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The inhibitive and adsorption characteristics of Commiphora africana gum
exudates on the corrosion of mild steel was studied using weight loss,
gasometric and thermometric techniques with the aim of determining its
inhibition potentials in acidic medium, investigate the effect of temperature
on the corrosion of mild steel, study the effect of different concentrations of
gum exudates of C. africana at different temperatures, calculate
thermodynamic and kinetic parameters and propose the mechanism of
corrosion inhibition of mild steel in H2SO4.The gum was found to be a good
inhibitor for the corrosion of mild steel in H2SO4 solution as inhibition
efficiency increased with increase in concentration of the inhibitor. Corrosion
inhibition properties of the gum are attributed to the presence of aromatic,
suitable functional groups and heteroatoms in its chemical constituents,
which facilitated its adsorption. Values of inhibition efficiencies from weight
loss method were significantly higher (p = 0.05) than values obtained from
gasometric and thermometric methods for the inhibitor within the
temperature range under review. Also inhibition efficiency values from
weight loss method correlated strongly with values obtained from
gasometric and thermometric methods. The adsorption of the gum on the
surface of the metal was found to be exothermic, spontaneous and supported
the mechanism of physical adsorption. Kinetic consideration revealed an
increase in the half-life of mild steel in H2SO4 solution in the presence of the
inhibitor. Langmuir and Temkin adsorption isotherms were found to best
suit the adsorption characteristics of the inhibitor on the surface of mild
steel.
Keywords: Commiphora africana, adsorption, heteroatom, inhibition,
Langmuir, Temkin.

INTRODUCTION
Gums are considered as any sticky substance that
exudes from certain plants. They are high molecular
© 2016 Ewemen Resources Limited / EJCK. All rights reserved.

weight compounds usually with colloidal properties
that harden on exposure to air and dissolve or form
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viscous masses in water. Gum exudates are known to
abundantly possess certain qualities, which enhance
their corrosion inhibition potentials (Eddy et al.,
2011)
These include: (i)
(ii)
(iii)
(iv)
(v)
(vi)

Increased chain length.
Size of the molecule.
Bonding, aromatic/conjugate.
Strength of bonding to the substrate.
Cross-linking ability.
Solubility in the environment.

Some gums have been found to be good corrosion
inhibitors for the corrosion of metals in acidic
solutions. Umoren et al., (2006 c and d) reported on
the adsorption characteristics and corrosion
inhibition ability of Gum arabic for aluminum
corrosion in alkaline medium. The inhibition of
aluminum 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 corrosion
inhibition of aluminum in HCl solution in the
presence of exudates gum from Raphia hookeri at
temperature range of 30–600C was reported by
Ebenso et al., (2009). The exudates gum inhibited the
corrosion of aluminum in the acid environment. The
inhibition efficiency increased with increase in
inhibitor concentration but decreased with an
increase in temperature. The inhibitive effect of the
Raphia hookeri exudates was attributed to the
presence of some phytochemical constituents in the
exudates which is adsorbed on the surface of the
aluminum metal. The use of the gum exudates from
Acacia seyal var seyal as corrosion inhibitor for mild
steel in fresh water has been reported (Buchweishaija
and Mhinzi, 2008). Abdallah (2004) reported that
Guar gum is an effective corrosion inhibitor for metals
in aggressive acid environment. Results obtained
show that the gum acted as effective corrosion
inhibitor in the different test media. Inhibition
efficiency was found to increase with increase in the
concentration of the tested material. Eddy et al.,
(2011) also reported that Anogessus leocarpus gum
exudates is a good corrosion inhibitor for the
corrosion of mild steel in solutions of HCl. According
to them, the inhibition potential of the gum exudates
could be attributed to 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%),
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which facilitated the adsorption of the inhibitor on
the metal surface. The anti-corrosive effect of
Pachylobus edulis exudate gum in combination with
halides ions (Cl–, Br– and I–) for aluminum corrosion
in HCl was studied at temperature range of 30-60oC
using weight loss method (Umoren et al., 2008).
Results obtained showed that the naturally occurring
exudates gum acts as an inhibitor for aluminum
corrosion in acidic environment. Inhibition efficiency
(% I) increased with increase in concentration of the
exudates gum and synergistically increased to a
considerable extent on the addition of the halide ions.
Pachylobus edulis exudate gum obeys Temkin
adsorption isotherm. A comparative study of two
oleoresin gums exudates from Ferula assa-foetida (F.
assa-foetida) and Dorema ammoniacum (D.
ammoniacum), as inhibitors for mild steel corrosion
in 2 M HCl solution was investigated by Behpour et
al., (2011)
using weight loss measurements,
potentiodynamic polarization and electrochemical
impedance
spectroscopy
(EIS)
methods.
Potentiodynamic polarization curves indicated that
both oleoresin gums behave as mixed type inhibitors.
The effect of temperature on the inhibition efficiency
was studied. At all temperatures, the experimental
data fit Langmuir isotherm for both oleoresin gums
exudates. The genus Commiphora is a small tree,
sometimes reaching 10 m but usually not more than 5
m high. It can be recognized unmistakably from a
distance by its outline, a spherical top and a short
trunk with low branches. Crown is rounded, with the
branches ascending and then curving downwards.
Many of the branchlets end in spines. The bark is
grey-green, sometimes shiny, peeling in membranous
scales; slash red, pleasantly scented, exuding a clear
gum. Has a creeping root system that spreads several
metres around the tree. Leaves trifoliate, leaflets
cuneate at the base and with irregular and bluntly
toothed margins, waxy grey-green above with a
sparse covering of hairs, lighter in colour and more
densely hairy below, up to 4 x 2.5 cm, the middle
leaflet larger than laterals. Flowers in axillary clusters
of 4-10; petals 4, red, not fused, but forming a tube
about 6 mm long. Fruits reddish, 6-8 mm across but
sometimes larger, almost stalkless, made up of a
tough outer layer, which splits when ripe to reveal a
hard, furrowed stone embedded in a red, resinous
flesh. The generic name‘Commiphora’ is based on the
Greek words ‘kommi’(gum) and ‘phero’ (to bear). The
specific name simply means African.
However, due to the ever growing interest in
environmental friendly green corrosion inhibitors,
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which are not only biodegradable, nontoxic, cheap but
are also renewable , this present study seeks to
investigate the inhibiting and adsorptive effects of
gum exudates of Commiphora africana on the
corrosion of mild steel in acidic medium.
MATERIALS AND METHODS.
Materials.
The study was carried out using mild steel sheets of
composition (%Wt) Fe(98.86), Mn(0.6), P(0.36),
C(0.15) and Si(0.03).and the rest iron. The sheet was
mechanically cut into different coupons, each of
dimensions 4 x 3cm. Each coupon was degreased by
washing with ethanol, rinsed with acetone and
allowed to dry in air before they were preserved in a
desiccator. All reagents used for the study were
Analar grade and double distilled water was used for
the preparations.
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Gravimetric study using Commiphora africana gum
was done by dipping a previously weighed metal
(mild steel) coupon into 20 ml of the test solution
maintained at 303 and 333 K in a thermo stated bath.
The weight loss was determined by retrieving the
coupons at 24 hours intervals progressively for 168
hours (7 days). Prior to measurement, each coupon
was immersed in a solution of 20 % sodium
hydroxide containing 200 g/L of zinc dust to
terminate the corrosion reaction and then rinsed in
acetone before drying. The difference in weight was
taken as the weight loss of the mild steel. From the
average weight loss (mean of three replicate
analyses) 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 the following equations,
(

)

Sampling.
Samples of the gum (Commiphora africana ) were
collected from mature stems of the plants during dry
season, by breaking the outer bark of the tree trunk, a
process known as tapping. The bark was carefully
pealed in each case and a cut made. The cut was
extended to form a wound of about 3cm wide and 0.51cm deep. The gum samples were slowly collected
along the length of the wounded trunk.
Purification of the gum sample.
The purification process involved the dissolution of
the gum in cold distilled water. This was followed by
filtration and centrifugation which left a small
quantity of dense gel. The supernatant liquor was
then separated and acidified with dilute
tetraoxosulphate (VI) acid. The gum was allowed to
precipitate with the addition of ethyl alcohol. The
precipitates were removed by centrifugation and
were dried after being washed with alcohol and ether.
Different concentrations of the inhibitor was
prepared by dissolving 0.1g, 0.2g, 0.3g, 0.4g and 0.5g
of the gum extracts in 1L of 2.5 M H2SO4 for
gasometric and thermometric analyses. The same
portions of the extract were also dissolved in 0.1 M
H2SO4 for use in gravimetric analysis.

Where % I is the inhibition efficiency of the gum exudates
of C. Africana, CR is the corrosion rate of steel in gcm -2hr-1,
W1 and W2 are the weight losses of steel in the absence and
presence of the inhibitor, respectively.
W is the difference in weight in (g) before and after
immersion,
(i.e. W = W2 – W1), t is the period of immersion in hours
and A is the area of the steel coupon in square cm2.

Gasometric method
Gasometric analysis was carried out at 303 and 333K
as described in the literature (Eddy et al., 2008).
Triplicate analysis was adopted for gasometric
method and the mean values were used for
computation. From the average volume of hydrogen
gas evolved per minute, inhibition efficiency (%I),
degree of surface coverage (Ө), and corrosion rate
(CR) were calculated using Equations (4), (5) and (6)
respectively:
[

]

Corrosion inhibition studies
Gravimetric method
www.ewemen.com
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Effect of concentrations of H2SO4 on the corrosion
of mild steel.
Where V1Ht and V0Ht are volumes of hydrogen gas
evolved at time t for solution with inhibitor and for
solution without inhibitor respectively
Thermometric method
Thermometric analysis was equally carried out also
as reported in literature (Odoemelam et al., 2009;
Eddy et al., 2008; Eddy et al., 2009).

Figure 2 showing the variation of weight loss with
time for the corrosion of mild steel in different
concentrations of the acid at different temperatures
without the inhibitor reveals that the weight loss of
mild steel increases with increase in temperature, the
concentration of H2SO4 and immersion time. This
shows that the rate of corrosion of mild steel
increases with increase in temperature, conc. of H2SO4
and the period of immersion.

From the average of three replicate measurements
obtained for the rise in temperature of the system per
minute, the reaction number (RN) was calculated
using Equation (7)
(

)

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) was evaluated from
percentage reduction in the RN, using equation (8)

Figure 2: Variations of weight loss with time for the
corrosion of mild steel in various concentrations of
tetraoxosulphate (VI) acid at 303 and 333 K.

Where RNaq is the reaction number in the absence of
inhibitors (blank solution) and RNwi is the reaction
number for 2.5 M H2SO4 containing studied inhibitor.

Figure 3, which represent the variation of volume of
hydrogen gas evolved with time during the corrosion
of mild steel in various concentrations of H2SO4,
shows that the volume of hydrogen gas evolved
increases with increase in the concentration of the
acid and period of immersion. Hence, the rate of
corrosion of mild steel in H2SO4 increases with period
of immersion and with the concentration of the acid.

RESULTS AND DISCUSSION
Figure 1 shows the photograph of the crude gum
sample that has undergone the initial process of
purification and concentration.

Figure 3: Variations of volume of hydrogen gas evolved
with time for the corrosion of mild steel in various
concentrations of tetraoxosulphate (VI) acid.
Figure 1: Photograph of semi-processed sample of
Commiphora africana gum.
www.ewemen.com

Inhibition of the corrosion of mild steel
Variations of weight loss with time for the corrosion
of mild steel in 0.1 M H2SO4 containing various
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concentrations of Commiphora africana gum at 303
and 333 K are shown in figures 4 and 5 respectively.
From the plots, it is evident that weight loss of mild
steel decreases with increase in the concentration of
Commiphora africana gum but increase with
increasing temperature and with the period of
contact. These indicate that the rate of corrosion of
mild steel increases with increase in temperature and
with the period of contact and that Commiphora
africana gum inhibited the corrosion of mild steel in
solutions of H2SO4.

Figure 4: Variations of weight loss of mild steel with time
for the corrosion of mild steel in 0.1 M H2SO4 containing
various concentrations of Commiphora africana at 303 K.

Figure 5: Variations of weight loss of mild steel with time
for the corrosion of mild steel in 0.1 M H2SO4 containing
various concentrations of Commiphora africana at 333 K.
Table 1: Corrosion Rates (CR) and Inhibition Efficiencies of
various concentrations of Commiphora africana for the
corrosion of mild steel in H2SO4.
Conc.

Weight Loss

GM

The inhibition efficiency of the inhibitor
The inhibition efficiencies and corrosion rates for the
corrosion of mild steel obtained from Weight Loss
measurement, Gasometric and Thermometric
methods are as shown in Table 1 for Commiphora
africana. The efficiency of the inhibitor was seen to
increase with increase in the concentrations of the
inhibitors but decreased as the temperature
increased indicating that the inhibitor retard the
corrosion of mild steel through physical adsorption
mechanism. Also the inhibitor can be said to be
gradually desorbed from the surface of mild steel at
higher temperature since values of inhibition
efficiency (% I) obtained at 333 K were lower than
values obtained at 303K (Sheatty et al., 2006). The
inhibition efficiency of the inhibitor decreased with
increase in temperature confirming physical
adsorption as the adsorption mechanism. For a
physical adsorption mechanism, inhibition efficiency
of an inhibitor decreases with temperature, while for
a chemical adsorption mechanism, values of
inhibition efficiency increase with temperature
(Ebenso, 2003a b, 2004). Several research groups
have equally returned physical adsorption
mechanism from similar studies, while Langmuir and
Temkin isotherms passed as the best adsorption
models Obot et al., 2011, Onuegbu et al., 2012;
Rajendran et al., 2013; Eddy et al., 2012; Onukwube et
al., 2016).
The inhibition efficiencies of the inhibitor obtained
from Thermometric and Gasometric methods were
lower than values obtained from Weight Loss
measurements. This shows that the inhibitor may be
more useful for the inhibition of corrosion over a long
time range than instantaneous inhibition. This
assertion is sequel to the fact that Weight Loss
method measures the average values of inhibition
efficiency while Thermometric and Gasometric
methods measure instantaneous inhibition efficiency
(Eddy, 2008). The corrosion rate was also observed to
decrease with increase in the concentrations of the
inhibitor but increased with increase in temperature.

TM

g/L

%I

CR

%I

CR

%I

%I

0.1
0.2
0.3
0.4
0.5

59.7
61.6
73.21
86.92
90.08

18.92
15.31
13.12
13.61
13.02

53.22
56.01
61.36
65.14
70.28

23.58
21.08
18.54
16.21
15.93

24.82
40.19
54.07
61.24
70.80

64.57
65.18
68.71
70.59
71.76

Key: GM = Gasometric method, TM = Thermometric method, CR =
Corrosion rate, I = Inhibition efficiency, %I was at 303K, CR values are (x
10-5) in g/cm3/hr
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Kinetic treatment of data.
Data obtained from weight loss were treated
kinetically by making attempts to establish the order
of reaction for the corrosion of mild steel in the
presence and absence of Commiphora africana gum.
The results obtained indicated that for all
page 5
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concentrations of Commiphora africana gum, the plots
of – log(weight loss) versus time were linear. This
indicates that the corrosion of mild steel and its
inhibition by Commiphora africana gum is consistent
with a pseudo first order kinetic, which can be
written as shown (Odoemelam et al., 2009).

Where k1 is the first order rate constant and t is the time in
days.

Onukwube et al.

Calculated values of t1/2 are also presented in Table 2.
The results show that Commiphora africana gum
increases the half-life of mild steel in solutions of
H2SO4.
Thermodynamic and Adsorption considerations
The Arrhenius equation was used to calculate the
activation energy for the corrosion of mild steel in the
presence of Commiphora africana , which can be
written as in equation (11) (Ashassi-Sorkhabi et al.,
2005; Eddy, 2008).

Figure 6 shows kinetic plots for the corrosion of mild
steel in 0.1 M H2SO4 and its inhibition by Commiphora
africana gum.

[

]

Where Ea is the activation energy, CR1 and CR2 are the
corrosion rates of mild steel at the temperatures T1 (303
K) and T2 (333 K) respectively.

Ea values obtained from equation (11) are recorded
in Table 3. Values of Ea obtained ranged from 48.44 to
88.65 (KJ/mol) as recorded in Table 3, with an
average value of 76.38 KJ/mol, which is consistent
with mechanism of physical adsorption.

Figure 6: Variation of –Log (weight loss) versus time for
the corrosion of mild steel in H2SO4 containing various
concentrations of Commiphora africana at 303 K.

The heat of adsorption of Commiphora africana on the
surface of mild steel was calculated using equation
(12), since the corrosion inhibition was carried out at
constant pressure, the heat adsorbed should
approximate the enthalpy change. (Umoren et al.,
2006a-c).
{

Table 2: Kinetic parameters for the corrosion of mild steel
in 0.1 M H2SO4 containing various concentrations of
Commiphora africana gum at 303 and 333 K
303 K
Conc.
g/L

K1

t1/2(days)

0.1
0.2
0.3
0.4

0.19
0.17
0.19
0.18

B
2
2
2
2

I
4
4
4
4

333 K
R2
0.988
0.981
0.962
0.980

K1

t1/2(days)

R2

0.12
0.14
0.14
0.12

B
4
4
4
4

0.991
0.990
0.989
0.985

I
6
6
6
6

B = Blank, I = with inhibitor

Table 2 shows the values of kinetic parameters
deduced from the kinetic plots in figure 6. Also for a
first order reaction, the rate constant is related to the
half-life according to equation (10).

www.ewemen.com

}

{

}

{

}

Where Ө1 and Ө2 are the degrees of surface coverage of the
inhibitor at temperatures, T1 (303 K) and T2 (333 K)
respectively and R is the gas constant.

Calculated values of Qads are negative as recorded in
Table 3, indicating that the adsorption of Commiphora
africana gum on mild steel surface is exothermic.
Table 3: Some thermodynamic parameters for the
adsorption of Commiphora africana on mild steel surface
Conc. of Inhibitor
g/L
0.1
0.2

Ea (KJ/mol)
61.03
88.65

Qads (∆Hads)
KJ/mol
-22.50
-24.50

0.3
0.4
0.5

79.44
48.44
55.91

-27.02
-39.38
-51.12

Average

76.38
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Attempts were made to fit data obtained from weight
loss measurements into different adsorption
isotherms. These include Langmuir, Temkin,
Frumpkin and Freundlich Isotherms. Results obtained
showed that the best adsorption isotherms for
adsorption of Commiphora africana on the surface of
mild steel were Temkin and Langmuir adsorption
isotherms.
For Temkin adsorption isotherm, the degree of
surface coverage and concentration of the inhibitor
are related as shown in equation (13) (Emregul et al.,
2003; Sheathy et al., 2006; Eddy, 2008).

Onukwube et al.

( )
A plot of Log (C/θ) versus Log C from equation 16
yielded straight lines as shown in figure 8 with
intercept equal to -Log k. From the application of
Langmuir isotherm to the adsorption of Commiphora
africana on the surface of mild steel, it can be
suggested that there is the formation of monolayer of
adsorption and that there is no interaction between
the molecules of the adsorbate (Umoren and Ebenso,
2008; Eddy and Ebenso, 2010; Eddy, 2008). Langmuir
adsorption parameters are also presented in Table 4.
Values of the free energy of adsorption (∆Gads) of
Commiphora africana on the surface of mild steel
were calculated using equation 17.

On simplification, equation 13 yields equation 14

Where C is the concentration of the inhibitor in the bulk
electrolyte, K is the adsorption equilibrium constant, Ө is
the degree of surface coverage of the inhibitor and a is the
interaction parameter.

Figure 7 shows the plots of θ against log C from
equation 14. The plots were linear, showing that
Temkin adsorption isotherm applies to the
adsorption of Commiphora africana on the surface of
mild steel. Table 4 shows values of Temkin
adsorption parameters. From the results obtained,
monolayer adsorption on a uniform homogenous
metal surface is observed (Sheatty et al., 2006).

Where K is the equilibrium constant of adsorption obtained
from Langmuir isotherm, Ө is the degree of surface
coverage deduced from weight loss data.

Values of free energy of adsorption calculated from
equation 17 are recorded in Table 4. From the results
obtained, ∆Gads values are negative and less than the
threshold value of (-40KJ/mol) required for chemical
adsorption. This shows that the adsorption of
Commiphora africana on the surface of mild steel is
spontaneous and proceeds through the mechanism of
physical adsorption (Sheatty et al., 2006).

Figure 8: Langmuir plots for the adsorption of Commiphora
africana on mild steel surface
Table 4: Temkin and Langmuir adsorption parameters for
the adsorption of Commiphora africana on mild steel
surface
Figure 7: Temkin plots for the adsorption of Commiphora
africana on mild steel surface.

For Langmuir adsorption Isotherm, the following
assumptions are established.

AI
TAI

LAI

Temp
303K

Log K
1.4637

Slope
0.7857

A
-1.4656

∆Gads
-18.61

R2
0.950

333K

2.5462

0.3142

-3.6649

-27.35

0.982

303K

0.05

0.7142

-10.41

0.980

333K

-0.08

0.7757

-10.61

0.999

AI = Adsorption isotherm, TAI = Temkin adsorption isotherm, LAI =
Langmuir adsorption isotherm, Temp = Temperature (K), ∆Gads in
(KJ/mol)
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CONCLUSION
Results obtained from the Corrosion Inhibition
Potential of Commiphora africana Gum exudate for
mild Steel in acidic medium revealed that the rate of
corrosion of mild steel in H2SO4 is directly
proportional to the following factors:- Concentration
of H2SO4, temperature and period of immersion. The
corrosion of mild steel in 0.1M H2SO4 was inhibited by
various concentrations of Commiphora africana.
Generally, the inhibition efficiency of the inhibitor
decreased with increase in temperature and time, but
increased with increase in the concentration of the
inhibitor.
The activation energies obtained for the inhibition of
the corrosion of mild steel containing various
concentrations of the inhibitor were higher than
those obtained for the blank. Physical adsorption was
found to characterize the mechanism of this inhibitor

Onukwube et al.

as it is spontaneously adsorbed on the surface of mild
steel. Thermodynamically, the inhibition of the
corrosion of mild steel by commiphora africana was
exothermic and the mechanism of inhibition is by the
donation of electron to the vacant d-orbital of iron in
the mild steel. The adsorption behaviour of this
inhibitor follows Temkin and Langmuir adsorption
models. The adsorbed organic matter can be said to
have provided a physical barrier to charge and mass
transfer, which led to the reduction in corrosion rate.
From the above studies, the use of Commiphora
africana gum exudates as inhibitor for mild steel
corrosion in H2SO4 solution is therefore
recommended.
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