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Conventional electrochemical methods were considered difficult to apply to atmospheric corrosion with hardly
to provide an electric current path. Recently, many sensors and measurement methods have been proposed to
overcome that problem in corrosion monitoring under atmospheric environmental conditions. In this review,
methods and techniques to monitor and evaluate atmospheric corrosion are introduced including an ACM
(Atmospheric Corrosion Monitor) type corrosion sensor, which was developed by the authors. For the ACM
sensor, it is shown that by analyzing the magnitude and time variation of the sensor output (I), it is possible to
detect the periods of dew, drying, and rainfall and to measure their durations (T, Tye, , Tary) - And it is also shown
that by referencing to the empirical I-RH calibrating curve, it is possible to estimate the amount of sea salt
deposition (W,). Effects of those environmental factors —RH, W, T.;,, Tyey and T, and so on - on the corrosion
behaviors of steels - carbon steel, galvanized steel and stainless steels — are discussed. Moreover, the equations to
estimate corrosion rate of carbon steel are suggested with those factors and electricity of ACM sensor output.

Key words : atmospheric corrosion, monitoring, ACM sensor, environment factor, corrosion rate.
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Table 1 Methods to evaluate corrosivities in atmospheric environments.

method technique factors

ACM (Atmospheric Corrosion rate, CR
Corrosion Monitor) sensor Time-of-Wetness, TOW
Corrosion rate, CR
Time-of-Wetness, TOW

Kelvin prove Electrode potential
Corrosion rate, CR
(cross section)
Electric/mechanical QCM (Quartz Crystal Weight change
monitoring Microbalance) (>1~10ng/cm?)
Corrosion rate, CR
(cross section)
Corrosion rate, CR
(cross section)

Electrochemical
monitoring Impedance

Corrosion behavior Potential difference

Strain measurement

Optical monitoring Direct observation

Instrumental Temp, RH, rain fall

meteorological equipment

measurement Wind (direction, velocity)
Meteorological Chemical analysis collection air pollutant, pH of rainwater
factors i Time duration of rain
Electro_(;helmlcal ACM sensor pH of rainwater
monitoring pH meter pH of rainwater
Environmental Dry gauze (JIS) .
factors . . Wet candle (ISO) Airborne sea salt
Chemical analysis -
- Amount/composition
wiping .
. of deposits
Deposits Electrochemical
e ACM sensor Amount of deposits
monitoring
Electrlclmec_hanlcal QCM Amount of deposits
monltorlng
Ammeter
(a) A
[ | Cu Foil

Conductive Paste (Ag)

64

A Insulating Paste (BN)

Substrate (Carbon Steel)

64
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Q= 1 1 Conductive Paste
S|le 08 Insulating Paste
- unit: mm
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Fig.1 Schematic representation of the ACM sensor” ®**| (a) plane view and (b) enlarged view
of cross section along the line A-A'.

insulating layer Epoxy resin

— —
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Fig. 2 Examples of sensors for electrochemical impedance measurements. (a) comb type”,
(b) : concentric ring type (edited from Ref. (8))
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Fig.3 Examples of electrochemical impedance measurement. (edited from Ref. (5))
(CS : carbon steel, WS : weathering steel, NiWS$ : Ni added weathering steel)
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Fig.4 Comparison of photo-potential of TiO, coating, Er,, with
corrosion potential of C-steel, E¢ .., under various
conditions of Ws and RH measured by Kelvin probe'”.
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Fig.5 Schematic representation of electrical resistance type
corrosion sensor (ER sensor: edited from Ref. (15)).
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Fig. 6 Comparison of performance of conventional and improved
ER sensors in Okinawa exposure test site. (edited from
Ref. (16))
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Fig.7 Time variations of (a) mass gain for Fe-coated QCM with sea
salt with (b) stepwise decrease in relative humidity. RH'™.
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Fig.8 Schematic representation of (a) strain measurement and (b) example of measured result. (edited

from Ref. (19))
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Fig.9 Schematic representation of in-situ measurement type
corrosion sensor'” (direct observation). Front and side
views of the sensor (a) in initial state and (b) after
exposure.
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Fig. 10 In-situ measurement result of pH of rain (a) measured by rain-
collecting cell with glass electrode (b). (edited from Ref. (20))
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Fig. 11 Time variation of deposited sea salt (Ws) measured by
QCM. (edited from Ref. (22), (23))
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1) University Forest at Yamanakako, University of Tokyo,
Yamanakako as a rural atmosphere in the mountain
2) National Institute for Materials Science, Tsukuba as a rural atmosphere
3) Shimizu Sub-station, Tokyo University of Marine Science and
Technology, Shimizu in Shizuoka city as a mild % /
marine atmosphere f
4) Choshi Exposure Laboratory, Japan Weathering Test Center, -
Choshi as a rural/marine atmosphere
5) College of Engineering, University of the Ryukyus, P
Nishihara in Okinawa prefecture as a severe marine
atmosphere with large amount of airborne sea salt
6) Miyakojima Exposure Laboratory, Japan Weathering Test
Center, Miyakojima as a severe marine atmosphere with
large amount of airborne sea salt
&
2
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Fig. 12 Exposure test sites.
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Fig. 16 Examples of time variations of I-RH relationships.
(a) Sea salt was not washed away by rain
(b) Sea salt was washed away by rain
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Fig. 17 Frequencies of dew period (T,.: @) and dry+dew

period (Tyey+ary: O) against RH at Shimizu (a) and
Miyakojima (b) in one year.
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Fig. 18 Relationship between amount of deposited sea salt (Ws)
and estimated value of effective coefficient of wind-force
energy (a ™) at eaves of actual structures at different

distances from the sea.
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(edited from Ref. (4))
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Fig. 23 Time variations of RH and electrode potential of Type
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potential was measured by Kelvin probe".
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