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Abstract
Sodium tungstate was examined as corrosion inhibitors for carbon steel in 3.5 % NaCl solution using potentiodynamic
polarization and electrochemical impedance spectroscopy methods. The inhibition efﬁciencies obtained from all methods
employed are in good agreement with each other. The results obtained revealed that Sodium tungstate inhibits the
corrosion of carbon steel in the investigated corrosive medium and the inhibition efficiency reached to81.9 %.
Polarization curves reveal that Sodium tungstate can be classiﬁed as mixed inhibitor type.
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1. Introduction
Carbon steel is one of the most widely used engineering three types: (i) inorganic inhibitors, (ii) organic inhibitors,
materials in pipelines for the transmission of water, and (iii) mixed-substance inhibitors [11, 12]. Inorganic
petroleum products and chemicals, as well as for vessels compounds such as chromate, phosphate, molybdate [13used in oil and gas production systems. This is because 14], nitrite and nitrate [15] compounds are widely used as
carbon steel has excellent mechanical properties and low corrosion inhibitors in several media and for various types
cost [1-5], therefore it is extensively used under different of metals and alloys.
conditions in petroleum industries [6]. Carbon steel can be
In this work, the inhibition performance of Sodium
defined as steel that contains only residual amounts of tungstate for carbon steel in 3.5 % NaCl was investigated
elements other than carbon. The carbon steel often using potentiodynamic polarization and electrochemical
contains carbon content equals to or less than 0.35 wt.% to impedance spectroscopy (EIS).
facilitate welding and is usually classified according to its
2. Experimental
carbon content into three categories. Steels of less than
2.1. Materials
0.25 wt.% carbon are often referred to as mild steel and
Sodium tungstate hydrated (96%) from Nice India and
have high strength. Low carbon steels contain too little Sodium Chloride Alpha chemika India
carbon (below 0.15 wt.% carbon) to acquire hardening,
2.2. Chemical composition of carbon steel sample (Cwhile medium carbon steels contain about 0.25–0.35 wt.% steel 316).
carbon to achieve higher strength [7]. Corrosion is
AISI 316 Stainless Steel vs. ASTM A36 Carbon Steel:
described as the deterioration of metallic materials by an Both AISI 316 stainless steel and ASTM A36 carbon steel
electrochemical process or the steady eating away of are iron alloys. They have 67% of their average alloy
metals by the effect of an aggressive environment.
composition in common. There are 28 material properties
Among the numerous procedures for metal protection with values for both materials. Properties with values for
against corrosion, the use of corrosion inhibitors is the just one material (4, in this case) are not shown.
most practical method owing to its advantages of
Type 316 is an austenitic chromium-nickel stainless
economy, high efficiency, and wide applicability in steel containing molybdenum. This addition increases
various fields [8, 9]. Corrosion inhibitor is any chemical general corrosion resistance, improves resistance to pitting
substance which reduces the deterioration of metal by the from chloride ion solutions, and provides increased
effect of its surroundings when added to the medium strength at elevated temperatures. Properties are similar to
(usually in small amounts) [10]. An inhibitor to be those of Type 304 except that this alloy is somewhat
effective, it must displace water from the vicinity of the stronger at elevated temperatures.
metal surface then interact with the anodic and/or cathodic
2.3. Potentiodynamic polarization.
sites therein, modify electrochemical reactions by their
Potentiodynamic polarization method was used to
action from the solution side of the metal/solution determine the anodic and cathodic polarization curves of
interface and increases corrosion resistance. An efficient carbon steel in 3.5 % NaCl in absence and presence of
corrosion inhibitor should have high free energy of different concentrations of inhibitors. E vs. log I curves
adsorption on a metal surface to form adsorbed film which recorded. The corrosion kinetic parameters such as
impede ongoing electrochemical dissolution reactions by corrosion current (Icorr), corrosion potential (Ecorr),
reducing or preventing contact with the solution. Inhibitors cathodic Tafel slope (βc), and anodic Tafel slope (βa) were
can be divided according to their chemical nature into derived from the Tafel curves.
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βa), corrosion current density (Icorr) achieved from the
extrapolation of the anodic and cathodic polarization
curves, corrosion rate (Cr) and inhibition efficiency (IE %)
were computed and presented in Table 1.
The inhibition efficiency (IE %) and the degree of
surface coverage (θ) were calculated as follow:
IE % = [(Icorr"free" – Icorr"inh") / Icorr"free"] x 100
(θ) = IE % / 100
Where, Icorr"free and Icorr"inh" are the corrosion current
densities for carbon steel electrode in absence and
presence of the inhibitor [16, 17].

2.4. Electrochemical impedance spectroscopy (EIS).
The same electrode of C-steel used in potentiodynamic
polarization was also used. Each experiment was
performed on new polished electrode using a new
prepared electrolyte.
3. Result and discussion
3.1. Potentiodynamic polarization technique
The representative potentiodynamic polarization curve
of carbon steel in carbon steel in 3.5 % NaCl solution in
the absence and presence of various concentrations of the
inhibitor is shown in Fig.1.
Some corrosion kinetics parameters, such as corrosion
potential (Ecorr), cathodic and anodic Tafel slopes (βc &
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Fig (1): Potentiodynamic po1arization curves of carbon steel in 3.5% NaC1 so1ution in absence and presence of
different concentrations of Sodium tungstate
Tab1e (1): Corrosion parameters of carbon stee1 in 3.5% NaC1 so1ution in absence and presence of different
concentrations of Sodium tungstate.
Conc.

βa

βc

Ecorr,

I corr

Cr

(M)

(V/decade)

(V/decade)

(V)

(A)

(mm/year)

free

0.1219

0.14722

-0.43809

0.000227

7.1833

0.1

0.1677

0.14903

-0.42

4.50E-05

1.2796

80.18

0.801

0.01

0.16126

0.16376

-0.41205

4.91E-05

1.4477

78.37

0.783

0.001

0.13845

0.13918

-0.43857

5.00E-05

1.856

77.9

0.779

0.0001

0.13125

0.12346

-0.45215

5.12E-05

1.8877

77.4

0.774

IE%

Data in Table. 1. Reveals that, when the concentration
of this inhibitor was increased, the inhibition efﬁciencies
increased while the corrosion current densities decreased.
This increase in inhibition efﬁciency with increasing
inhibitor concentration indicated that this compound was
acting as an adsorption inhibitor. The inhibitive action of
this compound was discussed in terms of blocking the
electrode surface by adsorption of the molecules through
the active centers contained in its structure.
This inhibitor cause change in the anodic and cathodic
Tafel slopes and no deﬁnite trend was observed in the shift
of Ecorr values in the presence of different concentrations
of this inhibitor, suggesting that this compound behaves as

θ

mixed-type inhibitors. The values of the cathodic Tafel
slope (βc) and the anodic Tafel slope (βa) for the inhibitor
were shifted slightly. The slight variations in the Tafel
slope suggested that the synthesized inhibitor is blocking
the cathodic and anodic sites without changing the
corrosion mechanism [18, 19].
3.2. E1ectrochemica1 impedance spectroscopy (EIS)
technique.
Figs (2.) Nyquist diagrams of carbon steel in carbon
steel in 3.5 % NaCl solution in absence and presence of
different concentrations of the inhibitor at 25 oC. The
impedance diagram shows the same trend (one capacitive
loop), however, the diameter of this capacitive loop
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increases with increasing concentration of inhibitors while
the straight line in the impedance of blank
The inhibition efficiency (IE %) and the degree of
surface coverage (θ) were calculated using charge transfer
resistance as follow [20]:
IE % = [(Rct"inh"-Rct"free") / Rct"inh"] x 100
(θ) = IE % / 100
Where, Rct"free" and Rct"inh" are the charge transfer
resistance values in the absence and presence of inhibitors

for C steel in carbon steel in 3.5 % NaCl. The impedance
parameters obtained by ﬁtting the EIS data to the
equivalent circuit. The degree of surface coverage (Ө) and
the inhibition efﬁciency percentage (IE %) were listed in
Table 2. It was found that, the concentration of inhibitors
increased, the Rct values increased. The increase in Rct
value is due to the adsorption of inhibitor on the metal
surface [21].
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Fig (2): Nyquist diagrams of carbon stee1 in 3.5% NaC1 so1ution in absence and presence of different concentrations
of Sodium tungstate.
Tab1e (2): Impedance of carbon stee1 in 3.5% NaC1 so1ution in absence and presence of different concentrations of
Sodium tungstate.
RS. (Ω)
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80.15
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4. Conclusions
1. The inhibitor acted as good corrosion inhibitors for carbon steel in carbon steel in 3.5 % NaCl
2. Polarization curves indicated that the inhibitor acted as mixed-type inhibitor for carbon steel in carbon steel in 3.5
% NaCl
3. The corrosion inhibition increased with increasing the inhibitors concentration.
4. E1ectrochemica1 impedance spectroscopy (EIS) and potentiodynamic polarization measurements gave similar
results.
5. The concentration of inhibitors increased, the Rct values increased due to the adsorption of inhibitor on the metal
surface
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