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Abstract

The formulation consisting of 50ppm ATM and 300ppm
Mo03~ had only 32 per cent efficiency in inhibiting the
corrosion of mild steel immersed in a neutral aqueous
environment containing 60ppm C1-, whereas the ATMP
(50ppm) — Mo03- (300ppm) — Zn2* (50ppm) system had
96 per cent inhibition efficiency. The lower inhibition
efficiency in the former case was due to the dissolution of
the protective film formed on the metal surface, and
getting precipitated in the bulk of the solution; this system
controlled the anodic reaction only. The latter system
controlled both the anodic and cathodic reactions; the
dissolution of the protective film formed on the metal
surface was reduced to a greater extent.
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Several studies on the use of phosphonic acids
as corrosion inhibitors have been reported in
the literature[1-12]. They have been widely
used as water treatment agents because of
their low toxicity, high stability for hydrolysis,
and high scale-resistance activity and corro-
sion inhibition activity in neutral agueous
media. They show synergistic effect with
molybdate[6,11] and Zn2*[2-7]. Our earlier
work[12] revealed that the formulation con-
sisting of 50ppm ATMP and 300ppm MoOf‘
had only 32 per cent inhibition efficiency in
controlling the corrosion of mild steel ina
neutral agueous environment containing
60ppm CI~, while the formulation consisting
of 50ppm ATMP, 300ppm MoO?- and
50ppm Zn2* offered 96 per cent inhibition
efficiency. The present study is undertaken to
investigate the factors which have led to such
a vast difference in the inhibition efficiencies,
in the light of uv-visible, FTIR and lumines-
cence spectral studies.

Experimental

Uv-visible spectra

Uv-visible absorption spectra of solutions
were recorded using a Hitachi U-3400 spec-
trophotometer.

FTIR spectrum

FTIR spectrum was recorded in a Perkin-
Elmer 1600 FTIR spectrophotometer having
a resolving power of 4cm1,

Luminescence spectra

Luminescence spectra were recorded in a
Hitachi F-4500 fluorescence spectropho-
tometer.

Results and discussion

Analysis of uv-visible spectra
The uv-visible absorption spectra of various
test solutions are given in Figure 1. The
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Figure 1 uv-visible absorption spectra of various test solutions: (a) ZN2*
50ppm; (b) Mo03~300ppm; (c) MoO2~ 300ppm + Fe2* 10ppm; (d) Mo03~
300ppm + Fe?* 50pm; (e) MoO3~ 300ppm + Fe?* 100ppm; (f) MoOZ~
300ppm + Fe2* 50ppm + Zn?* 50ppm:; (g) filtrate (20 times diluted) of the
ATMP-Mo03- system; (h) solution (20 times diluted) of the ATMP-MoOZ~
— Zn?* system
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uv-visible absorption spectrum of the solution
containing 50ppm Zn2* is given in Figure 1a.
The uv-visible spectrum of the solution con-
taining 300ppm Mooﬁ— is given in Figure 1b.
An identical spectrum (Figure 1b) was
obtained for the solutions each containing
300ppm MoOZ~ 10ppm Zn?*, 300ppm
MoO3~ 50ppm Zn?* and also 300ppm
MoO3~ 100ppm Zn?*. This suggests that a
loosely held Zn?*-MoO2- complex was
formed in solution.

The uv-visible spectra of the diluted solu-
tions (since the absorption was very high) of
various MoO3~-Fe2* systems are given in
Figure 1c,d,e. These spectra suggest the
formation of Fe?*-MoO3- complex in solu-
tion.

The uv-visible absorption spectrum of the
solution (diluted) containing 300ppm
MoO?-, 50ppm Zn2* and 50ppm Fe?* (Figure
1f) resembles that of the Fe?*-MoO3- system.
This suggests that MoOZ~ prefers Fe?* to Zn?
for coordination.

Comparison of ATMP-MoO?- system and
ATMP-MoOZ~-Zn?* system

Our previous study[12] revealed that the
formulation consisting of 60ppm CI-, 50ppm
ATMP and 300ppm MoOf‘ had only 32 per
cent inhibition efficiency whereas the formu-
lation consisting of 60ppm CI~, 50ppm
ATMP, 300ppm MoO3~ and 50ppm Zn?*
had 96 per cent inhibition efficiency. To

understand the reason for such a vast difference
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in the inhibition efficiencies, the following
experiment was carried out.

Muild steel specimens were immersed in the
above environments for a period of two days.
Then the solutions in the beakers were sub-
jected to the following experiments.

1. ATMP-Mo03--Zn?* system

The solution in the beaker was very clear and
colourless. Its absorption spectrum (20 times
diluted) is given in Figure 1h. This spectrum
resembled that of the Fe?*-MoO3~ system. It
suggests the presence of iron molybdate
complex in solution.

2. ATMP-Mo0Q3-system

The solution in the beaker was turbid and
brown in colour. It was filtered. The uv-visible
absorption spectrum of this solution (20 times
diluted) is given in Figure 1g. It also resem-
bled that of iron-molybdate complex. The
residue was brown in colour. Its FTIR spec-
trum is given in Figure 2.

Analysis of FTIR spectrum

Itis observed from Figure 2 that the P-O
stretching frequency of AT MP decreased
from 1,002cm~! to 981.8cm~1; the C-N
stretching frequency decreased from
1,145cm 1 to 1,034cm1. It is suggested that
the O atom and N atom of ATMP have coor-
dinated with Fe2* resulting in the formation
of Fe2*-ATMP complex[1-7,13].

Itis also inferred from the spectrum that
the Mo-O frequency decreased from
818.1cm1to 763.6cm1. This suggests the
formation of iron-molybdate complex. Thus
itis inferred that the brown residue consisted
of iron-ATMP complex and iron-molybdate
complex.

Itis thus observed that in the ATMP-
MoO3- system (in the absence of Zn?*), the
iron complex formed on the anodic sites

Figure 2 FTIR spectrum of the residue of the ATMP-MoOf‘ system
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dissolved and went to the bulk of the solution,
where it was deposited.

In the presence of Zn2* (i.e. ATMP-
MoO2-Zn?* system), such precipitation was
avoided, since both anodic and cathodic
reactions were controlled.

It seems from the uv-visible spectra (Figure
1g,h) that the two solutions have more or less
the same intensity, suggesting that the amount
of iron-molybdate complex present in the two
solutions was the same. But it is expected that
the amount of iron molybdate complex
should be higher in the ATMP-MOOE‘ system
than in the ATMP-Mo00O3-Zn?* system. This
can be explained by the fact that a certain
amount of the iron molybdate complex pre-
sent in the solution became precipitated and
settled at the bottom of the beaker and hence,
a decrease in intensity was noticed.

Analysis of luminescence spectra

The luminescence spectra of the films formed
on the surface of the metals immersed in
various environments are given in Figure
3a,b,c,d.

The emission spectrum (A, = 359nm) of
the film formed on the surface of the metal
immersed in the environment consisting of
60ppm CI-, 50ppm ATMP and 300ppm
Mooﬁ— is given in Figure 3a. Peaks appeared

Figure 3 Luminescence spectra of the surface of the metal immersed in
various environments: (a) and (c) - 60ppm + ATMP 50ppm + Mo03~
300ppm; (b) and (d) CI~ 60ppm + ATMP 50ppm + MoQ2~ 300ppm + Zn?*
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at 519.4nm and 463.4nm. In the presence of
ZnZ* (Figure 3b), a hump appeared at
465nm; peaks appeared at 416.8nm and
437.6nm. In general, a remarkable increase in
intensity of the spectrum was noticed in the
presence of Zn2*. This suggests that the
formation of iron-ATMP complex and iron-
molybdate complex on the metal surface was
enhanced by the presence of Zn2*.

The corresponding excitation spectra (A,
=465nm) are given in Figure 3c,d. In the case
of ATM P—MoOf— system, peaks appeared at
323, 362 and 377nm; in the case of AT MP-
MoO2--Zn?* system, peaks appeared at 362
and 377nm. An increase in intensities of the
peaks was noticed in the presence of Zn2+.
This confirms the enhanced formation of the
protective film in the presence of ZnZ*,

Thus, analysis of luminescence spectra
confirms that the formation of the protective
film on the metal surface was enhanced in the
presence of Zn2*. This accounts for the higher
inhibition efficiency of the ATMP-MoO?~-
Zn2* system.

Conclusions

The ATMP (50ppm)-MoO2- (300 ppm)
system had only 32 per cent inhibition effi-
ciency. The lower inhibition efficiency of this
system was due to the dissolution of the pro-
tective film formed on the surface of the
metal, going to the bulk of the solution and
becoming precipitated. This system con-
trolled the anodic reaction only.

The ATMP (50ppm)-Mo0O3- (300 ppm)-
Zn2* (50 ppm) system had 96 per cent inhibi-
tion efficiency. This system controlled anodic
and cathodic reactions. The dissolution of the
protective film formed on the metal surface
was reduced to a greater extent. This
accounts for the higher inhibition efficiency of
the system.
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