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Corrosivity and durability maps 
of India 
by M Natesan, G Venkatachari, and N Palaniswamy 
Corrosion Science and Engineering Division, Central Electrochemical Research Institute, 

Karaikudi, lndia 

ORLD-WIDE, studies have shown 
that  the overall cost of corrosion W 

amounts to a t  least 4-5% of the gross 
national product, and in that  20-25% of 
this cost could be avoided by using 
appropriate corrosion-control technology. 
Atmospheric corrosion is  t h e  major 
contributor to thiscost. The aggressiveness 
of the atmospheric environment can be 
assessed by measuring the climatic and 
pollution factors, or by determining the 
corrosion rates of exposed metals and 
coatings. The loss due to corrosion is often 
compared with that of other calamities 
such as  earthquake or cyclone; in fact, 
similar to  earthquakes and cyclones, 

corrosion is a natural process, the only 
difference being t h a t  i t s  impact i s  
invariably indirect .  In  t h e  case  of 
earthquakes, mapping of seismic zones is 
already practiced; in the case of cyclones, 
also, weather prediction is available on a 
global level. Different countries a re  
independently prepar ing their  own 
corrosivity maps [l-111, confined to the 
regions of their interest. 

The corrosivity of the atmosphere in a 
particular area or location is important to 
engineers and general users, helping them 
select materials and suitable protective 
coatings; it is unnecessary to point out that 
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Table 1. Average climatic 
and pollution parameters at 

the exposure stations. 1 26 ( Nagapattinam 1 34 1 22 1 80 1 61 1 750 1 0 1 29 1 
Notes: 1 27 1 Naval Base Kochi 1 32 1 23 1 99 1 54 1 592 1 3 1  1 79 1 

1 28 1 New Delhi 1 4 0 1  6 1 9 8 ) 5 6 1 1 8 4 1  I I 1 The Chennai naval base 
exposure station was about 

150m from the Bay of 
Bengal coast, and situated 

near the port of Chennai. 
The port handles coal, crude 

oil, iron ore, and other 
industrial products, and 

therefore a lot of dust was 
deposited on the samples' 

surface. 

1 30 1 Padubidri 1 33 1 18 1 93 1 65 1 310 1 9 1 124 1 
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2 The Mormugao exposure 
station was within the port 
area. A mixture of iron ore, 
carbon particles, and other 

dust particles was deposited 
on the exposed metal surface, 

the concentration of  which 
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these data will be immensely useful to 
design engineers .  The  utility of t h e  rC* 
corrosion map is similar to t ha t  of other .- 
data, such a s  meteorogical maps indicating 

+- kh ---- ,- - -- --a rainfall and temperature, and soil maps I 
depicting soil characteristics, etc., as i t  

F 
provides a general  indication of t h e  * 

corrosivity of the atmosphere in different 
locations in a country. 

Earlier corrosion map of India 

Fig. I Stand for 
atmospheric 

5 e.xposu re. 

It  is almost 35 years since the first corrosion I t  is therefore high time to update the 
map of India was issued, and over the  corrosivity map. The earlier maps were 
intervening years a lot of environmental based on the corrosion / pollution data 
changes  h a v e  occu r red ,  d u e  to  collected over a period of five years from 
industrialization, population growth, and 1963-1968 at 26 exposures stations located 
the enormous pollution caused by vehicles. in different part,s ofthe country [12]. Even 
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a t  that  time it was felt that  number of updated corrosivity maps of India; t,he 
stations were few in relation to the total results are also interpreted in terms of 
area to be covered and the environmental durability factors. 
conditions encountered. 

The Central Electrochemical Research 
Institute (CECRI) has  therefore initiated 
a long-awaited exercise to prepare a new 
corrosion map of India by collecting data 
on the atmospheric pollution and corrosion 
rate of some ofthe widely-used engineering 
materials, including mild steel, galvanized 
steel, zinc, and aluininium in various 
environmental conditions. 

In this paper, the corrosion data collected 
from 40 exposure stations have been 
analyzed and presented in the form of 

Experimental details 

The 40 atmospheric exposure stations were 
established throughout India. These 
s t a t i o n s  cover a wide range of 
environmental conditions, ranging from 
industrial, marine, and rural to city areas. 
Atmospheric pollution levels of SO, and 
salinity were determined monthly over a 
period of one year in some exposure 
stations; the SO, content was estimated as 
sulphate by the lead peroxide candle- 
absorption method, and salinity was 

mmpy I 
> 0.01 )Extremely Severe) 
0.003 - 0.01 (Severe) 

Port Blair 
i; 

Fig.3. Updated corroswn 
map o f ' l n d ~ a  

for -in L., 2004. 
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determined by t h e  humid-candle  
methodology, as described in IS: 55551970. 
The average climatic parameters such as 
t empera tu re ,  rainfall ,  and  re la t ive  
humidity were obtained from the respective 
meteorological observatory stations (Table 
I). 

The commercially-available metals used 
for the study were mild steel, galvanized 
steel (13 to 17-mm zinc coating on steel), 
zinc, and aluminium, and the metal 
specimens of' size 100 x 150mm (thickness 
2-4mm) were cut from the respective 
sheets. They were polished, degreased with 
trichloroethylene, and weighed before 
exposure. Then the  specimens were 
exposed on the exposure stands a t  an angle 

F~g.4. Updated oorroslou 
map  of India for 
galvanized stee!, 2004. 

of 45" from the horizontal as described in 
IS: 5555:1970 [Fig. 1 1. In order to determine 
the corrosion rate, one set of exposed 
specimens was removed after one year, 
and was cleaned in recommended cleaning 
solution as  given in IS 5555:1970, dried, 
and reweighed. The corrosion rate was 
determined by ascertaining the loss of 
weight undergone by the test specimens 
during the first year of exposure. 

Results and discussions 

Preparation of updated corrosion maps 

The corrosion maps have been drawn on 
the basis of the data collected over a period 
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of 11 years from 1993-2004, covering 40 
field exposure stations. These maps a t  this 
stage must be considered as tentative. 
Tests a t  some more stations have been 
begun, and changes will be made to t,he 
maps as  and when necessary. The results 
are shown in Figs 2 to 8. 

General observations 

The corrosion data collected from the field 
stations have been analyzed and presented 
in the form of updated corrosion maps of' 
India. In these maps the annual corrosion 
rates for a particular material in mmlyr 
(mmpy) has been arranged in four ranges, 
each of which is denoted by a particular 
colour. The highest range is shown by a red 
circle, and the lowest range is denoted by 

a green circle; the lowest range is less than 
10% of the highest range. 

Interesting feature of these maps is that 
the corrosion is area specific and not region 
specific. For example, along the east as 
well a s  the west coasts, different corrosion 
rates could be observed, indicating that 
corrosion can be either in the lowest range 
or in the highest range even though the 
location is on the coastline. The corrosion 
rate results are given in Tables 2 and 3. 

Significance of the data 

It can be seen from Table 3 that there is a 
wide variation in corrosion rate, of more 
than one order of magnit.de The areas 
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with less than 0.01 mmpy corrosivity may Mi ld  steel 
need normal protective scheme, while the 
a r e a s  w i t h  g r e a t e r  t h a n  l . 6 m m p y  Figure2 shows theupdated corrosion map 
corrosivity m a y  need  most  effective of India for mild steel. Out  of40 locations, 
protective scheme. only five locations are  in the highest range 
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(extremely severe). Out of these five, three 
locations - Shriharikota, Chennai Naval 
Base, and Murnlugao Port - are along the 
coast, and one is in the island of Port Blair. 
T h e  fifth location -1LIettupalayam's 
industrial area - is inland. 

Based on the findings, Sr ihar ikota ,  
Chennai Naval base, Mormugao Port, Port 
Blair, and hTettupalayam are extremely 
corrosive. The high value of salinity, (5000, 
486, 425, and 365mg/mz.d a t  Sriharikota, 
Chennai Naval base, Mormugao Port, and 
Port Blair exposure stations, respectively), 
relative humidities above the critical value, 
heavy rainfall,  and large variations 
between the maximum and minimurn 
temperature are  the main reasons for 

higher corrosion in the coastal region (Table 
3). The Mettupalayanl exposure station is 
situated 40km away from Coimbatore, near 
the hill area. Viscose and many chemical 
industries are located in this site, and the 
SO, content in the atmosphere is the main 
important industrial pollutant, the value 
of which was found to be in the range of 
450-630nlg/m<d. The salinity was found to 
be trace, the relative humidity was more 
than 90%, and the minimum-maximum 
temperature range was 15-40°C; the 
difference in temperature favoured higher 
condensation. 

The combinations of a high SO, content 
with high relative humidity accelerated 
the corrosion of mild steel a t  this site. 

havnayar 
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Zinc 

The corrosion map for zinc is shown in 
Fig.3. It can be seen that  out of40 locations, 
only six are in the highest range. Out of 
these six, four are on the east coast, one is 
on the west coast, and one is on Port Blair. 
In this case, also, the corrosion rate is area 
specific and not region specific. The only 
difference is tha t  in the case of zinc, the 
highest. and lowest corrosion range is very 
much lower than that  of mild steel. 

Galvanized steel 

The corrosivity map for galvanized steel is 
shown in Fig.4, from which it can be seen 
t h a t  only th ree  mar ine  locations - 

Fig.8. Dr~ruhilrty map of' 
I n t l ~ n  /or alr~rninrurn, 
2004. 

Mormugao, Tuticorin, and Port Blair - 
show the highest range, while the other 
locations show the lowest range. The 
corrosion rates are almost similar to those 
of zinc, hut there is a change in the highest 
corrosion range. Interestingly, in the case 
of galvanized steel, the number of high 
corrosion areas is smaller. 

Aluminium 

Figure 5 shows the corrosion map for 
aluminium, from which it can be seen that  
out of the 40 locations, only three marine 
locations show the highest range. Out of 
these three, two sites are located on the 
east coast, and one is in Port Blair. The 
interesting feature for aluminium is that  
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Bhubaneswar 

Chandigarh 

- -- 

Karaikudi 0.01997 0.000381 0.0011 0.0003947 

Mahendragiri 0.01357 0.00352 0.00625 0.00532 

Warangal 0.009843 0.0065 0.002805 0.0000584 
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Tirupur 0.018 0.0001 0.003 

Vishakapatnam 0.03669 0.00275 0.0036 0.00485 

Kolkatta 0.0226 0.001754 0.00129 0.0002313 

0.002779 

0.000117 

0.016972 

0.007439 

Table 3. Atmospheric corrosion rate of mild steel (MS),  galvanized iron (GI), zinc (Zn), and aluminium (Al) at various exposure stations in  India, 
based on one year's data, reported in  mmpy. 
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the corrosion rate may vary widely from 
place to  place, a n d  therefore  t h e  
performance of aluminiun~ is more area- 
specific t h a n  mild s tee l ,  zinc, a n d  
galvanized steel. 

Durability factors 

The durability factor is defined as the ratio 
between the corrosion rate of mild steel 
and that  of a non-ferrous metal exposed in 
a particular spot. The durability data have 
been analyzed and presented in the form 
ofdurability maps of India, and are shown 
in Figs 6-8. This is an important parameter, 
which will be of considerable help to 
designers in the  selection of durable - 
engineering materials for a particular area; 
proper selection of engineering materials 
can lead to great savings. Figures 6-8 
clearly indicate that  non-ferrous metals 
(including galvanized steel, zinc, and 
aluminium) have better durability factors 
than bare mild steel. However. these factors 
vary from place to place, in the range 1.4- 
90, 2-180, and 2 to above 2890, for 
galvanized steel, zinc. and aluminium, 
respectively. Very high durability factors 
for zinc were observed a t  Tirupur, and the 
lowest durability was a t  Port Blair; for 

galvanized steel, the highest. durability 
factor was observed a t  Nagapattinam Port,, 
and the lowest was also at. Port Blair; for 
aluminium, a very high durability factor 
was observed a t  Dindigul, Nagapattinam 
Port, and CECRI Unit Kochi, and the lowest 
range was observed a t  Mahendragiri. 
These durability data were determined 
from one-year corrosion data; generation 
of long-term data will yield a more-realistic 
picture of relative durability. 

Particularly in the case of aluminium, long- 
term exposure may sometimes lead to 
localized corrosion. If the durability and 
cost factors are  taken together, i t  can be 
clearly seen t h a t  aluminium has  an 
appreciable cost-benefit ratio. although at 
certain locations galvanized steel mag 
prove to be a more cost-effective candidate 
materials. 

Conclusion 

The atmospheric corrosivit.y of mild steel, 
zinc, galvanized steel, and aluminium were 
determined a t  40 exposure sites located 
throughout India. The data collected from 
these field locations have been analyzed 
and are presented in the form of updated 
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corrosivit.y and durability maps of India, 
dated2004. The interesting feature of these 
maps is that  the corrosion is area-specific, 
and not region-specific. Durability factors 
for non-ferrous metals clearly indicate that  
galvanized steel, zinc, and aluminium have 
better durability factors than bare mild 
steel. 
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