
 

 

 
Abstract—Biodiesel is one of the alternative fuels that promising 

for substituting petro diesel as energy source which is advantage on 
sustainability and ecofriendly. Due to the raw material that tend to 
decompose during storage, biodiesel also have the same characteristic 
that tend to decompose and formed higher acid value which is the 
result of oxidation to double bond on a chain of ester. 

Decomposition of biodiesel due to oxidation reaction could 
prevent by introduce a small amount of antioxidant. The origin of raw 
materials and the process for producing biodiesel will determine the 
effectiveness of antioxidant. The quality degradation on biodiesel 
could evaluate by measuring iodine value and acid number of 
biodiesel.  

Biodiesel made from high fatty acid Jatropha curcas oil by using 
esterification and transesterification process will stand on the quality 
by introduce 90 ppm pyrogallol powder on the biodiesel, which could 
increase Induction period time from 2 hours to more than 6 hours in 
rancimat test evaluation. 
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I. INTRODUCTION 

NCREASING in biodiesel production shown the acceptance 
of consumer to the alternative energy for substituting petro 

diesel as a fuel. Total biodiesel production in 2013 was 400 
000 barrel per day, it was grown almost 12 times from 2003 
production [1], [2]. The advantage of biodiesel is in 
renewability and sustainability and this is very attractive factor 
on the biodiesel grown [3], [4], thus tend also support by new 
biodiesel production technology such reactive distillation, 
solid state catalyst [5], thermal and catalytic cracking [6], [7], 
and microwave assist [8]. While from the feedstock of 
biodiesel increasing production also support by research on 
microalgae which could result on higher solid density of algae 
culture and also higher oil yield [9]. Thus there is a wide range 
of biodiesel feedstock, from vegetable oil both edible oil and 
non-edible oil, waste frying oil, animal fat and also microalgae 
[10]-[13]. For all the biodiesel feedstock, in the composition 
of fatty acid always appear unsaturated fatty acid [14], [15]. 
Higher unsaturated fatty acid has shown by higher iodine 
value. Unsaturated fatty acid is fatty acid with one or more 
double bond on carbon chain in which is vulnerable to react 
with other compound such oxygen or hydrogen. In a case 
double bond on fatty acid chain oxidized by oxygen it will 
form free fatty acid. Further reaction will formed aldehyde and 
also polymer compound. Reaction of double bond with 
hydrogen will increase significantly biodiesel viscosity. 
Higher viscosity will disturb flowing operation of the fuel and 
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burner system. Higher free fatty acid in biodiesel will promote 
corrosion in metal part of engine [16] 

There is some effort to reduce the negative impact of 
unsaturated fatty acid content on biodiesel; one of them is by 
introduce antioxidant on biodiesel which is stabilized biodiesel 
from the influence of oxidation process. Antioxidant is 
naturally presence in the vegetable oil, however due to its 
extraction and other processes natural antioxidant could 
decrease, inactivated and useless. Processes such heating, 
pressing, exposure to air is significantly decrease effectiveness 
of natural antioxidant, thus to maintain biodiesel quality and to 
protect biodiesel from oxidation process synthetic antioxidant 
should be introduce. For every single feedstock source of 
biodiesel they have a specific antioxidant that could work 
better than other antioxidant. Table I listed result of some 
research work in the effectiveness of antioxidant application 
on biodiesel. It is concluded that composition of biodiesel 
feedstock is strongly influence on the effectiveness of 
antioxidant, while the purification process with and without 
distillation is also influence too. Distillation process could 
almost totally remove natural antioxidant that exist in 
biodiesel, thus stability of biodiesel due to oxidizing process is 
depend only on introducing of synthetic antioxidant on 
distilled biodiesel. While on biodiesel without distillation 
process (undistilled biodiesel) stability of biodiesel is depend 
both on natural antioxidants that originally came from the 
plant and also from synthetic antioxidant that introduced into 
biodiesel. Correlation of the mixture between natural 
antioxidant and synthetic antioxidant in the effectiveness on 
antioxidant action is varied from mutualism to interfere each 
other [17]-[19]. There are three steps in the oxidation process 
on biodiesel as shown as follows [20]. 

 
Initiation     : RH + I  R* + IH       
Propagation    : R* + O2  ROO’      

        : ROO* + RH  ROOH + R’     

Termination    : R* + R* R-R       
        : ROO* + ROO*  Stable product  

 
The first step, Initiation will take a time and reaction is 

slow, while after  enough free radical was accumulated, 
propagation reaction will go fast as shown in Fig. 1. 

In the analyses, the point where the second step is named 
Induction Period, For this purpose the analyses was held on 
Rancimat test equipment which is operated on 110oC and 10 L 
min-1 air flow. 
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agreement with the standard, 3 g of sample were used each 
time. The test was conducted in duplicate for each antioxidant, 
at each concentration. Following the study, correlations were 
found between the concentration of antioxidant and the 
induction period. After determining from the predictive 
models the best concentration to reach the minimum of 6 
hours of induction period according to the standard, 
experiments were performed (in duplicate) to validate the 
results. 

III. RESULT AND DISCUSSION 

Esterification step could decrease free fatty acid on 
Jatropha curcas oil from 14% to less than 1%. While as a 
result of esterification reaction, 12% Methyl ester was yielded.  

Transesterification step was performed with Methanol as 
alcohol source with consideration that Methanol is more 
reactive than Ethanol, and Methanol also less hygroscopic. 
After purification step, biodiesel that come from 
transesterification reaction has 99.6% purity. 

 

 

Fig. 2 Correlation of Induction time to Iodine number of biodiesel 
 

It was shown on Fig. 2 that introduction of pyrogallol to 
biodiesel could improve stability of biodiesel significantly. 
Iodine number, start to change after 2 hours for biodiesel 
without antioxidant, while on biodiesel with pyrogallol 90 
ppm the changes on iodine number will start after 6 hours. The 
result also agrees with European Standard EN 14214-2006.  

From Fig. 3 it was shown that acid value on biodiesel 
without antioxidant will increase to more than 1% after 2 
hours of oxygen exposure on Rancimat equipment which is 
operated on 110oC and dry air flow 10 L.min.-1.  

From Fig. 4 it was shown that Acid Value of biodiesel will 
reach more than 1% after 6 hours exposure of Oxygen on 
Rancimat test equipment. The result is significantly increase 
stability of biodiesel from 2 hours to 6 hours stability test. Fig. 
4 also has shown that slope of acid value increase is lower 
than slope of acid value increase in biodiesel without 
antioxidant. 

Introducing antioxidant on biodiesel also concluded that 
antioxidant could maintain stability of biodiesel from 
oxidizing process, thus less free fatty acid that formed and 
mean that biodiesel could storage in a longer period. 

This research work uses pyrogallol as a source on 
antioxidant considerate that pyrogallol has higher performance 
to use as antioxidant on Jatropha curcas biodiesel. 

 
 

Fig. 3 Acid value analyses after oxygen exposure on biodiesel 
without antioxidant 

 

 

Fig. 4 Acid value analyses after oxygen exposure on biodiesel with 
Pyrogallol 90 ppm 

IV. CONCLUSION 

Application of antioxidant pyrogallol could improve and 
increase stability of Jatropha curcas biodiesel significantly. 
Jatropha curcas biodiesel without antioxidant could not fulfill 
requirement of biodiesel standard EN 14214-2006 while 
introducing 90 ppm pyrogallol could improve to the standard 
requirement. 

ACKNOWLEDGMENT 

We thank the Directorate General of Higher Education, 
Ministry of Education and Culture, Indonesia, for financial 
support of this work through Hibah Bersaing 2015 to 
Supriyono and Sumardiyono. 

REFERENCES  
[1] IEA. U.S. Energy Information Administration. International Energy 

Statistics - Biodiesel production.  
[2] Renner A., Zelt T., Gerteiser S., From Aid to Market, the Global 

Exchange for Social Investment, Global Market Study on Jatropha 
(Final report-Abstract), Gexsi LLP, 2008. 

[3] Barnwal S.K., Sharma M.P., Prospects of biodiesel production from 
vegetable oils in India, Renewable and Sustainable Energy Reviews 9 
(2004) 363–378. 

75

80

85

90

95

100

0 2 4 6 8

Io
d
in
e
 n
u
m
b
e
r

Hr

Pyrogallol

Without antioxidant

y = 0,3196e0,6603x

R² = 0,8535

0

0,5

1

1,5

2

2,5

3

3,5

4

0 1 2 3 4

A
ci
d
 v
al
u
e

Hr

y = 0,067e0,4543x

R² = 0,8843

0,00

0,50

1,00

1,50

2,00

2,50

0 2 4 6 8

A
ci
d
 v
al
u
e
, m

g 
K
O
H
/h
 s
am

p
le

Hr

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:9, No:8, 2015 

1020International Scholarly and Scientific Research & Innovation 9(8) 2015 scholar.waset.org/1307-6892/10002134

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, C

he
m

ic
al

 a
nd

 M
ol

ec
ul

ar
 E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

8,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
21

34

http://waset.org/publication/Influence-of-Synthetic-Antioxidant-in-the-Iodine-Value-and-Acid-Number-of-Jatropha-Curcas-Biodiesel/10002134
http://scholar.waset.org/1307-6892/10002134


 

 

[4] Gui M.M., Lee K.T., Bhatia S., Feasibility of edible oil vs. non-edible 
oil vs. waste edible oil as biodiesel feedstock, Energy 33 (2008) 1646 – 
1653. 

[5] Kiss A. A., Omota F., Dimian A.C., Rothenberg G., The heterogeneous 
advantage: biodiesel by catalytic reactive distillation, Topics in Catalysis 
40 (2006) 141–150. 

[6] Tamunaidu P., Bhatia S., Catalytic cracking of palm oil for the 
production of biofuels: Optimization studies, Bioresource Technology 
98 (2007) 3593–3601. 

[7] Prado C.M.R., Filho N.R.A., Production and characterization of the 
biofuels obtained by thermal cracking and thermal catalytic cracking of 
vegetable oils, Journal of Analytical and Applied Pyrolysis 86 (2009) 
338–347. 

[8] Motasemi F., Ani F.N., A review on microwave-assisted production of 
biodiesel, Renewable and Sustainable Energy Reviews 16 (2012) 4719–
4733. 

[9] Shahidi F., Bailey’s Industrial Oil and Fat Products, John Wiley & Sons, 
2005, Sixth Edition. 

[10] Dias, J.M., Araújo, J.M., Costa, J.F., Alvim-Ferraz, M.C.M., Almeida, 
M.F. Biodiesel production from raw castor oil, Energy 53 (2013) 58 – 
66. 

[11] Akintayo E.T., Characteristics and composition of Parkia biglobbossa 
and Jatropha curcas oils and cakes, Bioresource Technology 92 (2004) 
307–310. 

[12] Pimentel D., Patzek T.W., Ethanol Production Using Corn, Switch grass, 
and Wood; Biodiesel Production Using Soybean and Sunflower, Natural 
Resources Research 14 (2005) 65-76. 

[13] Dias J.M., Alvim-Ferraz M.C.M., Almeida M.F., Production of biodiesel 
from acid waste lard, Bioresource Technology 100 (2009) 6355 – 6361 

[14] Salimon J., Abdullah R., Physicochemical Properties of Malaysian 
Jatropha Curcas Seed Oil, Sain Malaysia 37 (2008) 379–382 

[15] Encinar J.M., Gonzalez J.F., and Rodríguez-Reinares A., Biodiesel from 
Used Frying Oil. Variables Affecting the Yields and Characteristics of 
the Biodiesel, Industrial Engineering Chemical Resources 44 (2005) 
5491–5499. 

[16] Sarin A., Arora R., Singh N.P., Sharma M., Malhotra R.K., Influence of 
metal contaminants on oxidation stability of Jatropha biodiesel, Energy 
34 (2009) 1271–1275. 

[17] Tang H., Wang A., Salley S.O., Simon Ng K.Y., The Effect of Natural 
and Synthetic Antioxidants on the Oxidative Stability of Biodiesel, 
Journal of the American Oil Chemists Society 85 (2008)373–382 

[18] Dinkov R., Hristov G., Stratiev D., Aldayri V.B., Effect of commercially 
available antioxidants over biodiesel/diesel blends stability, Fuel 88 
(2009) 732–737. 

[19] Knothe G., Some aspects of biodiesel oxidative stability, Fuel 
Processing Technology 88 (2007) 669–677. 

[20] Jain S., Sharma M.P., Stability of biodiesel and its blends: A review, 
Renewable and Sustainable Energy Reviews 14 (2010) 667–678. 

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:9, No:8, 2015 

1021International Scholarly and Scientific Research & Innovation 9(8) 2015 scholar.waset.org/1307-6892/10002134

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, C

he
m

ic
al

 a
nd

 M
ol

ec
ul

ar
 E

ng
in

ee
ri

ng
 V

ol
:9

, N
o:

8,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
21

34

http://waset.org/publication/Influence-of-Synthetic-Antioxidant-in-the-Iodine-Value-and-Acid-Number-of-Jatropha-Curcas-Biodiesel/10002134
http://scholar.waset.org/1307-6892/10002134

