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™ on the inhibition of

Synergistic effect of citrate ethylene diamine phosphonic acid (CEDPA) and Zn
corrosion of mild steel in water containing chloride ion of 60 ppm has been evaluated by weight loss,
potentiostatic polarisation and electrochemical impedance spectroscopic methods. The weight loss studies
have shown that neither the CEDPA nor Zn** has any inhibitive action individually but when they are
combined together because of synergistic effect they give higher inhibition efficiency with increase in
concentration. An optimal critical concentration of 200 ppm of CEDPA and 80 ppm of Zn™* has been
established to the maximium efficiency of 93 = 2%. Potentiostatic polarisation studies have confirmed this
system acts as a mixed inhibitor. X-ray diffraction technique, UV-VIS- NIR spectra and luminescence
spectra have revealed that this synergistic effect is due to the formation of Fe**-CEDPA complex on the
metal surface at a critical concentration ratio of 2.5:1.
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INTRODUCTION

Studics on the synergistic effect of phosphonic acids with
Zn** ion as corrosion inhibitor for mild steel in low chloride
mecdia have been reported in the literature [1-7]. Eventhough
several papers have discussed the use of aminotrimethylene
phosphonic acid (ATMP) [8], 2-carboxyethyl phosplonic
acid (2-CEPA) [9], hydroxy cthyl diphosphonic acid (HEDP)
[10] as corrosion inhibitors with Zn** in low chloride media,
there is no report on the use of CEDPA as corrosion inhibitor
in cooling waler systems.

In this study, synergistic cffcct of CEDPA and Zn®* in
corrosion inhibition of mild steel in low chloride media has
been studied by weight loss and clectrochemical methods.
Besides the nature of the film formed on the surface of the
metal has also been analysed by X-ray diffraction method,
UV-Vis rellectance spectra and luminescence emission
SPCC[FH‘
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EXPERIMENTAL
Materials

An aquecous solution of 60 ppm NaCl solution was used as
a blank. The concentration of CEDPA used for the inhibition
study was ranging from 50 ppm to 200 ppm. Zn** ions were
added to CEDPA in the form of sulphate
(ZnS0O, . TH,0). All the test solutions were adjusted to pH
7.00 = +0.1.

zinc

For weight loss measurements and surface examination
studies, mild steel specimens (0.02-0.03% S, 0.3-0.8% P,
0.4-0.5% Mn, 0.1- 0.2% C and rest Fe) of the dimensions
of 1 x 4 x 0.2 cm were used. The specimens were polished
to mirror finish and degreased with trichlorocthylene.

For electrochemical measurements, mild steel rod of the
above composition encapsulated in teflon with an exposed
arca of 0.1963 cm? was used as working electrode. The steel
surface was polished successively in 1/0 to 4/0 emery papers
and degreased with trichloroethylene.
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Weight loss measurements

The specimens were immersed in inhibitor solutions for a
period of seven days. The corrosion inhibition efficiency was
calculated from the change in weight loss.

Potentiostatic polarisation method

A (hree clectrode cell assembly was used. The mild steel
specimen was used as working clectrode, platinum foil as
counter clectrode and saturated calomel a reference clectrode
formed the three clectrodes. Polarisation studies were carried
out using potentiostat (EG & G 173), Universal Programmer
(EG & G 175) and X-Y rccorder (Rikadenki ZOIT) at a
sweep rate of 1 mV/sec.

Electrochemical impedance spectroscopy method

EIS measurements were performed with an A.C impedance
system (PAR Model 6310). The impedance measurcments
were carried out between 0.1 Hz and 10 kHz with a
perturbation amplitude of 10 mV with 5 data points per
decade. The frequency sweep was initiated at high frequency
and moved towards lower frequencies.

Surface examination studies

The polished mild steel specimens were immersed in solution
with and without inhibitor for two days. Aflter two days the
specimens were taken out and washed with distilled water
and dried. The dricd specimens were used for surface
examination studies.

X-ray diffraction technique

The XRD patterns of the film formed on the metal surface
were recorded using a computer controlled X-ray powder
dilfractometer, JEOL JOX 8030 with CuK_ (Ni filtered)
radiation at a rating of 40 KV, 20 mA. The scan ratc was
0.05-20° per step and the measuring time was Is per step.

UV-visible NIR ditfused reflectance spectra

UV-visible NIR diffused rellectance spectra of the film
formed on the metal surface was recorded using Hitachi
U-3400 spectrophotometer. The same instrument was used
for recording UV- vis adsorption spectra of aqucous
solutions.

Luminescence spectroscopy

Luminescence spectra of the film formed on the metal
surface were recorded using Hitachi 650-10 S fluorescence
spectrophotometer equipped with a 150 W xenon lamp and
a Hamamatsu R 929 F photomultiplicr tube. The cmission

spectra were corrected for the spectral response of the
photomultiplier tube used.

RESULTS AND DISCUSSION
Weight loss method

Table I shows the results of corrosion rate mcasured by
weight loss method for various combinations of CEDPA and
Zn** at room mmperauire in 60 ppm chloride solution.
CEDPA alone acts as an accelerator of corrosion of mild
steel in chloride media. An increase in corrosion rate was
observed with the increase of concentration of CEDPA.
Similar effect was also observed in the case of addition of
Zn** jons. Increase in concentration of Zn>* jons accelerated
the corrosion of steel. But a phenominal change was
observed in the combination of the two. The behaviour has
been changed from corrosion accelerator to that of corrosion
inhibitor. CEDPA:Zn** combination in the ratio 4:1 showed
an inhibition efficiency of 60% whereas 2.5:1 ratio gave the
maximum efficiency of 93 = 2%; 2:1 ratio showed only 75%
inhibition efficiency.

Potentiostatic polarisation method

The polarisation curves for the system 60 ppm CI7, and a
combination of 200 ppm CEDPA+80 ppm Zn*" are shown
The corrosion derived from the
polarisation mecasurements are given in Table II. The

combination shows an inhibition efficiency of 94%.

in Fig. 1. paramecter

TABLE I: Weight loss measurements
Corrosion rate of mild steel and inhibition efficiency

Conc of Conc of Corrosion Inhibition
CEDPA Zn™ rate mdd efficiency
(ppm) (ppm) (+0.01 mdd) % 2
0 0 20 —_—

50 0 20 -1
80 0 21 -4
100 0 22 -8
150 0 22 -12
200 0 23 -16
200 50 8 60
200 80 1 93
200 100 5 75
200 150 6 70
0 100 24 -19
0 80 22 -11
0 50 21 -4

162



MATHIYARASU et al. — Synergistic effect of citrate ethylene diamine phosphonic acid and Zn™ on the inhibition of corrosion

100
o~
5
@
o
2
=
o I
e
a
b
041 i | L | 1 | i
400 500 600 700 800
E,mV vs SCE

Fig. 1: Potentiostaiic polarisation curves a) 60 ppm CI
b) 60 ppm CI + 200 ppm CEDPA + 80 ppm Zni"*

Electrochemical impedance spectroscopy method

The electrochemical impedance measurements of mild steel
in 60 ppm CI7, and a mixture of 200 ppm CEDPA+80 ppm
Zn** are shown in Fig. 2. The parameters derived from the
Nyquist plots are given in Table III. The system comprising
of 200 ppm CEPDA+80 ppm Zn** combination shows the
highest value of R, [11] indicating that the combination is
highly effective. The inhibition efficiency calculated based
on the charge transfer resistance was also found to be 90%.
The surface coverage (0) was calculated from the double
layer capacitance C value using the following equation.

surface coverage 0 = 1-Cy,/Cy,

where C g, is the double layer capacitance with inhibitor and
C, is the double layer capacitance without inhibitor. The
system containing 200 ppm CEDPA+80 ppm Zn** showed
a surface coverage of 0.98 indicates that the mild steel
surface was completely covered by the complex.

Analysis of UV-vis absorption spectra

New peaks are observed at 300 nm, 260 nm and 210 nm for
the solution containing Zn**+CEDPA and Fe** + CEDPA

TABLE II: Polarisation studies
Corrosion parameters of mild steel

80
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Fig. 2: Nyquist plots for mild steel in a) 60 ppm (2,‘[_
b) 60 ppm CI + 200 ppm CEDPA + 80 ppm Zn""

(Fig. 3). Increase in absorbance is also noticed in both the
cases, but in the casc of CEDPA and Zn* no such peaks
are found. These observations indicate the formation of
Zn**-CEDPA complex [8] and also Fe**-CEDPA complex in

solution.
X-ray diffraction analysis

The XRD patterns of mild steel immersed in 60 ppm
chloride, 200 ppm CEDPA, 80 ppm Zn?* and a mixture of
200 ppm CEDPA+80 ppm Zn** solutions are given in Fig. 4.
With specimens immersed in 60 ppm chloride solution, in
addition to iron peaks (20 = 44.3, 64.6 and 82.0), pcaks due
to Fe;O, occurs at 20 = 29.8 and 35.1 [12,13]. With the
metal immersed in 200 ppm CEDPA, the peak due to
t-FcOOH occurs at 20 = 36.35 and the onc at 20 = 71.2 and
77.8 is due 1o Fe;0,. With the metal immersed in 80 ppm
Zn?’*, Fe,0, peak occurs at 20 = 34.51, 59.96. For the mixed
system, no additional peaks other than that of iron occur.
This confirms that the mild steel surface was completely
protected from corrosion.

Analysis of UV-vis reflectance spectra
The UV-visible diffused reflectance spectra were recorded

using the surface of the mild steel specimens immersed in
60 ppm CI” solution (5a), 200 ppm CEDPA (5b), 80 ppm

TABLE III: Impedance measurements
Corrosion parameters of mild steel

E, . o b, b, Inhibition System R, Cy Surface  Inhibition
System mV  (uA/01963em’®) mV  mV efficiency % (KOhm em™%) (uF em™%) coverage efficiency %
A -680 6.00 80.00 42.00 — A 1.611 1.018 — —
B -650 0.39 62.00 42.00 94.00 B 16.659 0.013 0.987 90

A = Blank (60 ppm chloride)

A = Blank (60 ppm CI")
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Zn** (5¢) and a mixture of 200 ppm CEDPA+80 ppm
Zn** (5d) were shown in Fig. 5. A band at nearly 550 nm
for the system 5a, 5b and Sc shows that the nature of the
layer on the surface is semiconducting. This is due to the
presence of iron oxides [14,15] on the surface of mild steel
specimens immersed in 60 ppm CI7, 80 ppm Zn** and
200 ppm CEDPA. But in the case of mild steel specimen
immersed in 200 ppm CEPDA+80 ppm Zn** mixture there
is no such base line decrease at 550 nm. This proves that
the individual systems 60 ppm CI°, 80 ppm Zn®* and
200 ppm CEDPA are corrosive.

Analysis of UV luminescence spectra

UV-visible luminescence emission spectra at A-max 403 nm
arc shown in Fig. 6. The spectra for the surface immersed
in CEDPA and Zn”* solutions are ncarly the same while

spectrum  of the surface immersed in CEDPA+Zn**
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Fig. 3: UV-visible absorption spectra of solutions
) 60 ppm CI” b) 200 ppm CEDPA  ¢) 80 ppm Zn’"
d) 200 ppm CEDPA + 80 ppm Zn"'
e) 200 ppm CEDPA + 100 ppm Fe*

combination is different from the other two. The pcak at
595 nm for mixed system the presence of
Fe?*-CEDPA complex. This is confirmed by preparing
Fe**-CEDPA complex also gave a peak at 595 nm. This
indicates the presence of Fe?-CEDPA complex on the
specimen immersed in a mixture of CEDPA+Zn** solution.

shows

CONCLUSION

*  Maximum corrosion inhibition efficiency of 93% was
achieved for mild steel immersed in 80 ppm Zn>* and
200 ppm for CEDPA mixture.

* The mixture of CEDPA+Zn>* formulaiions acts a mixed
inhibitor.

*  The complex formed on the surface of the metal was
identified as Fe**-CEDPA.
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Fig. 4: XRD patterns of surface films 5
a) 60 ppm CC b) 200 ppm CEDPA c) 80 ppm Zn""
d) 200 ppm CEDPA + 80 ppm Zn"" + 60 ppm CI”
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Fig. 5: UV-visible diffused reflectance spectra of
mild steel specimens immersed in

a) 60 ppm CI b) 200 ppm CEDPA ¢) 80 ppm Zn**

d) 200 ppm CEDPA + 80 ppm zn°* + 60 ppm CI*

REFERENCES

I Sckine and Y Ilirakawa, Corrosion, 42 (1986) 272

D Vanloyan, Werkstoffe and Korrosion, 40 (1989) 599

E D Mor and C Wrubl, Brit Corros J, 2 (1976) 199

P H Ralston, Mat Prot Perf, 11 (1972) 39

G B latch and P 11 Ralston, Mat Prot Perf, 11 (1972) 39

C C Nathan and C Della Rocca, Proc 4th Eur Symp Corros
Inhibitors, (1975) 294

Yu I Kuznetzov and A F Raskol Niknov, Zashch met, 28
(1992) 249

165

10.

11.

13.

14.

15

‘,\ hex =406 oM
]

el W
oy WA
- ‘C“\\ \J[\\J/\\ {\\
\ e — |
| N
i J\\Aﬁ e —— i;—’\\: {/“\ k
) o T
A e g |

WAVELENGTH {nm!

Fig. 6: Luminescence spectra of mild steel immersed in
a) 60 ppm CI” b) 200 ppm CEDPA c) 80 ppm Zn*
d) 200 ppm CEDPA + 80 ppm Zn Y+ 60 ppm CI
¢) Luminescence spectra of Fe’-CEDPA complex

. S Rajendran, B V Apparao and N Palaniswamy, Bull

Electrochem, 12 (1996) 15

. Guruswamy Gunasckaran, N Palaniswamy and B V Apparao,

Bull Electrochem, 12 (1996) 59

S Rajendran, Ph.D thesis, Gandhigram Rural Universily,
Gandhigram, (1996)

A El-Sayed, Corrosion prevention and control, 42 (1996) 27
M Yamashita, H Miyuki, Y Matsuda, II Nagano and
T Misawa, Corr Sci, 36 (1994) 283

M Favre and D Landolt, Corr Sci, 34 (1993) 1481

G Lfoley, J Krugen and C J Bechtold, J Electrochem Soc,
114 (1967) 936

M Sharon, G Tamizhamani and K Basaraswaran, Proc Indian
nat Sci Acad, 52 (1986) 311



