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ABSTRACT 
 

Corrosion rate of mild-steel, zinc and aluminum have been determined in 2005-
2007 under outdoor exposure at Mota-Vaghchhipa village (Dist. Valsad), lies 
twenty five kilometers away from Vapi Industrial area situated in South Gujarat 
India. Monthly corrosion rate of mild-steel(MS), zinc and aluminium vary from 24 
to 504 mg/sq.dm (4.171 to 87.59 µm/month),    11 to 79 mg/sq.dm (1.876 to 13.47 
µm/month),  and 1.1 to 11.8 mg/sq.dm (0.4934 to 5.293 µm/month)  respectively, 
whereas the yearly corrosion rate being 1795 to 2549 mg/sq.dm (25.63 to 36.399 
µm/yr), 164 to 403 mg/sq.dm (2.299 to 5.65 µm/yr ) and 6.9 to 32.1 mg/sq.dm 
(0.2544 to 1.1835 µm/yr) for mild-steel, zinc and aluminium. The resistivity 
towards the environment was in the increasing order: mild-steel < zinc < aluminum 
respectively. So we can say that aluminium or aluminium coated sheets would give 
better performance compared to mild-steel or zinc. Average corrosion rate of mild-
steel in rainy seasons has been found 10 to 11 times more than the rate for winter 
and summer season respectively. 
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INTRODUCTION 

Atmospheric corrosion proceeds in a 
relatively complicated manner consisting of 
metal, corrosion products, surface electrolyte 
and atmosphere. It is generally an 
electrochemical process which takes place in 
corrosion cell. In developed countries, the 
national annual cost of corrosion varies from 
1% to 3% of the Gross national products 
(GNP)1-2. The term ‘Atmospheric corrosion’ 
comprises the attack on metals exposed to 
air. In India, due to its climate, the corrosion 

problem is more serious than that in cold 
countries. 

At normal temperature, dry air does have 
a corroding effect on metals3-4. However, in 
presence of moisture in the atmosphere, 
corrosion takes places and it is governed by 
the principle of critical humidity developed 
as described in5 and supported in6-7. 

The iron exposed to Berlin or Stuttgart 
atmosphere corrodes more rapidly in winter 
than in summer, but decrease in rate occurred 
during cold spells, presumably either because 
FeSO4 on the surface freezes or because 
oxidation of FeSO4 is much retarded at low 
temperatures was confirmed8-9. In India, data 
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regarding the relative corrosivity of 
atmosphere at Kanpur10, Mumbai11, 
Mandapam Camp12, Calcutta13, Madras14, 
Cochin15, Bhavnagar16, Patan17, Balasore18, 
Jodhpur19, Ahmedabad20, Surat21, Baroda22 

and Ankleshwar23 are available. The present 
study was undertaken at Mota-Vaghchhipa 

village (Dist. Valsad) a rural area of South 
Gujarat. 

MATERIAL AND METHODS 
The plates of mild steel, zinc and 

aluminum used have the following chemical 
composition : 

 
 

Mild Steel : C (0.038%) 
P (0.011%) 
Mo (0.006%) 
Sn (0.015%) 

Mn (0.265%) 
Si (0.012%) 
Al (0.033%) 
Ni (0.0115%) 

S (0.015%) 
Cr (0.021%) 
Cu (0.011%) 
Fe-rest 

Zinc : 99.39% purity, Al (0.385%)   
Aluminum : 99.09% purity and Si (0.53%)   

 
Special care was taken that plates were 

electrically insulated from surrounding 
metallic stand. The frame was placed in 
parallel in fully exposed condition on the 
ground level making an angle of 45° towards 
the horizontal plane. Two types of time 
duration monthly and yearly are considered 
for the determination of corrosion rate. All 
tests were carried out in duplicate and mean 
of the two values were taken. After exposure 
period, test plates were wrapped in plastic 
bags and brought to the laboratory for 
cleaning. Hudson used Clark’s solution24-25 to 
remove the rust from mild steel which is 
prepared by dissolving 2% Sb2O3 (antimony 
oxide) and 5% SnCl2 (stannous chloride) in 
concentrated HCl (100 ml) at room 
temperature with constant stirring for about 
15-20 minutes. Zinc plates were derusted by 
solution made by dissolving 10% CrO3 and 
about 0.2 gm of BaCO3 in distilled water at 
298 K for about 2 minutes26. Corrosion 
product on solution of concentrated HNO3 
containing CrO3 (chromic acid 50 g/l) at 
room temperature for about 10 miutes27. 

RESULTS AND DISCUSSION 
Meteorological and pollution data 

Minimum and maximum data of 
temperature for the year 2005 and 2006 is 
shown in Fig. 1. It values found that March, 

April, May and June are the hot months of 
the year (average maximum and minimum 
temperature are about 307 K and 290 K 
respectively), whereas December, January 
and February are considered to be cold 
months. The data of rain fall (in mm) and 
number of rainy days of the year 2006 is 
mentioned in Fig. 2. Generally, the rain starts 
in June and continues up to November. Total 
annual rain was measured as 1903 mm in the 
year 2006.The data of Relative humidity 
(minimum and maximum) in percentage was 
shown in Fig. 3. 

Mild Steel (MS) 
Monthly corrosion rate of MS was found 

in the range of 24 to 504     mg/sq.dm (4.171 
to 87.59 µm/month), whereas yearly 
corrosion rate was found in the range of 1795 
to 2549 mg/sq.dm (25.63 to 36.399 µm/yr) 
(Fig. 4). 

Monthly corrosion rate of MS indicates a 
partial positive correlation with (1) rainfall  
(r = 0.72), satisfactory correlation with (2) 
number of rainy days (r = 0.45), and close 
correlation with (3) minimum relative 
humidity (r = 0.76).These results are in 
agreement with those of Ahmedabad20 and 
Surat21. No correlation compared to exist 
between temperature and corrosion rate of 
MS. 
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Fig. 1 : Minimum and maximum temperature at Rural station. 

 
Fig. 2 : Rain Fall (in mm) and Number of rainy days. 

 
Fig. 3 : Relative Humidity (in %). 

 
Fig. 4 : Monthly and yearly corrosion rate of mild steel under outdoor  

exposure during different months. 
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Average corrosion rate of MS in rainy 
months (336 mg/sq.dm) is 7.63 times higher 
compared to the values obtained in hot 
months (44 mg/sq.dm). The corrosion 
suffered by MS was mainly of a general type. 
Approximately 1.7 mm thick corrosion 
product was formed on panels of twelve 
months exposure. 

Panels exposed in winter season indicate 
(November to February) lower initial 
corrosion rate than the panels exposed in 
rainy months (July to October). This suggests 
that if protective film is formed on metal 
surface which can resist attack during 
subsequent exposure. Whereas higher 
corrosion rate in rainy months attributed to 
the corrosion product which is washed 
regularly by rain keeping fresh metal surface 
exposed to further corrosion. 

Zinc : 
The corrosion suffered by a zinc plate is 

of the general type (uniform attack). 
Corrosion rate of zinc varied from month to 
month. Monthly corrosion rate was in the 
range of 11 to 79 mg/sq.dm (1.876 to13.47 
µm/month) (Fig. 5), whereas the monthly 
corrosion rate was found in the range of 3.2 
to 10.8 mg/sq.dm at Kanpur10, 12 to 40 
mg/sq.dm. at Surat21 and 10.7 to 42.5 
mg/sq.dm at Baroda22. 

Yearly corrosion rate of zinc was found 
in the range of 164 to 403 mg/sq.dm. (2.299 
to 5.65 µm/yr) (Fig. 5). The value is higher 
than the value obtained at Kanpur10 

(27mg/sq.dm.), Jodhpur19 (3 to 53 
mg/sq.dm.) and lower than the values 
obtained at Bombay11 (111 to 545 
mg/sq.dm.), Mandapam Camp12 (440 
mg/sq.dm.), Cochin15 (229 mg/sq.dm.), 
Balasore18 (1977 mg/sq.dm.). Corrosion rate 
of zinc plate in rainy season (88 mg/sq.dm.) 
is high compared to the value obtained in 
winter months (42 mg/sq.dm.) and summer 
months (51 mg/sq.dm.). 

Monthly corrosion rate of zinc was 
indicates a weak correlation with (1) rainfall 

(r =0.18), partial positive correlation with (2) 
number of rainy days  
(r =0.62), and close correlation with (3) 
minimum relative humidity (r =0.90). No 
correlation appeared to exist between 
corrosion rate of zinc and temperature. 

Aluminium : 
No significant attack was observed on 

Aluminium panels. The corrosion rate of Al 
was found low value compared to MS and 
zinc. Monthly corrosion rate for Al was 
found in the range of 1.1 to 11.8 mg/sq.dm, 
whereas yearly corrosion rate was found in 
the range of 6.9 to 32.1 mg/sq.dm. (Fig. 6) 
Monthly corrosion rate of Al was indicates a 
close correlation with rainfall  
(r = 0.85), weak correlation with (2) number 
of rainy days (r = 0.14) and close correlation 
with (3) minimum relative humidity  
(r =0.76).  No correlation appeared between 
corrosion rate of Al and temperature. 

The corrosion rate of aluminum in rainy 
month (13.8 mg/sq.dm) is approximately six 
times higher compared to the corrosion loss 
in winter month (2.3 mg/sq.dm) and four 
times higher compared to the corrosion loss 
in summer month (3.3 mg/sq.dm). Low 
corrosion rate aluminum in outdoor is 
attributed to formation of a protective oxide 
film on the month surface which might have 
offered protection to metal from reaching 
with the surround environment. The results 
agree well with previous report that 
aluminum is highly resist ive to normal 
outdoor exposure condition and that rate of 
attack greatly decrease the time of exposure 
due to a self-stopping28. 

CONCLUSION 
The corrosion suffered by a zinc plate is 

of the general type (uniform attack). No 
significant attack was observed on 
Aluminium panels. The rate of corrosion 
observed in rainy months is higher than the 
rate of winter and summer months. 
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The corrosion rate of aluminium was 
found to be very low as compared to MS and 
Zn due to the formation of a more protective 
oxide film on the surface. Thus, we found the 
resistivity towards the environment was in 
the increasing order as MS < Zn < Al. It can 
be said that aluminium and aluminium 
coated sheets would give better performance 
compared to MS or Zinc. 

Monthly corrosion rate ratio of MS:Zn is 
not constant and varies from a low of 2 to a 
high of 19, whereas the ratio varies  from 20 
to 40 at Kanpur10, 19 to 146 at Surat21 and 6 
to 40 at Baroda22. Monthly corrosion rate 
ratio of MS:Al varies from a low of 12 to 
high of 240, whereas the ratio varies from 
130 to 700 at Ahmedabad20, 17 to 350 at 
Patan17, 27 to 200 at Surat21 and   56 to 688 
at Baroda22. Monthly corrosion rate ratio of 
Zn:Al varies from a low of 4 to 38, whereas 

at Surat21 the ratio varies between 1 to 15 and 
at Baroda22 4 to 40. 
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