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ABSTRACT: This study investigated the performance of mild steel coated with African pear (dacryodes 

edulis) resin, which is exposed to mud water. This was done to finding an alternative solution to the corrosion of 

automobile parts in contact with mud water settling on potholes of dilapidated road. Coated and uncoated mild 

steel were immersed in mud water, and the rate of corrosion monitored for period of 56 days (8 weeks). The 

average weight loss in mild steel increased with exposure time, but the weight loss in the control specimens was 

by far higher than in the coated specimens. Conversely, the corrosion rate decreased with increased in exposure 

time, but from 7 to 14
th

 day, the corrosion rate increased from 0.377 to 0.474MPY and 0.058 to 0.103MPY for 

uncoated and coated mild steel respectively, before gradually decreasing to 0.185MPY and 0.047MPY for 

uncoated and coated mild steel respectively at the 56
th

 day. Similarly, the inhibition efficiency of African resin 

decreased with time. Thus, on the 7
th

 day, the inhibition efficiency was 84.55%, while it reduced to 74.40% on 

the 56
th

 day. However, the coated steel obtained from automobile reduced the rate of corrosion in mud water. 

Therefore, corrosion of steel component of automobile, vulnerable to salt and acid mud water can be reduced by 

coating with African pear, thereby improving the life cycle of automobile and also, reducing maintenance cost. 
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1. INTRODUCTION 
Steel is an important engineering material with wide applications, such as for production of beams, 

angle iron, rods, bars and sheets used in construction of pipelines, buildings, industrial facilities, bridges, 

medical instruments and automobile components amongst others 
[1] [2]

. However, because of environmental 

factors or specialty, different grades or types of steels like stainless, carbon and mild steels are produced to fit 

into properly the area of its application.     

Despite efforts taking to mitigate effect of environmental factor on steel exposed to the environment, 

corrosion attack still persist on steel materials, especially in harsh environment. Thus, environmental factors that 

influence the rate of corrosion of materials include temperature, radiation, alkalinity, electrode potential, 

impurities, oxygen content and exposure time 
[3]  [4]

. 

Deterioration of engineering and construction materials in natural environment has serious negative 

impact on the global economic 
[3]

. Therefore, appropriate control measures must be put in place to prevention or 

reduce this challenge. Of course, efforts are continuous and many techniques to solving corrosion attack on 

metals ranging from inhibition of certain corrosion resistant components in metals during manufacturing or, in 

environment where the metal is to be used have been reported 
[5] [6] [7]

. Similarly, corrosion process of metal can 

be monitored through regular inspection or, monitoring through prediction using mathematical models 
[1] [4] [8] [9]

.  

In industry, various methods usually adopted to protect and prevent corrosion include painting, coating 

cementing and electrochemical process 
[5] [10]

. 

One area that is of concern due to corrosion is the deterioration of automobile components. The is as a 

result of many factors such as atmospheric conditions and poor road network as in the case experienced in most 

Nigerian communities, especially in the Niger Delta region. The Niger Delta environment of Nigeria is very 

acidic and salty due to presence of seawater, rivers and industries which releases corrosion agents into the 

atmosphere; therefore, metals exposed to the environment of this region are susceptible to corrosion attack. 

Automobiles are also not left out because of the dilapidated road networks in the region.  The asphalted surface 
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of the roads in the Niger Delta region easily ware off, which creates pot-holes covered with pool of rain water 

and mud. When there is contact between the metallic components of car and the muddy waters, the metallic 

parts get corroded over time, subjecting the owner to unnecessary cost in maintaining or replacing the damage 

parts. 

Thus, in a study on corrosion behavior of mild steel in five different media: hydrochloric acid, soil, 

atmosphere, saltwater and freshwater, it was observed that the rate of mild steel corrosion differed, but was 

remarkable in saltwater 
[1]

. Also, in another study, exposure of steel in seawater environment increased the 

corrosion rate of steel 
[11] [12]

. Therefore, the high concentration of corrosive agents in the muddy waters of 

dilapidated roads in the Niger Delta regions, which have often caused significant attack on metallic components 

of automobiles, called for stringent measures to check the excessive corrosion effect. 

Hence, as it was reported that corrosion inhibitors obtained from plants are less toxic, biodegradable 

and environmentally friendly 
[10]

, this study investigated the effectiveness of resin extracted from African pear 

(dacryodes edulis) as suitable coating material for corrosion reduction in automobile components in contact with 

mud environment. Plant extracts have excellent corrosion inhibition ability in structural materials and are eco-

friendly 
[7] [13] [14] [15]

. 

 

II. MATERIALS AND METHOD 
2.1 Sample Collection and Preparation 

 The metal investigated in this study was mild steel obtained from automobile constantly exposed to 

muddy road in Port Harcourt, Rivers State of Nigeria. The mild steel was smoothened with the aid of silicon 

carbide abrasive paper, and then greased and degreased with petroleum ether to prevent further corrosion. It was 

thereafter washed thoroughly in distilled water and sundried. The dried metal was cut into six equal parts with 

dimensions 2cm by 3cm. Hole was drilled on the centre of each specimen where thread was tied as support. 

Mud water sample was collected from pothole in dilapidated road in Port Harcourt. The resin was extracted 

from African pear (dacryodes edulis).  

 

2.2 Experimental Procedure 

 Each of the prepared specimens was weighed and then, three of the weighed specimens were coated 

with about 200µm of resin thickness, while the other three specimens were left uncoated, serving as control 

samples. This was done to ensure measurement was taken in triplicate, thereby minimizing error. Plastic bucket 

was filled with about 5 liters of the mud water and the specimens were immersed completely in the mud water 

sample. Every 7 days, each of the specimens was washed with distilled water, cleaned and dried. After drying, 

they were weighed, and then buried again in the mud water. This process was repeated until the 56
th

 day (8
th

 

week). 

 

2.3 Weight Loss and Corrosion Rate 
 The weight loss method was used in study. Thus, the weight loss over time was measured by 

subtracting the instantaneous weight from the initial weight of the specimen. 

 From the weight loss measurement, the corrosion rate of mild steel in mud water was calculated using 

the simple corrosion model described in the work of 
[9]

. This is expressed as the weight loss of metal per surface 

area exposed to the corroding environment per material density per exposure time. It is stated as follow. 

At

w
Cr






534
          (1) 

where:  

w  Weight loss (g) 

 Density of material  

A Cross-sectional area of metal (cm
2
) 

t Time (Day) 

In equation (1), the corrosion rate, rC  is expressed in meter per year (MPY) and the density of for mild steel is 

given as 7.86 g/cm
3
 
[1]

, while the cross-sectional area of metal exposed to the corroding mud water is 6.0 cm
2
. 

 

2.4 Inhibition Efficiency 
To determine the effectiveness of the resin in reducing the corrosion rate of mild steel in mud water, equation 

(2) was used to calculate the efficiency. 

%100



w

ww r
         (2) 
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Where: w  Weight loss in uncoated specimen (g) and rw  Weight loss in coated specimen (g). 

 

III. RESULTS AND DISCUSSION 
 The ability of African pear resin in reducing the corrosion rate of mild steel used for automobile body 

has been investigated in mud water settling on potholes of a dilapidated road.  The physicochemical analysis 

carried out on the mud water showed high concentrations salt of various compounds with pH of 5.48 (Table 1). 

This is an indication that the mud water is salty and as well acidic. It has also high concentration total dissolve 

solids (TDS) and salinity.  

 

Table 1: Physicochemical Analysis of mud water 
Parameter Salt 

Temperature (ºC) 27.5 

pH  5.48 

Conductivity (μs/cm) 631 

1Cl (mg/l) 
167.32 



3NO  (mg/L) 
1.61 

3

4PO  (mg/l) 
0.05 

2

4SO  (mg/l) 
112.39 

Salinity (mg/l) 39.42 

Acidity (mg/l) 0.65 

Alkalinity (mg/l) 256.26 

Iron (mg/l) 27.15 

TDS  (mg/l) 3174.06 

DO (mg/l) 2.67 

 

4.1 Weight Loss and Corrosion Rate 
 The examination of corrosion rate of mild steel coated with African pear resin was carried out through 

weight loss measurement. Thus, the average measured instantaneous weight loss and hence, the corrosion rate of 

the metal for the coated and uncoated as well as the inhibition efficiency is tabulated in Table 2. 

  

Table 2: Weight loss and corrosion rate of mild steel 
Time 

(day)  

Weight loss (g) Corrosion rate (MPY) Inhibition Efficiency 

(%) Uncoated Coated Uncoated  Coated 

7 0.233 0.036 0.377 0.058 84.5494 

14 0.586 0.127 0.474 0.103 78.3276 

21 0.684 0.144 0.369 0.078 78.9474 

28 0.731 0.168 0.296 0.068 77.0178 

35 0.793 0.173 0.257 0.056 78.1841 

42 0.815 0.184 0.220 0.050 77.4233 

49 0.877 0.207 0.203 0.048 76.3968 

56 0.914 0.234 0.185 0.047 74.3982 

 

 
Figure 1: Weight loss of mild steel over the time 
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Figure 2: Corrosion rate of coated and uncoated specimen in mud water 

 

 
Figure 3: Inhibition Efficiency of African pear resin in mild steel exposed to mud water 

 

 The average weight loss in mild steel specimen over the period of investigation for uncoated (control 

specimen) and the resin coated specimen are shown in Figure 1. Weight loss increases with time of exposure. As 

expected, the weight loss in the control specimens is by far higher than the coated specimens. This is because 

the resin acted as a protective film, adsorbing aggressive ions and other corrosion agent that would have 

attacked the metal’s surface easily like the non coated specimens. In a similar study, the high loss of weight in 

steel was attributed to high presence of 
-2

4SO and 
-Cl  ions 

[8]
. This showed that African pear resin posses the 

ability to reduce the rate of mild steel corrosion exposed to environment containing acid and salt, or other 

corrosion agents. The observations collaborated with earlier studies that investigated the corrosion of metals in 

acid or salt solution 
[9] [16]

. 

 Figure 2 shows the profiles of corrosion rate of mild steel in contact with mud water for uncoated and 

coated specimen. As shown in the Figure 2, corrosion rate decreases with exposure time, and it was higher for 

the uncoated specimens. Initially, the corrosion rate increased from 0.377 to 0.474MPY and 0.058 to 0.103MPY 

for both uncoated and coated mild steel as exposure time was increased from 7
th

 to 14
th

 day, but gradually 

decreased thereafter until the 56
th

 day. The decrease in corrosion rate after the 14
th

 day could be due to 

formation of corrosion products. In Hajar et al. 
[17]

 while using henna extract as inhibitor, reported that decrease 

in corrosion rate occur when current density is low. However, similar study has equally observed the initial 

increase in corrosion rate of steel 
[18]

. The high disparity in corrosion rate of uncoated and coated mild steel 

implied again, that African pear resin is a good corrosion inhibitor, though the coating is weakened with time. 

 Finally, the inhibition efficiency of African resin is shown in Figure 3. The efficiency of the resin 

coated mild steel generally decreased as exposure time was increased. This also collaborated with previous 
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study on inhibition efficiency of rubber leaf extract for mild steel expose to acid environment 
[9]

. Thus, the 

inhibition efficiency of African resin decreased from 84.55% on the 7
th

 day to 74.40% on the 56
th

 day.  

 

IV. CONCLUSION 
 The performance of African pear resin as corrosion inhibitor for mild steel component of automobile 

that is exposed to mud water on potholes of dilapidated road has been studied. Thus, the coated steel part of 

automobile with African pear resin reduced the rate of corrosion in the mud water. Further, the resin coated steel 

has high inhibition efficiency. Therefore, coating steel parts of automobile vulnerable to salt and acid mud water 

with resin will help reduce the accelerated rate of corrosion, thereby improving the life cycle of automobile and 

also, the maintenance cost.  
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