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The inhibition efficiency of sodium molybdate (SM) - Zn2+ system in controlling corrosion of carbon steel in seawater has been evaluated
by weight-loss method.  The formulation consisting of 250 ppm of SM and 75 ppm of Zn2+ has 80% IE.  Influence of duration of
immersion on the IE of SM – Zn2+ has also been evaluated.  The mechanistic aspects of corrosion inhibition have been investigated by
polarization study and AC impedance spectra.  The protective film has been analyzed by FTIR, and luminescence spectra.  The surface
morphology and the roughness of the metal surface have been analyzed by atomic force microscopy.  The protective film consists of Fe2+ –
molybdate complex and Zn(OH)2.  It is found to be UV - fluorescent. 
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INTRODUCTION 

Metals like copper, aluminium and carbon steel are the 
dominant materials for sea water systems in many countries.  
The metals get corroded when they come in contact with 
seawater because of various corrosive ions, such as chloride 
present in seawater.  Seawater can also be used in cooling 
water systems made of aluminium, copper or carbon steel.  
In such cases, suitable inhibitors have to be used to protect 
the cooling water structures.  In such studies, natural 
seawater is used or simulated seawater or 3.5% NaCl is used 
as the environment.  Jafar Zadeh et al.1 have studied 
corrosion behaviour of AA5083-H321 aluminium alloy in 
3.5% NaCl solution.  Their study revealed that the pit 
density on the sample surface increased with increasing the 
rotation speed.  Amadeh et al.2 have used rare earth cations 
as corrosion inhibitors for carbon steel in aerated 3.5% NaCl 
solution.  A maximum inhibition efficiency of 76% was 
achieved.  John Berchmans et al.3 have used 1, 2, 4, 5 
tetrazo spiro (5, 4) decane – 3 thione as a corrosion inhibitor 
for arsenical aluminium brass in 3.5% NaCl solution.  The 
adsorption of this compound obeyed Temkin’s adsorption 
isotherm. Guanidine derivative has been used by Khaled to 
control corrosion of copper in 3% NaCl solution.  Maximum 
inhibition efficiency provided by this system is 99%4.  
Sherif and Su-Moon Park5 achieved 97% inhibition 
efficiency in controlling corrosion of copper in 3.0% NaCl 
solution, by addition of 2-Amino-5-ethyl-1, 3, 4- thiazole.  
Mahdavian and Naderi6 have controlled corrosion of mild 
steel in 3.5% NaCl solution by addition of some zinc 
complexes such as zinc gluconate and zinc acetate.  Zinc 
gluconate formed insoluble corrosion products on the mild 

steel surface, which protected the metal from corrosion.  El-
Sayed M. Sherif et al.7 have used 3-amino -1, 2, 4- triazole 
(ATA) to inhibit corrosion of copper in aerated synthetic sea 
water solution.  The inhibition is due to adsorption of ATA 
molecules onto the copper surface.  Soluble conducting poly 
(aniline – co-orthotoluidine) copolymer has been used to 
inhibit corrosion of carbon steel in 3% NaCl solution by 
Benchikh et al8.  Polyethyleneimine (PEI) has been used as 
corrosion inhibitor for ASTM 420 stainless steel in near- 
neutral saline media by Matjaz Finsgar et al9.  A dense layer 
of PEI is effective in preventing diffusion of ionic species 
from the film and in preventing attack by chlorine from the 
salt water Yazdzad et al.10 have studied the inhibition of 
3003 aluminium alloy corrosion by propargyl alcohol and 
tartrate ion and their synergistic effects in 0.5% NaCl 
solution.  Both the inhibitors obeyed the Langmuir isotherm 
and the thermodynamic calculations revealed that the 
adsorption of inhibitors was of physical nature. 

The present work is undertaken (i) to evaluate the 
inhibition efficiencies of sodium molybdate SM – Zn 2+ 
system in controlling corrosion of carbon steel in sea water 
by weight-loss method, (ii) to analyze the protective film by 
FTIR and luminescence spectra, (iii) to analyze the surface 
morphology by AFM, and (iv) to propose a suitable 
mechanism of corrosion inhibition based on the results from 
the above study. 

EXPERIMENTAL 

Preparation of specimens 

Carbon steel specimens [0.0267 % S, 0.06 % P, 0.4 % Mn, 
0.1 % C and the rest iron] of dimensions 1.0 cm x 4.0 cm x 
0.2 cm were polished to a mirror finish and degreased with 
trichloroethylene. 

Weight-loss method 

Carbon steel specimens in triplicate were immersed in 100 
mL of the solutions containing various concentrations of the 
inhibitor in the presence and absence of Zn2+ for one day.  
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The weight of the specimens before and after immersion 
was determined using a Shimadzu balance, model AY62.  
The corrosion products were cleaned with Clarke’s 
solution11.  The inhibition efficiency (IE) was then 
calculated using the equation. 

 

 (1) 

 

where W1 = corrosion rate in the absence of the inhibitor, 
and W2 = corrosion rate in the presence of the inhibitor. 

Polarization study 

Polarization studies were carried out in an H & CH 
electrochemical workstation impedance analyzer, model 
CHI 660A. 

A three-electrode cell assembly was used.  The working 
electrode was carbon steel.  A saturated calomel electrode 
(SCE) was used as the reference electrode and a rectangular 
platinum foil was used as the counter electrode. 

AC impedance measurements 

The instrument used for polarization study was used for 
AC impedance measurements too.  The cell set up was the 
same as that was used for polarization measurements.  The 
real part (Z’) and the imaginary part (Z”) of the cell 
impedance were measured in ohms at various frequencies.  
The values of charge transfer resistance, Rt, and the double 
layer capacitance, Cdl, were calculated. 

Rt = (Rs + Rt) – Rs      (2) 

where Rs = solution resistance, and 

Cdl = ½  Rt fmax      (3) 

where fmax = maximum frequency. 

Surface examination study 

The carbon steel specimens were immersed in various test 
solutions for a period of one day.  After one day, the 
specimens were taken out and dried.  The nature of the film 
formed on the surface of the metal specimens was analyzed 
for surface analysis technique by FTIR spectra and 
fluorescence spectra. 

FTIR spectra 

The film formed on the metal surface was carefully 
removed and mixed thoroughly with KBr.  The FTIR 
spectra were recorded in a Perkin Elmer 1600 
spectrophotometer. 

Fluorescence spectra 

These spectra were recorded in a Hitachi F-4500 
fluorescence spectrophotometer. 

Atomic Force Microscopy 

Atomic Force Microscope (AFM) is an exciting new 
technique that allows surface to be imaged at higher 
resolutions and accuracies than ever before. The microscope 
used for the present study was (PICOSPM 1, Molecular 
Imaging, USA make) polished specimens prior to the 
initiation of all corrosion experiments were examined 
through an optical microscope to find out any surface 
defects such as pits or noticeable irregularities like cracks, 
etc. only those specimens, which had a smooth pit free 
surface, were subjected for AFM examination.  The 
protective films formed on the carbon steel specimens after 
immersion in the inhibitor systems for different time 
durations were examined for a scanned area of 30 x 30 m2 
and 15 x 15 m2.  A two dimensional, and a three-
dimensional topography of surface films gave various 
roughness parameters of the film. 

RESULTS AND DISCUSSION 

The inhibition efficiency of sodium molybdate (SM) – 
Zn2+ system in controlling corrosion of carbon steel in sea 
water (Table 1) has been evaluated by weight-loss method 
and electrochemical studies such as potentiodynamic 
polarization study and AC impedance spectra. 

Table 1 Characteristics of sea water collected from Tiruchendur, in 
Thoothukudi district, Tamilnadu, India. 

Weight loss method 

Inhibition efficiencies (IE %) of SM - Zn2+ systems in 
controlling corrosion of carbon steel in sea water 
(immersion period = 5 days) are given in Table 2.  It is 
observed that SM alone has good inhibition efficiency.  
Increasing the concentration of SM, IE also increases.12-14 

In the presence of various concentration of Zn2+ (25, 50 
and 75 ppm), the IE of SM increases.  A synergistic effect 
exists between SM and Zn2+.  For example, 250 ppm of SM 

Parameter            Value 
Total dissolved salts (mg L-1)                       41,600 
Electrical conductivity (-1 cm-1)            64,000 
pH   7.4 

Total Hardness (CaCO3 equivalent)             4000 

Calcium as Ca2+ (mg L-1)                               600 

Magnesium as Mg2+ (mg L-1)                        600 

Sodium as Na+ (mg L-1)                           8900 

Chloride as Cl- (mg L-1)                        20,750 

Fluoride as F- (mg L-1)                          1.5 

Free ammonia as NH3 (mg L-1)                 0.09 

Sulphate as SO4
2- (mg L-1)                        2332 

2  100 1   %
1

W
IE

W
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has only 47% IE; 75 ppm of Zn2+ has 39% IE.   However, 
their combination has 80% IE.   This suggests a synergistic 
effect existing between SM and Zn2+. 

Table 2.Inhibition efficiency (IE %) provided by sodium 
molybdate (SM) - Zn2+ System to carbon steel in sea water, 
obtained by weight loss method. Duration of immersion = 5 days. 

Zn2+, ppm SM  
ppm 0 25 50 75 

0 
50 
100 
150 
200 
250 

- 
14 
23 
29 
38 
47 

13 
35 
49 
50 
55 
60 

20 
48 
56 
67 
71 
78 

39 
60 
66 
73 
76 
80 

Influence of duration of immersion on the inhibition efficiency 
of the SM -Zn2+ system 

The formulation consisting of 250 ppm SM and 75 ppm of 
Zn2+ has 80% IE (immersion period = 5 days).  The 
influence of immersion period on the IE of this system is 
shown in Fig1.  It is observed that the IE almost remains 
constant up to 5 days.  Afterwards, the IE decreases.  On the 
seventh day, the IE decreases from 80% to 78%.  This is due 
to the fact that as the immersion period increases, the 
protective film formed on the metal surface, namely, Fe2+ – 
molybdate complex, is broken by the corrosive chloride ions 
present in sea water and hence the IE decreases.  Further, a 
competition arises between the formation of Fe2+ – 
molybdate complex and FeCl2/FeCl3.  As the immersion 
period increases, the formation of FeCl2/ FeCl3 is favoured 
to Fe2+ – molybdate complex at the anodic sites of the metal 
and hence the IE decreases15. 

Figure 1.  Influence of immersion period on the IE of the SM (250 
ppm) + Zn2+ (75 ppm) system. 

Synergism Parameters 

Synergism Parameter (SI) has been calculated to know the 
synergistic effect existing between two inhibitors.16-19  
Synergism parameter is calculated using the relation. 

 

 

where, θ1+2 = (θ1+ θ2)-(θ1*θ2), θ = surface coverage of 
inhibitor, θ=surface coverage of inhibitor 1, θ 2 = surface 
coverage of inhibitor 2, θ’1+2 = combined surface coverage 
in presence of inhibitors 1 and 2. 

  

 

 

When a synergistic effect exists between two inhibitors, the 
synergism parameter will be greater than 1. It is observed 
from Table 3 the SI values are greater than 1. This confirms 
the synergistic effect existing between SM and Zn2+.  As a 
model, the Zn2+ (75 ppm)-SM (50, 100, 150, 200 and 250 
ppm) system has been selected, to evaluate the synergism 
parameters. 

Table 3. Synergism parameters (SI) of SM (50, 100, 150, 200, 250 
ppm) – Zn2+ (75 ppm) system 

SM 
ppm 

IE% 
θ 

Zn2+ 
ppm 

IE% 
θ2 

Combined 
IE%, θ’1+2 

Synergism 
parameter,S1 

50 14  75  39 60 1.3 
100 23  75  39 66 1.4 
150 29  75  39 73 1.6 
200 38  75  39 76 1.6 
250 47  75  39 80 1.6 

Potentiodynamic polarization study 

Polarization study has been used to confirm the formation 
of protective film on the metal surface.20-24  If a protective 
film is formed on the metal surface, the linear polarization 
resistance value (LPR) increases and the corrosion current 
value (Icorr) decreases. 

The polarization curves of carbon steel immersed in sea 
water in presence of inhibitor system are shown in Fig. 2.   
The corrosion parameters, namely, corrosion potential (Ecorr), 
Tafel slopes (bc = cathodic; ba = anodic), LPR values and 
Icorr values are given in Table 4. 

Table 4 Corrosion parameters of carbon steel immersed in 
seawater in presence of SM – Zn 2+ system obtained from 
potentiodynamic polarization study 

System Ecorr 

mV*  
bc 
mV** 

ba 
mV** 

LPR  
ohm cm2 

Icorr 
A/cm2 

SW -676 362 120 152.8 2.559x10-4 
SW+A -669 351 113 154.9 2,394*10-4 

SW=sea water; SW+A=sea water + 250 ppm SM + 75 ppm Zn2+; 
*mV vs SCE; **mV in one decade 

When the inhibitors, namely, SM (250 ppm) + Zn2+ (75 
ppm) are added to the seawater, the corrosion potential of 
carbon steel shifts to the noble side (-676 to -669 mV vs 
SCE).  This indicates that a film is formed on the anodic 
sites of the metal surface.  This film controls the anodic 
reaction of metal dissolution (Fe→Fe2+ + 2e-) by forming 
Fe2+ – molybdate complex on the anodic sites of the metal 
surface.  Formation of Fe2+ – molybdate complex to some 
extent cannot be ruled out. 

65

70

75

80

85

90

1 3 5 7

Immersion period in days

IE

1 2

1 2

1
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The formation of protective film on the metal surface is 
further supported by the fact that the LPR value increases 
from 152.8 to 154.9 ohm cm2; the corrosion current 
decreases from 2.559x10-4 to 2.394x10-4 A/cm2. Thus 
polarization study confirms the formation of a protective 
film on the metal surface. 

Figure 2. Polarization curves of carbon steel immersed in various 
test solution. a) Sea water; b) Sea water + SM 250 ppm + Zn2+ 75 
ppm 

AC impedance spectra 

AC impedance spectra [Electro chemical impedance 
spectra] have been used to confirm the formation of 
protective film on the metal surface25-27.  If a protective film 
is formed on the metal surface, the charge transfer resistance 
(Rt) value increases; double layer capacitance value (Cdl) 
decreases and the Impedance, log(z/ohm), value increases. 
The AC impedance spectra of carbon steel immersed in 
seawater, in presence of inhibitor system (SM-Zn2+) are 
shown in Figs 3 to 5. The Nyquist plots are shown in Fig 3.  
The Bode plots are shown in Figs 4 and 5.  The corrosion 
parameters, namely, Rt, Cdl and Impedance, log (z/ohm), 
values are given in Table 5. 

Table 5 Corrosion parameters of carbon steel immersed in 
sea water in presence of SM – Zn 2+ system obtained from 
AC impedance spectra. 

Nyquist plot Bode plot System 
Rt,  
ohm cm2 

Cdl,  
F cm-2 

Impedance, 
 log(Z ohm-1) 

Sea water 6.88 2.849x10-7 0.9291 
Sea water+A 7.04 2.7825x10-7 0.9830 

A=SM (250 ppm) + Zn2+ (75 ppm) 

When the inhibitors [SM (250 ppm) + Zn2+(75 ppm)] are 
added to sea water, the Rt value increases from 6.88 to 7.04 
ohm cm2; the Cdl value decreases from  
2.849 x 10-7 to 2.783 x 10-7 F/cm2; The impedance value 
increases from 0.9291 to 0.9830.  

These results lead to the conclusion that a protective film 
is formed on the metal surface. 

Figure 3. AC impedance spectra of carbon steel immersed 
in various test solution (Nyquist Plot); a) Sea water; b) Sea 
water + SM 250 ppm + Zn2+ 75 ppm 

Figure 4. AC impedance spectra of carbon steel immersed in 
various test solution (Bode Plot); a) Sea water; b) Sea water + 
SM 250 ppm + Zn2+ 75 ppm. 

Figure 5. AC impedance spectra of carbon steel immersed in 
various test solution (Bode Plot); a) Sea water; b) Sea water + SM 
250 ppm + Zn2+ 75 ppm 

ab

a 

b 

a

b

a

b
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FTIR spectra 

FTIR spectra have been used to analyze the protective 
film formed on the metal surface.22-28  The FTIR spectrum 
(KBr) of pure SM is shown in Fig 6a. 

Figure 6. FT-IR Spectra; a) Pure SM; b) Film formed on the metal 
surface after immersion in sea water + SM (250 ppm) + Zn2+ (75 
ppm) 

The FTIR spectrum of the film formed on the metal 
surface after immersion in seawater containing 250 ppm of 
SM and 75 ppm of Zn2+ is shown in Fig 6b.  Studies from 
the literature reveal that molybdates are coordinated through 
ring oxygen atom with metal surface and form synergistic 
complexes with additives like calcium and zinc cations.  The 
band due to Zn-O stretch appears at 1107 cm-1.  These 
results confirm the presence of Zn(OH)2 deposited on the 
cathodic sites of the metal surface.29 

Thus FTIR spectral study leads to the conclusion that the 
protective film consists of Fe2+ – molybdate complex and Zn 
(OH)2  

Luminescence Spectra 

Luminescence spectra have been used to detect the 
presence of Fe2+ - inhibitor complex formed on the metal 
surface 23, 29, 30. 

The luminescence spectrum (ex = 230 nm) of the Fe2+ – 
molybdate complex solution, prepared by mixing an 
aqueous solution of Fe2+ (prepared freshly from FeSO4.7H 

2O) and SM, is shown in Fig 7a.  A peak appears at 690 nm. 

The luminescence spectrum (ex =230 nm) of the film 
formed on metal surface after immersion in the solution 
containing 250 ppm of SM and 75 ppm of Zn2+ is shown in 
Fig 7b.  A peak appears at 692 nm.  This indicates that the 
film present on the metal surface consists of Fe2+ – 
molybdate complex.  The slight variation in the position of 
the peak is due to the fact that the Fe2+ – molybdate complex 
is entrailed in Zn(OH)2 present on the metal surface.  
Further, the increase in intensity of the peak is due to the 
fact that the metal surface, after the formation of the 
protective film is very bright, the film is very thin and there 
is enhancement in the intensity of the peak. 

Figure 7. Luminescent spectra for carbon steel immersed in 
various test solutions using SM as inhibitor; a) Fe2+ – molybdate 
complex; b) Protective film formed on the surface of carbon steel 
after immersion in the solution containing 250 ppm SM and 75 
ppm Zn2 

Atomic Force Microscopy 

Atomic force microscopy is a powerful technique for the 
gathering of roughness statistics from a variety of surfaces31. 
AFM is becoming an accepted method of roughness 
investigation32.  All atomic force microscopy images were 
obtained on (PICOSPM 1, Molecular Imaging and USA 
make) AFM instrument operating in contact mode in air. 
The scan sizes of all the AFM images are 30µm x 30 µm 
areas at a scan rate of 2.4 lines per second. 

The two dimensional, three dimensional AFM 
morphologies and the AFM cross sectional profile for 
polished carbon steel surface (reference sample), carbon 
steel surface immersed in sea water (blank sample) and 
carbon steel surface immersed in sea water containing 250 
ppm SM and 75 ppm Zn2+ are shown in Fig. 8 (a,d,g), 
(b,e,h), (c,f,i) respectively. 

Root mean square roughness, average roughness and peak to 
valley value: 

AFM image analysis was performed to obtain the average 
roughness, Ra (the average deviation of all points roughness 
profile from a mean line over the evaluation length), root –
mean – square roughness, Rq (the average of the measured 
height deviations taken within the evaluation length and 
measured from the mean line) and the maximum peak to 
valley (P-V) height values (largest single peak-to-valley 
height in five adjoining sampling heights)33.  Rq is much 
more sensitive than Ra to large and small height deviations 
from the mean34. 

Table 6 is a summary of the average roughness Ra, rms 
roughness (Rq) and maximum peak to valley height (P-V) 
value for carbon steel surface immersed in different 
environments. The values of Rq, Ra and P-V height for the 
polished carbon steel surface (reference sample) are 262 nm, 
211 nm and 1200 nm respectively. This shows that the 
surface is more homogenous with some places where the 
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height is lower than the average depth. Fig. 8 (a, d, g) 
displays the non-corroded metal surface. The slight 
roughness observed on the polished carbon steel surface is 
due to atmospheric corrosion. The rms roughness, average 
roughness and P-V height values for the carbon steel surface 
immersed in sea water are 765 nm, 645 nm and 3700 nm 

respectively. These values suggest that carbon steel surface 
immersed in sea water has a greater surface roughness than 
the polished metal surface, indicating that the unprotected 
carbon steel surface is rougher and were due to the corrosion 
of carbon steel in sea water environment. Fig. 8. (b, e, h) 
displays corroded metal surface with few pits. 

Table 6. AFM data for carbon steel immersed in inhibited and uninhibited environments. 

Sample RMS (Rq) roughness,nm Average (Ra) roughness, nm Maximum peak to valley height, nm 
Polished carbon steel, 
(control) 

262 211 1200 

Carbon steel immersed in sea 
water (blank) 

765 645 3700 

Carbon steel immersed in sea 
water containing 250 ppm SM 
and 75 ppm Zn2+ 

665 582 2750 

 

Fig 8 (c,f,i)  shows the formulation consisting of 250 
ppm SM and 75 ppm Zn2+ in sea water the Rq value of 
665 nm and the average roughness is significantly 
reduced to 582 nm when compared with 645 nm for 
carbon steel surface immersed in sea water. The 
maximum peak to valley height was also reduced to 2750 
nm. These parameters confirm that the surface appears 
smoother. The smoothness of the surface is due to the 
formation of a protective film of Fe2+ – molybdate 
complex and Zn (OH)2 on the metal surface thereby 
inhibiting the corrosion of carbon steel. The above 
parameters are also somewhat greater than the AFM data 
of polished metal surface which confirms the formation 
of film on the metal surface, which is protective in nature. 

  a)                                        b)                

               c)       

Fig 8. Two dimensional images of surface of a) polished 
carbon steel (control)  b) carbon steel immersed in sea water 
(blank); c) carbon steel immersed in sea water containing 
250 ppm SM and 75 ppm Zn2+ 

 

 

  

 

 

d)                        e) 

    

 

 

 

                              f)     

Figure 8. Three dimensional images of surface of d) polished 
carbon steel (control); e) carbon steel immersed in sea water 
(blank); f) carbon steel immersed in sea water containing 250 
ppm SM and 75 ppm Zn2+ 

MECHANISM OF CORROSION INHIBITION 

Analysis of the results of weight loss method reveals 
that the formulation consisting of seawater, 250 ppm of 
SM and 75 ppm of Zn2+ offers an IE of 80%. Results of 
polarization study suggest that the formulation functions 
as anodic inhibitor.  The AC impedance spectral studies 
indicate that a protective film is formed on the metal 
surface.  FTIR spectra reveal that the protective film 
consists of Fe2+ – molybdate complex and Zn (OH) 2.        

In order to explain all these observations in a holistic 
way the following mechanism of corrosion inhibition is 
proposed. 
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     g)                             h)             i) 

Figure 8.  The cross-sectional profiles (shown as broken lines) corresponding to the AFM images of surface of g) Polished carbon steel 
(control); h) carbon steel immersed in sea water (blank); i) Carbon steel immersed in sea water containing 250 ppm SM and 75 ppm Zn2+ 

[a] When carbon steel specimen is immersed in an 
aqueous solution, the  anodic reaction is:  
 Fe → Fe2++2e-  and the cathodic reaction is: 2H2O 
+ O2 + 4e- → 4 OH-.  

[b] When the system containing 250 ppm of SM and 
75 ppm of Zn2+  is prepared, there is formation of 
Zn2+  – molybdate complex: Zn2++M → Zn2+ – M. 

[c] When carbon steel is immersed in the solution, the 
Zn2+-molybate diffuses from the bulk of the 
solution to the metal surface. 

[d] The surface of metal, Zn2+ – molybdate complex is 
converted into Fe2+ – molybdate complex at the 
local anodic regions. The stability of Fe2+ - 
molybate complex is higher than the corresponding 
zinc complex. Zn2+ – M + Fe2+  → Fe2+ – M + Zn2+ 

[e] The released Zn2+ ions combine with OH- ions to 
form Zn (OH)2 on the cathodic sites: Zn2+ + 2OH- 

→ Zn(OH)2
. 

 

Thus the protective film consists of Fe2+ – molybdate 
complex and Zn(OH)2 

CONCLUSIONS 

The present study leads to following conclusions: 

[a] A synergistic effect exists between SM and Zn2+ in 
controlling corrosion of carbon steel immersed in 
seawater. 

[b] The formulation consisting of 250 ppm of SM and 
75 ppm of Zn 2+ provided 80% IE. 

[c] Influence of immersion period on the above 
inhibitor systems has also been studied. 

[d] Polarization study suggests that the combination of 
SM and Zn2+ functions as anodic inhibitor. 

[e] AC impedance spectra reveal that a protective film 
is formed on the metal surface. 

[f] FTIR spectra show that the protective film consists 
of Fe2+ – molybdate complex and Zn (OH)2. 

[g] The IE of inhibitor formulation depends on the 
ability of the inhibitor to form complex with Zn2+ 

and ability of Fe2+ to react with Zn2+ to form  iron 
complex. 

[h] This formulation may find applications in cooling 
water systems also. 

[i] AFM images and luminescent spectra confirm the 
formation of protective layer on the metal surface.  
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