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Abstract—Different vegetable oil based biodiesel (FAMES) were 

prepared by alkaline transesterification using refined oils as well as 
waste frying oil (WFO). Methanol and sodium hydroxide are used as 
catalyst under similar reaction conditions. To ensure the quality of 
biodiesel produced, a series of different ASTM Standard tests were 
carried out. In this context, various testwere done including viscosity, 
carbon residue, specific gravity, corrosion test, flash point, cloud 
point and pour point. Results revealed that characteristics of biodiesel 
depend on the feedstock and it is far better than petroleum diesel. 

 
Keywords—Biodiesel, Edible oils, Separation. 

I.INTRODUCTION 
UELS are particularly important in human life. Their 
application can be found in various fields including 

commercial, residential and industrial. About 80% of world’s 
energy needs are fulfilled by fossil fuels. Liquid biofuels have 
a positive edge over petroleum fuels. Biofuels are not harmful 
for environment, abundantly available, sustainable, and more 
reliable. Biodiesel is a first-generation biofuel which can be 
made using a simple chemical process from fresh vegetable oil 
or waste vegetable oils. Biodiesel is amixture  of  mono  alkyl  
esters  with  long  chain  free  fatty  acids having high 
performance with environmental benefits. The “Biodiesel” 
name was first conceived in the USA in 1992 from the 
National Biodiesel Board. Vegetable oil or animal fat based 
biodiesel has been suggested as a substitute of diesel in 
existing diesel engines without any modification mainly due to 
number of reasons such as availability, renewability, non-
toxicity, biodegradability and having low emission [1]. 

Biodiesel usage as an alternative fuel accomplishes many 
advantages compared to petro-diesel fuels. Clean burning is a 
significant property that greatly reduces the pollutant 
concentration that is threat to the environment. Other 
properties include less harmful gas emissions, low particulate 
matter and unburned hydrocarbons and fuel having 10–11% of 
oxygen thus owing high combustion characteristics. Pure 
biodiesel, B100, has physical and chemical properties similar 
to petro-diesel fuels. Various types of feedstock can be a 
source of producing biodiesel [2]. These include: 
• Virgin oil feedstock 

i. Edible: Soya bean, cottonseed, rapeseed, palm, peanut, 
sunflower, mustard safflower, coconut oil. 

ii. Non edible: Jatropha, pongamia, neem, rubber seed, 
mahua, silk cotton tree, camelina, jojoba, and castor 
oil. 
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• Animal fats e.g. tallow, yellow grease, lard, chicken fat. 
• Waste oil e.g. used frying oil.  
• Algae that can be produced from waste materials like 

sewage and the land used for production of various food 
items. 

The commonly used procedure for making biodiesel is the 
trans-etherifying the vegetable oil or animal fats with alcohol 
and an alkali catalyst. Use of biofuels is not new; it was started 
in mid 1800’s. In those days research was conducted to 
separate glycerin from oil using transesterification process. A 
successful attempt of producing an attempt to produce 
biodiesel from vegetable oils was made by Duffy and Patrick 
in 1853. In 1893, Rudolf Diesel attempted to use vegetable 
oils in a CI engine. He used peanut oil as a fuel. The engine 
worked on peanut oil without any modifications [3]. 

Later on, diesel engine manufacturers made certain 
modifications in the engines that only petro-diesel could be 
suitable and not the vegetable oil. The reason of unsuitability 
of vegetable oil was due to its higher viscosity. Having less 
cost, abundance and government subsidies made the fossil 
based diesel preferred over the vegetable oils. Despite these 
facts and the large worldwide usage of petro-diesel, 
production of biodiesel from vegetable oils using trans-
esterification made progress with time. Due to certain 
problems faced in the direct application, the scientists of 
various countries continued to work on testing the vegetable 
oils for the purpose of being used as fuels [4]. 

G. Chavannein 1937 was successful in patenting his 
research by developing a suitable method for using the 
vegetable oils as fuels. In this patent, a process of alcoholysis 
(also called trans-esterification) of vegetable oils using ethanol 
was suggested to separate the fatty acids from the glycerol. 
This initiated the production of biodiesel. Expedito Parentein 
1977 was successful to patent a process having industrial 
application for the production of biodiesel using trans-
esterification. Further research was taken up by South African 
Agricultural Engineers to use sunflower oil after the   trans-
esterification and refining as diesel fuel. Based on this 
research, Gaskoks (an Austrian company) in 1989 installed the 
first industrial scale biodiesel plant having a capacity of 
30,000 tons of rapeseed oil per year [5], [6]. Later on, a 
number of biodiesel plants were installed in Europe and other 
regions of the world. Now, Europe and America have a 
significant number of fuel stations with biodiesel blends. In 
recent years, many local governments have initiated different 
programs to use biodiesel blends. Considerable efforts have 
been done for the development of vegetable oil derivatives 
having properties and performance similar to diesel fuels 

Production of Biodiesel from Different Edible Oils 
Amir Shafeeq, Ayyaz Muhammad, Noman Hassan, and Rofice Dickson 

F



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:7, No:9, 2013

672

ba
fro
• 
• 
• 
• 

fo
pr
fa
as

pa
w
so
la

ob
or
ca
oi
to
w
(s
sa
w

ha
th
ho
oi
be
th
us

a 
an
gl
bi
w
bo
(b
af

re
di
ch

ased on hydro
om fats and o

Blending w
Micro emu
Thermal cr
Transesteri

Transesterifi
orm of ester in
roduction of b
atty acid meth
s methanolysis

5 edible oil s
acked and ref

was obtained 
odium hydrox
aboratory. The

A. Pre-Treat
All oil samp

btained from 
r un-dissolved
ase of WFO. T
ils was done u
o remove any 

which can slow
oap formatio

amples were g
water and other

B. Transester
250 ml of o

aving a reflu
hermometer. N
omogenous m
il sample (at a
egan. The mi
he temperature
sing hot plate.

C.  Biodiesel
After the exp
separating fu

nd cool over-
lycerin to p
iodiesel was d

was obtained b
ottom of sepa
biodiesel) was
fter washing.  

D. Analyses a
All the exp

eaction condit
ifferent feed
haracteristics o

ocarbons. Prim
ils are: 

with petro-dies
ulsification (co
racking (pyrol
ification (alco
cation reactio

nto another for
biodiesel, the

hyl esters (FAM
s [7], [8]. 

II. MATERIAL

samples were
fined form. 6t

by frying th
xide and dist
e solvents used

tment of Samp
ples were filt
local medical

d particles and
The determina
using titrimetr
water content

w down the re
n) reaction. F

gradually heate
r impurities. 

rification Pro
oil was taken 
ux condense

NaOH was mix
mixture. This m
about 65oC) a
xture was ble
e about 65oC
 

l and Glycerol
piry of reactio
nnel to allow
-night by gra
erform satisf

done with the w
by draining t

arating funnel.
 reheated slow

and Product C
periments we
tions so as t

d stocks. F
of biodiesel p

mary routes fo

sel 
o solvent blen
lysis) 

oholysis) 
on involves th
rm. When met
 resulting pro
ME). The me

LS AND METHO

e collected fro
th waste fryin
he chicken a
tilled water w
d were of a gr

ples  
tered twice u
l store to rem
d inorganic re
ation of free f
ry method. He
t. Oil may con
action and en
For a success
ed above 100o

ocedure 
in a flask w

er, magnetic 
xed with into 
mixture was a
and the transe
ended about 9

C (below met

l Separation a
on time, the so

w the solution 
avity, then ca
factory separ
water at 50oC
the water con
. The washed
wly to about 7

Characterizati
ere carried o
to compare t

For the det
produced acco

or preparing bi

nding) 

he transforma
thanol is used
oducts are kn
ethod could be

ODS 
om different st
ng oil (WFO) 
at home. Me
were obtaine

rade. 

sing cotton b
move solid sus

esidues espec
fatty acid con
eating was con
ntain probably
nhance saponif
sful reaction 
oC for the rem

with rounded 
stirrer along

methanol to o
added into pre
esterification r
90 minutes, k
thanol boiling

and Purificatio
olution was sh
for phase sep

arefully decan
ration. Wash

C. The clean bi
ntaining soap

d methyl ester
70oC to remov

ion 
out under the
the results w
ermination o
rding to the s

iodiesel 

ation of 
d for the 
nown as 
e called 

tores in 
sample 

ethanol, 
d from 

bandage 
spended 
cially in 
ntents in 
nducted 
y water, 
fication 
the oil 

moval of 

bottom 
g with 
obtain a 
eheated 
reaction 
keeping 
g point) 

on 
hifted to 
paration 
nted the 
hing of 
iodiesel 

p at the 
rs phase 
ve water 

e same 
with the 

of the 
tandard 

of 
sam

wa
fat
qu
Ad
sig

bio
der
sam
sim

a r

Y
i

ld
(%

)

ASTM D67
mples of biod

II
No results ob

as semi-solid 
tty acids in co

uantity of m
dditional 30 m
gnificant chan

A. Yield (%)

Fig.
 
Percentage yi
odiesel types
rived FAME
mples. Result
milar to refine

B. Specific Gr

Fig. 2 Sp
 
The variation
range of 0.86

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00

Y
ie

ld
(%

)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Sp
ec

ifi
c 

gr
av

ity

51, a series 
diesel. 

II.RESULTS AN

btained for sa
gel. Coconut 

omparison to o
methanol an
minutes were

nge has been o

1 % yield of di

ield varied wi
(Fig. 1). Su

ES have the 
ts also showed
ed oils derived

ravity 

pecific gravity o

n in specific g
60–0.880 for a

93.3 89.3

0.87 0.875

of tests wer

ND DISCUSSIO

mple 4 becau
oil contains t

other sample o
nd high rea
e given with 
observed. 

 

ifferent biodiese

ithin a range 
unflower and
lowest % y

d that yield fr
d FAMES. 

 

of different biod

ravity has bee
all sixtypes o

90.84

0.86

e performed 

NS 
use the final p
the highest sat
oils so it need
action tempe

higher rpm b

el sample 

of 86–94% fo
d fried Cano
yield among 
from WFO is 

diesel samples

en observed ly
of biodiesel (F

89.84 86.

0.88 0.87

on all 

product 
turated 

ds more 
erature. 
but no 

 

or all 6 
ola oil-

the 6 
almost 

 

ying in 
Fig. 2). 

53

78



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:7, No:9, 2013

673

FA
sp
EN
de
pa
six

 

ab
(F

sig
tra
de

w
Su
th

af
te

AME obtaine
pecific gravity
N 14214 stan
ensity and sp
aper. It has b
x types of the

C. Flash Poin
 

Fig. 3

The flash po
bove the mini
Fig. 3). 

Flash point i
gnificantly cl
aces of residu
epressed flash

D. Cloud Poi
 

Fig. 4 
 
The cloud p

within the spec
unflower-deriv

he all. 
Cloud point 

ffects the low
mperature for

0

50

100

150

200

Fl
as

h 
po

in
t(

o C
)

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

C
lo

ud
 p

oi
nt

(o C
)

d from Musta
y of 0.86. The 
ndard is 860–
pecific gravity
een observed
 feedstocks m

nt 

 Flash point of 

oint values for
imum specific

s the indicatio
eaned by rem
ual methanol 

h point. 

int 

Cloud point of 

point values 
cifications de
ved FAME h

is a cold flow
 temperature 
r fuel to be u

150 140

-2.1

-1.4

ard oil shows
density speci

–900 kg/m3.T
y is done inte
d that biodiese
meet this specif

different biodie

r all sixtypes 
cations define

on of the fact 
moving excess

in FAME co

f different biodi

for all sixtyp
efined in AST
has poor cloud

w property of
performance.

used. Low tem

160

-0.4

0

s the lowest v
ification accor

Therefore, the 
erchangeably 
el produced f
fication. 

esel samples 

of biodiesel l
ed in ASTM D

that FAME h
s of methanol
ould be a rea

esel samples 

pes of biodie
TM D6751 (F
d point value 

f biodiesel bec
 It shows the

mperature beha

170 180

-1.1

1.2

value of 
rding to 

use of 
in this 

from all 

 

lie well 
D 6751 

has been 
l. Small 
ason of 

 

esel lie 
Fig. 4). 
among 

cause it 
e lowest 
avior is 

att
wa
pro
beh

 

the
ind
Su
the

tem
ch
va
con

D1
FA

0

2

tributed to plu
ax formation a
ovider has to
havior. 

E. Pour Point
 

Fig. 5 

The pour poin
e specificatio
dicates the low
unflower-deriv
e all. 
Generally, the

mperature per
ain than C12 
lues of cloud
nventional die

F. Corrosion
Corrosion tes

130. No colo
AME samples 

G. Carbon Re
 

Fig. 6 Ca

-6

-5

-4

-3

-2

-1

0

Po
ur

 p
oi

nt
(o C

)

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35

C
ar

bo
n 

R
es

id
ue

(%
)

ugging of filte
and decreased

o mention clo

t 

Pour point of d

nt values for a
ons defined 
west temperatu
ved FAME ha

e longer carbo
rformance. Sa
and therefore
d and pour p
esel. 

st of the sam
or change of 
were non-cor

esidue 

arbon residue o

0.200

0.320

er and engine 
d flow of fuel
oud point to 

different biodies

all sixtypes of
in ASTM D
ure where the
as poor pour 

on chain FAM
aturated meth
, the main cau
point, even a

mples was co
f copper strip
rrosive. 

of different biod

0.100

starving beca
. Therefore, th
show its cold

sel samples 

f biodiesel lie
D6751 (Fig.
e fuel ceases to

point value 

MES have poor
hyl esters are 
use of increas
after blending

onducted by A
p indicated th

diesel samples 

0.140
0.1

ause of 
he fuel 
d flow 

 

within 
5). It 

o flow. 
among 

rer low 
longer 
ing the 
g with 

ASTM 
hat all 

 

80



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:7, No:9, 2013

674

th
re

 

bi
V
th

re
of
en
av
ca
fo
fa
fu
ch
fo
pe
nu
th
fu

[1]

[2]

[3]

[4]

[5]

Carbon depo
he carbon resid
esidue, when u

H. Kinematic
 

Fig. 7 Kinem

The kinema
iodiesel lie w

Viscosity of m
he petro-diesel

Fossil fuel 
esearchers to e
f them. It can 
ngines with n
vailable for b
atalyzed trans
or the convers
atty acid level.
uel produced
haracteristics 
ound to be in 
erformance of
umber, fuel l
he biodiesel is
urther research

] B. K. Barnw
from vegetab
Reviews, vol. 

] F. Qiu, et a
rapeseed oil,"

] Y. Zhang, e
Economic ass
vol. 90, pp. 22

] A. E. Ataban
alternative en
Sustainable E

] G. Huang, et
Applied Energ

0
2
4
6
8

10
12
14
16

K
in

em
at

ic
 v

is
co

si
ty

(m
m

2 /s
)

ositing tenden
due (Fig. 6). T
using biodiese

c Viscosity 

matic viscosity o
temper

atic viscosity 
within a rang

many biodiesel
l. 

IV.CON

has become
explore the alt
be a potentia

no or little mo
biodiesel prod
-esterification

sion of triglyc
. Experimenta

d are depend
of biodiesel o
matching the

f biodiesel is 
lubricity and 
s not yet to be
h and technolo

REF

wal and M. P. Sh
ble oils in Indi
9, pp. 363-378, 2

al., "Biodiesel p
" Applied Energy,
et al., "Biodiese
sessment and sen
29-240, 2003. 
ni, et al., "A co
nergy resource 

Energy Reviews, v
t al., "Biodiesel p
gy, vol. 87, pp. 38

12.04
13.25

ncies of a fue
The most com
el is a high lev

of different biod
rature (320C) 

data show t
ge of 12-14 c
l fuels is foun

NCLUSION 
e a promisin
ternative fuels
al source of fu
odification. D
duction. The 
n is found to b
cerides into es
al results show
dent on fee
obtained usin

e biodiesel sta
because of h
oxygen conc

e found econo
ogical develop

FERENCES 
harma, "Prospect
ia," Renewable 
2005. 
production from 
, vol. 88, pp. 2050
el production fr
sitivity analysis,"

omprehensive re
and its characte

vol. 16, pp. 2070-
production by m
8-46, 2010. 

13.65

l oil is measu
mmon cause of
vel of glycerin

diesel samples a

that all sixty
centistokes (F
nd to be great

ng area for 
s and biodiese
uel for existing

Different meth
process of a

be the most ef
sters having lo
wed that prope
edstock used
ng cooking 
andards. The p
high values of
centration. Ho
omical and th
pment is requi

ts of biodiesel pr
and Sustainable

mixed soybean
0-2055, 2011. 

from waste cook
" Bioresource Tec

eview on biodies
eristics," Renewa
-2093, 2012. 

microalgal biotech

12.03
13.9

ured by 
f carbon 
n. 

 
at room 

ypes of 
Fig. 7). 
ter than 

r many 
el is one 
g diesel 

hods are 
alkaline 
ffective 
ow free 
erties of 
d. Fuel 
oil are 
positive 
f cetane 
owever, 
herefore 
ired. 

roduction 
e Energy 

n oil and 

king oil:  
chnology, 

sel as an 
able and 

hnology," 

[6]

[7]
 

[8]

 
92

Y. C. Sharm
scenario," Ren
1646-1651, 20
F. Ma and M.
Technology, v
P. Felizardo, 
Waste Manage

ma and B. Singh
newable and Su
009. 
 A. Hanna, "Biod
ol. 70, pp. 1-15, 1
et al., "Producti
ement, vol. 26, pp

h, "Developmen
ustainable Energy

diesel production
1999. 
on of biodiesel 
p. 487-494, 2006

nt of biodiesel: 
gy Reviews, vol. 

n: a review," Bior

from waste fryin
. 

Current 
13, pp. 

resource 

ng oils," 


