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Abgtract

Rain water running down from the terrace was stored in concrete tanks and used for the study. The inhibition efficiency (1E)
of sodium dodecy! sulphate (SDS) in controlling corrosion of carbon steel immersed in rain water in the presence of Zn?* and 1-
hydroxyethane-1,1-diphosphonic acid (HEDP) has been evaluated by weight loss method. SDS accelerates the corrosion rate.
SDS-Zn* system also accelerates the corrosion rate. Interestingly the SDS-Zn*-HEDP system shows excellent IE. The SDS
(150 ppm) - Zn?* (50 ppm) system iscorrosive. When 50 ppm HEDP is added the |IE becomes 80% The HEDP (100 ppm)
- Zn? (50 ppm) system has only 65% IE. When 100 ppm of SDS is added, IE increases to 93%. The protectivefilm consists
of Fe*-SDS complex, Fe?*-HEDP complex and Zn(OH), as revealed by FTIR spectra. The HEDP-Zn?** system shows good IE.
The protective film consists of Fe**-HEDP complex and Zn(OH),. Rain water along with these formulations may be used in

cooling water systemsin various industries.
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Introduction

Now a days water is considered as a rare commaodity.
Thereisscarcity for water to be used in houses and industries.
Thereisadriveto harvest therain water and storeit in concrete
tanks. This harvested-rain water along with inhibitors may
be used in cooling water system in various industries.
Phosphonic acids have been widely used ascorrosion inhibitors
in cooling water systems due to their hydrolytic stability,
scaleinhibiting property, ability to form complexeswith metal
ions and low toxicity. Among the phosphonic acids, 1-
hydroxyethane-1,1-diphosphonic acid (HEDP) has attracted
the attention of several researchers[1-4]. The use of sodium
dodecyl sulphate (SDS), an anionic surfactant, as corrosion
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inhibitor has been reported [5-7]. Effect of metallic cations
on corrosion inhibition of SDSfor carbon steel in hydrochloric
acid has been reported [5]. Corrosion inhibition of carbon
steel by non-ionic polyoxyethyene (80) monopal mitate,
cationic N-cetyl-N,N,N-trimethylammonium bromide
(CTAB) and anionic SDSin seawater has been evaluated by
weight — loss method, correlated with adsorption
measurements and X-ray analysis. At very low surfactant
(SDS) concentration, the corrosion is inhibited to a certain
extent due to the adsorption of the surfactant molecules on
the steel surface. An increase in the inhibitory action was
observed when the concentration of the surfactant in the
corrosive solution approaches to the critical micelles
concentration values[6]. The synergistic corrosion inhibition
by the SDS-Zn?* system in controlling corrosion of carbon
steel immersed in the environment containing 60 ppm of CI-
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has been evaluated by weight loss method. The influence of
pH, Na,SO, and immersion period on theinhibition efficiency
of the SDS-Zn? system hasbeeninvestigated. The protective
film has been analysed by FTIR and fluorescence spectroscopy
[7]. The present work isundertaken (i) to evaluate the utility
of harvested-rain water in cooling water systems in the
presence of inhibitors such asHEDP, Zn?* and SDSand (ii) to
analyse the protective film using FTIR spectroscopy and
(iii) to study the mechanistic aspects by polarization
study and AC impedance spectra.

Experimental

Rain water, running down from terrace was collected and
stored in concretetanks. Thiswater used in the present study.
The various parameters of this water are given in Table 1.

Table 1. Physico chemical parametersof harvested rainwater

Parameter Value
pH 8.87
Conductivity 122 u mhos/cm
TDS 55 ppm
Chloride 0 ppm
Sulphate 0 ppm
Total hardness 20 ppm

Preparation of the specimens

Mild steel specimens [iron containing 0.02% S, 0.06% P,
0.4% Mn and 0.1% C] of dimensions1.0x 4.0x 0.2 cm were
polished to amirror finish and degreased with trichloroethylene
and used for the wei ght-loss method and surface examination
studies.

Weight — loss method

Mild steel specimens, intriplicate, wereimmersed in 100
ml of the solutions containing various concentrations of the
inhibitor in the absence and presence of Zn?*, for three days.
The weight of the specimens before and after immersion was
determined using a Mettler balance, AE-240. The corrosion
inhibition efficiency (1E) wasthen cal culated using the equation.

IE=100[1-W,/W.] %
Where W, = corrosion rate in the absence of inhibitor
W, = corrosion rate in the presence of inhibitor

Surface examination study

Themild steel specimenswereimmersed invarious
test solutions for aperiod of three days. After three days, the

specimens were taken out and dried. The nature of the film
formed on the surface of the metal specimens was analysed
by various surface analysis techniques.

FTIR spectra

These spectra (KBr) were recorded in Perkin Elmer —
1600 spectrophotometer.

Resultsand Discussion

The efficiencies of sodium dodecy! sulphate (SDS), Zn?*
and 1-hydroxyethane-1,1-diphosphonic acid (HEDP) in
controlling corrosion of carbon steel immersed in harvested —
rain water are given in Tables 2 to 5. It is observed that
various concentrations of SDS (50 ppm to 300 ppm) accelerate
corrosion. Similarly in the presence of 50 ppm of Zn?* also,
SDSacceleratescorrosion.

Table 2. Corrosion Inhibition efficiency (1E) offered by SDS
and Zn? to carbon steel immersed in rain water Immersion
period : 3 days

IE %

SDrﬁ Zn?, ppm
PP 0 50

50 -ve -ve
100 -ve -ve
150 -ve -ve
200 -ve -ve
250 -ve -ve
300 -ve -ve

Table 3. Corrosion inhibition efficiency offered by HEDP to
carbon steel immersed in rain water Immersion period : 3 days

HEDP IE
ppm %
50 6
100 50
150 72
200 88
250 92

Table 4. Corrosion inhibition efficiency offered by HEDP
system to carbon steel immersed in rain water Immersion
period : 3 days

= DS HEDP IE
ppm ppm ppm %
50 150 50 80
50 150 100 95
50 150 150 96
50 150 200 96

50 150 250 98
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Table 5. Corrosion inhibition efficiency offered by the Zn?-
HEDP system to carbon steel immersed in rain water
Immersion period : 3 days

zn** HEDP IE
ppm ppm %
50 50 31
50 100 65
50 150 70
50 200 95
50 250 98

Interestingly when various concentrations of HEDP are
added to the Zn?* (50 ppm) — SDS (150 ppm) system very
excellent corrosion inhibition efficiencies are noted. As the
concentration of HEDP increases, the | E also increases. The
Zn?* (50 ppm) — SDS (150 ppm) — HEDP (250 ppm) has
98% IE. Comparison of the results found in Tables 4 and 5
revealsthat the|E of the Zn**-HEDP system isimproved by
the addition of 150 ppm of SDS.

Influence of SDSon the inhibition efficiency of the Zn?
(50 ppm) —HEDP (100 ppm) system

The influence of SDS on the |E of the Zn?* (50 PPM) —
HEDP (100 ppm) system is shown in Fig.1. It reveals that
when 50 ppm of SDS isadded, the | E decreases from 65% to
60%. When 100 ppm of SSD isadded |E isvery high, ie 98%
further addition of SDSdlightly lowersthe lE. Itissuggested
that up to 100 ppm of SDS, an anionic surfactant exists as
monomer. After thisconcentration, several moleculesof SDS
aggregateto form micelles. Hencethe amount of SDS present
on the metal surface decreases, leading to a decrease in |E.
Further, after the formation of micelles, the surface tension of
the solution increases. The amount of Zn**, HEDP and SDS
transported from the bulk of the solution towards the metal

/\/
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Fig.1. Influence of SDS on the inhibition efficiency of the
Zn? (50 ppm ) — HEDP (100 ppm) system

surface decreases and hence adecreasein |E. Itisinteresting
to note at higher concentration of SDS, namely, at 250 ppm,
thereisincreasein |E. Itissuggested that at thisconcentration,
reverse micelleformation may take place. Further investigation
will lead to interesting facts.
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The FTIR spectrum of pure HEDP is shown in Fig.2a
The P-O stretching frequency of the phosphonic acid appears
at 1119 cm®. The formulation consisting of 50 ppm of Zn?*
and 100 ppm HEDP has 65% IE (Table 5). FTIR spectra
analysis(Fig.2b) of thefilm (KBr) formed on the metal surface
revealsthat the P-O stretching frequency has decreased from
1119 cm™* to 1095 cmrt. Thisshift iscaused by the decreased
of the electron cloud density of the P-O bond. Due to the
shift of the electron cloud density from the oxygen atom to
Fe*, it is suggested that oxygen atom of the phosphonic acid
iscoordinated to Fe*, resulting in the formation of Fe?*-HEDP
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complex on the anodic sites of the metal surface. The peak
at 1380 cm* is due to Zn(OH), formed on the cathodic sites
of the metal surface [3, 8-10].

The FTIR spectrum of pure SDSis shown in Fig.2c.The
aliphatic C-H stretching frequency appearsat 2846 cmr. The
peaks due to S-O-C stretching appear at 762.4, 830.3, 918.5
and 995.9 cmt. The S=0 stretching frequency absorbs at
1227 cm™.

The formulation consisting of 50 ppm of Zn?*, 100 ppm
of HEDP and 100 ppm of SDS shows 98% IE (Fig.1). FTIR
spectral analysis (Fig.2d) of thefilm (KBr) revealsthat the P-
O stretching frequency of HEDP has decreased from 1119 cmr
110 1042 cm™. This suggests the formation of Fe?*-HEDP
complex on the anodic sites of the metal surface. The S=O
stretching frequency has decreased from 1226 cm? to 1222
cmt. This suggests that the electron cloud has shifted from
S=0 towards Fe*, resulting in the formation of Fe**-SDS
complex ontheanodic sites of themetal surface. The band at
1360 cm* is due to Zn(OH), formed on the cathodic sites of
the metal surface.[3, 8-10].

Analysis of potentiostatic polarization curves

The polarization curves of carbon steel immersed in
rain water in the absence and presence of inhibitors are
shown in Fig.3. The corrosion parameters are given in
Table 6. When carbon steel is immersed in rain water the
corrosion potential is -710 mV vs SCE. In the presence of
the inhibitor system (50 ppm of Zn?* 100 ppm of HEDP
+ 100 ppm of SDS) the corrosion potential is shifted to
the anodic side (-535 mV vs SCE). Thissuggests that in
the presence of Zn?* More of the inhibitors, namely, SDS
and HEDP are transported towards the metal surface and
deposited on the anodic sites as Fe**-SDS complex and
Fe?*-HEDP complex. The anodic and cathodic Tafel slopes
areamost equal (60 mV and 62 mV). This suggests that
this formulation function as a mixed inhibitor controlling
the anodic reaction and cathodic reaction almost equally.

Table6. Corrosion parameters of carbon steel in rain water
in the presence of inhibitors

Sysem mI\E/w:/s b be
SCE mv mv
Rain water -710 270 215

Rain water +2Zn** 50
ppm+ HDEP 100 ppm -535 60 62
+DS 100 ppm
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Fig. 3. Potentiostatic polarization curves of carbon steel
immersed in various test solutions
a rainwater
b) rainwater + Zn?* 50 ppm + HEDP 100 ppm + SDS
100 ppm

Analysis of AC Impedance spectra

The AC impedance spectra of carbon steel immersed
in various test solution are shown in Fig.4. The charge
transfer resistance (R) and double layer capacitance (C,)
are given in Table 7. When carbon steel is immersed in
rain water, the R value is 930&! cm® and C, value is
0.345x 103 m F cm2. In the presence of inhibitor system
(50 ppm of Zn**+100 ppm of HEDP+100 ppm of SDS), the
R, vaueincreases (1680 &! cm?) and the C, value decreases
(0.153 x 10 % ). Thisconfirmsthe formation of a protective
film on the metal surface.

Table 7. AC impedance parameter of carbon steel.

System R ? cm®* Cy uFcm?
Rain water 930 0.345 x 10°

Rain water +Zn*"50
ppm+ HDEP 100 ppm 1680 0.152x 10

+SDS 100 ppm
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Fig. 4. AC Impedance spectra of carbon steel immersed in
various test solutions
a rainwater
b) rainwater + Zn?* 50 ppm + HEDP 100 ppm + SDS
100 ppm

Conclusions

Sodium dodecy! sulphate (SDS) accel eratesthe corrosion
rate of carbon steel immersedintherainwater. The SDS-Zn?
system also accel eratesthe corrosion rate. | nterestingly when
HEDP is added to the SDS-Zn?" system excellent inhibition
efficiency is observed. The protective film consists of Fe*-

HEDP complex, Fe**-SDS complex and Zn(OH),. The HEDP-
Zn? has excellent |E. The protective film consists of Fe**-
HEDP complex and Zn(OH),. Rain water along with this
formulation may be used in cooling water systemsin various
industries.
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