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ABSTRACT KEYWORDS
Inthis paper effect of electric voltage level on corrosion rate of Aluminum AluminiumAA 5083,
(AA 5083) was studied. Eighty samples plate surfaces were prepared Cor_roson;
according to the standard procedure. The corrosion studies have been Electric voltage;
carried out at room temperature using seawater. Variouslevel of electricDC Seawater.

voltage (0, 1.5, 3and 4.5 V) applied and sampleswereleft for 10, 20, 30 and
40 daysin order to determineits corrosion rate for each and every level of
voltages supplied. These samples were analyzed to determine the weight
loss, electrochemical test using Electrochemical I mpedance Spectroscopy
and morphology test to determine the corrosion rate of the Aluminium
plate and effect of voltage levels. After 40 days, the final weights of all
sampleswerediffered compareto theinitial weights. For 0V sampleinitial
and final weightswere4.7375 g and 4.7164 g respectively, which is99.7% of
itsinitial weight. For 1.5 V sample, initial weight was 4.7262 g and final
weight was 3.8833 g, which is 82.4% of itsinitial weight. Meanwhile, for
samples of 3V and 4.5V, initia weights were 4.7225 g and 4.7511 g
respectively, after 40 days, samples were loosed 1.3025 g and 1.5169 g
respectively. The results reviled that electric voltage is one of the factor
that can accelerate corrosion of Aluminium AA 5083 in seawater. Further,
resultsindicated that introduction of electric voltage obviously maximize
weight losses and enhance Aluminium dissolution in seawater. As a
conclusion from this study, corrosion rate of Aluminium AA 5083 plateis
increasing by increasing of DC electric voltage in seawater.
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INTRODUCTION and its propertiest. Therearemany factorsthat led to

the corrosion, but a so acatayst that can accel eratethe

Corrosionisachemical or electrochemica reac-  corrosion processitself. Therearealot of factorsthat
tion between amateria, usually ametal, anditsenvi-  researchers manageto identify, such aspH, tempera
ronment that produces adeterioration of thematerial  ture, éectric current density, density of dissolved oxy-
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gen, the concentration of ionsinasolution, and soforth.
According to available data, between 4 to 6% of
grossdomestic production (GDP) islost to corrosion,
approximately USD $1.6trillionlost every year from
theworld’s economy. In the Malaysian context, 4% of
GDPwould meanalossof around RM 30hillionevery
year, that is more than RM 1200 annually for every
citizen of the country and works out to just about the
entireMalaysian healthcare budget for 20082,
Jones® have attributed the accel eration of corro-
sionratein present of current to the ability of voltage
reduce both anodic and cathodi ¢ pol arization. Gener-
aly, inthe present of electricvoltage, corrosion poten-
tial isshifted toward the negativedirection. Chinand
Sachdev* have mentioned that the exchange current
density increases and Tafel slope decreases, corre-
spondingly Jones?. Electric voltagegeneraly leadsto
the formation of porous and non-protectivelayer, in
such caselocalized attack are very likely to occur,
Thissituationissupported by Goidanich et a [ asthey
stated that the effect of dectric current interferenceon
kinetic parameter; the effect on corrosion rate and cor-
rosion mechanismin different solution ondifferent me-
tallicmateria weredetermined. Further, theinfluence of
electric voltage on corrosion of kineticscharacteristics
of carbon steel, gal vanized stedl, copper and zinc was
studied under different experimenta conditiong®®.
Nowadays shipsareconstructed usngAluminium.
Ingeneral small eectrica current leakage may avail-
ablein shipsdueto of eectric cableinsulation problem,
etc. Then, the ship could be exposed to the danger of
corrosion becausenot al materid sarecompletely Alu-
miniuminAluminiumvessds paticularlyinengineroom.
Thedetall study of corrosion of Aluminiomismorevitd
forthesurviva of Aluminiumshippingindustry. Aluminium
dloyisvery specid metd sinceitshavehigh res stant of
corrosion eventhoughit isexposed to corrosive envi-
ronment. Thisadvantageisdueto passivefilmor layer,
which arethin oxideslayer that form naturaly onits
surface. Asaresult, thislayer will grestly increasethe
resistant of the metal and thus, it reducestherate of
corrosion of theAluminium aloy. Such passivefilm,
however, are often susceptibleto locali zed breakdown,
resulting in accel erated dissol ution of theunderlying
metd . Corroson sudiesfor Aluminiumwerehighlighted
intheliteraturefor different electrolytesnot in seawa
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Therefore, in thisresearch, the effect of electric
voltageon correctionrateof Aluminium (AA 5083) plate
in seawater was studied to overcomethe present prac-
tica problems. Inthisexperiment, thesamplesof Alu-
miniumAA 5083 weretested with different levels of
voltageviae ectrochemical test. Thecorrosionof Alu-
miniumAA 5083 then tested by using e ectrochemical
impedance spectroscopy (EIS) to obtainthe Tafd dope,
Nyquist plot and Bode plot where FRA softwareis

applied.
METHODOL OGY

Test specimenswerecut into 25mmx25mmx>3mm
couponsfor eectrochemical tests. Beforeexposure, the
samplesweremechanicaly grinded and polished using
Grinding & PolishingMachine. The 600, 800 and 1200
emery paperswere used for grinding purposeand lu-
bricated it by gpplying distilled water for polishing pur-
poses. The polished samples were cleaned with ac-
etonethenwashed using distilled water, driedinair and
stored over desiccators.

After undergoing the surface preparation procedure
according toASTM G1-03 procedure?, the el ec-
trochemical test wasconducted by takingtheAluminium
AA 5083 plateswhich was served asanodewhilemild
stedl wasserved ascathode. Thecircuit of € ectrochemi-
ca system wasthen connected with DC power supply.
Ensured | el ectrical connectionswerewel | connected
and theanode and cathode completely immersedinthe
seawater solution. The DC power supply then was
switched on. Thenthelevel of electric voltage supply
wasadjusted a 1.5V. Thetest circuit kept for 10 days,
after 10 daysthe samples were taken out for further
test. Thisprocedurewasrepeated for 20 days, 30 days
and 40 days. Then the level of alternating voltage
changed to 3V and 4.5V and tested for 10 days, 20
days, 30 days and 40 days.

M or phology test

After undergoing thesurface preparation procedure,
the samplewasmounted firmly in““dinolite” microscope
inorder to obtain the pictureof initia condition of the
sample. Thesamplewasthen set upinelectrochemica
test for test period at specified voltage of electric sup-
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plied. Then, thesamplewasremoved from the e ectro-
chemicd circuit. Thesamplewasthen cleaned withdis-
tilledwater and dried, thenimmersedinanitricacid for
2to 3minto removethecorrosion products. Finaly,
the couponswerewashed with distilled water and were
dried. After thesamplesare completdy dried thesample
wasmounted firmly under the“‘dinolite”” microscope for
final observation and apicturewastaken. Then thefi-
nal conditionwascomparewiththeinitial condition of
thetest sample. The tepswererepeeated for every level
of el ectric voltage supplied for thetested samplesfor
10 days, 20 days, 30 days and 40 days.

Weight lost test

Every samplewasweighed for theorigind weight.
Then, the sampleswere set up in el ectrochemical cir-
cuit for 10 days. The corroded sampleswerethen re-
moved from the solutions. The samples were then
cleaned with distilled water and dried, thenimmersed
inanitricacid for 2to 3 minto removethe corrosion
products. Finaly, the couponswerewashed with dis-
tilled water, dried and weighed againin order to obtain
thefind weght. The stepsfor samplesin dectrochemi-
cal circuit which were left for 10 days, 20 days, 30
days, and 40 daysfor every leve of voltage supplied
wererepeated.

Electr ochemical test

All électrochemical measurementswere accom-
plished with “Autolab” frequency response analyzer
(FRA) coupledtoan “Autolab” potentiostat connected
to acomputer™. Thecell usedisaconventional three
electrodeswith aplatinum wire counter e ectrode (CE)
and asaturated calomel electrode (SCE) asreference
towhichall potentiadsarereferred. Theworking elec-
trode (WE) wasintheform of asquare cut so that the
flat surfacewasthe only surfaceinthe electrode. The
exposed areato thetest solution was 3.75 cm?. Corro-
sioncurrent densities(l ) and corrosion potentid (E_, )
were evaluated from theintersection of thelinear an-
odic and cathodi ¢ branches of the potential curves (PC)
asTae plots. Electrochemica impedance spectroscopy
(EIS) measurementswere carried out usingAC signa
of impedance measurements and were conducted at
thecorrosion potential. Datawere presented asNyquist
plots. Theresultswere andyzed using thefit program
of FRA.
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RESULT AND DISCUSSION

M or phology test

Based on observationson the experiment samples,
the pitting corrosion can be observed clear and obvi-
oudy. Every sample show different pattern and trend of
pitting condition. The conditions of thesamples, for 10
days experiment can be observed asshowninrow one
of TABLE 1. Thesample picturesfor 20 days, 30 days
and 40 daysdso given inthetable. From the surface
image of every samplewastaken, for O volt, theoxide
layer isobvioudy diminished, but no pitting corrosion
occurred. For 1.5volt, the oxidelayer iscompletely
diminished and pitting corrosion can beobserved even
with naked eyes. For 3.0 valt, the pitting corrosion be-
came bigger than 1.5 volt experiment set. The pitting
seemsto affect the adjacent pit, makeitspit areabe-
camelarger. For 4.5 volt experiment set, theno pitis
visibledueto thesampleiscompletely corroded. Based
on morphology test, astheelectric voltageincrease,
the corrosion rateistended toincrease.

Weight loss test

Weight losstest isoneof traditional and effective
wal to determine, cal culate and predict the corrosion
rate of the metal. When the metal is exposed to the
damped environment and corrosivesolution (inthiscase,
seawater solution), the corrosionisoccurred, and the
metal istended to decreaseit weight. Asaresult, the
find weight of the sampleislessthanitsinitia weight.

Theresultsof theweight lost test aregivenin Fig-
ures1and 2. Based ontheweight losstest resultsthe
rate of corrosion can be observed and compared. It
showed all samplesweightisaround 4.6 - 4.8 9. After
40 days, thefina weight of dl samplesarediffer com-
paretotheother. For Ovolt sampleitinitid weight was
4.7375 ¢, itlossit weight gpproximately 0.0121 g asit
final weight was4.7164 gwhichis99.7%of itsinitial
weight. For 1.5 volt sample, theweight |oss became
higher whereit initial weight was4.7262 g. It experi-
enced decrement asmuch as0.8281 g, which makeits
final weightisat 3.8833 g, 82.4% of itsinitial weight.
Meanwhile, for sampleof 3volt and 4.5volt, theinitia
weight of the samples were 4.7225 g and 4.7511 g,
respectively, after 40 days, they loss 1.3025 g and
1.5169 g, respectively, whichmaketheir find weight as
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3.4976 g and 3.2603 g, respectively. Based on this plied increase, the weight loss of sampleisasoin-
result one can concludethat the electric voltage sup-  creased.

TABLE 1: Morphology test.

Voltage (V) »

Time (Days)? 0 L5 3 45

10
20
30
40
100 -
95 -
90 -
85 - .
82.4% Weight Loss,
Weight, % 80 - :
75 - () Volt
70 —1.5Volt T
3Volt
65 —4.5Volt 68.2%
60 . . . o - - -
0 10 20 30 40
Dy Days
Figurel: Weight percentageVsdays. Figure2: Weight lossVsdays.
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Electr ochemical test

General purposeéeectrochemical system (GPES)
isone of the basic modules, being used in ordersto
determinethe corrosion characteristic and then ana-
lyzed them. Thedataobtaininform of Tafd dopefrom
the generd purpose e ectrochemical system was con-
verted in potentiodynamic curve asshownintheFig-
ures 3, 4, 5 and 6 for 10 days, 20 days, 30 days and
40 daystest, respectively.

E/V Vs log1(10 days)
T T T T -0:81
-0.82
-0.83 -
-0.84 —4— 0 Volt
E/V
-0.85 —&— 1.5 Volt
0.86 - 3 Volt
6

0.87 4.5 Volt

-0.88

-10 -8 -4 -2 0
logl

Figure3: Potentiodynamic curvefor 10 days.
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Figure4: Potentiodynamic curvefor 20 days.

E/V Vs log | (30 days)
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Figure5: Potentiodynamic curvefor 30 days.
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E/V Vs log | (40 days)
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Figure6: Potentiodynamic curvefor 40 days.
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Figure7: FRA moduleresultsfor 10 days.

1.00E+03

Fromthefiguresone can observed clear differences
between the potentiodynamic curves of different elec-
tric voltage supply. Thedataof all set were anayzed
using GPES software. Theresultsshow that both of the
anodic and cathodic current densitiesobtained inthe
presence of electric voltage were higher ascompared
tothat of intheabsence of theelectricvoltage. TheE .
valuesin the presence of resistant are shifted to nega-
tivedirection; thiseffectisobvioudy after theaddition
of eectricvoltage. Asthe voltage suppliedincreased,
the potentiodynamic curveistend to shifted away from
nobledirection, thusthel__valueswereasoincreased.

Frequency responseanalyzer (FRA)

Theresultsof FRA modulearegivenin Figures?,
8, 9 and 10 for 10 days, 20 days, 30 days, and 40
days, respectively for comparison. Theva uesof O volt
samplearequitelarger than the other 3 setsof voltages
for all the study periods. Thismay occur dueto high
resistant of Aluminium oxidelayer onthe surface of the
Aluminium plate samples. The 1.5 volt results show
lower valuesthentheOvolt set for al test periods. This
isdueto formation of pit after the oxide layer isno
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more protect theAluminium surface. Theresultsfrom
FRA show that, if the el ectric voltage supply increases
the corrosionrateisasoincrease.

1.00E+03
8.00E+02

6.00E+02

——0Vv
2'/0Ohm
4.00E+02 - ==1.5V
3V
2.00E+02
—4.5V
0.00E+00 T |
0.00E+00 5.00E+02 1.00E+03 1.50E+03 2.00E+03
-2"/Ohm
Figure8: FRA moduleresultsfor 20 days.
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Figure9: FRA moduleresultsfor 30 days.
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Figure10: FRA moduleresultsfor 40 days.

CONCLUSION

Thisresearch was conducted in order to study the
corrosion rate behavior and rel ationship between cor-
rosonratewith different eectric voltagesleve aresup-
plied onAluminiumAA 5083 sample. Thisproject com-
prising of 4 set of experiment, named as 10 days set,
20 days set, 30 days set and 40 days set. The corro-
son studiesof AA5083 were carried out at room tem-
peratureusing seawater. EIS, congst of GPESand FRA
modules, isapowerful method to provideinformation
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on corrasion processto di stingui sh corros on processes
whichtakeplaceonAluminiumAA 5083 with and with-
out electric voltage. Theresultsobtained lead to the
conclusionthat e ectric voltageisoneof thefactorsthat
can accel eratethe corrosion of AluminiumAA5083in
seawater. Further, theresultsindicated that theintro-
duction of electric voltage obviously maximize the
weight lossesand enhanceAluminium dissolutionin see-
water. According to EIS measurements, increasing of
electricvoltagelevel thecorrosonrateisasoincrease
of AluminiumAA 5083 samplesin seawater. Pitting
corrosionisa so induced with the presence of dectric
voltageand shownin morphology test result.
Sincetheexperiment isfocusing onvoltagelevel
only, itisgood to add some other parameter that can
be used in order to harmoni zethe experiment. May use
different pH leve of dectrolytesinorder to determine
whichlevel may acceleratethe corrosion rate.
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