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ABSTRACT 

The pitting corrosion of mild steel was studied in 0.1 M NaCI + 0.015 M 

NaOH in water-glycerol, water-ethylene glycol, water-ethanol and water-

dioxane solutions with various composit ions (from 0.0 to 60 %v/v of the 

organic solvent component). The results obtained from the potentiodynamic 

and potentiostatic measurements show that the pitting corrosion is inhibited 

by the organic components in the medium. The inhibition percentage was 

increased with the increasing of the concentration of the organic solvent in 

the medium and reached about 80%. 

It is suggested that the organic solvents inhibited the pitting corrosion 

of mild steel by (i) increasing the viscosity of the medium, which leads to a 

decrease in the diffusion coefficient of the corrosion products. It a lso 

decreases the dielectric constant of the medium, which lowers the basicity of 

the solution, and (ii) adsorption of solvent molecules on steel surface. 
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INTRODUCTION 

Corrosion research in aqueous media has received most of the 

attention of corrosion scientists; little attention has been directed towards 

corrosion of metals in mixed solvents ( 1 " 1 2 ) or non-aqueous media, despite 

its importance in the chemical and fiber industries of processes employing 

non-aqueous environments. This also applies to the development of new 

technologies, especially the fuel formation and battery techniques. 

Pitt ing corrosion is one of the most intensive forms of local ized 

corrosion. The surface damage in pitting corrosion is usually much more 

severe than is indicated by the surface appearance. 

The pitt ing corrosion of stainless steel caused by 0.1 M KCI w a s 

studied in water-methanol, water-isopropanol, water-2-ethoxyethanol, water-

ethylene glycol and water-acetonitrile solutions with various composit ions 

(from 0.0 to 80 %v/v of the organic solvent component). It was found that the 

pitting corrosion of stainless steel was inhibited by the organic component in 

the med ium, and also the inhibit ion percentage ( inh.%) was found to 

increase with increasing the concentration of the organic solvent in the 

med ium ( 6 ) . 

The object of the present work is to elucidate the corrosion behaviour 

of steel in water-glycerol, water-ethylene glycol, water-ethanol and water-

dioxane solutions. 

The effect of the nature and composi t ion of the solvent on the 

corrosion of steel in 0.1 M NaCI + 0.015 M NaOH media was studied to 

obtain a clear understanding about the effect of some physical properties of 

the medium such as viscosity and dielectric constant on the corrosion of the 

steel. 
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EXPERIMENTAL 

The exper iments were per formed with mild steel rods of cross 
sectional area 0.45 c m 2 . The chemical composition of the material is given 
as follows. 

Element Fe C Si Mn P S 

Amount % 98.12 0.34 0.22 1.2 0.022 0.01 

Prior each experiment the steel electrode was polished with a series 

of emery papers of variable grades, of 231 Q wetordry, Imperial, Papel Peso 

C. Starting with a coarse one, 3M(100) and proceeding in steps to the finest 

grade available, 3M(1000). The electrode was then washed several t imes 

with deionized water then with acetone and air dried. 

Two types of e lectrochemical polar izat ion measurements were 

conducted in dearated 0.1 M NaCI + 0.015 M NaOH solut ions using an 

A M EL potentiostat (Mod.555). These were: (i) Potentiodynamic polarization 

in the range (-0.1 to + 0.6V)**and (ii) potentiostatic polar izat ion, at two 

constant values 0.0 and + 0.5V. All the electrode potentials were measured 

with reference to a saturated Ag/AgCI electrode (E° = 0.1989 V on the 

hydrogen scale). All experiments were thermostated at 30 °C ± 0 . 1 , using 

freshly abraded clean electrode. 

Deaera t ion w a s ach ieved by bubb l ing pur i f ied n i t rogen into t he 
solution for 30 min before each polarization study. 

The composi t ion of the bulk solut ion was changed by the addi t ion of 

increas ing a m o u n t s ( 0 - 6 0 % v/v) of t he organ ic so lvent , i.e., g l yce ro l , 

ethylene glycol , e thanol and dioxane. The used organic solvents were of 

pure grade (BDH) without further purif ication. 

T h e analysis was carried out at King Abdulaziz university, Jeddah Saudi Arabia 

* * Potential changes were carried out manually. 



- 98 -

RESULTS AND DISCUSSION 

a- Anodic Dissolution under Potentlodynamlc Conditions 

Potent iodynamic measurements show visible pits fo rmed at the steel 

e lect rode when immersed in 0.1 M NaCI + 0.015 M N a O H . These pits 

gradual ly d isappear by the addit ion of increasing amounts of the organic 

componen ts in the m e d i u m , i.e. the pi t t ing cor ros ion caused by C f is 

inhib i ted. 

Figure (1) shows the potent iodynamic polarization curves for steel in 

0.1 M NaCI + 0.015 M NaOH in water-ethanol solutions. The composi t ion of 

the water-ethanol solutions was varied from 0.0 to 60 %v/v ethanol. From the 

f igure it can be seen that increasing the percentage of e thanol in the 

med ium up to 60 %v/v has no pronounced effect on the cr i t ical pi t t ing 

potent ial Ep of steel in these studied solut ions. The obta ined va lues of Ep 

are -0.05V for 0.0 vol % of Et OH and 0.0V for 60 %v/v. 

The potent iodynamic polar izat ion curves for steel in 0.1 M NaCI + 

0.015 M NaOH in water-g lycerol , water-ethylene glycol and water -d ioxane 

solut ions show similar behaviour to that of steel in 0.1M NaCI + 0.015 M 

NaOH in ethanol solut ions, i.e., there is no signif icant change in the crit ical 

pitt ing potential of steel by the change in the nature and the composi t ion of 

the so lvents , as ind icated in tab le (1) . However , the increase in the 

percentage of the organic solvent in the medium causes a marked decrease 

in the dissolution current for the pit growth. This indicates that the dissolut ion 

process of the pit growth is great ly af fected by the compos i t ion of the 

med ium. 
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Table(1) Value of the Pitting Corrosion Potential Jn the Studied 

Solutions. 

Solvent Mixture* 

(bV %Y,V) Et OH _fi _£f i QJ 

0.0 -0.05 -0.05 -0.05 0.05 

10.0 -0.03 -0.025 -0.04 -0.07 

20.0 -0.03 -0.020 -0.04 -0.06 

30.0 -0.02 -0.02 -0.03 -0.06 

40.0 -0.02 -0.01 -0.03 -0.05 

50.0 -0.01 -0.01 -0.02 -0.05 

60.0 -0.00 -0.00 -0.00 -0.05 

- O 0 % E t O H 
100 -

-•- 5 % 

E (Ag/AgCI) N 
Fig(1) Potentiodynamic polarization curves for steel in 0.1 M NaCI + 0 015 

NaOH in water-ethanol solutions of various ethanol concentrations. 
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The dissolut ion current densi ty (mA /cm 2 ) of steel in 0.1 M NaCI + 

0.015 M NaOH in water-organic solvent mixtures versus the mole fract ion of 

the organic solvent in the medium at an applied positive potential + 0.4 V [to 

provide condi t ions for pit growth] is shown in f igure (2). These plots show 

that the dissolut ion current for pit growth decreases rapidly with the increase 

in mole fract ion of the organic solvent in the medium which conf i rms the 

effect of the composit ion of the medium on the pit growth in pitt ing corrosion 

of steel. 

The dissolut ion current was also investigated at two appl ied posit ive 

potent ials (+ 0.3 and 0.5 V ); the behaviour of the dissolut ion currents at 

these potentials were similar to that at 0.4 V. This indicates that the organic 

solvents inhibit the corrosion of steel in the studied media. 

i i i i 
0.1 0.2 0 3 

Fig.(2) Relation between the dissolution current density for steel in 0.1 M NaCI 
+ 0.015 M NaOH in water-organic solvent mixtures at 0.4 (Ag/AgCI) /V 
and the mole fraction of the organic solvent in medium. 
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b) Anodic Dissolution Under Potentlostatic Conditions 

To study the anodic dissolut ion of steel at the ear ly s tages of pit 

growth, the steel is polarized potentiostatically at the pitt ing potential [ E p = 

-0 .05 V ] in 0.1 M NaCI + 0.015 M NaOH in water organic solvent mixtures 

wi th var ious compos i t ion . It was found that, after a per iod of cont inuous 

d isso lu t ion, the anodic polar izat ion curves are charac ter ized by l imit ing 

values of the dissolut ion current density I | .These f indings are i l lustrated in 

f igures ( 3 ) a n d (4) for water -g lycero l and water - d ioxane so lu t ions , 

respect ively. From the relation between I | and the mole fract ion (X) of the 

organ ic so lvent in the med ium (f igure (5), it appears that the l imi t ing 

d issolut ion current densi ty of the pit growth for steel decreases wi th the 

increase in the percentage of the organic solvent, in agreement with the data 

obtained from the potent iodynamic studies (figure 2). 

30 -

20 

0.0 % ÙL 

100 % 

200 % 

30.0% 

40.0 % 

50 0 % 

60.0% 

10 20 30 40 50 60 70 

Fig.(3) Potentiostatic polarization curves for steel in 0.1 M NaCI + 0.015 M 
NaOH in water-glycerol solutions of various glycerol compositions at 
the pitting potential,. [ Ep = -0.05 (Ag/AgCI)/ v ] . 
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-o- 0.0 % • 

10-0 % D 

20-0 % D 

3 0 . 0 % D 

- © - 4 0 . 0 % D 

-X- 50 0 % D 

-•- 60 0 % D 

0.1 0.2 0.3 
X mole fraction of the organic solvent. 

• 
Fig.(5) Relation between the limiting dissolution current of steel of the studied 

media, at the pitting potential and the mole fraction of the organic 
component. 
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The percen tage of inhibi t ion ef f ic iencies ( lnh .%) of the s tud ied 

solut ions were calculated by applying the fol lowing relationship : 

Inh. % = 1 0 0 ( 1 - - f ) (1) 

where l 0 and I are the corrosion currents measured in absence and 

presence of the organic component at a given potential, respectively. 

Figure (6) shows that the percentage of inhibition eff iciency increases 

non- l inear ly wi th increasing the mole fract ion of the organic solvent in the 

medium. The effect iveness of the solvents in inhibiting the corrosion of steel 

in 0.1 M NaCI+ 0.015 M NaOH was found to be glycerol > ethylene glycol = 

dioxane > ethanol . 

The obtained results can be explained on the fol lowing two bases: (i) 

effect of medium properties i.e. viscosity and dielectric constant, (ii) effect of 

solvent adsorpt ion on the steel surface. 

(I) Effect of Medium Properties 

The validity of the fol lowing Stokes -Ilkovic relation ( 1 3 ) is used to study 

the effect of the viscosity on the corrosion inhibit ion. 

I | T ) 1 / 2 = constant (2) 

The variat ion of the viscosity (T|) was previously studied by Sadek and 

Hafez (14,15) a n d i a t e r b y A b d El-Nabey et al . ( 6 ) for water-g lycerol , water-

ethy lene g lycol , water-ethanol and water-d ioxane solut ions wi th the mole 

fraction of the organic component. 



01 0 2 0 3 

— • X mole f r a c t i o n of t h e o r g a n i c s o l v e n t . 

Fig.(6) Variation of the inhibition percentage with the mole fraction of the 
organic component, at positive [ E=0.4 (Ag/AgCI) v.] 

40 

GL 
EG. 

E tOH. 

D , 

30 

20 

10 -

0 1 0 2 0 3 

X mole f r a c t i o n of o rgan i c s o l v e n t 

Fig.(7) Test of the Stokes-1Ikovie relation I, i]"2 vs. the mole fraction of the 
organic component for the steel dissolution at the pitting potential in 
he studied media. 
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The data show that when the concentration of the organic solvent 

increases (X), the viscosity (r|) of the studied medium increases, so steel 

dissolut ion wil l be inhibited due to the decrease in the diffusion coeff icient of 

the corrosion products in the studied medium. 

F igure (7) shows that I j r | 1 / 2 for var ious s tud ied solut ions is not 

constant , wh ich indicates that the Stokes - l lkovic relat ion is not val id for 

these media, i.e., the variation of viscosity is not the only control l ing factor in 

the dissolut ion process of the steel in the studied solut ions. 

Accordingly, in addit ion to the viscosity effect, the dielectric constant 

seems to lower the basicity of the solution, so the degree of NaOH 

associat ion wil l increase, also the dif fusion coeff icient and the saturat ion 

concentrat ion of the dissolving cations should decrease. The change in the 

d ie lect r ic cons tan t as a funct ion of the mole f rac t ion of the o rgan ic 

component was studied before ( 6 . 1 6 - 1 7 ) . 

The da ta show that the increase in the mole fract ion of the organic 

component leads to a decrease in the dielectric constant of the med ium, 

which consequent ly causes increase in the inhibition percentage in each of 

the studied media. The study also shows that the dielectric constant of the 

water-organic solvent mixture decreases in the order water-glycerol > waier-

ethylene glycol> water-ethanol > water-dioxane. 

On compar ing this order of decreases in the dielectric constant of the 

med ium with the inhibit ion order, it will not be the same. Accordingly, one 

may suggest that in the case of water-glycerol , water-ethy lene glycol and 

water-ethanol the inhibition of steel corrosion is effected mainly by viscosi ty 

and to less extent by the dielectric constant, while the higher inhibit ion in 

water -d ioxane solut ions than that in water -e thanol solut ions ( having nearly 

the same v i scos i t y ) , indicated that the effect ing factor in these solut ions 
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is the value of the dielectric constant and the viscosity is of minor effect. 

T h e major decrease in the dielectric constant of d ioxane solutions will lead to 

a decrease in the saturat ion concentrat ion of the corrosion products, i.e., 

higher inhibit ion. 

From the previous picture, viscosity and dielectric constants play an 

important role to explain the inhibit ion of pit t ing corrosion of s teel in the 

studied media; in addit ion the effect of organic solvent adsorpt ion may be 

also considered. 

(II) Effect of Solvent Adsorption 

The addit ion of the studied organic solvents (up to 40 %v/v) to the 

aqueous medium produces a marked decrease in the inhibit ion eff ic iency, 

but above th is level (40-60 %v/v) the composi t ion of the med ium has 

only little effect on it (Figure 6)despite of the increased value of T | (mixture). 

These results indicate that the studied solvents are specif ical ly adsorbed at 

the steel-solut ion interface. The solvents adsorpt ion at the steel solut ion 

interface was reported before ( 1 0 > 1 8 ' 2 0 ) -

The studied solvents glycerol , ethylene glycol , e thanol and d ioxane 

possess an expected adsorpt ion center: OH for the first th ree and -O- on 

d ioxane. The obtained results of inhibition and the solvent concentrat ion are 

tes ted for adsorpt ion and the exper imental data of water -e thano l , water-

d ioxane and water-glycerol fits Frumkin's adsorption i s o t h e r m , ( 2 1 , 2 2 ) which is 

given as: 

)expfO=KC (3) 

o r 

In ( ^ ) - l n c = - f 0 + l n K (4) 
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where K is the equi l ibr ium constant of the adsorpt ion process, 0 is the 

surface coverage (effective of the organic solvent, 0 = ( 1 - - L ) ,c is the 
to 

concen t ra t ion of the organic so lvent in the bulk so lu t ion and (f) is a 

parameter connected with the variat ion of adsorpt ion energy with coverage 

and equa l to -2a, where (a) is a quant i ty character iz ing the interact ion 

between the adsorbed particles. The equil ibrium constant K is related to the 

standard free energy of adsorption AGoads by: (22). 

K = 5 f b e x p - i - A G ^ / R T ) (5) 

The value 55.5 in equation (5) is the concentrat ion of water in the solut ion in 

mol /L. 

Figure (8) shows the test of the exper imental results obta ined f rom 

pitt ing corrosion inhibit ion of steel in ethanol , d ioxane and glycerol mix ture 

solut ions. Table (2) also shows the thermodynamic data obtained from f igure 

(8). As it can be seen A G ° a d S . values are nearly the same, which indicates 

that the dif ference in inhibit ion of steel corrosion in these media shou ld not 

be attr ibuted to a difference in adsorption but due to the variat ion in viscosity. 

Figure (9) shows that for water-ethylene glycol mixture a Langmuir 's 

adsorpt ion isotherm is fol lowed according to the relation ( 2 3 >-

in which the parameters have the same meanings. The obta ined va lues for 
A G ° a d s and K in this mixture are -12.8 K J mol " 1 and 20.07 M"\ respectively. 

On conc lus ion, the obta ined values of A G ° a d s for water -e thy lene 

glycol mixture is the lowest, while the other three mixtures have nearly 



- 108 -

7.0 

-
(water-EG ) 

o 

CD 
I 

-

~3.0 

1.0 -
-—i l 

o 
i i i i 1 1 1 

0.1 02 0.3 0.4 05 06 0 7 0.8 09 
C(M) 

Fig.(9) Fitting Langmiur's adsorption isotherm for water-ethylene glycol 
solution. 
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the same va lue. This may be expla ined by the interact ion be tween the 

organic molcules due to the format ion of the adsorbed layers on the steel 

sur face which increase the coverage degree so, "a" becomes posi t ive as 

shown on Table (2). 

On the other hand, in water-ethylene glycol mixture the format ion of 

mono- layer at the steel sur face (Langmuir 's adsorpt ion) causes the low 

value of adsorpt ion. 

Final ly, it may be suggested that inhibit ion of s teel pi t t ing by the 

addi t ion of organic solvents is caused by both the solvent propert ies and 

solvent adsorpt ion on the steel surface. 

Table(2) Thermodynamic data obtained from Frumkin 

adsorption Isotherm. 

Water-organic solvent a K(M"1) AG° a d s ( K J mol'1) 

Water-ethanol 0.90 1.492 -11.13 

Water-dioxan 1.30 1.051 -11.44 

Water-glycerol 1.27 1.128 -11.53 

CONCLUSION 

Pitt ing corrosion of steel in the chlor ide medium is inhibi ted by the 

presence of g lycero l , e th lene g lycol , e thanol and d ioxane. . In al l cases 

corrosion inhibit ion is due to surface adsorpt ion of the solvent as suppor ted 

by the va lues of A G 0
 a d s . Solvent propert ies are respons ib le for t he 

inhibit ion, by increasing the viscosity and decreasing the dielectric constant 

of the medium. 
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