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M icroelectrode Studies on the Pitting
Corrosion Process of Stainless Steel

L in Changjian” ChenL ijian D u Ronggui
Feng Zude T ang Jianguang Dai Hongping
(StateKey Lab for Phys Chen. o Solid Surfs , Dept o M at Sci ,
Det o Chen., Inst o Phys Chen., X ianen U niversity, X ianen 361005)

Differing with the scanning microelectrode techniques[”, w hich scan microelctrode
closely to the interface of electrode/electrolyte and make electrochamical imaging in a lateral
gatial rewolution, the technique of microelectrode with a micron dianeter is of very high
tme-reolution and ratio of signal/noise in electrochenical measuranents The microelec-
trode technique allow s double-layer capacitance and background current for am icroelectrode
to be drastically reduced due to the exposed area of am icroelectrode isusually 6 8 ordersof
magnetite low er than that of a conventional electrodew ith large-scale exposed areal”®. M i-
croelectrodew as recently developed as a nev pow erful electrochemical technique and w idely
used in the studiesof electrochamical kinetics, electrodeposition, electroanalysis and batter-
ies’. How ever, most of themicroelectrodesw as limited w ith the novel metals, such as Pt
and Au, and only a little of work has reported on using microelectrode in corrosion re-
search'®®”. In the present work, the microelectrode technique w as developed to study the
initiation and propagation of pitting corrosion of 18/8 stainless steel The insight into the
disolution process of inclusion defects at the anodic potential of active disolution and the
dynamic behavior of grow th and ceases for themicropitting during its development w as at-
tained M icroelectrode technique may offer a numbers of advantages for further recognizing
themechanisn of pitting corrosion: to catch the fast andw eak signal in an early stage of pit-
ting initiation because of extrane low in both of double-layer capacitance and background
current for amicroelectrode to clarify the dependence of pitting nucleation on the inhomoge-
nious defects and to follow thepropagation processfor a smulated single pitting corrosion
1 Exper mental

Themicroelectrochemical investigation was performed on aw ire of A ISI 302 stainless
steel w ith a diameter of 25 um (Goodfellow M etals). The schematic arrangement of m icro-
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conductor lead

electrodewas showed in Figure 1 The stainless steel
wire of 20nm length was connected electrically to a

| glass tube

copper wire of @ 5mm diameter and 100 mm length,
and then itwas mbued in glass tube of 3mm inner di-
ameter by an epoxy adhesives The exposed surface of
the microelectrode w as m echanically ground w ith dia-

mond paste to amirror and rinsed w ith distilled water . eroxy adhesive
and ethanol A Il olution were prepared from reagent \\

grade chemical and distilledw ater. In order to perfor
the electrochemical measuranents with current range =
o Y . microelectrode
of 10 ™ to 10 A, a homemade computer aided
electrochem |f:al measurmg systef“n W’C.IS d.eveloped, and Fig 1 Schanatic arrangament of m i
the good shielding and grounding circuit to suppress

croeletrode
electrom agnetic interference w ere arranged in the ex-
periments T he three electrodes configurationw as employed, inw hich theworking electrode
w asm icroelectrode of stainless steel, the counter electrodew as platinum foil and the refer-
ence electrodew as saturated calomel electrode (SCE). The experimentsw ere performed in
the anbient condition
2 Rewultsand D iscussion
2 1 Transient behavior s of passivity

Figure 2 illustrated a relationship of current and time obtained from a stainless steel mi-

croelectrode under the different anodic polarization at + Q@ 2V and + Q 7V (SCE) regec-
tively in a ©lution of 1molA NaSOs Itwasclear to note that there is a distinct current
fluctuation of 2 6 pA for the stainless g,
steel microelectrode during the anodic
polarization in N &S0+ lution The cur- 40
rent transientsw ere believed to be related &

~

)
directly to the eventsof micro breakdown, 2o} o7y
self-repairing and repassivation of the sur-

) ] ) VAN A APt WL AIAANA Uil WA, 0. 2V
face passive film of stainless steel The A .
20 40 60 80

dynam ic passivity behavior for the compe- ¢/min
tition of breakdow n and repassivation re-
mained obviously in thew hole anodic pro-  Fig 2 Relationship of current and time obtained

cess and varied with the environmental from a stainless steel microelectrode under
conditions W hen the polarization poten- the different anodic polarization at + @ 2V
tial was shifted from + Q 2V to + Q 7V and + Q 7V (SCE) repectively in a olu-

(SCE), the peak current and background tion of 1molA N eSO+
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current increased, w hich meant that the tendency of passivity breakdow nw as strengthened
W hen + Q 7V anodic potential was applied to the microelectrode, the background current
gradually decreased w ith tme, and finally renained in a constant current level No crevice
corrosion wasobserved in the experiments

It was al® danonstrated that the local breakdow n of passivity and micro pitting corro-
sion w aspossible to occur even in chloride-free olution How ever, thiskind of micro pitting
corrosion wasm etastable one and usually cannot propagate to be a visible pitting corrosion
under the experimental condition T he result indicated that addition of chloride to N 8280+ 20-
lution raised to a distinct increase of the peak current and the frequency of current fluctua-
tion Degite chlorideplaysavital role in the initiation and propagation of pitting corrosion,
chloride is not a unique necessary condition for inducing the local breakdow n of passivity and
micro pitting corrosion For a commercial stainless steel, it usually containsmany different
kinds of defects and inclusions, which may disolve and repassivate, and result in a current
fluctuation in its anodic process In the experiment condition the disolution and elim ination
of the corrosion active or non-active inclusions did not cause a visible pitting corrosion, but
actually result in amodification on the surface of stainless steel.
2 2 Effect of inclusion defects

W hen a stainless steel electrodew ith large scale exposed areaw as controlled at - Q 25
V (SCE), oorregponding to its active disolution potential, in 1molA N a0+ 1molAl
N aCl wolution, an increase of the current for anodic dislution w as generally observed In
this condition the stainless steel had not attained to passivation, amore uniform dissolution
on thewhole surface increased w ith tme It was interesting to note from figure 3 that the
current peak gppeared at beginningof 1 2minutes, and then some anodic current transients
overlaid on the average polarization

curve when a microelectrode of 18.0
stainless steel was controlled at its ac- 16.0
tive disolution potential in the sane
olution Obviously, the irregular cur- §L14.0-
rent peaks appeared at the potential of -
active disolutionw ere attributed to the 12.9
active disolution of the defectson first

layer of surface, and then continued 0-0 10.0 tz/?;l?n 30.0 40.0
exposure and dissolution of inclusion

defects during the processof active diss Fig 3 Potentiostatic current-time curvesfor amicroelec-
olution for a stainless steel m icroelec- trode of stainless steel controlled at - Q 25V
trode The irregular snall current (SCE) and mmersed in 1 molf NaSOs+ 1

peaks can be sensed only for microelec- molA NeCl wlution
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trode because of its extrene reduction of the background current A ccompanying w ith the
further average dislution of a microelectrode, the inclusion defectsw hich distributed at
random in stainless steel exposed and disoluted The shape and value of the irregular cur-
rent peaksw ere determ ined on the properties of inclusion defects, such as geometric size,
chemical composition, electrochemical activities and etc
2 3Dynam ic behavior of pitting propagation

Figure 4 illustrated a potentiostatic current-time curves for am icroelectrode of stainless
steel w hen controlled potential at 1 35V (SCE) 250

in ImolA NaCl olution It was indicated that s,
there may exist four stages during the develop- 150
ment of pitting corrosion: (i) the current”
sharply increased to the maximum and pitting o

. . . 50
corrosion occurred rapidly if the controlled po-
tential w as sufficient high; (ii) then the current ° o T T ST T

1
mmediately fell down and self-repassivation of

pitting corrosion took place instantaneously; Fig 4 Potentiostatic current-time curves for

(iii) successively, a current fluctuation with am icroelectrode of stainless steel
higher anplitude and distinct frequency appeared controlled at 1 35V (SCE) and m-
for aperiod (about 1 hour), w hichw as attribut- mersed in 1mol/A NaCl slution

ed to the competition of pitting grow th and pit-
ting cease; (iv) finally, the current fluctuation transferred to a snall noisew ith low er anpli-
tude, and pitting developmentw as remained in a average rate as high as 16 7mA /an?, ap-
proximating to the background baseline of the current fluctuation Itw as evidenced that the
development of pitting corrosion w as a very complex dynam ic process

A n abruptly occurring of pitting corrosion w ill usually result in a sharp change for the
micro geometric size and chamical environrments in the micro location, due to the instanta-
neous reactions involving metal disolution, hydrolysis, precipitation, and Imited trans
portation betw een occluded location and bulk solution, and ect . Therefore, the develop-
ment of pitting corrosion is a dynamic competition process, and depended on the various
chemical and geometric factors in pit position

Based on aminimum double-layer capacitance and strongly elim ination of current back-
ground for am icroelectrode, them icroelectrode technique isable to attain fast and fine infor-
mation w hich is very helpful for further understanding initiation and propagation of pitting
corrosion Because the diameter of am icroelectrode approximates to the size for a single pit
it isalso appropriate to perform a simulated study on the kinetic behavior for pitting develop-
ment, and prevent from themutual interference anong thepits if a traditional electrodew ith
a large scale exposed area used
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3 Conclusions
1) M icroelectrode technique may offer a numbers of advantages for further recognizing

themechanisn of pitting corrosion It isuseful to catch the fast andw eak signal in an early
stage of pitting initiation because of drastically low double-layer capacitance and background
current for am icroelectrode, to clarify the dependence of pitting nucleation on the inhomoge-
nious defects, and to follow thepropagation processfor a smulated single pitting corrosion

2) The factson electrochemical properties of the inclusion defects under potentiostatic
ocontrolled anodic active potential, and the complex dynam ic behavior for pitting propagation
have been obtained for the first time and discussed
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