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ABSTRACT

This research was conducted to study the oxidation stability of Palm Qil
Methyl Ester (POME) as biodieseland its corrosiveness behavior.
Aluminiumalloy was used to study corrosiveness behavior and tested
using Electrochemical | mpendence Spectroscopy. Biodiesel sampleswere
tested to definetheir functional group by using Fourier Transform Infrared
Spectroscopy. There wereonlydight changes in weight of test samples
and therewas adecreased of corrosion rate. Asconclusion, POME biodiesel
prohibited and resists the corrosion attack on Aluminiumdue to formation
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of anoxidelayer.

INTRODUCTION

Biodiesdl, whichisanew, renewableand biologi-
cd origindternativediesd fudsto substitutefossil fuel
for diesdl engines. Thesource of vegetableoil isacrop
and they promote self-reliance as ample production
capacity exists. But the source of minerd oil isafinite
mineral deposit. Biodiesa which having the similar
chemical structuresasfossil fuelsbut non-toxic com-
pareto diesel fuel and usualy produced based onthe
varioustypesof food grade vegetableoils (palm, soy-
bean, sunflower, etc.) by using thetransestrification pro-
cess. Biodiesel (methyl ester of palm oil) commonly
knownaspamoil diesal3.

Biodiesd isdefined asthefatty acid kyl monoesters
derived fromthe plantswhere composed of mainly trig-
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lycerides, containssmall amount of partial glycerides,
free fatty acids and non-glyceride substances”.
Biodiesel consisting of long-chainfatty acid methyl es-
ter (FAME)which derived from thebiological sources
such as vegetable oil or animal fats by the
transesterification of triglyceridesand d cohol inthepres-
enceof acatayst®.

Although biodiesd hasabright futureasthe substi-
tution of fossil fuel but the use of biodiesd till faces
some challenges, including the problems of corrosion
of fuel containers, low storage stability and oxidation
stability of biodiesdl®. Oxidativestability isthe param-
etersthat describethe degradati on tendency of biodiesdl
and agreat importancein content of possible problems
withengineparts”. Biodiesd stability generdly depends
on fatty acid profile of the parent stock in result the
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biodiesd with high contentsof theunsaturated fatty ac-
idssuch aslinoleic and linolenic which areespecidly
proneto oxidation. Thereativeoxidationratesfir these
unsaturated estersarelinolenic, linoleic and oleic!”.
Oxidation stability of vegetableoilsdependsontheleve
of unsaturated products presents. The lower the
unsaturation the better oxidative stability but higher
melting point'®. Theoxidation canlead totheformation
of corrosive acids and deposits that may cause in-
creased wear inenginefuel pumps®.

When oxidation occursat ordinary temperatures,
theinitia productsare hydroperoxides. Thepresence
of theacidswill increasethetotal acidity or total acid
number (TAN) and therisk of corrosion due to the
further degradation of the peroxides and hydroperox-
ides™. Oxidation processisthe most important reac-
tion of oilsresultinginincreased acidity, corrosion, vis-
cosity and volatility when used aslubricant based oil§9.
Oxidative stability depends on the presence of unsatur-
atedfatty acidsin thetriacyglycerol moleculeduetothe
double bond (C=C) in fatty acid. For example, the
lower unsaturation the better oxidative stability but with
higher pour point. Reaction of thedoublebondincludes
hydrogen abstraction, addition reaction, fragmentation,
rearrangement, disproportionate reaction and
polymerisation. Unsaturated faity dkyl chainsreact with
molecular oxygen to form free radical that lead to
polymerisation and fragmentation'®.

Biodiesdl has strong tendency to absorb water
which might promote hydrolytic or hydrolytic oxidation
(101 Thebiodiesd will oxidizefaster if thereisoxygen
and hest exists. The corrosion of themetal will faster
duetothe hydrolytic oxidation of biodiesel whichin-
creased theacidity of biodiesdl. The corrosive nature
of biodiesel canbemoreaggravated if freewater and
freefatty acid arepresent init. Besidethis, auto-oxida-
tion of biodiesdl can a so enhanceitscorrosivecharac-
teristicsand degradation of fuel properties™.

Thereareonly few sudiesavailableintheliterature
related to corrosion of different metalsin biodiesael™,
Most of these studiesfind corrosiveness of different
biodiesd other than palm biodiesdl. Kaul et a. investi-
gated the corrosiveness of different biodiesels such
asJatrophacurcas, Karanja, Mahuaand Salvadoraand
compared withthediesd fud*?. Further they found that
biodiesd from Jatrophacurcasand Sdvadoraweremore
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aggressivefor bothferrousand non-ferrousmetd. Gdller
et a. havereported that the ferrousalloysand copper
aloysaremoreproneto beattracted by corrosioninto
fat based biodiesdl™.

METHODOLOGY

AluminiumAlloy (AA 5083) specimenswere cut
INto 25mmx25mmx3mm coupons for immersion tests.
Before exposure, the sampleswere mechanically pol-
ished using 600 to 1500 Silicone Carbide abrasive pa-
persand lubricated using distilled water. The polished
sampleswerecleaned with acetone, washed using dis-
tilled water, driedinair and stored over adesi ccant!*41],

Theddicimmersiontestswerecarried out at 60°C
for 1632 hours (around 68 days). The Aluminium cou-
ponswereimmersed into the beakerswhich containing
thebiodiesdl andimmersed thebegker intotheoil bath.
Felda brand’s Saji cooking oil was used as oil bath
heetingail.

A Nicolet™ 380 Fourier transform infrared (FT-
IR)spectrometer equipped with standard KBr beam
splitter and DTGS detector was used. The Smart
ARKT™ gattenuated total reflection accessory was used
to collect the dataand the acetone was used for clean-
ing before background collection. The biodiesel and
cooking oil sampleswereput inthe FT-IR spectros-
copy to anaysethe percentage of thetransimitter of the
infrared which can passthrough the samples. Thedata
were collected using OMNIC™ gpectroscopy soft-
warefor further andyss.

Specimenswere weighed for the origina weight
(w,) and then hung in test solution for 68 days. The
corroded specimenswere then removed from the solu-
tions, cleaned with distilled water and dried, thenim-
mersed in anitricacid (HNO,) for 2to 3 minto re-
movethecorrosion products. Finally, thecouponswere
washed with digtilled water, dried and weighed againin
order to obtainthefinal weight (w,).

Theweight loss of each test metal was recorded
and the corrosion rate or penetration was calcu-

lated**9, according to theformul as given below:
Weight Loss X 534
(Area)(Time)(Metal Density)

Weight Loss X372
(Area)(Time)

Corrosion Rate = mils/ year or mpy

Penetration = mg/ (sq.dm)(day) or mdd
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Wherecorrosonrate“ ‘mpy” stands for mils (0.001 inch)
per year, weight lossinmg, density ising/cm?, exposed
surfaceareain squareinch and exposuretimeisin hours.

TheAluminiumaloy (AA 5083) specimensfor each
concentration wereimmersed in a100ml beaker con-
taining seawater**19, All the d ectrochemica measure-
mentswereobta ned us ngAutolab Frequency Response
Anayzer (FRA) coupledto anAutol abpotenti ostat con-
nected to acomputer. The cell used comprised the con-
ventiona threee ectrodeswith aplatinum-wire counter
electrode (CE) and asaturated calome dectrode (SCE)
asreference, towhich al the potential swerereferred.

Aluminium alloy couponswere used asworking
electrode (WE). Thedectrode was polished mechani-
cally and degreased by acetone. The exposed areato
thetest solution was 6.25 cm?. Theworking € ectrode
wasfirstimmersed inthetest solution and after estab-
lishing asteady state open circuit potentia , the el ectro-
chemica measurementswere performed.

The potentiodynamic current—potential curves were
recorded by changing the el ectrode potentia automeati-
cally from-250 mV to +250 mV, related to the open
circuit potential, with the scanning rate of 5mV s?.
Corrosion current densities(i_, ) and corrosion poten-
tia (E_,,) wereevaduated fromtheintersection of the
linear anodic and cathodic branches of thepolarization
curvesasTafd plots.

TheLinear Polarization Res stance (L PR) measure-
mentswerecarried out from-10mV to+10mVvsE_
at scanrateof 1 mV st. Theimpedance measurements
were conducted over afrequency range of 5x10° Hz
downto5x 10°Hz. Theresultswereanayzed using
thefit program FRA.

RESULT AND DISCUSSION

Fourier transforminfrared spectroscopy (FT-IR)

The peak of thewavenumber (cm'?) of each func-
tiona group for the biodiesdl samplesweredefined by
using FT-IR. Therehaveseverd mainfunctiond groups
exist inthebiodiesel which are mostly formed by the
alcohol (CO stretching and OH stretching), lipid and
protein (CH, Stretching and CH,, Stretching), ester and
etc.

From the graph, the ester has the higher peak at
1742.9 £10 cm™ (C=0 stretch occurs in the range

1750-1735 cnrlin normal esters)!*. The conjugation
intheacyl portion of the molecule movesthe absorp-
tionto alower frequency; conjugationwiththeOinthe
alkoxy portion movesthe absorptionto ahigher fre-
guency. Ring strainin cyclic esters (lactones) moves
the absorptionto ahigher frequency. Besidethis, the
symmetricvibration of -C-H of CH, and CH, at 2854.4
+ 10 cm™* and the asymmetric vibration of -C-H of
CH, at the peak of 2924.1+ 10 cm™ wereexisting™.
Inaddition, Alcohols(OH stretching) at the peak from
range 3300- 3400 cnmrand (CO stretching) at the peak
from range 1000- 1200cm™.

The research also found out that the usual C=0O
stretching of the acid or the ester isreplaced by two
bandswhich arisefrom symmetrica and anti-symmetri-
cd gtretching vibrations of the COO- ion*®. However,
notabl e was the appearance of abroad band in the O-
H stretching region (approximately at 3400 cm?) inthe
biodiesdl samples. However the study of the IR spec-
traof highly unsaturated drying oil sduring autoxidation,
the ester carboxyl band at 1740 cm™* was seentoin-
creaseand widen, “indicating formation of compounds
containing other C=0 groupsnot completely resolved
intheir spectrafrom the ester carboxyl groups.”

According to Maequeet al.B, the palm oil con-
tains 50-70 % of pamitic acid, C ;H, COOH, which
isaform of glycerineandit wasan ingredientsof much
fat which can actsasalubricating oil additivesdueto
the presence of thelong-chain fatty acid in vegetable
oils. Early research a so reported that the best bound-
ariesadditivesuseinlubricated contactsarelog chain
mol ecul eswith an activeend group, typically organic
acohols, aminesor fatty acid®. Therefore, we can con-
cludethat thefatty acid of the POM E composition can
provideeffective boundary lubrication dueto the pres-
enceof apolar and thispolar structurewould forman
effective boundary layer which dissipates non-polar
molecules?.

In previous study, the Curcas biodiesel hashigh
concentration of C18:2 (19-41%) acid whichismore
prone to oxidation due to presence of two double
bonds*. However, with all biodiesdl samplesthecor-
rogoniswithin permissblelimits. Therefore, evenpadm
diesal proneto oxidation and increasesof acidity but it
might not corrode the metalsduetoitslow concentra-
tionof C18:2(10.1%).

TheFT-IR graph for the purebiodiesel and FT-IR
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Figure4: Nyquist plot for the aluminium couponsfrom 1% Test (Week 1) to 6" Test (Week 9).
graph for 6" Test (Week 9) were shownbelow inthe  week 7 was shifting to more negative direction com-

Figures 1 and 2 respectively.
Potentiodynamic polarization measur ements

Figure 3 showsthat the potentia Voltage, E (V vs
SCE) of theA A 5083 of each week which against the
Current, | (Acm?). Potential voltage, E of AA 5083
was shifting from positiveto negativedirection from 1%
week to 2" week. But potential voltage, E of the 3
week wasdecreased and shifting from negativeto pos-
tivedirection. At week 4, AA 5083 coupon wasfound
out that the potentia voltage, E was shiftingto more
positivedirection but the E shifting back to negative
direction onthe 5" Test (Week 7) of the AA 5083 cou-
pon during thetest. Lastly, the potential voltage, E at

pareto previousweeks.

From the potentiodynamic polarization
curvethroughout thetesting period1® Test (Week 1) to
6" Test (Week 9), we can seethat the anodic and ca-
thodic polarization curveof theAA 5083 dloy inthe
biodiesel. From the graph, we can seethat the corro-
sion potentia shift toward more negativedirection and
theanodic reaction control therate of corrosion (asthe
anodicover voltageishigher). TheAluminium coupons
wererandomly taken out from the beakersfor testing
thecorrosionrate. From thegraph, we can seethat the
potentid Voltage, E (V vs SCE) of theAluminiumwhich
against the Current, | (Acm?) wereshifting from posi-
tiveto negative direction throughout thetesting period
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TABLE 1: Theelectrochemical parameter of aluminium (AA 5083)

Test Rp (KQ) Econ(MV)  be(mVidec?)  by(mVidec!)  leor (mACm?) Cal
1st Test (Week 1) 2.91 -804 70 38 5.86 3.26E-04
2nd Test (Week 2) 3.90 -858 93 59 6.41 1.28E-04
3rd Test (Week 3) 0.60 -848 107 53 6.43 2.30E-04
4th Test (Week 4) 4.60 -841 131 66 6.63 1.01E-04
5th Test (Week 7) 0.71 -842 58 75 7.11 1.63E-04
6th Test (Week 9) 1.15 -859 55 58 1.06 6.19E-05

TABLE 2: Weight lossmeasurement

Coupon Before After Immersion Weight Loss AverageWeight Corrosion  Corrosionrate  Remarks
Immersion (in g) (ing) (ing) Loss (in mQ) Rate (mpy) (mmpy)
1 45970 45968 0.0002 1.4500 2.2250 0.0565 1st Test
2 47116 47077 0.0039 (Week 1)
3 4.6857 4.6855 0.0002
4 47151 47136 0.0015
5 4.7096 47079 0.0017 2.8500 1.7319 0.0440 2nd Tegt
6 4.7240 4.7199 0.0041 (Week 2)
7 47317 47301 0.0016
8 47323 47283 0.0040
9 47475 47461 0.0014 1.2000 0.4553 0.0116 3rd Test
10 4.6995 4.6984 0.0011 (Week 3)
11 47483 47483 0.0005
12 47214 47196 0.0018
13 4.7354 47346 0.0008 1.3250 0.4194 0.0107 4th Test
14 47371 47357 0.0014 (Week 4)
15 4574 45727 0.0013
16 47173 47155 0.0018
17 47072 47058 0.0014 1.0000 0.2395 0.0061 5th Test
18 47219 4721 0.0009 (Week 7)
19 46715 4.6708 0.0007
20 47305 47289 0.0008 0.8333 0.1496 0.0038 6th Test
21 4.6441 4.6424 0.0008 (Week 9)
22 47329 47312 0.0008

but it shifting back on the 5" Test (Week 7) of theAlu-
minium coupon when taken for testing the corrosion
rateand potentiodynamic polarization of theAluminium.

When the potentid voltage, Emovesfrom pogtive
to negativedirection, it determinesthat theAA 5083
has higher resistance, R to reducethe corrosion. There-
fore, the positive or negative direction of the potentia
voltage, E can be useto determinetheresistance, R of
the AA 5083. Higher resistance, R of AA 5083 can
reduce the corrosion occur.

Electrochemical impendence spectroscopy
(Nyquist plots)

Fgure4 showsthat thed ectrochemica impendance
spectrscopy (EIS) (Nyquist plot) of theAluminium a-
loy throughout the testing period from 1 Test (Week
1) to 6" Test (Week 9). By analyzing the shape of the
obtained Nyquist plots, it can be concluded that the
curves gpproximated by asingle capacitivesemicircles,
showing that the corrosion processwasmainly charge
transfer controlled and this might contributed thefor-
mation of oxidelayer onauminium coupons. Thegen-
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Figure5: Weight loss of AA 5083 coupons

eral shape of the curves can be observed to be very
gmilar for dl thesamplesand thisismaintained through-
out the whole test period, indicating that amost no
changein the corrosion mechanism occurred duetothe
corrosionresistant addition.

Therefore, from the graph below (Figure 4), we
can seethat thelower or smaller of the semi-circleoc-
cur, themorecorrosveof theduminiumisandthehigher
or larger of the semi-circle occur, theless corrosive of
theauminium. For the 18 Test (Week 1), theduminium
wasmore corrosivethat the 2 Test (Week 2) and the
corrosion of theAA 5083 couponshad been inhibited
duetothehigher or larger of thesemi-circle. TheAA
5083 coupon hasincreased thesize of the semi-circle
from 2™ Test (Week 2) to 5" Test (Week 7) and AA
5083 becomeless corrosive each week comparewith
the previous weeks. But on th 6™ Test (Week 9), the
semi-circle started to become smaller and AA 5083
become corrosive. Thisisdueto the breaking bound-
ary of theoxidelayer which formed onthea uminium
couponsandthisa so meansthat the a uminium coupon
now start to corrode products.

Thecorresponding corrosion potentias(E_, ), cor-
rosion current density (I ), anodic Tafel slopes (b)),
cathodicTafel slopes(b ), and corrosionrate (CR) were
calculated and given bellow. The Polarization Resis-
tance (Rp) shownthat the higher vaue of theRpis, the
lower corrosion rate that might occur. The higher Rp
which be recorded was on the 4" Test (Week 4), 4.6
k&!. Thechangein Ecorr isassumed to berelated to

the growth of a passive layer at the surface of elec-
trode. From here we can seethat the Ecorr for the 1%
Test (Week 1) was -804mV and this valuewere in-
creased afterward. After the 1% Test (Week 1), wecan
see that the Ecorr for the 2™ Test (Week 2) and the
following tests, the Ecorr were congtantly form the pas-
sivelayer at the surface of electrode. The bc and ba
alsoindicated that the biodiesel wasthe cathodic type
of inhibitor at the 1% place and slowly to become mix
type of inhibitor from 1% Test (Week 1) to 6" Test
(Week 9). Thisisbecausethedifference between the
bc and ba(inmV/dec?) had slowly decreased.

The changes observedin the polarization curves
after addition of theres stant areusualy used ascriteria
to classify resistant as cathodic, anodic or mixed. The
higher of the Pol arization Res stance (Rp) vaueindi-
catesthelower rate of corrosion***, Therate of ca-
thodic reaction control stherate of the corrosion pro-
cess (asthecathodic over voltageismuch greater than
theanodicong®¥., Theicorr (LAcm?) isincreasingwith
thetimeof immersion fromweek 1 till week 6 but the
icorr rapidly decrease on week 9 (1.06pAcm) dueto
thebreaking bond of theamine (-N-H-) of thebiodiesd.

Thevduesof polarization or charge-transfer resis-
tance, R, and double-layer capacitance, C,, for AA
5083 were presented in TABLEL. Thevaluesof R
are observed to increase with theincreasing corrosion
resistant concentration. It should be noted that while
R, vauesincreasewith theaddition of corrosionresis-
tant, the C,, values decreaseindicating theformation of
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asurfacefilm. Thus, effective corrosionresistanceis
observed to be associated with high R, and low C,
values. Increasein R valuesand decreasein C val-
ueswasrelated to theincreased degree of protection
of AA 5083 alloy in seawater.

TheTABLE 1 showsthat the C valueswerein-
creased whilethe R, valueswere decreased. Thehigher
value of the C, was 3.26E+04 on the 1% Test (Week
1) whilethe R, was 2.91k&! and thelower value of
C,was 6.19E+05 on the 6™ Test (Week 9) whilethe
R wasL.15kQ) .

Weight loss measur ement

TABLE 2 showstheweight lossmeasurements of
thea uminium couponsfrom timetotime. From here,
we can seethat thereisnomuch differenceinweight (in
g) of thea uminium coupons beforeimmersion and &f -
ter immersion throughout the test period but the corro-
sonrateof AA 5083 having somechanging from Week
1 to Week 9.

Theweight lossof AA 5083 isshownin Figureb5.
From the graph, we can see that the weight loss was
decreased withincreased theimmersiontime. Thehigh-
est weight loss was recorded as 2.85 mg on 2™ Test
and decreased after the 2™ Test. The lowest weight
lossvaluewasrecorded on 6" Test aslow as0.83 mg.

Although theaverageweight lossof AA 5083 were
not significant but thiswill affect thecorrosion rate of
the AA 5083 throughout the testing period. For the
corrosion rate of the AA 5083, we can seethat there
have some decreased of the corrosion ratefrom time
to time. The corrosion rate of the 1% Test (Week 1)
was 2.2250 mpy and decreased to 0.1496 mpy on 6"
Test (Week 9). But there hasthe dramatic decreased
of corrosion rate between 2™ Test and 3 Test. The
corrosion rate for 2™ Test was 1.7319 mpy and rap-
idly decreased to 0.4553 mpy for 34 Test.

CONCLUSION

Theexisting of fatty acid inthe POM E composi-
tion, this can provide an effective boundary layer
(boundary lubrication) due to the presence of polar
structurewhich dissi patesnon-polar moleculesor cor-
rosion inhibitor. Aluminium also formsan oxidefilm
when contact withthebiodiesdl. Theoxidefilm aso

BioTechnology — o

can give certain of rate of protection to thealuminium
and to prevent the corrosion. Aluminiumisabletore-
sist the corrosion dueto its phenomenon of passiva-
tion. Therefore use of Electrochemical Impendence
Spectroscopy (EIS) measurementsonly clarified that
thecorrosion processwasmainly charge-transfer con-
trolled and no changein the corrosion mechanism oc-
curred either dueto theimmersiontimeor to theinhibi-
tor additionto acidic solutions.

Although theacidity of the biodiesel will increased
dueto theimmersion period but therehasonly dightly
change on its properties. The higher peak of the
wavenumber for CH,and C=0O stretching werea most
constant (2923cm™to 2924 cmr?) throughout test pe-
riod. Besidethis, therewas no water content occur in
thebiodiesd during thetest dueto theno changeof the
peak of wavenumber for the OH stretching.

For thewe ght lossmeasurement, thereonly adightly
changeof theweight lossbetweentheAA 5083 sample
beforeimmersion and after immersion but therewasa
decreased of the corrosion rate of AA 5083 from 1
Test (2.2250 mpy) to 6 Test (0.1496 mpy). As the
immersontimeincreased, thevaueof Rpasoincreased
and decreased throughout thetest period. The highest
valueof Rpisat 4" Test (Week 4), 4.6 k&! whilethe
C, isrecorded at 1.01E-04 and it wasthe second low-
est valuethroughout thetest period. Theresult of the
4" Test also showsthat thevalueof | , b, b_andE

corr? corr

were-841mV, 131 mV/dec?, 66 mV/dec! and 6.63
nAcm?respectively.
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