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M icroelectrode Stud ies on the P itt ing
Corrosion Process of Sta in less Steel

①

L in Changjian3 　　Chen L ijian　　D u Ronggu i

Feng Zude　　T ang J ianguang　　D ai Hongp ing
(S ta te K ey L ab f or P hy s. Chem . of S olid S u rf s. , D ep t. of M a t. S ci. ,

D ep t. of Chem . , Inst. of P hy s. Chem . , X iam en U n iversity , X iam en　361005)

D iffering w ith the scann ing m icroelectrode techn iques[ 1 ] , w h ich scan m icroelct rode

clo sely to the in terface of electrodeöelectro lyte and m ake electrochem ica l im aging in a la tera l

spa t ia l reso lu t ion, the techn ique of m icroelectrode w ith a m icron diam eter is of very h igh

t im e2reso lu t ion and ra t io of signa löno ise in electrochem ica l m easu rem en ts. T he m icroelec2
t rode techn ique a llow s doub le2layer capacitance and background cu rren t fo r a m icroelectrode

to be drast ica lly reduced due to the expo sed area of a m icroelectrode is u sua lly 6～ 8 o rders of

m agnet ite low er than tha t of a conven t iona l electrode w ith la rge2sca le expo sed area [ 2, 3 ]. M i2
croelectrode w as recen t ly developed as a new pow erfu l electrochem ica l techn ique and w idely

u sed in the stud ies of electrochem ica l k inet ics, electrodepo sit ion, electroana lysis and bat ter2
ies[ 4 ]. How ever, m o st of the m icroelectrodes w as lim ited w ith the novel m eta ls, such as P t

and A u, and on ly a lit t le of w o rk has repo rted on u sing m icroelectrode in co rro sion re2
search [ 5, 6, 7 ]. In the p resen t w o rk, the m icroelectrode techn ique w as developed to study the

in it ia t ion and p ropagat ion of p it t ing co rro sion of 18ö8 sta in less steel. T he in sigh t in to the

d isso lu t ion p rocess of inclu sion defects a t the anodic po ten t ia l of act ive d isso lu t ion and the

dynam ic behavio r of grow th and ceases fo r the m icrop it t ing du ring its developm en t w as a t2
ta ined. M icroelectrode techn ique m ay offer a num bers of advan tages fo r fu rther recogn izing

the m echan ism of p it t ing co rro sion: to ca tch the fast and w eak signa l in an early stage of p it2
t ing in it ia t ion becau se of ex trem e low in bo th of doub le2layer capacitance and background

cu rren t fo r a m icroelectrode; to cla rify the dependence of p it t ing nuclea t ion on the inhom oge2
n iou s defects; and to fo llow the p ropagat ion p rocess fo r a sim u la ted sing le p it t ing co rro sion.

1　Exper im en ta l
T he m icroelectrochem ica l invest iga t ion w as perfo rm ed on a w ire of A IS I 302 sta in less

steel w ith a d iam eter of 25 Λm (Goodfellow M eta ls). T he schem atic arrangem en t of m icro2
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　F ig. 1　Schem atic arrangem en t of m i2
croeletrode

　 F ig. 2　R elat ionsh ip of cu rren t and tim e ob tained

from a stain less steel m icroelectrode under

the differen t anodic po larizat ion at + 0. 2 V

and + 0. 7 V (SCE ) respect ively in a so lu2
t ion of 1 mo löL N a2SO 4

electrode w as show ed in F igu re 1. T he sta in less steel

w ire of 20mm length w as connected electrica lly to a

copper w ire of 0. 5 mm diam eter and 100 mm length,

and then it w as im bued in g lass tube of 3 mm inner d i2
am eter by an epoxy adhesives. T he expo sed su rface of

the m icroelectrode w as m echan ica lly ground w ith d ia2
m ond paste to a m irro r and rin sed w ith d ist illed w ater

and ethano l. A ll so lu t ion w ere p repared from reagen t

grade chem ica l and dist illed w ater. In o rder to perfo rm

the electrochem ica l m easu rem en ts w ith cu rren t range

of 10- 10 to 10- 12　 A , a hom e2m ade com pu ter a ided

electrochem ica l m easu ring system w as developed, and

the good sh ield ing and grounding circu it to supp ress

electrom agnet ic in terference w ere arranged in the ex2
perim en ts. T he th ree electrodes configu ra t ion w as em p loyed, in w h ich the w o rk ing electrode

w as m icroelectrode of sta in less steel, the coun ter electrode w as p la t inum fo il and the refer2
ence electrode w as sa tu ra ted ca lom el electrode (SCE). T he experim en ts w ere perfo rm ed in

the am b ien t condit ion.

2　Results and D iscuss ion
2. 1　Tran sien t behav iors of pa ss iv ity

F igu re 2 illu st ra ted a rela t ion sh ip of cu rren t and t im e ob ta ined from a sta in less steel m i2
croelectrode under the d ifferen t anodic po lariza t ion a t + 0. 2 V and + 0. 7 V (SCE) respec2
t ively in a so lu t ion of 1 m o löL N a2SO 4. It w as clear to no te tha t there is a d ist inct cu rren t

f luctua t ion of 2～ 6 pA fo r the sta in less

steel m icroelectrode du ring the anodic

po lariza t ion in N a2SO 4　 so lu t ion. T he cu r2
ren t t ran sien ts w ere believed to be rela ted

d irect ly to the even ts of m icro b reakdow n,

self2repa iring and repassiva t ion of the su r2
face passive film of sta in less steel. T he

dynam ic passivity behavio r fo r the com pe2
t it ion of b reakdow n and repassiva t ion re2
m ained obviou sly in the w ho le anodic p ro2
cess and varied w ith the environm en ta l

condit ion s. W hen the po lariza t ion po ten2
t ia l w as sh if ted from + 0. 2 V to + 0. 7 V

(SCE) , the peak cu rren t and background
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　F ig. 3　Po ten tio sta t ic cu rren t2t im e cu rves fo r a m icroelec2
t rode of sta in less steel con tro lled at - 0. 25 V

( SCE ) and imm ersed in 1 mo löL N a2SO 4 + 1

mo löL N aC l so lu t ion

cu rren t increased, w h ich m ean t tha t the tendency of passivity b reakdow n w as streng thened.

W hen + 0. 7 V anodic po ten t ia l w as app lied to the m icroelectrode, the background cu rren t

gradually decreased w ith t im e, and fina lly rem ained in a con stan t cu rren t level. N o crevice

co rro sion w as ob served in the experim en ts.

It w as a lso dem on stra ted tha t the loca l b reakdow n of passivity and m icro p it t ing co rro2
sion w as po ssib le to occu r even in ch lo ride2free so lu t ion. How ever, th is k ind of m icro p it t ing

co rro sion w as m etastab le one and u sua lly canno t p ropagate to be a visib le p it t ing co rro sion

under the experim en ta l condit ion. T he resu lt ind ica ted tha t addit ion of ch lo ride to N a2SO 4 so2
lu t ion ra ised to a d ist inct increase of the peak cu rren t and the frequency of cu rren t f luctua2
t ion. D esp ite ch lo ride p lays a vita l ro le in the in it ia t ion and p ropagat ion of p it t ing co rro sion,

ch lo ride is no t a un ique necessary condit ion fo r inducing the loca l b reakdow n of passivity and

m icro p it t ing co rro sion. Fo r a comm ercia l sta in less steel, it u sua lly con ta in s m any differen t

k inds of defects and inclu sion s, w h ich m ay disso lve and repassiva te, and resu lt in a cu rren t

f luctua t ion in its anodic p rocess. In the experim en t condit ion the d isso lu t ion and elim ina t ion

of the co rro sion act ive o r non2act ive inclu sion s d id no t cau se a visib le p it t ing co rro sion, bu t

actua lly resu lt in a m odifica t ion on the su rface of sta in less steel .

2. 2　Effect of inclus ion defects
W hen a sta in less steel electrode w ith la rge sca le expo sed area w as con tro lled a t - 0. 25

V (SCE) , co rresponding to its act ive d isso lu t ion po ten t ia l, in 1 m o löL N a2SO 4 + 1 m o löL
N aC l so lu t ion, an increase of the cu rren t fo r anodic d isso lu t ion w as genera lly ob served. In

th is condit ion the sta in less steel had no t a t ta ined to passiva t ion, a m o re un ifo rm disso lu t ion

on the w ho le su rface increased w ith t im e. It w as in terest ing to no te from figu re 3 tha t the

cu rren t peak appeared a t beg inn ing of 1～ 2 m inu tes, and then som e anodic cu rren t t ran sien ts

overla id on the average po lariza t ion

cu rve w hen a m icroelectrode of

sta in less steel w as con tro lled a t its ac2
t ive d isso lu t ion po ten t ia l in the sam e

so lu t ion. O bviou sly, the irregu lar cu r2
ren t peak s appeared a t the po ten t ia l of

act ive d isso lu t ion w ere a t t ribu ted to the

act ive d isso lu t ion of the defects on first

layer of su rface, and then con t inued

expo su re and disso lu t ion of inclu sion

defects du ring the p rocess of act ive d is2
so lu t ion fo r a sta in less steel m icroelec2
t rode. T he irregu lar sm all cu rren t

peak s can be sen sed on ly fo r m icroelec2
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t rode becau se of its ex trem e reduct ion of the background cu rren t. A ccom panying w ith the

fu rther average disso lu t ion of a m icroelectrode, the inclu sion defects w h ich dist ribu ted a t

random in sta in less steel expo sed and disso lu ted. T he shape and value of the irregu lar cu r2
ren t peak s w ere determ ined on the p ropert ies of inclu sion defects, such as geom etric size,

chem ica l com po sit ion, electrochem ica l act ivit ies and etc.

2. 3 D ynam ic behav ior of p itt ing propaga tion
F igu re 4 illu st ra ted a po ten t io sta t ic cu rren t2t im e cu rves fo r a m icroelectrode of sta in less

　F ig. 4　Po ten tio sta t ic cu rren t2t im e cu rves fo r

a m icroelectrode of sta in less steel

con tro lled at 1. 35 V (SCE ) and im 2
m ersed in 1 mo löL N aC l so lu t ion

steel w hen con tro lled po ten t ia l a t 1. 35 V (SCE)

in 1 m o löL N aC l so lu t ion. It w as ind ica ted tha t

there m ay ex ist fou r stages du ring the develop2
m en t of p it t ing co rro sion: ( i ) the cu rren t

sharp ly increased to the m ax im um and p it t ing

co rro sion occu rred rap id ly if the con tro lled po2
ten t ia l w as sufficien t h igh; ( ii) then the cu rren t

imm edia tely fell dow n and self2repassiva t ion of

p it t ing co rro sion took p lace in stan taneou sly;

( iii ) successively, a cu rren t f luctua t ion w ith

h igher am p litude and dist inct frequency appeared

fo r a period (abou t 1 hou r) , w h ich w as a t t ribu t2
ed to the com pet it ion of p it t ing grow th and p it2
t ing cease; ( iv) f ina lly, the cu rren t f luctua t ion tran sferred to a sm all no ise w ith low er am p li2
tude, and p it t ing developm en t w as rem ained in a average ra te as h igh as 16. 7 mA öcm 2, ap2
p rox im at ing to the background baseline of the cu rren t f luctua t ion. It w as evidenced tha t the

developm en t of p it t ing co rro sion w as a very com p lex dynam ic p rocess.

A n ab rup t ly occu rring of p it t ing co rro sion w ill u sua lly resu lt in a sharp change fo r the

m icro geom etric size and chem ica l environm en ts in the m icro loca t ion, due to the in stan ta2
neou s react ion s invo lving m eta l d isso lu t ion, hydro lysis, p recip ita t ion, and lim ited tran s2
po rta t ion betw een occluded loca t ion and bu lk so lu t ion, and ect. [ 8, 9 ]. T herefo re, the develop2
m en t of p it t ing co rro sion is a dynam ic com pet it ion p rocess, and depended on the variou s

chem ica l and geom etric facto rs in p it po sit ion.

Based on a m in im um doub le2layer capacitance and strongly elim ina t ion of cu rren t back2
ground fo r a m icroelectrode, the m icroelectrode techn ique is ab le to a t ta in fast and fine info r2
m ation w h ich is very help fu l fo r fu rther understand ing in it ia t ion and p ropagat ion of p it t ing

co rro sion. Becau se the d iam eter of a m icroelectrode app rox im ates to the size fo r a sing le p it

it is a lso app rop ria te to perfo rm a sim u la ted study on the k inet ic behavio r fo r p it t ing develop2
m en t, and p reven t from the m u tua l in terference am ong the p its if a t rad it iona l electrode w ith

a la rge sca le expo sed area u sed.
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3　Conclus ion s
1) M icroelectrode techn ique m ay offer a num bers of advan tages fo r fu rther recogn izing

the m echan ism of p it t ing co rro sion. It is u sefu l to ca tch the fast and w eak signa l in an early

stage of p it t ing in it ia t ion becau se of drast ica lly low doub le2layer capacitance and background

cu rren t fo r a m icroelectrode, to cla rify the dependence of p it t ing nuclea t ion on the inhom oge2
n iou s defects, and to fo llow the p ropagat ion p rocess fo r a sim u la ted sing le p it t ing co rro sion.

2) T he facts on electrochem ica l p ropert ies of the inclu sion defects under po ten t io sta t ic

con tro lled anodic act ive po ten t ia l, and the com p lex dynam ic behavio r fo r p it t ing p ropagat ion

have been ob ta ined fo r the first t im e and discu ssed.
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微电极法研究不锈钢点腐蚀发生发展过程
Ξ

林昌健3 　陈丽江　杜荣归　冯祖德　谭建光　戴鸿平

(厦门大学固体表面物理化学国家重点实验室,材料科学系,化学系,物理化学研究所　厦门　361005)

摘要　应用微电极法研究不锈钢点腐蚀发生发展过程,首次获得不锈钢夹杂物缺陷在阳极

活化电位的活性溶解信息和点腐蚀发展过程蚀点生长和消止两个相互竞争、不断发展的动态行

为,深化对夹杂物缺陷诱导点腐蚀的发生及点腐蚀发展过程机理的认识。实验表明,应用微电极技

术研究点腐蚀过程可具有若干明显特点: a. 由于界面双层电容和背景电流的大幅度降低,有利于

检测点腐蚀发生和发展过程快速、信号微弱; b. 可考察夹杂物缺陷的电化学活性及其诱导点腐蚀

成核的重要作用; c. 可研究单孔点腐蚀发展的动态行为及影响因素。

关键词　不锈钢,微电极,点腐蚀,机理,研究方法
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