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Abstract

The effect of repeated repaielding shielded withargon on microstructural propertiesorrosion
resistanceand dry sliding weabehaviorof aluminum alloy 5083/H116 were investigat&amples
were welded by metal inert gas welding methdd0% argonwas used to protect fusion zor
Aluminum alloy5356 was used akefiller metal. The samples for microstructummrrosion and
wear tests were prepared from welded and repaired platesudy the microstructural propertje
the samples were mountepolished and theretchedby the Kelleis solution Optical microscopy
was used for metallurgical analysihe corrosion behavior was evaluated in 3.5% NacCl solt
andat a temperature @b °C using gpotentiodynamic polarization and electrochemical impeds
spectroscopy methodBry sliding weatbehaviowas evaluated by pin on disc method andnning
electron microscopy.

Keywords: RepairWelding AA 5083-H116, Microstructure CorrosionResistanceSliding Wear

1. Introduction

Today, someindustries arérying to produce not only qualifyartsbut also lighterones Metak such
as aluminunarein great use in this regard. Some ship helisicturespressure vesseland pipelines
are made of aluminum alloys. Aluminum alloy 5688316 similar to othealuminum alloys irbxxx
serieshas ahigh strengthcorrosion resistangand high weldability. As a resuixxxaluminumalloys
have founda wide application in building andonstruction highway structureqincluding bridge}
storage tanks and pressure vessetsfineiiesandpetrochemica cryogenic tankage and systems for
temperatures as low a&70 °C {455 °F) or near absolute zesnd marine applications. Higgped,
singlehull ships employ 50881116/H321 machined plate for hullshull stiffeners decking and
superstructureDefects are created durimpgoducing and welding processo repairing the welds is
necessary. This kind of repair welding is used in oil gasl industry for engineering paressels
piping etc.Most of the investigations about 5083 aluminum alloy studiedrittéon stir welding and
processing of this allogHirataet al, 2007 Borregoet al, 2014 Choi et al, 2013 Chenet al, 2008
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Gungoret al, 2014. It has been reported that the type of intermetallic particles in aluminum alloys
plays a major role in passivity breakdown and pit morphology of aluminum alloys in seawater (Ezuber
et al, 2008).The corrosion and mechanical propert aluminum alloy 50881116 in metal inert gas
welding based on slow strain rate thas also been investigateiccording to investigatiorn the
electrochemical experiments for the base metal and weld, itietalverall anodic polarization trend of
the weld metal was good due to the formation of a passivation layer Kah 2010). The wear
coefficient and reliability of sliding wear test procedbese beestudiedfor high strength aluminum
alloy andits composite. The studyshowedthat wear cefficient decreasedvith increasing applied
pressureandreacheda minimum valueit thenincreasedvhen the applied pressure reached near the
seizure of the specimen. So,feery little research has been conduatadhe effects of repair welding

on mechanical and corrosion properiiBaoet al, 2010) In recent yeardhe effect ofrepair welding

on microstructure mechanicalstrength and corrosion properties of 508812 aluminum alloys
welded with AA5183 fille wire in the presence of mixture of argon and heliurthashielding gabas
been investigatedt wasconcluded thaheating the parent metal (AA5083) close to the melting point
resulted in grain growth phenomena &l to thdormation ofcontinuousetworks ofprecipitate at

the grain boundariealsq the overall corrosion behavior of the weldment was not significantly affected
even in the extreme case of four repasiacethe more resistant regions texto protect the more
susceptible ones (Katsas al, 2006 Katsas et al.2007). An investigation into the repeated repair
welding effect on the wear and corrosion properties of 50BB6 aluminum alloy welded by ER5356
and shielded with argomas not bee performed yetTo repair weldthe samplesthe upper passes of
the weldwereremoved mechanically byrailling machineand rewelded in equal terms with the same
filler metal under the same condition&ccording to this methgdnstead of cuing andchangingthe
damaged plat@necan repair itThis study evaluates the changeriicrostructurewear behavigrand
corrosion properties of 5083116 aluminum alloy after the repeated repair welding in NaCl 3.5%
solution.

2. Experimental procedure

Aluminum alloy 5083H116 was used d@he base metalwhich was welded with an AA5356 filler wire
(20.8mm) (Liu et al, 1993).The chemicatomposition of the base and filisrshown in Table 1.

Table 1
Chemical compositiofwt.%) of the parent metal A%083 and the filler wire AA356.
Mn Fe Cu Mg Si Zn Cr Ti Al

5083 0.401.00 0.40 0.10 4.004.90 040 0.15 0.050.25 0.15 Balance
5356 0.050.20 0.40 0.10 4.50550 0.25 0.10 0.050.20 0.060.20 Balance

Gas metal arc welding (GMAW) anetal inert gasMIG) welding method was usetlhe shieldgas
was100%argon (Liuet al, 1993). Preparing the baseplate wagied ouiaccording td-igurel, and
it was welded iraflat position (1G) (Liuet al, 1993).

Inter pass temperature measured with a digital multimeter was 50 °C. The polarity of welding was
reversed (DCEP or DCRP) (Let al, 1993). Table 2 shows the details of the welding procedure and
parameters (Liet al, 1993).
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Figure 1
Shape andimensions of weldment specimens.

Table 2
Details and parameters of the welding procedure.
Welding method Gasmetal arc welding
Shielding gas 100% Argon
Gas flow 19L/min
Diameter of nozzle opening 15 mm
Current type Directcurrent reverse polaritfDCRP)
Base metathickness 8 mm
Amperage 220-230amps
Voltage 26 volts
Rate of wire feed 19 m/min

The samples were inspected using ultrasonic testing method (ASDBI03. To repair the welgthe

upper passes of the weld were removed mechanibglly milling machineand rewelded in equal

terms with the same filler metahder the same conditioriR0is the sample that only welded onaad

R1 is the sample repaired onemd so on. Repair welding was repeated up to 4 tikatsdset al,

2006 and 2007 AghaAli et al, 2014). For metallurgical testing and analysike samples were gut
mounted polished and then etched.o polish the surface of the specimemsiery paper of grit Nos.

120, 400, 120Q 2500 and 3000was usedFinal polishingwasvi t h 0 . .@ssuspensiosnd

the sample wathen etched for 280 s in the Kellers solution (2 mL HF (48%)3 mL HCI, 20 mL

HNOs;, and 175 mL HO). Optical microscope (Model AKRUSS OPTRONIG was used for
metallurgical analysisASM, Vol. 9). The corrosion properties of the specimens were studied at room
temperatureAll specimens were mounted and the welded surdabtedasthe working electrodethe
specimens immersed in 3.5% NaCl solution. The potentiodynamic polarization and impedance
spectroscopy wereonductedusing AUTOLAB 302N instrument (ASTIW.03.02. Autolab GPES
software was used for evaluating the Tafel experimental B&tinum and the silver/silver chloride
(Ag/AgCl) were used as counter and referenced electrode respectively. Each specimen was scanned
potentiodynamically aa scan ratef 1 mVs?! from an initial potential 0f1.0 V to a final potential of
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0.4V (ASTM, V.03.092. The corrosiorpotential Ecor) and corrosion current densitiof) were
calculated from the intersection of the cathodic and anodic Tafel curves using the Tafel extrapolation
method.The polarization resistancB) is determined usin§ternGeary equationASTM, V.03.02):

Ro=" %03, (B *8. 1)

corr

where % (v/deq is anodicTafel slopeand(i: (v/deg is cathodicTafel slope

Eelectrochemical impedance spectroscopy (EIS) measurements were perfomnfesquency range
betweernl00 kHzand10 mHz. The peako-peak amplitude of the sinusoidal voltage signal was 10 mV.
All EIS are recorded at the open circuit potentaadd all theexperiments were performed after an
exposure period of 180 min until a steady state situation wasarded.The wear properties of the
specimens were testethder dry conditionst room temperature (2%) using a wear test machine
(ASTM, V.03.02 G-99). A schematic diagram of pion-disc apparatus is shown kigure2.

Load =15 N

Stationary specimen(pin)

Moving specimen(Disc)

Figure 2
A schematiof the piron-disc wear test antthe details of its parameters and dimensions of samples.

The pin is pressed against the disk (sample) at aoiod8l Nby means of an arm or lever and attached
weights. The machine causttk disk specimeto rotate and he pin specimen was stationatiie
rotatingspeed wa88 rpm. The accumulated sliding distance was 0.012ma the pin specimen was

made of hardened AISI 52100 bearing steel witHRC64 @ hardness of5 mm and a surface
roughness oRa= 0. 06 & m. The diadkthickness sver@emmardib ennme t e r
respectively Before wear testinghe surface of the disk specimen was polished with emery paper
(ASTM, V.03.02). The total sliding distance was 50@hereasing aan increment of @0 m. After each
incrementthe sample was removedeaned by acetondried andweighted andthenremounted in

the wear machine at the same location. The weight losses of discs were measured by an electronic
balancehavinga sensitivity of +0.1 mg. Aélr wear testinghe surface of the specimens was analyzed

by scanning electron microscopy (SEWEGA-TESCAN-XMU).

3. Results and discussion

3.1. Microstructural properties

The thickness afhebase plate was 8 mm and the shielding gas was argon (100%). The examination of
the microstructure focusdlle heatffected zone. Argohaslow thermal conductivitcomparedo the
mixture of helium and argothereforethe grain size was fine (Peasetal., 2012).Moreover the grain
size show that the Rphase intermetallic (Mg\ls) precipitateis formed at the grain boundary (Milét
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al., 1985) so the distribution of phase was further. By optical microscpfieee regionsnamely the
weld zonethe heataffected zongand the base metaliere observedhe heat affected zondHAZ) is
between the other zond$eheataffected zones dghesamples (B.MRO,R 1 é Rere also compared
with each other. As repair welding increased in nunther3 phase amount increased. Figure 3 shows
the microstructure of 5083116 after welding and repair welding (image size 400x).
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Figure 3
The microstructuref 5083H116 after welding and repair weldin@mage size 400x

As can be seen iRigure3, the distributions of fphase at the grain boundary in various repair welding
specimens were further than ,Rddthey were alsdlifferent from each other. The RO specinatsh not
haveany repair angvasweldedonly once thus the distribution of fphase at its grain boundary was the
least.Hence by increasing the number of repaitise distribution of fohase increased. During repair
welding the volume of materiatemoved and revelded was not exactly equahdthe materiad differed

in the percentage of the elements in the repaired zone of the samplesasAtsoesult of the repair
techniquethe weldrepaied samples werelacedin additional thermal cycles which affected grain size



56 Iranian Journal of Oil & Gas Science and Technologgl. 6 (2017), No4

and microstructure evolutioKatsaset al, 2006 2007). Furthermorethere is a large amount of porosities

in the weldment of GMAWespecially in equiaxed crystal zone. Porosity is identified as the primary
factor to deteriorate the mechanical properties of Al3@88mentoy GMAW (Ezuberet al., 2008)The
difference in grain sizethe presence of phase the presence of porositieand the differencein the
percentage of the elements in various samples will affect corrosion resittasitehardnesgoughness

and wear propertied them (Liuaet al, 2012).

3.2. Corrosion resistance in aerated NacCl

TheNyquist impedance diagram of the 5083/H116 series aluminusekked(RO) specimen in 3.5%
NaCl solution at 25C is shown inFigureda, and the Nyquist diagrams of the 5083/H116 series
aluminumweld-repaiedspecimens (RR4) are shown ifrigure4b.
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Figure 4.a
Nyquist impedance diagram of the 5083/H116 series aluminumeled (RO) specimen immersed in 3.5% NaCl

solution at 25°C.
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Figure 4.b
Nyquist impedance diagram of the 5083/H116 series alumiwatdrepairedR1, R2, R3, and R4 specimens

immersed in 3.5% NaCl solution at 26.
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As can be seenthe corrosion rate of weldbpailed specimenss greater thanthat ofthe typical RO.
Moreover the corrosion rate of R&the greatestvhile that ofR2isthesmallest TheTafel polarization
curves aralsoshown inFigure5.
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Figure 5

Tafel polarization curves of the 5083/H116 series aluminum for theelled and differentveld-repaied

specimens in 3.5% NaCl solution at 2&

The measured data of the electrochemical parameters are presented in Table 3.

Table 3
Electrochemical properties of 5083/H116 series aluminum-vegdiled specimensmmersed in 3.5% NacCl
solution at 25'C.

[ Za I corr Ecorr Rp Corrosion rate
(v/dec) (v/dec) (Alcm?) (V) (ohm) (mmlyear)
RO 0.015 0.076  2.925¢<107 -0.703 1.091x10%3 3.435¢10°3
R1 0.028 0.060 2.73810° -0.695 1.726¢10%? 3.216¢107?
R2 0.028 0.383  1.305¢<10°% -0.727 2.35%10%3 1.533«10?
R3 0.022 0.202 6.69<10° -0.711 1.916x102 7.857%102
R4 0.019 0.115 2.85X%10% -0.710 2.151x10%? 3.350x10?

The R1 specimen has the maximum value of corrosion potewtidle the R2 specimen has the
minimum valueof corrosion potentialThe R3specimen has the maximum value of corrosion current
density whereasghe RO specimen has the minimum vadfieorrosion current densityhus according

to Table 3 anthy comparing th@ afel polarization curvegf the samplest is obvious that the corrosion
rates of R1 and R3 specimear® greater tharthose ofthe others. According tthe microstructural
propertiesthe grain sizes of variowseld-repaied specimens were fine (Peasetaal, 2012) and the
-phasewasformed at tle grain boundary (Millet al, 1985). The intermetallic particles in aluminum
alloys play a major role ithepassivity breakdown and pit morphology of aluminum alloys in seawater
(Ezuberet al, 2008. There was little difference itne corrosion rate ofveld-repairedsampleswhich
wasascribedo thedifferencein thevolume of materiaremoved and revelded ando thedifference
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in percentage of the elements in the repaired zone of the samplesthEhcsrrosiorrateof RO was

less tharthat ofthe other sample3he corrosion resistance of AA5083 is associated with the presence
of thel3-phase. As a result of the decided repair technity@eveldrepaiedsamples were in additional
thermal cycleswhich affected grain size and microstructureletion (Raoet al, 2010; hence the
corrosionrateof RO was thesmallest

3.3. Dry sliding wear
Weight loss 0/5083/H116 series aluminuat each 100 m slidingin-on-disc underdifferent repair

conditions ak velocity of 0.06 m/sanda vertical loadof 15 Nis tabulatedn Table 4

Table4
Weight loss of discrfigr.) at each 100m slidingin-on-disc underdifferent repair conditiongVertical force=
15N; Velocity= 0.06m/s).

100 m 200 m 300 m 400 m 500 m
B.M 6.3 11.1 12.3 14.4 15.5
RO 10.5 13.2 15.7 18 19.6
R1 11.3 14.4 14.8 17.7 19.8
R2 8 10.5 11.4 13.7 15.9
R3 15.4 16.5 19.9 20.9 22.4
R4 12.1 14.2 16.7 20 20.6

The total sliding distance was 500(at an increment of 100 nBy comparingthe weight lossof the
samples during slidingt is obvious that the R3 and R4 specimsinswthe highestveight loss The R3
and R4 were in additional thermal cyctesmparedvith the other samplesandthe grain sizes of them
weregreatercompared tahe othersPeasurat al, 2012. Thus the weight loss of R3 and R4 were the
highest Furthermoreit is obvious that base metal (B)Mand Rzhavelower weight losgs The weight
loss of allthe samples showed roughly the same sl@mel the difference ithe weight loss of althe
samples was very lowence by increasing the number of repaifgeweight loss increaseFigures 6a
6b, and 6adisplaythe friction coefficient of B.M R3, and R4 specimens under the identical conditions.
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Figure 6.a
Friction coefficient curves 05083H116 aluminum alloy (base meta(\ertical force= 15 N; Velocity= 0.06
m/s, Distances 500 m).
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Figure 6.b
Friction coefficient curves of R§Vertical force= 15 N; Velocity= 0.06 m/s, Distance= 500m).
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Figure 6.c
Friction coefficient curves of R4Vertical force= 15 N; Velocity= 0.06 m/s, Distance= 500m).

The friction coefficients of alhespecimens were the same at the first 58yincreasing the number
of repairsthe [3phasds formed at the grain boundary (Mikt al, 1985) so the distribution of phase
furtherresults in an increase the friction coefficient. According tthecurves of friction coefficients
it is obvious that the friction coefficient of each repair sample riagrtaximumof 0.6; alsq compared
to thefriction coefficientof the base metal specimehe difference is very minimaFigures 7 and 8
showthe SEM micrographsf thewear surface of athespecimens.
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Figure 7
The SEM of the war surface athespecimens.
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SEMMAG: 1.00k  WD:19.74 mm Lot VEGANTESCAN SEMMAG 1.00kx  WD: 20.20 mm VEGAN TESCAN
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SEM HV: 15.00 kv Det: SE Detector 20um

Figure 8
The SEM micrographs ofhe wear surface.

According tothesefigures it is obvious that the kind of alhe specimenss abrasive. Alspeach SEM
micrograph shows thalhe delamination phenomenon ocsubincethe difference irthegrain size of
thesampless very little (Katsaset al, 2006) theweight lossthe coefficient of friction andthe kind
of wear in various samplese approximately similar

4. Conclusions

In this studythe following conclusionsan be drawn:

1. According totheresults the repeated repair weldingpesnot influence the corrosiorate of
5083H116 aluminum alloy.

2. Repeated repair weldindhas no significant effect on the wear behavior of 58836
aluminum alloy.

3. The mass loss of the 5088.16 aluminum alloy after repedteepair welding in the same
experimental conditionis approximately equal.

4. The increase ithe coefficient of frictioris betweer0.5-0.6in all the samples

5. The kindof wear in alltheexperimental conditiais abrasiveand delamination occsir
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Nomerclature

AA : Aluminum alloy

Al : Aluminum

Amp : Amperage

Ar : Argon (Ar)

ASM : Americansociety formetals

ASTM : American society for testing and materials
BM : Base metal

Cr : Chromium

Cu . Copper

DCRP : Direct current reverse polarity

Ecorr : Corrosiorpotential

EIS : Electrochemicaimpedance spectroscopy
Fe . Iron

GMAW  : Gas metal arc welding

HAZ : Heataffected zone

I corr : Corrosion current

MIG : Metal inert gas

mL . Milliliter

Mn : Manganese

NacCl : Sodium chloride

Ni : Nickel

OM : Optical microscope

RO : Under no repair (awelded)

R1 : One time repair

R2 : Two-time repair

R3 : Threetime repair

R4 : Fourtime repair

Re : Polarization resistance

SEM : Scanning electron microscopy

Si : Silicon

% : Anodic Tafel slope

[ : Cathodic Tafel slope

Ti : Titanium

em : Micrometer
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