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Abstract The effectiveness of aminotrimethylidene
phosphonic acid (ATMP) as a corrosion inhibitor in
association with a bivalent cation like Zn** and non-
ionic surfactant like polyoxyethylene sorbitan
monooleate (Tween 80) were investigated by measur-
ing corrosion losses using electrochemical techniques.
The corrosion of 304 stainless steel in the ground water
medium was inhibited by complexation of the inhibi-
tor. A combined inhibition effect was achieved by
adding both ATMP and Zn** along with Tween 80.
The formulation functioned as a mixed type inhibitor.
The synergistic effect of the inhibitor compound is
calculated. Luminescence spectra, FTIR spectra, XRD,
XPS and scanning electron microscopic studies were
carried out to understand the mode of corrosion inhi-
bition and also the morphological changes on the metal
surface.
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1 Introduction

Scaling and corrosion control by the application of
inhibitors is the most popular method. An abundance
of literature concerning scaling and corrosion, as well
as inhibition of corrosion of mild steel has been pub-
lished [1-3]. Complex formation, interphase inhibition
and surface micelle formation effects have been pro-
posed for metals under uniform corrosion conditions
[4-6] and such process may also be important for the
inhibition of localized forms of attack on passive
metals [7-14]. Electrochemical techniques have pro-
vided only macroscopic details of the redox reaction
and no mechanistic information [15-24]. In order to
gain a better understanding of the metal surface reac-
tion for surface analytical techniques must be used
[25-27]. Over the last two decades, significant advances
have been made in applying surface-sensitive tech-
niques in unraveling the chemical reaction on the metal
surfaces in catalysis [28-30]. Most of these techniques
can be readily used in the field of corrosion. It is
expected that significant advances in the theoretical
and practical understanding of the mechanisms of
corrosion and corrosion inhibition will arise from the
use of these surface analytical tools [31-37].

The aim of the present study was to investigate
synergistic corrosion inhibition for the combination of
aminotrimethylidene phosphonic acid (ATMP), Zn**
and Tween 80. The synergism was evaluated by OCP
time measurements, potentiodynamic polarization and
impedance measurements. The anti-corrosive passive
film formed on the 304 SS was characterised with the
help of surface analytical techniques such as Lumi-
nescence Spectra, Fourier Transform-Infrared Spec-
troscopy (FTIR), X-ray diffraction technique (XRD),
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X-ray Photoelectron Spectroscopy (XPS) and Scanning
Electron Microscopy (SEM).

2 Experimental
2.1 Electrochemical techniques
2.1.1 Electrode preparation

The composition of 304 SS used was Cr — 18%, Ni—8%,
C - 0.07%, Mn - 1.72%, Si — 1.03%, P - 0.039%, S -
0.016% and Fe-balance. The material was cut into
pieces 1 x 1 x 0.3 cm in size for electrochemical
studies. Each piece was attached with a brass rod using
silver paste for electrical contact. Then the samples
were mounted on an epoxy resin in such a way that only
one side with 1 cm? surface area was exposed. The
mounted samples were polished successively up to 1000
grit SiC emery paper and final polishing was done with 6
and 1 ym diamond paste. The samples were degreased
with acetone and ultrasonically cleaned using deionized
water. This served as the working electrode. Ground-
water of composition given in Table 1 was used as the
medium. Its conductivity of ground water is
1690 uS cm™'. Electrochemical studies were carried out
in a conventional three-electrode cell consisting of a
platinum counter electrode, a saturated calomel refer-
ence electrode (SCE) and the working electrode.

2.1.2 Open circuit potential measurement

As soon as the samples were immersed in the elec-
trolyte, the initial potentials of the samples were noted
and monitored as a function of time until they reached
a steady value. Similar experiments were carried out in
the presence of the inhibitors, which were purchased
from Aldrich Co Ltd. The structures of the inhibitor
compounds are given in Fig. 1.

2.1.3 Polarization measurement

Polarization measurements were carried out using a
Bio-Analytical system electrochemical analyzer (BAS).

Table 1 Analysis of groundwater

Species Con./ppm
Total dissolved salts 1185
Total Alkalinity 330
Calcium 131
Magnesium 43
Chloride 279
Sulphate 130
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Fig. 1 The structure of inhibitor compounds (a) aminotrimethy-
lidene phosphonic acid and (b) Tween 80

The working electrode was depolarised to—1100 mV for
1 min to remove the native oxides on the surface and
was allowed to stabilize for an hour until a constant
potential was reached,; this is referred to as the corrosion
potential (E.o;). The cathodic and anodic polarization
curves for 304 SS specimen in the test environment were
recorded at a sweep rate of 1 mV s In all the cases the
potential was changed in the cathodic direction from the
corrosion potential to —1200 mV and the electrode was
left to attain the corrosion potential. Then the electrode
was anodically polarized up to 1600 mV. All the elec-
trochemical experiments were carried in nitrogen
atmosphere by purging with nitrogen gas.

2.1.4 Electrochemical impedance studies

Electrochemical impedance studies were carried out
using Solartron SI 1285 electrochemical interface
controlled by commercial software.

2.2 Surface characterization studies

The 304 SS specimens were immersed in blank, as well
as inhibitor solutions, for a period of 30 days. After
30 days, the specimens were taken out and dried. The
nature of the film formed on the surface of the metal
specimens was analyzed by various surface analysis
techniques.

2.2.1 Luminescence spectra

Luminescence spectra of the films formed were
recorded using a Perkin-Elmer LS5B fluorescence
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spectrophotometer equipped with a pulsed Xenon
lamp, attached to an IBM PC via an RS-232C inter-
face. The emission spectra were corrected for the
spectral response of the photomultiplier tube used.

2.2.2 FTIR spectra

The FTIR spectra were recorded using a Perkin-Elmer
1600 FTIR spectrophotometer.

2.2.3 X-ray diffraction technique

XRD patterns of the film formed on the metal surface
were recorded using a computer controlled Rigaku-
Denki RU 200 diffractometer with CuK, (Ni-filtered)
radiation (4 = 1.5418) at a rating of 40 kV, 20 mA.
The scan rate was 0.05-20° per step and measuring time
was 1 s per step.

2.2.4 XPS studies

The surface analysis of the passive films using XPS was
carried out to understand the nature and composition
of the passive films in the presence and absence of
inhibitors. Each electrode was immersed in ground-
water in the absence and presence of the optimum
concentration of inhibitor, and a current of
1.5 mA cm™ was applied to the cathodic direction for
15 min to reduce the oxides. Then the specimens kept
under open circuit potential for 1 h to the film to grow.
At the end of the experiment the specimens were re-
moved, washed with deionized water, dried using
purified argon and stored in an airtight desiccator until
they were used for XPS analysis.

The XPS analysis was performed with VG ESCA
LAB Mark II spectrometer using an Al K, X-ray
source with a mean kinetic energy of 1486.6 eV. All
the experiments were carried out at a vacuum of 10—
107 torr. The output of the photoelectron analysis was
obtained as binding energy versus intensity counts. The
high-resolution spectra were taken for O 1s, Fe 3s, N 1s
electrons. The profile analysis was made with an argon
ion pressure of 20 mPa, an applied voltage of 4.5 kV
and a current of 25 pA for 9 min.

The binding energy of the inhibited surface was
measured from the spectra obtained for the respective
elements and then the values were corrected with
respect to the reference C 1s binding energy value.
Data reduction was carried out by deconvoluting the
high-resolution composite XPS peaks of the individual
species of different oxidation states. This was done
using ORIGIN software.

2.2.5 Scanning Electron Microscopic studies (SEM)

After polarization measurements, the electrode was
removed from the cell, thoroughly washed with dis-
tilled water, cleaned with acetone, dried and observed
in a scanning electron microscope to examine pit
morphology. The metallographic examinations of the
304 SS were carried out using a Leica Stereoscan 440
computer controlled scanning electron microscope.

3 Results and discussion
3.1 Electrochemical techniques
3.1.1 Open circuit potential—time measurement

Table 2 gives the data of OCP—time measurements
for 304 SS in groundwater containing various inhibitor
systems. It is clear that the presence of ATMP, shifted
the OCP value in the noble (positive) direction i.e.,
-6 mV, indicating that the inhibitor controls the anodic
reaction. In the presence of Zn®* the OCP value was
found to be —187 mV, indicating that it controls the
cathodic reaction. Similarly the presence of Tween
80 also shifted the OCP value in the noble region
(<72 mV). The combination of ATMP (30 ppm) and
Zn** (50 ppm) shifted the OCP value to —20 mV
thereby indicating that this combination controls both
the cathodic and the anodic reaction. With the addition
of Tween 80 to the above mixture, the OCP value was
shifted to -4 mV indicating that this combination
predominantly controls the anodic dissolution of the
metals by forming a protective film which is responsi-
ble for the minor variations observed in the curves.

3.1.2 Polarization measurement

The cathodic and anodic polarization of 304 SS in
groundwater in the presence and absence of various
concentration of the inhibitor were carried out. Each
inhibitor was studied at eight different concentration
levels. In the case of ATMP the inhibition efficiency
was found to increase appreciably with increase in
inhibitor concentration up to 30 ppm, after which it
decreased. Similarly the optimum concentration of
Zn** and Tween 80 were also evaluated based on
inhibition efficiency and were found to be 50 and
150 ppm, respectively.

The polarization curve data of ATMP are shown in
Table 2. The corrosion potential (E.,) of 304 SS
shifted in the noble direction and a decrease in I, was
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Table 2 Polarization parameters of 304 SS in groundwater in the presence of combination of inhibitors

Inhibitor Concentration/ppm OCP/mV E o/ mV Torr X 10%/mA Ey/mV 1E/% Synergism
cm™ (s)

Blank - -171 -76 1.000 790 - -

Zn>* 50 -187 -70 0.370 800 63.0 -

ATMP 30 -006 -01 0.250 958 75.0 -

Tween 80 150 072 -14 0.500 908 50.0 -

Zn** + ATMP 50 + 30 -020 -10 0.062 1056 93.8 1.49

Zn** + ATMP + Tween 80 50 + 30 + 150 -004 =27 0.010 1095 99.0 3.10

IE - Inhibition efficiency

noticed with the addition of ATMP. In the presence of
Zn**, the polarization data were shifted towards the
region of lower current density (I.o;;). From the
polarization curves it can be inferred that Zn(OH),
formed on the metal surface retards the oxygen
reduction reaction and thus controls the cathodic
reaction of the metal. However, the combination con-
sisting of 30 ppm of ATMP and 50 ppm of Zn>*,
reduced 7., to 0.062 x 102 mA cm™ and also the
breakdown potential (E,) was shifted in the noble
direction, indicating that the dissolution of the metal
was reduced. There was a further decrease in I, with
the addition of 150 ppm of Tween 80. Thus a powerful
synergism was exhibited by the combination of these
inhibitors in ground water. The observed synergism
may be related to either interaction between the
inhibitor compounds or interaction between the
inhibitor compounds and one of the ions present in
the aqueous medium.

The synergism ‘s’ was calculated using the formula
[38] s = (i1i2)/(i1200) Where, iy, i, i1, are the current
densities associated with the additives 1, 2 and 1 + 2,
respectively; iy is the current density for the blank
solution. In the case of ternary system, iy, i, i1, rep-
resents the current densities corresponding to the
additives 1 + 2,3 and 1 + 2 + 3.

s approaches 1 when no interaction between the
inhibitor compounds exists. When s >1, this points to
synergistic effects. In the case of <1, the negative
interaction of inhibitors prevails (i.e., corrosion rate
increases).

The mechanistic aspects of the inhibition of 304 SS
in groundwater by ATMP, Zn®* and Tween 80 can be
explained in terms of complexation and adsorption.
Zn*" and phosphonic acid are able to form complexes
with iron surface. During the dissolution of iron, the
pH increases at the metal/electrolyte interface due to
oxygen reduction. Thus Zn(OH), precipitation may
take place at cathodic sites [7, 8] thus decreasing the
rate of further oxygen reduction.
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Addition of phosphonic acids (PA) reduces metal
dissolution; this may be due to adsorption and complex
formation at the surface [7-11, 39, 40]. With the
combined application of Zn** and ATMP, the corre-
sponding anodic and cathodic reactions of the metal
can be generalized as follows. The local cathodic re-
gion was inhibited by Zn** ion and the local anodic
region was inhibited by ATMP. The Zn-PA complex
diffuses from the bulk solution to the surface of the
metal and is converted into a Fe-PA complex, which is
more stable than Zn-PA [8]. The released Zn** causes
Zn(OH), precipitation at the local cathodic sites. Thus
the protective film consists of an Fe-PA complex and
Zn(OH),. The presence of Tween 80 induces hydro-
phobicity and may favor inhibitor dispersibility and
limit corrosion, which is evident from the increased
inhibition efficiency.

3.1.3 Electrochemical impedance studies

The impedance plots of 304 SS in groundwater with
various inhibitors are presented in Fig. 2. The EIS
parameters are given in Table 3. An increase in
polarization resistance and a decrease in capacitance
with the addition of Zn** to ATMP shows better
corrosion resistance. The decrease in capacitance is
due to the increase in complex formation at the
metal interface.

A significant synergistic effect was achieved by the
addition of the non-ionic surfactant Tween 80 to the
Zn*" + ATMP system. It can be postulated that
the long hydrocarbon part of Tween 80 ensures large
surface coverage. If the alkyl group is too long, the
hydrophobicity of the molecule increases which
promotes the surface activity of the molecule, thus
accounting for a considerable increase in Ej,. Thus
the addition of a surfactant to the Zn?* + ATMP
system provides an effective impervious barrier to
the dissolution of metal and thus affords corrosion
protection.
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Table 3 Impedance . Inhibitors Concentration/ppm  Polarisation resistance Capacitance/uF cm™
parameters of 304 SS in the % 10%kQ cm>
presence of different inhibitor
mixture in groundwater Blank _ 5738 81.68
Zn** 50 198.25 77.81
ATMP 30 325.30 67.70
Tween 80 150 152.32 79.99
Zn> + ATMP 50+30 788.05 59.32
Zn*> + ATMP + Tween 80 50 + 30 + 150 3932.05 35.10

3.2 Surface characterization
3.2.1 Luminescence spectra
The UV-luminescence emission spectra of the solid

Fe-ATMP complex excited at 360 nm is shown in
Fig. 3. The luminescence spectra of the films formed on
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Fig. 3 Luminescence emission spectra of solid Fe-ATMP
complex at Ay = 360 nm

the surface of the metal specimen immersed for a
period of 30 days in ATMP, ATMP + Zn** and
ATMP + Zn** + Tween 80 were recorded using an
exciting wave length of 360 nm (Fig. 4). The intensity
of the luminescence spectra of the film formed from
ATMP alone is weak compared to that of
ATMP + Zn** and ATMP + Zn** + Tween 80 sys-
tems. It has been postulated that several oxides of iron
are formed on the metal surface [8-10]. The composi-
tion of iron oxides minimizes the formation of complex
between Fe and ATMP and therefore the intensity of
the luminescence spectrum is found to be very weak
(Fig. 4a). In the presence of ATMP + Zn** and
ATMP + Zn?** + Tween 80, 93.8% and 99.0% inhibi-
tion efficiency was achieved, respectively, due to Fe—
ATMP complex formation which also accounts for the
increase in intensity of the luminescence spectra
(Fig. 4b, c).

3.2.2 Fourier Transform-Infrared spectra
(FTIR-spectra)

The FTIR Spectrum of ATMP is shown in Fig. 5. The
FTIR reflection spectrum of the ATMP and surface
passive film formed on 304 SS was recorded. The
results are shown in Fig. 6.

A characteristic feature of the ATMP molecule is
the prominent presence of the C-N absorption band.
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Fig. 4 Luminescence emission spectra of the surface film formed
on 304 SS in groundwater media at ., = 360 nm. (a) ATMP, (b)
ATMP + Zn** and (c) Zn>* + ATMP + Tween 80
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Fig. 5 Infrared transmission spectra of ATMP

The peak at 1145 cm™ is attributed to the C-N
absorption band while the peak at 1102 cm™ is due to
the P-O band. In the case of immersed test samples,
the C-N and P-OH were observed at 1105 and
930 cm™', respectively. This is probably due to the
decrease in electron cloud density of the C-N and P-O
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Fig. 6 Infrared reflection-absorption spectrum of the film
formed on the 304 SS substrate after immersion in the solution
containing the mixture of ATMP + Zn** + Tween 80

bands due to the shift of electron cloud density from N
and O atoms to Fe’*. As previously mentioned, the
corrosion inhibition of steel by Zn** is due to the for-
mation of Zn(OH), [41]. The band around 850 cm™’
may be assigned to the Zn—-OH bending mode. The
substitution of an OH group by a halogen shifts the
Zn—OH bending mode to lower frequency. Neverthe-
less, the presence of different bands in the region 780-
850 cm™! suggests the formation of compounds of
complex structure such as Zn,(OH), (Cl), [41].

3.2.3 X-ray Diffraction Technique (XRD)

The X-ray diffraction patterns of the surface film of the
SS specimens immersed in various test solutions is
given in Fig. 7. The peak due to iron appears at 26 =
44.3° and 65.3°. Peaks at 20 = 30.4°, 36° and 62.4° can
be assigned to oxides of iron. Thus, it is observed that
the surface of the metal immersed in groundwater
contains Fe30,4[42]. This indicates that in groundwater
the 304 SS specimen has undergone corrosion leading
to the formation of magnetite.

The XRD pattern for the sample immersed in
solution containing 30 ppm of ATMP + 50 ppm of
Zn** are given in Fig. 7b. The peak due to iron
occurs at 20 = 44.4° and 64.9°. The peaks corre-
sponding to I'-FeOOH appear at 20 = 36.9° and
61.5° [42]. The XRD pattern of the surface immersed
in solution containing 30 ppm ATMP + 50 ppm
Zn** + 150 pmm Tween 80 is given in Fig. 7c. The
peaks due to oxides of iron such as Fe;O,4 and
I'-FeOOH are absent and peaks due to iron alone are
observed at 20 = 44.4° and 64.9°.
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Fig. 7 XRD pattern obtained on the surface film formed on 304
SS at the end of 30 days in different environment. (a) Blank, (b)
Zn** + ATMP and (c) Zn** + ATMP + Tween 80

3.2.4 X-ray Photoelectron Spectroscopy (XPS)

During passivation, surface enrichment of alloy com-
ponents, monolayer formation and chemical states of
the film constituents can be investigated by surface
sensitive techniques [43-48]. XPS have been utilised to
study the chemical nature of the interface between
inhibitor and metal substrates.

3.2.4.1 Iron spectra XPS analysis was carried out in
the binding energy ranging from 690 to 740 eV in order
to elucidate the presence of iron components and their
oxidation states at the blank and inhibited surfaces.
The deconvoluted high-resolution spectra Fe P5, are
illustrated in Fig. 8.

Iron P;, energy level spectra, on deconvolution,
yielded three peaks at binding energy values of 706.8,
709.1, and 711.3 eV for Fe, Fe** and Fe®", respectively
(Fig. 8a). On argon sputtering, the composition of both
the possible oxide species, FeO and FeOOH decreased
(Fig. 8b), while the metal contribution increased from
just 20% to 40% indicating that oxides of iron are
present in the outermost layers of the passive film.
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Fig. 8 High resolution XPS spectra of iron in the passive film of
(a) passivated surface (b) sputtered surface and (c¢) inhibited with
ATMP + Zn>* + Tween 80 surface for 304 SS in groundwater
media

Several studies have reported that iron in the above
oxide forms exhibits similar binding energy values
when present in the passive film [49, 50]. The amount
of metallic iron and oxides of iron almost completely
vanish with the addition of the optimum concentration
of ATMP + Zn** + Tween 80 (Fig. 8c).

3.2.4.2 Chromium spectra The high-resolution pho-
toelectron spectra of Cr 2 P;, energy level was
recorded in the binding energy window 475-600 eV for
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Fig. 9 High resolution XPS spectra of chromium in the passive
film of (a) passivated surface, (b) sputtered surface and (c)
inhibited with ATMP + Zn>* + Tween 80 surface for 304 SS in
groundwater media

the blank and inhibited surfaces. Groundwater was
(without addition of inhibitor) considered as a base
line solution for the study. Figure 9 illustrates the high-
resolution XPS spectra of chromium Cr 2 P3, energy
level for 304 SS yielded four peaks. The peaks at
binding energy values of 576.3, 577.1 and 579.3 eV
correspond to Cr,O;, CrOOH/Cr(OH); and Cro7,
respectively. The metal peak at binding energy value of
574.4 eV is very small in comparison with the ampli-
tude of other peaks (Fig. 9a). The intensity of these
compounds is in the order CrOOH/Cr(OH); > -
CrOF > Cr,0; > > Cr. This indicates that the out-
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ermost layer of the passive film contains Cr(OH); as
the major constituent as reported by Brooks et al. [51].

On argon sputtering, the intensity of the Cr 2P,
energy levels was increased. The feature changes are
the enrichment of the Cr,O; phase at the inner layer
(Fig. 9b) and almost complete vanishing of the CrO3
peak. The intensity of Cr,O3 peak increases (25% of
Cr,0O5 in the inner layer) on ion sputtering indicating
that Cr,O;3 is present in the inner layers i.e., at the
metal-oxide interface. The ratio of Cr(OH)s; and
CrOj intensity to total chromium intensity decreases,
indicating that the outermost layer contains higher
amounts of Cr(OH); and CrO7 .

In all the above cases, chromium was found as
Cr’* and Cr°' in the various forms of oxide and
hydroxides at their respective binding energy values,
which is in agreement with earlier work [51, 52]. The
amount of chromium in metallic and oxide form almost
completely vanish with the addition of the optimum
concentration of ternary inhibitor (Fig. 9¢).

3.2.4.3 Oxygen spectra Three types of chemical states
of oxygen can be distinguished in the altering shape of
the O 1s line related to the O-Fe (530.2 eV), OH-Fe
(5314 eV), O-P (5323eV) and adsorbed H,O
(533.2 eV) from the environment (Fig. 10a). After
argon sputtering, the water molecule peak was
decreased, as depicted in Fig. 10b. The O-P peak was
observed with the addition of optimum concentration
of phosphonic acid (ATMP), while the concentration
of Fe-O and Fe-OH decreased simultaneously as
shown in Fig. 10b.

With the addition of Zn*" along with the ATMP, a
rapid decrease of the Fe 2p-signal intensity was
observed [50] (Fig. 10c). These observations, together
with the simultaneous increase of the phosphorous
signal, are consistent with growing inhibitor layer
thickness at this concentration ratio.

3.2.4.4 Nitrogen spectra Inhibited and uninhibited
specimens were scanned between 350 and 450 eV to
study the nitrogen present in the surface of the metal.
The deconvoluted high resolution spectra are illus-
trated in Fig. 11.

The nitrogen spectrum for inhibited surface of 304
SS is shown in Fig. 11b, the main peak at 401.6 eV
corresponding to Fe-N. There is no peak correspond-
ing to nitrogen on uninhibited surface (Fig. 11a). A
very weak signal for nitrogen with a count rate less
than 150 cts s™! is observed for the inhibited surface,
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Fig. 10 High resolution XPS spectra of oxygen in the passive
film of (a) passivated surface (b) sputtered surface and (c)
inhibited with ATMP + Zn>* + Tween 80 surface for 304 SS in
groundwater media

this confirms the formation of protective passive film
on the metal surface obviously due to the small con-
tribution of nitrogen in the inhibitor molecule. Thus,
the XPS studies of the passive film are useful to predict
the exact role played by the inhibitor in aiding the
stability of the passive film which in turn, accounts for
the improved corrosion resistance. In all the inhibited
cases, the counts of Cr, O, Fe and N are nearly constant
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Fig. 11 High resolution XPS spectra of nitrogen in the passive
film of (a) passivated surface and (b) inhibited with
ATMP + Zn** + Tween 80 surface for 304 SS in groundwater
media

after 10 min of Ar** sputtering, which indicates that
the passive film is homogeneous [53, 54].

3.2.5 SEM studies

To understand the nature of the surface film in the
absence and presence of inhibitors and the extent of
corrosion of 304 SS, the micrographs of the surface
after polarisation measurement are examined. The
size, number and distribution of pits over the metal
surface give a rough estimation of the stainless steel
resistance towards pitting attack. Although the initia-
tion and growth of the pits largely depend upon the
environment, the inhibitor combination played a major
role.

The higher magnification of the pits on 304 SS is
carried out by SEM studies (Fig. 12). The SEM
micrograph (Fig. 12a) focuses a single pit whose
diameter is around 3 um. In the presence of inhibitor
system, the pit was smaller even under the high mag-
nification shown in (Fig. 12b). The higher E;, potential
observed in this inhibitor substantially supports the
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Fig. 12 Scanning Electron Micrographs (SEM) of 304 SS (a)
uninhibited surface (b) inhibited surface (¢) complex formation
of ATMP + Zn>* + Tween 80

evidence for this observation. This is mainly due to the

formation of complex on the surface of the metal.
Among the various combination of inhibitor system,

ATMP + Zn** + Tween 80 combination is chosen for

@ Springer

SEM studies because of its best inhibition efficiency for
304 SS as evident from the electrochemical and surface
analytical measurements. Figure 12c indicated that in
the presence of ATMP + Zn** + Tween 80 mixture,
the surface coverage increases which in turn results in
the formation of insoluble complex on the surface of
the metal. In the presence of ATMP + Zn** + Tween
80, the surface is covered by a thick layer of inhibitors
which effectively control the dissolution of 304 SS.

4 Conclusion

A formulation consisting of Zn**, ATMP and Tween
80 can be used as a potent inhibitor to prevent the
pitting corrosion attack of 304 SS in ground water
media.

e Significant synergism was attained by the combined
application of ATMP, Zn>* and Tween 80 of 0.3:
0.5: 1.5 ratio.

e The concentration dependence of inhibition effi-
ciency were found to be the same for both ac and dc
measurements.

e Surface analytical studies such as luminescence
spectra, FTIR, XRD, XPS and SEM studies
revealed that the film is composed essentially of
iron phosphonate complex.

e FElectrochemical measurements coupled with sur-
face analytical techniques proved to be effective
means of characterizing the enhanced inhibitive
effect of phosphonic acid and Zn®* along with
surfactants on the corrosion of 304 SS in aqueous
media.
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