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ABSTRACT 

The electrochemical behavior of iron and steel in alkaline media is complex,not well understood.It is 

difficult to determine corrosion rates of steel in high pH solutions by extrapolation of Tafel 

curves.Polarization resistance (Rp) must be determined in some other way.In this study an attempt was 

made to find (Rp) values of steel corroding in saturated Ca(OH)2 by anodic currents impressed 

galvanostatically to the steel from a counter electrode placed together with a reference electrode(I.e. 

impressed anodic current densities were (10,20,40,and 100µA/Cm
2
 and duration time was about 25 

minutes). It was found that this rapid and non destructive polarization technique yields accepted and 

reasonable information on corrosion behavior. 

لخلاصة             ا   

التصرف الكهروكٌمٌاوي للحدٌد والفولاذ فً الأوساط القاعدٌة معقد ولٌس واضحا بصورة جٌدة.من الصعوبة 

 (Rp)اٌجاد معدلات التآكل للحدٌد فً المحالٌل القاعدٌة بطرٌقة تافل لذلك لا ٌمكن اٌجاد مقاومة الأستقطاب 

ه الدراسة جرت محاولة لأٌجاد قٌم مقاومة الأستقطاب لحدٌد وٌجب البحث عن طرٌقة اخرى لأٌجادها.فً هذ

ٌتعرض للتآكل فً وسط من هٌدروكسٌد الكالسٌوم المشبع و الذي ٌشبه السمنت فً أسه الهٌدروجٌنً 

(pH>12.5 بتسلٌط تٌارات كلفانٌة انودٌة ساكنة على الحدٌد من القطب المساعد )(counter electrode) 

(خلال 2ماٌكروامبٌر/سم 10,20,40,100.)سلطت تٌارات بقٌم (reference electrode)ٌرافقه قطب المرجع 

دقٌقة.لوحظ من الدراسة ان استعمال هذه الطرٌقة افضت الى نتائج مقبولة و معقولة على  27زمن ٌقارب 

 تصرف تلآكل الحدٌد.
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INTRODUCTION: 

The best known technique of evaluation of the instantaneous corrosion rate in the laboratory and in the 

field is the polarization resistance method (linear polarization),developed by Stern et al  [
1-3

]. The 

corrosion rate is calculated from the formula: 

Icorr. =[βaβc/2.3(βa+βc)]  x  (ΔI / ΔE ) =B/Rp ………………………………(1) 

Many studies [
4-6

] showed and investigate the limits of application and accuracy of Stern and Geary 

development.The results of these studies led to state that in many systems the correct determination of 

corrosion intensity is limited by many factors,namely (i) The Tafel slopes are unknown or vary with time; 

(ii) The corrosion potential varies during the measurement; (iii) The system being polarized requires a 

given time to achieve a steady state…….etc. 

Steel immersed in the strongly alkaline solutions will not normally corrode due to the formation of a 

protective iron oxide film which passivates the steel.This passivity can be destroyed by corrosive species 

(i.e. Cl
-
).Corrosion is then initiated leading to establishment of corroding and passive sites on the metal 

surface in which both anode and cathode reactions are taken place.The anode reaction are :                   Fe                  

Fe
++

 + 2e …………………(2) ( metal dissolution,active corrosion) 

                      3Fe + 4H2O                 Fe3O4 + 8H
+
 +8e……….(3)(formation of passive layer) 

The released electrons travell through the steel to the local cathode on which they are used in the oxygen 

reduction reaction: 

O2 + 2H2O+ 4e              4OH
-
  …………………….(4) 

These reactions lead to the development of regions of different electrochemical potentials and result in 

current flow within alkaline solution.The galvanostatic pulse technique has been introduced for field 

application in 1988 to overcome problems with the interpretation of corrosion risk of reinforcement 

occurring when half cell potential readings are applied in wet ,dense, or polymer-modified concrete,when 

access of oxygen is limited.since introduction of this technique the development work is conducted in 

order to allow the quantitative evaluation of the ongoing reinforcement corrosion [
7,8

] .The principle of 

galvanostatic pulse corrosion rate estimation is based on inducing a short duration anodic current pulse 

into the reinforcement galvanostatically from a counter electrode placed on the concrete surface together 

with the reference electrode. The applied current is normally in the range of 5-400 µA and the typical 

pulse duration is up to 10 seconds [
9
].Accordingly , the technique which is gradually gaining acceptance 

by engineers is the transient galvanostatic pulse technique.This method applies a small constatnt-current 

perturbation Iapp. To the steel reinforcemet in a similar manner to a galvanostatic linear polarization 

resistance(LPR)measurement.This resulting potential transient response,is analyzed according to electronic 

theory [
8
] were for asimple resistance and capacitor in parallel : 

Et = Iapp. RΩ + Iapp.Rp [ 1-exp(-t/RpCd)]………………(5) 

This may be converted to: 
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Log (Emax- Et) = log (Iapp. . Rp) – t/RpCd…………………………(6) 

It is believed that the present investigation of the corrosion behavior of steel in alkaline Ca(OH)2 is similar 

in many respects to the aqueous phase of cement, so it will contribute to better understanding of the 

behavior of embedded reinforcement. The duration period in this investigation is relatively long compared 

with the mentioned technique but the induced applied currents cause polarization of immersed steel In the 

" anodic direction" compared to its free corrosion potential. 

EXPERIMENTAL PROCEDURE: 

A single Compartment cell containing sodium hydroxide test solution was used for the galvanostatic 

measurements.The counter electrode was a platinum foil.The potential of the working electrode was 

measured V's a saturated calomel electrode(SCE),supplied with a fine luggin capillary which was placed 

within 0.1 Cm of the electrode surface.The working electrode was a rod measuring 6.35 mm in diameter 

and 10mm in length with a total exposure area of 31.7mm
2. 

Befor being used,the electrode was abraded 

with emery papers of 320,400,and 600 grades,degreased with aceton(CH3COCH3) and finally washed with 

distilled water(which was also used in preparing the test solution),then pickled in 50%wt. Hcl for 5 

minutes[
10

].The chemical composition(Wt.%) of the working electrode 

was:P=.006;C=.124;Mn=.494;S=.oo7;and the remainder Fe. 

Galvanostatic polarization curves were traced under constant current densities(I,e;10,20,40 and 

100µA/Cm
2
).The variation of electrode potential with the quantity of electricity was followed as function 

of time(see figure 2).The anodic experiments were started after a steady potential was attained using the 

same current density.When the potential of working electrode reaches the final steady state potential 

value,the current was swiched off[
11

].The experiments were carried out at (25+1)C. The circuit diagram is 

shown in details in figure(1) . 

 

                                                                                     Platinum counter electrode 

                                                                                                                             Calomel electrode 

                          Fixed high resistance 

                                                                                                                             Steel bar working electrode 

FIG.(1) Circuit diagram for galvanostatic polarization measurement 

RESULTS AND DISCUSSION: 

Four potential time curves at fout different current densities (i.e.,10,20,40 & 100µA/Cm
2
) shown in fig.(2)were 

obtained immediately after immersion in the aerated saturated Ca(OH)2 solution. It is clear that the four curves 

have the same characteristic form , and the potential shows a rapidly rise until it reaches the final steady state 

potential valume(i.e.,0.6-0.7V(SCE)).Also it is quite clear that the time required to reach the final steady state 

potential value decreases with increase in current density.Fig(2) also shows the anodic potential increases with 

increase applied current density from 10 to 100 µA/Cm
2
,but this increase was less pronounced at high current 

Power supply 

V 

A 
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density 40 and 100µA/Cm
2
.In order to obtain values of Rp & Cdl separate from the omic resistance (Rohm) , 

equation(5) can be transferred to linear form as in equation (6) (Appendix A shows the linearization of 

equation(5)). 

Figures (3,4,5,and 6) show the transformation for calculation of the ln(Iapp.Rp) and (1/RpCdl) values for 10,20,40 

& 100 µA/Cm
2
 respectively. Extrapolation of the straight line to T=0 using least square linear regression 

analysis produced an intercept corresponding to ln(Iapp.Rp) and a slope of the line of (1/RpCdl).for each applied 

current density.The remaining over potential correspondes to Iapp.Rp the omic voltage drop after the polarization 

resistance Rp is determined by means of this analysis, the corrosion current Icorr. Can be calculated from the 

Stern-geary equation[
1
]: 

Icorr. = B/Rp…………………………….(1) 

Where B is an empirical constant determined to be 0.026 V for actively corroding steel and 0.052V for passive 

steel [
12,13

].Table(1) shows the corrosion parameter determination using galvanostatic method according to 

above explanation & in the light of electronic theory with a sample of calculation in appendix(B).  
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CONCLUSIONS: 

- By means of this polarization technique,the effective polarization resistance can be 

calculated which can be used for calculation of corrosion rate. 

- The radical changes in the exposure conditions,especially the temperature and concentrations 

of corrosive species will alter the corrosion current by a certain factor 

- Based on the results obtained in this study an equivalent circuit construction is recommended 

to check the validity of this attempt as simulation to corrosion behavior of steel in concrete. 
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