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Atomic force microscope (AFM) measurements and scanning chemical microscopy (SCHEM) were performed
for the investigation of atmospheric corrosion behavior of low alloy steels. The high sensitivity profile
was determined by AFM for iron surface with droplets of synthetic seawater following the exposure to
corrosive atmosphere. Simultaneously with AFM surface potential on iron was detected using a Kelvin
force microscope (KFM) system during rusting process. Microvisualization of rusting iron surface is to
be demonstrated in this paper in the form of parallel mapping of profile and surface potential distribution
using the in-situ measuring technique. At relative humidity (RH) of 40%, growth rate of rusting on iron
greatly increased in comparison with the case of RH of 30%. The water condensation in the presence of
MgCl; is the main reason of the enhanced corrosion rate with increasing of relative humidity. In advance
to the rust formation, a zone of less noble potential was detected by KFM around the droplet of synthetic
seawater although AFM showed no irregularity in the profile image. It can be explained by this less noble
potential that the rusting reaction initiated in the vicinity of the seawater droplet. The efficiency of alloy
elements (Ni, Cr) on the atmospheric corrosion morphology was explained by SCHEM system. It has been
proven that AFM system combined with KFM and SCHEM system was effective in the investigation of
atmospheric corrosion of iron and steel which otherwise was difficult to evaluate by conventional method.
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1. Introduction

In atmospheric corrosion study of iron and steels, it is
difficult to evaluate the corrosion behavior, because the
conventional electrochemical method can not be applied
to the study. Recently, as the observation of the atmos-
pheric corrosion surface, a few new techniques has been
applied in order to understand the behavior. It has been
also found out that the potential can be determined by
the non-contact Kelvin probe method. ') We also reported
the potential distribution of the rusting process on pure
iron."” One of the authors has also observed the topo-
graphy and the potential distribution of the droplet which
contact to the surface of the metal by AFM." Atomic
force microscopy (AFM) measurements were performed
for the investigation of rusting process. The high sen-
sitivity profile was determined by AFM for iron surface
with the droplet of artificial seawater following the
exposure to corrosive atmosphere. Simultaneously with the
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surface shape, surface potential on iron was detected using
a Kelvin force microscope (KFM) system during rusting
process. When the atmospheric corrosion process of the
steel material is examined, we must examine an environ-
mental condition in the same way as the characteristic of
the material. The pH is also one of the essential factor
which controls corrosion behavior as an environmental
parameter. Some technique has been tried to measure the
surface pH distribution."*"”

In this report, the rusting process of the artificial sea
salt adherence iron and low alloy steel (Fe-Cr, Fe-Ni steel)
was observed, and the potential distribution on the surface
rusting was examined to investigate the Cr and Ni additive
effect on the atmospheric corrosion in the seashore en-
vironment. The pH gradation on the surface in the atmo-
spheric corrosion process of low alloy sheets was
determined by using the scanning chemical microscope
(SCHEM), and the effect of additive element on localized
function was evaluated by this result.
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Fig. 1. Schematic diagram of Atomic force microscopy(AFM) and Kelvin force Microscopy(KFM).

2. Experimental

2.1 Observation of corrosion behavior on low alloy
steels using AFM/KFM

The experiment was done on pure iron and ferritic alloys
(Fe-3mass%Cr, Fe-3mass%Ni steel) used as the test sam-
ples and after buff grinding was done on the surface of
the samples. A droplet of artificial sea was attached on
the sample. After that, the sample was held in the room-
temperature and the rust growth process was observed in
the fixed relative humidity. The optical microscope and
atomic force microscope (AFM) were used for the
observation of rusting process on the iron and ferritic
alloys under the atmospheric corrosion condition. The rust
growing process on the iron and ferritic alloys after wet/
drying corrosion cycle test and the surface morphology
after elimination the rust film was also observed by the
optical microscope.

Nano Scope Illa of the Digital Instruments company
was used for the AFM observation. As for the measure-
ment of only the topography, the Si probe with the
resonance frequency of 25kHz was used. Conductive pro-
be with Si prove coated by Au was used for the potential
measurement using Kelvin force microscope (KFM). The
schematic diagram of the shape observation and the
potential distribution measurement on the surface is shown
in Fig. 1. Without making the condition on the surface
and a form change, and a surface profile could be mea-
sured using the non contact (tapping) mode of AFM.
Electric potential on the surface was determined rapidly
with the surface profile in the high precision by the
interleave combination measurement. Potential indication
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was shown as a relative potential to know relative potential
difference.

2.2 Localized pH measurement

The low alloy steels (Fe-3mass%Cr, Fe-3mass%Ni
steel) was also used as the test samples to investigate the
localized pH under atmospheric corrosion environment.
Corrosion cycle test was also carried out to investigate
the corrosion morphology on low alloy steels. After tests,
the rust layer was removed from the surface, the obser-
vation of the surface roughness was occurred. In pH
measurement, 0.1M KCl was added in the agar as an
electrolyte, and the process of the corrosion by chloride
ion and the moisture in this agar was chased as a surface
pH distribution, The pH measuring area was 15 mm x
15 mm on samples and in every 30 minutes the surface
pH distribution was measured by scanning chemical
microscope.

Scanning chemical microscope (SCHEM-100) on the
marketing (HORIBA Co. Ltd.) was used for the surface
pH distribution measurement. Schematic diagram of the
pH measurement by SCHEM is shown in the Fig. 2. It
contacts a sample with the sensor for the pH measurement
which semi-conductor and insulator is spread in and which
is put together through the agar as an electrolyte, and laser
light is irradiated on the surface of the sensor. Sensitizing
electric current (photocurrent) due to the optical irradiation
flows as a character of the semi-conductor part in the laser
irradiation part. Detection can do that laser light is squ-
eezed only the local electric current value by squeezing
laser light. Relations between the bias voltage/photocurrent
and the pH come to show it in the Fig. 3. Therefore, pH

CORROSION SCIENCE AND TECHNOLOGY Vol.31, No.3, 2002



ATMOSPHERIC CORROSION BEHAVIOR ON LOW ALLOY STEELS UNDER SEASHORE ENVIRONMENT

Photocurrent

SiaN4 / Si02

1Laser

Fig. 2. Schematic diagram of SCHEM for pH distribution
measurement.
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Fig. 3. Relations between the bias voltage/photocurrent and the
pH value.

on the surface of the sample can be decided by determining
the relations of voltage-electric current, Two-dimensional
pH measurement can be done by scanning laser light, and
then a pH map on the surface of the sample can be
prepared.

3. Results and discussion

3.1 The potential distribution of the low ally steels
under rhe rust formationt

Artificial sea water of 1ym dropped on pure iron, and
it was held at 30%RH for 48 hours. After that, the relative
humidity was made 40%RH, and the result which
determined a profile on the surface and potential distri-
bution by AFM is shown in Fig. 4. Therefore, the rust
was formed by the high concentration solution, because
MgCl; in the artificial sea water becomes a liquid con-
dition. Though the crystallization of NaCl in droplet was
seen, rust formation in the low humidity was due to the
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Fig. 4. Surface profile and surface potential distribution of
rusting process of iron after droping artificial sea water.

deliquescence of MgCl, in the artificial sea water. The
MgCl> solution used for the research of the atmospheric
corrosion characteristic of the iron at the low humidity
was effective. The morphology of rust in the low humidity
condition was filiform as seen in Fig. 4.

The rust was formed in the filiform shape and had the
height of about 2um, and this was the size which could
not be seen by the macro level rust observation. The rust
shape was the micro form of the rust layer which it was
commonly aware of as a point rust about this form. This
result about filiform shape rust could be thought existence
of corrosion products on the surface and the iron disso-
lution promotion of the tip of the rust and the cathode
behavior promotion of the side to be a cause. As for the
detail, the water absorption of the rust, the mass transfer
of the electrolyte, the promotion of the cathodic reaction
in rust and localization of the cathode site are future
subjects.

The specimen was kept at 40%RH for 45 hours, then
the point where potential was less noble in the filiform
shape rust tip was seen. This potential was less noble than
the other rust part, and then the part was less noble for
three hours. The filiform shaped rust of a tip part grew
along with the time process in this place. Therefore, the
potential became less noble at the part of rusting, and the
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place where the dissolution reaction of the iron produced
could be limited as for the growth part of the rust. If the
part of less noble potential can be found, prediction can
be done the growth point of the rust, and the growth
direction of rusting.

3.2 The pH distribution of the low alloy steels under
atmospheric corrosion environment

The surface morphology where pure iron and ferritic
alloys of the rust were eliminated after the corrosion cycle
test was shown in Fig. 5. The corrosion morphology of
pure iron and Fe-Ni ferritic alloy was general corrosion.
On the other hand, in the case of Fe-Cr alloy, pitting
corrosion was produced on the surface under the rust.
Although the rusting formation shape of all the steels was
the same as the filiform corrosion type, the surface con-
dition of the Fe-Cr alloy was different from the iron and
Fe-Ni alloy. Both Cr and Ni addition also had the effect

Fig. 5. Optical micrograph of the corroded surface of the iron
and the ferritic alloy after elimination of the rust.

Fig. 6. The pH distribution of the low alloy steel(Fe-3mass%Ni,
Fe-3mass%Cr) at 30min and 1h during corrosion test.
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on the decreasing the corrosion rate in the atmospheric
corrosion environment

Fig. 6 shows the pH distribution of the corroded surface
on the low alloy steels after 30 min and 2 hours. The
pH distribution on the Fe-Ni low alloy steel was spread
for the homogeneity in all the area after 2 hours. In the
case of Fe-Cr low alloy steel, afier 2 hours the hetero-
geneous pH distribution was appeared in this figure. As
the surface pH profile became heterogeneous, the
corrosion on the Fe-Cr alloys under the atmospheric
corrosion environment progresses for the heterogeneity.
Therefore, the corrosion morphology shown in Fig. 5 was
caused by the pH localization with the dissolution of alloy
elements. It can be explained by the hydrolysis equilibrium
as it can be known in the case of the stainless steel. As
Fe and Ni anodic dissolution did not make the pH decline,
the corrosion of iron and the Fe-Ni alloy were general
corrosion. When the anodic dissolution of Cr was carried
out, it is easy to decline pH and severe condition was
achieved at the local site. And then the steel contained
Cr was produced localized corrosion.

4. Conclusions

1) Rust grew up around the droplet circumference de-
partment, and it was found out that corrosion morphology
was a micro filiform as for that form,

2) It was found out that rust growth is facilitated rapidly
above 40% relative humidity under the artificial sea water
and the MgCl, droplet adherence conditions, and is
attributed in the MgCl, solution environment of the high
concentration.

3) The small addition of Cr and Ni as the contained
amount of alloy element was effective on decreasing of
the corrosion rate in atmospheric corrosion environment.
It can be found out by using SCHEM that the corrosion
behavior on the Fe-Cr alloy was localized corrosion
behavior.

4) The small addition of Cr and Ni as the contained
amount of alloy element was effective on decreasing of
the corrosion rate in atmospheric corrosion environment.
It can be found out by using SCHEM that the corrosion
behavior on the Fe-Cr alloy was localized corrosion
behavior.
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