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ABSTRACT

Over the past 20 years the automotive industry has constantly improved vehicle corrosion behaviour by exploiting the benefits of zinc
coated steels. The application of zinc coated steel, however, does have considerable impact on processes within the automotive industry, the
choice of coating type, therefore, can differ between OEM. Using the surface sensitive technique of Atomic Force Microscopy (AFM) the
local corrosion behaviour of galvanised steel (Gl) and galvannealed (GA) has been compared. Three sample models have been exposed to
5 wt% sodium chloride solution, for different times, to simulate cut edge, stone chipping and galvanic coupling corrosion behaviour. AFM
was used to determine the volume of material loss for each time interval which could then be related to an absolute measure of corrosion
rate. By converting corrosion rate to current density values the degree of electrochemical activity of the GI and GA systems were compared.
For al experimental models GA showed lower corrosion densities compared to Gl. The cut edge specimens show Gl to have up to 7 times
the current density of GA after 256 minutes. The coupled samples magnify this difference further with almost no material 1oss to the GA
coating but a greatly increased corrosion rate for Gl. This study has confirmed that, by using the specialised technique of AFM in an
innovative way, GA outperforms Gl, where the zinc coating has been damaged, with its coating sacrificially corroding at a slower rate.

1. Introduction

Sted has always been the mgjor materia of usein the automotive
industry. In recent times, where there has been a demand for
increased safety, weight reduction and reduced fuel consumption,
steel has demonstrated its versatility by offering arange of high
strength yet formable new products. Steel, however, is essentialy
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unstable and can react immediately with its environment, when
exposed. The corrosion of steel in the automotive industry can
have a catastrophic impact on safety critical parts and result in
unwanted cosmetic defects that are unacceptable to the customer.
Rust has twice the volume of steel and once the corrosion process
has been initiated protective paint coatings are destroyed alowing
damaged areas to grow rapidly®.

—107 -



Honda R&D Technical Review

Vol.17 No.1 (April 2005)

In an effort to hinder the corrosion of vehicle Body In White
(BIW) and closure panels zinc coated steels are being increasingly
employed by the Original Equipment Manufacturer (OEMs) on a
global scale. The aim is to reduce weight with no sacrifice to
performance, safety and cost®. These targets have led to design
changes allowing reduction in steel sheet thickness and growth of
materials such asgalvanised steel (Gl) and galvannealed stedl (GA).
Zinc coatings offer protection to steel in two ways: firstly, zinc
actsasabarrier since, being more corrosion-resistant than stee, it
separates the steel from any possible aggressive environment;
secondly, zinc is less noble than steel and, when coupled together
in the presence of an electrolyte, will sacrificially corrodeto protect
the steel. The latter form of protection is particularly important
where a coated substrate has been mechanically deformed and the
integrity of the zinc coating broken, leaving the steel substrate
exposed, as for example at a cut edge or stone chip area.

The application of a zinc coating, whilst improving corrosion
resistance, can have a deleterious effect on other critical aspects of
vehicle manufacturing, for example stamping, welding, painting
and cost. Depending on the desired performance and qudlity, there
are many different coating compositions and processes that can be
employed by the steel mill. Gl and GA have emerged over the
past 10-15 years as the dominant coated substrates within the
automotive sector®. Traditionally electro plated zinc (EG) was
used, offering aclass A paint finish, however, improvementsin Gl
and GA aswell as cost implications have seen adeclinein the use
of EG. Current trendsin the automotive application of coated steel
indicate that European OEMs tend to utilise Gl where as Japanese
OEMs favour GA.

It is fundamentally understood that the iron-zinc alloy coating
of GA, provided all other factors were equal, would sacrificially
corrode at a slower rate compared to the conventional pure zinc
coating of Gl. Previous studies have obtained average area
corrosion data based on amacroscopic sca e that may not be relevant
to the usual forms of damage observed on BIW for example, stone
chips and cut edges. This investigation seeks to rectify this
deficiency by comparing the local corrosion behaviour of Gl and
GA on amicroscopic scale using Atomic Force Microscopy (AFM).
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Three experimental models, cut edge, stone chip and galvanic
couple, have been developed to simulate possible on vehicle
electrochemical scenarios. Itisintended that the models help further
the understanding of the impact of anode/cathode ratio on coating
composition. AFM offers the ability to analyse surface at atomic
level and, with thisdegree of spatial resolution, unique experiments
can be carried out at the coating/substrate interface. AFM, inthe
contact mode, has been used to obtain quantitative corrosion data
which can improve knowledge of the local corrosion at the coating/
substrate interface for Gl and GA.

2. Hot Dipped Zinc Coating of Steel

2.1. Advances in Coating Quality

Hot dipped galvanising of steel is by far the most common of
the zinc coating processes and has existed for over 200 years®.
Most sheet product is made on a Sendzmir type hot process
continuous line, Fig. 1. After uncoiling, the strip is cleaned, to
remove oils and other surface contamination, before entering the
heat treatment furnace. The annealing furnace heatsthe stripin a
reducing atmosphere, usually a Nitrogen / Hydrogen mix, above
the recrystalisation temperature at about 700 °C, removing further
contamination from the strip. Asthe strip leavesthe furnace it is
cooled, by gas jets, to approximately 450 °C, similar to the zinc
pot. Next, the strip enters the zinc pot, the rate of coating tends to
depend on the steel type with thickness controlled by immersion
time and gas wipers at the pot exit, which remove excess material.
Roller levelling, temper rolling, inspection, oiling and recoiling
complete the production process.

In the automotive industry, as already discussed, Gl and GA
have been increasingly employed over the past couple of decades.
The growing demands for these products have subsequently
coincided with improved coating quality, properties and processing
know how from steel suppliers. Modernisation of galvanising lines
such as the implementation of automated surface control devices,
greater control of temperature and atmosphere during annealing
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Fig. 1 Schematic of a Sendzimir continuous galvanising line
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and the optimisation of strip cleaning have led to amore consistent
product with tighter tolerances. Zinc pot control has improved,
increasing pot life and reducing costs. Thewiping and solidification
areais enclosed in a nitrogen atmosphere avoiding and reducing
surface defects. The purpose of thisreview is not to detail the
advances in modern hot dip galvanising but to demonstrate that
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zinc coated products available to the automotive industry are
constantly changing and are of a higher quality now than at any
timein the past.

2.2. Gavanised and Galvannealed Steel

Gl and GA are both hot dipped zinc coated steels. Asthe steel
strip passes though the zinc pot several specific iron/zinc
intermetallics can form. The iron/zinc system iswell understood
and has been reported in great detail previously. The possible
phases formed by the hot dipping processes can be found by
examining the zinc rich end of the iron/zinc equilibrium phase
diagram, Fig. 2®. The composition of the coating depends on
several factors; immersion time and speed, the influence of aloying
elements and the application of a post annealing stage.

The processing routefor Gl is, essentially, the same as described
in section 2.1. The microstructure of the coating is almost
completely pure zinc, Fig. 3. Aluminium (0.2 wt%) is typically
added to the zinc pot to prevent the formation of brittle iron-zinc
intermetallics at the coating/substrate interface. The aluminium
reacts preferentially with the steel forming a thin Fe,Al (Zn)
inhibition layer, suppressing any iron/zinc alloying. In the case of
GA, however, the growth of iron zinc phases is controlled and
encouraged by passing the strip through an annealing tower after
zinc pot exit, Fig. 4. Asthe freshly coated strip passes through the
furnace, iron/zinc phases grow due to thermal diffusion. A coating
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Fig. 3 Micrographs of the microstructure of (a) conventional Gl and (b) typical GA found in the automotive industry
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Fig. 4 Schematic highlighting process differences between (a) Gl and (b) GA steel (with annealing tower)
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mainly consisting of d-phase is preferred by the automotive
industry because of optimum weld, powdering and corrosion
properties®- @,

Theiron/zinc aloy coating offersimproved weldability and, due
to a corrosion potential closer to the steel substrate than GlI,
enhanced corrosion protection. Traditionally GA has aso offered
better paintability to the automotive industry because of a higher
surface roughness, although since the advent of surface texturing
the paint appearance of Gl hasimproved. The harder coating of
GA however, poses powdering and drawing concerns. Finally, as
steel competes more and more with the lightweight technologies
offered by the use of light metals and carbon composites in the
automotive industry, there have been great steps made in the
development of High Strength Steel (HSS). This has been
accompanied by an increase in the complexity of metallurgy, for
example TRansformation Induced Plasticity (TRIP) steel, which
can potentially be effected by the elevated temperature of the GA
annealing tower®,

3. Experimental Work

3.1. Sample Preparation

3.1.1. Experimental models
In galvanic protection, zinc is less noble or anodic to steel in
ambient conditions and will sacrificially corrode to protect steel.

|:| Fe |:| GA coating

(a)

The corrosion rate, according to the Catchment Area Principle, is

influenced by the proportion of the exposed zinc (anode) compared

to the exposed steel (cathode). Taking into consideration different
anode/cathode ratios, samples were prepared in different ways
related to possible scenarios that could occur on avehicle. Three

experimental models for Gl and GA were prepared, Fig. 5:

(1) Cut Edge Simulation - Sampleswere mounted in cross-section
resulting in a high iron exposed area (cathode) to small zinc
area (anode). Estimated anode/cathode ratio = 1:1000.

(2) Stone Chipping Simulation - A more specific laboratory
developed method yielding a smaller exposed iron area
compared to the exposed zinc. Stone chipping damage can
be very random in its nature; however, some situations will
result in alarge anode to small cathode scenario. Estimated
anode/cathode ratio = 24:1.

(3) Galvanic Coupling Simulation - GI and GA were mounted
together in the same epoxy and galvanically coupled (samples
were touching). Theresin block was then cut and polished so
that their individual cut and polished edges were
simultaneously exposed to the electrolyte.

To prepare the large anode to small cathode sample a specific
laboratory preparation method was devel oped, as mentioned above.
15 mm discs were cut from the steel sheet. The discs were then
punched into dome shapes, described in Fig. 6. The overall aim of
this work is to compare the behaviour of GI and GA, therefore
reproducible sample shape was critical. A custom made tool was
designed for the “dome” punch procedure, Fig. 7. Using the tool

|:| Resin mount material

5% NaCl(aq)
l l

(b)

()

NaC/(aq)

Fig. 5 Schematic diagrams of (a) the cut edge sample (b) the stone chip sample and (c) the galvanic sample.
For (a) and (b) examples of the expected effect of exposure after a given time, t.
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an 8 mm ball forms the disc into a dome shape to afixed height,
0.8 mm in these experiments. The domes were then mounted in
resin and ground to 4000 grit paper. The grinding process removed
the top of the dome thus exposing an iron cathode surrounded by
zinc, Fig. 6. The samples were polished to a 1 pm finish and
washed in awater free environment. The grinding and polishing
stage was controlled for each sample to give a tolerance in the
diameter of the exposed material to +0.05 mm.

3.1.2. Ex-Situ aqueous corrosion treatments

Gl and GA material (0.8 mm gauge) was supplied from three
industrial suppliers, samples A, B and C. Samples were cut and
mounted in epoxy resin. The mounted specimenswerefirst ground
with successive silicon carbide papers, from 320 to 4000 grit, and
then polished to a 1 um finish to give a highly smooth and flat
surface. Specimenswere usualy ultrasonically cleaned in ethanol,
not rinsed in water to avoid initiating corrosion. Finally the epoxy
resin mount was machined to an appropriate sizefor AFM analysis

Punch dome shape

Fig. 6 Schematic diagram describing the production
of the stone chip sample

Fig. 7 Photograph of the custom made tool to make
the stone chipping samples

All samples were treated using a5 wt% NaCl aqueous solution
for test periods of 1, 4, 8, 16, 64 and 256 minutes. The treatment
was carried out at room temperature and ambient pressurein plastic
aerated containers. After each treatment sampleswerewashed using
six baths of de-ionised water and ultrasonically washed in ethanol.

3.2. Atomic Force Microscopy Analysis.

3.2.1. Atomic Force Microscopy

In AFM asharp stylus, mounted on a cantilever, is scanned across
the surface of the sample under investigation. Thetechniquediffers
from the ‘ Talysurf’ type of profilometer, widely used in industry,
only in the sensitivity of the cantilever and the miniaturisation of
the scanning system. In AFM the cantilever deflects towards, or
away from the surface under the influence of interatomic forces
and the scanning system, equally, has a resolution of atomic
dimensions. The deflection of the cantilever, as it traverses the
surface, is measured by a laser beam acting as an optical lever.
The system provides an accurate representation of the surface with
full x,y,z co-ordinates for each position and a resolution of around
1nm. The surface can be interrogated in many ways to provide
measurements of roughness and other relevant surface profiles.

3.2.2. Analysis modes

(1) Height analysis

The simplest quantitative display is the height profile, which
shows the elevation of the features along aline. Theline need not
coincide with an original scan line, but can be an arbitrary line on
the image. Measurements of differences in surface elevation,
horizontal distance between points, and slopes were possible with
theimage processing program, Nanoscope 11 Digital Imaging 5.12.

(2) Bearing analysis

The word “bearing” characterises the relative roughness of a
surface in terms of high and low areas. The bearing ratio curveis
the integral of the surface height histogram and plots the total
percentage of the surface above a reference plane as a fraction of
the depth of that plane below the highest point in the image. By
utilizing bearing analysisit is possible to determine what percentage
of the surface lies above or below any arbitrarily chosen height
(the “bearing ratio”). For example, bearing analysisis frequently
used in studies of surface wear and friction and in silicon etching
procedures to observe changes in etched features over an interval
of time. In qualitative terms, the bearing ratio gives a measure of
how “jagged” asurfaceis. In this study, etching of zinc in zinc
coated steel is being considered, where zinc works as a sacrificial
anode. The protected iron may so be used as a height reference
from which to compute the bearing volume which will then coincide
with the amount of removed zinc. In practice, the volume is
measured over an areadefined by arectangle placed over theimage
onthescreen. Thisareaisused by the software to return the bearing
volumein the form of volume per unit area. This has the units of
depth and is the mean depth of the zinc removed by corrosion over
the area selected. This value can be processed to give a corrosion
rate in more conventiona units.
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3.2.3. Local area analysis.

To establish the rate of coating loss it was imperative that the
exact same sample location was revisited after each exposuretime.
With small localised areas of interest, 20 pm?, asimple but effective
method to recognise analysis areas easily was developed, Fig. 8.

3.3. Quantitative Electrochemical Calculation of AFM Data

Bearing analysisof the AFM data givesameasure of theremoved
volume of material per unit areafor a given exposure time. This
measure needs to be corrected by subtraction of theinitial bearing
volume arising from the natural roughness of the as-polished
surface, Fig. 9. This correction value was determined for the
reference area before exposure.  The rate of material lossis an
absolute measure of corrosion rate but can be related to the values
often obtained by electrochemical measurements. Corrosion is
essentially an electrochemical process that relies on the flow of
electrons from an anode to a cathode. It is possible to convert
known material loss volumes to current densities, which reflect
the degree of electrochemical activity of asystem, in the following
manner.

The corroded mass per unit area after atimet, is given by
m= (V.- V,) 0, )

Where V| isthe bearing volume, expressed as volume per unit
area after timet and p,, isthe density of zinc.

Coating

Indents to help
locate analysis position

10

y =

Depth [um]
0 _ | _ | . |
40

Depth [um]

Distance [um]

4 min.

Distance [um]

The mean corrosion rate is then
dvdt = (V.- V,) p,, /t @)
a any giventimet.

This corrosion rate can be converted to electrochemical current
by the use of Faraday’slaws. First expresstherate in the form of
mols of zinc per unit area per unit time

dM/dt = /M-dmvdt (3)

Where M isthe atomic weight of zinc

The total electrochemical current, i, isthen given by
i = (AnF/M)-dm/dt 4)

Where n electrons are associated with the formation of azinc
ion (Zn#) and nF coulombs are released by the dissolution of the
anodic zinc and A isthetotal areaof zinc exposed to the electrolyte.
Thus the current density is given by

iIA= (nFIM)-(V,- V_)It p,. (5)

Whilst the assumption that the coating is 100% zinc is not true
for the GA calculationsit does not actually change the assumption
that all removed material is related to corrosion rate dm/dt.
Automotive grade GA is predominantly d-phase which has a
composition of about 90% zinc and 10% iron. The final location

/

Depth [um]

40 40
Distance [um]

8 min. 64 min.

Fig. 8 AFM Images showing the use of Vickers hardness tester indents used to locate sample analysis position
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of the removed iron is not known, back deposited or |eft behind on
the coating surface as mobile species are possible outcomes. In
any case, the volume of material removed, as measured by AFM,
relates exactly to the electrochemical current flowing. The net
effect of the iron contribution in the coating on the calculation is
relatively small, appearing only in the molecular mass and the
density terms of Eq. (3). For the purposes of this study this small
correction has been neglected.

4. Results

4.1. Cut Edge Samples

Fig. 10 shows agraph of removed volume against time for Gl
cut edge samples. The plot of removed volume against timeis
representative of corrosion rate. Following the sequence of
calculations described in Section 3.3. al the removed volume
values can be converted to charge, for each respective time
intervals, Fig. 11. Graphs of charge against time make inferences
about current density for a particular system. Using the values
plotted for each timeinterval, however, only indicates the average
current density to the respective point intime. Taking the tangent
of the graph at a point in time will give the instantaneous current
density, asif measured by the electrochemist using conventional
methods. As can be seen the value is essentially constant after
about 100 minutes. It isthese values taken at 256 minutes, which
are shown in Table 1 and compared against GA values.

For a GA sample the rate of loss of coating was much slower
than for GI. Taking into account experimental tolerances only
data at 256 minutes could be used. The data for GA values at
256 minutes, therefore, is representative of instantaneous current
density values, Table 1.

10 ¢ :
Coating
Depth [um]
0o Steel
Distance [um] Distance [um]

After polish, Before etching:
BV/BA = 0.363 um3 / um?

Fig. 9 AFM Images of zinc/steel coating interface at (a)t, before exposure and (b) t

Table 1 Current density values for Gl and GA for cut
edge samples
Current density (uA / cm?)
Sample A B C
Gl 36.8 27.6 11.0
GA 8.4 6.1 5.9
1.0
0.9 |
E 08 1 -~ Sample A
= 07 |
2 6 | —A- Sample B
2 ' - Sample C
S 05
S 04 |
3
2 03 {
¢ 02 |
0.1 |
0.0

Fig. 10

2500000
2000000
1500000

1000000

Charge [C]

500000

0

50 100 150 200 250 300

Time [min]

Removed volume [um?] against time [min]
for cut edge Gl samples

-6~ Sample A
-&- Sample B
- Sample C

—3

0 50 100 150 200 250 300

Time [min]

Fig. 11 Charge [C] against time [min] for cut edge Gl
samples
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4.2. Stone Chipping Samples

It is not the intention of this study to compare material across
different suppliers and for this reason only sample B was analysed
for the stone chipping (and galvanically coupled) model. Previous
results have shown sample B to offer data in between the other
samples and so would offer representative data for Gl and GA.
The calculated charge data for the stone chipping model for Gl is
shown in Fig. 12. In order to take into account the whole data set
and reflect that the zinc coating has been sacrificially removed an
average current density has been shown. The instantaneous current
density at 256 minutesis so small that its value could mistakenly
be thought to indicate that little or no coating loss has taken place.
This was the case with the GA sample hence no datais given.

4.3. Galvanic Couple Sample

No significant loss of GA coating was observed on the galvanic
coupled sample. The current density values calculated for the Gl
coating, however, were significantly higher than previously
observed. An instantaneous current density value of 85.6 pA/um?
was calculated at 256 minutes. Fig. 13 shows a graph comparing
the Gl values for a cut edge sample and agalvanic coupled sample.
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Fig. 12 Charge [C] against time [min] for stone
chipping sample (Sample B only)
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Fig. 13 Comparison of charge [C] vs time [min]

curves for Gl coupled and Gl cut edge
sample from sample B

5. Discussion

Thelocal corrosion behaviour of zinc coated steel at the coating/
substrate interface has been studied. The performance of Gl and
GA has been compared in different situations, in the context BIW
exposure, taking into consideration different anode/cathode ratios
and the galvanic coupling of the different substrates. This study
has taken advantage of the high spatial resolution AFM offers, to
develop anovel method for the study of local corrosion activity at
an interface. Current density values for the different substrates
and experimental models have been calculated from raw data
measured by AFM.

It is already understood that, due to its zinc/iron alloy coating,
GA is expected to sacrificialy corrode at aslower ratethan Gl. In
two of the experimental models investigated corrosion of the GA
coating was so small that it could not even be measured by AFM.
Only analysis of the cut edge samples gave quantifiable results for
both Gl and GA. The Gl results, shown in Fig. 10, indicate quite
alarge variation between samples. The GA values, whilst much
lower, show less variation possibly suggesting that GA offersa
more stable corrosion protection coating. One explanation,
considering the process route differences, could be that the
annealing furnace for GA has a stabilising effect on the coating
across all suppliers.

Theinitia corrosion rate of the Gl samplesisalmost linear before
slowing with time. Thisindicates achangein theloca corrosion
behaviour with time due to concentration polarisation; as zinc
corrodes and becomes deeper relative to the steel corrosion slows.
Thereisalso variation in therapidity of initial corrosion of Gl with
sample A having much higher values than samplesB and C. The
instantaneous current density values of Gl are considerably higher
than those for GA. The current density valuesfor GA were so low
in theinitial stages of corrosion that only avalue at 256 minutes
could becalculated. Cut edge protectionisacritical areafor vehicle
BIW. Often paint protection at a cut edge can be at itsthinnest and
coupled with poor burring properties can act as site for the early
onset of corrosion. From the results in this study it has been
confirmed that GA offersimproved substrate corrosion protection.
For some OEMs, however, the cosmetic red corrosion product of
GA isnot acceptable, resulting in the selection of acoated substrate
to be determined by performance priorities, opinions and
experience.

The stone chipping model exposure tests resulted in corrosion
rates and current density values that were significantly lower. For
GA samples no quantifiable coating loss was measured. Even for
Gl the current density values were much lower; indeed the
instantaneous val ue at 256 minuteswas aslow as 0.2 pA/cm?2 The
initial corrosion rate, once again, is much higher and an average
vaueat 256 minutesisshown in Fig. 12. Thelower current density
valueswere expected, asaresult of the reversal of the anode/cathode
ratio from 1:1000to 24:1. Thelargedrop off in rapidity of corrosion
was not so expected, but can be explained by sample geometry.
The stone chip sample, to all intense and purposes, is a polished
dome. If aseguence of AFM height analysis curvesis considered,
Fig. 14, the etching of the zinc can clearly be observed on theright
hand side of thefigure.

After punching and grinding, the coating/substrate interface is
not perpendicular to the surface but is sloped, Fig. 6. The local
depth of the underlying iron determines the maximum depth to
which the zinc can be etched. These geometric limitations could
at some point cause arapid drop off inthe corrosion rate and explain
the results shown in Fig. 12. Another reason for the drop in
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corrosion rate could possibly bethat in the early stages of corrosion
athin oxide layer protects large areas of the coating surface, thus
reducing the size of the effective anode. Asthis oxide dissolves so
the area of exposed metallic zinc increases changing the anode/
cathode ratio and slowing the rate of corrosion.

Consideration of the galvanic couple results shows no attack to
the GA coating. Thereis, however, arelatively high current density
value for the GI sample. The instantaneous current density value
of 85.6 pA/cm? is considerably higher than the cut edge sample.
The corrosion rate of the Gl in the galvanic sampleis due, asthe
name would imply, to the fact that it galvanically protects not just
its own substrate but the whole of the GA sample aswell. This
affectsthe anode/cathoderatio greatly with corrosion rateincreased.
Even though the GA coating isin direct contact with its respective
steel substrate, the composition difference between the d-phase
and the pure zinc of Gl is sufficient for alarge galvanic effect
between the two substrates when connected by an electrolyte. For
vehicle BIW that are predominantly GA theintroduction of GI, for

Section analysis

Coating direction

B

Distance [um] Distance [um]

Fig. 14 AFM Height analysis curves describing the corrosion

and 256 minutes exposure.

Relative Depth

example for cost benefit, should be considered carefully. Other
concerns such asjoining methods may have been countermeasured
but if galvanically connected and exposed to an aggressive
environment the corrosion to the Gl part would be significantly
accelerated.

For the first time local current density values for a metallic
coating/substrate system have been obtained. The areas analysed
and volumes measured could only have been examined using AFM.
The benefit of local values ensure that no external influence, such
as coating defects, affect the analysis. Aswith any small area
analysis technique a certain amount of caution must be employed
when considering results as representative of alarger area. The
method devel oped in this paper isnot limited to Gl and GA coatings.
Metallic coatings play an important rolein the automotive and other
high profile industries. The measurement of coating loss and
subsequent conversion to electrochemical data can help further
understanding and development of other coated materials,
applications and systems.
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6. Conclusion

This investigation has studied and compared the local
corrosion behaviour of GA and Gl at the coating/substrate
interface by using AFM.

Three experimental models have been developed to simulate
different possible BIW corrosion scenarios; cut edge, stone
chipping and galvanically coupled.

Electrochemical activity of the different coating systems has
been compared as aresult of controlled corrosion experiments.
Mass loss data, measured by AFM, offers an absolute
corrosion rate, these values have been converted to current
density values permitting conclusions to be made concerning
the coating systems corrosion performance.

For each experimental model the Gl coating corrodes at a
faster rate than the GA coating. Theinitia corrosion rate for
Gl isgrestly accelerated, and, as demonstrated by the cut edge
samples exhibits alarger variation in corrosion performance
compared with the more stable GA data. As expected the
anode/cathode ratio has a significant effect on corrosion
behaviour.

For the stone chipping model, steel remains cathodic to the
coating however, corrosion is slowed significantly (for GA,
meaterial lossisamost zero).

By galvanically coupling the two systems, Gl sacrificially
protects al exposed metal. The changein anode/cathoderatio
therefore greatly increases the Gl coating corrosion rate.

For the first time a method has been developed to study the
local electrochemical activity at a coating/substrate interface.
The novel use of AFM has allowed the corrosion behaviour
of Gl and GA to be compared.
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