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Abstract
Aggressive halides environments (1M KCl and 1 M KBr solutions) were employed. Evaluation
is based on results of scanning electron microscope (SEM), exposition immersion tests (weight
loss measurements) and open-circuit potential measurements performed in 1M of different
halides solutions (free of halo-complex) and in presence of different concentrations (5 x 10–3 – 1
x 10–2 M) of copper (I) chlorides (halo-complex). The results indicate that, the increase of halocomplex concentration leads to decrease corrosion rate and increases the IE% values.
Examination of 316L stainless steel surface was conducted by using the scanning electron
microscopes where it revealed that the presence of halo-complex inhibit the corrosion of 316
stainless steel in 1M halides solutions.
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process due to high strength, workability
and weld ability [4].
The anticorrosive properties of the stainless
steel materials which a chromium contained
higher than 12% are assigned to the
spontaneous formation on the surface of a
passive thin film layer, mainly composed of
chromium and iron oxide/hydroxides [5].
Aggressive ions present in solution can
penetrate through the weakened places of
surface passive film and cause its local
breakdown and initiation of the pitting
corrosion [6]. Chlorideare the most common
aggressive anions present in industrial
environments [7]. However, there are a few
research conducting the behavior of stainless
steel in iodide solution combined with
varying of working temperature [8-14] and

1- Introduction
Many passive metals, when exposed to the
action of aggressive anions, undergo a type
of localized corrosion known as pitting [1].
pitting corrosion of 316L stainless steel is of
great practical interest, it can be a
destructive form of corrosion in engineering
structures if it causes perforation of
equipment. Most equipment failures in
stainless steel used by pitting corrosion,
which is caused by chloride ions [2,3].
Stainless steel has found very wide
applications both in modern chemical
industries and other places such as
desalination plants, construction materials,
pharmaceutical industry thermal power
plants, chemical cleaning and pickling
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investigation of the inhibition behavior of
halo-complex [Cu(I) chloride] for 316 L
stainless steel.

their studies shows that the higher pitting
potential of stainless steel alloys found in
the I– and Br– ion compared to lower value
in Cl– containing solution with the fact that
the more strong adsorption ability seem to
be less aggressive anion. The aggressiveness
of pitting corrosion caused by halide ion in
terms of Epit was in the order of Cl– > Br– >
I– under different experimental conditions
and alloys composition was proved in
several investigation [15-18].
Inhibitor is a keyword in the case of
corrosion prevention by changing the
chemistry of corrosive media. The use of
inhibitors is one of the most practical
methods for protection against corrosion
especially in acidic conditions [19]. The
adsorption of inhibitors depends of several
factors such as type of acid, distribution of
charge in molecule, nature and surface
charge of metal and type of interactions
between inhibitors and metallic surface [20,
21]. However, studies about metal
complexes as corrosion inhibitor for steels
in acid solution appeared in the literature are
extremely limited [22, 23]. Abdel-Gaber et
al. [24] proposed the corrosion inhibition
through a bulky Co(III) Schiff base complex
molecule could cover more than one active
site, where carbon steel was immersed in
H2SO4 solution. Cobalt complexes as a
corrosion inhibitor for 316 L stainless steel
in H2SO4 solution have been investigated
[25].

2- Experimental
2.1. Materials
Halo-complex [copper (I) chloride] was
synthesis by reduction of copper (II) sulfate
with sodium sulphite [26]. Different
concentrations of [copper (I) chloride) were
prepared (5 x 10–3 – 1 x 10–2M). 1M
different halides solutions (KCl and KBr)
were prepared from A.R. chemicals and deionized water. Freshly polished electrode
used for each run. All solutions used under
aerated condition and at room temperature.
316 L stainless steel with chemical
composition listed in Table (1) was used as
experimental metal.
2.2. Methods and instruments
The morphology of stainless steel
surface before and after immersion in the
test solutions was examined by scanning
electron microscope (JEOL-JSM-5500LV).
Weight loss measurements were carried out
in glass beaker containing 50 cm3 of
corrosive solution with and without different
concentrations of halo-complex [copper (I)
chloride]. After an immersion time of 24
hours, the electrode was taken out and
washed well with distilled water, dried and
weighted accurately using digital balance
(Analytical Balance Model FA 2104 A).
The open circuit potentials of the metal
immersed in the test solutions were motored
using the electronic multimeter (DIGITAL
MULTIMETER M-890C+).

The aim of the present work is the
comparison of aggressiveness behavior of
different halides solutions and the

Table (1): Chemical composition of 316L stainless steel electrode (Weight %).
Element
Si
Cr
Ni
Mo
Mn
Weight %
0.56
17.28
10.57
2.62
1.14
Circular electrode with working surface area of 1.76 cm2 was used.
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containing (1 x 10–2M) copper (I) chloride
as inhibitor for 24 hs. immersion period and
1M KBr containing (1 x 10–2M) copper (I)
chloride exposed for the same time of the
immersion, respectively.
Comparison of these photographs reveals
that, the surface does not appear corrected in
several zones. From the observation, found
that, the stainless steel surface protects after
adding highest concentration of copper (I)
chloride.
These results are in agreement with the other
techniques

3- Results and Discussion
3.1. Scanning electron microscope
analysis
Microphotographs of 316L stainless steel
surface before and after 24 hs. of immersion
in blank solutions (1M KCl and 1M KBr)
were obtained. Also the microphotographs
of the surface of 316 L stainless steel in
presence of highest concentration (1 x 10–
2
M) of copper (I) chloride in solutions
containing 1M of KCl and 1M KBr were
investigated.
Figure 1a shows the micrograph of an
uncorroded freshly polished sample. Its
surface is smooth and homogenous.
Figure 1(b-c) shows the surface of stainless
steel after immersion time of 24 hours in 1M
KCl and1M KBr respectively. The samples
have a gray appearance after treatment
having lost its metallic color, showing
presence of numbers of pits. The pits in case
of 1M KCl depth than in case of 1M KBr .
Thus Cl– ions are aggressive enough to
attack stainless steel and leads to a localized
corrosion (e.g. pitting corrosion) due to
small ion radius, which enable it to penetrate
the oxide film under high electrical field
present through the film [27] [16] [17]. The
electrical neutrality and hydrolysis of the
corrosion product inside the pit was
enhanced by Cl– ion migration cause pH
dropped from 6 to 2 (acidification) facilitate
the corrosion process as represented by the
chemical reaction (1) [28][18] :
FeCl2 + 2H2O
Fe(OH)2 + 2HCl
(1)
B.R. Tzaneva et al. [29] reported the same
results in their studies and instructed the
reason to the high reactivity of chloride ion
with comparison to iodide ion. Decreasing
the adsorption ability of the halide ion in the
order I– > Br– > Cl– with the resultant of
lower electron injection to the oxide by
iodide as well as the different stabilities of
the halogen complex with metals.
Figures 1(d-e) represent the surface of
stainless steel after exposed to 1M KCl

(a)

(b)

(c)
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(1M KCl and 1M KBr). From the results,
found that the weight loss in case of chloride
solution more than in case of bromide
solutions [15-18].

Table (2): Weight loss values of 316 L
stainless steel in 1M different halides
solutions free of copper (I) chloride.
1M
Solutions
KCl
KBr
–4
Weight loss 39 x 10
25 x 10–4
(gm)

(d)

3.2.2. In case of presence of different
concentrations of halo-complex [copper
(I) chloride] as corrosion inhibitor for
316L stainless steel.
The corrosion rate of 316 L stainless steel in
1M KCl and 1M KBr in presence of
different concentrations (5 x 10–3-1 x 10–
2
M) of copper (I) chloride has been
investigated Table (3), illustrate the
corrosion rate values in presence and
absence different concentrations of copper
(I) chloride. It was observed from the data, a
continuous decrease in the corrosion rate
with increase in the amount of copper (I)
chloride in the solutions. Figure(2), illustrate
the variation of inhibition efficiency with
the concentration of copper (I) chloride at
room temperature. Table (3), illustrated also
the inhibition efficiency in presence of
different concentrations of halo-complex,
the inhibition efficiency (IE %) and
corrosion rate values were calculated from
the following equations (1) and (2)
respectively [29] [30]:

(e)
Fig. (1): Microphotographs of 316L
stainless
steel
surface
at
200
magnification (a) polished surface, (b)
stainless steel surface after immersion 24
hr. in 1M KCl, (c) stainless steel surface
after immersion 24 hr. in 1M Br, (d)
stainless steel surface after immersion 24
hr. in 1M KCl containing (1 x 10–2M) of
halo-complex, (e) stainless steel surface
after immersion 24 hr. in 1M KBr
containing (1 x 10–2M) of halo-complex.
3.2. Weight loss measurements
3.2.1. In case of 1M halides solutions free
of copper (I) chloride.
The weight loss study 316L stainless steel in
different halides solutions (1M KCl and 1M
KBr) has been performed at room
temperature.
Table 2, illustrate comparison of the weight
loss values in different aggressive solutions

(1)
where
(gm) is the mass loss, S (cm2) is
the area, t (h) is the immersion period and
W(gm cm–2/h) is the corrosion rate.
% IE = 100 x
10

(2)

where
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presence of different concentrations of halocomplex [copper (I) chloride].

Wfree the mass loss in absence of

inhibitor and

Winh. the mass loss in

Table (3): Weight loss values and IE% values of 316L stainless steel in presence and
absence different concentrations of copper (I) chloride.
Concentration
of
halocomplex
Weight loss Corrosion
rate Inhibition
Solutions
–2
(copper
(I) (gm)
(gm cm /h)
Efficiency (IE%)
chloride)
(M)
-39 x 10–4
9.23 x 10–6
-–3
–4
–6
1M
KCl 5 x 10
30 x 10
7.10 x 10
23.1
(Blank)
8 x 10–3
28 x 10–4
6.62 x 10–6
28.3
–2
–4
–6
1 x 10
20 x 10
4.73 x 10
48.7
-25 x 10–4
5.91 x 10–6
-–3
–4
–6
1M KBr
5 x 10
17 x 10
4.02 x 10
32
(Blank)
8 x 10–3
14 x 10–4
3.31 x 10–6
44
–2
–4
–6
1 x 10
12 x 10
2.84 x 10
52
corrosion inhibitory effects of Co complexes
and their respective ligands and to elucidate
a possible mechanism for the corrosion
inhibition of ligand their respective
complexes.
3.3.
Open
–
circuit
potential
measurements
One of the simplest qualitative methods to
study the corrosion behavior of metals is the
measurements of open-circuit potential
(OCP) in the time. The open circuit
potentials of stainless steel electrode as a
function of time in aerated solutions of 1M
KCl and 1M KBr containing different
concentrations of [copper (I) chloride] are
followed till the steady state values (Es.s) are
reached. A rise in potential in the positive
direction indicates the formation of passive
film, and a steady potential indicated that
the film remains protective.
Some authors, found that , the passive layer
formed on 316L stainless steel in aqueous
NaCl solutions consists of Fe2O3, Cr2O3 and
FeCl [31] [32].

Fig. (2): The variation of inhibition
efficiency (IE%) with the concentrations
of copper (I) chloride in different halides
solutions at room temperature
From the results, found that the increase of
inhibitor concentration leads to an increase
in inhibition efficiency which may be due to
the blocking effect of the surface by both
adsorption and film formation mechanism
which decreases the effective area of attack.
Amin Rabiei et al. [25], illustrate the
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Figures (3-4) illustrate the variation of OCP
of stainless steel electrode as a function of
time in 1M KCl and 1M KBr containing
different concentrations (5 x 10–3 – 1 x 10–2)
of copper (I) chloride.
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Figure (3): The variation of open-circuit
potentials of 316 L stainless steel in 1M
KCl in presence and absence of (5 x 10–5 –
1 x 10–2) halo-complex at room
temperature as a function of time

Figure (4): The variation of open-circuit
potentials of 316 L stainless steel in 1M
KBr in presence and absence of (5 x 10–3 –
1 x 10–2) halo-complex at room
temperature as a function of time.
Generally the mechanism of corrosion
inhibition of copper (I) chloride can be
associated with electrostatic interaction
between charged metal surface and the
inhibitor molecules to from a coordinate
covalent bond [5]. It is generally accepted
that the first step in the adsorption of halocomplex [copper (I) chloride] on the
stainless steel surface usually involves the
replacement of one or more water molecules
adsorbed at the metal surface [equation (2)].

Cu(I) chloride(sol.) + H2O(ads.)
Cu(I) chloride(ads.) + H2O(sol.)
(2)
2+
–
Fe
Fe + 2e
(3)
Fe2+ + Cu(I) chloride(ads.)
[Fe– Cu(I) chloride](ads.) (4)
The inhibitor may then combine with freshly generates Fe2+ ions on the stainless steel surface,
forming metal inhibitor complex [equation (4)] [5].
losses decreased with increase of halocomplex content in solution.
4. Conclusions
Based on the results of performed
The corrosion inhibitory effect of haloexperiments can be concluded.
complex may be due to the adsorption of
A surface of 316 L stainless steel was
halo-complex on the stainless steel surface.
attacked by local pitting corrosion during
immersion period in different halides while
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