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Corrosion Behaviour of Aluminium Alloy in Palm Oil Methyl Ester (B100)
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The aim of this study is to determine the corrosion effect of palm oil methyl ester (POME) on
aluminium alloy 5083 (AA5083). The static immersion test was carried out at 60°C for 68 days
according to ASTM G-31-72. The corrosion analysis was done by using weight loss method and
electrochemical test. The result from weight loss method shows the decreasing in weight loss of

AA5083 which signifies the ability of POME to reduce corrosion rate. The electrochemical test shows
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the decreasing in polarization resistance, R,, while the corrosion current densities, ler, increase. The

corrosion rate reduces from 2.250mpy to 0.1946mpy. The low concentration of fatty acid C18:2 and
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high anti oxidant element contributes to the reduction of corrosion rate of AA5083 in POME.
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1.0 INTRODUCTION

Biodiesel are more likely getting the attention all over the world
due to the energy needed and the environmental friendly
properties. The use of the biodiesel could potentially reduce major
pollutant substance in exhaust gases such as nitrogen oxide
(NOy), sulphur oxide (SOy), carbon monoxide (CO), polycyclic
aromatic  hydrocarbons  (PAHs),  monocyclic  aromatic
hydrocarbons (MAHSs), unburned hydrocarbon and other volatile
gases [1]. The reduction in emissions was shown to be due to the
desirable biodiesel properties such as higher oxygen content,
lower sulphur and aromatic levels, and greater biodegradability
when compared to fossil diesel [2,4].

Although biodiesel has a bright future as substitution of
fossil fuel but the use of biodiesel still faces some challenges,
including the problems of corrosion of fuel containers, low
storage stability and oxidation stability of biodiesel [5]. Oxidative
stability is the parameters that describe the degradation tendency
of biodiesel and a great importance in content of possible
problems with engine parts [6].

The vegetable-based which is palm oil methyl ester (POME)
is mainly composed of fatty acids (e.g. palmitic acid, stearic acid,
oleic acid, etc.), and some non-glyceride substances. The fatty
acid composition of methyl esters of crude palm oil (CPO), crude
palm stearin (CPS) and crude palm kernel oil (CPKO) is shown in
Table 1.

Table 1 Comparison fatty acids composition (%) of the CPO, CPS,
CPKO and CaroDiesel

C12 Ci14 Cl6:0 C18 C18:1 C18:2 C20

CPO 0.3 0.8 443 5 39.1 10.1 -
CPS 0.4 1.9 52 4.1 32.7 7.9 -
CPKO 44.9 16 10.1 2.4 17.1 2.8 0.2

CaroDiesel 0.2 1 43.7 4.5 39.5 10.1 0.3

Biodiesel is non-toxic and can degrade about four times
faster than fossil fuels and oxygen content improves the
biodegradation process, leading to a decreased level of quick
biodegradation [7]. This paper focused on the study of
corrosiveness of POME towards AA5083 and four tests were
conducted in order to complete this research.

2.0 MATERIALS AND METHODS
2.1 Sample Preparation
Aluminium Alloy (AA5083) specimens were cut into

25mmx25mmx3mm coupons for immersion tests. Before
exposure, the samples were mechanically polished using 600 to
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1500 silicon carbide (SiC) 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 [8].

2.2 Static Immersion Test

The static immersion tests were adapted from ASTM G-31-72 and
carried out at 60°C for 1632 hours or around 68 days [9]. All test
specimens were placed under the ambient condition. The
aluminium alloy coupons were immersed into the beakers which
contained biodiesel and it was placed in oil bath. The heating oil
for oil bath is cooking oil. The cooking oil was used to compare
the functional groups changes with the biodiesel. For the long-
term static immersion test, biodiesel from each beaker was
sampled and tested for acid value periodically throughout the test
period.

2.3 Weight Loss Test

Specimens were weighed for the original weight 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 2-3 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.

Corrosion rate is calculated assuming uniform corrosion over
the entire surface of the coupon. Corrosion rates, CR are
calculated from weight loss methods where W is the weight loss in
milligrams, D is the metal density in g/cm®, A is the area of
sample in cm?, and T is the exposure period of sample in hours.
Equation 1 was used to calculate corrosion rate [10]:

CR (mm) 87.6 W
- | = bX(——
year (DAT

)
2.4 Impedance and Polarization Study

The potentiodynamic polarization study was conducted by using
potentiostat. The cell used is a conventional three electrodes with
a platinum wire counter electrode (CE) and a saturated calomel
electrode (SCE) as reference to which all potentials are referred.
The working electrode (WE) is in the form of a square cut so that
the flat surface will be the only surface in the electrode. The
potentiodynamic current-potential curves record the data after the
electrode potential was automatically changed from -250mV to
+250mV with the scanning rate of 5mVs™. The results were
analyzed using the fit program GPES. Corrosion current (lcoy) Was
calculated by using the Stern-Geary equation as in Equation 2
where b, is anodic Tafel slope, b is cathodic Tafel slope and R, is
polarization resistance [11,12]:

I _ bexbg
COTT ™" 2.303Rp(be+bg)
)

Electrochemical impedance spectroscopy (EIS) study was
done by using AC signal of impedance measurements by using
potentiostat and run at the corrosion potential. All the potentials
referred were relative to reference electrode which is saturated
calomel electrode. The impedance measurements were conducted
over a frequency range of 10° Hz to 10" Hz. The results were
analyzed using the fit program known as Frequency Response
Analyzer (FRA).

3.0 RESULTS AND DISCUSSION
3.1 Weight Loss Test

The weight loss of AA5083 in POME has been determined as a
function of the immersion time. Weight loss analysis can be seen
in Figure 1. As seen, the highest weight loss was occurring at 2™
test and after that the weight loss start to decrease. At this point,
the rate of metal dissolution was believed to be the highest. The
oxidation process of POME might lead to the increasing of weight
loss. Oxidation can lead to the formation of corrosive acids and
deposits that may cause increased wear in engine parts [13]. The
next test reveals that the weight loss of AA5083 keep reducing
where at the 3" test, it shows the lowest weight loss among
others. The oxidation of POME at this point might be lower where
it produces less corrosive acids and hence it reduces the weight
loss of AA5083. 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
[14]. This phenomenon signifies that POME has a tendency to
retard the corrosion process and it is good for the development of
biodiesel.

Percentage of weightlos s (%)

o 1 2 3 4
Test

Figure 1 weight loss percentage of AA5083 immersed in POME

3.2 Electrochemical Impedance Spectoroscopy

The impedance study can be seen in Figure 2a and the data is
tabulated in Table 2. The graph was represented by single
semicircle capacitive loop. As seen, the value of charge transfer
resistance, Ry for 1% test is the lowest and this value increases
with respect to test period as can be obviously seen in Figure 2b.
The smaller the semicircle is, the greater the corrosion rate will be
[8]. Therefore, with the increasing test period apparently decrease
the corrosion rate. The change of charge transfer resistance is due
to charge transfer reaction and time constant of the electric double
layer as well as surface inhomogeneity of structural or interfacial
origin. The value of double layer capacitance, Cy is illustrated in
Figure 2c. From 1% to 3™ test, the value of double layer
capacitance, Cq decreases. The decrease in Cy is due to the
decrease in local dielectric constant and/or an increase in the
thickness of the electrical double layer [15]. The 4™ test shows
there is an increment on Cy value. The increasing of Cy is due to
the formation of porous layer of corrosion product on its surface
and causes the increasing of local dielectric constant. When there
are rises in dielectric constant value, the penetration of electrolyte
through pores and cracks becomes greater. This considerable
occurrence signifies that there are continuous diffusion of chloride
ion at the metal/layer interface which subsequently causes the
decreasing in Ry and increasing in Cy [16].
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Figure 2 a) Nyquist plot for AA5083 immersed in POME b) Plot of
charge transfer resistant, R, c) Plot of double layer capacitance, Cqy

Table 2 Impedance parameters gained from electrochemical impedance
spectroscopy analysis

Test Ret () Ca(F)
Lst Test 590.13 2.42E-04
2nd Test 920.04 2.42E-04
3rd Test 1097.98 3.92E-05
4th Test 1281.15 117E-04

3.3 Potentiodynamic Polarization Test

The value of |, is tabulated in Table 3. As seen in Figure 3 and
Figure 4a, value of gy increases from 1% to 4™ test. The
increasing values of I, lead to the increasing of corrosion rate
where at this point, the occurrence of cracks and pores can be
detected. The existence of this cracks and pores allows the
electrolyte to flow through it and directly react with metals where
corrosion process begins to arise [17]. At this stage, the reaction is

controlled by activation energy of the reaction and consecutively
the reaction later will be controlled by oxygen kinetics transport.
As this reaction occur, the metals tend to lose its weight as this
reaction is a function of surface roughness and dissolve oxygen
and consequently increase I at early immersion period. The
value of E¢,,, gained from linear trend line decreasing with respect
to test period as illustrated in Figure 4b. As the value of E.,
shifted to more negative value, the system tends to increase its
metal dissolution and hydrogen evolution process [18].

log i [Aem)

Figure 3 Tafel plots for AA5083

Table 3 Potentiodynamic polarization study parameters

ECDI’I’ bc ba ICCII'I'
Test (mV) (mV/dec™) (mV/dec")  (nAcm™?)

1st Test -804 70 38 5.86
2nd Test -858 93 59 6.41
3rd Test -848 107 53 6.43
4th Test -841 131 66 6.63
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Figure 4 a) lcorr and b) Ecorr plots of AA5083 in POME

4.0 CONCLUSION

Three types of test were conducted to study the corrosiveness of
POME towards AA5083. Weight loss analysis shows reduction in
weight loss while electrochemical and polarization test shows that
the value of polarization resistance, R, and charge transfer
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resistance, R, increase while the value of double layer
capacitance, Cy decreases and the corrosion current density, e
also decreases and consequently reveals the ability of POME to
retard the corrosion of AA5083.
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