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ABSTRACT 

The corrosion behavior of tin electrode in NaHC03 
solutions as well as the effect of aqueous extract of carob was 
investigated using potentiodynamic techniques. It was found 
that the corrosion rate decreases in the presence of the 
extract. The inhibition efficiency increases as the 
concentration of extract is increased. The inhibitive action of 
the extract was interpreted in view of adsorption of the 
extract components at the tin surface. The results showed that 
such adsorption follows Langmuir adsorption isotherm. The 
negative value of free energy of adsorption suggests a 
spontaneous process. Moreover. the addition of carob extract 
increases the resistance of tin toward pitting corrosion. 
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1. INTRODUCTION 

The corrosion studies of tin are closely related to its wide 
application in industry. The corrosion behavior of tin has been studied 
galvanostatically and potentiodynamicaJly in alkaline media [Pugh 
(1967); Hampson (1968); Stirruo (1970); Dickinson (1978); Abd El 
Wahab (1978); Kapusta (1980); Abd El Rehim (1986); Abd El Rehim 
(1985); Abd El Rehim (1993); Hassan (2002); Abd El Aal (1980); 
Drogowska (1991) and Gervasi (1997)]. Nowadays, besides the 
efficiency of the compound which used as inhibitor, another important 
factor has to be taken into account to choose the suitable inhibitor. In this 
sense, despite the demonstrated efficiency of chromate as inhibitor, the 
known toxicity and carcinogenic properties of Cr (VI) compounds exert a 
continuous pressure to use green inhibitors with null toxicity [Profile for 
Chromium (1989)). The present work was under taken to study the 
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corrosion behavior of tin in 0.1 M NaHC03 and the effect of addition 
aqueous extract of Carob (Macleod & Forcen (1992)] as an i~bitor. 

2. EXPERIMENTAL 

The working electrode was made of tin rods (99.999%) axially 
embedded in Araldite holders to obtain an exposed circular area of 0.53 
cm2

. Before being used, the electrodes were polished successively with 
different emery papers until 1200 grads, degreased with acetone and then 
rinsed with distilled water. A Pt foil was used as a counter electrode. The 
potential was measured against a saturated calomel electrode (SCE) as a 
reference. All solutions were freshly prepared using analytical grade 
chemicals and distilled water. Dry carob was finely divided and extracted 
in water for 48 h. The filtrate was evaporated in a steam bath and the 
solid residue was left overnight in open air for complete dryness. Sucrose 
is the main component present in the extract. A stock solution was 
prepared, by weight, from the collected solid and used to prepare the 
desired concentration by dilution. All experiments were carried out at 
room temperature 25 ± 1 °C. Potentiostatic polarization experiments were 
carried out using a PS remote potentiostat with PS6 software. 

3. RESULTS AND DISCUSSION 

3.1. Potentiostatic polarization 
Fig. I represents the anodic and cathodic polarization curves of 

tin electrode in 0.1 M NaHC03 solutions devoid of and containing 
different concentrations of carob extract. Inspection of the curves of the 
below figure reveals that the polarization curves shift toward more 
negative potential and lower current density values upon the addition of 
the extract. 
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Fig.(l): Polarization curves for tin electrode in 0.1 M NaHC03 
containing different concentrations of Carob extract at 
scan rate 10m V /s. 
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This behavior reflects the inhibitive action of carob extract. The 
corrosion parameters of tin electrode in the free and inhibited NaHC03 
solutions were obtained from the curves of Fig. 2 and given in Table 1. 
The data in Table 1 shows that the corrosion potential shifts to more 
negative values as the concentration of added extract is increased. On the 
other hand, the corrosion current density is markedly decreased upon 
addition of the extract. The extent of its decrease increases with 
increasing extract concentrations. Moreover, the numerical values of both 
anodic and cathodic Tafel constants decreased as the concentration of 
extract was increased. 
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Table (1): Electrochemical parameters of tin in 0.1 M NaHC03 in 
presence different concentrations of Carob extract. 

Inh. cone. P. Pc Ecorr lcorr IE% 
(ppm) mV.dec·' mV.dec·1 mV mA.cm2 

0 119.45 -336.46 -868 7.843 -
500 82.08 -220.8)· -894 5.725 27 
lOOO 73.79 -203.13 -895 4.556 42 
2000 76.02 -162.58 -895 3.372 57 
3000 57.97 -111.20 -895 2.560 67 

3.2. Adsorption behavior 
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The inhibiting action of carob to tin corrosion could be attributed 
to the adsorption of its components on the metal surface. The adsorbed 
molecules form a barrier between the aggressive medium and the metal 
surface [Abdallah (2004)). The inhibition efficiency is directly related 
by the fraction of surface covered by the adsorbed molecules (8). 
Therefore, 8 was calculated as (8 == IE/ 1 00) and its values corresponding 
to different carob concentrations were given in Table (1). Inspection of 
the table reveals that, the value of 8 increases as the additive 
concentration is increased. 

To study the adsorption behavior of carob extract on tin surface in 
the given medium, the adsorption isotherm must be defined. Therefore, 
the relation between the concentration of extract (C) and the fraction of 
tin surface covered by the adsorbed compounds (8) was obtained. It was 
found that the additive concentration is directly proportional to C/8. 
Thus, plotting C against C/8 gave straight line with slope value of almost 
one (Fig 2). This result suggests that the adsorption of carob components 
on tin surface in NaHC03 solution follows Langmuir adsorption isotherm 
which could be represented as following [Abdallah (2004)}: 

C/9 = C + 1/k 

Where k is the adsorption constant. Langmuir isotherm postulates 
that there is no interaction between the adsorbed molecules and hence the 
free energy of adsorption, 6Gads, is independent on e value. The free 
energy of adsorption could be calculated using the following equation: 

log k =- 1.74 ·- [6Gads I 2.303 RT] 

Value of -26.24 KJ was obtained for 6Gads· The negative sign 
indicates that the adsorption of the carob extract on tin surface in 
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NaHC03 medium is a spontaneous process. Moreover, the calculated 
values of free energy of adsorption suggest a physical adsorption of the 
carob compounds on tin surface. 
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Fig.(2): The relation between C, ppm of carob extract and (C/8) for tin 
electrode in 0.1 M NaHCOJ . 

3. 3. Potcntiodynamic anodic polarization 
The effect of the concentration of the extract on the 

potentiodynamic anodic polarization of tin in [0.1 M NaHC03 + 0.1 M 
NaCl] at scan rate of lmV/s is illustrated in Fig. 3. It was found that 
increasing the concentration of carob extract causes a shift of the pitting 
potential into noble direction indicating an increased resistance to pitting 
attack. 
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Fig. (3): Polarization curves for tin electrode in 0.1 M NaHC03 + 0.1 M 
NaCl containing different concentration of Carob extract at scan 

rate 1 mV/s. 

The anodic shift of pitting potential increases as the concentration 
of carob extraction is increased. Straight line relationship is obtained 
between Epit and log Cinh· (Fig. 4) according to the equation [Abdallah, 
et. al (2006)]: 

Epit = a + b log Cinh· 
Where a and b are constants which depend on both the type of additive 
and the nature of the electrode. 
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Fig.(4): The relation between the pitting potential (Epit) and log C, ppm 
of carob exract. 

4. CONCLUSION 

The aqueous extract provides a fair protection for tin against 
general corrosion in bicarbonate solution as well as pitting corrosion in 
NaCJ containing solution. The inhibition action of the extract was 
attributed to the adsorption of extract components, mainly sucrose, on tin 
surface following Langmuir adsorption isotherm. 
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