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Abstract The corrosion inhibition of mild steel by

means of newly synthesised triazole phosphonates 3-

Vanilidene amino 1,2,4-triazole phosphonate (VATP),

3-Anisalidene amino 1,2,4-triazole phosphonate

(AATP) and 3-paranitro benzylidene amino 1,2,4-

triazole phosphonate (PBATP) was studied along with

cetyl trimethyl ammonium bromide (CTAB) in natural

aqueous environment using weight loss measurement,

potentiodynamic polarisation and ac impedance mea-

surement. Surface characterisation techniques like FT-

IR, XRD and EDXA were also carried out to under-

stand the corrosion inhibition mechanism. Addition of

molybdate increases the inhibition efficiency of triazole

in a synergistic manner. Results from experimental

observation have indicated VATP as a better corrosion

inhibitor for mild steel in aqueous solution. Addition-

ally the formulation consisting of VATP, sodium

molybdate and CTAB offered good corrosion inhibi-

tion efficiency.
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1 Introduction

The corrosion control of mild steel in neutral or slightly

alkaline oxygen containing solutions is important for

cooling water system operations. A study of mecha-

nisms of the action of corrosion inhibitors has rele-

vance both from the point of view of a search for new

inhibitors and also for their effective application [1].

Most of the well-known inhibitors are organic com-

pounds containing nitrogen, sulphur and oxygen atoms.

Aromatic nitrogen salts are not only excellent inhibi-

tors of iron dissolution, but also absorb hydrogen. It is

well known that triazole types of organic compounds

are good corrosion inhibitors for many metals and al-

loys in various aggressive media [2–8].

Fouling and corrosion are the two important oper-

ational problems in heat exchangers and associated

cooling water system pipelines. The problems include

flow blockage of pipes, pipe punctures and unaccept-

able general corrosion rates of the system components.

For controlling fouling and corrosion in many indus-

tries the inhibitors are added continuously and biocides

are added weekly once or once in a fortnight. Hence, it

is essential to study the effect of inhibitors and biocides

for cooling water system.

Phosphonic acids are noted for their hydrolytic

stability, scale inhibiting property and ability to form

complexes with metal cations. Thus they have been

widely used as corrosion inhibitors [9–14]. Hence, in

the present investigation some triazole derivatives

containing the phosphonic acid group were synthes-

ised and evaluated for their inhibition efficiency on

mild steel in a neutral aqueous environment. In the

present study 3-Vanilidene amino 1,2,4-triazole phos-

phonate (VATP), 3-Anisalidene amino 1,2,4-triazole
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phosphonate (AATP) and 3-paranitro benzylidene

amino 1,2,4-triazole phosphonate (PBATP) were used

as inhibitors while biocide, Cetyl trimethyl ammo-

nium bromide (CTAB) was used to study their effect

on the corrosion process.

2 Experimental

2.1 Synthesis of triazole derivatives

All the tested azoles were synthesised in the laboratory

as per the procedures detailed [15–17] and were char-

acterised by their FT-IR and 1H-NMR spectra. The

structures of the compounds are given in Fig. 1.

2.2 Sample preparation

Mild steel specimens of following compositions were

used for the experiment (wt%) C—0.13%, P—0.032%,

Si—0.014%, S—0.025%, Mn—0.48% and Fe—bal-

ance. Prior to each experiment, the specimen was

polished with SiC grit paper. Then the specimen was

washed several times with distilled water, acetone and

finally dried. The exposed specimen having thickness

0.2 cm with an area of 4 · 2 cm2 was used for weight

loss measurements and 1 cm2 for polarisation and

impedance studies. Lake water was used as the elec-

trolyte and its analysis was: Total dissolved salts

738 ppm, Total alkalinity 201 ppm, Cl– 170 ppm. pH

7.99–8.0 and iron 0.1 ppm.

2.3 Weight loss experiments

The initial weight of the mild steel specimen before the

corrosion test was noted. Mild steel specimens in

triplicate were immersed in the test solution for a

period of 3 days. The specimens were removed and

cleaned according to ASTM G-81 and reweighed. The

loss in weight was determined and the efficiencies were

assessed in the following systems.

2.3.1 System I

The inhibition efficiency of synthesised inhibitors was

evaluated. Similarly molybdate was used along with

inhibitors to determine the corrosion rate of mild steel

in lake water.

2.3.2 System II

The biocide efficiency was assessed using CTAB as a

biocide.

2.3.3 System III

The influence of inhibitors along with biocide (CTAB)

and the interference effect between them has been

studied. Inhibitors and biocide were added simulta-

neously to study corrosion inhibition efficiencies.

2.3.4 System IV

Biocide was added first; after 24 h inhibitors were ad-

ded to the same electrolyte and subsequently corrosion

rates were calculated.

2.4 Potentiodynamic polarisation measurement

Potentiodynamic polarisation studies were carried out

using a Vibrant Potentiostat/Galvanostat model No.

VSM/CS/30 at a scan rate of 1 mV s–1 under static

conditions. A platinum electrode and saturated calo-

mel electrodes (SCE) were used as auxiliary and ref-

erence electrodes, respectively. All the experiments

were carried out at constant temperature of 30 ± 2�C

with natural lake water as electrolyte. Polarisation

studies were carried out in lake water containing

various concentrations of additives (systems I–IV).
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Name     Abbreviation           Structure 

3-Vanilidene amino                          VATP                            
 1,2,4-triazole phosphonate 
        

3-Anisalidene amino                          AATP                            
 1,2,4-triazole phosphonate 
        

3-Para nitro benzylidene amino 
1,2,4- triazole phosphonate  PBATP   

Fig. 1 Structure and name of the triazole derivatives
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2.5 Electrochemical impedance measurement

Ac impedance investigations were carried out using an

EG&G PARC Potentiostat Model 6310 analyser with

M 398 software at 30 ± 2�C. Electrochemical imped-

ance spectroscopy was employed in the region of

10 kHz to 100 MHz with the perturbation amplitude of

10 mV.

2.6 Accelerated leaching studies (ICP-AES)

During the anodic polarisation, metal dissolution takes

place, releasing a considerable amount of metal ion

from the material. The concentration of metal ions in

the test solution was determined after ageing for one

hour at an impressed potential of –690 mV which

corresponds to the open circuit potential (OCP) of

blank. The analysis was carried out using Inductively

Coupled argon Plasma-Atomic Emission Spectroscopy

(ICP-AES)— Thermo Jarrel Ash-Atom Scan USA.

2.7 Surface examination study

The mild steel specimens were immersed in various

test solutions for a period of 30 days. The specimens

were then taken out and dried. The nature of the film

formed on the metal surface was analysed by the var-

ious surface analytical techniques. The Fourier Trans-

form Infrared Spectra (FT-IR) were recorded using a

Perkin–Elmer 1600 FT-IR spectrophotometer. XRD

patterns of the film formed on the metal surface were

recorded using a computer controlled X-ray powder

diffractometer, JEOL JDX 8030 with CuKa(Ni-fil-

tered) radiation (k = 1.5418 Å) at a rating of 40 kV,

20 mA. The nature of the surface was analysed by

energy dispersive X-ray analysis (EDXA).

3 Results and discussion

3.1 Weight loss data

3.1.1 Inhibitors on Corrosion (system I)

All the synthesised inhibitors were tested for six dif-

ferent concentrations and their corresponding weight

loss data are presented in Table 1. The corrosion rate

decreased considerably with increase in concentration

of each inhibitor and reached the maximum value in

the range of 3–5 ppm. The optimum concentration of

inhibitor was evaluated based on the inhibition effi-

ciency. It was calculated using the following equation.

I.E (% )

¼Uninhibited corrosion rate� Inhibited corrosion rate

Uninhibited corrosion rate

� 100

The compounds VATP, AATP and PBATP have

maximum of 64.53, 57.17 and 45.79% inhibition effi-

ciencies, respectively.

The inhibition efficiency with the addition of

molybdate at various concentration levels to the lake

water was determined. An optimum concentration of

5 ppm gave a maximum inhibition efficiency of

50.40%. The corrosion rate of mild steel in lake water

in the presence and absence of inhibitors along with

molybdate are shown in Table 2. In the presence of

molybdate along with the inhibitors the inhibition

efficiency was increased. The improved inhibition

efficiency in the presence of molybdate agreed with

earlier work [18–20]. The maximum corrosion inhibi-

tion efficacy of VATP with molybdate was 68.47%.

3.1.2 Biocide on corrosion (system II)

In system II, the effect of CTAB on the corrosion

control of mild steel in neutral aqueous solution was

investigated. The reason for selecting CTAB as biocide

is that CTAB is not only a typical cationic surfactant,

which is commercially available, but also a quaternary

ammonium salt with a long hydrocarbon chain, whose

Table 1 Corrosion rate of mild steel in lake water in presence
and absence of VATP, AATP and PBATP for 3 days (system I)
obtained by weight loss method

Inhibitor Concentration
(ppm)

Corrosion rate
(mpy)

I.E
(%)

Blank – 13.45 –
VATP 2 5.85 56.50

3 5.31 60.52
4 4.77 64.53
5 5.79 56.95
6 6.81 49.36
8 7.73 42.52

AATP 2 7.88 41.41
3 5.76 57.17
4 6.73 49.96
5 7.28 45.88
6 7.45 44.60
8 7.99 40.59

PBATP 2 8.86 34.12
3 8.79 34.64
4 7.81 41.93
5 7.29 45.79
7 7.44 44.68
10 9.98 25.79

J Appl Electrochem (2007) 37:681–689 683

123



homologues have been used extensively as biocides

and inhibitors [21–24]. In particular it is reported that

the halides are the most effective derivatives since they

increase the inhibiting tendency of the positive qua-

ternary ammonium ions through a synergistic effect

[21].

Table 3 shows the influence of CTAB on corrosion

rate of mild steel in natural aqueous environment. The

corrosion rate was found to decrease with increasing

concentration up to 15 ppm, after which there was an

increase. The tested biocide showed a maximum cor-

rosion inhibition of 52.93%.

In the case of CTAB, the bromide ions were first

chemisorbed on the metal surface, replacing the OH–

ions, and the positive cationic part of the cetyl group

was held by physical (electrostatic) adsorption. This

type of chemisorption can block the active sites vul-

nerable for corrosion and thus reduces corrosion [25].

3.1.3 Inhibitors and biocide on corrosion (system III

and system IV)

In system III, inhibitors (VATP, AATP and PBATP)

with molybdate and biocide were added at the same

time and corrosion efficiency was calculated and is

listed in Table 4. In the presence of CTAB with

inhibitors AATP and PBATP, the efficiency was about

80.52% and 67.36%, respectively. Maximum inhibition

efficiency of 82% was exhibited by VATP. At a given

concentration of the inhibitor, the values for the degree

of corrosion inhibition by the inhibitors are in the or-

der VATP > AATP > PBATP.

As mentioned earlier in system IV, the CTAB was

added first and after 24 h inhibitors were added. The

corrosion inhibition efficacy of all the inhibitors with

biocide in system IV for mild steel was calculated and

is shown in Table 4. The corrosion inhibition was about

80.44% for VATP, while adding AATP and PBATP

gave inhibition efficiencies of about 76.43% and

63.71%, respectively.

3.2 Potentiodynamic polarisation measurements

Potentiodynamic polarisation parameters of mild steel

immersed in lake water for all four systems are given in

Tables 5 and 6 and their corresponding polarisation

curves are also shown in Figs. 2, 3, 4. The corrosion

current of mild steel in the presence of inhibitor was

much smaller than that in the absence of inhibitor. In

the presence of inhibitors the corrosion potential

slightly shifted in the cathodic direction in comparison

to the result obtained in the absence of inhibitor. Both

the anodic and cathodic current densities decreased

indicating that all the inhibitors suppressed both the

anodic and cathodic reactions, although mainly the

cathodic one, which indicates predominantly cathodic

Table 2 Corrosion rate of mild steel in lake water in presence
and absence of inhibitors for 3 days (system I)

Inhibitor (ppm) Corrosion rate (mpy) I.E (%)

Blank 13.45 –
Mo (2) 7.74 42.44
Mo (4) 7.48 44.39
Mo (5) 6.67 50.40
Mo (8) 7.37 45.20
VATP (4) + Mo (5) 4.24 68.47
AATP (3) + Mo (5) 4.90 63.57
PBATP (5) + Mo (5) 6.64 50.63

Table 3 Corrosion rate of mild steel in lake water in presence of
biocide for three days (System II)

Biocide Concentration (ppm) Corrosion rate (mpy) I.E (%)

Blank – 13.45 –
CTAB 10 7.80 42.00

15 6.33 52.93
20 8.16 39.33
30 8.65 35.68

Table 4 Corrosion rate of mild steel in lake water in presence of
inhibitors and biocide for 3 days (system III and system IV)

Inhibitors System Conc. of
inhibitor
(ppm)

Corrosion
rate
(mpy)

I.E
(%)

Blank – – 13.45 –
VATP + Mo + CTAB System

III
4 + 5 + 15 2.42 82.00

AATP + Mo + CTAB 3 + 5 + 15 2.62 80.52
PBATP + Mo + CTAB 5 + 5 + 15 4.39 67.36
CTAB + VATP + Mo System

IV
15 + 4 + 5 2.63 80.44

CTAB + AATP + Mo 15 + 3 + 5 3.17 76.43
CTAB + PBATP + Mo 15 + 5 + 5 4.88 63.71

Table 5 Potentiodynamic polarisation parameters of mild steel
in lake water with and without the inhibitor

Inhibitors
(ppm)

OCP
(mV vs.
SCE)

Ecorr

(mV)
Icorr

(mA cm–2)
I.E
(%)

Blank –690 –695 0.0325 –
VATP (4) –761 –778 0.0043 86.76
AATP (3) –756 –810 0.0048 85.23
PBATP (5) –740 –750 0.0140 56.92
VATP (4) + Mo (5) –750 –735 0.0035 89.23
AATP (3) + Mo (5) –510 –804 0.0045 86.15
PBATP (5) + Mo (5) –620 –720 0.0120 63.07
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control. The percentage inhibition efficiencies for the

various inhibitors and biocide were calculated using

the formula

I.E (% ) =
icorr � i

0

corr

� �

icorr
� 100

where, icorr and i
0

corr are the corrosion current in the

absence and presence of inhibitors. A maximum

inhibition efficiency of 86.76% was observed for

VATP.

Addition of molybdate controls both the cathodic

and anodic reaction. But along with inhibitor they also

predominantly control the cathodic reaction sites. In

the presence of molybdate, VATP shows a higher

efficiency of 89.23% than VATP alone (86.76%).

Many authors [26, 27] have studied the synergistic ef-

fect of molybdate with tolyl triazole (TTA). The

synergism results in enhanced inhibition, which may be

related either to interaction between the inhibitor

compounds or to interaction between the inhibitor

Table 6 Potentiodynamic polarisation parameters of mild steel
in lake water. Mixing of biocide + inhibitor (System III and IV)

Inhibitors OCP
(mV vs. SCE)

Ecorr

(mV)
Icorr

(mA cm–2)
I.E
(%)

Blank –690 –695 0.0325 –
VATP –750 –650 0.0017 94.76
AATP –665 –654 0.0021 93.53
PBATP –515 –700 0.0100 69.23
Inhibitor addition after killing bacteria by addition of biocide

(System IV)
VATP –720 –666 0.0025 92.30
AATP –700 –682 0.0028 91.38
PBATP –660 –712 0.0107 67.07

Fig. 2 Potentiodynamic polarisation curves of mild steel in lake
water with and without VATP and biocide ( Blank,
VATP, VATP + Mo, System III of VATP and

System IV of VATP)

Fig. 3 Potentiodynamic polarisation curves of mild steel in lake
water with and without AATP and biocide ( Blank,
AATP, AATP + Mo, System III of AATP and

System IV of AATP)

Fig. 4 Potentiodynamic polarisation curves of mild steel in lake
water with and without PBATP and biocide ( Blank,

PBATP, PBATP + Mo, System III of
PBATP and System IV of PBATP)
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compound and one of the ions present in the aqueous

medium.

In system III, a decrease in both the anodic and

cathodic current densities implies that the inhibitors

suppress both the anodic and cathodic reactions. In

system III, the inhibition efficiency was about 94.76%,

93.53% and 69.23%, respectively for VATP, AATP

and PBATP.

In system IV, the corrosion inhibition efficiency

was lower compared to system III and the results

are shown in Table 5 and 6. In the presence of

AATP the efficiency was about 91.38% and OCP

was –700 mV. The inhibition efficiency of VATP and

PBATP (system IV) was about 92.30% and 67.07%,

respectively. The combination of inhibitors with

molybdate and biocide affords enhanced inhibition.

In system III, the inhibitor recorded higher effi-

ciencies than in system IV, which indicates an

interaction between the biocide and the inhibitor

system. This corroborates the results of the weight

loss tests.

The higher inhibition efficiency of VATP may be

attributed to the increased electron density leading to

electron transfer from functional groups to the metal

surface, producing greater coordinate bonding with a

greater adsorption and inhibitor efficiency. A similar

explanation has been proposed elsewhere [28, 29].

3.3 Electrochemical impedance measurements

(EIS)

The admittance plots of mild steel in natural aqueous

environment in the absence and presence of inhibitors

and biocide are shown in Fig. 5. As the admittance

plots were not semicircles these were not used for

calculating the impedance parameters. The electro-

chemical parameters like solution resistance (Rs) and

charge transfer resistance (Rct) and double layer

capacitance (Cdl) were obtained by using the semicircle

fitting method [30]. This can be achieved by selecting

the best fit for the semi circle on the complex plane

(Nyquist) plot. The data were plotted and analysed

using the software Z view version 1.5b, (1996, Scribner

Associates Inc.).

Nyquist and Bode plots of mild steel in inhibited and

uninhibited neutral aqueous solution containing vari-

ous triazole phosphonates with biocide (system III) are

shown in Fig. 5. The charge transfer resistance

increased with the inhibitor biocide mixture and be-

came ~2 times higher than for the blank value.

The increase in resistance and the decrease in dou-

ble layer capacitance have been attributed to the en-

hanced adsorption of inhibitor molecules on the metal

surface [31]. Increase in charge transfer resistance re-

sulted in a decrease in metal dissolution. The EIS

parameters like charge transfer resistance and capaci-

tance with inhibitors were calculated and these are

presented in Table 7. VATP exhibits the highest inhi-

bition efficiency of 98.02%. The efficiencies calculated

from ac measurements show the same trend as those

observed from weight loss measurements and dc po-

larisation.

The low value of Cdl indicates thickening of the

inhibitor film on the metal surface in the presence of

both inhibitor and biocide. A high Rct value corre-

sponds to a high corrosion protection effect. This can

be attributed to the formation of metal ion/inhibitor

complexes.

Fig. 5 Nyquist and Bode plot of mild steel in lake water with
optimum concentration of VATP with biocide mixture (system
III) (— Blank, h VATP, s AATP and � PBATP)

Table 7 Electrochemical impedance parameters of mild steel
immersed in lake water with optimum concentration of inhibitors
and biocide (system III)

Compounds Rct (W cm–2) Cdl (10–4/F cm–2)

Blank 1414.12 2.54494
VATP 71561.2 0.70896
AATP 36716.4 1.13497
PBATP 2708.52 4.6629
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3.4 Accelerated leaching studies (ICP-AES)

The results of the accelerated leaching study are pre-

sented in Table 8, which shows the concentration of

iron leached from the mild steel at an impressed po-

tential of OCP (–690 mV). For mild steel significant

amounts of iron were released into the solution even in

the OCP region. Inhibitors with biocide mixtures

exhibited leaching characteristics but the concentra-

tions of metal ion leached out were low compared to

blank.

In the present investigation VATP and AATP

mixture exhibited a minimal leach of metal ion com-

pared to blank. This can be attributed mainly to the

stable complex film that inhibits metal dissolution by

forming a barrier layer between the metal and the

environment, thus preventing the bare metal contact-

ing solution.

3.5 Surface evaluation studies

3.5.1 Analysis of FT-IR spectra

The FT-IR spectrum of VATP is presented in Fig. 6a.

The FT-IR spectrum of the film formed on mild steel

immersed in lake water with 4 ppm of VATP (Fig. 6c)

reveals that the P+–O– stretching frequency of VATP

has shifted from 1,080 cm–1 to 1,019 cm–1 [32, 33]. This

indicates that the N and O atoms are coordinated with

Fe2+. The spectrum of the film formed in VATP with

biocide (Fig. 6d) shows that the band at 930 cm–1 al-

most disappears and the P–O stretching frequency

decreases from 1,080 cm–1 to 1,008 cm–1. This suggests

that the oxygen atom is coordinated to Fe2+ resulting in

the formation of a Fe2+–phosphonate complex on the

metal surface.

The FT-IR spectrum of pure CTAB is shown in

Fig. 6b. The absorption band at 2,854 cm–1 represents

the CH2 stretching frequency. The aliphatic C–H

stretches cause absorption at 2,923 cm–1 and

2,854 cm–1. The band at 1,126 cm–1 corresponds to

C–N stretching. The absorption bands at 2,923 cm–1

and 2,854 cm–1 suggest the adsorption of CTAB on

anodic sites. Since there is no shift in the absorption

frequencies, CTAB has been adsorbed on the metal

surface and the characteristic peaks corresponding to

CTAB are obtained. From the results the CTAB

provides an effective impervious barrier to the dis-

solution of metal and thus affords inhibition charac-

teristics.

Nitrogen containing organic heterocyclic com-

pounds are excellent complex or chelate forming sub-

stances with transition metals [34]. Such complexes are

strongly adsorbed, forming a thin, adherent film and

providing a barrier between the metal surface and the

corrosive medium.

The formation of a complex is the result of reaction

between the triazole on the metal surface through the

NH group and the metal cation formed during corro-

sion. It is known that aromatic triazoles are effective

Table 8 Concentration of iron present in the solution after
leaching of mild steel at various inhibitor mixtures

Inhibitors Concentration of
metal ion (ppm)

Blank 7.2
VATP 0.3
AATP 0.4
PBATP 1.4

Fig. 6 Infrared transmission spectra of (a) VATP (b) CTAB
Infrared reflection absorption spectrum of the film formed on the
mild steel substrate after immersion in the solution containing (c)
VATP (d) mixture of VATP + Mo + CTAB
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inhibitors for iron and its alloys [35]. The protective

action of the triazole is based on the formation of a

semi-permeable, insoluble, polymeric copper–triazole

complex film. The polymeric complex is formed by

covalent and coordinate covalent bonds.

The adsorption (chemisorption) may be viewed as a

result of Lewis acid–base electron exchange, resulting

in the formation of 5- and 6-membered metal inhibitor

ring complexes (except O–PO4, which forms a 4-

membered ring), as shown in Fig. 7 [36]. These metal

inhibitor complexes successfully inhibit corrosion if

they have a large surface activity and a low level of

aqueous solubility.

3.5.2 X-ray diffraction (XRD) Analysis

The XRD pattern of the mild steel immersed in the

blank and the solution containing 4 ppm

VATP + 5 ppm Mo + 15 ppm CTAB is shown in

Fig. 8. The peaks due to oxides of iron such as Fe3O4

and G-FeOOH are absent and those due to iron alone

are observed at 2h = 43.6, 50.7 and 74.3�. It can be

inferred that oxides of iron such as FeOOH and Fe3O4

are absent from the metal surface (Fig. 8b).

3.5.3 Energy dispersive X-ray analysis (EDXA)

Examination of the mild steel surface after exposure to

lake water with and without inhibitor and biocide was

carried using EDXA. In order to define more accu-

rately the nature of the corrosion layers, elemental

mapping of Fe, P and S was carried out by EDXA.

Phophorus and iron were prominent in the spectrum

(Fig. 9). The phosphorus peak was due to the fact that

the lake water was treated with a phosphonate-based

inhibitor. The distribution of the elements was non-

homogeneous, showing a thin layer at the surface.

The EDXA spectra showed several peaks for

elements such as calcium, iron and silicon, but the

strongest peaks were for iron and phosphorus. This

suggests that the layer was composed of iron in addi-

tion to phosphorus, silicon and other minor constitu-

ents. The instrument used was not capable of detecting

oxygen and sodium.

4 Conclusion

All the inhibitors act as cathodic inhibitors. The inhi-

bition efficiency follows the order VATP >

AATP > PBATP. The weight loss and polarisation

measurements indicate that the simultaneous addition

of inhibitors and biocide (system III) show a greater

efficiency than in system IV. A high Rct and low Cdl

value indicates a high protection effect in the presence

of inhibitors and biocide. From the corrosion point of

view, VATP and AATP with Mo act as a good inhib-

itor system. The formulation consisting of 4 ppm of

VATP, 5 ppm of Mo and 15 ppm of CTAB has 95%

corrosion inhibition efficiency. A similar formulation

for 4 ppm of AATP along with Mo and CTAB (5 ppm

and 15 ppm) has 92% corrosion inhibition efficiency.Fig. 7 Fe–phosphonate complex

Fig. 8 XRD pattern obtained on the surface film formed on mild
steel at the end of 30 days in different environment. Curve: (a)
Blank, (b) VATP + Mo + CTAB
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Corrosion inhibition is probably due to the formation

of a protective film consisting of a Fe–phosphonate

complex.
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