and (v) pour point: the pour point determines the range of
operating temperatures as it represents the temperature at
which the biodiesel solidifies and ceases to flow. (Mahlia
et al. 2019; Sharma and Duraisamy 2019)

Conclusion

The current study concentrates on the utilization of heteroge-
neous catalysts from agricultural wastes in producing biodie-
sel. Three heterogeneous catalysts were prepared from fig
leaves (Ficus carica) by three different methods: calcination,
activation using KOH, and activation using a mixture of
CaCO3 and K2CO3. Their performance, in producing biodie-
sel by transesterification starting with waste cooking oil feed-
stock, was tested and compared with that of activated carbon.
Different variables were investigated showing that the opti-
mum conditions were 2 h of heating, 6:1 alcohol-to-oil molar
ratio, 1% by wt. catalyst loading, and 400 rpm stirring. The fig
leaves which were activated with KOH yielded the best results
at the above conditions. The present study was compared with
another heterogeneous catalyst study (activated carbon); the
results were observed to be so close. The obtained biodiesel
had outstanding properties, making the fig leaves activated by
KOH a suitable catalyst that can be employed for producing
biodiesel at mild operating conditions.

Table 3 % conversion to biodiesel for several related experimental studies under different operation conditions and starting with waste cooking oil as
feedstock

Type of catalyst Operation conditions (temperature, alcohol-
to-oil ratio (molar based), reaction time,
catalyst amount, stirring speed, respectively)

% conversion Reference

Zinc stearate/silica gel (ZS/Si) 200 °C, 18:1, 10 h, 3 wt%, 600 rpm 98 Ueki et al. 2018

NaOH 210 °C, 1.4:1, 4 h, 0.5 wt%, – 93.1 Sani et al. 2015

Heteropoly acid (HPA) 65 °C, 70:1, 14 h, 10 wt%, – 88.6 Lee et al. 2014

Carbon-based solid acid catalyst 220 °C, 16.8:1, 4.5 h, 0.2 wt%, – 94.8 Cai et al. 2015

Activated carbon 60 °C, 6:1, 2 h, 1 wt%, 400 rpm 93.95 Singh and Singh 2010

VOPO4.2H2O 150 °C, 1:1, 1 h, 2 wt %, – 80 Zhang et al. 2010

SO4
2−/TiO2-SiO2 200 °C, 9:1, 3 h, 4 wt%, – 90 Viriya-Empikul et al. 2012

SO4
2−/SnO2-SiO2 150 °C, 15:1, 3 h, 4 wt%, – 92.3 Al-Saadi et al. 2013

Sulfonated carbon microsphere 110 °C, –, 4 h, 10 wt%, – 89.6 Vi Tran et al. 2016

Sulfonated solid acid catalyst
(C-SO3H)

60 °C, 20:1, 1 h, 1 wt% 87 Murugesan 2018

NaOH 65 °C, 9:1, 1 h, 0.75 wt%, 500 rpm 95.05 Vi Tran et al. 2016

CaO 50 °C, 10:1, ½ h, 1 wt%, 12000 rpm 88 Koh and Ghazi 2011

Zinc-doped calcium oxide 65 °C, 12:1, 1.67 h, 5 wt%, – 98.5 Sharma et al. 2008

Present work 60 °C, 6:1, 2 h, 1 wt%, 400 rpm 92.73

Table 4 Properties of the biodiesel produced using KFL and their
comparison with the average standards around the world

Parameter Produced
biodiesel

Average biodiesel standards
around the world

Density (g/cm3) at 15 °C a 0.91 0.85–0.9

Viscosity (mm2/s) at 40 °C b 3.7 3.5–6

Flash point (°C) c 181 100–182

Cloud point (°C) d − 4 − 3 to 12

Pour point (°C) e − 7 − 10 to 15

aASTM method: D 1298
bASTM method: D 445
cASTM method: D 93
dASTM method: D 2500
eASTM method: D 97
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