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Abstract. High free fatty acid jatropha curcas oil was use as a feedstock of biodiesel through
two step esterification, first by reaction of Jatropha curcas oil with methanol catalyzed by
sulfuric acid, and second step is transesterification process with methanol catalyzed by sodium
hydroxide. After purification step, 120 ppm pyrogallol was introduced into Jatropha curcas
biodiesel. Accelerated controlled oxidation process was performed using rancimat test
equipment with the dry airflow to the reaction tube is 10 L/min. Assuming that oxygen only
reacts with double bond of the compound that compose biodiesel, measurement the quantity
changes of double bond on biodiesel by the changes of the value of iodine number will brought
to the rate of reaction. While reaction rate constant determine by Arrhenius law was calculated
from the data of time to reach induction period in a certain temperature. It was found that total
rate of oxidation process was determined by chemical reaction rate rather than mass transfer
rate of oxygen to the body of biodiesel, both on biodiesel with or without pyrogallol. While in
a presence of 120 ppm pyrogallol on jatropha curcas biodiesel, Arrhenius constant was
determined by the value of frequency factor (A)= 28.47 x 106/ sec and activation energy (E) =
97,31 kJ/mol. This mean that on the ambient temperature 30 oC, Jatropha curcas biodiesel in a
presence of 120 ppm pyrogallol will decrease their iodine value 3.4% after 2.3 years.

1. Introduction

One of the most promising sources for petrodiesel substitution is biodiesel, which is almost similar on
physical and chemical properties to petrodiesel. For this reason, biodiesel could apply as fuel on the
conventional internal combustion engine with a minor modification. There are some feedstocks for
biodiesel production, as vegetable oil, waste from the slaughter house and fish processing, and also
from microalgae [1-7] The final biodiesel product characteristic will depend on the feedstock source.
The difference between biodiesel and petrodiesel is on the stability due to oxidation process during
storage. In petrodiesel there is no significant influence on the oxidation process to their stability and
quality [8] while oxidation process on biodiesel will affect significantly to at least 6 parameters on
biodiesel standard (kinematics viscosity, cetane number, total acid number, flash point, cooper strip
corrosion, iodine number) [9]. Oxidation on biodiesel will occur on double bond in fatty acid chain
and highly correlated to unsaturated fatty acid that composed the feedstock of biodiesel. Feedstock
contain high unsaturated fatty acid will produce biodiesel with high unsaturated fatty acid methyl
ester. In a presence of oxygen, the unsaturated fatty acid compound on biodiesel will oxidize to free
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fatty acid which will perform simultaneous and complex reaction on a secondary oxidation process.
The final products of the oxidation process are aldehyde, carboxylic acid, alcohols and hydrocarbon
compound [10].

To determine the rate of oxidation process on biodiesel, measurement of changes on the component
that compose biodiesel could conduct on the different temperature of the oxidation process. Total
double bond on the fatty acid component in biodiesel could be determine by iodine number method
[11] in case that double bond was oxidized it will show by decreasing the total iodine number of
biodiesel. Determination of oxidation process in fatty acid by iodine number method is simple and
accurate compare to determination of increasing acid number or any other substance as a result of
oxidation on biodiesel because the product of the oxidation process is unstable and tend to decompose
to any other substance [10].

There are some methods to reduce and prevent oxidation process on biodiesel for example removing
substance that trigger and boosting oxidation process (water, metal and other contaminant substance),
hydrogenation of biodiesel that converted unsaturated compound into saturated compound even this
could increase viscosity of biodiesel, and the other method is introducing antioxidant into biodiesel
[12-14].

The term Induction period (IP) on rancimat test analysis show the time when the oil starts to oxidize
and produce volatile organic compound that dilute in the water and change significantly the
conductivity of the water. The time when the conductivity changes namely Induction Period (IP). In
this point a small amount of the double bond in biodiesel compound start react with oxygen and shown
by decreasing of biodiesel iodine number. Initial oxidation reaction will form free radical that trigger
chain reaction as shown in the equation (1) to (5) [15,16].

1.1. Biodiesel Oxidation

There are several sources for biodiesel decomposition, biological, physical and chemical source.
Microorganism activity is main source for biodiesel decomposition by biological source, while heat,
metals and light are physical source. Water, oxygen and free fatty acid are chemical source for
biodiesel decomposition [17,18]. These sources could work separately or simultaneously on biodiesel
and resulted on decompose of biodiesel. As one of the chemical source on biodiesel decomposition,
oxygen could react with double bond on unsaturated fatty acid that composed biodiesel.
Decomposition due to oxidation reaction on biodiesel could bring a serious problem on the engine
because biodiesel could change viscosity, acid value, water content, cetane number, and also its caloric
value.

Initiation:
RH + Oz 2  R*+H.0 (D
RH + 0, + RH 2 R*+H.0+R
Propagation:
R*+ 0, > ROO* (2)
ROO* + RH > ROOH + R* (3)
Peroxide decomposition
ROOH -> RO* +"0OH
2RO0OH = RO* + ROO*+ H,0
Termination:
ROO* + ROO* =>inactive product (4)
ROO* + [H “ROOH +1 (5)
where
RH = organic matter (Alkyl lipid)
ROO" = Peroxide radical
ROOH = Hydroperoxide; I = Stable radical or inactive radical

IH = free radical inhibitor

[
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In the oxidation process, oxygen will react with the components that have double bond on the molecular
chain, thus mean that the oxidation reaction to biodiesel will reduce the number of double bond in
biodiesel compound. While double bond compound on biodiesel was found on the unsaturated chain on
biodiesel component. The changes on the percentage of unsaturated chain could be analyzed by
evaluation on Iodine number.

Antioxidant

Most of the oil and lipid came with their original antioxidant, it was namely natural antioxidants.
Tocopherols, ascorbic acid, ascorbic acid ester, and carotenoids are example of natural antioxidant that
exists in lipid [19] Natural antioxidant was decrease significantly in biodiesel due to the process steps,
from oil extraction, pretreatment to remove gums and phospolipid, also esterifcation process to reduce
high free fatty acid in case that biodiesel production use transesterification route with alkali catalyst,
purification of biodiesel to fulfill the standard requirement. For this reason, introducing new antioxidant
should be done to improve biodiesel quality in a term of oxidation stability.

Synthetic antioxidants are a manmade and mostly are phenols based [10]. Phenolic derivatives usually
contain more than one hydroxyl or methoxyl group. Synthetic phenolic antioxidants are p substituted,
while natural phenolic antioxidants are ¢ substitutes.

There are two classification of antioxidant, primary and secondary antioxidant. Primary antioxidant
refers to chain breaking antioxidants, because the chemical nature of these molecules they can act as
free radical acceptors and delay or inhibit the initiation step or interrupt the propagation step of auto
oxidation. Mechanism of primary antioxidant is shown in the equation (6) to (8) [20]

R- +AH SRH +A- (6)
RO» +AH SROH +A- (7)
ROOs +AH > ROOH+ A- (8)

Where: Re, RO+, ROO+* = free radical
Radical from the antioxidant will react with radical from fatty acid to form stable complex
compound as shown in equation (9) to (11).

R- +A*  SRA 9)
RO+ +A+  SROA (10)
ROO+ +A+  DROOA (11)

1.2. Measurement method of biodiesel stability.

There are several methods to measure stability of biodiesel. Some of them base on the assumption that
biodiesel stability is depend on oxidation on the biodiesel due to the presence of oxygen. These
include the weight gain and headspace oxygen uptake method for oxygen absorption, chromatographic
analysis for changes in reactants, iodometric titration, ferric ion complexes, FTIR method for peroxide
value, spectroscopy for conjugated dienes and trienes. While for expressing antioxidant activity, there
are some methods, ie. Induction Period (IP), Oxygen Stability Instrument (OSI) and also PetroOXY
test [10]. European Standard for biodiesel (EN 14214), and Indonesian Standard (SNI-04-7182) were
applied Induction Period to measure biodiesel stability. The requirement of Induction Period in EN
14214 standards was increase from 6 hours in EN 14214-2003 to 8 hours in EN 14214-2012.

1.3. Mathematical Model
According to one-layer mechanism of reaction, Oxygen (B) will diffuse to the interface of gas-liquid

system, and then chemical reaction step will occur in a liquid body of biodiesel (A) as seen in Fig. 2
(21]
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| l liquid bulk

Figure 1. Mechanism of oxidation reaction in biodiesel according to quasy steady state reaction.

gas bulk

Unsaturated fatty acid component on biodiesel were dominated by oleic acid (Cig4), linoleic acid
(Cis2) and linolenic acid (Cig3). Oxidation reaction on each component could write as shown in
equation (12) to (15).

Cigy + O, 2P, writtenas A; +B 2> P (12)
Ciga +2 O, =P, writtenas A;+2B > P (13)
Cigs +3 O, 2P, writtenas A;+3B > P (14)
Equation (12) to (14) then could be written as

A +6B> P (15)
In a presence of antioxidant (M) on biodiesel, antioxidant will react as shown in equation (16)

M+ O2 = writtenas A4+ B > P (16)

Equation (5) and (16) then could written as

A +7B> P (17)

Solving for both mass transfer and chemical reaction for the equations (15) and (17) under quasy
steady state condition will give equation (18) and (19) as follows

k.ﬂEQ’CA
— H
Ta= 6k.Ca—a (18)
k.P—BﬂCA
- H
Ta= 7hC g~ t (19)
Where
k' =k~ q (20)
1 1
a= kgall + e (21)
2. Methods

2.1. Materials

A source of the biodiesel feedstock is high free fatty acid (FFA) jatropha curcas oil which come with
18% of FFA was purchase from PT Pura Green Energy, Kudus Indonesia. Methanol was use as
alcohol source for esterification and transesterification. Sodium hydroxide was use as
transesterification catalyst, while sulfuric acid was use as catalyst in esterification process. All
chemicals use in biodiesel production and analysis are reagent grade.

2.2. Methods

Biodiesel source for the experiment was prepare refer to Supriyono et al. [22] High free fatty acid
jatropha curcas oil was treated by esterifcation process to decrease free fatty acid. The process was
performed under operation condition 65 oC, 120 minute, methanol to oil volume ratio is 40% and
sulfuric acid to oil volume ratio is 2%. Oil phase which contain jatropha curcas oil and fatty acid
methyl ester was further process on transesterification step which conduct on 60 oC, 60 minute,
methanol to oil volume ratio is 40% and sodium hydroxide is 2% of oil weight. Biodiesel phase was
purifying on the following step. The rest of methanol on biodiesel product was remove by vacuum
distillation on 65 oC, 200 mmHg, sodium hydroxide on biodiesel phase was neutralizing by HC1 0,5%,
rinse by distilled water until pH of the waste water close to pH of distilled water. The rest of the water
on biodiesel adsorb by Na2S04. The final product then analyzed according to EN 14214-2012
standard method.
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Controlled oxidation process was performed using rancimat test equipment as shown in Fig. 1, which
is operated in 10 L/min air flow on the various temperature and time. About 3 grams of biodiesel
sample was use in each test. Previous experiments work by Supriyono et al. [22] show that pyrogallol
was the best antioxidant for jatropha curcas biodiesel compare to TBHQ, propyl gallate and baynox
plus on the standard induction period by rancimat test. For the purpose to anticipate longer induction
period requirement, the work also present equation that correlate between concentrations of pyrogallol
on Jatropha curcas biodiesel to the time of induction period of Jatropha curcas biodiesel. Base on the
result on previous work, pyrogallol utilized as antioxidant in jatropha curcas biodiesel and further
analysis the rate of oxidation stability was performed. After certain time of controlled oxidation
process, biodiesel sample from reaction tube of rancimat equipment was analyzed the iodine number.
Base on the changes of iodine number of biodiesel, the rate of oxidation reaction on 110 oC could be
calculated. To determine Arrhenius constant of the oxidation reaction, similar experiment was
performed in a difference temperature of rancimat equipment on the range of 90 °C to 140 °C.

measurement vessel

arin ———_ conductivity cell
reaction tube _

sample\ distilled water

heating
block = %

Figure 2. Schematic arrangement of rancimat test equipment.

3. Results and Discussion

3.1. Jatropha curcas biodiesel

The analysis of biodiesel was performed on the parameter of FAME content, kinematic viscosity at 40
oC, acid value, iodine number, water content, flash point, density at,15 oC and oxidation stability, 110
oC. The parameter that analyzed was fulfills the requirement on EN 14214 -2006 standard except for
oxidation stability which has value 1.37 hours and far from the standard of 6 hours. Thus, jatropha
curcas biodiesel is vulnerable to oxidation process. The high value on lodine number in Jatropha
curcas biodiesel is one of the suspect that responsible to oxidation process in biodiesel, because
compound with double bond on biodiesel easy to react with oxygen. Jatropha curcas biodiesel start to
oxidized and decompose after 1.37 hours of reaction. The result of oxidation reaction is a compound
that catalyzed increasing of the acid value on biodiesel. While increasing in acid value on biodiesel the
other parameter such viscosity, cetane number, caloric value and kinematic viscosity will change, the
water content on biodiesel also increase for the reason that oxidation reaction also produce water.

3.2. Rate of oxidation reaction

One of the methods to determine stability of biodiesel due to oxidation process is biodiesel rancimat test
method also known as accelerated reaction test because the reaction was performed in a temperature
higher than ambient temperature. Latest European Standard for biodiesel (EN 14214-2012) protocol
shown that temperature requirement for oxidation stability test by rancimat equipment is 110 °C and dry
air flow rate 10 L/h, thus oxygen was available on the excess amount compare to the amount of
unsaturated fatty acid methyl ester and assuring that oxidation process depend only on unsaturated
compound on biodiesel. The idea of accelerated test is to find the shorter time to determine parameter
of oxidation kinetics from which the data could be extrapolated to the ambient temperature condition.
However, in the case of antioxidant activity test, high temperature experiment could decrease activity of
antioxidant itself. Tert Butyl Hydroquinone (TBHQ) in soybean biodiesel could maintain oxidative
stability in 544 hours on the 45 °C, but when the temperature was raises to 98 °C, the oxidative stability
will decrease to 28 hours [10]. This could make sense if previous experiments could have different
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result, even with the same materials and also the same antioxidant. Reaction between gas phase and
liquid phase always involve mass transfer and chemical reaction. The overall reaction will determine by
the slower step. To analyze which step is the slower, quasy steady state reaction model could be
applied. In this experiment, biodiesel with and without antioxidant were heated in biodiesel rancimat
test equipment at 110 °C. In a certain time, iodine number of the sample was analyzed. The value of
iodine number was shown the amount of double bond on biodiesel, which has correlation to the amount
of biodiesel that decompose by oxidation reaction. Fig. 3 and fig. 4 show the result of the analysis of
iodine number for biodiesel with and without antioxidant.

lodine number, mg I,/g sample

Calculated *
82.0 .
80.0 + [Experimental Data
78.0
76.0

0 1 2 3 4
time of reaction, h

Figure 3. Correlations between lodine number of biodiesel without antioxidant and reaction time on
accelerated reaction test, 110 °C

As shown in Fig.3, iodine number of biodiesel without antioxidant will start to decrease in periods of 1
hour to 2 hour after reaction was started. This mean that oxidation reaction to the double bond of the
compound in biodiesel started in a period 1 to 2 hour after reaction was initialized. The results of iodine
number analysis also agree with analysis of stability on biodiesel by rancimat test method which has
result 1.37 hour on induction period. Fitting of the experiment data with the developed equation (18),
(20) and (21) give the result as follows

o =10,29466; k* = 0,03644; k = 0,02130; Average of deviation is = 3.04%
“2.0,021107

100.0
95.0 |

90.0

85.0

Calculated
+ Experimental Data

80.0

75.0

Iodine number, mg 1,/g sample

70.0
0 2 4 6 8

Time of reaction, h

Figure 4. Correlations between Iodine number of biodiesel with pyrogallol 120 ppm and reaction time
on accelerated reaction test, 110 °C
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From Fig. 4, lodine number slowly decrease until 6 hours of accelerated test then sharply decrease the
value of iodine number after 6 hours. This result agree with the experiment that Jatropha curcas
biodiesel contain 120 ppm pyrogallol has induction period time 6.02 hours, which is fulfill the
requirement of biodiesel standard according to EN 14214-2003 and SNI 04-7182-2006. For the newer
European Standard (EN 14214-2012) the amount of pyrogallol that should introduced will be higher
because EN 14214 requirement is 8 hours for the induction period time.

Fitting of the data give the result for equations (20) and (21) as follows

o =10.29466; k* = 0.04357; k=0.05977; Average of deviation is = 0.77%,

78 - 0.166183

H
By comparing the value of chemical reaction constant (k) and mass transfer constant (H) it was
concluded that overall reaction was determine by chemical reaction step.

3.3. Jatropha curcas biodiesel
The The value of activation energy and frequency factor for the oxidation process on jatropha curcas
biodiesel with 120 ppm pyrogallol was determine by re arrange equation

CA = CAUIB_kt

In Cao

Gl
(22)

y = TE+18x 5848
R?=10.9954

Induction Period (hour)
oo

90 100 110 120 130 140 150
Temperature (°C)

Figure 5. Induction Period value on biodiesel with pyrogallol 120 ppm

On the Induction Period (IP) point, the double bond on biodiesel was start oxidized to acidic
volatile compound that absorbed on the measured vessel and increasing conductivity of the distilled
water in a vessel. In this experiment, the measurement of iodine number in the IP point is 90.8 mg
[/100 gram of sample, while initial iodine number is 94 mg I,/100 gram of sample. For the same
sample, the ratio of iodine number on the IP point (Ca) to initial iodine number value (Cao) is
constant, thus a set of data could have derived as shown in Table 1.

Table 1. Calculation of reaction constant (k) base on time of reaction

Time of reaction, t Temperature of Ca Cao In(Cao/Ca) 1/t k In(k) /T
(hour) reaction T (K)
0.72 413 90.8 94 0.03464 1.38889 0.04810 3.03437 0.00242
1.38 403 90.8 94 0.03464 0.72464 0.02510 3.68496 0.00248
2.81 393 90.8 94 0.03464 0.35587 0.01233 4.39606 0.00254
6.07 383 90.8 94 0.03464 0.16474 0.00571 5.16623 0.00261
14.1 373 90.8 94 0.03464 0.07092 0.00246 6.00905 0.00268

35.81 363 90.8 94 0.03464 0.02793  0.00097 694110 0.00275
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Ink=In A (E/RT) (23)
Correlation between Ik k and 1/T was shown in Fig. 6.

-4 + + +

-9 \
-10

~

-11

-12
0.0024 0.0025 0.0026 0.0027 0.0028

YT

Figure 6. Correlation between 1/T and In k in the oxidation process on jatropha curcas biodiesel with
pyrogallol 120 ppm

The value of
A = exp (25.353) = 1.025 x 10"/ hour
E= 11705 x 8.314 =97315.37 J/mol

Base on the value of activation energy and pre exponential Arrhenius equation, it could be estimated
that introducing 120 ppm pyrogallol on the jatropha curcas biodiesel and stored in 30°C lodine
number will decrease 3.4% during 2.3 years® storage. However, this calculation base on the oxidation
reaction only without any other source that could interfere the result, such as moisture, light and metal
that in some research is significantly to changes the rate of reaction [23]. A study on the thermal
behavior of Jatropha curcas biodiesel [24] shown that weight loss in a range of 280-400 °C is about
96% on both nitrogen and air medium. Thermogravimetric (TGA) analyzer for this study was
operating under heating rate 10 °C/min and constant flow of nitrogen and air at a rate (2040.5) ml/min.
Furthermore, the study also shown that activation energy on biodiesel weight loss in nitrogen medium
is smaller (17.81 — 20.70 kJ/mol) than in air medium (22.69 — 24.71 kJ.mol). Base on the definition of
activation energy in which minimum energy required to cross the barriers for initiating a chemical
reaction, the rate of thermal decomposition on jatropha biodiesel is faster in nitrogen medium than in
air medium. Comparing the result of thermal decomposition to the oxidation decomposition, it was
shown that activation energy on oxidation decomposition is much higher with the value is about 97.35
kJ/mol. Thus rate of thermal decomposition is higher than oxidation decomposition on a temperature
above flash point of Jatropha curcas biodiesel (175 °C).

The frequency factor of a reaction expressed by *A’, is show the degree of collisions of a reaction per
hour. The value of frequency factor on jatropha curcas biodiesel oxidation reaction is 1.025 x 10!/
hour = 28.47 x 10% sec. Comparing to thermal decomposition of Jatropha curcas biodiesel in which
has frequency factor 10.44 — 12.20 /sec [24], it shown that oxidation reaction has higher collision,
however this collision does not propagate to the chemical reaction between oxygen with biodiesel. It
seems that higher collision frequency is more between oxygen to antioxidant in which in this case is
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pyrogallol. As shown in a study by Fattah et al [25] which is concluded that Pyrogallol is found to be
the most effective antioxidant to improve the oxidation stability in case of almost all biodiesels
reviewed.

4. Conclusion

Oxidation reaction on biodiesel could determine by measuring iodine number changes, because
oxygen will react with double bond on unsaturated fatty acid compound in biodiesel. Rate of oxidation
reaction on jatropha curcas biodiesel determined by chemical reaction step compared to mass transfer
step with or without antioxidant. In a presence of 120 ppm pyrogallol, the value of activation energy
and frequency factor on Arrhenius constant is A = 1.025 E+11/ hour (28.47 x 10% sec) and E =
97315.37 Jmol. Extrapolation of the data for the ambient temperature condition 30 °C shown that
during 2.3 years the number of iodine number for jatropha curcas biodiesel will decrease 3.4%.
However, this result should be considered that the calculation does not count on the effect of metal,
light and microbiology process to the decomposition by oxidation process and total decomposition that
might be also take a place on the Jatropha curcas biodiesel.

Acknowledgement
Author team would like to thank to Ministry of Technology and Higher Education Republic of
Indonesia for the research grant Hibah Penelitian Terapan 2017.

References

[11  Gao, C., Zhai, Y., Ding, Y., Wu, Q., Application of sweet sorghum for biodiesel production by
heterotrophic microalga Chlorella protothecoides, Applied Energy, 87 (2010) 756-761.

[2] Costa, J.F., Almeida, M.F,, Ferraz, M.C.M.A_, Dias, J.M., Biodiesel production using oil from
fish canning industry wastes, Energy Conversion and Management, 74 (2013) 17-23

[3] Marchetti, J.M. and Errazu, A.F., Esterification of free fatty acids using sulfuric acid as catalyst
in the presence of triglycerides, Biomass and Bioenergy, 32 ( 2008 ) 892 — 895.

[4] Arbenz A., Averous L., Synthesis and Characterization of Innovative Materials Based on
Triglycerides from Microalgae, 8th Workshop on Fats and Oils as Renewable Feedstock for the
Chemical Industry March 29-31, 2015 Karlsruhe, Germany.

[5] Brennan L., Owende P., Biofuels from microalgae—A review of technologies for production,
processing, and extractions of biofuels and co-products Renewable and Sustainable Energy
Reviews, Volume 14, Issue 2, February 2010, Pages 557-577

[6]  Canakci M, Van Gerpen J., Biodiesel production from Qils and Fats with high Free Fatty Acids,
2001 American Society of Agricultural Engineers ISSN 0001-2351.

[7]  Chisti Y., Research review paper Biodiesel from microalgae, Biotechnology Advances 25
(2007) 294-306

[8]  Waynick J.A., Characterization of Biodiesel Oxidation and Oxidation Products, Task 1 Results.
SwRI® Project No. 08-10721, August 2005

[9]1  Knothe, G., Dependence of biodiesel fuel properties on the structure of fatty acid alkyl esters,
Fuel Processing Technology, 86 (2005) 1059—- 1070.

[10] Shahidi, F., Bailey’s Industrial Oil and Fat Product, John Wiley & Son’s, 2005

[11] Berthiaume D., Study of the Rancimat Test Method in Measuring the Oxidation Stability of
Biodiesel Ester and Blends, NRCan project, November 2006

[12] Fattah [.M.R., Masjuki H.H., Kalam M.A.,.Hazrat M.A., Masum B.M., Imtenan S., Ashraful
A M. , Effect of antioxidants on oxidation stability of biodiesel derived from vegetable and
animal based feedstocks, Renewable and Sustainable Energy Reviews 30 (2014) 356-370

[13] Focke W.W., Westhuizen [,. Grobler A.B.L.,. Nshoane K.T., Reddy J.K., Luyt A.S., The effect of
synthetic antioxidants on the oxidative stability of biodiesel Fuel 94 (2012) 227-233

[14] Jain S., Sharma M.P., Stability of biodiesel and its blends: A review, Renewable and Sustainable
Energy Reviews 14 (2010) 667678

[15] Jain S., Sharma M.P., Oxidation stability of blends of Jatropha biodiesel with diesel, Fuel 90
(2011) 3014-3020.




The 7th International Conference on DV-Xa Method 10P Publishing

IOP Conf. Series: Materials Science and Engineering 835 (2020) 012038 doi:10.1088/1757-899X/835/1/012038

[16]

[17]
[18]
[19]

[20]
[21]

[22]

[23]

[24]

Fattah I M.R., Masjuki H.H., Kalam M.A_ Hazrat M.A., Masum B.M., Imtenan S., Ashraful
A.M. , Effect of antioxidants on oxidation stability of biodiesel derived from vegetable and
animal based feedstocks, Renewable and Sustainable Energy Reviews 30 (2014) 356-370

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

Leung , D.Y.C., Koo, B.C.P., and Guo, Y., Degradation of biodiesel under different storage
conditions, Bioresource Technology, 97 (2006) 250-256

Andras F., Sigurd S., The influence of tocopherols on the oxidation stability of methyl esters.
Journal of the American Oil Chemists Society 2007; 84(6):579-85.Dunn, R.O., Effect of
antioxidants on the oxidative stability of methyl soyate (biodiesel), Fuel Processing Technology,
86 (2005) 1071- 1085.

Levenspiel O., Chemical Reaction Engineering, Mc Graw Hill, 1999

Supriyono, Sulistyo H, Almeida M.F., Dias J.M., Influence of synthetic antioxidants on the
oxidation stability of biodiesel produced from acid raw Jatropha curcas oil, Fuel Processing
Technology, 132 (2015), pp 133-138.

Salyja R.K., Kumar V., Sham R, Stability of biodiesel — A review, Renewable and Sustainable
Energy Reviews 62(2016)866-881

Chouhan A.P.S., Singh N, Sarma A.K., A comparative analysis of kinetic parameters from
TGDTA of Jatropha curcas oil, biodiesel, petroleum diesel and B50 using different methods ,
Fuel 109 (2013)217-224

Fattah [.M,R,, Masjuki H.H.,Kalam M.A., Hazrat M.A., Masum B.M., Imtenan S., Ashraful
A M., Effect of antioxidants on oxidations stability of biodiesel derived from vegetable and
animal based feeds tocks, Renewable and Sustainable Energy Reviews 30(2014)356-370




Kinetics of Oxidation Decomposition on Jatropha Curcas
Biodiesel

ORIGINALITY REPORT

[£

SIMILARITY INDEX

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

% repository.uin-malang.ac.id 3%,

Internet



	Kinetics of Oxidation Decomposition on Jatropha Curcas Biodiesel
	By Supriyono

	Kinetics of Oxidation Decomposition on Jatropha Curcas Biodiesel
	ORIGINALITY REPORT
	MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)


