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HE ANODIC potentiodynamic cyclic polarization behavior of Cu/10 Ni and Cu/30 Ni alloys

in different wide range of LiBr concentrations from 10 to 9 M was investigated. The results
obtained showed that the breakdown potential, hysteresis loop area and passive current were
recorded at higher value of potentials in case of Cu/10 Ni in comparison with Cu/30 Ni. The current
density showed higher values during the first few moment of polarization of both alloys studied
as result of the changes the taking place on the surface. At 5x10"' M of LiBr, in case of Cu/10 Ni,
two breakdown potentials yielded two hysteresis loops, one of them was at 700 mV and the second
was at more anodic potential. These are not recorded in case of Cu/30 Ni where pitting corrosion
was manifested at 2 and 4 M LiBr only. The current — time measurement and surface examination
of the electrode in case of Cu/30 Ni at 3x10" and 5x10”'M LiBr showed that the film formed at
low anodic potential of 150 mV clarify the formation of small number of initiated pits which are
surrounded by a passive and protective film of doped Cu,O and the surface shown enrichment of
Ni. While at all the potential studied for the Cu/10 Ni and Cu/30 Ni the surface of the alloy suffered
from denickelification.

Keywords: Absorption-refrigeration systems, Corrosion, Cu/10 Ni, Cu/30 Ni, Lithium bromide,

Surface analysis.

Introduction

Most of vapor compression refrigeration systems
(VCRS) utilize chlorofluorocarbons (CFCs) and
hydrochlorofilurocarbons (HCFCs) refrigerants
for their thermophysical properties. These types
of chemicals were blamed for the depleted ozone
layer where the chlorine in their structure reacts
with ozone and destroy the atmospheric ozone
layer. Montreal and Kyoto protocols [1, 2] the use
of CFCs while HCFCs will be gradually banned
globally by 2040. Consequently, refrigeration
absorption machines (RAM) were considered
again as alternative to the VCRS.

In RAM, many absorbent fluids were reported
such as aqueous solutions of CaCl, ZnClL,
ZnBr, alkali nitrates, alkali thiocyanates, alkali
hydroxides and LiBr [3]. LiBr-H,O is considered
due to its encouraging properties such as its
high hydration heat, good thermal stability, low

viscosity, and lack of crystallization problems at
normal working temperatures [4]. However, LiBr
is corrosive to many metals and alloys in the RAM
which are attributed to the aggressiveness of the
bromide ions similar to that of chloride ions [5].
For this reason, it is very important to mitigate the
corrosion problems either by selecting the suitable
metal or alloys components in the absorption
machines systems, applying corrosion inhibitors,
by applying both or other appropriate methods.

Different metals and alloys were investigated
for the RAM included for example stainless
steel [4, 6, 7], carbon steel [4, 8-10], mild steel
[11], titanium [4, 12, 13], with a special interest
to copper and copper alloys because of their
properties such as electrical, thermal, mechanical
and corrosion resistance. Hence, it is not
surprising that materials used for tubing (e.g., in
condensers, evaporators), shells or reservoirs in
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such systems are constructed mainly from copper
and their alloys.

Copper and copper— based alloys formed a
large group of important construction materials
used in a wide variety of areas due to their
mechanical and physical properties as well as
their inherent resistance to atmospheric corrosion
[14, 15]. Copper-nickel alloys (also known as
cupronickels) have been used for over 50 years
for seawater piping and heat exchangers in
many different industries because of their good
resistance to generalized and localized corrosion
[16, 17].

Cu-Ni is preferred in sea water applications
because of its resistance to bio-fouling that
is a result from the action of a low level of
steady discharge of cupric ions [18, 19]. The
corrosion resistance of Cu-Ni alloy is attributed
to a protective layer consisted mainly of a thin
strongly adherent inner barrier Cu,O layer which
is in contact with a solution through porous and
thick outer Cu(Il) hydroxide/oxide layer [20-22].

To date, the research on copper and copper
alloys in LiBr-H,O for RAM has focused on
materials such as copper [5, 23], brass [24, 25],
a-Al-bronze [26], Cu-Zn alloys [27, 28] and Cu-
Ni alloy [29-31]. Some other research focused on
galvanic coupling of copper and their alloys to
other metals or alloys in LiBr aqueous solution
[32-35].

Crystallization of LiBr-H,O is considered as
a serious problem if it happens at operation of
the RAM. This crystallization tends to occur at
fair concentrations especially when the absorber
is air cooled. To the best of authors’ knowledge,
there is no systematic investigation on the effect
of concentration of LiBr-H,O on the corrosion of
copper and copper alloys, instead; some limited
concentrations of LiBr-H,O have been studied on
copper corrosion [5, 23, 36, 37].

The present work aimed at comparing
systematically  different wide range of
concentrations of aqueous solutions of LiBr on
the corrosion properties of Cu/10 Ni and Cu/30
Ni and the surface properties of these alloys.

Experimental

Samples were cut from Cu/10 Ni and Cu/30
Ni sheets in a form of coupons so that the area
exposed to the electrolytic solution is 1 cm?. Prior
to anodic potentiodynamic cyclic polarization
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measurements, the surfaces of samples were
abraded with emery papers of increasing fineness
down to 1000 grit. Thereafter, the electrodes
were washed with bidistilled water, degreased
with acetone and then were re-washed with
bidistilled water prior to use. The electrochemical
measurements were carried out with a PS6
Meinsberger Potentiostat/Galvanostat, Germany.

Anodic potentiodynamic cyclic polarization
curves were recorded in different concentrations
of aqueous LiBr solution. Before polarization
measurements, the sample was kept at -600 mV
versus saturated calomel electrode (SCE) for 20
min. in the test solution to reduce the premier
ion oxides film on the sample surface. The
anodic potentiodynamic cyclic polarization test
was carried out by scanning the potential of the
electrode from — 600 mV towards noble values up
to 2000 mV using a scanning rate of 1 mV/s and
reversed again to the backward direction at the
same scan rate.

Chronoamperometry —measurements were
performed by applying constant potential values
for a certain period of time (around 120 min).
Before surface analysis by scaning electron
microscope (SEM) and energy dispersive X-ray
(EDX), samples were taken, cleaned in bidistilled
water in ultrasonic bath for ultra some cleaning
of the sample for 30 min., dried between fibreless
tissues and then introduced immediately into the
vacuum chamber of SEM (JXA-840A eclectron
probe microanalyzer), JEOL. SEM equipped with
EDX, JXA-840A Electron probe microanalyzer,
JEOL were used to analyze the composition of the
samples taken.

Results and Discussion

Cyclic potentiodynamic polarization

The  anodic  potentiodynamic  cyclic
polarization curves of Cu/10 Ni and Cu/30 Ni in
different concentrations of LiBr from 10" up to
9 M are shown in Fig. 1, 2. It is obvious from
these two figures that after the cathodic branch the
curves show an active region which is followed by
a plateau region. The active region is controlled
by a charge transfer reaction where the current
density increased as the potential increased
while the plateau of current is due to a diffusion
limiting rate of cations through the film formed
on the surface [38]. Figures 1, 2 depicted that the
corrosion potential shifted towards more negative
values as increasing LiBr concentration, which is
occurred because of increasing the aggressiveness
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of the medium, i.e., the increase of Br anions first electro-oxidation of Cu metal to Cu(I) while
concentrations. On the other hand, two anodic the second peak is assigned to second electro-
peaks appeared [38] which were assigned by the oxidation of Cu(I) to Cu(Il). P, and P, were very
symbols P, and P, this appearance was at < 5x sharp up to 5x10' M as represented in Fig. 3.
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Fig. 1. Anodic potentiodynamic cyclic polarization of Fig. 2. Anodic potentiodynamic cyclic polarization of

Cu/10 Ni in different concentrations of aqueous Cu/30 Ni in different concentration of aqueous
LiBr solution of 0.1 M (a), 1 M (b),2 M (¢),4 M LiBr solution of 10-1 M (a), 1 M (b),2 M (¢),4 M
(d), 6 M (e) and 9 M (f). All potentials measured (d), 6 M (e) and 9 M (f). All potentials measured
against SCE and at scan rate of 1 mV/s. against SCE and at scan rate of 1 mV/s.
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Fig. 3. Anodic potentiodynamic cyclic polarization of Cu/10 Ni and Cu/30 Ni in 3x10-1 M LiBr (a, b) and in 5x10"!
M LiBr (c, d), black thick line is the forward scan while the red thin line is backward scan. All scan rates
were at 1 mV/s.
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The anodic reaction that occurs at such
concentrations may be represented by the
following Eqns.

Cu=Cut+ e~ D
Cu*t + Br~ = CuBr (2)
2CuBr + H,0 = Cu,0 + 2H* + 2B~  (3)
Cu,0 + 20H- = 2Cu0 + H,0 + 2¢- )

Cu,0 + 3H,0 = 2Cu(OH), + 2H* + 2¢= (5)

While the cathodic reaction occurs on the cathodic
site by the reduction of oxygen as:

0, + 2H,0 + 4e~ = 40H- 6)

Accordingly, it is possible to conclude that P,
appearance is due to the formation of CuBr and
Cu,O asshownin Eqns. 2 and 3, while P, formation
is due to the oxidation of Cu,O to higher oxidation
state, i.e., to CuO and or Cu(OH), as represented
by Eqns. 4 and 5. Increasing the concentration of
LiBrto > 1 M, as shown in Figs. 1 and 2, resulted
in the disappearance of P,. This occurred as a
result of the deleterious effect of bromide anion
on the formed copper oxide to loss its passivity
easily as soluble bromo-complex [37] through
the formation of one or more of the reactions as
described below [23, 37, 39, 401]:

CuBr + Br~ = CuBry 7)
Cu+ Br~ = CuBr+ e~ (8)
Cu,0 + 2H* + 2Br~ = 2CuBr+ H,0  (9)
CuBr + Br~ + 2H,0 = CuBry.2H,0 + e~ (10)
200 = Gt & cu® (11)
Equation 11 represents autocatalytic reaction
or disproportionation reaction [23, 39, 40] which
is defined as the presence of oxidation and
reduction simultaneously, in this Eqn., Cu(l) is

oxidized to form Cu(Il) and at the same time it is
reduced to form metallic copper.

The second reason for the disappearance of
P, is attributed to the increase in LiBr conc., this
was reported earlier for pure copper [41] when
the concentration reached 1 M or higher, Cu()
oxidation to Cu(Il) is retarded on one hand and
the dissolution of Cu(I) increased through the
di-bromocuprate complex on the other hand as
shown in Eqns. 7, 10.

Different features were depicted in Figs. 1,
2 and data summarized in Table 1: (1) As the
concentration of LiBr increased for both alloys,
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the corrosion potential (E_ ), the corrosion
current (I ) and the anodic current maximum
peak (I ) were proportionally increased; (2)
In general, the passive current, the breakdown
potential and the hysteresis loop started to appear
at 10" M of LiBr where they disappeared after
increasing the concentration to 1 M in case of
Cu/10 Ni while for Cu/30 Ni started to appear
at 2 M which disappeared at 6 M; (3) The range
of breakdown potential, hysteresis loop, and
passivity were observed at higher potential values
in case of Cu/10 Ni in comparison with Cu/30 Ni
alloy; (4) The current densities recorded at the
passive region, which is partially passive current,
from 2 to 5 mA.cm™ is higher than that reported
previously for Cu which is nearly 0.4 mA.cm?
[23]. This occurred because of the dissolution
of the minor element (dealloying); (5) The last
important feature is presented in Fig. 3¢, where
for Cu/30 Ni there are two clear breakdown
potentials which yielded two hysteresis loops, the
first one is observed at 700 mV while the second
one was observed at more anodic potential. This
is not recorded in case of Cu/30 Ni.

Further insight into the alloys dissolution and
oxidation in aqueous solutions could be gained
from the Pourbaix diagram. Pourbaix diagram
provide a thermodynamic basis for a more
understanding of metal dissolution and oxide
film formation in aqueous solutions at different
electrochemical conditions. The immunity
region of the diagram defines the potential and
pH conditions where the metal does not corrode
in aqueous solution. The vertical constant pH
divides the corrosion and passivation regions of
the diagram aqueous equilibria for M-H,O system
at 25°C are presented in Fig. 4, where M represent
metal species, in our case it is either Cu or Ni.
Established procedure [37] was used to calculate
the chemical and electrochemical equilibria from
the free energy data. Regions of stability of metals
and soluble metal species are defined depending
on standard free energy data.

It is clear from the Pourbaix diagrams of Fig.
4 that Cu formed the most stable specie than Ni
where the later is more active. The polarization
curves of Figs. 1, 2 are nearly similar to that
reported for Cu metal [38] except from 10 up
to 5x10" M in case of Cu/10 Ni and 2 to 4 M in
case of Cu/30 Ni where the corrosion potential is
nearly close to each other for one and the same
concentration of LiBr. Above E, ,thereisaregion
of active dissolution with an apparent Tafel slop
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of AE/Alogiof 60 mV [37]. The potential of this
active dissolution is consistent with the formation
of CuBr complex as compared with aqueous Cu—
Br-H,O equilibria in Pourbaix diagram [37] of Fig.
4a. After that the first oxidation peak is appeared
as a result to the equilibrium potential for CuBr
formation as shown above in Eqn. 8.

At diluted concentration < 102 and > 1M LiBr,
the increase in the current during the plateau region
by potential may be attributed to the presence of
weakly passivating CuBrsaltfilm. Thisis confirmed
with the observed formation of loosely adherent
corrosion product with a greenish coloration on
the sample surface during the experiment. This
behavior is very similar to that previously reported
and confirmed by using XPS technique [43, 44].
On the other hand, at concentrated solution of LiBr
> 1 M, another autocatalytic dissolution can take
place as described by Eqn. 11 [38, 43, 44].

Equation 11 showed that Cu* is the
predominant soluble species above ~ 600 mV as
shown in Figs. (1, 2) from b to f. At this potential a
higher dissolution is consistent with the formation
of Cu*" soluble species when compared to that in
Pourbaix diagram [37].

In case of Cu/10 Ni shown in of Fig. 3a at
3x10"!' M LiBr, P1 was formed at 50 mV while P2
was recorded at 630 mV which is followed by a
sharp decrease in the current density due to the
formation of a higher oxidation state (oxide or

hydroxide) as described above by Eqns. 4 and 5,
respectively.

The formed film is attacked by Br -~ through
pitting corrosion where E, is recorded at 1400
mV vs SCE and E  at 1050 mV vs SCE, which is
occurred as a result of accumulation of corrosion
products. These results represent that before
the potential of the second peak (E,) general
dissolution takes place whereas after E,, pitting
corrosion occurs. This type of pitting corrosion
was detected previously in case of Cu/ 30Ni [30].
Increasing the conc. of LiBr to 5x 10" M as shown
in Fig. 3c recorded that E, and E,, are shifted
to less positive value and the appearance of two
hysteresis loops area and two types of pitting
where the first one is recorded after the formation
of P, and P, at E,.= =700 mV vs SCE and Erp. =
300 mV Vs SCE ThlS type is recorded in case of
Cu [23] while second type of pitting was recorded
at more positive potential of Epit. = 1400 mV vs
SCE which is the same recorded at 3x10"' M LiBr
of Fig. 3a.

Figs. 3b, 3d represent the anodic cyclic
polarization curves of Cu/30 Ni in 3x 10" and 5
x10" M LiBr respectively. The curves of these
figures represent the formation of P1 and a partial
passive film was observed and there is no any type
of local attack observed according to anodic cyclic
polarization experiments, on the other hand, pitting
corrosion was manifested at 2 and 4 M LiBr only,
as shown in Fig. 2.

TABLE 1. Comparison between corrosion parameters for Cu/10 Ni and Cu/30 Ni in different concentrations of
LiBr solutions

Cu/10 Cu/30 Cu/10 Cu/30 Cu/10 Cu/30 Cu/10 Cu/30 Cu/10 Cu/30 Cu/10 Cu/30 Cu/10 Cu/30
Conc. Ni Ni Ni Ni Ni Ni Ni Ni Ni Ni Ni Ni Ni Ni

(M) Econ Leon L ek proc Bt " Epot Eyreac ™ Econ
(mV) (mA.cm?) (mA.cm?) (mV) (mV) (mV) (mV)
10! -200 -200 0.7 0.45 4 - 1600 - 1550 - 50 - 1800 -
3x10  -300 -250 1 2 8 9.817 1400 1280 1050 - 350 - 1700 1530
5x101 =250 -250 2 2 9 18.27 1740000 1850 1330700 1800 43000 50 196550() 2100
1 -315 -300 2 3 10 19.57 1500 1780 1475 1670 25 110 1815 2080
2 -350 -390 5 5 35 75 - 1600 1010 1060 - 540 - 1990
4 -400 -420 20 10 70 120 800 1200 - 925 - 275 1200 1620
6 -490 -480 35 1 130 150 - - - - - - - -
9 -590 -600 8 0.7 0.04 150 - - - - - - - -
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Fig. 4. Pourbaix diagram of (a) Cu-Br-H,0 [37] and (b) of Ni-Br-H,O system at 25°C in 400 g/L LiBr [42].

Chronoamperometric measurements and surface
examination

For Cu/10 Ni in 5x10°" M, at 300 mV (Before
breakdown potential)

Figure 5 displays that the variation of current
density with time after applying a constant
potential of 300 and 900 mV (curve a and b).
These potentials selected as representation
of before and after the breakdown potential

respectively on the Cu/10 Ni in 5 x10"' M LiBr.
The current-time curve of Fig. 5a indicated that
there is a drop in the current values during the
first moment of polarization which is followed by
a sluggish decrease to reach a steady state value
of about 2 mA.cm? after around five min. This
behavior confirmed the formation of a protective
film of doped CuO [30] as shown previously in
polarization curve of Fig. 3.

140 1 | " 1 " 1 L 1 1 1 1
% 120 4 -
@
=
[ 7] -
©
€
g 20 -
3 L b
a
0 — 71T 1T 1T T 1 7
0 20 40 60 80 100 120
Time (min)

Fig. 5 Chronoamperometry of Cu/10 Ni in 5 x10"' M LiBr at different constant potentials of 300 mV (a) and at 900

mV (b) [All potentials measured against SCE].
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The examination of the surface of Cu/10 Ni
alloy after the current-time measurements of Fig. 5
is shown in Fig. 6a, 6b; where Fig. 6a was taken at
lower magnification (500x) while Fig. 6b at higher
magnification (4000x). The micrograph of this
figure showed that the surface was covered with
a non-porous and nearly homogeneous protective
film.

Examination of the surface using EDX analysis
as shown in Fig. 6¢ indicate that oxygen and copper
are detected with higher ratio of 25.17 and 67%,
respectively and the detection of Br with lower
ratio of 2.56 on the surface which confirm that the
film formed is copper oxide. While the ratio of Cu/
Ni is 12.71 which is higher than the ratio of the
substrate. This means that the surface suffered from
denicklification.

For Cu/l0 Ni at 900 mV (after breakdown
potential)

The current-time curve of Fig. 5b represents
the variation of current with time at constant
potential of 900 mV vs SCE. The curve shows a
sharp decrease in the current density from 140 to
~ 5 mA/cm? within 20 min and after that a slightly
increase in the current is occur again from 5 to 12
mA/cm? at the end of the experiment. The increase
in the current is associated with different oscillation
and fluctuation. This occurs as a result of pitting
corrosion. SEM examination and EDX analysis of
the treated sample at the end of experiment of Fig.
5b are shown in Fig. 7a, b. The photograph of the
Fig. 7a represented that the surface was covered
with continuous adherent black color where some
initiation and propagation of pitting are produced.
The surface analysis using EDX technique of Fig.
7b shows that the atomic concentration percentage
of O, Br, Ni, and Cu are 25.87, 2.89, 3.41 and 67.83
respectively. This confirm that the film formed is
CuO and or Cu(OH), and the surface of the alloy
suffered from denickelification where the ratio of
Cu/Ni on the film become 19.89 which is higher
than that of the substrate.

For Cu/l10 Ni in 3x 10" M

In the light of the above studies of anodic
potentiodynamic cyclic polarization, it is necessary
to study the variation of current density versus time
at different constant potential of 150, 800 and 1600
mV. These values were chosen from the polarization
curve of Fig. 3b for Cu/30 Ni in 3x10! M LiBr. The
first curve studied at a constant potential of 150
mV represented the first peak or I, while that at
constant potential of 800 mV represented a partial

passive region and the third constant potential of
1600 mV was chosen to explain what happened
after the breakdown potential. The current-time
curves at constant potential of Fig. 8 have a general
features which indicated the drop in the current
values during the first moments of polarization
before the current reached a quasi-stationary state
depending on the applied constant potentials.

The decrease in the current detected can be
reasonably be related to the changes taking place
on the alloy surface. These changes arose from
the formation of a doped Cu,0 film [30] that
involved surface enrichment of nickel at 150 mV
as confirmed later using EDX technique. The film
formed at low anodic potential doped Cu,O became
a barrier that can restrict the electrolyte contact with
the alloy surface, hence; the chronoamperometric
measurements of Fig. 8a showed a very stable low
current density value of 1.44 mA.cm? after 20 min.
The SEM of Fig. 9a showed the formation of a
small number of initiated pits which is surrounded
by passive and protective film as confirmed from
the photograph at higher magnification of Fig. 9b.
EDX analysis was another evidence that support the
formation of doped Cu,O protective film as shown
in Fig. 9c, where Cu was detected with lower ratio of
51.85 and Ni with higher ratio of 25.23 where Cu-Ni
ratio is 2.055 which are lower than that of the alloy
matrix of 2.33 which confirm the enrichment of Ni
on the alloy surface. On the other hand, the detection
of O with higher ratio of 20.01% in comparison
with Br of 2.91% confirm the presence of Cu,O red
color film which is passive and protective enough
to prevent any general dissolution and the pitting
attack is occurred at very small locations.

By increasing the applied potential to 800 mV,
that represent the partial passive region of Fig. 3b,
the chronoamperometric feature of Fig. 8b showed
a higher current density in comparison with that
occur at 150 mV (Fig. 8a), which confirmed that the
film formed at 800 mV is not completely protective.
The SEM examination of Fig. 10a confirmed the
presence of porous film and that the surface is free
from any pitting attack while a general dissolution
existed which confirm the region of partial passive
current of Fig. 8b. Another confirmation was
evidenced from the EDX analysis of Fig. 10c which
represented a higher atomic % of Br of 30.71%
compared to 19.35% of O while it was 42.76%
for Cu and 7.18% for Ni. This meant that the film
formed is Cu,(OH),Br as confirmed previously [30].
The ratio of Cu-Ni in the formed film is equal 5.95
which satisfy the denicklification phenomenon.

Egypt. J. Chem. 63, No. 3 (2020)
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Fig. 6 SEM at 1000x (a), 4000x (b) and EDX after treated Cu/10 Ni in 5 x10" M LiBr at constant potential of 300
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Fig. 7. SEM at 1000x (a) and EDX (b) after treated Cu/10 Ni in 5x10"' M LiBr at constant potential of 900 mV

(SCE) for 120 min.
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Fig. 8. Chronoamperometric curves of Cu/30 Ni in 3x10"! M for 120 min at different potential values of (a) 150 mV,
(b) 800 mV, and (c) 1600 mV. (all potentials were vs. SCE).

Further increase in the applied constant The current-time curve of Fig. 8c clarifies that
potential to 1600 mV, which represented what, after decrease the current from 25 to 19 mA.cm™
happened after the breakdown at more anodic at 40 min, the current density increased rapidly
potential which is not yielding any hysteresis loop again to 26 mA.cm™ through 10 min. that decrease
area as shown in Fig. 3b. again to nearly the same lower value and finally a
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slightly increase in the current density value to 22
mA.cm? at the end of the experiment. The SEM
of Fig. 11a confirms the above results of current-
time which shows that some of the film formed,
especially around the edges of the sample, is
peeled-up from the alloy surface at these locations
to become bare to contact with LiBr solution.
Figure 11b represented that there is no pitting
attack and the region of the peeled-up film can
be blocking with the reformed film of partial
passive. The EDX analysis (Fig. 11c and 12) also
confirmed the formation of partial passive film
of Cu,(OH),Br and satisfy the denickelification
phenomenon.

As increasing the concentration of LiBr to 5x
107" M, the same results recorded at 3x10' M were
produced except as recorded in Fig. 3d where the
partial passive region recorded at 5x10' M that
started to appear at 400 mV and extended to 2000

200 ym

mV is disappeared at 3 x10"' M LiBr. In 5 x10"' M
LiBr the current density of Cu/30 Ni after 400 mV
is increased as increasing the potential with higher
rate and the partial passive current was recorded.
This occurs as a result of the competition between
the formation of the partial passive film and the
dissolution of the alloy which tends to the higher
dissolution at 5x10-! M through the non-protective
film formed.

The SEM of Fig. 13 (a, b) and Fig. 14 (a,
b) shows that the surface covered with a non
homogenous and non protective film. The EDX
analysis of Figs. 13c and 14c represented clearly
the formation of Cu,(OH),Br in soluble complex.
Fig. 14c recorded a higher atomic conc. % of Br
of 23.34 which is satisfying the deleterious effect
of Br- at this higher positive potential of 800 mV.
At these values of potentials the surface of the
alloy suffered from denickelification.
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Fig. 9. SEM at 500x (a), 1500x (b) and EDX (c) after Cu/30 Ni treated in 3x10-' M LiBr at a constant potential of

150 mV (SCE) for 120 min.
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Fig. 10. SEM at 500x (a), 1500x (b) and EDX (c) of Cu/30 Ni after being treated in 3 x10" M LiBr at constant

potential of 800 mV (SCE) for 120 min.
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Fig. 11. SEM at 150x (a), 1500x (b) and EDX (c) of Cu/30 Ni in 3x10"' M LiBr at constant potential of 1600 mV

(SCE) for 120 min.
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Fig. 12. Chronoamperometric curves of Cu/30 Ni in 5 x10"' M LiBr at constant potentials of 300 (a) and 900 (b) for
120 min [All potentials were vs. SCE].
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Fig. 13. SEM at 1000x (a), 8000x (b) and EDX (c) of Cu/30 Ni after being treated in 5x10" M LiBr at constant
potential of 300 mV (SCE) for 120 min.
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Fig. 14. SEM at 500x (a), 1500x (b) and EDX (c) of Cu/30 Ni after being treated in 5x10" M LiBr at constant
potential of 800 mV (SCE) for 120 min.
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Conclusions

1. The anodic  potentiodynamic  cyclic
polarization showed that the corrosion potential
shifted towards more negative values as increasing
LiBr concentration. Two anodic peaks (P1, P2)
appeared at < 5x10" M LiBr. P1 is formed as a
result of oxidation of Cu metal to CuBr and or
Cu,O while P2 is formed due to oxidation of Cu*
to CuO and or Cu(OH),.

2. At higher concentration of LiBr > 1 M, P2
disappeared as a result of the deleterious effect
of Br on copper oxide to lose easily its passivity
as soluble di-bromo cuprate complex (CuBr,).
At higher concentration of LiBr > 1 M and at
higher potential of > 600 mV, Cu (I) acts on the
simultaneous oxidation of Cu (I) to Cu (II) and
reduction of Cu (I) to form metallic Cu on the
electrode surface.

3. The passive current, the breakdown potential
and the hysteresis loop started to appear at 0.1 M
LiBr up to 1 M which disappeared at 2 M in case
of Cu/10 Ni while in case of Cu/30 Ni they started
to appear at 2 M which then disappeared at 6 M.

4. The current densities recorded are partially
passive current of 2-5 mA.cm?. This occurred
because the dissolution of the minor elements
(dealloying).

5. In case of Cu/10 Ni at 5x10"" M LiBr, two
breakdown potentials, which yielded two
hysteresis loops, the first one observed at 700 mV
and the second one was observed at more anodic
potential. While in case of Cu/30 Ni, pitting
corrosion was manifested at 2 and 4 M LiBr only.

6. Chronoamperometric measurements proved
that in case of Cu/10 Ni, in 5x10" M LiBr at
constant potential of 300 mV, small current density
of 2 mA.cm™ in comparison with that observed at
constant potential of 900 mV. Examination of the
surface at 300 mV showed that the surface was
covered with a non-porous and homogeneous
protective film of doped Cu,0. On the other
hand, pitting corrosion was detected at constant
potential of 900 mV. The surface suffered from
denickelification at the two values of applied
constant potentials of 300 and 900 mV.

7. The very small current density recorded at 150
mV in case of Cu/30 Ni in 3x10"' M LiBr is due to
the formation of a doped protective Cu,O and the
surface analysis recorded an enrichment of Ni. As
increasing the applied potential to 900 mV at the

same condition, the surface analysis confirmed the
formation of a non-protective film of Cu, (OH),Br
and a higher value of Br detected is due to the
autocatalytic dissolution and or the deleterious
effect of the Brrat higher applied constant potential
of 900 mV. As increasing the concentration of
LiBr to 5x10!' M, nearly the same result obtained
in case of using 3x10"' M LiBr are produced and
the surface suffered from the denickelification at
all potentials and concentrations studied.
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