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ABSTRACT 
The corrosion rate of mild steel behavior exposed to
fresh water (FW) were study 
and x-rays diffraction (XRD). 
different water samples increases with increasing in immersion time and temperature 
respectively. The corrosion rate of water was found to be higher in sea water (0.003g cm
week-2), effluents (0.021g cm
respectively. The corrosion rate and behaviour of mild steel in the water sample were 
affected by some physical and chemical parameters such as pH, turbidity, conductivity 
and biological oxygen demand (BOD). Effluent
turbidity (13.3nut), conductivity (4203
were found to have pH (7.60), turbidity (173nut), conductivity (30800
(0.028mg/dm3). Fresh water (FW) were found to have pH (7.60), t
conductivity (419µs/cm) and BOD (0.651
such as chloride ion (Cl-), Fe, Ba, Br, S, La, Nb and Mo from XRF confirm that the 
corrosion rate is higher in sea water. SEM microgram revealed that cor
SW and FW were of different nature, both the samples 
cracks after immersion. This clearly shows that the sea water has the highest corrosion 
products follow by effluent than fresh water sample. Both the w
rate increases as the immersion time and temperature increases.
Keywords: Corrosion rate, Mild steel, Weight loss, AAS, SEM, XRF, Immersion Time, 
Temperature 
 

INTRODUCTION 

Corrosion of mild steel is an electro
reaction between the metal and its environment 
in which the metal reverts to iron oxide
Ibitoye, 2015). The electro-chemical process 
causes a gradual alteration or wearing away of 
the metal surface and since the process returns 
the metal to its stable thermodynamic state, the 
action is considered as a degradation of the 
material. For corrosion to take place ther
be presence of an electrolyte like water, salt 
water, soil or corrosive medium. However, the 
appearance of rusted metal work is not very 
much acceptable in usual indust
(Mobin and Shabnam, 2010). M
numerous application in indus
technological sector of development, an in depth 
study of corrosion, its form, prev
control measures are necessary. Corrosion is a 
natural process that reduces the binding energy 
in metals with the end result involving a metal 
being oxidized as the bulk metal loos
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corrosion rate of mild steel behavior exposed to effluents (EF), sea water (SW) and 
using weight loss, scanning electron spectroscopy (SEM) 
The results show that the weight loss of mild steel in 

different water samples increases with increasing in immersion time and temperature 
respectively. The corrosion rate of water was found to be higher in sea water (0.003g cm

(0.021g cm-2 week-2) and fresh water (0.020g cm
respectively. The corrosion rate and behaviour of mild steel in the water sample were 
affected by some physical and chemical parameters such as pH, turbidity, conductivity 
and biological oxygen demand (BOD). Effluents (EF) were found to have pH (5.20), 
turbidity (13.3nut), conductivity (4203µs/cm) and BOD (0.119mg/dm3). Sea water (SW) 
were found to have pH (7.60), turbidity (173nut), conductivity (30800µs/cm

). Fresh water (FW) were found to have pH (7.60), turbidity (127nut), 
) and BOD (0.651mg/dm3). Similarly, the presences of elements 

), Fe, Ba, Br, S, La, Nb and Mo from XRF confirm that the 
corrosion rate is higher in sea water. SEM microgram revealed that corrosion rate
SW and FW were of different nature, both the samples have rough surface with various 
cracks after immersion. This clearly shows that the sea water has the highest corrosion 

by effluent than fresh water sample. Both the weight loss and corrosion 
rate increases as the immersion time and temperature increases. 

Corrosion rate, Mild steel, Weight loss, AAS, SEM, XRF, Immersion Time, 

is an electro-chemical 
reaction between the metal and its environment 

to iron oxide (Alo and 
chemical process 

causes a gradual alteration or wearing away of 
the metal surface and since the process returns 
the metal to its stable thermodynamic state, the 
action is considered as a degradation of the 

to take place there must 
presence of an electrolyte like water, salt 

medium. However, the 
appearance of rusted metal work is not very 
much acceptable in usual industrial practice 

. Metals has 
numerous application in industrial and 
technological sector of development, an in depth 
study of corrosion, its form, prevention and 

Corrosion is a 
natural process that reduces the binding energy 
in metals with the end result involving a metal 

dized as the bulk metal loose one or 

more electrons. The lost electrons are conducted 
through the bulk metal to another site where 
they are reduced (Arya and Zaidi, 2014
Water is one of the most important compounds 
to the ecosystem. Better quality of 
described by its physical, chemical and biological 
characteristics. Due to the increased human 
population, industrialization, use of fertilizers in 
agriculture and man-made activity the water 
gets polluted. The natural aquatic resources are 
causing heavy and varied pollution in aquatic 
environment leading to water quality and 
depletion of aquatic biota (Al-Moubaraki and Al
Rushud, 2018). The physico
parameters of water and the dependence of all 
life process of these factors make it desirab
take as an environmentally viable or not
2011). The leachate produced by waste disposal 
sites contains a large amount of contaminants 
which are likely to pollute ground water 
and Sathiyanarayanan, 2011). 

 
 
 

http://dx.doi.org/10.4314/bajopas.v12i1.4

280 

COMPARATIVE STUDY ON THE CORROSION BEHAVIOR OF MILD 

Usman Muhammad Tukur and Bishir Usman* 
Department of Pure and Industrial Chemistry, Faculty of Physical Sciences, College of Natural and 

Pharmaceutical Sciences Bayero University, P. M. B. 3011, Kano State. Nigeria 

(EF), sea water (SW) and 
using weight loss, scanning electron spectroscopy (SEM) 

the weight loss of mild steel in 
different water samples increases with increasing in immersion time and temperature 
respectively. The corrosion rate of water was found to be higher in sea water (0.003g cm2 

water (0.020g cm-2 week-2) 
respectively. The corrosion rate and behaviour of mild steel in the water sample were 
affected by some physical and chemical parameters such as pH, turbidity, conductivity 

found to have pH (5.20), 
). Sea water (SW) 
µs/cm) and BOD 

urbidity (127nut), 
). Similarly, the presences of elements 

), Fe, Ba, Br, S, La, Nb and Mo from XRF confirm that the 
rosion rates of EF, 

rough surface with various 
cracks after immersion. This clearly shows that the sea water has the highest corrosion 

eight loss and corrosion 
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more electrons. The lost electrons are conducted 
through the bulk metal to another site where 

Arya and Zaidi, 2014). 
Water is one of the most important compounds 
to the ecosystem. Better quality of water is 
described by its physical, chemical and biological 
characteristics. Due to the increased human 
population, industrialization, use of fertilizers in 

made activity the water 
gets polluted. The natural aquatic resources are 

g heavy and varied pollution in aquatic 
environment leading to water quality and 

Moubaraki and Al-
. The physico-chemical 

parameters of water and the dependence of all 
life process of these factors make it desirable to 
take as an environmentally viable or not (Zou, 

. The leachate produced by waste disposal 
sites contains a large amount of contaminants 
which are likely to pollute ground water (Raman 
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Mild steel is used in different Engineering 
applications for the production of some 
automobile components, structural shapes and 
sheets that are used in pipelines, buildings, 
plants, bridges and tin cans (Orozco, 2017). Mild 
steel is known for its high carbon content of 
about (0.2% to 2.1%), manganese (1.65%), 
copper (0.6%), silicon (0.6%) (Wu, 2017). It is 
produced from steel which is extracted from pig 
iron it is also less expensive to produce and is 
readily available. It has outstanding ductility and 
toughness, high machinability and weld ability 
which make its applications possible in the 
engineering fields (Samina, 2011). The 
application for which mild steel was developed 
generally did not involve corrosion resistance as 
a primary consideration; corrosion resistance of 
metals and alloys is a basic property related to 
the ease with which these metals react with a 
given environment, utilization of metallic 
containers, tanks and pots for storage of water, 
unknowingly, corrosion process of metal are 
gradually being taking place in different media, 
yet there is little corrosion studies in this, 
therefore, there is need for intense study 
(Gasim, 2015). The aim of this study is to find 
out the corrosion behaviour of mild steel in 
water environments. 
MATERIALS AND METHODS 

Reagents 
All the reagents used for this research are of 
analytical grade including acetone, and ethanol.  
Metal Coupon Preparation  
The metal coupons were obtained from 
Mechanical Engineering Department of Bayero 
University Kano (BUK). The metal coupons were 
cut into dimension of 2cm x 2cm x 0.2cm. They 
were polished with different grades of emery 
paper (400, 800, 1200), washed with distilled 
water, degrease with ethanol and acetone, dried 
in air and stored in desiccator prior to 
experimental. The initial weight of each sample 
was taken and recorded. 
 
Samples Collection 
Three different samples of water (Effluent, 
Seawater, and Freshwater) were collected from 
different environments, Sharada industrial area 
of Kano state, Bar beach of Lagos state and 
Gwammaja Housing Estate Kano state 
respectively. Water samples collected in 
polyethene bottles according to APHA9060A 
(2005).  
 
 

Scanning Electron Microscopy (SEM) 
Surface morphologies of mild steel coupons after 
immersion was studied using (PRO: X: Phenonm 
World 800-07334) model, manufactured by 
phenom World Eindhoven, Netherlands. Scanned 
images of mild steel coupon immersed in Sea 
water, Fresh water and Effluent for one week 
were taken at an accelerating voltage 15.00 kV 
and x 500 magnification. 
Weight Loss 

To study the effect of immersion time, the 
prepared weighed mild steel coupon was 
immersed completely in 100cm3 beaker 
containing 50 cm3 of each sample solution. The 
coupon was removed from water sample at time 
interval of 1,2,3,4 and 5 weeks respectively. The 
different in weight of mild steel coupon before 
and after immersion was recorded as weight loss 
(Manjare et al., 2010). The immersion time with 
relatively higher weight loss was adopted as 
optimum immersion time (Durowaye et al., 
2014). 
 
Determination of Corrosion Rate 
The corrosion rate were calculated from weight 
loss before and after exposure and divide by the 
total exposed area and the total exposure time 
so that appropriate conversion constants are 
used to get the rate in the required units 
(Wasim, 2018). 
 
Effect of Temperature To investigate the 
effect of temperature, the prepared weighted 
mild steel coupon was immersed in each water 
sample for 1hour immersion time at temperature 
range of 298, 303,308, 313, 318 and 322 K. The 
corrosion rate and weight loss was calculated. 
 
RESULTS AND DISCUSSION 

The result obtained from Table 1 shows that the 
weight loss of mild steel in sea water, fresh 
water and effluent increases with increase in 
immersion time. The immersion time of week 
one investigated, the weight loss of mild steel in 
sea water, fresh water and effluent were 0.125, 
0.009 and 0.006g while at highest immersion 
time of weeks five the weight loss increases 
from 0.036, 0.040 and 0.040g respectively. This 
indicate that the more the mild steel is exposed 
to the corrosive environment the higher the 
contact between them, hence the higher the 
rate of corrosion will increase (Fang et al., 
2010). 
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Table 1:   Weight Loss of Mild Steel at Different Immersion Time 

      Time (Weeks) Weight Loss (g) 

Sea Water Fresh Water Effluent 

1 0.125 0.009 0.006 
2 0.009 0.019 0.012 
3 0.017 0.016 0.016 
4 0.042 0.050 0.015 
5 0.036 0.040 0.040 

 
Table 2 shows the variation of corrosion rate at 
different time. It showed that the corrosion rate 
decreases with increase in time. At least 
corrosion rate of 1 week, the corrosion rate of 
mild steel was 0.031, 0.002 and 
0.002g/cm2week. At highest corrosion rate of 
5weeks, the corrosion rate of mild steel was the 
same 0.002, 0.002 and 0.002g/cm2week. It can 
be observed that after some weeks the corrosion 
rate drastically increased. This is due to 
corroding surface which doesn’t allow the 
interact with the corroding environment. It can 
be seeing in table 3, at 298 and 303K, both the 
corrosion decreases while increases in other 
temperatures.  

Effect of Temperature  

Table 3, shows the variation of corrosion rate for 
the corrosion of mild steel of sample solutions at 
different temperature. The result showed that 
the corrosion rate increases with increase in 
temperature due to increase in corrosion film, it 
has been established that corrosion film plays a 
major role in decrease of corrosion rates. At 
least temperature used (298K) the corrosion rate 
of mild steel in sea water, fresh water and 
effluent were (0.00003, 0.0004 and 
0.0036g/cm2hr) with increasing the temperature 
to (322K) the corrosion rate of mild steel in sea 
water, fresh water and effluent increases to 
(0.00033, 0.00023 and 0.00025g/cm2hr). 

 

Table 2: Weight Loss and Corrosion Rate of Mild Steel at Different Immersion Time 

Time (Week)         Weight Loss (g)   Corrosion Rate (g cm-2 week-2 ) 

  Sea 
Water 

Fresh 
Water 

Effluent   Sea 
Water 

Fresh 
Water 

Effluent 

1 0.125 0.009 0.006 0.031 0.002 0.002 
2 0.009 0.019 0.012 0.001 0.002 0.002 
3 0.017 0.016 0.016 0.001 0.001 0.001 
4 0.042 0.050 0.015 0.003 0.003 0.001 
5 0.036 0.040 0.040 0.002 0.002 0.002 

 

Table 3: Weight Loss and Corrosion Rate of Mild Steel at Different Temperature 

Temperature (K)             Weight Loss (g)  Corrosion Rate (g cm-2 hr-1 ) 

Sea 

Water 

Fresh 

Water 

Effluent Sea 

Water 

Fresh 

Water 

Effluent 

298 0.0001 0.0016 0.0009 0.00003 0.00040 0.00360 
303 0.0005 0.0010 0.0015 0.00013 0.00025 0.00038 
308 0.0004 0.0031 0.0010 0.00010 0.00078 0.00025 
313 0.0002 0.0002 0.0001 0.00005 0.00005 0.00003 

318 0.0014 0.0044 0.0028 0.00035 0.00110 0.00070 

322 0.0013 0.0009 0.0010 0.00033 0.00023 0.00025 

 

Figure 1, shows the SEM micrographs of 
different coupons of mild steel in sea water, 
fresh water and effluent after immersion. Both 
the sample has rough surface with various 
cracks after immersion for two weeks. This 
clearly shows that the effluent has the highest 

corrosion products follows by fresh water than 
sea water sample (Rajesh et al., 2014). Effluent 
serve as a good medium for corrosion due to the 
presence of other organic compounds in the 
sample which alter the metal coupon than 
follows by fresh water than sea water. 
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Figure 1: SEM Micrograph of mild steels immersed in different water environments. 
 
CONCLUSION 
Based on the results obtained, the corrosion rate 
of different water samples, increases with 
increase in immersion time in all the water 

samples while both the weight loss and 
corrosion rate are increases as the temperature 
increased, high temperature produce more 
severe corrosion condition 
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