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The inhibitive effect of Ficus glumosa gum (FG) for the corrosion of mild steel in H2SO4 medium was 
evaluated using the weight loss, gasometric, thermometric and scanning electron microscopy (SEM) 
techniques. The results obtained revealed that FG gum gum is a good adsorption inhibitor. It inhibited 
the corrosion of mild steel through the mechanism of chemical adsorption (the reasons are inhibition 

efficiency increases with increasing temperature Ea and ����G
o

ads values were higher than threshold values 

of 80 and 40 KJ/mol). The adsorption of the inhibitor on mild steel is exothermic (����H
o

ads were negative), 
spontaneous (values of ∆G

o
ads were negative) and supports the Langmuir adsorption model. Inhibition 

was probably brought about by the adsorption of the inhibitor on the metal surface of tannins, 
polysaccharides and glucoproteins constituents of FG on the surface of the mild steel, hence the 
formation of multiple adsorption layers is proposed.  
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INTRODUCTION 
 
Corrosion inhibitors are needed in the oil, fertilizer, 
metallurgical and other industries, where contact between 
metal and aggressive medium is imperative (Eddy et al., 
2009a, b). In order to tackle the menace associated with 
corrosion, several measures (including anodic and 
cathodic protection, lubrication, painting and 
electroplating) have been adopted. However, one of the 
best options available for the protection of metals against 
corrosion involves the use of inhibitors (Abiola et al., 
2007). Most of the corrosion inhibitors are synthetic 
chemicals, expensive and very hazardous to 
environment. Therefore, it is desirable to source for 
environmentally safe inhibitors (El-Etre, 2003; Bouklah 
and Hammouti, 2006; Oguzie, 2005, 2006; Okafor et al., 
2005; Oguzie and Ebenso, 2006; El-Etre and El-Tantawy, 
2006).  

Studies on the use of some macromolecules (that is, 
natural polymers) which are green inhibitors have been 
carried out. For instance, Eddy et  al.  (2011)  carried  out 
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gas chromatography-mass spectroscopy (GC-MS) study 
to elucidate the chemical structure of Anogessus 
leocarpus gum (AL) and also investigated its corrosion 
inhibition potential for mild steel in solutions of HCl.  The 
GC-MS study of A. leocarpus gum (AL gum) indicated the 
presence of sucrose (10.03%), phthalic acid (2.53%), n-
hexadecanoic acid (11.73%), oleic acid (30.49%), 
pentacenequinone (4.41%) and 2,3- 
diphenylnaphthoquinone (21.43 %). The adsorption of the 
inhibitor on mild steel surface was found to be 
exothermic, spontaneous, Langmuir type and supports 
the mechanism of charged transfer from the inhibitor’s 
molecule to the charged metal surface. Behpour et al. 
(2011) carried out a comparative study of two oleo-gum 
resins exudate from Ferula assa-foetida and Dorema 
ammoniacum, as inhibitors for mild steel corrosion in 2 M 
HCl solution using weight loss measurements, 
potentiodynamic polarization and electrochemical 
impedance spectroscopy (EIS) methods. 
Potentiodynamic polarization curves indicated that both 
oleo-gums behave as mixed type inhibitors. At all 
temperatures, the experimental data fit Langmuir 
isotherm for both oleo-gum resin exudates. 



 
 
 
 

The inhibitive effect of the gum exudate from Acacia 
seyal var. seyal on the corrosion of mild steel in drinking 
water was also investigated by Buchweishaija and Mhinzi 
(2007) using potentiodynamic polarization and EIS 
techniques. The  results  obtained  show that  gum 
exudates  could  serve  as  effective  inhibitors  for  the 
corrosion  of  steel  in drinking  water  network. The 
percentage inhibition increases with increase in the 
concentration of the gum at 30°C. Potentiodynamic 
polarization studies clearly reveal that the gum behaves 
predominantly as an anodic inhibitor. The study also 
shows that the inhibition efficiencies were insignificantly 
affected by the temperature rise of the medium. Umoren 
et al. (2006) studied the potential of Gum arabic as 
corrosion inhibitor for aluminium in alkaline medium. The 
inhibition of aluminium corrosion by Gum arabic was 
attributed to the presence of arabinogalactan, 
oligosaccharides, polysaccharides and glucoproteins 
since these compounds contain oxygen and nitrogen 
atoms which are the centers of adsorption. The inhibitive 
effect of exudate gum from Pacchylobus edulis on the 
corrosion of aluminium in HCl solutions was studied using 
weight loss and thermometric methods at 30 to 60°C by 
Umoren et al. (2008a) and the results revealed that the 
exudate gum acted as an inhibitor for the corrosion of 
aluminium in HCl solution. The inhibition efficiency 
increases with an increase in the concentration of the 
exudate gum but decreases with increase in temperature. 

The effect of naturally occurring exudate gum from 
Raphia hookeri on the corrosion of mild steel in H2SO4 
between 30 and 60°C have also been investigated by 
Umoren et al. (2008b) using weight loss and hydrogen 
evolution techniques. Results obtained reveal that the 
exudate gum is a good inhibitor for the corrosion of mild 
steel in acidic media. The inhibition efficiency increased 
with an increase in exudate gum content and decreases 
with increase in temperature. The adsorption of exudate 
gum from R. hookeri on the mild steel follows Langmuir 
adsorption isotherm. Guar gum has been shown to be an 
effective corrosion inhibitor for some metals in aggressive 
acid environment by Abdallah (2004). Results obtained 
show that natural substances act as effective corrosion 
inhibitor in the different tested media. Inhibition efficiency 
was found to increase with increase in the concentration 
of the tested material.  

In continual  investigation  of  natural  corrosion  
inhibitor  materials,  FG gum  gum  exudates  are  
introduced  for  the  first  time  as  a  safe  and  cheap  
corrosion inhibitor. FG gum tree is widespread throughout 
Northern Nigerian and most part of tropical Africa, 
extending to western Saudi Arabia (Arbonnier, 2004). 
The bark contains abundant sticky white latex which is 
used in Northern Nigeria like bird-lime to trap crickets. 

This paper hence presents a study of the gum exudate 
from FG gum as an inhibitor for mild steel corrosion in 
solutions of H2SO4 using weight loss, gasometric, 
thermometric techniques and SEM techniques. The effect 
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of temperature on its inhibition mechanism is also 
discussed. 
 
 
MATERIALS AND METHODS 

 
Corrosion study 

 
Materials used for the study were mild steel sheet of composition 
(wt %, as determined by quantiometric method) Mn (0.6), P (0.36), 
C (0.15) and Si (0.03) and the rest Fe. The sheets were 
mechanically pressed cut into different coupons, with a dimension 
of 5 x 4 x 0.11 cm for each sheet. Each coupon was degreased by 
washing with ethanol, cleaned with acetone and allowed to dry in 
the air before preservation in a desiccator. All reagents used for the 
study were analar grade and double distilled water was used for 
their preparation. Concentrations of H2SO4 used for gasometric, 
thermometric and weight loss studies were 2.5, 2.5 and 0.1 M 
respectively. The FG gum gum exudates used for the study were 
purified and concentrations of 0.1 to 0.5 g/l were used.  
 
 
Gravimetric method 

 
In the gravimetric experiment, a previously weighed metal (mild 
steel) coupon was completely immersed in 250 ml of the test 
solution in an open beaker. The beaker was covered with 
aluminium foil and inserted into a water bath maintained at 303 K. 
After every 24 h, the corrosion product was removed by washing 
each coupon (withdrawn from the test solution) in a solution 
containing 50% NaOH and 100 g l-1 of zinc dust. The washed 
coupon was rinsed in acetone and dried in the air before re-
weighing. The experiment was repeated at 333 K. In each case, the 
difference in weight for a period of 168 h was taken as the total 
weight loss. From the average weight loss (mean of three replicate 
analysis) results, the inhibition efficiency (%I) of the inhibitor, the 
degree of surface coverage (θ) and the corrosion rate of mild steel 
(CR) were calculated using Equations 1, 2 and 3 respectively 
(Eddy, 2010): 
 
%I = (1 – W1/W2) × 100                                                   (1) 
 
Θ = 1 - W1/W2                                                                          (2) 
 
CR = ∆W/At                                                                             (3) 
 
where W1 and W2 are the weight losses (g) for mild steel in the 
presence and absence of the inhibitor, θ is the degree of surface 
coverage of the inhibitor, ∆W = W2 – W1, A is the area of the mild 
steel coupon (in cm2), t is the period of immersion (in hours) and 
∆W is the weight loss of mild steel after time, t. 

 
 
Gasometric method 

 
Gasometric methods were carried out at 303 K as described in 
literature (Eddy et al., 2011a). From the volume of hydrogen 
evolved per minute, inhibition efficiencies were calculated using 
Equation 4. 
 

%I = 1001
1

x
V

V

o

Ht

Ht
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(4)
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Figure 1. Variation of weight loss with time for the corrosion of mild steel in solution of H2SO4 
containing various concentrations of gum at 303 K. 

 
 
 

Table 1. Calculated values of reaction number and percentage reduction in reaction number for Al 
dissolution in 2 M H2SO4 containing exudate gum from FG from thermometric method. 
 

Concentrations of exudates (g/L) Reaction number (RN) (°Cmin
-1

) 

Blank 0.168 
0.1 0.092 
0.2 0.084 
0.3 0.075 
0.4 0.072 
0.5 0.062 

 
 
 

where 
1

Ht
V

 and 
o

Ht
V

 are the volumes of H2 gas evolved at time ‘t’ 
for inhibited and uninhibited solutions respectively. 
 
 
Thermometric method 
 
This was also carried out as reported elsewhere (Eddy et al., 
2011b). From the rise in temperature of the system per minute, the 
reaction number (RN) was calculated using Equation 5 (Eddy et al., 
2011b). 
 

( )RN C
T T

t

o m i
min−

=
−

1

                                         (5) 
 
where Tm and Ti are the maximum and initial temperatures 
respectively and ‘t’ is the time (min) taken to reach the maximum 
temperature. The inhibition efficiency (%I) of the inhibitor was 
evaluated from percentage reduction in the reaction number 
namely. 
 
 
SEM study 
 
The surface morphological of the mild steel before and after 
inhibition was  studied  using  a  JSM-5600  LV  Scanning  Electron 

Microscope (SEM) of JEOL, Tokyo, Japan. The sample was 
mounted on a metal stub and sputtered with gold in order to make 
the sample conductive, and the images were taken at an 
accelerating voltage of 10 kV. 
 
 
RESULTS AND DISCUSSION 
 
Figure 1 shows the variation of weight loss with time for 
the corrosion of mild steel in solutions of H2SO4 
containing various concentrations of FG gum (as an 
inhibitor) at 303°C.  From the plot, it can be seen that 
weight loss of mild steel for the blank exceeded those 
obtained for the inhibited systems indicating that FG gum 
retarded the corrosion of mild steel in solution of H2SO4. 
It is also evident from Fig. 1 that weight losses of mild 
steel decreased with increasing concentration of gum 
implying that FG gum is an adsorption inhibitor for the 
corrosion of mild steel in solutions of H2SO4 (Abdallah et 
al., 2003). Results obtained from thermometric analysis 
confirm these findings (Table 1).  The weight loss of mild 
steel at higher temperature (333 K; Figure 2) was found 
to decrease with increasing temperature indicating that 
the mechanism of inhibition of mild steel corrosion by  FG
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Figure 1. Variation of weight loss with time for the corrosion of mild steel in 
solution of H2SO4 containing various concentrations of gum at 333 K. 

 
 
 

Table 2. Inhibition efficiency of various concentrations of FG gum at 303 and 333 K for the corrosion of 
mild steel in H2SO4. 
 

Concentration of 
FG (g/l) 

Inhibition efficiency (%) 

Gravimetric Gasometric Thermometric 

303 K 333 K 303 K 333 K 303 K 

0.1 43.53 48.12 46.53 52.94 45.20 
0.2 48.34 54.83 48.14 54.42 50.04 
0.3 53.94 57.89 56.33 58.40 55.32 
0.4 55.90 63.04 62.61 65.30 57.13 
0.5 59.53 65.10 67.90 71.11 63.02 

 
 
 
gum is by chemosorption (Ebenso et al., 2008). 

Calculated values of inhibition efficiency of FG gum 
from weight loss, hydrogen evolution and gasometric 
measurements are presented in Table 2. From the results 
obtained, it can be seen that the inhibition efficiency of 
FG gum varies with concentration. The non significant 
difference (P≥0.05) between values of inhibition efficiency 
of FG gum obtained at 303 and 333 K further supports 
that the mechanism of adsorption is chemical adsorption. 
 
 
Thermodynamic and adsorption considerations 
 
Values of activation energy for the  corrosion  reaction  of 

mild steel in the presence and absence of different 
concentration of FG gum were calculated using the 
Arrhenius equation (Acyrya and Uphyayi, 2004; Yurt et 
al., 2005): 
 









−=

211

2 11

303.2
log

TTR

E

CR

CR
a

                          (6) 
 
where CR1 and CR2  are the corrosion rates of mild steel 
at the temperatures, T1(303 K) and T2(333 K) 
respectively, Ea is the activation energy and R is  the  gas
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Table 3. Thermodynamic parameters for the adsorption of FG gum on mild steel surface. 
 

Concentration of 
FG gum (g/l) 

Ea (KJ/mol) Qads (KJ/mol) 
∆∆∆∆G

0
ads (KJ/mol) 
at 303 K 

∆∆∆∆G
0

ads (KJ/mol) 
at 333 K 

∆∆∆∆S
0

ads (J/mol) 

0.1 84.57 -27.58 -9.85 -8.10 54.49 
0.2 97.57 -51.72 -10.78 -6.70 135.13 
0.3 104.91 -75.76 -11.46 -5.09 210.24 
0.4 101.27 -59.86 -12.53 -7.84 156.23 
0.5 104.27 -58.44 -13.91 -9.50 146.962 

 
 
 
constant. Calculated values of activation energy are 
presented in Table 3. 

The values obtained for the activated energies were 
very large and ranged from 84.02 to 104.91 KJ/mol 
supporting the mechanism of chemical adsorption. For 
chemical adsorption, it is expected that the value of 
activated energies should be greater than 80.00 KJ/mol 
(Ebenso, 2003). The average values of activation energy 
obtained for the inhibited corrosion reaction of mild steel 
are also significantly higher than the value (54.14 KJ/mol) 
obtained for the uninhibited corrosion reaction of mild 
steel indicating that the corrosion of mild steel is retarded 
by the by different concentrations of FG gum. 

The heats of adsorption of FG gum on mild steel 
surface were calculated using Equation 7 (Umoren et al., 
2006a, b). 
 

Qads = 2.303R [log (θ2/(1-θ2)- log(θ1/(1-θ1)] x (T1 x T2)/(T2 – 
T1)                                                                         (7) 
 

Values of Qads (Table 3) calculated through equation 7 
ranged from -27.58 to 75.76 KJ/mol. These values are 
negative indicating that the adsorption of FG gum on mild 
steel is exothermic. It can also be stated that since the 
reaction was carried out at constant pressure, values of 
Qads should approximate those of enthalpy of adsorption 
(∆H0

ads) (Atkin, 2002). 
Values of free energy of adsorption of FG gum on mild 

steel surface were calculated using Equation 8 (Ashassi-
Sorkhabi, 2004). 
 

∆Gads = -2.303RTlog (55.5b)                                    (8) 
 

where R is the gas constant in KJ/mol, T is the 
temperature in Kelvin, b is the equilibrium constant of 
adsorption and 55.5 is the molar concentration of H2SO4 
in water. Calculated values of ∆Gads are recorded in 
Table 3. The results indicated that the free energies 
values are lower than threshold value of -40 KJ/mol 
required for chemical adsorption (Okafor et al., 2005). 
However, judging from the non significant difference 
between values of inhibition efficiency obtained at 303 
and 333 K and observed values of Ea greater than 
threshold values of 80.00 KJ/mol (required for chemical 
adsorption). It is pertinent to proposed that the inhibitor 
was first adsorbed on mild steel surface by physical 
adsorption   at    the    first   stage    follow   by    chemical 

adsorption. The result also revealed that values of ∆Gads 

were more negative at 303 K compared to values 
obtained at 333 K indicating that the spontaneousity of 
adsorption, hence stability of the adsorbed layer is higher 
at 303 K. At 333 K, effect of temperature tends to 
increase the degree disorder in the adsorbed molecular 
layer. 

Values of entropy of adsorption (∆Sads) were calculated 
by substituting corresponding values of ∆Gads and ∆Hads 

into the Gibb-Helmholtz equation according to Equation 9 
(Abdallah, 2004). 
 
∆Gads  = ∆Hads  -  T∆Sads                                 (9) 
 
The values of ∆Sads calculated through Equation 9 are 
recorded in Table 3. These values are found to be 
relatively large, positive and ranged from 54.50 to 210.24  
KJ/mol indicating that the adsorption of FG gum on mild 
steel surface takes place via increasing order and that 
there is a formation of compact activated complex. 

The adsorption behaviour of FG gum was studied by 
fitting data obtained from the degree of surface coverage 
into various adsorption isotherms including Langmuir, 
Fruendlich, El awardy, Temkin, Florry Huggins and 
Brokris-Swinkel adsorption isotherms. The tests revealed 
that the best isotherm for the adsorption of FG gum on 
mild steel surface is the Langmuir adsorption model, 
which can be written as follows, 
   
log(C/θ) = logC - logb                                           (10) 
 
where b is the adsorption equilibrium constant and θ is 
the degree of surface coverage of the inhibitor 
(Odiongenyi, 2009).  
Using Equation 10, straight line graphs were obtained by 
plotting values of log(C/θ) versus values of logC (Figure 
3). Applicability of Langmuir adsorption isotherm to the 
adsorption of FG gum on mild steel confirms the 
formation of multi molecular layer of adsorption.    
 
 
SEM study 
 
The surface morphology of mild steel in solutions of HCl 
was studied using scanning electron microscopy. Figure 
4 and 5 show the scanning electron micrographs  of  mild
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Figure 4. Scanning electron micrograph of mild steel in 0.1 M H2SO4 (without inhibitor). 

 
 
 

 
 
Figure 5. Scanning electron micrograph of mild steel in 0.1 M H2SO4 (with inhibitor). 

 
 
 
steel in the absence and presence of inhibitor 
respectively. From Figure 4, flakes showing corrosion 
products are observed in the micrographs indicating that 
the surface is strongly damaged by corrosion but in the 
presence of FG gum (Figure 5) as an inhibitor, it can be 
seen that the damaging effect is greatly reduced and the 
surface is relatively smooth probably due to the formation  

of protective coverage by the inhibitor. 
The results obtained from the scanning electron 

micrographs of FG gum is consistent with the fact that 
this compound inhibited the corrosion of mild steel 
through the mechanism of adsorption. The inhibitor tends 
to form adsorbed layer on the surface of the metal and 
protect the metal against corrosion. 
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Mechanism of inhibition 
 
Plant products are organic in nature, containing 
constituents such as tannins, organic and amino acids, 
alkaloids and pigments that are known to exhibit inhibiting 
action (Umoren and Ekanem, 2010). Preliminary 
phytochemical investigation in our laboratory showed that 
FG gum contains tannins, glucoproteins and 
polysaccharides. It is therefore appropriate to say that the 
adsorption of these compounds onto metal surface is 
responsible for corrosion inhibition effect and hence 
difficult to assign the inhibitive effect to a particular 
constituent. 
 
 
Conclusion 
 
From the experimental results obtained in the present 
study, the following conclusions could be drawn: 
 
1. FG gum gum inhibited the corrosion of mild steel 
through the mechanism of chemical adsorption (the 
reasons are inhibition efficiency increases with increasing 
temperature Ea and ∆Go

ads values were higher than 
threshold values of 80 and 40 KJ/mol). The adsorption of 
the inhibitor on mild steel is exothermic (∆Ho

ads were 
negative), spontaneous (values of ∆Go

ads were negative) 
and supports the Langmuir adsorption model. 
2. Inhibition was probably brought about by the 
adsorption of the inhibitor on the metal surface of tannins, 
polysaccharides and glucoproteins constituents of FG on 
the surface of the mild steel, hence the formation of 
multiple adsorption layers is proposed. 
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