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The aggressive properties of the media encountered when drilling for 

oil derive from the fact that they contain an abundance of mineralized 

water, as well as hydrogen sulphide and carbon dioxide. Particularly 

vulnerable to corrosion and installation of old deposits, where highly 

mineralized water or sometimes even sea water, is pumped into the bed 

so as to increase the oil yield, and where acid treatment is also carried 

out, the injection of such water into the bed creates favourable conditions 

for the development of microbiological processes promoting the life 

activity of sulphate-reducing bacteria and contributing to the appearance 

of hydrogen sulphide in the system. 

The mild steel is used as an essential parts in the manufacturing of 

installation used in the petroleum industry. For this reason, the aim of this 

paper was planed to study the corrosion and corrosion inhibition of mild 

steel in 3 % sodium chloride aqueous solution at PH of 3 in absence and 

in presence of different concentration of H2S at temperatures of 

25,40,and 65 °C. 

The techniques used in this study include the measurements of the 

potential of mild steel electrodes as a function of time under the open 

circuit conditions and the measurements of the potential under the 
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galvanostatic cathodic and anodic polarization. The potential is measured 

relative to saturated calomel electrode (SCE). From the polarization 

measurements the corrosion potential, Ecorr, and corrosion density i corr, 

were determined by tafel lines extrapolation of the cathodic and anodic 

polarisation curves. The results of measurements of this part can be 

summarised in the followings: 

(1) In absence of H2S, the open-circuit corrosion potential of the mild 

steel electrode drifted towards the more negative direction before 

attaining its steady state, indicating the dissolution of the 

preimmersion oxide layer on the electrode surface in this aqueous 

medium. 

(2) In presence of different concentrations of H2S in the solution, the 

corrosion potential shifted to more positive direction before attaining 

its steady state. This indicates that the electrodes can be passivated 

spontaneously in these media. 

(3) The steady-state corrosion potential became more negative in 

presence of H2S, this shift in potential increased with the increase of 

H2S concentration up to 1200 mg/1. AT higher concentrations of H2S 

this trend reversed its direction to more positive values. 

(4) The increase of temperature shifted the steady-state potential to more 

negative values. 

(5) The dependence of corrosion potential on both H2S concentration 

was discussed on the basis of Nernst equation, where the potential 

shifts to more negative direction with increase H2S concentration. 

(6) The galvanostatrc polarisation measurements showed that, the 

presence of H2S in increasing amount affected both 'cathodic and 

anodic polarization curves, where the cathodic ones were shifted to 

less negative direction and anodic polarization curves were shifted to 
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less anodic direction. Also the anodic polarization curves contained 

arrests in the presence of H2S in the aqueous solution. 

(7) The values of i corr and E corr were determined from the polarization 

measurements by Tafel extrapolation method. The values of i corr 

increased with the increase of H2S concentration. 

(8) The obtained results and the presence of arrests on the polarisation 

curves were discussed on the basis of formation of mackinawite and 

its growth by solid-state mechanism on the electrode surface by the 

equation: 

(l+x)Fe + H2S • • Fe(i+x)S + 2YC +2e" 

at higher current densities the mackinawite oxidized to higher sulphide 

such as troilite according to equations : 

Fe(l-b<)S = FeS + xFe2 + 2 x e 

Or 

Fe(i+x)S + xH2S y (i+x)FeS + 2x^+2x6" 

Moreover, the troilite and also mackinawite could be oxidized further 

to pyrite (FeS2) according to the equation: 

FeS + H2S = FeS2 + 2H* + 2e* 

(9) The values of catliodic anodic Tafel* s slopes (be and Ba 

respectively) were determined from the polarization curves. It was 
s' -
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found that be ranged from 240 - 330 mv and ba ranged from 70 -

110 mv at different temperatures. 

The value of be and ba increased with the increase of temperature. 

(10) The obtained high values of be and ba may be attributed to the 

presence of diffusion limited reactions. The anodic reaction was 

controlled by transport through the base layer of mackinawite at the 

higher current values. Mass transport of Fe 2+ and / or H2S within 

pores and cracks on this base layer is the most likely polarizing 

mechanism. 

(11) The values of apparent activation energy, A E*corr, was calculated. 

It was found that A E*corr, has low values, indicating that the 

corrosion was controlled by diffusion processes. 

The second part of the thesis was devoted to study the inhibiting 

effect of some organic additives on the corrosion of mild steel in absence 

and in presence of 600 and 1200 mg H2S /l in 3% Nacl aqueous 

solution at PH of 3 and at 25, 40 and 65 °C . The galvanostatic cathodic 

and anodic polarization measurements were used in this study. 

The percentage inhibition (P.I.) of a given concentration of any 

inhibitor was calculated using the corrosion current densities by the 

equation . 

P.I. = ( l - i / i . )x 100 

where io and i were the corrosion current densities in absence and in 

presence of the inhibitor respectively . The surface coverage (9) of the 

mild steel electrodes was determined by the equation: 

0 = (1 - i/i.) 
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In this study the corrosion inhibition of mild steel by amphoteric 

surfactants was evaluated in absence and in presence of 600 and 1200 

mg H2S / L and at temperatures 25, 40 and 65 °C. these surfactants have 

the general formula : 

CO OH O 

I II 
H2N - (CH2)2-NH-CH-CH2-C-NH-R 

where R 

(1) 

(2) 

(3) 

(4) 

(5) 

= 

C10H21 

C12H25 

O4H29 

C16H33 

C18H37 

The results of this subdivision can be summarised in the following points: 

1. The presence of surfactants in the aqueous solution affected both the 

cathodic and anodic polarisation curves and the corrosion rate 

greatly decreased with the increase of the surfactant concentration. 

Also the corrosion potential shifted to more positive values and i corr 

decreased with the increase of surfactant concentration. This means 

that these surfactants behaved as mixed- type inhibitors, but tend to 

be more anodic rather than cathodic. 

2. The relation between P.l. and concentration of surfactant indicated 

that, at a constant temperature, the small additions of these 

surfactants showed good inhibiting efficiency in these media the 

values of P.I. increased witJi inn easing surfactan! concentration. 
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reaching limiting values. This means that these surfactants have 

good ability to form protective layei on the metal surface even, in 

presence of small concentrations of the surfactants. 

3. The high inhibiting efficiency of these surfactants was attributed to 

the amphoteric properties of the surfactants which contain both 

anionic and cationic moiety in the same molecule and also to the 

presence of CI" ions in the aqueous solution. 

4. The experimental relationships for the adsorption of surfactants 

versus concentration followed Temkin's isotherm. The plots of 0 

versus In C for these surfactants at different conditions gave straight 

lines. From the slopes these straight lines the values of equilibrium 

constant of adsorption (K) were calculated. 

5. The values of A G°adS were calculated from K. The negative values 

of A Cads indicated the spontaneous adsorption of the undertesting 

surfactants on the surface of the mild steel electrodes. 

6. The apparent activation energy for the corrosion, A E*corr, was 

calculated from the slopes of the straight lines of log icon vursus 1 /T 

relation. It was found that the presence of inhibitors increased the 

values of A E* con an d this is the ideal behaviour ,the corrosion 

inhibitor. 

7. The values of enthalpy of adsorption, A H °, and entropy, A S c, for 

each compound in absence and in presence of H2S and at different 

temperatures were calculated . The positive values of A S ° that 
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accompanied the substitutional adsorption process was attributed to 

the increase of solvent entropy. 

8. The inhibiting efficiency of the surfactants decreased with increasing 

temperature. This may be due to the breakdown of the protective 

film of surfactants at high temperatures. On the other hand the 

adsorption process of these surfactants is an exothermic process. 

9. The inhibition of corrosion process by these surfactants was 

discussed on the basis of two effects, namely the blocking and 

hydrophobic effects. The former occurred when the inhibitor 

molecules were adsorbed on the meta! surface through the 

adsorption centers. The latter occurred when, at the metal-solution 

interface, the surfactant molecules orientate their polar heads toward 

the metal and adsorbed on its surface. The hydrophobic part was 

oriented away into the solution, repelling thus, the aqueous solution. 

Under such conditions a diffusion barrier to chemical and for 

electrochemical attack of the solution on the metal surface was 

established. 

10. At high concentrations of surfactant the fonnation of dimer takes 

place by means of hydrophobic bond, resulting in the formation of a 

micelle- like aggregation. The stability of this dimer depends on the 

hydrophobic chain length. 

11. The inhibiting efficiency of the surfactant increased with the 

increase of the length of alkyl group (R) presents in the surfactant. 

This was discussed on the basis of the increase of the electron 

density on the adsorption centers with the increase of the number of 
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CH2 group in R. Also the hydrophobic interaction increased with the 

increase of the length of R. 

12. The values of P.I. increased to some extent in presence of H2S in the 

aqueous solutions This can be attributed to the synergistic effect 

which may manifest itself in the presence of H2S. 

(d) In this subdivision the corrosion inhibition of mild steel by some 

naturally occurring substances was evaluated in absence and presence of 

600 and 1200 mg H2S/ 1 and at temperatures of 25, 40 and 65 °C. These 

naturally occurring substances included the water extracts, coumarines 

and fatty matter extracts of some Egyptian plants. These plants included: 

1. Nigella sativa ( family Ranunculaceae ) (1); 

2. Coriandrum sativum (family Umbellifearae ) (11); 

3. Ricinus communis (family Euphorbiaceae) (111). 

These three plants were chosen because of their abundant occurenc in 

Egypt. The galvanostatic cathodic and anodic polarization measurements 

were used for studying the corrosion behaviour and evaluation of the 

percentage inhibiton (p.l.) of the undertesting extracts. 

The methods of preparation of water extracts of these three plants and 

also preparation of fatty matters and coumarin fractions were 

mentioned .The results of this subdivision can be summarized in the 

followings: 

1. The results of galvanostatic polarization curves indicated that the 

undertesting extracts behaved as mixed - type inhibitors, i.e. both 

the cathodic and anodic polarization as mixed -type inhibitors, i.e. 
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both the cathodic and anodic polarization curves were affected by 

these extracts. 

2. The slopes of the anodic and cathodic Tafel' s lines remained almost 

unchanged , indicating that the mechanism of Fe dissolution and FT 

discharge reactions did not change in the presence of the 

undertesting inhibitors. 

3. The differences in the inhibition efficiency of the extracts may be 

accounted for by the fact that each extract contains a large number of 

compounds. Despite these compounds are more or less similar, they 

are present in different amounts depending on the plant. 

4. Each extract contains more than one component. Each component is 

expected to exert a retarding effect on the dissolution process of mild 

steel, since it contains functional groups containing oxygen and /or 

nitrogen atoms, which can operate as adsorption centers. 

5. Extract (1) acted as good inhibitor in absence and in presence of 

H2S, since it contains components with aliphatic chain containing 

nitrogen atoms as functional groups, which can act as centers for 

strong adsorption on metal surface. Also the synergistic effect 

manifested itself in the presence of H2S. 

6. The fatty matters and coumarines fractions 0 were separated from 

the undertesting three extracts and tested individually. It was found 

that the inhibiting efficiency of fatty matters increased in the 

presence of H2S, while that of coumarines decreased. 
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7. The inhibiting efficiency of any extract can be considered as mean 

value of those of both fatty matters and coumarines. From this it can 

be concluded that in the case of extract (1) the effect of fatty matter 

prevailed that of coumarines, since the inhibiting efficiency of 

extract (1) increased in the presence of H2S. 

8. The inhibiting efficiency of extract (11) was moderate and in 

absence of H2S and decreased in its presence This means that in 

that the effect of coumannes prevailed that of fatty matters. 

9. The results of the effect of extract (111) indicated that inhibiting 

efficiency increased with first small additions of the extract, reaching 

maximum and decreased upon further additions. This may be 

attributed to the change of mode of adsorption of extract on the 

metallic surface with the concentration. Also the steric hinderance 

may play an important role at high concentrations of the extract. 
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