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The corrosion behavior of three metalsqi€el, Alalloy, and PureCu) in the red oak wood extract
(ROWE) had been studied using weight loss (expressed as thickness loss), potentiodynamic polarizatiol
and electrochemical impedance spectroscopy. Visual naiedoscopic inspection of the corrosion
systems was done using optical photography and SEM techniques. The results revealed that the thickne:
loss data fit well the kinetic power law relation£ Kt"). Depending on both values of thickness loss of

one year and the instantaneous corrosion rate, the studied metals gave the following order of corrosion
C-steel> Al-alloy > PureCu. Good correlation between this order and the color and clarity of the
metl/ROWE corrosion systems was obtained, wheste@l//ROWE showed the highest change in color

and turbidity through the corrosion duration. PQue gave the lowest value for corrosion rate with
exponent n < 0.5 indicating good protective properties focdnesion product layer which showed a
compact structure with no detection for microbial activity. Open structure corrosion lay8rinwith
microbial activity was observed for bothgfeel and Adalloy which distributed generally on the surface

of the former while locally on the surface of the latter. Various electrochemical parameters were
estimated and discussed. Finally, good agreement between the results obtained from various technique
confirming that Csteel gives the highest corrosion rate wihiie lowest corrosion rate was recorded for
PureCu.
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1. INTRODUCTION

Wood has been one of the oldest standing building materials in human life throughout history. It
has been plaed an important role both for building and manufacture of furniture, weapons, and tools.
According to human life development, the metallic materials such as steel and bronze had been use
widely as essential building materials. However, wood continudsiitd simple constructions and
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amazing structures. It is well known that wood and metal are used jointly for many purposes, so they are
highly well-suited materials. Unfortunately, corrosion problems occur under certain conditions and
hence destroys the mpatible wooemetal relationship, and as a result, both metal and wood will be
damaged with time. Wood is classified as corrosive material because of the natural production of acetic
acid from wood material giving a slightly acidic environment which acatde the corrosion process
[1]. Acetic acid is one of the most corrosive agencies known and attack most metals [2]. Wood humidity
(water content) play an important role for both (i) acetic acid production and (ii) corrosion process. The
former needs watemolecules of wood hydrolysis to produce acetic acid [2] and the latter needs an
aqueous bath for electrical conductance, i.e., corrosion is an electrochemical process [3]. In dry wood,
water is not free and is present only in the cell walls, and witleircéfis, hence it is not available to
accelerate the corrosion process [4]. However, corrosion by wood is a complex phenomenon with a
multitude of variables involved. The risk of corrosion by wood depends on wood moisture content, wood
species, the presem®f external contaminants, wood condition (untreated or treated with definite
preservative or flameetardant substances) and metal type. The relative importance of variables changes
with different materials, so no universal guide to corrosion by wooddnaltain. Recently, several
studies had been done by Zelinka et all$ and Kear et al. [146] to understand the metal corrosion
by wood and/or wood extract under various conditions of treatment.

The present work aimed to study the corrosion behafisome metals (carbon steeks@el;
aluminum alloy, Alalloy; and Pure copper, Pu@u) in red Oak wood extract (ROWE) using weight
loss (WL) and electrochemical measurements (potentiodynamic polarization, PDP, and electrochemical
impedance spectroscgpElS). Visual and microscopic examination of the surface morphology of the
studied metals were evaluated and discussed.

2. EXPERIMENTAL

2.1. Materials

Three met al sstweed b | DAg s tCaud d 90U r99 %) .c omipe sd 1 & i
Csteel-adhdyAlare given in Table 1. The tested
the appli Adcomoméfadgqalddk Wood board, 250 mm by 5
frdwiood Worl d "Treartbieng A ROSH | NTERNATI ONAL GROUF

reported that red oak wood (ROW) materi al or
technical data includes a general description,
i nformatient radaturhe ntth pr ocess. They only menti
preservative treat ment, and the sapwood per me
sawdust. The coll ected sawdust was stored in a
2.2. Methods

2.2.1. Preparation of red oak wood extract (ROWE)

The best conditions for extraction were re
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water was 1:10 (weight basis) and the extheact
extraction period, the solid wood phase was s«
bi ol ogical activity for the duration of storag

Tabl@omposi tsitoened o, t A -Lno(dwtP)r e

Specimens Elemental composition (\#4)

C-steel C Mn Si S Cu N Fe
012 069 019 0.02 0.06 0.05 remainder
Al alloy Si Fe Cu Mn Mg Zn Ti Al

1.00 0.27 0.04 0.93 0.93 0.02 0.01 remainder

2.2.2. Analysis of ROWE

The average values for a duplicated measur e
were determined by the Saudi Geol ogi cal Sur ve)
cations, Mettler Toledo DL25atetobnsr atndira pMT oM
spectral) for phosphate, nitrate and sulfate I
content, pH, conductThlve tgyt rod me Ihye? ‘il sot nusd v eedd €CVWET
I ndi cateditllawotolle watsuuntreated

Tabl¥®ehe& .physicochemical parameters for ROWE.

Salts contentmg.L?)
Cu* Ca* Mg* K* Na° NH; CI* HCO, SO PO NO;
0.27 11.60 5.04 63.33 2.20 0.09 3.00 <4.00 20.00 30.00 85.00
pH Conductivity & s . %)
4.24 282.00

2.2.3. Pretreatment of metal specimens

For al |l the experiments, trtelae est Wdkifeod es percei
polishing successively with emery paper (Si C)
withodhe zed waweth eechpae@asednd finally dried at

2.2.4. WL method

The experiments were carried out at the r oc
mL) of ROWE wasl|l pbaded!| aad)wbadnd ledetr gaffi g wmoen t el
20 min to achieve ther mal equilibrium with the
cm in diameter and 5 cm d)n uUsingd hg Agegded anler idoayle
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each specemepdwasrehsl |l y in the studied ROWE.
weeks. The specimens were investigated after 1
each time interval, the specimend weughlgmwas
water and brush. After that, the sticky corro
pickling solutions (Ta®BDe[3)Y] acdbedi ndhet aspAST
et hanol and dri eveiwgihtgld g Wr Wen d hfti d alslsy wa®, exp

pupm) according to the following equation [ 18]:
W, -W
r (e m=—2—1310" 1
(e h="2 (1)

Where A is the specimen surface area?j¢ohis metal density (g.ci¥), and 16 is conversion
factor.Each experiment was run twice and the average value was taken.The valtesgsain for
thickness loss of Gteel, Alalloy, and PureCu are = 0.37, + 0.05 and £ 0.01 um, respectively.

B =
o
. 1}
L

i

Figamfbae blank of ROWE.

Tabl¥®ehe&8.used pickling solutions.

o : Time of

Metal type Pickling solution pickling

C-steel 50 gsodium hydroxide (NaOH) 200 g 1 min

granulated zinc, reagent water to make 1(
mL
Al-alloy Nitric acid (HNG;, sp gr 1.42) 1 min
PureCu 100 mL sulfuric acid (SCs, sp gr 1.84), 1 min
reagent water to make 1000 mL
2.2.5. Electrochemical methods
El ectrochemical measur ements wer e perforr

potentiostat/ galvanostat operated with Power s
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carried ouelastngda thlkesystem.-stlTdyea AWoryk ramgd g
Cu specimens (1 c¢cm in diameter and 5 c¢cm in |e
suitable diameter and was fixed with chemdcal
exposed tsooltuntei are.stTehde pl atdjKCdim: wvedaednds AghaAg
reference el ectrodes, respectively. Al studi e
at °A.0The EI'S measurements wermrei ecmarirn etdheudt adite
steady state potential. The covered frequency
applied potential. Spectr al anal yses were perf
pol ari zateroem dcruawresi mmedi ately after EIS measu
and ending at anodic potent i &b, Agi/tAg KIEls prQiCeli ( aly
at a sweep rate of 1 mV/ s. plohtee mtainagles bwea rwieeedn acc
o f the working electrode. Potentiodynamic pol
speci mens were estimated using analysis soft ws:
by extrapbbdti EBaclhmeexperi ment was run twice an

2.2.6. Visual inspection and scanning electron microscopy (SEM)

Vi sual Il nspection of an object can be accol
this purposda.onViosfuatlhe ncs@rercasi on reaction ves
i mmer sion wusing optical photographs to foll ow
products which precipitate through t has exereari:
corrosion and/ or | ocalized (pitting) corrosion
Sspeci mens before and after pickling at di ffe

mor phol ogy of speci mensoatherROWE wieethsuexpiosk
using SEM technique (Quanta FEG 450).

3. RESULTS AND DISCUSSION

3.1. Visual Inspection of metal/ROWE corrosion systems

Fi g2rreepranadkeidei sual inspection for color and
in contact with the studied specimens for diff
which centeeilnspeci men was observabl e time cod e
Alal Il oy -€ond(pdHgaseall compar ed t(oFutrgeel hbel avrekr yR Q'
bl ue solution was o0bssetreveeld iimmmetrhsei ofni risnt RaOVeEK
clearly detected through the solution. However
the duration of 6Gtmian edf. iitwhrfiehgsiirnaenr eaass iinlgl ui mm
precipitate was accumul ated in the bottom, an
becomes denser at the tenth week whi lhee tfhier ssto |\
but sti || has turbidity appearance. Zelinka a
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precipitate around the steel el ectrode after
the other hand,ditdhhenactol ohamde ROWEraelclioayb | syp eicni r
compared with the blank solution while white
more than one week. Unf ortunatel yaltbge baocsialmac
brownish materials accumul ated around the spec
t he ROWE co+Ctuaismpierg mRwmr ddas no turbidity appear
but somewhat it bhkelcome ss adlautkiean.t hTame tphreevi ous
met al / ROWE systems may be related to the int
constituents of R OWE. Since ROWE was prepare
obsedaromast must be bsaslewbloen (thhyed rwatherd i ¢ fractio

reported that hydrophilic fraction of wood, e
constituents such as condenaeidds aphh®9hs MbstTtht @
odi phenol groups and thus have chel ating abil.
such 2%27 FF@u2Zn?2Cd?Pobr  ARD4] . Tannin/ metal compl e:
I n agqsucelowtsi ons [25]. There is evidence that as
ions are released, and black ferric tannate i
obviously was -esbset VROWENs 2arednCFI) FugSeirnec €* t an
compl exes are colorless [26], thiwalmay/ ROWEX
(Fi @Qu.r eHowever, no obvious solCGud RaWEe rsiyaslt ewma se v

week of whmmehsmaw be attributed to soluble comn
The previous obser wateiedh $ Ad o rGun dwnePrdier ed@art r oCd e d
under the influence of R OWE, butcempaot battegyatod
speci mens. Hence numerical valwues for the corr

3.2. WL measurements at room temperature

3.2.1. Corrosion kinetics

Fi gdissheows t he t h-st kealslsAy ,0-€an d mMme&rresed i n RO
temperature for different i mmersion ti me. The
and the resultant curves ar e ircenhianwss coerntp oowe rt |
the corrosion data obtained for the studied me

r =Kt" (2)

whekKkend nnatrente. However, a power model i n
of the i mmersion time and thickness | o0oss must
as foll ows:

log r =logK +nlogt (3)

The power model i s broadly used to predict
|l ong intervals of i mmersion, and its precision

2B1] . I f the posesamobskiedEgqgcoB8B)osi on behavio
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two parameterKsy tfiteknedhe fosgzsly yemd toHe inmmmee sa

C- sleel -\l alloy | P\ue Cu
| 1week 1 week 1 week

C-steel Pure-Cu

3 weeks 3 weeks 3 weeks

Pure-Cu
10 weeks

C-steel | Al-alloy
!
‘ 10 weeks 10 weeks

Figwlr@ptical photographs for ROWE/ met adt srysadnm
t empe2a&2t un.el ° C

C-steel C-steel
1 min 10 min

C-steel
60 min

f col or -sarecklt wrylsitdeim yd ufraan grR @WE
LrceC
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6 1.2
@® C-steel ®
54 W Alalloy# L 1.0
€ PureCu#
4 - - 0.8
g A g
£ 34 ¢ —0.6;
2 - 0.4
1 4 - 0.2
0 . . . 0.0
0.0 0.1 0.2 0.3
t (year)
Fi gurTeni cknsesaef |tolse satsuda efdu meettiadms of | antmer e 0 m!
t empe a2t wn.ek ° C
The value of exponent n can serve as an in

through the corrosion products that formed on
obtained [32]:
(1) With n close to 0i.$d,cdrhter c¢clolread sby ndipfrfocs

products that remain on the metal surface.
(i) With n more than 0.5, the diffusion pro
det achment by dissolution, soluble complex for
(i) Withesas than 0.5, compact and protective
to a decrease in the diffusion coefficient wit

Generally, n < 1. In the special case when n =1, Eqg. 2 becomes kne&it () and the thickness

loss of oneyear immersion equal to the slope of the relation. An n vallilevould indicate that the
corrosion rate increased with immersion time [33].
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@® C-steel
1.09 m Alalloy
€ pure-Cu
’g 0.5 1
~ 0.0+
(@)
o
-0.5 A
|
|
-1.0
-2.0 -1.6 -1.2 -0.8 -0.4

log t (t, year)

FigbBbLelog plots of thickness |l oss of thaet srtawadm
t empe 22t wn.el ° C

Figure5 illustrates that the thickness loss data eft€el, Atalloy and PureéCu in ROWE at
room temperature fit well the power kinetic model (Eq. 3) and the fitting expression and correlation
coefficients (f) are given in Table 4. According to the obtainedigalof the thickness loss for the first
year of immersionK), the corrosion behavior of the studied metals can be given in the following order:

C-steel> Al-alloy > PureCu

The above order is in good agreement to what observed visually in the studi¢&@\ata
corrosion systems (Figu® where Csteel/ ROWE systems showed the highest turbidity through the
duration of the experiment.

Since the corrosion process is electrochemical in nature, the studied metal atoms are oxidized tc
the ionic form in accordae with the following reactions [29]:

Cu- Cu*+2e El e, =337 mV (4)
Fe- F&'+2e E’.. . =-440 mV (5)
A - A*+3e E°. =-1662mV (6)

AIT/Al
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TablFi t4t.i ng expressi on -ahde&lilnkAy i-&€o0 dabB mrmediears i
at room tzdnpe)rlatuC e (

Metal type Fitting expression N r?
log r =logK +nlogt
C-steel log r =log1125+ 0.58logt 0.58 0.93
Al-alloy log r =log1.83+0.79l0gt 0.79 0.94
PureCu log 7 =log0.90+0.37logt 0.37 0.96
The standard ebkegtrepeesenestiales met al t en

donor (more negative potential s) or -Cail egcitvreosn
| owest corrosion ratwal@Beyd(iast |elses ¢ hmen gi0ierfee avretd
with its standard electrode potential. The str
may al so be related to the tannins content of

of tannic acidnaghti @8ti hhaccdrsobutions. The r
as a mixed inhibitor due to the formation of a
physically on the Cu -sstuereflaacheh.d yG\ns htehwe bhost bhaevri ochra.n
n val ue -sftoerelbo(tnh =l 0 .oyY8 )X narwrd OAI79) are more tha
products has appreciable diffusion coefficien
potentiyalgi viegss ladwer c¢cotragels.i olhhirsathkeeh aviamr Cof L
to the electrochemical properties of the nat.
poor quality of natur al i ronpacxi Aés oxs desmma v
explanation for tshheedct ilweo nb eolxa vdiecssr fdfak@ of f

fresh metal surface was exposed to further dis
was aobed that the | ower value of n (cor-sbsebn
(high corrosion rate) whil-alltbe (leowrsertoeind
val ue) . The visual inspeoni i fmenr aROWE mimer s u @
resul t. Locali zed-a( piotyt isrug-)f nixte(B icg Bdetatrdg Al |
revealed that the nucleation of pitting after
retrcdowlad | mvrad aze t he

3.2.2. Corrosion rate measurements

The average Rgmy'y owasncahbhtel §dted using the f

r.-r.
R: i i-1 7
: ti'ti-l ()

wheiries the period icf 1li, mmdr smeoam s( whheen speci mi
we ek, in turn, [ = 2, 3, 4, 5, 6 5and/,7,1 Omeaards
respectivel y).
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60 4 * ——8—— C-steel

/ \ —&— Al-alloy#
\ — 4 — -Pure-Cu#

o
=
1

Y

=

]
e e

(pm.y )

a

R

0 2 4 o6 § 10 12 14 16
70 16

60 1 = ——-8—— (-steel 14
0 4 ) —&— Alalloy# |
#_\ — ——— Pure-Cu# | 12 .

1
)
=
1

v

R, (pm.

0 2 4 o § 10 12 14 16
f (Weeks)

Figeifae variation of average corrosion rate of
i n R@QWETr oom t(Zdnp#)rlat°uC e

The rel ati ®v ad euteweaenrd tthhee | mmer si on -sttiened ,b A
all oy, -CundasPurld us@ r dttedvaish, ¥ ®lugalr @lhadt uates wi
(Fi ¢adpe but approximate fitting for Kivetkdat am

(Fi ¢#bye The decreasing of metal corrosion rate
[ 3B7] . However, the fluctuation behavior of th
t hecalol ed "Reme@aosné Phemwdi ch average corrosion

period and then represents accretion trend [ 38
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Fi gudl3d r el at iionns tbaenttwaeneeno u s i omnrerrcss ionn triatee i n R
type.

Unf ortunately, the role of corrodent speci e
rate and it depends on the wepgburei tieameentienb
depends on the corrodent species can be cal cul

R =Knt™ (8)

where Ris the instantaneous corrosion rate, and it is the first deriveRive - /dt) of Eq. 2.

Figure7 represents the relation of three dimensions between the immersion period, the metal type and
Ri value. ObviouslyR;i value for the studied sp@tens gradually decreases with increasing immersion
time, and no fluctuation trend is observed. It was found that the ratio between the Rlaktbé first

week and that of the last week forstel, Atalloy, and Puré&Cu are approximately 3, 2 and 6,
respectively. This result indicates that the decrease in the corrosion rate with immersion time is
powerfully related to the properties of the corrosion products formed on the metal surface. Therefore,
PureCu shows the highest decreasing ratio and tivedon value (Table 4) which reflects a highly
protective surface film as discussed before. Generally, the instantaneous corrosion rates of the studie
metals give the same order that obtained from the thickness losis,ratb(e 4).

3.2.3. Surface morphology by visual and microscopic inspection

A couple of photographs were -othe edil,n ey baenfdo rl
Cu i mmersed for three different periods i& ROV

By visual inspection, gesiteeal -@wdwmPiski @ np iwtatsi rod
associ at-aeldl ow tdhorAHosi on. Before pickling, -bl ac

steel surface whil e rbouonwdn tnhaet esrpiadclli s yaces aaur rfewsl c aot.ne
of fwrell oy does not change signifi carsttleyelb afn
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Alal l oy, indicating good@ucwhirolsi agr eesi weétladn.cwi f
The surface morphology of the studied spec
room temperature was investigated us%lhg |ISEMvat

observed that the surface f eatnuerteass wayrpye.c olrasil
the main remarks for the surface of the studie

Before pickling After pickling

(4)

Fi g8O0etical phot ogr aCshtse el b, Ayl h & nbsleuf Poliraee ea nodf a f t
for (A) 1 week, (B) 3 weelks Ra@AAME r(o()m 1t 2mpeeer k
+ 1). °C
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Fi g9.S&EM micrographs with dinnmf andnn: magrei€fli catri
obt ai nteedn awdteskme r si oBati nr ROW t(Z2np#)rlat uC e

B
00 kV| 2000 x [11.9 mm

Fi guorSeEM mi crographs with dinhfamaean): &t hAlyi sart i
obt ai nteen awbd exdre risni OFBQW r oo m t(Z22np#e)rlatuC e
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r“

c(ﬂnp‘lct C%r%l%’l fih

HV 'miaig oz | WD
M 20.00 kV 10 000 x (11.7 mm

Fi gursEM mi crographs with dnn faenrdgmt: frea@unR sf u ecfaat
obt ad fnteeln wdeaekmer si oBati nr ROMW t(Z2np#e)rlat uC e

Tabl ®urbsf.ace fCasadtewdlelsAf o« nmadf tPeurr ei mmer si on iant RO)
room tembpazriaglureC (

C-steel Al-alloy PureCu
Corrosion products Corrosion products Corrosion products
distributeduniformly on distributed randomly on distributed uniformly on
the surface (general the surface(localized the surfacégeneral
corrosion) corrosion) even some are corrosion)

shows the scratching
marks of polishing proces:
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Corrosion products of Porous corrosion productt  Skinny compact corrosior
high density and porosity  with density vary from are products with micro
to area cracking at its grain
boundaries
Biofilm and microbial Biofilm and microbial cells Microbial activity is not
cells embedded withithe embedded within the detected
corrosion products corrosion products
As was seen, corrosi oRi ghhebre caoamcleeatexttendd
area wuniformly corr®anthlg tBheec asuwsref adcief f (Ui gownr ec
process, hi gher corrosion rates refl-2tteelt-hanadn
all oy) aad Accer diemgl y, tCue snuorfpahcoel ougnyd eorf tFhuer €
i n good agreement with its kinetic corrosion p
| east corrosion rate as a omdns enu drmee baefa kirtas dl
all oy obviously show microbial activity throug
the microbial cells that were obser veCd osmpetch eme
whi chiwesch no evidence of cl ear mi crobi al activ

i mpossible to be kept completely clean and dec
t he cassteceedfabhdyAbhfter tenROWEkwasfpredhecsabheli

i nfl uence corrosion ranging from inducing | ocz¢
corrosion, to corrosion inhibition [-8r9dducSti nlcee
and msotah be expected, corrosion behavior of
mutual interaction [40]. According to?ltheaslitd

4 2] resist the bacteri deggowtwwh hawd biactielr maf o
shown to be sl owerd4BhaNMoi@owerher| anmdreati @ady 4s:
t annateect(eedx corrosi on product) has a narcotic

3.3. Electrochemical measurements at 30 °C

Pol ari zati esnt ecedl,VV eAgd, fCain dn@RawsruéCe d na ROWE ar e

Fi gWwr eVdri ous el ectrochemical parameters were

Tabl e 6bamtherre cat hodi c andopiannotdhe daf edEs.isdope
the corrosion potential, respectivel y. Because
of metal and environment, so the shape and the

certain environmeonf dépemredecbhrobhbemataleanodi
the rate at which these reactions can proceed

fr&min the negative direction, theizaeduochi and
Tafel behavior is obtained. At more active pot
i's observed. It is well known that the possi bl
[ 46] :

hydrogen evolution 2H" +2e - H, 9


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5615691/#B72-materials-10-01036
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oxygenreduction O,+4H" +4e - 2H,0 @apm

I n this <case, the cathodic portion of t he
(hydrogen evolruwetdiuccnt iaomd dxy/demnd the concentr
to the |l ack of stirring ampalnde/opnrsauHnptthieo nmetthael rse
ot her hand, the anodic curvebBgdsbhowebhkceéecviengeTa

which becomes | imited at more positive poten:
sl owdown of current density with potenti al i n
range of anodiad tpatbeuntteidaltso care bfemct t hat the
redi ssolution of corrosion product s, al ways mali
evident characisridtei padil tofyogwioéb éZelap p & antsd ela.t
This behaviloy ofs Alel ated to many factors, sucl
mi crostructure (Table 1). 't i s evsdleati ¢mama t
severalofhumidlrleidvol t s [49]. This cathodic all oy
the alloy in the positive direction (fpaerdnot
corrosion possibility has hreotpriresemtsEpvmaikfuiedsalslt
suggest a high risk of corrosion (Table 6). It
t heg,t 0 shore up the cor rBE,i5d01 .b Altgwiad riu rogl, to a iihmee dc
susceptibility of the studied metals can be gi

Cst emllal >PyiCea

Figwrsdholws Nyqui-st eepdlpltody,f-Gaon dCNnPURCGWE s°6G1 ut i
Clearly, the capacitive arcs have different di
studied. -£tvedlendgilwes Ct he | dweestcomatesit be EéSi
pol arization resistances and capacitances vari
that fitted the experimental data. Two equi val
dat ab oftdsrt €Eel -adhdyAldaF)i,guarmed 1t he ot her one-Cfuits
(Fi by el Whesr e he s ol uRiaroRparree sriesstpaencctei,vel y the ¢
corrosion produdarh@ddmerttlbhst antePhade EIl ement

| ayer and the corrosion product film, respect
capacitance. I n the real electrochemical syste
roughsa, heterogeneities or other effects that
[ 51]. The i mpedm&n ovea so fe xtpree sGREH (a%d [ 52] :

Zeee=[QUim" [ (1)

HerJe s the imaginary wunit and n is the expo
For BELA mpltihes i mpedance of Ot Bede @t hek d ®ap a ciatparc
n<l, the real capacity can be calcul ated accor

C:QllnR(lln)—l (1 2

Accor dkEeogg 1Inm value should béetaobneCtihahués?
confidence. Obviousl vy, the equivalent circuit
the -wrsur face has an I mportant role in the <co

as onemofathd prRAraméieedf stting result &harse vail we
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Fi gustEequli val ent <circuits to si-gnudalt-eehh dyeAEAES dl
Cu in ROWE.

Table 6. PDP parameters for tledrrosion of Csteel, Atalloy and PureCuin ROWEat 30°C.

Metal type b, (mV.dect) - b (mV.dect) i, x10°(mA.cm?) E_, (mV)
C-steel 121.12 108.06 37.83+2.00 -673.15
Al-alloy 74.28 190.13 1.52 £0.07 -429.75
PureCu 69.45 108.77 0.55 +0.14 -97.63

Table 7.EIS parameters fdhe corrosion o€-steel and Adalloy in ROWEat 30°C.

Metal R, Cdl x10° n R c*x10*
type (kohm.cn?) (F.cnt?) (kohm.cn?)
C-steel 0.586 2.12 099 0.166 #0.023  3.09
Al-alloy 0.526 1.17 0.81 18.220+0.043 9.14

Table 8.EIS parameters fahe corrosion oPureCu in ROWEat 30°C.

Metal R, C.x1 n R, Cyx10¢ N R, c’x10
type (kohm.cn®)  (F.cnm) (kohm.cn®)  (F.cn?) (kohm.cn?)
Pure-Cu 0.545 0.89 0.80 2171 7.54 0.49 54.210 3.89

4. CONCLUSIONS

The interaction between metal surface and the ROWE was observed visually where the color and
clarity of the studied metal/ROWE systems depends on the type of the metal ion exist in the solution
through the experiment duration. The WL data of the studigdlsnét well the kinetic power law
relation. According to the thickness loss after one year of immersion amastartaneousorrosion
rate, the following order for the studied metals can be obtained:
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Cstemlal >PyiCal

The exponent n of theretic model varied with the metal studied and the recorded value (n <
0.5) for PureCu indicated good protective film properties. Visually, general corrosion could be
distinguished for &teel and Pur€u while pitting corrosion for Ahlloy. Microscopicly, open
structure corrosion film was detected which distributed uniformly @te€l surface or locally on Al
alloy surface, while compact corrosion film was observed on-@ursurface. Moreover, microscopic
inspection indicated microbial activity oreticorroded surface of the studied metals except for@ure
The electrochemical study revealed that with increasingtetrandR.: the value ofcorr was decreased
and hence the corrosion risk for the studied metals follows the similar order aslab@setound that
the corrosion product film plays a role as a protective layer for-@ursince it gives significant value
for R and this result is in good consistency with the WL data.
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