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Corrosion Mechanisms of Zinc Alloy Coated Steel Sheets
for Automobile Body Use
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Automobile body corrosion may be roughly classified into underfilm corrosion and

perforation corvosion. These forms of corrosion have been qualitatively investigated,

but not quantitatively. Among the recent study results on the corrosion mechan-

isms of zinc alloy coated steel sheets and the protective action of zinc alloy coatings,

this paper describes: (1) the form and mechanism of underfilm corrosion in a wet

environment and a wet and dry cycle environment that are widely different in

corrosion tendencies, and the formulation of the corrosion rate by an underfilm

coating corrosion circuit; and (2) the form and mechanism of perforation corrosion

and the protective role of zinc alloy coated steel, on the basis of the results of field

-survey of automobiles.

1. Introduction

The corrosion protection of automobile bodies advanced
toward longer durability in North America and other regions
marked by severely corrosive environments. The late 1980s saw
the setting of the ““5-10 warranty’’, namely, 5-year cosmetic cor-
rosion protection warranty and 10-year perforation corrosion
protection warranty. In North America and Europe, the use of
deicing salt on roadways in winter brought salt corrosion to the
surface as a social problem, which in the late 1970s led to the
full-fledged use of zinc alloy coated steel sheets in automobile
body panels. During the intervening period, research had been
actively conducted on the corrosion mechanisms of automobile
body sheets with remarkable results.

Automobile body corrosion can be generally classified into
two forms—underfilm corrosion and perforation corrosion'4.
Underfilm corrosion is a sort of cosmetic corrosion, occurs in
exterior body surfaces visible to the eye, such as doors and
fenders, and exhibits paint film blisters containing rust. Perfo-
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ration corrosion tends to occur in steel sheet lapped joints like
door inside hems.

To use zinc alloy-coated steel for protection against under-
film corrosion and perforation corrosion, it is important first to .
clarify the relationship of the corrosive environment with corro-
sion form and mechanism. Traditionally, corrosion researchers
have discussed the corrosion form with the pH measurement
of the underfilm corrosion product layer for underfilm
corrosion®®, and through field survey centered on corrosion
sites in steel sheet lapped joints for perforation corrosion®. Most
of the past studies, however, have been qualitative ones without
quantitatively determining the protective action of zinc alloy coat-
ings against underfilm corrosion and perforation corrosion.

Among the past study results concerning the corrosion of zinc
alloy coated steel sheets, this paper discusses: (1) the form and
mechanism of underfilm corrosion in a cyclic wet and dry en-
vironment and a wet environment that drastically differ from each
other in corrosion tendencies, with quantifications of an under-
film corrosion circuit and corrosion rate; and (2) the form and
mechanism of perforation corrosion and the protective role of
zinc alloy coated steel sheet, based on the results of field survey.



2. Underfilm Corrosion
2.1 Form and mechanism of corrosion
2.1.1 Cyclic wet and dry environment '

When specimens of zinc-15% iron alloy and zinc-11% nickel
alloy coated steel sheets are painted, scribed to the steel substrate
with a knife, and atmospheric exposure tested (the scribe is
sprayed with 5% salt solution five times per week for accelerat-
ed corrosion), corrosion initiates from the scribe and attacks the
zinc alloy coating and the steel substrate under the paint film.
Photo 1'9 shows cross sections through painted specimens at six
months of exposure near the corrosion tip. The initial corrosion
layer of the coating at the tip is basic zinc hydroxychloride
(ZnCl,-4Zn(OH),)'V. The fact that the steel substrate just be-
low the initial corrosion layer is not corroded indicates that the
coating is sacrificially corroded at the corrosion tip before the
steel substrate forms the initial corrosion layer, and protects the
steel substrate!®!213),

When an underfilm rust sample was taken from the paint film
blister near the scribe behind the corrosion tip (where the steel
substrate was corroded to, increase its volume and raise the paint
film) and was analyzed for composition, it was found to be com-
posed mainly of porous iron oxides Fe;04 and FeOOH. ZnO
and Zn(OH),, probably the final corrosion products, were de-
tected in some portions. The initially formed iron rust is presumed
to be Fe(OH)>%.

Also, a pH measurement was made of the underfilm corro-
sion product to clarify the mechanism of underfilm corrosion.
A corrosive environment similar to that of the atmospheric ex-
posure test was established in a constant-temperature and
constant-humidity cabinet. A specimen was prepared by insert-
ing and fixing the tip of a commercial 10 ~3 m diameter minute
pH electrode to the bottom surface of zinc coated steel painted
in three layers. It was left to stand in the constant-temperature
and constant-humidity cabinet and was investigated for the change
of pH with time. The paint film of the specimen was scribed at
2 x 10~3 m from the tip of the pH electrode. The test results
are shown in Fig. 1!V, The pH remained near 7 for about 60
days and rose to indicate weak alkalinity when corrosion proceed-
ed and the coating corrosion tip reached the pH electrode. This
means that hydroxide ions are formed by the formation of
ZnCl,-4Zn(OH),. As the corrosion product layer of the steel
substrate reaches the tip of the pH electrode with further progress
of corrosion, the pH steeply drops and indicates acidity. The pH
then gradually rises and indicates that the iron rust layer is alka-
line. This change in pH with the corrosion of the steel substrate
is similarly confirmed from the measurements made using cold-
rolled steel?.
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Photo 1 Cross sections through corroded portions of painted zinc
alloy coated steel sheets
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The reaction mechanism of underfilm corrosion may be sum-
marized as shown in Fig. 2! from what has been discussed
above. Corrosion starts at a paint film defect and creeps under
the paint film. At the corrosion tip, the coating is always cor-
roded before the steel substrate (this is called the mechanism
whereby the coating is corroded before the steel substrate).
ZnCl,-4Zn(OH), forms in the coating in the initial stage of cor-
rosion and finally changes to ZnO and Zn(OH),. The corrosion
of the steel substrate starts with some delay after the formation
of ZnCl;-4Zn(OH),. Fe(OH), forms in the steel substrate in the
initial stage of corrosion and eventually changes to porous Fe;O4
and FeOOH. )

In the initial stage of coating corrosion, the coating corro-
sion tip serves as an anode, where zinc is dissolved and
ZnCl, - 4Zn(OH), is formed. The cathodic reaction is an oxygen
reduction reaction. The overall reaction is expressed as follows:

5Zn + SH,0 + 5/20; + 2Cl~ ~ ZnCl,-4Zn(OH); + 20H~
This reaction is based on the experimental fact that the pH rises
with the formation of basic zinc hydroxychloride.

Basic zinc hydroxychloride is considered to finally change
through Zn(OH); to ZnO. The reaction proceeds as follows:

ZnCly-4Zn(OH); + 20H~ — 5Zn(OH); + 2Cl-

Zn(OH); = ZnO + H:0

The above zinc corrosion reactions appear valid also from the
thermodynamic study results shown in Fig. 3!1:19,

2.1.2 Wet environment

The pH measurement of zinc alloy coated steel specimens was
made in a salt spray test environment (5% salt solution at 35°C)
by methods similar to those described in the preceding section.
The results are shown in Fig. 4!0, The pH of the specimen steep
ly increased to nearly 9 with the formation of basic zinc hydrox-
ychloride, an initial corrosion product, on the 17th day after the
start of the pH measurement and then remained unchanged for
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Fig. 1 Change in pH of underfilm corrosion product with time
(cyclic wet and dry environment)
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several days. The pH of the specimen increased again and reached
10.4 owing to the formation of an alkaline blister on the 23rd
day. After the 23rd day, the pH gradually decreased and read
about 2 with the growth of the iron rust layer. Fig. 4 schemati-
cally shows the positional relationship between the pH electrode
and the rust layer at each pH level as determined by the cross-
sectional observation of the specimen made simultaneously with
the pH measurement.

The mechanism of underfilm corrosion in the wet environ-
ment may thus be elucidated as follows. Underfilm corrosion
starts at the paint film scribe (defect) and creeps under the paint
film. At the corrosion tip, the coating is corroded prior to the
steel substrate. The coating forms ZnCl,-4Zn(OH); in the ini-
tial stage of corrosion. As a strongly alkaline blister then forms,
ZnCly-4Zn(OH),; cannot remain intact but dissolves, and
changes to zincate ions (ZnO,? ~). This is followed by the growth
of the rust layer initiated under the paint film scribe. The for-
mation of the alkaline blister and the iron rust layer is due to
the corrosion reaction of the steel substrate and is not directly
related to the corrosion reaction of the coating. In this case, an
oxygen reduction reaction takes place at the alkaline blister, and
the dissolution reaction of the steel substrate takes place at the
paint film scribe, as pointed out by Funke et al.

When the coating is initially corroded, the corrosion tip serves
as anode, where zinc is dissolved and ZnCl,;-4Zn(OH); is
formed. The cathodic reaction is an oxygen reduction reaction.
The overall reaction is given by the following equation as is the
case with the cyclic wet and dry environment:

5Zn + 5SH;O + 5/20; + 2C1~ — ZnCl>-4Zn(OH), + 20H ~

The alkaline blister causes the reaction to proceed as follows:

ZnCl;-4Zn(OH); + 120H~ — SZnO§‘ + 10HO + 2Cl1-

The above zinc corrosion reactions appear valid in the light
of the thermodynamic study results shown in Fig. 5'1.

As observed in the above-mentioned cyclic wet and dry en-
vironment, underfilm corrosion in the wet environment is charac-
terized by the formation of ZnCl; - 4Zn(OH);, in the initial stage
of corrosion. This is a phenomenon common to all zinc alloy coat-
ed sheet products.

2.2 Quantification of zinc alloy coating corrosion circuit and
corrosion rate

The actual rate of underfilm corrosion is qualitatively known
to depend on the composition, weight, and corrosive environ-
ment of the zinc alloy coating. Fig. 6! and Fig. 7'9 show the
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relations between the corrosion width (distance from the paint
film scribe to the corrosion edge) and the composition of the zinc-
iron alloy coating, respectively in the 6-month atmospheric ex-
posure test and the 6-week salt spray test. The two figures clear-
ly differ in terms of the corrosion width (rate). The corrosion
rate varies with the type of coating, probably because of the differ-
ences in the formation of a coating corrosion microcircuit and
the corrosion current through the microcircuit!”!®,

The cathodic reaction in the underfilm corrosion of the coat-
ing is regarded as an oxygen reduction reaction, but the coating
corrosion circuit is not yet made clear. This is because the loca-
tion of the cathode is not identified. Under two assumptions, at-
tempts were made to derive an equation for quantifying the
corrosion rate of the coating and to equally interpret relations
between the corrosion rate, composition, coating weight and cor-
rosive environment of the coating.

Assumption 1: There are two corrosion circuits, namely, a cir-
cuit on the coating (circuit having the anode and cathode on the
coating) and a circuit between the coating and steel substrate (cir-
cuit having the anode on the coating and cathode on the steel
substrate near the coating), at the corrosion tip, as shown in Fig.
8!9, The corrosion of the coating occurs because of the coexist-
ence of the two circuits.

Assumption 2: The corrosion of the coating proceeds with the
corrosion current that is not controlled by the diffusion of oxygen.

From the above assumptions, the following equation is de-
rived to quantify the corrosion rate of the coating:

. iposy Matme Mo
L _ Maig™" 1+l 1£_i —ama Mg +me ---+(1)
t nF oz la /\i,

where

iP~P is density of corrosion current flowing through the cor-
rosion circuit on the coating
is density of corrosion current flowing through corro-
sion circuit between the coating and the steel
il:)_P is initial current density of the coating-coating couple

iP=S . L . . .
1o is initial current density of the coating-steel couple

la is coating thickness

Ic is effective steel length contributing to the formation
of corrosion circuit between the coating and the steel
(galvanic protection distance)

ma. is (reciprocal of the Tafel slope for the anodic dissolu-
tion of zinc) x 2.303RT/F

me is (reciprocal of the Tafel slope for the cathodic reduc-
tion of oxygen) x 2.303RT/F

F is Faraday’s constant

n is discharge charge number of zinc
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Fig. 8 Coating corrosion circuit model at corrosion tip
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Fig. 10 Relationship between corrosion rate L/t and 1./1, of zinc alloy coating

©Ozn is density of zinc

Mz, is atomic weight of zinc

L is corrosion width (distance from the paint film scribe
to the corrosion edge)

t is corrosion time

The above equation indicates that the corrosion rate of the
coating is basically expressed as a function of the couple initial
current densities (i5~F, if %), and 1./1,!". The physical mean-
ing and measuring technique of the couple initial current densi-
ties are not described in detail here, but the couple initial current
densities are the values that correspond to the corrosion current
that follows in each circuit and depend mainly on the composi-
tion of the zinc alloy coating as shown in Fig. 9'%. The value
of 1. that corresponds to the galvanic protection distance depends
mainly on the corrosive environment and decreases with increasing
dryness of the corrosive environment!®, The values of m, and
m, depend on the coating composition and other factors, strict-
ly speaking, and are taken as constants (m, = 3.5, m¢ = 0.5)
here!®. The relationship between L/t and 1./1, as simulated by
Eq. (1) is shown in Fig. 10!9. The data of zinc alloy coated steels
with the iron content ranging from 0 to 36% are given in Fig.
10. It is evident that the relationship between L/t and 1./1; varies
with the coating composition and that the corrosion rate L/t
decreases with decreasing 1o/l (increasing dryness or coating
thickness).

When calculated by Eq. (1) from the measured values of L/t
in Figs. 6 and 7 where 1, is constant (2.8 x 10~% m as convert-
ed from the coating weight of 20 x 1073 kg/m?), the ratio 1./1,
is 0.05 in the atmospheric exposure test and 0.9 in the salt spray
test, as shown in Fig. 11'%. The value of 1. is expected to be ex-
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_tremely small in the actual service environment for corrosion-
resistant steel sheet where dryness is relatively high. Under the
condition of 1c/1, = 0.05, it is theoretically predicted from Fig.
10 that the corrosion rate is the lowest for low-alloy coatings with
an iron content of 10 to 20%. Galvannealed steel and zinc-iron
alloy coated steel in current use are designed to fall within this
compositional range and are found to be optimum from a cor-
rosion resistance point of view.

Although not discussed here, the kinetics of zinc alloy coat-
ing corrosion?”, the effect of coating weight on corrosion
resistance!?, and the methods for evaluating the corrosion
resistance of zinc alloy coated steel?'?¥ were also studied in
detail.

3. Perforation Corrosion
3.1 Corrosion form

Perforation corrosion is known to be severest in the door hems
of automobiles used in North America and other salt-affected
regions of the world. Photo 22432 shows the hems of a door
taken from an automobile disassembled after 10 years of use in
Canada. The extent of corrosion varies according to the portion
of the door. Perforation corrosion occurs not where the hem is
open upward as conventionally claimed, but where the hem is
closed with overlapping outer and inner panels. Another door
was taken from a 4.5-year-old automobile with inner and outer

(b)

Photo 2 Door hems of automobile disassembled after 10 years of service
in Canada (a, b and ¢ are different portions of the same door)

door panels made of galvanized steel with a coating weight of
about 90 x 1072 kg/m? and was examined in detail by an opti-
cal microscope, electron probe microanalyzer (EPMA) and other
instruments. It was found as a result that the hem portion where
the coating is covered by the paint or a local rust inhibitor such
as an adhesive suffers only slight corrosion3%32, In other words,
perforation corrosion is apt to occur in bare galvanized steel sur-
faces without paint or inhibitor application. In this sense, the
intrinsic corrosion resistance of galvanized steel in bare use
governs its perforation corrosion resistance. The door hems of
the 4.5-year-old automobile revealed the portions where the zinc
coating was completely lost by corrosion, but the steel substrate
was not corroded. The minimum field life of the 94.81 x 10-3
kg/m? zinc coating is thus estimated at 4.5 years in the door hem
area. The corrosion rate in the coating thickness direction is now -
calculated. Since the zinc coating thickness is 0.14 x 10~% m per
1073 kg/m?, the corrosion rate of the zinc coating in the field
is 94.81/4.5 x 0.14 x 10~%m/year = 2.95 x 10-6m/year =
3 x 1079 m/year. The field life of cold-rolled steel sheet before
the onset of perforation corrosion is said to be about 2.5 years
(for the sheet thickness of 0.7 x- 10~3m). When calculated from
this life expectancy, the corrosion rate of cold-rolled steel sheet
in the thickness direction is about 3 x 10~4 m/year®. The
through-thickness corrosion rate ratio of the steel sheet to the
zine coating is 100:1 and shows that the corrosion rate of the zinc
coating is much lower than that of the steel sheet.

The corrosion products in the door hem lapped joint of the
10-year-old Canadian automobile where only the inside zinc coat-

_ing was corroded were examined by the X-ray diffraction tech-

nique. The formation of ZnCl;-4Zn(OH), was identified.
ZnCly-4Zn(OH); decreased whereas ZnO increased with ag-
gravating corrosion. Where the steel substrate was corroded to
an advanced degree, the corrosion product of the zinc coating
was mostly ZnO. It is thus concluded that in the door hem flange
of the automobile, the zinc in the zinc coating changed to
ZnCl;-4Zn(OH); in the initial corrosion of the galvanized steel
and then to ZnO with the progress of corrosion?®. This suggests -
that the perforation corrosion of galvanized steel can occur as
indicated by the thermodynamic study shown in Fig. 3.

To interpret the above-mentioned corrosion phenomena in-
side the door hem, the next section studies the corrosion charac-
teristics of zinc and the electrochemical coupling behavior of zinc
and iron, and clarifies the role of the zinc coating against perfo-
ration corrosion.

3.2 Role of zinc coating against perforation corrosion

Salt solutions were adjusted to different pH levels using HCI
and NaOH, and a 50 cm? pure zinc specimen was immersed in
100 cm? of each solution thus prepared and observed for corro-
sion. (The corrosion products were identified, and the change
in the pH of the solution was measured.) The corrosion charac-
teristics of zinc were studied from the results obtained. As can
be seen from Fig. 12, ZnCl,-4Zn(OH); and ZnO are formed as
corrosion products of zinc in solutions with a NaCl concentra-
tion of 1% or more. This finding indicates that the door hem
was exposed to an environment containing 1% or more NaCl.
As shown in Fig. 13, solutions with an initial pH of 5 to 12
changed to pH of about 9 on the 10th day with the dissolution
of zinc in the solution (containing no NaCl). The dissolution of '
zinc is considered effective in stabilizing the pH of the solution.
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This pH value approximatel:yagrees with the pH of 8.5 or 9 ob-
tained from the solubility product K, of Zn(OH), or ZnCl;-
4Zn(OH);,.

The electrochemical couple behavior of an outer galvanized
steel panel and an inner cold-rolled steel panel in a door hem (or
of the inside zinc coating and exposed steel substrate of the out-
er panel) was investigated as described below.

The amount of oxygen dissolved in NaCl solutions of vari-
ous concentrations was measured first. As shown in Fig. 14, the
dissolved oxygen measurements are close to those presented in
Kagaku Binran (‘“‘Handbook of Chemistry’’ in Japanese)?.
This attests to the extremely high reliability of the dissolved oxy-
gen measurements. When obtained from the measured amount
of oxygen dissolved in a 5% NaCl solution, for example, accord-
ing to Fick’s first law, the oxygen diffusion limiting current den-
sity in a still bath is about 100 x 102 A/m?. The sacrificial
protection range of the hem flange area as determined from this
value is shown in Fig. 15. The rest potential difference between
the outer panel inside zinc coating and the cold-rolled steel inner
panel was taken as the potential difference between the outer and
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Fig. 16 Couple behavior of zinc and iron

inner panels. The values of equivalent electrical conductivity given
in Kagaku Binran? were used as equivalent electrical conduc-
tivity in NaCl solutions. The distance between the inner and outer
panels of doors in North American automobiles in the field was
measured to be about 180 to 200 x 10~% m. Assuming that a
NaCl solution with a NaCl concentration of 1% or more is ptesent
in the hem flange area taking into consideration the existence of
ZnCl;-4Zn(OH), as corrosion product, it is suggested that
sacrificial protection could well occur between the outer and in-
ner panels as indicated by the shaded region of Fig. 15. The elec-
trochemical couple behavior of zinc (pure zinc sheet) with a
measuring area of 1 cm? and iron (cold-rolled steel) in a 5%
NaCl solution (100 cm’) adjusted to any desired pH by NaOH
was investigated (the mixed potential and current were measured).
Fig. 16 shows the relationship between the couple current and
the pH. The couple current is small and 20 to 40 x 10-2 A/m?
in the pH range of 7 to 12. This value is smaller than the 100
x 1072 A/m? presumed from the amount of dissolved oxygen.
A sharp increase in the couple current is observed in the pH range
of over 12. The rest potential in the couple condition is slightly
less noble than —1 V, is practically constant in the pH range of
7 to 12, and suddenly becomes less noble as the pH exceeds 12.
These results are presented on a potential-pH diagram in Fig.
17. The measured values (indicated by solid circles) are the-aver--
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age values of the potentials shown in Fig. 16. The measured values
of the rest potential for iron alone (indicated by the letter x)
are those measured in a 5%NaCl solution open to air. The meas-
ured data points for iron alone are located in the iron active dis-
solution region. In the pH region of neutrality to weak alkalinity,
the iron-zinc couple is expected to make the rest potential less
noble and to keep the iron and zinc in the immunity region and
the passivation region, respectively. Since the couple current is
smaller than the oxygen diffusion limiting current in the pH range
of neutrality to weak alkalinity, the formation of a protective
corrosion product film is considered responsible as reported by
Hisamatsu®?. The results of the field survey and laboratory
research discussed in the preceding section indicate that
ZnCl;-4Zn(OH),; may be the protective corrosion product.

From what has been discussed, the role** of zinc coating in
protecting the steel sheet lap in the hem against perforation cor-
rosion may be considered as follows. The zinc coating on the steel
sheet galvanically protects the steel substrate. It also dissolves
to keep the environment stably alkaline and inhibits its own dis-
solution by forming a protective film of ZnCl,-4Zn(OH); on its
surface. It is thus effective against perforation corrosion. This
may be interpreted to indicate that the presence of
ZnCly-4Zn(OH); as corrosion product as indicated in the
preceding section makes the ratio of cold-rolled steel to zinc coat-
ing 100:1 in terms of corrosion rate.

In Fig. 18, the cyclic corrosion test procedure is shown as
the method for simulating the corrosion of the hem. The evalua-
tion results of lapped test specimens?? in the cyclic corrosion test
demonstrate the effect of coating weight in resisting perforation
corrosion, as shown in Fig. 19°9. The straight lines for the zinc-
iron alloy coated steel do not pass through the origin, which points
to the presence of a certain incubation period. Since the incuba-
tion period increases with increasing coating weight, the zinc coat-
ing alone is considered to be corroded during the incubation
period. After the incubation period, the straight lines start to rise.
The slope of the straight line is smaller for the zinc-iron alloy
coated steel than for the cold-rolled steel and decreases with in-
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Fig. 18 Cyclic corrosion test condition
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Fig. 19 Results of cyclic perforation corrosion test with
lapped flat steel sheet specimens

creasing coating weight. This indicates that the corrosion behavior
of the steel substrate after the loss of the zinc-iron alloy coating
is different from that of the cold-rolled steel. This tendency is
not observed with flat steel sheets. When lapped steel sheet speci-
mens are opened and observed, corrosion is locally caused, and
portions where the steel substrate is corroded are present together
with those where the coating remains. Because the specimens are
those of lapped steel sheets, the zinc-containing corrosion
products do not readily run out of the hem, but remain covering
the steel sheet surface. This is attributable to the galvanic pro-
tective action of the adjoining zinc coating and the protective ac-
tion of corrosion products, as described above. Localized
corrosion also occurs in actual automobiles as shown in Photo
2. Since the corrosion products are not considered to easily run
out of the hem, it is presumed that a phenomenon similar to that
observed with the lapped steel sheet specimens is also caused in
the hem.

3.3 Corrosion mechanism

Disassembling investigation of field automobiles
yielded the following findings: 1) Perforation proceeded from
the inside to the outside of the hem in one case, and the corro-
sion initiated at the hem edge proceeded into the hem in another
case. The former condition is likely to occur when the adhesive
is not properly applied, and the latter when the adhesive is proper-
ly applied but the sealer is not. 2) The outer panel is corroded
more severely than the inner panel. 3) When the corrosion
products are accumulated in the hem, their volume expansion
widens the gap of the hem.

The mechanism of perforation corrosion may thus be eluci-
dated as follows. Corrosion factors, such as oxygen, water, chlo-
ride ions and mud, enter the inside of the door through the
window or the like, or are supplied through the corroded por-
tion of the hem edge to the hem. If local inhibitors are improperty
applied, are degraded with time, or not tightly applied to the steel
sheet, the zinc coating starts to corrode. The inside of the hem
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is practically unpainted and is susceptible to corrosion. The air
temperature difference between the inside and outside of the hem
facilitates dew condensation inside the hem and causes the cor-
rosion to continue inside the hem even after the disappearance
of rainwater or other water introduced into the hem. This ten-
dency is particularly pronounced on the outer panel, so that the
outer panel suffers heavier corrosion than the inner panel. As
the zinc coating is corroded, the underlying steel substrate starts
to corrode. When the corrosion products of the steel substrate
are formed, their volume expansion widens the gap of the hem,
promotes the supply of corrosion factors, and accelerates the cor-
rosion of the hem. Perforation proceeds from the inside to the
outside of the hem. Once holes are opened, corrosion factors are
supplied also through the open holes to further accelerate the cor-
rosion of the hem.

Local inhibitors can be effectively applied against perforation
corrosion. Given the difficulty of properly applying local inhibi-
tors, however, the use of zinc alloy coated steel will continue to
be an essential solution to the corrosion problem.

4. Conclusions

Work has rapidly advanced on the research and development
of zinc alloy coated steel sheets for the corrosion protection of
automobile bodies, and various zinc alloy coated steel products
are now used in this automotive application. Given the future
development of new zinc alloy coated steels and use of existing
coated sheet products in right applications, it is considered es-
sential to clarify the corrosion mechanism and protective role of
coatings. Recent research results have been presented above con-
cerning the corrosion mechanisms of zinc alloy coated steels and
the protective action of zinc alloy coatings.
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