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ABSTRACT
This research was conducted to study the oxidation stability of Palm Oil
Methyl Ester (POME) as biodieseland its corrosiveness behavior.
Aluminiumalloy was used to study corrosiveness behavior and tested
using Electrochemical Impendence Spectroscopy. Biodiesel samples were
tested to define their functional group by using Fourier Transform Infrared
Spectroscopy. There wereonlyslight changes in weight of test samples
and there was a decreased of corrosion rate. As conclusion, POME biodiesel
prohibited and resists the corrosion attack on Aluminiumdue to formation
of an oxide layer.
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lycerides, contains small amount of partial glycerides,
free fatty acids and non-glyceride substances[4].
Biodiesel, which is a new, renewable and biologi- Biodiesel consisting of long-chain fatty acid methyl escal origin alternative diesel fuels to substitute fossil fuel ter (FAME)which derived from the biological sources
for diesel engines. The source of vegetable oil is a crop such as vegetable oil or animal fats by the
and they promote self-reliance as ample production transesterification of triglycerides and alcohol in the prescapacity exists. But the source of mineral oil is a finite ence of a catalyst[5].
mineral deposit. Biodiesel which having the similar
Although biodiesel has a bright future as the substichemical structures as fossil fuels but non-toxic com- tution of fossil fuel but the use of biodiesel still faces
pare to diesel fuel and usually produced based on the some challenges, including the problems of corrosion
various types of food grade vegetable oils (palm, soy- of fuel containers, low storage stability and oxidation
bean, sunflower, etc.) by using the transestrification pro- stability of biodiesel[6]. Oxidative stability is the paramcess. Biodiesel (methyl ester of palm oil) commonly eters that describe the degradation tendency of biodiesel
known as palm oil diesel[1-3].
and a great importance in content of possible problems
Biodiesel is defined as the fatty acid alkyl monoesters with engine parts[7]. Biodiesel stability generally depends
derived from the plants where composed of mainly trig- on fatty acid profile of the parent stock in result the
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biodiesel with high contents of the unsaturated fatty acids such as linoleic and linolenic which are especially
prone to oxidation. The relative oxidation rates fir these
unsaturated esters are linolenic, linoleic and oleic[7].
Oxidation stability of vegetable oils depends on the level
of unsaturated products presents. The lower the
unsaturation the better oxidative stability but higher
melting point[3]. The oxidation can lead to the formation
of corrosive acids and deposits that may cause increased wear in engine fuel pumps[8].
When oxidation occurs at ordinary temperatures,
the initial products are hydroperoxides. The presence
of the acids will increase the total acidity or total acid
number (TAN) and the risk of corrosion due to the
further degradation of the peroxides and hydroperoxides[7]. Oxidation process is the most important reaction of oils resulting in increased acidity, corrosion, viscosity and volatility when used as lubricant based oils[9].
Oxidative stability depends on the presence of unsaturated fatty acids in the triacyglycerol molecule due to the
double bond (C=C) in fatty acid. For example, the
lower unsaturation the better oxidative stability but with
higher pour point. Reaction of the double bond includes
hydrogen abstraction, addition reaction, fragmentation,
rearrangement, disproportionate reaction and
polymerisation. Unsaturated fatty alkyl chains react with
molecular oxygen to form free radical that lead to
polymerisation and fragmentation[8].
Biodiesel has strong tendency to absorb water
which might promote hydrolytic or hydrolytic oxidation
[10,11]
. The biodiesel will oxidize faster if there is oxygen
and heat exists. The corrosion of the metal will faster
due to the hydrolytic oxidation of biodiesel which increased the acidity of biodiesel. The corrosive nature
of biodiesel can be more aggravated if free water and
free fatty acid are present in it. Beside this, auto-oxidation of biodiesel can also enhance its corrosive characteristics and degradation of fuel properties[1].
There are only few studies available in the literature
related to corrosion of different metals in biodiesel[10].
Most of these studies find corrosiveness of different
biodiesel other than palm biodiesel. Kaul et al. investigated the corrosiveness of different biodiesels such
asJatrophacurcas, Karanja, Mahua and Salvadora and
compared withthe diesel fuel[12]. Further they found that
biodiesel from Jatrophacurcas and Salvadora were more
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aggressive for both ferrous and non-ferrous metal. Geller
et al. have reported that the ferrous alloys and copper
alloys are more prone to be attracted by corrosion into
fat based biodiesel[13].
METHODOLOGY
Aluminium Alloy (AA 5083) specimens were cut
into 25mm×25mm×3mm coupons for immersion tests.
Before exposure, the samples were mechanically polished using 600 to 1500 Silicone Carbide abrasive papers and lubricated using distilled water. The polished
samples were cleaned with acetone, washed using distilled water, dried in air and stored over a desiccant[14,15].
The static immersion tests were carried out at 600C
for 1632 hours (around 68 days). The Aluminium coupons were immersed into the beakers which containing
the biodiesel and immersed the beaker into the oil bath.
Felda brand’s Saji cooking oil was used as oil bath
heating oil.
A Nicolet™ 380 Fourier transform infrared (FTIR)spectrometer equipped with standard KBr beam
splitter and DTGS detector was used. The Smart
ARK™ attenuated total reflection accessory was used
to collect the data and the acetone was used for cleaning before background collection. The biodiesel and
cooking oil samples were put in the FT-IR spectroscopy to analyse the percentage of the transimitter of the
infrared which can pass through the samples. The data
were collected using OMNIC™ spectroscopy software for further analysis.
Specimens were weighed for the original weight
(w0) and then hung in test solution for 68 days. The
corroded specimens were then removed from the solutions, cleaned with distilled water and dried, then immersed in a nitric acid (HNO3) for 2 to 3 min to remove the corrosion products. Finally, the coupons were
washed with distilled water, dried and weighed again in
order to obtain the final weight (w1).
The weight loss of each test metal was recorded
and the corrosion rate or penetration was calculated[4,16], according to the formulas given below:
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1750-1735 cm-1in normal esters)[11]. The conjugation
in the acyl portion of the molecule moves the absorption to a lower frequency; conjugation with the O in the
alkoxy portion moves the absorption to a higher frequency. Ring strain in cyclic esters (lactones) moves
the absorption to a higher frequency. Beside this, the
symmetric vibration of -C-H of CH2 and CH3 at 2854.4
± 10 cm-1 and the asymmetric vibration of -C-H of
CH2 at the peak of 2924.1 ± 10 cm-1 were existing[11].
In addition, Alcohols (OH stretching) at the peak from
range 3300- 3400 cm-1and (CO stretching) at the peak
from range 1000- 1200cm-1.
The research also found out that the usual C=O
stretching of the acid or the ester is replaced by two
bands which arise from symmetrical and anti-symmetrical stretching vibrations of the COO- ion[16]. However,
notable was the appearance of a broad band in the OH stretching region (approximately at 3400 cm-1) in the
biodiesel samples. However the study of the IR spectra of highly unsaturated drying oils during autoxidation,
the ester carboxyl band at 1740 cm-1 was seen to increase and widen, “indicating formation of compounds
containing other C=O groups not completely resolved
in their spectra from the ester carboxyl groups.”
According to Maleque et al.[3], the palm oil contains 50-70 % of palmitic acid, C15H31-COOH, which
is a form of glycerine and it was an ingredients of much
fat which can acts as a lubricating oil additives due to
the presence of the long-chain fatty acid in vegetable
oils. Early research also reported that the best boundaries additives use in lubricated contacts are log chain
molecules with an active end group, typically organic
alcohols, amines or fatty acid[8]. Therefore, we can conclude that the fatty acid of the POME composition can
RESULT AND DISCUSSION
provide effective boundary lubrication due to the presence of a polar and this polar structure would form an
Fourier transform infrared spectroscopy (FT-IR) effective boundary layer which dissipates non-polar
[2]
The peak of the wavenumber (cm-1) of each func- molecules .
In previous study, the Curcas biodiesel has high
tional group for the biodiesel samples were defined by
using FT-IR. There have several main functional groups concentration of C18:2 (19-41%) acid which is more
to oxidation due to presence of two double
exist in the biodiesel which are mostly formed by the prone[17]
alcohol (CO stretching and OH stretching), lipid and bonds . However, with all biodiesel samples the corprotein (CH3 Stretching and CH2 Stretching), ester and rosion is within permissible limits. Therefore, even palm
diesel prone to oxidation and increases of acidity but it
etc.
might not corrode the metals due to its low concentraFrom the graph, the ester has the higher peak at tion of C18:2 (10.1%).
1742.9 ±10 cm-1 (C=O stretch occurs in the range
The FT-IR graph for the pure biodiesel and FT-IR
Where corrosion rate “mpy” stands for mils (0.001 inch)
per year, weight loss in mg, density is in g/cm3, exposed
surface area in square inch and exposure time is in hours.
The Aluminium alloy (AA 5083) specimens for each
concentration were immersed in a 100ml beaker containing seawater[14,15]. All the electrochemical measurements were obtained using Autolab Frequency Response
Analyzer (FRA) coupled to an Autolabpotentiostat connected to a computer. The cell used comprised the conventional three electrodes with a platinum-wire counter
electrode (CE) and a saturated calomel electrode (SCE)
as reference, to which all the potentials were referred.
Aluminium alloy couponswere used as working
electrode (WE). The electrode was polished mechanically and degreased by acetone. The exposed area to
the test solution was 6.25 cm2. The working electrode
was first immersed in the test solution and after establishing a steady state open circuit potential, the electrochemical measurements were performed.
The potentiodynamic current–potential curves were
recorded by changing the electrode potential automatically from -250 mV to +250 mV, related to the open
circuit potential, with the scanning rate of 5 mV s-1.
Corrosion current densities (icorr) and corrosion potential (Ecorr) were evaluated from the intersection of the
linear anodic and cathodic branches of the polarization
curves as Tafel plots.
The Linear Polarization Resistance (LPR) measurements were carried out from -10 mV to +10 mVvsEcorr
at scan rate of 1 mV s-1. The impedance measurements
were conducted over a frequency range of 5 x10-5 Hz
down to 5 x 10-3 Hz. The results were analyzed using
the fit program FRA.
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Figure 1: The FT-IR graph for pure biodiesel

Figure 2 : The FT-IR graph for the 6th Test (Week 9)
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Figure 3 : Potentiodynamic polarization curve for the aluminium coupons from 1st Test (Week 1) to 6th Test (Week 9).

Figure 4 : Nyquist plot for the aluminium coupons from 1st Test (Week 1) to 6th Test (Week 9).

graph for 6th Test (Week 9) were shownbelow in the
Figures 1 and 2 respectively.
Potentiodynamic polarization measurements
Figure 3 shows that the potential Voltage, E (V vs
SCE) of the AA 5083 of each week which against the
Current, I (Acm-2). Potential voltage, E of AA 5083
was shifting from positive to negative direction from 1st
week to 2nd week. But potential voltage, E of the 3rd
week was decreased and shifting from negative to positive direction. At week 4, AA 5083 coupon was found
out that the potential voltage, E was shifting to more
positive direction but the E shifting back to negative
direction on the 5th Test (Week 7) of the AA 5083 coupon during the test. Lastly, the potential voltage, E at

week 7 was shifting to more negative direction compare to previous weeks.
From the potentiodynamic polarization
curvethroughout the testing period1st Test (Week 1) to
6th Test (Week 9), we can see that the anodic and cathodic polarization curve of the AA 5083 alloy in the
biodiesel. From the graph, we can see that the corrosion potential shift toward more negative direction and
the anodic reaction control the rate of corrosion (as the
anodic over voltage is higher). The Aluminium coupons
were randomly taken out from the beakers for testing
the corrosion rate. From the graph, we can see that the
potential Voltage, E (V vs SCE) of the Aluminium which
against the Current, I (Acm-2) were shifting from positive to negative direction throughout the testing period
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TABLE 1 : The electrochemical parameter of aluminium (AA 5083)

Test
1st Test (Week 1)
2nd Test (Week 2)
3rd Test (Week 3)
4th Test (Week 4)
5th Test (Week 7)
6th Test (Week 9)

Rp (k)
2.91
3.90
0.60
4.60
0.71
1.15

Ecorr (mV)
-804
-858
-848
-841
-842
-859

bc (mV/dec-1)
70
93
107
131
58
55

ba (mV/dec-1)
38
59
53
66
75
58

Icorr (µAcm-2)
5.86
6.41
6.43
6.63
7.11
1.06

Cdl
3.26E-04
1.28E-04
2.30E-04
1.01E-04
1.63E-04
6.19E-05

TABLE 2 : Weight loss measurement
Coupon

Before
After Immersion
Immersion (in g)
(in g)

Weight Loss
(in g)

Average Weight
Loss (in mg)

Corrosion
Rate (mpy)

Corrosion rate
(mmpy)

Remarks

1.4500

2.2250

0.0565

1st Test
(Week 1)

2.8500

1.7319

0.0440

2nd Test
(Week 2)

1.2000

0.4553

0.0116

3rd Test
(Week 3)

1.3250

0.4194

0.0107

4th Test
(Week 4)

1.0000

0.2395

0.0061

5th Test
(Week 7)

0.8333

0.1496

0.0038

6th Test
(Week 9)

1

4.5970

4.5968

0.0002

2

4.7116

4.7077

0.0039

3

4.6857

4.6855

0.0002

4

4.7151

4.7136

0.0015

5

4.7096

4.7079

0.0017

6

4.7240

4.7199

0.0041

7

4.7317

4.7301

0.0016

8

4.7323

4.7283

0.0040

9

4.7475

4.7461

0.0014

10

4.6995

4.6984

0.0011

11

4.7488

4.7483

0.0005

12

4.7214

4.7196

0.0018

13

4.7354

4.7346

0.0008

14

4.7371

4.7357

0.0014

15

4.574

4.5727

0.0013

16

4.7173

4.7155

0.0018

17

4.7072

4.7058

0.0014

18

4.7219

4.721

0.0009

19

4.6715

4.6708

0.0007

20

4.7305

4.7289

0.0008

21

4.6441

4.6424

0.0008

22

4.7329

4.7312

0.0008

but it shifting back on the 5th Test (Week 7) of the Aluminium coupon when taken for testing the corrosion
rate and potentiodynamic polarization of the Aluminium.
When the potential voltage, E moves from positive
to negative direction, it determines that the AA 5083
has higher resistance, R to reduce the corrosion. Therefore, the positive or negative direction of the potential
voltage, E can be use to determine the resistance, R of
the AA 5083. Higher resistance, R of AA 5083 can
reduce the corrosion occur.
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Electrochemical impendence spectroscopy
(Nyquist plots)
Figure 4 shows that the electrochemical impendance
spectrscopy (EIS) (Nyquist plot) of the Aluminium alloy throughout the testing period from 1st Test (Week
1) to 6th Test (Week 9). By analyzing the shape of the
obtained Nyquist plots, it can be concluded that the
curves approximated by a single capacitive semicircles,
showing that the corrosion process was mainly charge
transfer controlled and this might contributed the formation of oxide layer on aluminium coupons. The gen-
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Figure 5 : Weight loss of AA 5083 coupons

eral shape of the curves can be observed to be very
similar for all the samples and this is maintained throughout the whole test period, indicating that almost no
change in the corrosion mechanism occurred due to the
corrosion resistant addition.
Therefore, from the graph below (Figure 4), we
can see that the lower or smaller of the semi-circle occur, the more corrosive of the aluminium is and the higher
or larger of the semi-circle occur, the less corrosive of
the aluminium. For the 1st Test (Week 1), the aluminium
was more corrosive that the 2nd Test (Week 2) and the
corrosion of the AA 5083 coupons had been inhibited
due to the higher or larger of the semi-circle. The AA
5083 coupon has increased the size of the semi-circle
from 2nd Test (Week 2) to 5th Test (Week 7) and AA
5083 become less corrosive each week compare with
the previous weeks. But on th 6th Test (Week 9), the
semi-circle started to become smaller and AA 5083
become corrosive. This is due to the breaking boundary of the oxide layer which formed on the aluminium
coupons and this also means that the aluminium coupon
now start to corrode products.
The corresponding corrosion potentials (Ecorr), corrosion current density (Icorr), anodic Tafel slopes (ba),
cathodicTafel slopes (bc), and corrosion rate (CR) were
calculated and given bellow. The Polarization Resistance (Rp) shown that the higher value of the Rp is, the
lower corrosion rate that might occur. The higher Rp
which be recorded was on the 4th Test (Week 4), 4.6
k&!. The change in Ecorr is assumed to be related to

the growth of a passive layer at the surface of electrode. From here we can see that the Ecorr for the 1st
Test (Week 1) was -804mV and this valuewere increased afterward. After the 1st Test (Week 1), we can
see that the Ecorr for the 2nd Test (Week 2) and the
following tests, the Ecorr were constantly form the passive layer at the surface of electrode. The bc and ba
also indicated that the biodiesel was the cathodic type
of inhibitor at the 1st place and slowly to become mix
type of inhibitor from 1st Test (Week 1) to 6th Test
(Week 9). This is because the difference between the
bc and ba (in mV/dec-1) had slowly decreased.
The changes observed in the polarization curves
after addition of the resistant are usually used as criteria
to classify resistant as cathodic, anodic or mixed. The
higher of the Polarization Resistance (Rp) value indicates the lower rate of corrosion[14,15]. The rate of cathodic reaction controls the rate of the corrosion process (as the cathodic over voltage is much greater than
the anodic one[5,18]. The icorr (µAcm-2) is increasing with
the time of immersion from week 1 till week 6 but the
icorr rapidly decrease on week 9 (1.06µAcm-2) due to
the breaking bond of the amine (-N-H-) of the biodiesel.
The values of polarization or charge-transfer resistance, Rct, and double-layer capacitance, Cdl, for AA
5083 were presented in TABLE1. The values of Rct
are observed to increase with the increasing corrosion
resistant concentration. It should be noted that while
Rct values increase with the addition of corrosion resistant, the Cdl values decrease indicating the formation of
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a surface film. Thus, effective corrosion resistance is
observed to be associated with high Rct and low Cdl
values. Increase in Rct values and decrease in Cdl values was related to the increased degree of protection
of AA 5083 alloy in seawater.
The TABLE 1 shows that the Cdl values were increased while the Rct values were decreased. The higher
value of the Cdl was 3.26E+04 on the 1st Test (Week
1) while the Rct was 2.91k&! and the lower value of
Cdlwas 6.19E+05 on the 6th Test (Week 9) while the
Rctwas1.15kΩ .
Weight loss measurement
TABLE 2 shows the weight loss measurements of
the aluminium coupons from time to time. From here,
we can see that there is no much difference in weight (in
g) of the aluminium coupons before immersion and after immersion throughout the test period but the corrosion rate of AA 5083 having some changing from Week
1 to Week 9.
The weight loss of AA 5083 is shown in Figure 5.
From the graph, we can see that the weight loss was
decreased with increased the immersion time. The highest weight loss was recorded as 2.85 mg on 2nd Test
and decreased after the 2nd Test. The lowest weight
loss value was recorded on 6th Test as low as 0.83 mg.
Although the average weight loss of AA 5083 were
not significant but this will affect the corrosion rate of
the AA 5083 throughout the testing period. For the
corrosion rate of the AA 5083, we can see that there
have some decreased of the corrosion rate from time
to time. The corrosion rate of the 1st Test (Week 1)
was 2.2250 mpy and decreased to 0.1496 mpy on 6th
Test (Week 9). But there has the dramatic decreased
of corrosion rate between 2nd Test and 3rd Test. The
corrosion rate for 2nd Test was 1.7319 mpy and rapidly decreased to 0.4553 mpy for 3rd Test.
CONCLUSION
The existing of fatty acid in the POME composition, this can provide an effective boundary layer
(boundary lubrication) due to the presence of polar
structure which dissipates non-polar molecules or corrosion inhibitor. Aluminium also forms an oxide film
when contact with the biodiesel. The oxide film also
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can give certain of rate of protection to the aluminium
and to prevent the corrosion. Aluminium is able to resist the corrosion due to its phenomenon of passivation. Therefore use of Electrochemical Impendence
Spectroscopy (EIS) measurements only clarified that
the corrosion process was mainly charge-transfer controlled and no change in the corrosion mechanism occurred either due to the immersion time or to the inhibitor addition to acidic solutions.
Although the acidity of the biodiesel will increased
due to the immersion period but there has only slightly
change on its properties. The higher peak of the
wavenumber for CH2 and C=O stretching were almost
constant (2923cm-1to 2924 cm-1) throughout test period. Beside this, there was no water content occur in
the biodiesel during the test due to the no change of the
peak of wavenumber for the OH stretching.
For the weight loss measurement, there only a slightly
change of the weight loss between the AA 5083 sample
before immersion and after immersion but there was a
decreased of the corrosion rate of AA 5083 from 1st
Test (2.2250 mpy) to 6th Test (0.1496 mpy). As the
immersion time increased, the value of Rp also increased
and decreased throughout the test period. The highest
value of Rp is at 4th Test (Week 4), 4.6 k&! while the
Cdl is recorded at 1.01E-04 and it was the second lowest value throughout the test period. The result of the
4th Test also shows that the value of Icorr, ba, bc and Ecorr
were -841mV, 131 mV/dec-1, 66 mV/dec-1 and 6.63
µAcm-2 respectively.
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