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Abstract: The adsorption of ethanolic root extract of Portulaca oleracea as corrosion inhibitor for the
corrosion of mild steel in H,SO, medium at the temperature range of 305K to 315 K was studied using weight
loss method and characterized using the common adsorption isotherms. The inhibition efficiency, 1E%, was
found to increase with both increase in the inhibitor concentration and rise in temperature. The increase in IE%
with rise in temperature is suggestive of chemisorption. The adsorption best fitted the Langmuir, EI-Awady,
Temkin and Adejo-Ekwenchi isotherms. Evaluated values of free energy, 4G,gs, of the adsorption process were
found to be all negative, indicative of spontaneity of the adsorption process and values obtained through the
Temkin were above -20 kJ/mol, supportive of the chemisorption. The fact that the slopes and intercepts of the
ideal Langmuir isotherm (ILI) plots were not unity and zero, respectively, signifies a deviation from this
isotherm but the deviation cannot be said to be much as AGqy values obtained through modified Langmuir
isotherm (MLI) are not quite different from those of ILI. The adherence of the adsorption to the Temkin
isotherm is evidence evident of chemisorption, which was made evidently made clear from the Adejo-Ekwenchi
b parameter. The exact number of water molecules replaced by inhibitor molecules could not be ascertained by
Bockris-Swinkels isotherm.
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l. Introduction

The reaction and subsequent deterioration of materials on exposition to the environment form the
subject of corrosion. Corrosion breaks down the essential properties in a material. Corrosion control is of
economic, environment and aesthetic importance [1-3]. Inhibitors have been used effectively to protect
materials, especially metals, against the ravaging effects of corrosion for many years. To this effect synthetic
inhibitors which have excellent inhibitive action are now of restricted use on the account of their harmful effects
to human beings and environment, cost aside [4, 5]. Therefore, attention has shifted to non-toxic and eco-
friendly inhibitors. Many works have been carried out on plant extracts as they are found to meet the required
properties of non-toxicity, bio-degradability, low cost, renewability, and ease of availability, coupled with
simple procedural steps for their extraction [6].

As a contribution to the sustained interest in eco-friendly corrosion inhibitors the ethanol extract of
leaves and roots of Portulaca oleracea have been investigated and found to inhibit the corrosion of mild steel in
sulphuric acid medium [4, 7]. Basic information on the interaction between the inhibitor and the metal surface
can be provided by the adsorption isotherms using the surface coverage, 0, at different concentrations and
temperatures [8]. We hereby characterise the adsorption behaviour of the roots of the plant as inhibitor for the
corrosion of mild steel in the sulphuric acid medium in furtherance of our work on this plant extract as inhibitor
for the metal.

I1. Experimental

Portulaca oleracea plant was collected, identified, shade-dried and the roots ground into powder and
the extract obtained as reported earlier [4]. Stock solutions of concentrations of 0.1, 0.2, 0.3, 0.4 and 0.5 g/dm®
of the extract were prepared in 2 M H,SO, using double distilled. All reagents used were of analytical grade.

Coupons of dimension of 2 cm x 2 cm x 0.13 cm were prepared from the mild steel sample of
composition (%W): Mn(0.56), P(0.04), C(0.27), Si(0.25), S(0.04) and rest Fe. Each coupon was first weighed
accurately, after degreasing in acetone, with the surface prepared with different grade of emery papers. Through
a very thin hole borne at the edge of each coupon was suspended in 100 mL of the test solution using thread for
a period of 8 hours in a thermostated water bath without and with various concentrations of the extract at 303 K
to 315K. After the time interval the coupons were retrieved and the reaction terminated accordingly, and then
stored in a desiccator and reweighed afterwards [7, 9]. The inhibition efficiency, IE%, and surface coverage, 6,
were calculated using “equations1 and 27, respectively [4, 10].
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whereW,ninnand Wiy, are weight losses in absence and presence of inhibitor, respectively.

1. Results and Discussion

Table 1 shows inhibition efficiency at different concentrations and temperatures. The inhibition
efficiency of the extract was found to increase with increase in both the concentration and temperature. The
increase in inhibition efficiency with increase in temperature could be suggestive of chemisorption as the
mechanism for the adsorption of the extract onto the surface of the metal [1]. When compared with the
inhibition efficiency of the leaves extract, the root not only has lower efficiency but completely opposite [4, 7].
This may be an indication of differences in bioactive composition of the different parts of this plant. In fact, it
has been reported that the entire plant is used as antibacterial, anti-inflammatory and anthelmintic, except the
roots [11].

Table 1. Variation of inhibition efficiency with concentration of the Extract at different temperatures

Conc. IE%

(g/dm® 303K 307K 311K 315K

0.1 32.00 34.59 35.12 37.44
0.2 34.40 36.35 38.47 39.34
0.3 36.13 38.49 42.82 44.58
0.4 37.28 39.78 43.38 46.72
05 39.46 40.33 48.51 49.07

The variation of the inhibition efficiency with the logarithm of inhibitor concentration at 315 K is
shown in Fig. 1. The S-shaped of the curve shows a formation of protective barrier of film of the inhibitor
molecules on the metal surface [12, 13]. This is a further evidence to support the inhibitive action of the extract
against the corrosion of the metal.
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Fig.1 Relationship between inhibition efficiency and logarithm of concentration of inhibitor

One of the acceptable postulates being used as regards inhibitor action is formation of surface layers
and films on the metal surface, thereby reducing the accessibility of the corrosion materials to the surface. The
relationship between the amount of substance attached (adsorbed) to the surface to its concentration in gas or
solution phase at a particular temperature is known as adsorption isotherm. Adsorption isotherm is usually
described by an isotherm equation whose parameters express the surface properties and affinity of the adsorbate
and from which the mechanism of adsorption process can be deduced [3]. And the most frequently used
adsorption isotherms to characterise inhibitor behaviour in corrosion process are the Langmuir, Frumkin,
Parsons, Temkin, Hill de Boer, Flory-Huggins, Bockris-Swinkels and the El-Awady thermodynamic-kinetic
model [4, 14].

The calculated surface coverage values were graphically tested to find their suitability to the adsorption
isotherms, using their regression coefficient, R? values. On this account, the data fitted the Langmuir,
Freundlich, El-Awady and Temkin, as shown in Table 2. The evaluated values of adsorption equilibrium
constant, K, are all higher than unity, implying favourable adsorption of the extract onto the metal surface.

The fact that the slopes and intercepts of Langmuir plots are not are not unity and zero, respectively, at
all the temperatures shows that there is a deviation from this isotherm [6, 15]. The non-total conformity might
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be as the result of molecular interaction among the adsorbed inhibitor molecules on the metal surface [16, 17].
Actually, it has been argued that given the complexity of the plant extracts composition, the different
components may be adsorbed at the active sites on the metal surface, and such adsorbed species may interact by
mutual repulsion or attraction, thereby making the adsorption not to strictly follow the ILI. More so, the study
was carried in solution system where the adsorption process hardly totally follows the ILI. Consequently, the
adsorption data were fitted to the Modified Langmuir isotherm (MLI) “equation 3” proposed by Villamil and
Co-workers [18].

C n
6 = Kods + nC (3)

The parameter n is the slope of the plot of C/8 against C. The values of AGgs Obtained through the MLI -18.32, -
19.21, -17.45 and -17.93 kJ/mol at 303, 307, 311 and 315 K, respectively. These values are not significantly
different from those obtained through ILI, but are different from those obtained through* equations 4 and 5” [2,
19, 20], showing no serious deviation occurred from the ILI. In fact, the intercepts are not too far from the zero.

AG,ys = —2.303RTlog(55.5K) (4

where
0

= ®)
(1-6)C

C is the concentration of inhibitor and 55.5 is water concentration solution expressed in moles (i.e. ~ 1000
g/dm®). However, these values are all below -20 k/mol. The interaction can, therefore, be said to more or less
weak electrostatic interactions as the energy values are of the range of the van der Waal, London forces,
dipole-dipole attractions, etc. which are actually of weak forces [14, 21, 22]. As observed above the variation of
IE% with temperature is a clear trend of chemisorption, but the obtained AG,y values are below -20 kJ/mol the
threshold value for physical adsorption. This is an indication of mix features of chemical and physical
adsorption mechanisms, which may be due to the fact that many different chemical compounds are usually
present in plant extracts, which some can be adsorbed chemically and other physically [1].

The values of dimensionless constant called Langmuir equilibrium parameter, R, for the adsorption of
this extract unto the mild steel surface are given in Table 4. The values are all less than one but greater than
zero, indicative of favourable adsorption [14, 23]. R. has been observed to decrease with increase in both
concentration and temperature, signifying more favourable adsorption with increase in concentration and rise in
temperature.

The values of parameter n of the Freundlich isotherm are far from the typical value of 0.6 [14],
meaning this adsorption cannot be modeled by the Freundlich isotherm, in spite of the seemly good R? values
obtained from the plots (Table 2). This is a pointer to the fact that the adsorption is not actually too far from
ideal adsorption process. The fact that this adsorption does not reasonably follow Freundlich may mean that it is
monolayer molecular adsorption, a feature of chemisorption.

The El-Awady isotherm parameter y is less than unity at all temperatures, signifying a monolayer
adsorption [6, 12], and evidently supportive of chemical adsorption process. 1/y values are 5.1387, 6.2539,
2.9223 and 2.8482 at 303, 307, 311 and 315 K, respectively. These values are approximately equal to the
number of water molecules n replaced by one inhibitor molecule [6]. The value of n varies with temperature,
meaning the number of water molecules that were replaced varied also with temperature. Values of AGggs
obtained through this isotherm are more close to those obtained through equilibrium constant than from other
isotherms. This shows that the adsorption can be better fitted into this isotherm.
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Table 2. Various Adsorption isotherms parameters for adsorption of the extract of roots of Portulaca
oleracea onto the mild steel surface

Isotherm  Temp R? Slope Intercept Kads -AGags
(K) (kJ/mol)
Langmuir
303 0.9968  2.4008 0.0926  10.7991 16.11
307 0.9993  2.3573  0.0655 15.2672 17.21
311 0.9878  1.8942 0.1234 8.1037 15.78
315 0.9944 18515  0.1093 9.1413 16.33
Freundlich n
303 0.9397 0.1281 -0.3676 0.4289 0.1281 7.99
307 0.9844  0.1001 -0.3634 0.4331 0.1001 8.12
311 0.9393  0.1903 -0.2725 0.5339 0.1903 8.76
315 0.9416  0.1751 -0.2622 0.5468 0.1751 8.94
El-Awady K’

y
303 0.9764  0.1944 -0.1391 1.9246 0.7259 0.1946 1177
307 0.9829  0.1599 -0.1212 1.7461 0.7565 0.1599 11.68
311 0.8977  0.3422 +0.0570 1.4673 1.1402 0.3422 11.38
315 0.9065  0.3511 +0.1025 1.9586 1.2662 0.3511 12.28

Temkin o
303 0.9661 9.5791 -4.0187 1.0440x 10* -11.0303 3341
307 0.9816 11.3980 -4.9058 8.0501 x 10" -13.1248 39.09
311 0.9243 51996 -2.7503 562.7299 -5.9873 26.76
315 0.9334 54269 -2.9411 873.1724 -6.2491 28.26
b
Adejo- 303 0.9958  0.0578  0.2246  1.6773 0.0578 11.42
Ekwenchi 307 0.9697  0.0598  0.2422  1.7466 0.0598 11.68
311 0.9580 0.1048 0.2908 1.9534 0.1048 12.12
315 0.9264 0.1187 0.3154  2.0673 0.1187 12.42
Bockris-Swinkels Average 0f -AGags (kd/mol)

n=1 n=2 n=3 n=4

303 12.08 10.92 9.03 7.30

307 12.42 11.34 9.35 7.54

311 12.99 11.99 9.86 7.89

315 13.35 12.39 10.17 8.11

Table 3. Values AG,4; Obtained through equilibrium constant

Conc. -AGags
(9/dm®) (kJ/mol)

303K 307K 311K 315K
0.1 14.02 14.50 14.75 15.21
0.2 12.73 12.94 13.33 13.60
0.3 11.72 12.13 12.75 13.10
0.4 11.12 11.53 12.07 12.58
0.5 10.79 11.02 12.03 12.24
Average 12.08 12.78 12.99 13.35

Temkin isotherm, in fact, is a characteristic of chemisorption of uncharged molecules on a
heterogeneous surface. The adherence of the data to Temkin isotherm is, therefore, a clear indication of the
participation of molecular species in the adsorption [24] and the negative values of parameter o show repulsive
interaction. The values of AG,qs are within the values for chemisorption, as they are all between -20 kJ/mol and

-40 kJ/mol.

Table 4. Values of R, for different concentrations at various temperatures for roots extract of Portulaca

oleracea
Conc. R
(gldm?®)
303K 307 K 311K 315K

0.1 0.9721 0.9506 0.9345 0.9066
0.2 0.9456 0.9058 0.8771 0.8291
0.3 0.9206 0.8651 0.8263 0.7638
0.4 0.8969 0.8278 0.7811 0.7981
05 0.8744 0.7937 0.7406 0.6599
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A newly proposed Adejo-Ekwenchi is given by“ equation 6.
logﬁ = logKag + blogC (6)

The parameter b of the isotherm can be used distinguish between physical and chemical adsorption. From Table
3 it can be clearly seen that the adsorption mechanism is chemisorption as b fairly increases with rise in
temperature. This has eliminated the idea of mix adsorption stated above. In fact, the Adejo-Ekwenchi isotherm
parameter b can help resolve the ambiguity usually associated with the use of R2 and AGads values in
characterisation of adsorption process as reported in literatures [25, 26]. Therefore, this adsorption can be
assertively said to be chemisorption.

The adsorption of an organic adsorbate onto metal-solution interface has been denoted as a
substitutional adsorption process between the organic molecules in the aqueous solution and water molecules on
the metal surface according to “equation 77,

Org(sol) + nHZO(ads) - Org(ads) + nHzo(sol) (7)

where Orgon and Orggs) are the organic molecules in aqueous solution and adsorbed on the metal surface,
respectively, H,Oqs) is water molecules on the metal surface and n is the size ratio representing the number of
water molecules replaced by one molecule of organic adsorbate [27]. Average values of AG,qs calculated using
the Bockris-Swinkels isotherm “equation 8”are shown in Table (2).

AGggs =-2.303RTlog {55.50/C(1-0)"x [0 +(1-0)n]" "} @®)

Where n is the number of water molecules being replaced by inhibitor molecules? The value are all
negative and below -20 kJ/mol and increases with increase in temperature and decreases as the number of n
increases. Values of AGgs forn=11t04 point to the fact that n value is likely to be 4 for Freundlich and 2 for
El-Awady. However, it cannot be inferred from the other isotherms. As pointed out elsewhere [4], the extract is
a mixture of many compounds which may not be of same size, and therefore, the inherent problem in trying to
use Bockris-Swinkels isotherm to characterise adsorption process of extracts is very obvious.

IV. Conclusion
The following conclusions can be draw from the results:

e The inhibition efficiency of ethanol extract of roots of Portulaca oleracea for the inhibition of corrosion of
mild steel in H,SO, medium increases with both increase in the extract concentration and temperature.

e The adsorption of the extract unto the surface of the metal best fitted the Langmuir, EI-Awady, Temkin and
Adejo-Ekwenchi isotherms.

e The parameter b of the Adejo-Ekwenchi isotherm increases with temperature, therefore, the adsorption
follows chemical adsorption mechanism.
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