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A s the co rro sion react ion s of m eta ls benea th coa t ing are m ain ly electrochem ica l in na2
tu re, a num ber of the electrochem ica l techn iques, includ ing dc and ac m ethods, have been

u sed to study the co rro sion behavio r of coa ted m eta ls[ 1～ 3 ]. O ne of the m o st advan tages of the

electrochem ica l techn iques are no t on ly ab le to in situ eva lua te the co rro sion perfo rm ance fo r

a coa ted m eta ls, bu t a lso to study the m echan ism of co rro sion p rocess a t the in terface of m et2
a löcoa t ing. T he grea t a t tem p ts have been m ade to m easu re the po ten t ia l d ist ribu t ion a t the

in terface of m eta löcoa t ings[ 4～ 8 ]. T he po ten t ia l im aging a t the in terface of coa t ingöm eta l is

po ssib le to p rovide a deeper in sigh t in to the p rocess of w ater and co rro sion rela ted ion s

th rough the coa t ings, co rro sion react ion m echan ism of m eta ls benea th o rgan ic coa t ing and

the defects d ist ribu t ion in the coa t ings and its effects on the co rro sion in it ia t ion of coa ted

m eta ls. Info rm at ion on the in terfacia l po ten t ia l is u sefu l fo r studying the physicochem ica l

p rocess a t the in terface, coa t ing inhom ogeneity and m echan ism of co rro sion react ion s of coa t2
ed m eta ls. How ever the conven t iona l electrochem ica l techn iques are no t su ited fo r m easu ring

the co rro sion po ten t ia l a t the in terface of m eta l and coat ing becau se of the po lym er film w ith

h igh resistance on the m eta l su rface. T hu s, there is a need to develop a new electrochem ica l

techn ique to m ap the co rro sion po ten t ia l d ist ribu t ion a t the in terface of m eta löcoa t ings.

T he techn ique con sists of 642electrode array and m icro2com pu ter a ided m app ing system.

T he electrode, w h ich are im bedded in an epoxy m oun t ing com pound, are m ade of 0. 3 mm di2
am eter, epoxy2in su la ted steel w ires, and assem b led as a 8×8 array. A fter fab rica t ing, the

im bedded, in su la ted electrodes (p robe) are cu t perpendicu lar to the w ire leng th, leaving the

ends of the 64 w ires expo sed. A fter po lish ing and clean ing, the coa t ing to be stud ied is ap2
p lied on the p robe cro ss sect ion, and a co rro sion cell is then a t tached on the p robe coated su r2
face. By rem oving the coa t ing after each u se, the 642electrode array p robe can be u sed re2
pea ted ly. T he co rro sion po ten t ia l m app ing system includes an analog sw itch w ith m u lt i2
channel inpu ts, an ana logödig ita l converter, and a persona l com pu ter. T he experim en ta l a r2
rangem en t is show n in figu re 1. W hen the ana log m u lt i2channel sw itch is on, a ll 64 electrodes
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　F ig. 1　Experim en tal arrangem en t fo r the m ea2
su rem en t of co rro sion po ten tia l distribu2
t ion at the in terface of po lym eric coat2
ingöm etals

of the array connect one w ith the o thers,

sim u la t ing a con t inuou s p iece of steel having

a su rface area equal to the to ta l a rea of the

cro ss sect ion s of a ll 64 electrodes. w hen the

ana log m u lt i2channel sw itch is off, a ll of the

electrodes of array disconnect tem po ra lly (ap2
p rox. 1m s). D u ring th is period, the co rro2
sion po ten t ia l va lue of the each of the 64 elec2
t rodes is m easu red, refered to a p la t inum

electrode in the so lu t ion. T he experim en t

p rocedu re of the m u lt i2channel sw itch is con2
t ro lled by a m icrocom pu ter. T he analog m u l2
t i2channel sw itch is a lw ays m ain ta ined in the

‘on’sta te, un less the co rro sion po ten t ia l ac2
qu isit ion fo r the 64 ind ividua l electrodes is

perfo rm ed under the m icrocom pu ter m anage2
m en t. T he co rro sion po ten t ia l fo r each ind i2
vidua l electrode is acqu ired fo r severa l t im es

　 F ig. 2　Co rro sion po ten tia l im aging fo r the n itro lacquer

coat ing w ith gen tle scribe defect on the array elec2
t rode at differen t imm ersion tim e in 3% N aC l so lu2
t ion, a: 4 h, b: 24 h

and averaged. T he fo rm at of da ta is

p rocessed to fit‘Su rfer’softw are to

p lo t in th ree d im en siona l stereo m ap

o r po ten t ia l con tou r.

F igu re 2 is the co rro sion po ten2
t ia l im aging fo r the specim en w ith a
gen t le scribe on the n it ro lacquer

coa t ing. It is ind ica ted tha t the an2
odic site of co rro sion react ion lo2
ca tes on the scribe line w hen im 2
m ersed in 0. 5 m o löL N aC l so lu t ion

fo r 4 hou rs. T he co rro sion po ten t ia l

a t anodic po sit ion sh if ts nega t ively
from - 40 mV at beginn ing to - 620

mV at 72 hou rs imm ersion. T he in2
terfacia l co rro sion react ion s develop

rap id ly a t the loca t ion of scribe de2
fects. Co rresponding to the peak on

the co rro sion po ten t ia l m ap , a green

co rro sion p roducts under the coa t ing
appear a t defect site in the early
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stage of imm ersion. Co rro sion under the coa t ing grow s speedily a t th is po sit ion becau se the

scribe defect p rovides a pa thw ay fo r w ater and co rro sion rela ted ion s in to the in terface of

coa t ingöm eta l. T he loca t ion fo r bo th anodic and ca thodic area and their varia t ion w ith t im e
are illu st ra ted clearly by the co rro sion po ten t ia l im aging.

It is w ell recogn ized tha t the po lym eric coa t ings app lied on the sub stra te are u sua lly un2
un ifo rm and w ith num erou s d ifferen t k inds of defects in the coa t ings, and a lso a t the in ter2
face betw een coat ings and sub stra te su rface. T he defects in the coa t ings are of st rong effects
on the co rro sion in it ia t ion benea th coa t ings. T he defects often p lay a determ ined ro le in the

degrada t ion p rocess fo r po lym eric coa ted m eta ls in som e cases. T he co rro sion im ages ind ica te

tha t there ex ist a num ber of d ifferen t k inds of defects in the coa t ing includ ing the in trin sic

defects, and dam ages in the service. Co rro sion a lw ays in it ia tes a t the defect sites, by w h ich

　F ig. 3　Co rro sion po ten tia l im aging at the in terface of the

n itro lacquer coat ing and array electrode at differ2
en t imm ersion tim e in 3% N aC l so lu t ion, a: 72 h,

b: 136 h

the w ater and the co rro sion rela ted ion s

p referen t ia lly reach to the in terface to

p rom o te the co rro sion p rocess. In situ
m app ing of the defects in the coa t ings

and invest iga t ing the effects of inhom o2
geneit ies on the in it ia t ion and develop2
m en t of degrada t ion fo r a p ro tect ive
coa t ing system are one of the m o st im 2
po rtan t p ro jects in m odern coat ing sci2
ence and techno logy. A cco rd ing ly, the

co rro sion po ten t ia l m app ing by the ar2
ray electrode can be as an un ique and

u sefu l techn ique fo r studying the inho2
m ogeneit ies of po lym eric coa ted m et2
a ls.

It is no ted, from the direct m ap2
p ing of co rro sion po ten t ia l a t the in ter2
face (F ig. 3) , tha t the ca thodic react ion
is a lw ays accom pan ied w ith the anodic

react ion, and ca thodic zone loca tes near

by the anodic sites du ring the co rro sion

p rocess of m eta l under the o rgan ic
coa t ings. T he electrochem ica l react ion s of the co rro sion p rocess happen at anodic and ca2
thod ic loca t ion in the neu tra l N aC l so lu t ion is typ ica lly as fo llow s:

　Fe —→ Fe+ 2+ 2e-

　O 2　+ 2H 2O + 4e- —→ 4OH -

T he co rro sion po ten t ia l im aging is no t on ly ab le to loca te the anodic area and ca thodic po si2
t ion, bu t a lso to fo llow their developm en t w ith the imm ersion t im e. T he anodic react ion

leads to the d isso lu t ion of the steel. T he co rro sion p roducts m ay be differen t depending on
the m icro chem ica l environm en ts a t the in terface of coa t ingöm eta l. T he co rro sion p roducts
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benea th coa t ing are green (ferrou s ox ides) a t beg inn ing becau se of oxygen deficiency, then

becam e dark yellow (ferric ox ides) fo r fu rther ox ida t ion. T he reduct ion of oxygen at ca thod2
ic a rea p roduces an a lka li environm en t under the coa t ing, w h ich w ill resu lt in the delam ina2
t ion of coa t ing on a sub stra te. T he anodic area grow s w ith the developm en t of coa t ing des2
bonding from m eta l su rface a t the ca thodic loca t ion. T h is is a degrada t ion characterist ic fo r

the o rgan ic coa ted m eta ls, w h ich is revea led by the array electrode techn ique fo r the first

t im e.

T he array electrode and the m icrocom pu ter a ided m easu ring system , as a new electro2
chem ica l techn ique, fo r im aging the co rro sion po ten t ia l a t in terface of the po lym eric coa t ingö
m eta l have been developed. It is su itab le to be app lied to in situ im age the inhom ogeneit ies in

the po lym eric coa t ings, to fo llow the tran spo rt p rocess of w ater and the co rro sion rela ted
ion s th rough the coa t ings, and to study the co rro sion m echan ism of in it ia t ion and p ropaga2
t ion of m eta ls benea th the coa t ings. T he relevan t and direct info rm at ion p rovided by th is u2
n ique techn ique w ill be very help fu l fo r fu rther understand ing the physicochem ica l p rocess
associa ted w ith degrada t ion of o rgan ic coa ted m eta ls.

Ke y w o rds　Po ten t ia l im aging, In terface of po lym eric coa t ingöm eta l, A rray elec2
t rode, Co rro sion m echan ism under coa t ings
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一种测量聚合物ö金属界面腐蚀电位分布
的 电 化 学 新 方 法①

林昌健　　卓向东　　陈纪东　　王　辉
胡荣宗　　宋　毅　　谭建光

(固体表面物理化学国家重点实验室,厦门大学化学系,厦门　361005)

摘要　在绝大多数环境下,聚合物ö金属界面的腐蚀破坏的本质是电化学过程,因此,不少电
化学技术,包括直流稳态技术和交流阻抗技术等被广泛用于研究金属ö聚合物界面的腐蚀破坏机
制, 评测有机涂层的耐蚀性能. 然而,由于聚合物ö金属界面腐蚀破坏的“闭塞”条件和聚合物膜层
的高绝缘性,传统的电化学方法均不能直接获得聚合物ö金属界面二维空间的腐蚀电位分布,难以
直接研究聚合物ö金属界面的腐蚀破坏过程及相关的影响因素. 聚合物ö金属界面腐蚀电位的测量
有助于研究聚合物ö金属等复合材料界面腐蚀破坏机理,评测有机聚合物涂覆层的耐蚀性能. 本文
提出一种微计算机控制的阵列电极技术,用于原位测量金属ö聚合物界面电位分布. 首次建立了 8

×8阵列电极和微机控制的阵列电极测量系统,可直接测量聚合物ö金属界面腐蚀电位的二维分
布. 由此可深入研究有关腐蚀物种在聚合物相内传输过程,聚合物涂层的不均一性及缺陷分布,以
及聚合物ö金属界面腐蚀的发生、发展机制. 应用阵列电极技术首次在原位获得聚合物涂层的缺陷
分布及不均一性,并考查了聚合物涂层缺陷对诱导聚合物ö金属界面腐蚀破坏的关系. 阵列电极技
术还首次提供了在聚合物ö金属界面腐蚀破坏发展过程中阴、阳极同时存在,共同发展的直接的实
验证据.

关键词　腐蚀电位显象,聚合物ö金属界面,阵列电极技术,涂层下腐蚀机理
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