
Middle-East Journal of Scientific Research 26 (1): 78-86, 2018
ISSN 1990-9233
© IDOSI Publications, 2018
DOI: 10.5829/idosi.mejsr.2018.78.86

Corresponding Author: Ahmad Makmom Abdullah, Department of Environmental Sciences, Faculty of Environmental Studies,
University Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. Office: +603-89466733.
Tel: +(60) 6011-26250360.

78

Atmospheric Corrosivity in the Klang Valley, Malaysia

Fadel Mohamed BinYehmed, Ahmad Makmom Abdullah, 1,2 1

Zulkarnain Zainal, Ruzniza Mohd Zawawi and Rasheida E. Elhadi3 3 1

Ecophysiology and Air Pollution Laboratory, Faculty of Environmental Studies,1

Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor, Malaysia
Department of Environmental Science, 2

Faculty of Engineering and Technology, Sebha University, Sebha, Libya
Department of Chemistry, Faculty of Sciences, 3

University Putra Malaysia, 43400 UPM, Serdang, Malaysia

Abstract: Atmospheric corrosivity in the Klang Valley, Malaysia was evaluated based on ISO 9223.
Environmental parameters (e.g., time of wetness, deposition rate of SO  and chloride) and corrosion rate of2

metals were studied. The results exhibited the category of time of wetness was , SO  was S  and Chloride was4 2 1

P , these categories belong to C  for steel, copper and aluminum, while corrosion rates of carbon steel, mild0 3

steel, copper and aluminum fell in the category C . The results proved there is an agreement between3

environmental parameters and corrosion rate and this area is quite aggressive against steel, copper and
aluminum.

Key word: Atmosphere  Corrosion  Metal  ISO 9223  Klang Valley

INTRODUCTION The current study aims to evaluate the atmospheric

The assessment of severity of atmospheric corrosion
has received great attention for many decades worldwide
[1-7]. The atmosphere varies based on the climatic
parameters and the contaminant contents that lead to
various corrosion rates of metals  and  its  alloys  [8].
Many  studies  concentrated  on   the  determination of
the atmospheric corrosivity and determination the
corrosion damage [9-11]. ISO 9223 is generally used to
evaluate  the  corrosivity  of the atmosphere; it depends
on two methods, firstly on specific environmental
parameters such as  time  of  wetness  (TOW),  pollution
by  sulphur   dioxide  SO ,  the  deposition  rate of2

chloride (DCR) and secondly on the corrosion rate of
metals. The classification given in this standard can be
used directly to evaluate it. According to ISO 9223 [12],
the corrosivity of the atmosphere is “the ability of the
atmosphere to cause corrosion in a given corrosion
system (e.g., atmospheric corrosion of a given metal or
alloy)”.

corrosivity in Klang Valley, Malaysia according to ISO
9223. The corrosivity in this study will be evaluated by
environmental parameters and the corrosion rate of some
metals. In fact, there is a scarcity of evaluation the
atmospheric corrosivity in the Klang Valley. Therefore, it
will assess to categorize the severity of the atmospheric
corrosion in this area and, is there any agreement between
environmental parameters and corrosion rate?
Furthermore, the results will help to prevent the issue of
atmospheric corrosion and to develop the corrosion risk
map.

MATERIALS AND METHODS

Study Area: The study sites are Shah Alam, Cheras,
UPM, Kajang, Puchong and Putrajaya situated in Klang
Valley which is in the center of Peninsular Malaysia
(between 3.139003 N and 101.686855 E) (Fig 1). It is
geographically delineated by the Titiwangsa Mountains
and surrounded by hilly terrain creating a bowl like
topography  with  an  opening  to  the   Straits  of Malacca



Middle-East J. Sci. Res., 26 (1): 78-86, 2018

79

Fig. 1: Map of Study area

[13]. The study area is located in the equatorial region and can be used in the study of the corrosivity of the
its climate is recognized by uniform temperature, high atmosphere. According to ISO 9225 [14], “a rain protected
humidity, plenteous rainfall and winds are commonly light. wet textile surface, with a known area, is exposed during
Although the wind over the country is mostly light and a specific time. The amount of chloride deposited is
variable, there are, however, some uniform periodic determined by chemical analysis. From the results of this
changes in the wind flow patterns. According to these analysis, the DRC is calculated and expressed as
changes, four seasons can be characterized, namely, the milligrams per square meter day (mg. m .day )”. The
southwest monsoon, northeast monsoon and two shorter samples will be collected monthly from September 2014 to
periods of inter-monsoon seasons. The first season is July 2015. The amount of chloride in the sample is
usually established in the latter half of May or early June determined by mercurimeteric titration (as mentioned in
and ends in September. The second season usually ISO 9225). (Fig. 2).
begins in early November and ends in March. During the
northeast monsoon season, the exposed areas such as the Sulphur Dioxide Data: The air quality data of SO  used
east coast of Peninsular, western Sarawak and the for this study were obtained from the Air Quality Division
northeast coast of Sabah experience heavy rain spells. In of the Department of the Environment, Malaysia, (DOE)
contrary, areas which are sheltered by mountain ranges through monitoring by a private company, Alam Sekitar
are relatively free from the monsoon influence. During the Sdn. Bhd. (ASMA). The overall air quality data used in
two inter-monsoon seasons, the winds are generally light this study were collected between January 2013 and
and variable with occasional thunderstorms in the December 2014, from four monitoring stations as
afternoon and evening especially over the west coast represented in Table 1.
states of Peninsular.

Meteorological Data: To determine the time of wetness atmospheric corrosion measurement is by specimen
(TOW), the meteorological data were collected from KLIA (coupon) exposures. Flat panels exposed on exposure
and Shah Alam stations from 2006 to 2016. It involves racks are a  common  coupon  type  device  for
hourly data of air temperature, relative humidity and wind atmospheric corrosivity  measurements.  Carbon  steel,
speed. mild  steel,  aluminum  and copper specimens were

Determination of Deposition Rate of Chloride (DCR): Aug 2016. Fig. 2 shows the locations of metal exposure.
DRC can be determined using several techniques. The wet Table 2 expresses the chemical composition of the tested
candle is one of the most commonly used techniques that metals.

2 1

2

Corrosion  Test:  The  simplest  form of direct

exposed outdoor at five locations from August 2015 to
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Fig. 2: Wet candle sampler for determining DRC

Table 1: The investigated air monitoring stations in the Klang Valley.

Station Air quality station location Area Category Coordinates

Petaling Jaya Sekolah Rendah Sri Petaling Industrial N 3.109474
E 101.638829

Shah Alam Sekolah Kebangsaan TTDI Jaya Urban N 3.104710
E 101.556179

Cheras Sekolah Menengah Kebangsaan Seri Permaisuri Urban N 3.106222
E 101.717909

Putrajaya Sekolah Kebangsaan Presint 8(2) Urban N 2.931862
E 101.681775

Table 2: The chemical composition of elements.

Metal Fe Al Cu C Mn Si P S Zn Mg

Carbon steel Bal. - - 0.21 1.66 0.04 0.082 - - -
Mild steel Bal. - - 0.18 0.37 0.03 - - - -
Aluminum - Bal. 0.015 - 0.015 0.32 - - 0.003 0.13
Copper 0.9 - Bal. - 0.05 0.28 - - 0.09 -

The demission of all samples was 100 x 50 x 5 cm. All RESULTS AND DISCUSSION
metals abraded with an abrasive paper with different
degrees (400, 600, 1000 & 1200). Cleaning process Time of Wetness Results: Table 3 shows the
includes degreasing with acetone, washing with meteorological data at two monitoring stations in the
detergent, finally, dried and stored in a desiccator over a KLIA and Shah Alam. Air temperature (T), relative
silica gel. Before exposure process, the specimens are humidity  (RH)  and wind  speed  (WS)  were  collected for
weighed using digital balance and the weight represents ten years from 2006  to  2016.  Regarding  to  the
(W ). After exposure, the specimens cleaned from corrosivity of the atmosphere, the  time  of  wetness1

corrosion product using specific solutions as mention in (TOW)  is  a  significant  factor among other
[15] and stored again in the desiccator for 24h, weighing meteorological  parameters;  it  was  calculated from
again and this weight represented the final weight (W ). hourly  data  of  T  and  RH.   It   can   be  observed that2

The corrosion rate can be calculated in accordance with the TOW  values  range  between  4223 and 5878
the following equation: hour/year   with   the   mean   of  5025.5  hour/year in

(1) 4782.8  hour/year  in  Shah   Alam.   In  general, the mean

where, K is a constant, W is a mass loss in (g) [W=W2- hour/year.  From  previous  results   and   according to
W1], A is an area in (cm ), T is s time of exposure in an ISO  9223,  the  TOW  in the Klang Valley is classified as2

hour, D is a density in (g/cm ). .3

KLIA  and  between  4271 and 5231 with the mean of

of  TOW   at both   locations,   which  located in the
Klang  Valley  from  2006  to   2016   was  4904.14

4
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Table 3: The meteorological parameters in KLIA and Shah Alam from 2006 Table 5: Classification based on the minimum and maximum values
to 2016

Station Year T (C°) RH (%) WS (m/s) TOW (hr/y)
KLIA 2006 27.54 78.99 6.09 4320.5

2007 27.08 82.50 6.66 5248.5
2008 26.92 82.77 6.22 5351
2009 27.26 82.52 5.34 5261
2010 27.60 84.66 5.69 5823
2011 27.31 84.87 6.84 5878
2012 27.46 83.48 6.77 5565
2013 27.81 80.41 7.25 4770
2014 27.86 78.61 43.35 4223
2015 27.93 79.09 7.41 4381.5
2016 28.04 79.33 7.02 4458.5
Average 27.530 81.568 9.88 5025.5

Shah Alam 2006 27.26 79.74 4.76 4929
2007 27.39 79.01 5.71 4725
2008 27.18 78.52 5.66 4696
2009 27.74 77.37 5.46 4356
2010 28.58 81.15 5.25 5092
2011 28.37 82.14 5.84 5231
2012 28.32 82.35 5.97 5231
2013 27.99 81.72 5.96 5140
2014 28.12 77.68 5.85 4271
2015 28.20 79.38 5.60 4668
2016 28.59 77.61 5.93 4272
Average 27.977 79.698 5.637 4782.8

Table 4: Monthly mean of DRC (mg.m .day ) in the study area2 1

Location
------------------------------------------------------------------------------

Month Shah Alam Cheras Kajang UPM Puchong
Sep. 59.5 43.04 30.65 38.83 -
Oct. 45.93 37.72 29.37 32.27 20.25
Nov. 34.95 25.77 18.66 9.94 12.77
Dec. 40.02 24.72 18.84 14.13 30.02
Jan. 30.32 17.82 18.67 16.91 15.7
Feb. 26.92 14.12 16.82 14.81 20.18
Match 25.46 18.82 17.66 18.72 10.45
April 25.85 17.53 22.54 20.58 9.39
May 32.83 23.1 21.88 24.32 16.41
June 44.68 35.57 36.77 35.61 25.66
July 52.85 39.33 33.64 28.82 24.08

Deposition Rate of Chloride (DRC): The deposition rate
of chloride evaluated using wet candle based on ISO 9225,
this experiment was take placed between September 2014
and July 2015. The results show that the mean DRC was
27.44 ± 11.24 mg.m .day , with minimum and maximum2 1

of 8.83 and 66.20 mg.m .day , respectively. From the2 1

results obtained, it is now possible to classify the
corrosivity of the atmosphere in the study area. Table 4
illustrates the monthly mean of DRC in the study area. 

It can be observed that the mean monthly of chloride
is grouped in the category S  (based on ISO 9223).1

However,   when  looking  at  the  minimum  and  maximum

(mg.m .day ) of DRC2 1

Location Min. - Max. Category

Shah Alam 25.04-66.20 S -S1 2

Cheras 14.10-44.58 S1

Kajang 14.13-37.16 S1

UPM 8.83-41.36 S1

Puchong 9.39-30.02 S1

values, Shah Alam had the highest category, ranging
between S  and S , because it is located adjacent to the1 2

marine areas, approximately 20 km away, while all other
locations fall in the category S  (Table 5).1

Sulphur Dioxide Results: Sulphur dioxide data were
collected from four monitoring stations in the Klang
Valley, including Petaling Jaya, Shah Alam, Cheras and
Putrajaya (as shown in Table 1.). The data of two years
2013 and 2014 were tabulated in the Table 6. 

In 2013, the concentration of SO  ranges from 0 to2

13.10 µg.m , with a mean of 6.6±2.81 µg.m , as illustrated3 3

in Table 6. In addition, the Petaling Jaya station has the
highest mean (9.61 µg.m ) compared with other stations,3

while  the  Shah  Alam  station  has  the   lowest  mean
(4.80 µg.m ). In 2014, the concentration of SO  appeared3

2

to be high. The concentrations ranged between 2.62 to
18.34 µg.m , with a mean of approximately 7.92±3.443

µg.m . The highest mean concentration has also been3

recorded  at  the Petaling Jaya station with a mean of
12.663 µg.m , a possible explanation for this might be3

that this station is located in the busiest area in the Klang
Valley while the lowest concentration was recorded at the
Cheras station with a mean of 5.678 µg.m . Therefore, all3

the data fell below the recommended Malaysian Ambient
Air Quality Guidelines (MAAQG) for 1 hour (350 µg.m )3

and 24 hours (105 µg.m ) and also below the World3

Health Organization (WHO) standard of 50 µg.m .3

Apart from these results, it can be observed the
severity of the atmospheric SO  in the Klang Valley may2

be classified according to ISO 9223. In 2013, the
concentration of SO  ranged from 0 to 13.10 µg.m ,2

3

wherein, the concentration of this pollutant fell between
P  and P . In 2014, the concentration of SO  based on ISO0 1 2

9223,  which  ranges  between  2.62  and  18.34  µg.m .3

The results revealed that classification of SO  has laid in2

the category between P  and P .0 1

Corrosion Rate Results: Carbon steel, mild steel,
aluminum and copper specimens were exposed outdoor
for one year from August 2015 to July 2016. Five locations
were  chosen to conduct this test involve two locations at
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Table 6: Descriptive data of SO  (µg.m ) in 2013 and 20142
3

Year Station n Ave. St. deviation Min. Max. RMAAQG* WHO**
2013 Petaling Jaya 12 9.60 1.71 7.86 13.1 0.04 ppm 105 µg.m 0.019 ppm 50 µg.m3 3

Shah Alam 12 4.80 2.46 0 7.86
Cheras 12 5.46 2.08 2.62 10.48
Putrajaya 12 6.55 2.37 2.62 10.48
Total 48 6.61 2.81 0 13.1

2014 Petaling Jaya 12 12.66 2.19 10.48 18.34
Shah Alam 12 6.77 1.35 5.24 7.86
Cheras 12 5.68 1.51 2.62 7.86
Putrajaya 12 6.55 2.85 2.62 13.1
Total 48 7.92 3.44 2.62 18.34

*RMAAQG = Recommended Malaysian Ambient Air Quality Guidelines, **WHO = World Health Organization 

Table 7: Corrosion rates of tested metals in the study area (µm/year)
Location
-------------------------------------------------------------------------------------------------------------------

Metal Shah Alam Putrajaya M UPM FPAS UPM Puchong Average Category
Carbon Steel 45.17 43.19 36.42 33.55 37.07 39.08 C3

Mild Steel 49.1 48.98 43.38 42.57 47.96 46.39 C3

Aluminium 0.287 0.206 0.221 0.157 0.207 0.216 C3

Copper 1.392 0.941 0.601 0.374 1.0 0.862 C3

UPM (Masjid and FPAS), Putrajaya, Puchong and Shah amount of pollutants. In addition, the results in Table 7
Alam (Fig. 1). The corrosion rate of the tested metals illustrates the corrosion rates of copper in the study area,
evaluated by weight loss methods. Table 7 exhibits the the average of the corrosion rate is 0.862 µm/yea, it can be
results of the corrosion rate at  different  five  locations. observed that the highest corrosion rate was seen in Shah
For carbon steel, Shah Alam  location  revealed  the Alam about 1.392 µm/year and the lowest rate appear in
highest corrosion rate (45.17 µm/year), while the lowest FPAS UPM about 0.374 µm/year. Although the Puchong
one appeared at FPAS UPM (33.55 µm/year). In case of site is a Quite area, but the corrosion rate in this area was
mild   steel,   also  Shah  Alam  revealed   the  highest level slightly higher than others, it may suggest that the TOW
(49.1 µm/year ) and FPAS revealed lowest one (42.57 had a great effectiveness in this area. 
µm/year). The table also demonstrates that the carbon Kim et al., [16] studied the effect of meteorological
steel was more resistance against atmospheric corrosion data and air pollutants such as SO  and NO  on the
factors and this property might be attributed to the atmospheric corrosion of materials at 17 sampling sites in
chemical composition of these metals. According to ISO East Asia involving China (five sites), Japan (ten sites)
9223, all the results that presented in Table 7 laid in and Korea (two sites). The temperature data exhibited
category C . similar ranges around Northeast Asia, while the two3

Table 7 also exhibits the result of aluminum in the Korean sites, Daegu and Daejeon, revealed quite lower
study area. The average of the corrosion rate was 0.216 values. In addition, the relative humidity (RH) was found
µm/year, but the highest value appeared at Shah Alam to be low at the urban sites such as Tokyo and Osaka in
location (0.287 µm/year) and the lowest value in FPAS Japan. In addition, RH at the Daegu site, in Korea, was a
UPM (0.156 µm/year). Although, the Puchong location is slightly lower than the Daejeon site. Regarding to air
sorted as a quiet area, but it revealed the corrosion rate pollutants, Chongqing site was heavily polluted because
was slightly higher, this increase may be attributed to the it has low wind speed about 1-2 m/s. The SO
effect of time of wetness was greater than the effect of air concentrations at Chinese sites (e.g., Chongqing and
pollutants. Despite the two locations at UPM located in Quiyang) were heavily polluted compared with other sites.
the same area, but it gave different records of the The monthly average concentrations of SO  were 167.5
corrosion rate, Masjid UPM received a lot of pollutants and 101.2 ppb at the Quiyang and Chongqing sites,
from different vehicles and then probably will affect the respectively. Most of the Korean and Japanese sites with
corrosion rate of metals. On the contrary, FPAS UPM the exception of Tokyo and Daegu showed SO
located in site does not adjacent to a crowded area like concentrations below 10 ppb. On the other side, the pH
Masjid, consequently, it may not receive remarkable values of the sampling sites showed obvious differences,

2 2

2

2

2
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it ranged from 4.2 to 6.7 and also the Chinese sites was an agreement between the meteorological parameters
revealed most acidity when compared with other sites. and pollution data and the corrosion rate of metals and it
The corrosion rates of bronze, copper, ancient copper, can depend on one of these ways to classification the
steel and marble were conducted using weight loss corrosivity of the atmosphere based on requirement
method. Generally, the results showed that the average availability of materials.
corrosion rate of samples in the unsheltered outdoor were It is interesting to note that the findings proved there
larger than samples of the rain-sheltered. The ratio of is an agreement between both of methods to evaluate the
corrosion  rates  ranged  between  2.28  for  bronze and corrosivity (environmental parameters and corrosion rate).
6.24 for marble, which may reflect the effects of wet Therefore, the category C  (medium) indicated that the
deposition on the material damage. Furthermore, the atmosphere in this area is slightly aggressive against
corrosion rates of the unsheltered outdoor test materials these metals, but this indicator gave a general idea for the
were in the order of carbon steel, marble, bronze and study area and in fact, there are some locations revealed
ancient copper were 52.21, 7.25, 2.04, 2.03 and 1.88 higher environmental values; it probably leads to
mm/year, respectively. Besides, this study demonstrated becoming these locations more aggressive. 
there was high correlation coefficient the chemical species There are limited studies that concern about the
and the correlation coefficients between SO  or SO corrosivity in Malaysia and there are few studies focused2 4

2-

concentrations  and  the  corrosion rates of specimens on the corrosivity map and the corrosion of building
were  higher  in  the  unsheltered  outdoor  than  in the materials. Maziah et al. [17] focused on concrete
rain-sheltered. It can be concluded the material corrosion deterioration in the Malaysian environmental conditions,
were influenced generally by the concentration of SO  and the goal of the study was to produce an isograph map of2

SO . On the other hand, it was difficult to find a Peninsular Malaysia indicating geographically the4
2-

relationship between meteorological factors (e.g., RH, “corrosivity” of each locality. For the purpose of
rainfall and TOW) and corrosion rates, because the producing a “corrosivity map” a number of meteorological
correlation coefficients were low. indexes were considered. The first index was the

Determination of the Atmospheric Corrosivity: corrosion index. The second index considered was known
Determination of the corrosivity of the atmosphere is an as Scheffer’s Climatic Risk Index. This index combines the
important way to assess the severity of the atmospheric effect of rain and temperature. The third index considered
corrosion at any area. ISO 9223 mentions two methods to was known as Driving Rain Index. The index was based
evaluate the aggressiveness of the atmosphere, the first on the total amount of annual rainfall and maximum wind
way depends on environmental parameters as some velocity.
climatic parameters and air pollutants and the second way Fathonin et al. [18] initially developed corrosion risk
depends on corrosion test using weight loss for one year map for Peninsular Malaysia using Geographical
exposure. Number of researchers used one of these ways Information System GIS (ArcGIS 9.2) using inverse
and each one has advantages and disadvantages, for distance weighing (IDW) and weighted overlay method
instance, the first way needs to collect data, using several based on climatic and air pollution data (e.g., Chloride,
chemicals, titration and instrument. Meanwhile, the Nitrate, Sulphate, rainfall and time of wetness). The result
second way does not need all of these requirements, just is based on the historical data from Malaysia
need metals and some chemical for cleaning corrosion Meteorology Department (MMD) for 10 years measured
products. The obtained atmospheric corrosivity factors climatic and air pollution data from 17 measurement
summarized in Table 8. stations in Peninsular Malaysia. The findings showed

As can be seen from the Table 8, the TOW laid in there are five different classes of corrosion risk that was4

category. SO  fell in P  group and DRC fell in S  group. represented in a scale from 1 to 5. Class 1 indicates the2 0 1

Therefore, the corrosivity of the atmosphere in the study lowest corrosion risk, while class 5 indicates the highest
area is C ; this category means the severity is medium for corrosion risk. From the generated corrosion risk map,3

steel, copper and aluminum, as illustrated in Table 9. Petaling Jaya has the highest rate of corrosion risk
Regarding to corrosion rate, although the corrosion of compared to other places. This is obvious, Petaling Jaya
mild steel is greater than carbon steel, the atmospheric had the highest level of nitrate and sulphate. After
corrosivity is C , which is meaning the corrosivity is Petaling Jaya, Kuantan and Kuala Terengganu are the3

medium. When compared the two ways, it revealed there area  with  a  level   of   corrosion    risk  4.   Although  the

3

Corrosivity index, or more appropriately, atmospheric
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Table 8: The classification of environmental parameters based ISO 9223

Factor Value’ factor Category

TOW (hour/year) 4904 4

SO  (µg.m ) 7.27 P2 0
3

DRC (mg.m .day ) 27.44 S2 1
1

Table 9: The comparison between environmental parameters & corrosion
rate

Corrosivity Category
-------------------------------------------------------------

Metal Corrosion Rate Environmental Parameter

Carbon Steel C C3 3

Mild Steel C C3 3

Aluminum - C3

Copper C C3 3

concentration of nitrate and sulphate are low, the
concentration of Chloride is very high compared to other
areas. Kluang, Sitiawan and Alor Setar are the areas which
have the lowest risk of corrosion. These areas are not
much polluted by chloride, nitrate and sulphate. The time
of wetness at these areas are also low, therefore they fall
under class 1, which is low corrosion risk. From this
study, corrosion risk for Melaka is found slightly
contradict with the ground condition. It was found from
the previous study on building assessment, many
building and infrastructure with metallic materials severely
subjected to corrosion. Verification work is required to
validate and improve the generated corrosion risk map.

In addition, these results are in line with those of
previous studies, which have been conducted in tropical
areas worldwide. Mendoza & Corvo [19] have measured
corrosion rate according to ISO 9223. They studied the
corrosion rate based on the influence of environmental
parameters and some pollutants such as SO  and2

chlorides on the atmospheric corrosion of non-ferrous
metals like copper, zinc and aluminum. They have
mentioned the role of particulate on the atmospheric
corrosion of metal, it can accelerate the corrosion in many
ways, for instance, by increasing the conductivity of the
surface layer after dissolution of soluble ions from the
particulate. Rodriguez et al. [11] categorized the
atmospheric corrosivity island of Gran Canaria in between
C  and C  based on weight loss and C -C  based on the3 5 3 4

environmental parameters. It can be observed that the
categories of corrosivity according to weight loss are
higher than those obtained for the environmental
parameters. The key reason may attribute to other
environmental factors which have a significant bearing on
the corrosion rate of copper which have not been taken
into account, in this case, the temperature and the effect

of the wind which is constant in the study area and very
damp. It found the effect of temperature is constant the
whole year round and it fluctuated between 5° and 10°.

Morales et al. [4] investigated the role of the saline
atmosphere in tropical areas on the corrosion rate of
carbon steel, copper and zinc. This study involved 35
sites in Canary Island, Spain. The corrosion rate of the
specimens has been calculated by weight loss, SO2

deposition rate determined by Husy method, DRC
evaluated by wet candle method and TOW determined
using a sensor. The results revealed the atmospheric
corrosivity remarkable varied from site to site, thus,
according to the classification of ISO 9223, the corrosivity
of carbon steel ranged from C  (low) to C  (medium), but2 3

the results at Valverde and Arpto. El Hierro has exceeded
the scale of ISO 9223; > C . Therefore, it would be suitable5

to add a new scale of aggressiveness of the corrosion (C )6

for  coastal  areas  of  the  tropical and subtropical areas.
In the case of zinc, the results showed the scale of
corrosivity fallen between C  and C  except for some sites2 5

which were exceeded C  such as Unelco Granadilla, Arpto.5

El Hierro and Arpto. La Palma. For copper, the results
exhibited this metal had a high aggressiveness ranged
between C  and > C  (C ). In order to pollutants and TOW,4 5 6

the deposition rates of sulphur dioxide were found to be
low (lower than P ) (below 9 mg.m .day ) and the0

2 1

deposition rate of chloride ion was higher than 15 mg/ m2

day (S ), while the TOW fell between 552 and 74581

hour/year ( - ). Briefly, this study illustrated the3 5

atmosphere of this area was more aggressive for copper
and zinc than for carbon steel according to ISO 9223 norm.
There  are  notable  fluctuations  in  the  corrosion  rates.
In fact, these fluctuations owing to the difference of
exposure sites and the distance from the seashore. For
instance, Ayuntamiento Puerto Cruz, Unleco Granadilla,
Arpto. El Hierro and Arpto. La Palma were located
adjacent to the coast about 0.07, 0.012, 0.03 and 0.05 km,
respectively, these sites had high deposition rates of Cl

about 34.790, 163.10, 334.69 and 41.259 mg.m .day ,2 1

respectively. On the contrary, the sites which had a long
distance from the sea also had a low DRC such as
Quimica, El Cedro, Izána and Vilaflor, which were 6.2, 11.5,
12.0 and 15.0 mg.m .day , respectively. 2 1

Natesan et al. [8] studied atmospheric corrosion
behavior of Al in different atmospheres such as marine,
industrial, urban and rural by a weight loss method in
India over a period of five years. The findings revealed
that the corrosion loss of metals is strongly dependent on
the location where the specimens are exposed.
Furthermore,  a  linear  relationship was observed between
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weight loss of aluminum and the exposure time. Based on The results revealed the SO  contamination was generally
ISO 9223, the concentration of chloride between 13.8 and low (P -P ), all site classified it corrosivity as (P ) except
304.6 mg.m .day  and SO  between traces and 304.6 Frasan island site was classified as (P ) that mean the SO2 1

2

mg.m .day , while the corrosion rate of aluminum content in the atmosphere was significant; they may have2 1

ranged from 0.25 to 11 µm/year, (C  to C ), the corrosion algae decomposition, throughout the island by the sea1 5

rate of mild steel ranged from 13.75 to 524 µm/year (C -C ), during the winter season. Furthermore, the chloride2 5

the corrosion rate of galvanized iron between 2.31 and corrosivity category was in good agreement with
18.41  µm/year  and the category ranged from C  - C . corrosion rates of all tested samples. Chloride deposition2 5

Corvo et al. [20] studied the corrosion rate of copper in rates value was allowed to classify the marine test sites
tropical climates such as Cuba and Venezuela. The corrosivity as S  or S  and it was evident that the highest
corrosivity category for copper (C ) in natural conditions chloride category of the atmospheres was found at the3

in Havana increases to C  for copper and when salt spray Western coast (Red Sea). These results exhibited that5

is applied; however, at Medellin, copper corrosion saline atmospheric corrosion depends on the wind pattern
increases to C for copper and under the application of the at each specific site. On the other hand, the DRC usually4

salt spray. decreases strongly with increasing distance from the
Kim et al. [5] classified the corrosivity of the coastline. Regarding to the classification of atmospheric

atmosphere in the Korean Peninsula. Because of many corrosivity of the investigated samples, the results
factors such as meteorological parameters and air showed that the corrosivity for carbon steel differed from
pollutants, it leads to changes in atmospheric corrosion C  to > C  at different marine atmospheres. Both the
reactions of metals and alloys. Therefore, this work Wajah and Farsan sites exhibited corrosion corrosivity
grouped the corrosivity of the atmosphere pursuant to classified as > C . However, Jeddah and Yanbu
ISO 9223 standard. Moreover, the findings of SO atmosphere corrosivities are extremely high (C ), Hakhal,2

concentration were demonstrated reduction SO  with time corrosion atmosphere corrosivity was high (C ). An2

(annual concentration ranged 0.002 - 0.010 ppm), but these exception was Khober, Jubail and Khafji, which showed
concentrations were below the air quality standards. corrosivity of C , a relative low value owing to the fact
Besides, this work categorized the atmospheric corrosivity that these stations are located at the Eastern coast (Gulf
by determining environmental factors (e.g. TOW and SO Sea). Galvanized steel corrosivity varied from C  to C  at2

and DRC). As a fact, TOW depends on the temperature different stations. The corrosivity of aluminum ranged
and relative humidity (RH), RH was ranged from 70% to from C  to C  at different sites. Copper corrosivity varied
over 80% during the seasons of the year and then the from C  to C  at different sites. 
TOW ranged between  and . In  addition,  the3 5

deposition rate  of   SO    fell  between 1.5 - 25.8 CONCLUSION2

mg.m .day  (P -P ), while the DRC ranged from 0.2 to 402 1
0 1

mg.m .day  (S  - S ). Based on the previous results, the All of all, the study aimed to classify the atmospheric2 1
0 1

atmospheric corrosivity of carbon steel, zinc, copper  and corrosivity in the Klang Valley, Malaysia. The findings
aluminum  was  C -C  and C  for Zn, Cu and Al. Syed, [6] showed that the TOW fell in  category, SO  fell in P2 3 3

investigated the role of environmental factors in material group and DRC fell in S  group. Therefore, the corrosivity
damage. Environmental factors such as temperature, of the atmosphere in the study area was C ; this category
relative humidity and deposition rate of pollutants (SO  & means the severity is medium for steel, copper and2

Cl) were evaluated. Specimens were exposed at eight aluminum. In addition, the results of corrosion rate also
different sites in Saudi Arabia involved marine areas (e.g., revealed the corrosivity categories of carbon steel, mild
Khober, Jubail and Khafli) and severe marine areas steel,  copper  and  aluminum  was  fell  in  C  (medium).
including Wajah, Farsan, Yanbu, Jeddah and Hakhal. This The results demonstrated that the classification of the
work conducted over five years (1, 2, 3, 4 and 5 years). study area was quite aggressive. When compared the two
Commercial samples such as carbon steel, stainless steel, ways, it exhibited there was an agreement between the
galvanized steel, aluminum 1050, copper and  brass  were environmental parameters and the corrosion rate of metals
exposed  according  to  ASTM  G50-76. In addition, and it can depend on one of these ways to classify the
Corrosion rates were determined by weight loss and the corrosivity of the atmosphere based on requirement
corrosivity classification estimated based on ISO 9223. availability of materials. 
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