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Abstract: Acid solutions are commonly used for removal of undesirable scale and rust in the metal working,
cleaning of boilers and heat exchangers. To prevent unexpected metal dissolution and excess acid consumption
in pickling processes of mild steel, inhibitors are added to the acid. In this research, the investigation of the
effect of citrus aurantifolia (lime) seed extracts on corrosion inhibition of mild steel immersed in 1M H SO was2 4

studied using weight loss method. The study was carried out at temperatures of 25, 50 and 75°C. The result
obtained revealed that citrus aurantifolia (lime) seed extracts act as an inhibitor for mild steel in H SO and2 4

reduces the corrosion rate. The inhibition efficiency was found to increases with increase in citrus aurantifolia
(lime) seed extracts but decreased with rise in temperature. The adsorption of citrus aurantifolia (lime) seed
extracts was found to follow Langmuir and Freundlich adsorption isotherm models. And the values of the free
energy of adsorption up to -20KJ/mol, which is indicative of physical adsorption between charge molecules and
a charge metal.
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INTRODUCTION reduces the corrosion rate of a metal exposed to that

Corrosion causes damage to materials used in inorganic or organic (green) inhibitors, the inorganic
automobile, bridges, pipeline system, buildings, petroleum which are synthetic in nature are formed from various
refineries etc. hence; it is a worldwide economic problem. inorganic compounds such as, molybdates, chromate,
Mild steel is multipurpose and exhibits a wide range of phosphates, etc., which are less costly but have a great
application and mechanical properties, these among destructive effect on the environment. The organic
others make it to be used in almost all industries. This inhibitors are gotten from the organic extraction of plants
steel is always used in acidic media, thereby causing and vegetable extract, these extract are effective,
corrosion and subsequently might result to breakdown of economical and eco- friendly [4]. In recent time, due to the
the steel material. Corrosion is an electrochemical search for eco-friendly inhibitors, the use of plant extract
phenomenon by which metallic structures are damaged such as Bambusa Arundinacea, Mangifera indica
slowly through anodic dissolution [1]. In order to tackle (mango), Justicia gendarussa (Willow-leaved justicia),
the menace associated with corrosion, several methods phyllanthus amarus (Stonebreaker), Mentha pulegium
have being used for the control of corrosion in steel. (Pennyroyal  Mint),  khillah  seeds  have  been  reported
Among them, inhibitors have been adopted as one of the [5-10].
best and practical options available for the protection of The inhibition effects of plant extract are due to the
metals against corrosion especially in acid solution to presence of tannin, steroids, saponin, alkaloid, glycosides
minimize  and  prevent  unexpected   metal  dissolution and amino acids [11].
and acid consumption involves the use of inhibitors [2]. Citrus aurantifolia (lime) has high commercial value
A corrosion inhibitor  is  a  material  which  when  added in the market primarily due to the aroma, appropriate size
in minute concentration to an environment, efficiently and medicinal value. It is used for juice, desert, pickle and

environment [3]. Corrosion inhibitors can be either
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other medicinal purpose. Lime is a very versatile product
and is used not only in several household preparations
but also has many industrial applications in cosmetics,
pharmaceutical and food processing industries. Lime
(seed) is a relatively less expensive commodity in Nigeria
and it is not scarce; hence it is economical to get extract
from lime seed. The lime extract is biodegradable and
renewable, ecologically acceptable and do not contain
heavy metals or other toxic compound. The aim of the
study was to evaluate the effect of citrus aurantifolia
(lime) seed extract on the corrosion inhibition of mild steel
in 1M H SO solution.2 4

MATERIALS AND METHODS

Mild steel plate was used for the experiment. The
steel was analysed as reported by Debi et al. [12], using
Discharge Spectrometer and has the following chemical
composition as given in Table 1.

A solution of 1M H SO  was prepared for the2 4

immersion test. Citrus aurantifolia (lime) seed extract was
used as organic inhibitor for the experiment.

Method
Preparation of Citrus Aurantifolia (Lime) Seed Extract:
Citrus aurantifolia seed extract was purchased from a
local market in Jos, Plateau state, Nigeria. The seed was
then removed from citrus aurantifolia fruit by squeezing
and was dried under the shade to prevent liquid seed
content from drying up. The seed cover was then
removed leaving the inner seed content. The seed was
grounded and soaked in a solution of ethanol for 48hours.
After 48 hours the sample was filtered, the filtrate was
subjected to evaporation leaving the sample free of
ethanol by using a rotary evaporator [13].

Weight Loss Measurement: The material used for this
investigation was Mild steel specimen. The thickness of
the metal used was 0.2 cm. The coupon (mild steel) was
mechanically cut into 4cm long by 2.4cm wide. Fifty four
specimens  used  were polished with emery papers from
600 to 1200 grade, then washed with acetone and dried at
room temperature. The specimens were weighed on digital
weighing balance and each weight was taken prior to the
immersion. For each temperature three coupons
suspended with an inextensible thread were immersed
each in 6 set of 250ml beakers in the absence and
presence of  0.1,  0.2,  0.3,   0.4   and   0.5g/ml  inhibitor.
The elevated temperature of 50 and 75 °C have their
beakers  suspended  in  a  water  bath.  The weight loss of

Table 2.1: Mild steel sample composition
Element Composition %
Iron 99.60
Carbon 0.032
Manganese 0.193
Phosphorus 0.012
Sulphur 0.014
Silicon 0.018

each coupon  was  determined after 4 hours, 8hours and
12 hours [14]. The specimen were carefully removed,
washed with acetone, dried and weighed to determine the
weight loss, corrosion rate, inhibition efficiency and
degree of surface coverage.

Determination of Corrosion Rate, Degree of Surface
Coverage and Inhibition Efficiency (%): The weight loss
was the inhibition efficiency (I%) of the inhibitor,
corrosion rate(CR) and the degree of surface coverage ( )
were obtained using Eq.(1),(2)and (3). 

(1)

(2)

(3)

where, W  and W  are the weight losses in grams for mild1 2

steel in the absence and presence of extract respectively.
 is the weight loss.

RESULTS AND DISCUSIONS

Effect of Time on Weight Loss: Weight loss of mild steel,
in grams was determined at various time intervals in the
absence and presence of different concentrations of 0.1,
0.2, 0.3, 0.4 and0.5g/ml lime seed extract. Figures 1, 2 and
3  shows the weight loss-time graph obtained for mild
steel immersed in the various concentrations of lime
extract at 25, 50, & 75°C, within 4h, 8h and 12h
respectively. As shown from these figures, by increasing
exposure time, there was an increase in loss of the weight
of the coupons (mild steel samples) signifying that there
was a formation of an oxide of the mild steel in the
solution, therefore depositing it in the acid. This was an
indication that the weight loss is sensitive to the
concentration of the lime seed extract. Thus, the metal
surface is successfully separated from the medium similar
to the observations earlier made by Olusegun et al. [15].

The results of the corrosion experiment using lime
seed extract is as shown in Table 1.
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Table 1: Table showing the result for the weight loss, rate of corrosion, surface coverage and inhibition efficiency
T°C Weight Loss g Corrosion Rate g/hcm Surface Coverage Inhibition Efficiency %2

--------------------- ---------------------------- -------------------------------------- ------------------------------------ -----------------------------------
25 conc (g/ml) 4 hrs 8 hrs 12 hrs 4 hrs 8 hrs 12 hrs 4 hrs 8 hrs 12 hrs 4 hrs 8 hrs 12 hrs

0 0.3 0.3 0.4 0.004 0.002 0.002 0 0 0 0 0 0
0.1 0.2 0.2 0.3 0.002 0.001 0.001 0.33 0.33 0.25 33.33 33.33 25
0.2 0.2 0.2 0.3 0.002 0.001 0.001 0.33 0.33 0.25 33.33 33.33 25
0.3 0.1 0.2 0.3 0.001 0.001 0.001 0.67 0.33 0.25 66.67 33.33 25
0.4 0.1 0.1 0.2 0.001 0.001 0.001 0.67 0.67 0.5 66.67 66.67 50
0.5 0.1 0.1 0.2 0.001 0.001 0.001 0.67 0.67 0.5 66.67 66.67 50

50 0 0.5 0.8 1.2 0.006 0.005 0.005 0 0 0 0 0 0
0.1 0.4 0.6 0.9 0.005 0.004 0.004 0.2 0.25 0.250 20 25 25
0.2 0.3 0.5 0.9 0.004 0.003 0.004 0.4 0.38 0.25 40 37.5 25
0.3 0.2 0.5 0.6 0.002 0.003 0.002 0.6 0.37 0.500 60 37.5 50.00
0.4 0.2 0.3 0.5 0.002 0.002 0.002 0.6 0.63 0.583 60 62.5 58.33
0.5 0.2 0.3 0.6 0.002 0.002 0.002 0.6 0.63 0.500 60 62.5 50.00

75 0 2.2 4.9 7.7 0.026 0.029 0.030 0 0 0 0 0 0
0.1 1.7 3.8 5.4 0.020 0.022 0.021 0.22 0.22 0.299 22.73 22.45 29.87
0.2 1.2 3.1 4.1 0.014 0.018 0.016 0.45 0.36 0.468 45.45 36.73 46.75
0.3 1.0 2.5 3.4 0.012 0.015 0.013 0.54 0.49 0.558 54.55 48.98 55.84
0.4 0.9 2.1 3.3 0.011 0.012 0.013 0.59 0.57 0.571 59.09 57.14 57.14
0.5 0.7 1.7 3.1 0.009 0.010 0.012 0.63 0.65 0.597 63.64 65.31 59.74

Effect of Time on Corrosion Rate: As far as inhibition
process is concerned, it is generally established that
adsorption of the inhibitors at the metal solution interface
is the first step in the inhibition mechanism [16, 17, 18].
Figures 4, 5 and 6 represents plots for the corrosion rate
of mild steel sample immersed in varying concentration of
the extract in Sulphuric acid with different time of
dissolution at 25, 50 and 75°C temperatures. The Figures
show six different curves each, one without inhibitor and Fig. 1: Effect of time on weight Loss at 25°C
five others with varying concentration of 0.1, 0.2, 0.3, 0.4
and 0.5g/ml of the lime extract. It is noted that the
corrosion rate increased with time exposure from 4, 8 and
12 hours. It was also observed that the corrosion rate of
the blank is higher than the inhibited systems. Hence, the
lime seed extract acts as a mild steel inhibitor in acidic
media. Also it can be deduced that the higher the
concentration of the extract the lower the corrosion rate.
From what was obtained, one can infer that the inhibitor
had been adsorbed on the surface of the metal causing
the blockage and decrease of the active centre for the Fig. 2: Effect of time on Weight Loss at 50°C
dissolution of the metal.

Effect of Time on Inhibition Efficiency: Figures 7, 8 and 9
represents  plots  for  the  Inhibition Efficiency of mild
steel sample immersed in varying concentration of the
extract with different time at 25, 50 and 75°C temperatures.
The Figures shows six different curves, one without
inhibitor and the other five with inhibitors concentration
of 0.1, 0.2, 0.3, 0.4 and 0.5g/ml of the lime extract. It was
noted that the Inhibition Efficiency reduced with time from Fig. 3: Effect of time on Weight Loss at 75°C
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Fig. 4: Effect of time on Corrosion rate at 25°C

Fig. 5: Effect of time on Corrosion rate at 50°C

Fig. 6: Effect of time on Corrosion rate at 75°C

Fig. 7: Effect of Time on Inhibition Efficiency at 25°C

Fig. 8: Effect of Time on Inhibition Efficiency at 50°C Altwaiq et al. [19]. Which indicates that lime seed extract

4, 8 and 12 hours. It was also observed that the Inhibition deduced that the higher the concentration of the extract
Efficiency of the blank was lower than the inhibited the higher the Inhibition Efficiency.
systems.  The  result obtained shows that lime seed
extract function was best at shorter time since the Effect  of  Concentration  on  Inhibition  Efficiency:
inhibition  efficiency  decreases   with   exposure  time. Figures 10, 11 and 12 represent the variation of inhibition
The  inhibition  efficiency  decreases  with immersion time. efficiency of mild steel immersed in Sulphuric acid with

Fig. 9: Effect of Time on Inhibition Efficiency at 75°C

Fig. 10: Effect of Concentration on Inhibition Efficiency
at 25°C

Fig. 11: Effect of Concentration on Inhibition Efficiency
at 50°C

Fig. 12: Effect of Concentration on Inhibition Efficiency
at 75°C

This is in agreement with what had been reported by

acts as a mild steel inhibitor in acidic media. Also it can be
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different concentration of Lime seed extract at
temperatures of 25, 50 and 75°C. This shows that the
inhibition efficiency of Lime seed extract on mild steel
corrosion increases with increase in the concentration of
Lime seed extract. This depicts that Lime seed extract acts
as an inhibitor for mild steel corrosion. It was observed
that the Lime seed extract did not stop completely the
corrosion of mild but rather inhibits to some extents. Fig. 13: Effect of Temperature on Inhibition Efficiency at
However, inhibition strength of Lime seed extract for mild 0.5g/ml
steel corrosion inhibition depends directly on the
concentration of the inhibitor.

Effect of Temperature on Inhibition Efficiency: The
inhibition efficiency of the lime seed extracts on the mild
steel decreases with increasing temperature of the lime
seed extracts. It was observed in Figure 13 that as the
temperature increases from 25°C to 75°C at the 0.5 g/ml
concentration there was a decrease in the inhibition
efficiency  suggesting  an  increase  in the corrosion rate.
It was discovered that the inhibition efficiency were
highest at the 25°C and were relatively lower at the 75°C. Fig. 14: Langmuir Adsorption Isotherm
It  is  also  noted  that the efficiency are higher at time of
4 hours than 8 and 12 hours.

Adsorption Isotherm Studies
Langmuir Adsorption Isotherm Studies: The adsorption
characteristic of lime seed extract was investigated by
fitting data obtained for the degree of surface coverage
using Langmuir adsorption isotherms. The adsorption
isotherms can be expressed as follows according to
Ebenso et al., [17]

C/  =1/K+C (4)

where C is the concentration of the inhibitors in the bulk which  was  also  observed  by  Ebenso et al. [17] and
electrolyte  is the surface coverage of the inhibitors and Eddy et al. [18]. The adsorption parameters are as
K is the adsorption equilibrium constant. Taking the represented in the Table 2. 
logarithm of equation 4 yields Eq. 5.

Log (C/ ) = LogC – LogK. (5) represents the Freundlich adsorption isotherm for the

Figure 14 represents the Langmuir adsorption concentration of lime seed extract in sulphuric acid. A plot
isotherm for the corrosion inhibition of mild steel by of log ( ) against log (C) the plot of the graph at 8 hours
different  concentration  of  lime  seed  extract  Immersed. and for 25, 50 and 75°C. The graph is well fitted for
A plot of log C/  against log C from equation 5 yielded a Freundlich adsorption isotherm.
straight line. The graph at 8 hours and the temperatures of The Fig. 15. and Table 3 shows the graphs and the
25, 50 and 75°C were plotted. The graph is well fitted for values of the adsorption parameters and the free energy
Langmuir adsorption and the values of the free energy for 25, 50 and 75° C. The value of the Gibbs free energy
further proves that it follows a physical adsorption, reveals a physical adsorption mechanism in accordance
values  of   up to -20KJ/mol are consistent with physical with previous researches [19-20].

Fig. 15: Freundlich adsorption isotherm

adsorption between charge molecules and a charge metal,

Freundlich Adsorption Isotherm Study: Figure 15

corrosion inhibition of mild steel by different
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Table 2: Shows  all the  values  derived  from  the graph represented in
Fig. 3.15 which involve the addition of the 25, 50 and 75°C
Temperatures

Temperature(K) K Slope (KJ/mol) R2

298 0.037 0.202 -0.616 0.733
323 0.014 0.169 -0.677 0.879
348 0.010 0.153 -0.775 0.991

Table 3: The Free Energy of adsorption at various Temperatures for
fruendlich

Temperature (K) K Slope (KJ/mol) R2

298 0.037 0.232 -0.184 0.784
323 0.014 0.264 -0.079 0.946
348 0.025 0.298 -0.113 0.997

CONCLUSIONS

The study shows that for a given concentration of
lime seed extract, the inhibition efficiency decreases with
exposure time. Further analysis of the experimental data
revealed that they fitted properly into Langmuir and
Freundlich adsorption isotherm and that the nature and
the value of Gibb s free energy ( ) of adsorption obtaineds

suggested that this compound was spontaneously
adsorbed on the surface of mild steel by physical
adsorption mechanism due to the presence of some
functional groups.
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