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ABSTRACT
Unique mechanical properties of mild steel
make it suitable in fabrication of industrial
equipment. However, mild steel quality
reduces under corrosive environment which
requires serious attention. In this study, crude
extract of the shells of Coula edulis prepared
using soxhlet extraction was applied as
corrosion inhibitor for mild steel in 1M
H2SO4 solution. The effectiveness of the
corrosion inhibitor was investigated at
different experimental conditions of
temperature, inhibitor volume, pH and
reaction time using the weight loss
methodology. Orthogonal Taguchi array of
design expert was applied as experimental
design and optimization tool. Maximum
corrosion inhibition efficiency of 79.66% was
recorded at temperature of 60oC, inhibitor
volume of 20 mL, pH of 4 and reaction time
of 6 hours while minimum corrosion
inhibition efficiency of 40.93% was recorded
at temperature of 80oC, inhibitor volume of
15 mL, pH of 2 and reaction time of 6 hours.
ANOVA analysis revealed a strong
correlation between the experimental and
predicted values of inhibition efficiency with
R2 value of 0.9915. This suggests that the
developed model equation can be used as
predictive tool for future inhibition efficiency
prediction. The percent contribution of
significant variables on the inhibition
efficiency of Coula edulis shell extract on
mild steel in 1M H2SO4 solution was
observed to be reaction temperature
(25.29%), inhibitor volume (71.37%) and
reaction time (3.34%) respectively.
Orthogonal design array predicted the
optimum inhibition efficiency variables to be
temperature of 60oC, inhibitor volume of 20
mL, pH of 4 and reaction time of 2 hours

respectively. Conclusively, Coula edulis shell
extract can be effectively used as local
corrosion inhibitor for mild steel in 1M
H2SO4 solution.
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1.0 INTRODUCTION
Corrosion is the gradual destruction of
materials (usually metals, ceramics or
polymers) by chemical and/or
electrochemical reaction with their
environment (Miller, 1990). It is a
phenomenon which degrades the essential
properties of materials and structures
including appearance, strength and
permeability to liquids and gases (Popoola et
al., 2013). Mild steel is one of the materials
that has great industrial applications because
of some special features it possesses such as
adaptable heat treatment, weldability,
strength and ductility (Akalezi et al. 2015).
However, it is usually attacked by corrosion
when subjected into different environments.
Thus, it is imperative to look for better ways
to control this dangerous attack.
The use of corrosion inhibitors generated
from agricultural wastes in controlling
corrosion of materials is becoming more
trending over previously used methods that
posed to be expensive and environmentally
unfriendly (Popoola, 2019). Some previous
studies have gotten positive results in using
extracts from plants such as Emblica
officinalis (Sanghvi et al., 1997), Olea
europaea (El-Etre, 2007), Musa sapientum
(Eddy et al., 2008), Justicia gendarussa
(Satapathy et al., 2009), Anthocleista
djalonesis (Ogukwe et al., 2012), Dodonaea
viscose (Leelavathi et al., 2013), Jatropha
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curcas (Olusegun, 2013), Rothmannia
longiflora (Akalezi et al., 2015), mixed cocoa
pod-Ficus exasperate (Popoola 2021) and so
on as green corrosion inhibitors for mild steel
in acidic media. Thus, the application of tools
that will enhance the optimization of the
process for better industrial application of the
locally generated corrosion inhibitor is
essential.
In this study, crude extract prepared using
soxhlet extraction with the aid of 95%
ethanol from shells of Coula edulis (walnut)
was applied as corrosion inhibitor for mild
steel in 1M H2SO4 solution. The
effectiveness of the corrosion inhibitor was
investigated at different experimental
conditions of temperature, inhibitor volume,
pH and reaction time using the weight loss
methodology.

2.0 MATERIALS AND METHODS
2.1 Materials
Mild steel was gotten from the central
engineering workshop of Afe Babalola
University and the chemical composition was
Fe = 98.81%, C = 0.27%, Mn = 0.68%, P =
0.061%, Si = 0.083% and Cr = 0.095%.
Acetone, Ethanol, hydrochloric acid and
silicon carbide paper grades were of
analytical grades and purchased from Debos
Scientific, Ibadan. The walnut shell was
obtained as remnant from a local market in
Ado-Ekiti.

2.2 Mild Steel Coupon Preparation
Silicon carbide paper was used to polish the
mild steel. It was then cut into coupons of
equal dimension (5×4×0.2 cm) and exposed
surface area of 20 cm2 using a digital vernier
calliper. Coupons were degreased and rinsed

using acetone. They were dried and kept in
desiccator for weight loss experiment.
2.3 Extract Preparation
The Coula edulis shell was washed with
water and then dried in an oven at 100oC for
24 hours. A mechanical grinder was used to
ground it into powdery form and then sieved
to obtain particle size of less than 63 µm. The
particles were kept in clean polythene bag
and sealed to avoid moisture contamination.
The sample was extracted in Soxhlet
apparatus using 95% ethanol. The extract was
subjected to evaporation in order to remove
excess ethanol.

2.4 Batch Corrosion Experimental
Design and optimization
Taguchi experimental design was applied to
optimize the inhibition efficiency of Coula
edulis shell extract on mild steel in 1M
H2SO4 solution. The extract was added in
solution to the metal in the acidic medium in
a beaker to determine the corrosion rate in the
presence of corrosion inhibitor. The
temperature was adjusted using a temperature
controlled heater. Four factors namely,
temperature (60, 70 and 80oC), inhibitor
volume (10, 15 and 20 mL), pH (2, 4 and 6)
and time (2, 4 and 6 hrs) were studied in this
experiment. An L9 orthogonal approach with
a set of 9 experiments was applied at three
levels designated as 1, 2 and 3 as shown in
Table 1. The response was expressed as the
percent inhibition efficiency of the crude
extract. The result obtained from Taguchi
design expert for the batch corrosion and
optimization is presented as part of Table 2.
Blank experiment was conducted without the
corrosion inhibitor.

Table 1: Description of examined process variables at different levels

Variable Description Unit Type Level

1 2 3

T temperature oC Factor 60 70 80

I inhibitor volume mL Factor 10 15 20

P pH - Factor 2 4 6

t time hr Factor 2 4 6

IE
Inhibition
Efficiency % Response - - -
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2.5 Weight Loss Measurement
Weight loss measurement technique was used
to study the optimization of the inhibition of
corrosion of mild steel in 1M H2SO4 solution
using crude extract from Coula edulis shell.
The mild steel coupon’s weight was
measured before and after immersion in the
medium with and without the extract used as
corrosion inhibitor. The extract was added in
solution to the metal in the acidic medium in
a beaker. Each batch experiment was

conducted based on the experimental design
values. After each immersion time, mild steel
coupons were removed from test solution and
washed using acetone. Hot air was then used
to dry the specimens and then left for some
minutes to cool down. Equations 1 and 2
(Ostovari et al. 2009) were used to calculate
corrosion rate and inhibition efficiency
respectively using weight loss recorded after
each experiment with the aid of digital
weighing balance.
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Where
CR = corrosion rate (mm/y),
W = weight loss (g),
A = mild steel coupon area (cm2),
ρ = density (g/cm3), t = immersion time (hr),

I.E.% = inhibition efficiency,
CRinh = corrosion rate in the presence of

inhibitor and
CRblank = corrosion rate in the absence of

inhibitor.

3.0 RESULTS AND DISCUSSION

3.1 Experimental Results obtained from
Batch Corrosion

The results obtained for the batch corrosion
experiments conducted to check the
effectiveness of the crude extract obtained
from Coula edulis shell as corrosion inhibitor
for mild steel in 1M H2SO4 solution is
presented in Table 2. The results were
obtained for the inhibition efficiency at
different experimental conditions as
suggested by the Taguchi experimental
design. Result obtained from the weight loss
approach revealed that extract from Coula
edulis shell has potential to inhibit corrosion
of mild steel in 1M H2SO4 solution. This
shows that the Coula edulis shell crude
extract have strong affinity to create

protective barrier on mild steel surface which
protects it from being
corroded in the acidic medium at different
experimental conditions of temperature,
inhibitor volume, pH and reaction time.
Maximum corrosion inhibition efficiency of
79.66% was recorded at the second
experimental run where the conditions
included: temperature = 60oC, inhibitor
volume = 20 mL, pH = 4 and reaction time =
6 hours while minimum corrosion inhibition
efficiency of 40.93% was recorded at
experimental run 8 where the conditions
included: temperature = 80oC, inhibitor
volume = 15 mL, pH = 2 and reaction time =
6 hours. This is a strong indication that lower
reaction temperature, weak acidic solution
and high inhibitor volume are favourable
conditions for corrosion inhibition of mild
steel in 1M H2SO4 solution using crude
extract from Coula edulis shell.
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Table 2. Batch experimental result to check inhibition efficiency of extract from Coula edulis shell on
mild steel in 1M H2SO4 solution

Run Temperature
Inh.
Vol pH Time Inhibitor

(ºC) (ml) (hours) Efficiency (%)

T I P t

1 70 20 2 2 67.36

2 60 20 4 6 79.66

3 80 10 6 4 44.80

4 80 20 6 2 54.66

5 70 15 6 2 63.36

6 70 10 4 6 58.76

7 60 15 4 4 72.95

8 80 15 2 6 40.93

9 60 10 2 2 71.71

3.2 Development of Mathematical Models
Four factors at three levels (low, medium and
high) with orthogonal arrays generated by
design-expert (7.0.0) were applied in this
current study. The experimental values
obtained for the inhibition efficiency of
extract from Coula edulis shell on mild steel
in 1M H2SO4 solution are presented in Table
3. The regression model equations

(developed using Taguchi approach) stated as
Equation 3 was used to establish empirical
relationship between the inhibition efficiency
and independent process variables. The
equation is expressed as Equation 3 and was
used to obtain the predicted values of
inhibition efficiency as generated by the
Taguchi design arrays.

Table 3. Taguchi experimental design arrays, experimental and predicted values of inhibitor efficiency

RUN
Temperature

(T)
Inhibitor
Vol. (I)

pH
(P)

Time
(t) Inhibitor

(ºC) (ml) (hours) Efficiency (%)

Experimental Predicted

1 70 [2] 20 [3] 2 [1] 2 [1] 67.36 68.94

2 60 [1] 20 [3] 4 [2] 6 [3] 79.66 78.63

3 80 [3] 10 [1] 6 [3] 4 [2] 44.80 43.77

4 80 [3] 20 [3] 6 [3] 2 [1] 54.66 54.11

5 70 [2] 15 [2] 6 [3] 2 [1] 63.36 62.33

6 70 [2] 10 [1] 4 [2] 6 [3] 58.76 58.22

7 60 [1] 15 [2] 4 [2] 4 [2] 72.95 72.4

8 80 [3] 15 [2] 2 [1] 6 [3] 40.93 42.51

9 60 [1] 10 [1] 2 [1] 4 [2] 71.71 73.29

(%) 61.58 2.50 [1] 8.47 [2] 1.67 [1] 13.41 [2] 1.58 [1] 3.16 [2]Inhibition Efficiency T T I I t t       (3)

where T, I, P and t represent temperature,
inhibitor volume, pH and reaction time
respectively. The values indicated the square

bracket represent levels of the corresponding
model terms as shown in Table 1.
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3.3 Statistical Analysis and Model Fitness
The regression model equation stated as
Equation 3 was used to predict value of
inhibition efficiency of extract from Coula
edulis shell on mild steel in 1M H2SO4

solution. The statistical analysis and model
fitness are presented in Table 4. Coefficient
of determination (R2), adjusted R2 (Adj. R2),
predicted R2 (pred-R2) and adequate
precision are the statistical tools to check for
the model fitness. The correlation between
the experimental values and the predicted
values which are responses from developed
models were evaluated by R2. The
experimental and predicted values of
corrosion inhibition efficiency were
compared.
The R2 value obtained was 0.9915 suggesting
reasonable agreement between the
experimental and predicted values. Value
obtained indicated that 99.15% of inhibition
efficiency could be described by the
independent variables while only 0.85% of
inhibition efficiency could not be explained
by the developed model equation. Another
effective tool for testing model fitness is the
Adj. R2. It uses the degree of freedom
measurement on its calculations to correct
R2-value for the sample size in the model.
Adj-R2 values, apparently smaller than R2,

suggest presence of irrelevant terms in the
developed models with very small sample
size. In this current study, the Adj-R2 values
obtained was 0.9661 which is very close to
the R2-value. Nevertheless, the pred-R2 of
0.8284 shows reasonable agreement with
Adj-R2 value. The signal to noise ratio is a
function of the Adeq precision with a ratio
greater than 4 to be desirable. There were
strong indications of adequate signal as value
of adeq precision obtained was 17.071.
The results of the analysis of variance
(ANOVA) for the fit of inhibition efficiency
from Taguchi design are presented in Table
4.3. The significance of developed model and
its accuracy is usually examined with the aid
of ANOVA. In this study, the F-values of
developed models is obtained as 39.01
signifying the accuracy of the model.
Furthermore, the significance of model
variables are measured by respective values
of Prob > F (p-value). A value less than 0.05
means variables are significant. In this
current work, the significant model terms for
inhibition efficiency of Coula edulis shell
extract on mild steel in 1M H2SO4 solution
are temperature, inhibitor volume and
reaction time with p-value of 0.0327, 0.0118
and 0.2039 respectively.

Table 4. Analysis of variance (ANOVA) for modified effect for inhibition efficiency

Source
sum of
Squares df Mean Square

F-
Value

p-
value

%
Contribution

Prob >
F

Model 1347.63 6 224.61 39.01 0.0252 Significant

T 340.82 2 170.41 29.60 0.0327 25.29

I 961.86 2 480.93 83.53 0.0118 71.37

t 44.96 2 22.48 3.90 0.2039 3.34

Residual 11.52 2 5.76

Cor Total 1359.15 8

R-Squared 0.9915

Adj R-Squared 0.9661

Pred R-Squared 0.8284

Adeq Precision 17.071
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3.4 Percent Contribution of Significant
Process Variables

Equation 4 was used to calculate the percent
contribution of each of the significant process
variables. The calculated values are included
in Table 4. Among the selected variables,

reaction temperature (25.29%), inhibitor
volume (71.37%) and reaction time (3.34%)
significantly affect inhibition efficiency of
Coula edulis shell extract on mild steel in 1M
H2SO4 solution.

 100% 0i

i

SS
Percentage contribution i

SS

 
   
  

(4)

where SSi = Sum of square of significant parameter.

3.5 Optimization of Inhibition Efficiency
of Coula edulis shell extract on mild
steel in 1M H2SO4 solution

The optimization of process variables was
executed in order to determine the favorable
process conditions required for maximum
inhibition efficiency of Coula edulis shell
extract on mild steel in 1M H2SO4 solution.
Among the four independent variables
examined for this study, solution pH was
found to be insignificant for optimum

inhibition efficiency and thus, its value was
placed at minimum value of 2 while other
variables are optimized. Table 5 presents the
predicted and validated values of inhibition
efficiency at optimum values. The
experiment was conducted in triplicate to
ensure certainty of the validated predicted
optimum value. The result revealed that the
model developed is efficient to predict the
process responses excellently as experimental
and predicted values are closer to each other.

Table 5. Optimum Point Prediction and Validation

Inhibition
Efficiency

Optimum
Points

%
Optimum
Removal

P T (oC) I (mL) t (hr) Predicted Experimental
% 2 [1] 60 [1] 20 [3] 2 [1] 74.16 72.56 ± 0.03

4.0 CONCLUSION
In this study, crude extract prepared using
soxhlet extraction from shells of Coula edulis
with the aid of 95% ethanol was applied as
corrosion inhibitor for mild steel in 1M
H2SO4 solution. The effectiveness of the
corrosion inhibitor was investigated at
different experimental conditions of
temperature, inhibitor volume, pH and
reaction time using the weight loss
methodology. Orthogonal Taguchi array of
design expert was applied as experimental
design and optimization tool. Maximum
corrosion inhibition efficiency of

79.66% was recorded at temperature of 60oC,
inhibitor volume of 20 mL, pH of 4 and
reaction time of 6 hours while minimum
corrosion inhibition efficiency of 40.93% was
recorded at temperature of 80oC, inhibitor
volume of 15 mL, pH of 2 and reaction time
of 6 hours. ANOVA analysis revealed a
strong correlation between the experimental
and predicted values of inhibition efficiency
with R2 value of 0.9915. This suggests that
the developed model equation can be used as
predictive tool for future inhibition efficiency
prediction. The percent contribution of
significant variables on the inhibition
efficiency of Coula edulis shell extract on
mild steel in 1M H2SO4 solution was
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observed to be reaction temperature
(25.29%), inhibitor volume (71.37%) and
reaction time (3.34%) respectively.
Orthogonal design array predicted the
optimum inhibition efficiency variables to be
temperature of 60oC, inhibitor volume of 20
mL, pH of 4 and reaction time of 2 hours
respectively. Conclusively, Coula edulis shell
extract can be effectively used as local
corrosion inhibitor for mild steel in 1M
H2SO4 solution.
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