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Abstract

Recent research works have shown how climate change has affected atmospheric corrosion of metallic surfaces. A mathematical
model was developed to study the impact of atmospheric corrosion (aerosol) over fifteen years primary dataset (Multi-angle
Imaging Spectro-Radiometer). From the primary dataset, an estimation of the aerosol loading, size of particulates and angstrom
exponent was presented. The yearly corrosion rate has doubled in recent time, hence confirming the impact of climate change on
atmospheric corrosion. Higher accuracy of the modified Faraday model can be achieved using ground dataset.
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1. Introduction

Corrosion is initiated when metallic surfaces have contact with natural and artifical atmospehric aerosol [1-2]. This
corrosion is an unavoidable phenomenon because metal production requires continuous energy gain into the system
which may cause the metals to posesses low Gibbs energy. Therefore, when a system assumes the state of low
Gibbs energy, the system is susceptible to corrosion. In general terms the negative impact of atmospheric corrrosion
(aerosol) is caused by condensed nature of the humidity, capillarity, chemical and the nature of aqueous
precipitation [2-3]. The adoption of thermodynamic principle to the study of metal corrosion has revealed its cost
implication on industry [1]. Figure 1 shows the maintenace cost of corrosion in the United State.
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Researchers have identified that atmospheric sorrosion is largely dependent on surface exposure duration, rust
characteristics, temperature, atmospheric pollution and metal components[4-5]. Hence, it is possible that climate
change may have influenced atmospheric corrosion in recent time. Atmospheric corrosion (aerosol) comprise of the
oxidation and reduction processes:
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Figure 1: Cost intensiveness of corrosion on US economy[6]
2. Materials and Methods

The research location is Malabo, Equitoria Guinea which lies on longitude and latitude of 8.7371° E and 3.7504° N
respectively (Figure 2). The West African regional scale dispersion model (WASDM) was used to estimate the
aerosol loading over a region. WASDM for aerosol loading is given as [8-10]:

(A) =a ZCOS MX cos M +......a ZCOS MX cos npmT(A) 3
! 2 Y n ; —y) ®

2

a is atmospheric constant gotten from the fifteen years aerosol optical depth (AOD) dataset from MISR, n is the
tunning constant, T(A) is the AOD of the area and s (A) is the aerosol loading.

The digital voltage and Angstrom parameters of the study area can be obtained from equations (4) and (5)
respectively.

[5(555)
R2

1(555) = exp(m * t(555)) 4)

where I s the solar radiance over the SPM detector at wavelength A = 555 nm, Io is the is a measure of solar
radiation behind the atmosphere, R is the mean Earth-Sun distance in Astronomical Units, t is the total optical
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depth (in this case, the average of the each month is referred to as the total AOD, and m is the optical air mass.

_ d In (1)
T dm) ®)

where a is the Angstrom parameter, T is the aerosol optical depth, and A is the wavelength. The radius of the
particles for atmospheric aerosol and back-envelope was calculated using proposals by Kokhanovsky et al [11]. The
analysis of equations (1) was done using the C++ codes.

The atmospheric corrossion rate of metals over the Dori was calculated using the Faraday equation [12]. It is given

as : .
CR (‘;—m) = ke Fw ©)

Where k is a conversion factor (3.27 x 10° um-g-A'-cm™yr'!), icorr is the corrosion current density in pA/cm?
(calculated from the measurements of Rp), EW is the equivalent weight, and d is the density of Alloy 22 (8.69
g/cm?).
Based on equation (6), the modification in the work is the inclusion of aerosol loading.
CR (ﬂ) — ki“ﬂEW/ex (M) 7

yr d p 2.32 ( )

In this study, the corrosion current density of iron was considered and it is given as 3.2 x10~ uA/cm? The EW of
iron is given as 27.9225.

Figure 2: Google map of Malabo

3. Results and Discussion

The graph of the aerosol optical depth (AOD) is presented in Figure 3. It is observed that the highest AOD
over fifteen years were in 2004 and 2006. The radius of particle (back of envelope calculation) is presented in Figure
3. The aerosol loading that was derived from the West African regional scale dispersion model (WASDM) is
presented in Figure 4. The dataset of the aerosol loading show the cumulative effect of aerosols emission over an
area. At the moment the aerosol loading over Malabo is considered high. The aerosol sizes over Malabo is presented
in Table 1. The statistics of the AOD data presented in Table 2. The corrosion rate over Malabo on iron metallic
surfaces is presented in Figure 5. The corrosion rate over Malabo is high and confirms the earlier ascertion that
climate change has influence over atmospheric corrosion.
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Figure 3: Aerosol optical depth over Malabo between years 2000 and 2013
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Figure 4: Radius of particulate-back of envelope calculation between years 2004 and 2013

Table 1: Radius of particulate-atmospheric aerosols between years 2000 and 2004

Mont | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
h
Jan 791E | 6.72E | 7.14E | 6.45E | 6.98E | 7.58E 6.82E | 7.12E | 6.47E | 6.55E | 8.14E | 7.88E | 6.51E
-07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07
Feb 529E | 6.70E | 7.63E | 6.18E | 7.51E | 7.97E 598E | 6.70E | 6.06E | 6.55E | 548E | 6.24E | 5.83E
-07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07
Mar 4.69E 7.68E | 7.70E | 895E | 741E | 6.11E | 851E | 5.53E | 6.00E 6.19E | 7.54E | 5.84E
-07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07 -07
Apr 537E | 5.84E 491E | 7.48E 5.85E | 6.24E | 4.78E 5.89E | 5.52E | 4.05E
-07 -07 -07 -07 -07 -07 -07 -07 -07 -07
May 6.18E | 522E | 443E | 7.04E | 4.46E 3.71E | 4.15E 5.43E
-07 -07 -07 -07 -07 -07 -07 -07
Jun 6.44E 435E | 493E 4.87E | 6.57E
-07 -07 -07 -07 -07
Jul 5.70E | 5.48E 5.29E | 5.50E 6.10E 5.49E 6.28E
-07 -07 -07 -07 -07 -07 -07
Aug 6.27E 5.95E
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-07 -07
Sep 4.99E 5.39E 4.44E
07 07 07
Oct 5.10E | 3.40E 5.46E 431E 4.27E
07 07 07 07 07
Nov 6.59E | 6.33E 5.53E 5.85E 7.12E 5.34E 6.43E | 471E | 5.10E | 6.24E 5.19E
-07 07 07 -07 -07 -07 07 07 07 07 -07
Dec 6.11E 8.03E 7.23E 6.55E 5.30E 541E 5.83E | 5.63E | 6.42E | 6.60E
-07 -07 -07 -07 -07 -07 -07 -07 -07 -07
Table 2: AOD statistics over Malabo between years 2005 and 2009
Statistics
2005 2006 2007 2008 2009
Number of
values 7.000 7.000 7.000 7.000 8.000
Number of
missing values 5.000 5.000 5.000 5.000 4.000
Minimum 0.569 0.424 0.536 0.532 0.424
First quartile 0.467 0.277 0.393 0.410 0.287
Third quartile 0.621 0.563 0.641 0.645 0.533
Standard error 0.049 0.060 0.099 0.058 0.058
95% confidence
interval 0.119 0.148 0.243 0.142 0.137
99% confidence
interval 0.180 0.224 0.368 0.215 0.203
Variance 0.016 0.026 0.069 0.024 0.027
Average
deviation 0.093 0.132 0.186 0.127 0.139
Standard
deviation 0.128 0.160 0.263 0.153 0.164
Coefficient of
variation 0.226 0.377 0.490 0.288 0.387
Skew 1.133 -0.100 1.250 -0.036 -0.768
Kurtosis 1.420 -1.710 2.052 -1.302 -0.756
Kolmogorov-
Smirnov stat 0.170 0.190 0.251 0.182 0.268
Critical K-S
stat, alpha=.10 0.436 0.436 0.436 0.436 0.410
Critical K-S
stat, alpha=.05 0.483 0.483 0.483 0.483 0.454
Critical K-S
stat, alpha=.01 0.576 0.576 0.576 0.576 0.542
Table 3: AOD statistics over Malabo between years 2010 and 2013
Statistics
2010 2011 2012 2013
Number of
values 7.000 9.000 7.000 7.000
Number of 5.000 3.000 5.000 5.000
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missing values

Mean 0.422 0.573 0.570 0.421
First quartile 0.318 0.476 0411 0.270
Third quartile 0.582 0.609 0.785 0.550
Standard error 0.061 0.055 0.093 0.062
95% confidence

interval 0.149 0.126 0.228 0.153
99% confidence

interval 0.225 0.184 0.345 0.231
Variance 0.026 0.027 0.061 0.027
Average

deviation 0.124 0.106 0.192 0.136
Standard

deviation 0.161 0.164 0.246 0.165
Coefficient of

variation 0.381 0.287 0.432 0.392
Skew 0.236 1.875 0.071 -0.402
Kurtosis -0.951 4.464 -0.915 -1.360
Kolmogorov-

Smirnov stat 0.185 0.247 0.151 0.219
Critical K-S

stat, alpha=.10 0.436 0.387 0.436 0.436
Critical K-S

stat, alpha=.05 0.483 0.430 0.483 0.483
Critical K-S

stat, alpha=.01 0.576 0.513 0.576 0.576
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Figure 5: Aerosol loading over Malabo between years 2000 and 2013
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Figure 6: Yearly corrosion rate over Malabo between years 2000 and 2013

4. Conclusion
The yearly corrosion rate has almost doubled since 2004. Hence, atmospheric corrosion in regions of high
aerosol loading is high. Higher accuracy of the modified Faraday model can be achieved using ground dataset.
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