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ABSTRACT

Theinhibition effect of 70-30 o brassusing inorganic bismuth (111) Chloride
(BiCl,)in0.1 M HCI at 30°C has been assessed by Tafel plots, potentiostatic
polarization and scanning electron microscopy (SEM). Theaddition of very
low concentrations of BiCl, decreased the cathodic current only which
indicatethat BiCl, behaves as cathodic inhibitor. The decreasein the corro-
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sion rate beside the high efficiency achievement which reached up to 97.3%
was attributed to the deposition of Bi metal at zinc locations on the alloy
surface. This deposited film is highly persistence as examined in an acid
solution without inhibitor by potentiostatic polarization measurements and
consequently its suppress the selective leaching of zinc from the aloy

surface.

INTRODUCTION

Electrochemical dealloying isaphenomenon of
much interest both scientific reason and because of its
industrial importance. Two main theoriesexplainthe
dedlloying of 5 ngle phase homogeneoushinary dloys.
Oneof them proposesthe s multaneous dissol ution of
both constituent metal swhere after that themorenoble
metal redeposit from the solution™”. The other pro-
posesthe sel ective dissolution of thelessnoble metal
fromthealloy toleaveaporousresiduerich withthe
morenoblemetal’®*¥, Thedezincification of 70/30 a-
brassisone of the most important phenomenon of the
dedlloying. Itiswell known that brass dezincification
startsby the sl ective dissol ution of Znwhichisfunda
menta processof thealloy dissolution.

A good deal of work has been carried out on the
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inhibition of brass 70/30 using specificinhibitor for the
dissolution of Cu such asBTA and other derivatives.
All theinhibitorscited intheliterature has been over-
looked theroleof Zninthe sdlectivedissolution mecha
nism. Thisinhibitor waschosenfrom theview point that
the a-brass behaves as Cu metal in aqueous solution.

Ontheother hand, severad corrosoninhibitorsare
reportedintheliteraturetoinhibit thedissolution of zinc.
For exampleinorganic bismuth (111) compoundswere
subjected to astudy by Armaki et al .59 to evaluate
itsroleinthecorrosioninhibition of variousmeta like
Fe, Zn, Ni and Coindifferent acid solutions. Intheir
work very low concentration of Bi (I11) compounds
(10"M to 10*M) areused to give high inhibition effi-
ciency asaresult of theformation of aprotectivelayer
of metdlicbismuth onthemetal surface®?2,

In the present work the effect of BiCl,, onthe se-
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lectivedissolution of Znfrom 70/30 a-brassisexamine
using dectrochemica and scanning € ectron microscopy
techniques.

EXPERIMENTAL

Coldworked o brass coupons (with the composi -
tion Cu-30Zn-0.02Pb-0.02F€) were cleaned and pre-
treated following the standard procedures aready de-
scribed?. The brasstest couponswereintheform of
rectangles of side 1x0.5x0.1 cm. BiCl, inhibitor and
HCI wereall of reagent grade and were used as sup-
plied. All measurements are carried out in deaerated
0.1 M HCl solutionswith and without theinhibitor at
30°C. Thedeaeration was made by bubbling pure ni-
trogen gasfor one hour and then acontinuous deaera-
tionwasmadefor al time of theexperiment over the
surface of the solution to put the cell under nitrogen
amosphere.

The corrosion rate of thetest couponswas deter-
mined from Tafel plotsof the polarization curves. De-
tallsonthecorrosion rateand inhibitor efficiency (1.E)
are cited elsewhere?, To estimate the resistance of
the protectivefilm formed asaresult of the deposition
of Bi metal onthebrasssurface, the current wasfol-
lowed against timeat constant potential +400mV in
0.1M HCl freefrom BiCl, inhibitor. The changes oc-
curring on the brass surface after treetment in 0.1 M
HCIl freefromand contaminating 10° M BiCl, under
free condition werefoll owed by scanning e ectron mi-
croscopy (Jeol. TSM T20 Japan, accelerating voltage
19 KV, magnification X35-X1000).
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Figure1: Tafel plotsfor Cu metal and different copper

basealloysin 0.1 M HCI
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RESULTSAND DISCUSSION

Rel ationshi ps between the potential and current
density in 0.1M HCIl at 25°C for Cu, brass(Cu/30Zn),
(Cu/10Ni), (Cu/30Ni) and Al-Bronz (Cu/7Al) are
showninfigure 1. Thecurvesof thisfigureshow that
there are asimilarity in the anodic branch whilethe
cathodic branch represent twointeresting features, first
for pure Cu, aminimum cathodic current density was
recorded. Second in case of thealloy, asincreasing the
concentration of theactivemetd inthedloy thecathodic
current density increases. This is due to selective
dissolution of the active metal (Zn, Ni or Al). This
interpretationisin agreewith the previously reported
by Heidersbach and Verink?28 which show that, in
the alloyswhich arerich in one component like Cu/
30Zn or Cu/10Ni. Thepotentid domain between 0.0V
and -0.940 V (SHE), the immune region of coppe,
selective dissolution of Zn from a brass should be
prevailing. Furthermore, at potentid morepositivethan
0.00V (SHE), both copper and zincin o brass should
dissolved simultaneously. Another confirmation was
gained recently by Ateyaet al>"?8 which showsthat
for ahomogeneoushbinary dloy (AB), below thecritical
potentid (E_)~0.0V (SHE) sdlectivedissol ution of more
active component (B) proceedswhile above (E ) the
term dedlloyingwasused.

(1) Effect of BiCl, on thedissolution of copper in
0.1M HCI solution

The corrosion current densities (i.ethe corrosion
rate) of Cuin0.1M HCl freefromand containing different
additions of BiCl, were determined from the anodic
and cathodic Tafd plots. Thecorrosion currentsdendties
were estimated as the points of intersection of the
extrapolated linear ssgmentsof the E-logl curvesat the
freecorrogon potentid. Asthestudy isof acomparative
nature, the corrosion currentsare expressed aspAcm?,
Itisclear fromthecurvesof figure2 and TABLE 1 that
the cathodic current density and thecorrosionrateis

TABLE 1: Cuin 0.1M HCI and different concentrations of

BiCI,
Concentration | orr (RA/CM?)

0 25

107 7

10° 10

10° 20
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Figure2: Tafd plotsfor Cumetal in 0.1 M HCl and differ-
ent additivesof BiCl,
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Figure3:Tafd plotsfor brass(Cu-30Zn)in0.1M HCl and
different additivesof BiCl,

increased withincreasing the concentration of BiCl,,.
This was attributed to the increase in the cathodic
reactionwherein thiscase, Cu can not displaceH, to
proceeds the cathodic reaction by thereduction of H,.
Sotheonly cathodicreactionis
Bi**+3e — Bi (@)
Itwasfoundthat thecorrosoninhibition of ametdlic
cation depends mainly on thereduction of meta cation
to form adeposited layer of metal which covered the
corroded surface®, Thisdose not occur for Cuinthe
presence of BiCl, wherethereaction (1) dependson
the equilibrium potential difference between Bi
depositionand copper dissolution which cannot alow
tothedepostionof Bi on Cu surface. Therefore, Bi metd
cannot bedeposited toinhibit thedissolution of Cumeta
but in contrast it increasesthe cathodic reaction rate.

(2) Effect of BiCl,, on thedissolution of brass(Cu/
30Zn)in 0.1M HCI solution

Theeffect of Bi CI3 inhibitor on the dissol ution of
brassin0.1 M HCl wasexamined. Theconcentration

TABLE 2: Brass(Cu/30Zn)in 0.1 M HCI and different concen-
trationsof BiCl,

Concentration | orr (MA/CM) |.E
0 40 0
10° 8 80%
10° 6 85%
107 11 97.3%
108 2.2 94.5%
1.E %=[ 1°orr - lcore/l corr ] X100

of theinhibitor studied varied between(10°M to 10®
M) besidetheinhibitor freesolutions(curve), theresults
areshowninfigure 3. Theabovediluted concentration
makesBi(l11) compound isgpplicablefor industrid uses
whereitstoxicity becomenegligible®d. Different Bi(lll)
compound areusedin medicine, for exampleoraly as
anantiacid andtopically for skinirritation*%%31,
Asan evidencefromthe curvesof figure 3, BiCl,
effect on the cathodic branch only which retardsthe
dissolution of brassand the cathodi c current decreases
with the decrease of its concentration. The corrosion
potential (E_, ) was shifted towards more negative
potential with decreasing the concentration of the
inhibitor. At the sametimethe corrosion rate decrease
and theinhibition efficiency increasewith the additive
content asshownin TABLE 2. Theinhibition efficiency
was above 97% in the presence of a very small
concentration of theadditive (107 M BiCl,).
Theseresults can be confirmed from the current
time curves of figure 4, where the brass test coupon
was immersed in 10* M HCI containing different
additivesof theinhibitor (10°M to 10*M) for one hour
and after that only the solution was changed by 0.1M
HCI solution free from the inhibitor to show the
persistence of the deposited film. After that the change
of current withtimewasfollowed a constant potential
vs SCE, onetimeat -400 mV, figure 4a, and the second
at +400 mV, figure 4b. Observation of the curve of
figuredarevea sthat the curvefor zero concentration
inhibitor i.e. 0.1 M HCl, the current decreasesto its
haf valuewithin~10 min. and after that becomenearly
stable. Thedecreasethe current isdueto the selective
dissolution of zincfromthedloy surface (dezindfication).
Ontheother hand, the stability of the current withtime
after~10 min can beinterpreted dueto thedissolution
of zinc from the surface wherethe colour of thealloy
surface becausethe samemetallic copper colour visible
by the naked eye. The stability of the current density
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Figure4: Potentiostatic current-time curvesat constant
potential for brassin 0.1 M HCI freefromand containing
different concentrations of BiCl, (a) at -400 mV; (b) at
+400 mV

at~10 pA doesnot mean that the concentration of zinc
on the surface become zero that there are atraces of
zinc il dissolved. Theonly sourceof thistracesof zinc
isduetoitsdiffusonfromtheinner totheouter layer of
the surface. Thisisconfirmed from the curves of the
inhibitor addition which shows a more decreasein
current a the same corresponding time.

On the other hand figure 4a show the effect of
addition of different concentration of theinhibitor which
have varied between 10°M upto 10®M. Asisevident
from the curves, the same two features at (0)
concentration of the inhibitor are recorded but with
different manner. First, thereisadecreaseinthe current
density at zero time by decreas ng the concentration of
theinhibitor. Second, thereisadecreasein dissolution
of zincby decreasing theinhibitor concentration. Thisis
duetotheincreasein the persistence of the deposited
filmof theinhibitor. Thisisclear fromthe curveswhere
the time required to reach the stability of current
decreasesby decreasing theinhibitor concentration. As
shown at 10°M it takes nearly 9 min. whilethistime
decreasesto reach lessthan oneminute at 108M.
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Thistrend agree with aprevious published data*®
which hasindicated that at concentrated solution the
deposited film becomethick and can belled of fromthe
surfaceto produceanew uncovered areaof zinc. These
areastakesmoretimeto depodt another filmof Bi which
is depends on the concentration of BiCl,, added. Third,
after 10 minof immersionfor al the concentrations of
theinhibitor added, the curves show the sameva ues of
current density which is stable and hasreached nearly
tozero. Thiscaninterpreted asaresult of thefollowing
(1) the surface became dezincified asin case of free
solution (Oinhibitor). (2) Someof areaonthesurfaceis
not covered with Bi metal where, it is dissolved to
becomedezincified areaasin caseof (10° M) inhibitor.
(3) Znonthe surface become compl etely covered with
Bi which almost stopped itsdissolution asin case of
(107 M, 108 M inhibitor. Thisconfirmstheaboveresult
of figure 3 and TABLE 2 which represent that the
depogtion of Bi decreasethecorrosonraeandincrease
thel.Etoamount~97.3% at 107 M BiCl,,.

Ontheother hand the same experiment wasstudied
dsoa +400mV vsSCE asinfigure4b. At thispotentia
the dissol ution of the brass occurswith simultaneous
dissolution(?”28, Theresult of figure4b show that at all
the concentrations studied from O up to 10¥M thereis
no changein the current-time curveswhich show that
the current decrease with timefrom themoment of the
run and therearetwo peaksformed withinthefirst 10
minuteswhich are dueto the oxidation of Cu/Cu* and
Cut/Cu31 systemsand after that within 20 minutes
apassivecurrent recorded.

Theaboveresults can further be confirmed using
SEM technique. Surface examination of the brass
specimensafter equilibrated for one hour in deareated
solutionof 0.1 M HCl freefrom and containing different
additionsof BiCl3areshowninfigureb. Figure5ashows
scanning el ectronmicrographsof thesurfaceof sample
immersed in deareated solution of 0.1 M HCI for one
hour. The surface shows that the attack spread over
nearly all the sample with different degrees which
concentrated on the depression regions and the other
on aspot, this depends on the behaviour of thealloy
dissolution. Previousdatd® studied by the same author
indicated that a the same condition, leaching of Znfrom
brasssurfacewasoccur to produce adezincfied surface.
Thiswasattributed to theacid mediumisnonoxidizing,
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containing 10" M BiCl, which represent themajor part of thesurface; (c) 0.1 M HCI containing 107" M BiCl,which
represent theminor part of thesurface

their aggression towards Znl*? should be more sever
than toward Cu. Thisconfirmsthat most of theattacked
areasaredueto thedezincification of thebrass surface.

Ontheother hand, examination of thedloy surface
after treated in the test deareated solution of 0.1 M
HCI containing different concentrations of BiCl (10°
M to 10®M) for onehour wasa so sudied. Observation
of this surface shows that there is no any definite
variaionwithal the concentrationsstudied. Figure5
(b,c) show scanning dectron microgrgphsof thesurface
of samplesimmersed in deareated solution of 0.1 M
HCl in presenceof 107 M BiCl, which was shown as
an examplefor al the treated concentrations where
figure 5b represent themgjor part of the surfacewhile
figure 5c¢ indicate definite area of minor part on the
surface. It can be seen from figure 5b which represent
the major part of the surface, that there are different
features. First, the deposition of Bi onthe surfaceis
observed. This confirms previous accepted resultg'”
which represent the deposition of Bi onthe surface of
Znmetd. Second, theconcentration of Bi metd deposited
on thesurface occurswith anon homogeneousdistribu
tion. Thisoccursasaresult of thechangein concentra
tion of Znontheadloy surface. Thischangeisproduced
during cleaning the surface using Sic paper after
trestment(?, Further in S ght into theabovetwo features
could be gained form figure 5¢ which shows the
deposition of Bi was concentrated at the down area
(depressions) onthe surfacewhich areformed during
themechanicd cleaning of thesurfaceusing SiC paper
where the mechanical polishing can removeZnfrom
someregionstoleaveit at cavitiesand depression on
thesurface.

Itiswell known that the corrosoninhibitionusing
metallic cations can be performed by reduction of the
cationto form adeposited metal layer onthecorroding

metal surface®. Thereduction of the cation depends
ontheequilibrium potentid differencebetweenthemeta
deposition and the dissol ution of the metal substrate.
Previoudy*619, inorganic bismuth (1) compoundshave
been used ascorrosoninhibitor for variousmetalssuch
asFe, Zn, Ni and Coindifferent acid solutions.

Inthe present study to confirm the above results
wemust represent the standard equilibrium potential's
of thetwo half cellsof zincin thetest medium a 25°C
where, BiCl, affect ascathodicinhibitor to prevent the
sdlectivedissolution of Znwhile Cuisnot dissolved at
this negative potential. This occur asaresult of the
depogition of Bi on Znand not on Cu dependingonthe
standard equilibrium potentia's, where
Zn=Zn*+2e E=-0.76V VvsSSHE 2
Bi*+3e=Bi  E,=-0.317V VvsSSHE )

Itisclear that E, islessnegativethan E, sothat in
the solution thefollowing reaction will occur
3Zn+ 2Bi* = 2Bi+3Zn* ©)

Bi** adsorbed on the cathodi ¢ regionswhich was
reduced to metallic Bi onthesurfaceat theZnlocation
of thea loy surface. Thisconfirmed previoudy by using
SEM technique, wherethetest solutionis0.1 N HCI
Zn=Zn*+2e 4
2H*+2e=H, (5)

However, Bi had ahigh over potentia for H, evolu
tion. Sothat thedeposition of Bi meta at Znlocationon
thedloy surface hindered H* fromthe solutiontoreach
to Znwhich eliminate the cathodic process of represen
ted by equation (5). Therate controlling stepi® was
H*+e=H_, (6)

H_ representsH____adsorbing ontheZnlocation
at the alloy surface. Therefore, BiCl, inhibited the
selective dissolution of Znfrom brass 70/30Znin HCI
solution by controlling the cathodic reectionrate.
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CONCLUSIONS

1. Theselectivedissolution of zincfrom a-brassisthe
fundamenta processof thedloy dissolutionwherein
0.1M HCI (inhibitor free) depletion of zincfrom brass
surface, leadingto dezincification.

2. BiCl, wasaneffectiveinhibitor of cathodic reaction
associated to brasscorrosionin 0.1 M HCI solution.

3. Thehighinhibition efficiency wasattributed to the
deposition of aprotectivefilmof Bi meta onthebrass
surfaceat zinc locations which rai sed the hydrogen
overpotentid.

4. Thelossof theinhibition of BiCl,in0.1 M HCl un-
der anodic polarization (+400 mV SCE) wasdueto
the dissolution of both zinc and copper of theadlloy
along the anodic branch whileas mentioned above
during the cathodic branch zinc wasonly dissolved
andthedepostion of Bi occursat Znlocationswhich
control thedissolution of thealoy asawhole.
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