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Corrosion Potential Imaging at the Interface of Coating/M etal
by aN ev Electrochanical T echnique

L in Changjian” Zhuo Xiangdong  Chen Jidong
W ang Hui Hu Rongzong Song Yi Tan Jianguang
(State K ey L aboratory o Physical Chemistry for the Solid Surf ace
D epartment & Chemistry, X iamen U niversity, X iamen 361005, China)

A s the corrosion reactions of metals beneath coating are mainly electrochemical in na-
ture, a number of the electrochamical techniques, including dc and ac methods, have been
used to study the corrosion behavior of coatedmetals® ®. Oneof themost advantagesof the
electrochem ical techniques are not only able to in situ evaluate the corrosion performance for
a coated metals, but al to study themechanisn of corrosion process at the interface of met-
al/coating The great attenpts have been made to measure the potential distribution at the
interface of metal/catings* ®. The potential imaging at the interface of coating/metal is
possible to provide a deeper insight into the process of water and corrosion related ions
through the coatings, corrosion reaction mechanisn of metals beneath organic coating and
the defects distribution in the coatings and its effects on the corrosion initiation of coated
metals Information on the interfacial potential is useful for studying the physicochemical
process at the interface, coating inhomogeneity and mechanisn of corrosion reactionsof coat-
ed metals How ever the conventional electrochemical technigues are not suited for measuring
the corrosion potential at the interface of metal and coating because of the polymer film w ith
high resistance on themetal surface Thus, there isaneed to develop a nev electrochem ical
technique to map the corrosion potential distribution at the interface of metal/coatings

T he technique consists of 64-electrode array and micro-computer aided mapping sy stem.
The electrode, w hich are mbedded in an epoxy mounting compound, aremadeof @ 3mm di-
aneter, epoxy-insulated steel wires, and assanbled as a 8x 8 array. A fter fabricating, the
imbedded, insulated electrodes (probe) are cut perpendicular to thew ire length, leaving the
ends of the 64w ires exposed A fter polishing and cleaning, the coating to be studied is ap-
plied on the probe cross section, and a corrosion cell is then attached on the probe coated sur-
face By ramoving the coating after each use, the 64-electrode array probe can be used re-
peatedly. The ocorrosion potential mapping systan includes an analog awitch with multi-
channel inputs, an analog/digital converter, and apersonal computer. The experimental ar-
ranganent is show n in figure 1 W hen the analog multi-channel sv itch ison, all 64 electrodes
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of the array connect one with the others,

smulating a continuous piece of steel having

a surface area equal to the total area of the

cross sections of all 64 electrodes w hen the

analog multi-channel switch isoff, all of the

electrodes of array disconnect temporally (ap-

prox. Ims). During this period, the corro-

sion potential value of the each of the 64 elec-

trodes is measured, refered to a platinum

electrode in the wlution The experment

procedure of the multi-channel svitch is con-

trolled by amicrocomputer. The analog mul-

ti-channel swvitch is alWwaysmaintained in the

on’ state, unless the corrosion potential ac-

quisition for the 64 individual electrodes is Fig 1 Expermental arrangement for the mea-
performed under the m icrocomputer m anage- surament of corrosion potential distribu-
ment The corrosion potential for each indi- _tion at the interface of polymeric cat-
vidual electrode is acquired for several times ing/metals

and averaged The format of data is
processed to fit Surfer’ software to
plot in three dmensional stereo map
or potential contour.

Figure 2 is the corrosion poten-

tial maging for the gpecmenw ith a
gentle scribe on the nitro lacquer
coating It is indicated that the an-
odic site of corrosion reaction lo-
cates on the scribe line when im-
mersed in @ 5molA NaCl lution
for 4 hours The corrosion potential
at anodic position shifts negatively
from - 40mV at beginning to - 620
mV at 72 hours mmersion The in-
terfacial corrosion reactions develop
rgpidly at the location of scribe de-
fects Corregonding to the peak on
the corrosion potentialmap, agreen
corrosion products under the coating
gppear at defect site in the early

Fig 2 Corrosion potential maging for the nitro lacquer
coating w ith gentle scribe defect on the array elec-
trode at different mmersion time in 3% NaCl lu-
tion, @ 4h, b:24h
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stage of mmersion Corrosion under the coating grow s eedily at this position because the
scribe defect provides a pathw ay for water and corrosion related ions into the interface of
coating/metal The location for both anodic and cathodic area and their variation w ith time
are illustrated clearly by the corrosion potential maging

It iswell recognized that the polymeric coatings applied on the substrate are usually un-
uniform and w ith numerous different kinds of defects in the coatings, and als at the inter-
face betw een coatings and substrate surface T he defects in the coatings are of strong effects
on the corrosion initiation beneath coatings The defectsoften play a determ ined role in the
degradation processfor polym eric coated metals in some cases The corrosion images indicate
that there exist a number of different kinds of defects in the coating including the intrinsic
defects, and damages in the service Corrosion alw ays initiates at the defect sites, by w hich
thew ater and the corrosion related ions
preferentially reach to the interface to
promote the corrosion process In situ
mapping of the defects in the coatings
and investigating the effects of inhomo-
geneities on the initiation and develop-
ment of degradation for a protective
coating system are one of themost im-
portant projects in modern coating sci-
ence and technology. A ccordingly, the
corrosion potential mapping by the ar-
ray electrode can be as an unique and
useful technique for studying the inho-
mogeneities of polymeric coated met-
als

It is noted, from the direct map-

ping of corrosion potential at the inter-
face(Fig 3), that the cathodic reaction Fig 3 Corrosion potential maging at the interface of the
nitro lacquer coating and array electrode at differ-

ent mmersion time in 3% N aCl lution, a 72 h,
b: 136 h

is aw ays accompanied w ith the anodic
reaction, and cathodic zone locates near
by the anodic sites during the corrosion
process of metal under the organic
coatings The electrochamical reactions of the corrosion process happen at anodic and ca-
thodic location in the neutral N aCl lution is typically as follow s

Fe —— Fe'’+ 2¢

02 + 2HO + 4e —— OH
The corrosion potential maging is not only able to locate the anodic area and cathodic posi-
tion, but al to follow their development with the mmersion time The anodic reaction
leads to the dismlution of the steel The corrosion productsmay be different depending on
themicro chamical envirorments at the interface of coating/metal The corrosion products
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beneath coating are green (ferrous oxides) at beginning because of oxygen deficiency, then
became dark yellow (ferric oxides) for further oxidation T he reduction of oxygen at cathod-
ic area produces an alkali environrment under the coating, w hich w ill result in the delamina-
tion of coating on a substrate The anodic area grow sw ith the development of coating des
bonding from metal surface at the cathodic location This is a degradation characteristic for
the organic coated metals, which is revealed by the array electrode technique for the first
time

The array electrode and the microcomputer aided measuring systen, as a newv electro-
chemical technique, for imaging the corrosion potential at interface of the polymeric coating/
metal have been developed It is suitable to be gpplied to in situ image the inhomogeneities in
the polymeric coatings, to follow the trangort process of water and the corrosion related
ions through the coatings, and to study the corrosion mechanisn of initiation and propaga-
tion of metals beneath the coatings T he relevant and direct information provided by this u-
nique technique w ill be very helpful for further understanding the physicochemical process
asciated w ith degradation of organic coated metals

Key w o rds Potential maging, Interface of polymeric coating/metal, A rray elec-
trode, Corrosion mechanisn under coatings
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