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Introduction

Nowadays, the energy supplement is one of the main
challenges in the world. The most consumption of
fossil fuels is in internal combustion- vehicle. The
increase in fossil fuels and environmental awareness
caused to search new and alternative fuels. Biodiesel
is a renewable, biodegradable fuel manufactured
domestically from vegetable oils, animal fats, or
recycled restaurant grease. Furthermore, biodiesel
meets both the biomass-based diesel and overall
advanced biofuel requirement of the Renewable Fuel
Standard (RFS). Renewable diesel, also called “green
diesel,” is distinct from biodiesel [1,2]. Biodiesel is a
liquid fuel often referred to as B100 or neat biodiesel
in its pure, unblended form. Like petroleum diesel,
biodiesel is used to fuel compression-ignition engines.
See the table for biodiesel's physical characteristics.
Biodiesel performance in cold weather depends
on the blend of biodiesel, the feedstock, and the
petroleum diesel characteristics. In general, blends
with smaller percentages of biodiesel perform better
in cold temperatures. Typically, in cold weather,
regular No. 2 diesel and BS perform the same as each
other approximately. Both biodiesel and No. 2 diesel
have some compounds that crystallize in very cold
temperatures. In winter weather, fuel blenders and
suppliers combat crystallization by adding a cold flow
improver. For the best cold weather performance, users
should work with their fuel provider to ensure that the

Accepted: June/22/2020

blend is appropriate [3-5]. The most common way to
biodiesel production is through the transesterification
reaction between a lipid source (edible oils, animal
fats and waste cooking oils) and an alcohol, mostly
methanol in the presence of a homogeneous catalyst
to form esters and glycerol [6-7]. The aim of this study
was to develop a magnetic KOH/BaFe,O, catalyst for
biodiesel production from waste edible oils.

Experimental Procedure

Synthesis of BaFe,0, nanoparticles

BiFeO, nanoparticles were prepared by a convenient
co-precipitation method. For a typical preparation
of BaFe,0,, 0.05 M of Ba (NO,), and 0.1 M of Fe
(NO,),.9H,0 were dissolved in a mixture 100 ml of
deionized water in a 500 mL beaker under magnetic
stirring at room temperature. Afterwards, to precisely
control the chemical precipitation process, the pH
level was kept constant through the synchronized
dropping of ammonia (2.5 M) and nitrate solution
under magnetic stirring at room temperature for 4
hours. Subsequently, the suspension was washed with
distilled water followed by CH,OO0H (acetic acid) to
remove unreacted products, and the pH filtrate was
reduced to 7.4. Finally, the powders were dried in hot
air oven at 100 °C for 5 h and calcined at 550 °C for
1 h
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Synthesis of Magnetic Solid Base Catalyst

Briefly, 0.05 mol Barium nitrate and 0.1 mol of bismuth
ferrite was dissolved in 25 ml of deionized water under
a content stirring condition at room temperature for
45 min. Subsequently, the KaOH solution was added
drop-wise into the above solution, until there was the
formation of precipitation during which, the pH was
adjusted at 9.3. The mixtures were stirred for 1 h at
room temperature. After ageing, the magnetic material
was filtered and washed twice with distilled water.
Finally, the rinsed powder was dried at 50 °C for 3 h
and calcined at 600 for 2 h.

Transesterification Reaction

Commercial canola oil was obtained from a food
store. The fatty acid composition of canola oil includes
palmitic acid, palmitoleic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid, and erucic acid. The
canola oil used for biodiesel exhibited the acid value <
0.086 mg KOH/g and water content <0.011 wt.%. The
acid value (AV) was determined based on a titration in
ethanol using phenolphthalein as an indicator.

The prepared catalyst was applied to the
transesterification reaction. Transesterification of
canola oil was performed in a 250 ml three-neck round
bottom flask immersed in an oil bath equipped with
water-cooled reflux condenser, a magnetic stirrer and
a temperature-controlled for the required time with
constant stirring (600 rpm). The effect of reaction
parameters on the transesterification reaction of canola
oil was studied. The investigated reaction parameters
and their range were methanol to canola oil molar
ratio (9:1, 12:1, 15:1 and 18:1), temperature reaction
(50, 55, 60, 65 and 70 °C), and catalyst amount of the
oil weight (1,2, 3, 4 and 5 wt.%). When studying the
effect of a parameter, the other parameters were kept
constant at their optimum value. Actually, the process
parameters were optimized by one at a time method.
After the reaction was completed, the catalyst was
separated by an external magnet, and the excess of
methanol was removed from the upper liquid phase
(the lower phase is glycerin) using rotary evaporation
completely. Eventually, the reaction products were
washed with distilled water for removal of the formed
glycerin and the organic phase (methyl ester) was
separated by decantation and dried with anhydrous
MgSO,.

Product Analysis

The conversion of canola oil to biodiesel was
determined using 1H Nuclear Magnetic Resonance
(IH-NMR) analysis in CDCI, using TMS as an internal
standard [6].

Results and Discussion
The characteristic analysis of the KOH/BaFe,O,

catalyst was done by FTIR analysis. The VSM analysis
approved the magnetic property of the catalyst (Ms
27.63 emu.g'). The basicity of the catalyst was
determined using Hammet method. The oil conversion
on KOH/BaFe O, and BaFe,O, were 93.53 and
82.01 respectively, indicating that KOH/BaFe,O, is
more active than BaFe,O, for biodiesel production.
In addition, the structure of produced biodiesel was
investigated by H-NMR. The peak at 3.62 ppm is a
characteristic peak of biodieselas with is observed at
H-NMR pattern of the sample. The peak at 0.9-3 ppm
indicates the presence of methylene and the terminal
methyl of hydrocarbons. The peak around 3.5-4.5
indicates the protons attached to aliphatic carbons.
The physical properties of the produced biodiesel is
presented at Table 1.

Table 1 The physical properties of biodiesel.

Parameter Value
Density 0.879 g.cm?
Viscosity 0.865 mm?.s™!

Pour point -8°C

Cloud point -5°C

The engine performance with different ratios of
biodiesel/ diesel indicated that the best performance is
observed at B20 in that the CO emission is 63% of that
of emmited from diesel fuel.

Conclusions

The production of biodiesel from wasted edible oil
was successfully done by transestrification method at
the presence of KOH/BaFe,O,. The magnetic property
of the catalyst allowed to separate the catalyst easily.
The using of waste edible oil as a cheap feedstock
reduced the biodiesel cost. The engine performance
of M&/1 engine was evaluated with different ratio of
diesel / biodiesel. Finally, it was concluded that the
B20 resulted the performance with the least CO and
UHC pollutions. Furthermore, it could be a promising
replacement for diesel fuels.

Nomenclatures
FT-IR: Fourier transforms infrared
VSM: Vibrating sample magnetometer
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