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A comparative study of inorganic versus organic corrosion inhibitors for 
mitigation of steel in chloride contaminated alkaline solution 
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Inorganic inhibitor lik~ cakiul11 nitriw is iue:ntifieu as an ~ITee:tivc C(1rrosion inhibiting aumiXlure: for re:har e:llrmsiol\ 
pmhkm in conn.:tc strue:tur.:>. l3ul kacliing of calciuill nitrit.: r.:sults lImkr dosage Icading to pilling cOrJ'bion ul' re:hars in 
pre:scnce: of e:hloride:. Iknce th.: objective: of the prcse:nl invesligation is lu de\'.:Jop an alte:mative: COl'l<1sioll inhibiting 
SYS1':1l1. Disoclillm phthalate is iclenlifi.:d as an allemJtive system. The d'fie:ie:llcy of tlie syslem was e:valuat.:d by cOllclucling 
solubility limit te:st, gravimetric test. pOle:ntiudyllamie: polarizatioll, anodic passivatioll and e:1ce:lrocllel11ieal ill1pe:d'l/le:e: 
sludie:s, From lhe abDvc lesls e:ul\dllcte:d it was provell beyond doubt that thc Ol'ganie: inhibitor studie:u may be: conside:rcl! as 
an elTceliv.: corrosion inhibitlll' than lhc inol'ganie: Iype. 
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Protection of rebars from corrosion is the number one Ca(OH)2 solution with chloride contamination was 
durability problem in the construction industry studied by DC polarization technique and the results 
needing an urgcnl, elegant and cost-effective solution revealed that sodium nitrite is not at all cllective', if 
in the 21" century. Corrosion of steel in concrete is its concentration is lower than that 01' chloride ions 
in f1uenced by various factors, Chloride induced but phosphate is totally effective when its 
corrosion may play a major role in decreasing the concentration equals the chloride contamination. Mild 
durability or concrete structures. To counteract this steel specimen soaked in water or lime water With and 
problem, various preventive measurcs were reported. without organic corrosion inhibitor (OCI) (mixlurc or 
Cal ciull1 nitri te is iclent ified as an effecti ve corrosion ;lmines and esters) have been studied by Linear 
inhibiting admixture for rebar corrosion problem l . 2. polarization resistance (LPR) test and impedance 
On the otherhand, leaching of calcium nitrite results ted'. The I.PR test showed very high resistance 
unckr dosage, leading to pitting corrosion of rebars in (i,e corrosion minimum) for the OCI treated coupons 
presence or chloride.1, The performance of calcium compared to the reference coupons and this was 
nitrite inhibitor in cement paste pore solution eon firmed by passive corrosion potentials ranged 
containing sodium chloride was studied by from -198 to --226 111 Y versus SCE) compared 
potentiodynamic polarizalion method and the results to -470 to -553 mY for lhc reference. Impedance lest 
indicated lhat the passivity breakdown occurred at a also confirmed the above results. The FTIR study also 
lower potential in the inhibited solution. The revealed the absence of corrosion products (Fe2D, and 
e1ectrochcmical impedance study for 180 days FeJO.j) in the case of OCI. Tests conducted using a 
cxposed mild steel specimens in simulated concrete rotating cylindrical steel electrode in high chloride 
pore solulion, with chloride addition in presence of solution revealed that the thiol inhibitor produces a 
calcium magnesium acetate, revealed that the addition relatively thick and compacl film on the stee( The 
of calcium magnesium acetate diminished the inhibitor exhibit higher inhibitive efficiency than any 
corrosion rate, further, the cyclic voltammograrn other thiol compounds tested. The mechani:;m behind 
study con fi rl1led that the protect ive surface film was the corrosion protection was the high predictcd 
possibly y FeOOH +-> fc10/. The effectiveness of adsorbing characteristics of the lone pair electrons on 
sodium nitrite ami phosphate inhibitors in saturated the thiol and amine as well as the pi electrons of the 
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benzene. Research into cooling water systems indicate 
that amino trimethylene phosphonic acid (AMP) also 
has been used extensively in corrosion control to 
protect steel at high pHS. AMP protects ferrous metals 
through a mixed mode of inhibition, i.e by affecting 
both anodic and cathodic reaction sites. AMP is 
known to degrade in presence of chloride to form 
orthophosphate, which is an alkaline inhibitors. Zinc 
ions in conjunction with AMP have demonstrated an 
effective corrosion inhibition in a simulated concrete 
pore solution studies'). From the above literature, it 
was found that generally inorganic inhibitors are more 
soluble than organic type. The organic inhibitors are 
generally hydrophobic in nature and hence the 
leaching problem is mml mum. The present 
investigation deals with finding out, a new organic 
based corrosion inhibitive system as an alternative 
system to nitrite bascd inhibitors to mitigate steel 
rebar corrosion in concrete. 

Experimental Procedure 
2Mild steel specimens of I cm was used for 

investigation. Saturated Ca(OH)2 solution with 3% 
NaCI was used to represent contaminated concrete. 
Commercially available inorganic inhibitors likc 
sodium nitrite, sodium orthophosphate and organic 
corrosion inhibitor like disodium phthalate were used 
as corrosion inhibitors for mitigation of steel in 
chloride contaminated alkaline solution. 

The system studied with their symbols were given 
in Table I. 

In the present studies, saturated Ca(OH)2 of pH 
12-12.5 was used to represent the alkalinity of pore 
solution in concrete. Studies were carried out in 
saturated Ca(OH)2 containing 3% NaCI solution to 
represent the chloride contaminated concrete. Reading 
reported as initial were measured after I h exposure. 
The same reading was taken as final after 30 days of 
exposure. 

Tests conducted 

Solubility /imit test 

The objective of the solubility limit test is to 
identify the ability of the inhibitors to retain the iron 
ion in solution. The presence of iron ion at the 
stee I/concrete interface, particularly on the steel 
surface lead to the development of corrosion products. 
If such products remain in concrete pore solution, 
tensi Ie stresses and cracki ng should not develop at the 
steel/concrete interface. In order to determine iron ion 
retaining capacity or the inhibitors, iron ion solubility 

limit test as a function of pH is carried out. Iron 
standard solution (l mg/mL Fe1

+ as FeCI; in dilute 
HC] acid) was added to buffered solutions of various 
pH (4, 7, 9 and 12) until visible particulates were 
observed. Later, the contents were filtered using 
Whatman filterpaper No. 42 and the iron ions 
concentration in the filtrate was estimated by atomic 
absorption spectroscopy (AAS) and expressed in 
~tgm/mL. The experiments were carried out for 
saturated Ca(OH)2 + 3% NaCl as control and various 
inhibitors added systems namely disodium phthalate 
(4%), sodium nitrite (3.5',{;) and sodium 
ort: ,,,phosphate (4%). 

Inhibition efficiency by grm'imetric method 
Polished, degreased mild steel specimens (~ mill 

dia, 100 mm length) were immersed in saturated 
Ca(OH)c + 3% NaCl as control and for various 
inhibitors added systems for 30 days. After 30 clays of 
exposure, the mild steel specimens were taken out. 
cleaned in clarks solution (Concentrated HCI Isp.gr. 
1.1191 I litre + antimony trioxide 20 g + stannous 
chloride 50 g) and finally with distilled water. air 
dried and then weighed. From the weight loss, 
inhibitor efficiencies were calculated. 

Potentiodynamic polarization 

Polished, degreased mild steel specimens (I cm 
area exposed) were subjected to potentiodynamic 
polarization (sean rate I mY/s, ± 200 mY from OCP 
values) in saturated Ca(OH)2 + 3'/0 NaCi as control 
and various inhibitors added systems namely 
disodium phthalate (4%), sodium nitrite (3.571) and 
sodi um orthophosphate (4%). The ex peri ments were 
carried out after I h of immersion as (initial) and after 
30 days of immersion to verify the stability of the 
passive film even in the presence of aggressive 
chloride ions. From the polarization curve, Eco«, Icorr. 

B", Be values were recorded and corrosion rate 
(mmpy) the inhibition efficiencies (',{;) were 
calculated and reported. 

Anodic passivation 

Polished, degreased mild steel specimens (I cm 
area exposed) were subjected to anodic pOlariza
tion from OCP values to pitting potential values. 
The experiments were carried out for saturated 
Ca(OH)2 + 3% NaCI as control and various inhibitors 
added systems. From the anodic passivatioll curves, 
passivation potenial (£p), passivation current Up) and 
pitting potential (Epit ) values were recorded. 
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Electrochemical impedance ,Ipectroscopy 
2Polished, degreased mild steel specimens (l cm 

area exposed) were subjected to impedance analysis 
(AC voltage 15 mY; Frequency range 10 mHz-IOO 
KHz) for saturated Ca(OHh + 3%NaCI as control and 
for various inhibitors added systems. The impedancc 
behaviour for various inhibitor systems were obtained 
interIm of Bode Z plot. From the plot, polarization 
resistance (RI')' double layer capacitance (Cdl ), 

corrosion rate and inhibition efficiency were 
calculated. 

Results and Discussion 
Solubility limit test 

The retaining capacity of the iron ion in solution 
phase by the various inhibitors evaluated, were 
reported in Table I and Fig. I. From the table, it was 
inferred that among the inhibitors, disodium phthalate 
showed the highest retaining capacity of iron ions in 
all the pH ranges studied (pH 4, 7, 9 and 12). This 
observation was made due to the fact that compared to 
sodium nitrite and sodium orthophosphate, the 
presence of dicarboxalic acid group in disodium 
phthalate favoured chelating compounds to be 
formed. With the result, higher retaining capacity of 
soluble iron ions were observed. Sodium nitrite and 
sodium orthophosphate acts as anodic inhibitors. 
Moreover compared to alkaline, neutral and acidic 
solutions, the retaining capacity is found to be higher 
for phthalate inhibitor when compared with other 
systems even in acidic solutions. Normally when 
corrosion starts even at alkaline media, the pH drops 
to near neutral or acidic values at the metal/solution 
interface. Hence, the highest retaining capacity of iron 
ions at acidic pH values is beneficial to resist cracking 
and tensile stresses at the metal/solution interface. 
The retaining capacity is found to decrease in the 
following order: 

di sod iumph thalate>phosphate>ni tri te 

Sodium nitrite showed the least retaining capacity. 

Inhibition efficiency by gravimetric method 

The inhibition efficiency calculated for disodium 
phthalate, sodium nitrite and sodium orthophosphate 
were reported in Table 2 and Fig. 2. From the table, it 
was noted that all the inhibitors showed more than 
85% efficiency. The inhibition efficiency were found 
to be 86, 92 and 87% for phthalate, nitrite and 
phosphate system, respectively. 

Table I-System studied 

System Symbol used 
Initial After 30 days oj" exposure 

Sat.Ca(OH)" + 3% A A.30d 
NaCI (control) 
Control + 4% disodium 13 13.30d 
phthalate 
Control + 3.5'/0 sodium C C.30d 
nitrite 
Control + 3.5% sodium D D.30d 
orthophosphate 
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Fig. I-Solubility limit test 

o-Control [saturated Ca(OHb; o-Disodium phthalatc; 
""-Sodium nitrite; V-Sodium orthophosphate 

Potentiodynamic polarization 

Icon' corrosion rate (mmpy) and inhibition 
efficiency (%) calculated for disodi um phthalate, 
nitrite and phosphate were reported in Table 3 and 
illustrated in Fig. 3. From the table, the Icon values 
measured initially and after 30 days of exposure 
showed that phthalate and nitrite inhibitors 
maintained perfect passivity (0.000009, 0.0005 
mA/cm2) even after 30 days of exposure in aggressive 
chloride solutions. On the otherhand, sodium 
orthophosphate showed slightly higher Icon values 
(0.0019 mA/cm2

) indicating the imperfect passivity at 
the metal/solution interface. Moreover in the case of 
sodium orthophosphate, the formation of calcium 
phosphate is a sparingly soluble salt. With the result, 
the stability of the passive film is disturbed in 
presence of aggressive chloride ions. On the other 
hand the nitrite inhibitor oxidized Fe2 

+ ions initially 
formed into a perfect Fe3 

+ layer as follows 

2Fe2 
+ + 20H- + 2N02 ---t2NOj+Fe203+H20 

Sodium phthalate with dicarboxylic acid group 
formed Fe-phthalate chelating compounds 
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Fig. 2-lnhibiting efficiency of various inhibitors by
 
gravimetric method
 

Table 2-Iron-ion solubility limit test 

System studied Soluble iron-ion (flgm/mL) 
pH 4 pH 7 pH 9 pH 12 

Control (saturated 
Ca(OHh + 3% NaCI) 

33.58 1.669 40.00 31.50 

Control + 4% 
376.5 26.57 615.0 577.9

disodium phthalate 
Control + 3.5% 

20.45 2.236 1.515 10.86
sodium nitrite 

Control + 4% sodium 
147.2 1.430 60.00 17.65

orthophosphate 

2C6H4 (COONah + 2Fe2 
+ + 40R ~ 

C6H4 (COOh Fe-Fe 2(COO)C6H4 + 2NaOH 

According to the above anodic passivation 
mechanism, initially both phthalate and nitrite showed 
21.5 and 20.2% Inhibition Efficiency (I.E) 
respectively. On the other hand, phosphate initially 
itself showed 85.5% I.E. In general the I.E were found 
to be 99.9, 94.0 and 77.9% for phthalate, nitrite and 
phosphate inhibitors, respectively. 

Anodic polarization 

Passivation potential (Ep), passivation current (Ip) 
and pitting potential (Epil) measured for steel in 
saturated Ca(OHh + 3% NaCl as control and for 
various inhibitor added systems are reported in 
Table 4 and illustrated in Fig. 4. From the table, it was 
inferred that in the case of control, the passivity is 
heavily destroyed by the aggressive chloride ions as 
indicated by the passivation potentials and current 
measured initially (Ep =-600 mY, Ip = 100 /lA/cm2) 
and after 30 days of exposure (Ep = -634 mY, Ip=lOO 
IlA/cm\ The pitting potential for the system also 
found to be -255 mY initially and -448 mY after 30 
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Fig. 3-Potentiodynamic polarization curves 

a-Control (initial); aj,-Control (after 30 days); b-Phthalate 
(initial); b[,-Phthalate (after 30 days); c-Nitritc (initial); C j,-Nitrite 
(after 30 days); d-Phosphate (initial); d ,,-Phosphate 
(after 30 days). 

Table 3--Gravimctric test 

System studied Weight Corrosion ratc 
loss (mgm) (mmpy) 

Control (saturated 
142 0.186

Ca(OH)2 + 3% NaCI) 
Control + 4% 

20.6 0.028
Disodium phthalate 

Control + 3.5% 
10.2 0.013

Sodium nitrite 
Control + 4% Sodium 

18.2 0.024orthophosphate 

Inhibition 
efficicncy (%) 

86 

92 

87 

days of exposure. The inhibitor systems studied 
showed higher passivation current and more - ve 
passivation potential and less positive pitting potential 
initially but after 30 days of exposure, the inhibitive 
systems studied showed very low passivation current 
(0.001 /lA/cm2 to 3.5 /lA/cm2

) and correspondingly 
less -ve passivation potential (-250 to -380 mY versus 
SCE) and more + ve pitting potentials (+400 to +900 
mY versus SCE) were recorded. These data clearly 
indicated that with time of exposure, the passive film 
integrity is increased even in the presence of 
aggressive chloride ions. The nitrite and phosphate 
ions anodically enhanced the passive regions, while 
phthalate system enhanced the passive film by 
adsorption type mechanism, to a greater extent as 
indicated in Fig. 4. The phthalate ion extended the 
passive regions more than that of nitrite ions. From 
these data, it may be inferred that phthalate ion is a 
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Fig. 5--Bode Z plot of with and without inhibitor added system 
before and after 30 days of exposure period 
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film at the steel-solution interface. The 
measured Rp value for control system was 

K Ohm. After 30 days of exposure, the Rp 

values decreased to 0.0810 K Ohm. This observation 
was made due to the permeation of chloride ions into 

passive film. On the other hand, the Rp values 
measured after 30 days of exposure for inhibitor 
added systems, showed an increase in Rp values from 
initially measured values. For example, in the case of 

be Icon CR 
(mY/dec) (mA/cm') (mlllpy) 

141 0.045100 0.5280 
92 0.008700 0.1040 
90 0.035400 0.4140 
115 0.000009 0.0001 
93 0.036000 0.4210 
100 0.000500 0.0060 
114 0.001300 0.0150 
116 0.001900 0.230 

10 
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Table 4--Potentiodynamic polarization test (Tafel) 

4 

~oo d 

c
 

400
 . 

> g o 

~ 

E 
8 
OJ 

co. -400 

"",1'-.l1"'--~l.......~:J,1;--~:-~+1~_L--c!-._....L_....,J

10 -x -6 .2 

Current (log i) 

Fig. 4--Anodic passivation curves 

a-Control (initial); aJ,-Control (after 30 days); b-Phthalate 
(initial); b,,-Phthalate (after 30 days); c-Nitrite (initial); cl,-Nitrite 
(after 30 days); d-Phosphate (initial); dj,-Phosphate 
(after 30 days). 

better substitute for nitrite ions to reduce corrosion of 
steel in chloride contaminated alkaline solution. 

Electrochemical impedance spectroscopy 

Double layer capacitance Cdl (IlF), polarisation 
resistance RI' (K.Q), corrosion rate (mlllpy) and 
inhibition efficiency (%) calculated for control and for 
various inhibitor added systems were reported in 
Table 5 and shown in Fig. 5. From the table, it was 
shown that the initially measured double layer passive 
capacitance for control system was found to be 727 initially 
IlF. After 30 days of exposure, a marked decrease in 0.1520 
Cdl was measured. Similar trend is also reflected in 
the inhibitor added systems. Double layer capacitance 
indirectly measures the water uptake by the passive the 
films, permeation of aggressive ions through passive 
films etc. After 30 days of exposure, Cdl values were 
considerably reduced due to the thickening of the 

System studied 

Control (Saturated 
Ca(OH), + 3% NaCI) 
Control + 4% 
Disodium phthalate 
Control + 3.5% 
Sodium nitrite 

Control + 4% Sodium 
orthophosphate 

Period of 
immersion 

Initial 
After 30 days 
Initial 
After 30 days 
Initial 
After 30 days 
Initial 
After 30 days 

E'e'IT (mY) 
vs SCE 

-578 
-621 
-600 
-424 
-500 
-284 
-422 
-391 

b, 
(mY/dec) 

144 
149 
197 
93 

220 
171 
174 
185 
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phthalate system, the Rp values measured initially and 
after 30 days of exposure were found to be 0.1394 K 
Ohm and 11.980 K Ohm respectively. These data 
clearly showed that the increase in Rp value increased 
the corrosion resistance properties of the passive films 
even in the presence of aggressive chloride ions. The 
corrosion rate calculated for control specimen showed 
an increase in magnitude after 30 days of exposure. 
This data once again confirmed the permeability of 
chloride through control system. On the other hand in 
general, the corrosion rate for inhibitor added systems 
decreased 100 times after 30 days of exposure when 
compared to initially measured values. The Bode Z 
plot also showed purely capacitive nature even after 
30 days of exposure (Table 6). These data confirmed 
the stability of Ihe passive film even in the presence 
of aggressive chloride ions. The inhibition efficiencies 
were found to be 99.0%, 99.3% and 98.4% for 
phthalate. nitrite and phosphate systems respectively. 

Conclusion 
From the above studies conducted, the following 

broad conclusions were drawn. The solubility limit 
test data indicated the highest iron-ion retaining 
capacity in solution phase by di-sodium phthalate in 
all the pH ranges studied when compared to sodium 
nitrite and tri-sodium orthophosphate. This 
observation was made due to the fact that when' 
compared to nitrite and phosphate, the presence of 

Table 5--Anodic polarization test 

Systelll sludied 

Control (Salul'aled 
Ca(OH)2 + 3';;' NaCI) 
Control + 4'/r' Sodiulll 
phthalate 
Control + 3.5'k 
Sodiulll nilrite 
Control + 471, Sodiulll 
orthophosphate 

System studied 

Conlrol (Saturaled 
Ca(OH)2 + 3% NaCI) 
Control + 4% 
Disodiulll phthalate 
Conlrol + 3.5'1r 
Sodium nitrite 
Control + 4% Sodium 
orlhophosphate 

Period of 
iml11ersion 

I)' 
(ftA/cm 2 

) 

£)' 
(mV) 

£)'"
(mV) 

Initial 100 -600 -255 
After 30 days 100 -(134 -448 

Initial 100 -554 +103 
After 30 days 0.001 -379 +919 

Initial 100 -400 +416 
After 30 days O. I -254 +460 

Initial 3.5 -494 +439 
After 30 days 2.2 -379 +491 

dicarboxylic acid group In phthalate favoured 
chelating compounds to be formed. With the result, 
higher retaining capacity is observed. The Iron-Ion 
retaining capacity is found to decrease in the 
following order: 

disodiumphthalate>phosphate>ni tri te 

(i) The inhibition efficiency calculated from 
gravimetric weight loss method showed 86. 92 and 
87% for phthalate, nitrite and phosphate inhibitors, 
respectively. 
(ii) The inhibition efficiency calculaled from potentio
dynamic polarization data showed 99.9, 94.0 and 
77.9% for phthalate, nitrite and phosphate inhibitors, 
respectively after 30 days of exposure. 
(iii) Anodic polarization data indicated that in the case 
of chloride contaminated saturaled Ca(OHh solution, 
the passivity is heavily destroyed by the aggressive 
chloride ions as indicated by high passivation current 
(100 /lA/cm\ The pitting potenlial was also found 10 

be -255 mY initially and -448 mY after 30 days of 
exposure. On the other hand, in general the inhibitor 
systems studied showed very low passivation current 
(0.001 to 3.5 /lA/cm"): correspondingly less -ve 
passivation pOlential and more + ve pitting potentials 
were reported. These data showed the stability of the 
passive film even in the presence of aggressive 
chloride ions. The phthalate ions extended the passive 
regions greater than that of nitrite ions. From these 
data, it may be inferred that phthalate ion is a beller 
substitute for nitrite ions to reduce steel/concrete 
interfacial corrosion. 
(iv) The Bode Z plots obtained aner 30 days of 
exposure for the inhibitor added syslems revealed 
purely capacitive in nature, indicaling the perfect 
stability of the passive film even in the presence of 
aggressi ve chloride ions. The corrosion rate decreased 
by 100 times after 30 days of exposure when 
compared to initially measured values for the 
inhibitors added systems. The inhibilion etliciencies 

Table 6---Electrochelllieal illlpedallCt: spectroscopy technique 

Peliod of Cdl (~lr) H, K.Q !J( rn VIdee) ".",,( III AICIII C) C R (11111111)') I.E ('It) 

In1J!lCr'ollln 

Initial 727.2 0.152 31 0.20:;<) 2.427 
After 30 days 5.400 O.OSI 25 0.3 100 3H>6 
Initial 1258 0.139 27 0.1937 2.3052 m.o 
After 30 days 5.800 11.9S 31 0.0024 OO:;oS 99.1 

Initial 543.9 0.203 28 0.1377 I.h37 33.0 
After 30 days 2.100 12.76 27 0.0021 0.0252 9'>.3 
Inilial 1.450 0.121 22 O.ISIS 2.1 (13 11.0 
After 30 days 6.800 63S5 30 0.0047 0.055'> '>8.4 

I 
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were found to be 99.0, 99.3 and 98.4% for phthalate, 
nitrite and phosphate systems respectively. 
(v) The nitrite based inhibitors showed conversion of 
nitrite into nitrates after prolonged exposure. 
Moreover, inorganic type operates by anodic 
passivation which is questionable at high chloride 
concentration and lower inhibitor concentration. On 
the other hand organic type operates by adsorption. 
Hence, the phthalate based inhibitors may be 
recommended as a better substitute for nitrite to 
reduce steel/concrete interfacial corrosion. 
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