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The Electrochemical Behaviour of 70-30 Cu-Ni
Alloy in LiBr Solutions
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HE BEHAVIOUR of 70-30Cu-Ni alloy has been investigated in

different concentrations of LiBr solutions from 10 to 9 M.
Electrochemical measurements and surface examination complemented
with solution analysis were carried out. The results revealed that the
passivation current of (Ip,) at low anodic potential (-200) is due to
the formation of a doped Cu,O film involving surface enrichment of
nickel. Increasing the anodic potential to > 300 mV, after the
formation of a peak of anodic current maximum (Ip,) a partially
passive film of Cu,(OH); Br is formed and the surface suffered from
denicklefication.

Furthermore, solution analysis proves that the alloy dissolves
showing a copper/ nickel ratio in solution which approximation
complete that of the alloy surface . Two types of pitting corrosion
were recorded at 2 and 4 M LiBr, the first one was recorded after Ip;
while the second is recorded after +1000mV. Except the
concentration of 2 and 4 M the first one only of pitting which
recorded after Ip; were observed beside the general dissolution
through the partially soluble Cu,(OH);Br.

Keywords: Copper -Nickel, LiBr, Denicklefication, Pitting corrosion
and general dissolution.

Cu/Ni alloys are used in absorption machines because of their high thermal
conductivity, good mechanical properties and excellent corrosion resistance in
aqueous solutions. Cu/Ni alloys are the most important one of the main alloys
used for the construction of absorption chillier. They are used in the
construction of heat exchangers condenser in lithium bromide (LiBr) absorption
machines. LiBr heavy brain is widely used as absorbents for almost all type of
heating and refrigerating absorption systems *®..

Recent studies were conducted to investigate the corrosion behaviour of
copper in LiBr solution up to 9 M. The electrochemical results® and surface
examination ®of that work show that, in diluted solutions, <4x10? M, general
dissolution takes place . As the concentration of LiBr increased up to 7x10™M
passive film of CuO and Cu(OH) appeared and pitting corrosion became
favourable. At higher concentrations from 2 to 9 M the film formed is more
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porous and not protective where general dissolution takes place through the
complexing formation of soluble CuBr,".

On the other hand, it is well known that, the dissolution of binary alloys
containing noble metals such as Ni in Cu/Ni alloy follows a common type of
corrosion which is called dealloying.

Dealloying of Cu/Ni alloy which is called denickelification, is a corrosion
process in which the less noble constituent of the alloy (Ni) is preferentially
removed leaving surface rich in the more noble metal (Cu). Dezincification of
brass is the most common example of dealloying, the dezincification of brass
has been studied in previous works by the same author °*4 .

The present study was undertaken to investigate the electrochemical
behaviour of Cu/30Ni in different concentrations of LiBr from 107 to 9M to
clarify the different types of corrosion present. For this work potentiodynamic
cyclic polarization and potentiostatic current- time measurements were used.
After that scanning electron microscope (SEM) equipped with energy dispersive
X-ray (EDX) was used to follow the changes which occurred on the surface of
the alloy after electrochemical treatments.

Furthermore, analysis of the solutions in which the specimens were
maintained at various potentials for 120 min. was performed to show the weight
percentage of Cu and Ni.

Experimental

The working electrodes were made from Cu/30Ni rods and were welded to
thick Cu wires for electrical connections. The welding and the Cu connection
were enclosed in tight-fitting Pyrex —glass tubing, and were sealed by a neutral
epoxy. The electrodes having a surface area of 1cm? to be contact with test
solutions. All tests were carried out at room temperature and all solutions were
prepared from reagent grade and bidistilled water.

Details of the electrode surface pretreatment, solution preparation,
electrochemical measurements, surface analysis techniques and other
experimental methods were described previously © .

At the end of each experiment, the solutions, in which specimens were
maintained to 120 min at different potentials, were analysed to show the
concentrations of both Cu and Ni using the Perkin-Elmor type 2380 atomic
absorption spectrophotometer technigue (A.A.S).

Discussion

The potentiodynamic cyclic polarization (PCP) curves of Cu/30Ni in
different concentration of LiBr from 10™ up to 9 M are shown in Fig 1. The
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curves exhibit an anodic passivation current at ( l,; ) and anodic current
maximum at (Imax) . lp1 is observed at low noble potentials with low current
densities while I, was recorded at more anodic potentials and the higher
current densities depend on the concentration of LiBr. The anodic polarization
behaviour of Fig. 1 recorded that, in all cases the initial active region is
followed by passivation behaviour and one anodic current peak is observed.
This peak is followed at more anodic potentials by a small decrease in the
current density. At both of 2M and 4M LiBr, hysteresis loop area is recorded at
high anodic potentials (1250) and more current densities are produced. These
are attributed to localized attack as a result of accumulation of the corrosion
product. Previous studies by the same authors on Cu and Al-bronze ©!%%
showed that this peak is usually followed by a second peak. They suggest that
the first peak which is denoted in this study by I, , is associated with oxidation
of copper to Cu™ and the second peak, which is not recorded in the present
study, is associated with oxidation of Cu® to Cu™ state.
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Fig.1. The potentiodynamic cyclic polarization (PCP) curves of Cu/30Ni in different
concentrations of LiBr (M).
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Fig.1. Continue, PCP curve of Cu/30Ni in 2M LiBr was repeated with a
higher magnification to clarify the abbreviation of the important symbols.

On the other hand, as the concentration of LiBr was increased, Ip, shifted to
more negative value and I, attained higher values (Table 1). The important
feature recorded in the present study which is not recorded previously “¢9 is
the detection of the anodic passive current at 1,;. Figure 2 shows corresponding
typical Tafel region of the PCP curves of Fig. 1 which was taken using enlarged
scale to clarify the region of the passive film recorded. By increasing the
concentration from 10 to 9M, E. and the length of the passive region are

Egypt. J. Chem. 59, No. 5 (2016)



The Electrochemical Behaviour of 70-30 Cu-Ni Alloy ... 837

increased, (Table 1) which reflects that the film formed became more resistance

as confirmed later.

TABLE 1. Corrosion potential (Eg), Potential of anodic current maximum (Eyay), the
first breakdown potential after passivation current (Ep;), the second
breakdown potential after partially passivation current (Ep,), anodic
passivation current (I,), anodic current maximum (lya), the length of the
passive region Ep;- Eofor PCP of Cu/30Ni alloy in 2M LiBr at room temp.

Conc. Eo Epy Ep1- Eo | Emax Ep, Ip1 Imax
107 200 | - 200 260 [ - | e 5.42
5x107T -250 -100 150 150 | ----- 0.34 15.60
2 -390 -210 180 220 1600 0.02 43.54
4 -420 -160 260 365 1350 0.0288 | 113.53
6 -480 -400 80 570 | ------ 0.0025 | 177.385
9 -600 -380 220 245 580 0.01 147.12
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Fig.2. The length of anodic passivation current (Ip;) of Cu/30Ni in XM LiBr.

In the light of the above studies, it was necessary to use current-time
measurements at various constant potentials, in combination with the surface
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examination by SEM and EDX, can give clear information about the behaviour of
Cu/30Ni in 2M LiBr solutions. In this instance, a concentration of 2 M LiBr was
selected because it was intermediate and had no higher dissolution current. Figure 3
presents the measurements of the current density against time for the test coupon
kept for 120 min at different anodic potentials of -200, +300 and +1600 mV in 2M
LiBr.

Important features are recorded:

(1) At-200 mV, through Iy

The initial current density begins at very small values which slightly decrease
and a steady —state value was found to reach 0.01 mA within less than 20 min as
shown in Fig. 3(a). Examination of the surface of the treated sample at the end of
experiment is shown in Fig. 4 (a). The micrograph of Fig. 4(a) clearly shows that
there is no any attack and the surface is covered with a regular extended film. An
important feature in both polarization curve of Fig. 2 and SEM of Fig.4 (a) is
reinforced by surface analysis by EDX of Fig. 4 (b) and Table 2(a) confirms that the
film formed is more passive and shows a higher at. % which reached 62%. This
confirms that the anodic passivation region (I,;) corresponds to the formation of
Cu,0 as follows 161619

CutH,0 =  Cu,0+2H+2e @)

Several authors have confirmed that the passivation in chloride solutions is
established during the initial anodic polarization by the formation of P-type
semiconductor which can accept different foreign ions such as Ni @ | jron®#29
or chloride ®**) | The formation of Cu,O on the alloy surface as a result of the
inward transport of Br ion and outward diffusion of metallic ion.

The migration of Cu™ away from the alloy surface would create cation vacancies
(20,27)

Cucu(0x) = Cu'(aq) +Vey©X) )

where Cu*(aq) is a positively charged Cu® site in the film and V" ¢, (0X) is a
negatively charged cation vacancy

Cucyt Vey (0X) =Cugy (0X)+ V ¢y(M) +e 3)
where V¢, (M) is a neutral vacancy generated by the copper cation in the alloy.
After the dissolution potential of Ni, Ni** occupies the cation vacancies as
Ni ni (M)+V Cu (0x) =Ni"¢, (0x) +2e )

where Ni ¢, (0X) is a positively charged Ni?* that occupies the vacancy generated by
Cu,O and Ni y; (M) is a nickel atom in a metal. Accordingly, Ni from the alloy
segregated to the semiconducting Cu,O through the solid state reaction to occupy

Egypt. J. Chem. 59, No. 5 (2016)



The Electrochemical Behaviour of 70-30 Cu-Ni Alloy ... 839

the mobile cation vacancies and result in a vacancy with a positive charge. This
would electrostatically interact with Ni** which leads to decreasing the ionic
conductivity and increasing the electronic conductivity of Cu,O which reflects an
increase in the corrosion resistance of the alloy as recorded previously in case of
NaCl solution 59,

It was possible from the above to confirm the contribution of Ni in increasing
the passivation of Cu,O where, Fig 4(b) and Table 2 (a) show that the at. % was Cu
22.33 and Ni 44.6 and its ratio in the surface film reached 1.5% compared to the
alloy bulk composition of Cu70/Ni30 where its ratio is 2. 25%. This confirmed that
at 1,1 in general, resulted in higher surface Ni, enrichment of Ni on the surface. The
decreased detection of Cu reflects the larger screening effect of the relatively larger
accumulation of the more resistance insoluble Cu,O on Cu sites than NiO does on
Ni sites.

As increasing the polarization after -200 as in Fig. 2 would generate nickel ions
which increase the ratio of incorporated NiO on the surface until a critical value.
Above this value, the film formed becomes less resistant “***#). This occurs where
the incorporated Ni consumes nearly all the mobile cation vacancies in Cu,O.
Increasing the Ni leads to the formation of a barrier layer of NiO on the surface
which is less resistant than the doped Cu,O layer. Further polarization as in Fig. 2
the passive film is followed by the breakdown in the potential (E,;) depending on
the concentration of LiBr.

(2) At+300 mV, after formation of Iz

From the current- time curve of Fig. 3 (b), the value of the current density |
(mA/cm?) begins at higher value of 130 which is decreased rapidly to ~ 6 and
increased again to reach 34 mA. The current density decreased with time again to
reach = 8mA within 60 min which means that the surface became not barrier
enough and it suffers from higher corrosion rate. Examination of the surface after
this experiment is shown in the photograph of SEM of Fig. 5 (a). The image shows
that the surface suffered severe general attack. From the spectra recorded in Fig.
5(b) at. % of Cu/Ni were 45.95/4.01, respectively where its ratio is 11.37% which is
higher than the bulk composition ratio of 2.25% as shown in Table 2 (a) .Thus a
higher ratio of Cu/Ni above 2.25% would indicate the occurrence of dealloying or
denicklification.

In view of the above result the preferential removal or dissolution of Ni has
probably two effects : First, as increasing the anodic potential all the created
vacancies are consumed by the segregated Ni ion to form a neutral species. Hence
further increasing in anodic potential would generate Ni ions which cannot be
consumed by the cation vacancies and leads to the formation of unprotected layer of
NiO which is less resistant than the doped Cu,O layer.*"?"?
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Fig.3. Potentiostatic current-time curve for Cu/30Ni in 2
applied potential
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Fig.4. SEM micrograph of Cu/30Ni electrode obtaining after Potentiostatic current-
time of Fig. 3(a)
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The second effect is related to the free corrosion potential of Cu and Ni.
Previously the potentiodynamic polarization for Cu® and Ni® in 2M LiBr
indicates that, the free corrosion potential of Cu and Ni is -360,- 510,
respectively which is in the E .. of Cu 70/30 Ni and both element are in the
active region. However, the corrosion rate of Ni is at least lower magnitude than
Cu by -150mV. Accordingly the breakdown in potential after E, can be
interpreted by the dissolution of Ni with the formation of Ni** which leave the
film to inter into the solution in the form of soluble NiBr, as will be confirmed
later by solution analysis. Table 2 (a) confirm the dealloying of the alloy
surface. Regarding to the anodic peaks formed, most authors confirmed the two
peaks sequence, ** where the first one is due to the oxidation of Cu to Cu*
and the second is the oxidation of Cu* to Cu™.It has been suggested that the
dissolution at this higher concentration of LiBr is

Cu +Br= CuBr (5)
CuBr+Br~ =CuBr, (6)

The higher concentration of CuBr, at the metal surface leads to the
formation of Cu,O through hydrolysis as %
2CuBr, +H,0=Cu,0 +2H" +4Br )

While the cathodic reaction occurs by the reduction of oxygen as

0, +2H,0 +de =4OH (8)

The increase of OH" around the electrode surface accelerates reaction (7)
and the formation of Cu,O is responsible for the decrease in anodic current as
represented by the clear peak which is formed around 300 mV as in Fig. 1.
Further polarization to more anodic leads oxidation of Cu,O and or CuBr to
form a top layer of partially soluble hydroxyl bromide atacemite which is less
protective.

Cu,0 +OH+ Br+H,0 =Cu,(OH);Br+2e (9)

The EDX analysis of Fig.5(b) and Table 2(a) satisfy the formation of
Cuy(OH)3Br as in eq. (9) where the at. % were O 30.86/Br 19.18.

3 At 1600 mV (after Eyy)

It is worthy of mention that the PCP of Fig. 1 (c) indicate that after I, a
partially passive current density is recorded and a breakdown in potential
observed at 1250mV. After that an increase in the anodic current was produced
and after the backward a hysteresis loop area is produced where the
repassivation potential (E,) is recorded at 1180 mV. This confirmed that after
1250 mV, the surface suffered from local attack.

Egypt. J. Chem. 59, No.5 (2016)
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In the light of the above results, it was necessary to examine the surface after
Eq.. In this instance, a potential at 1600mV was selected because it was higher
than Ej, or the repassivation potential (E,,) to clarify the type of local attack.

Fig. 3(c) shows the measurements of the current density against time at
1600mV vs SCE in 2M LiBr. As can be observed in Fig. 3(c) a higher current
density of 580 mA was recorded at the first moment of polarization where a
sharp decrease in the current density with time to nearly 55 mA occurred. Then
a slow rate of increase in the current density with a fluctuation was recorded
which extended to the end of experiment. These fluctuations were due to the
formation of small pits. Examination of the surface of Fig. 6(a) using SEM
confirms the above result of current-time and shows that some initiation of pits
are evident over the surface which do not propagate.

The EDX analysis of Fig. 6(b) showed a higher Cu at. % which reached to
57.94 and a lower Ni at. % of 10.99 to give a ratio of Cu/Ni of 5.27 as shown in
Table 2 (a). The detection of Cu/Ni with this ratio on the surface confirms the
denickelication at this higher potential. On the other hand, from the spectra of
Fig. 6(b) the detection of O with higher value of 28.66 at % and Br with lower
content of 2.38% confirms that at this potential (1600mV), the dissolution of the
alloy not only by general form as a result of the partial current density recorded
(20mA/Cm?) but also by pitting where the surface had sustained pitting
initiation.

From the above result, two types of pitting corrosion were identified at 2 and
4 M LiBr, the first one was recorded after the passive current formation (l,,)
while the second at higher anodic polarization potential nearly after 1000mV
which occur beside the general dissolution through the recorded partial passive
current. Except for the concentrations of 2 and 4M LiBr, the first one of pitting
which recorded after the formation of Ip; were observed beside the general
attack through the partially soluble Cu,(OH);Br and the second type of pitting
was disappeared. The above results of the formation of the first type of pitting,
which recorded after 1,;, were further supported by perform a PCP of Cu/30Ni
in fresh solution of 6M liBr Fig.7(a), after which the test coupon was changed
for a new one and the PCP was done again as shown in Fig.7 (b). Figure 7 (b)
indicated that after this procedure the curve displayed a large hysteresis loop
and an increase in the length of the passive region. These confirmed the
formation of this type of pitting and can be explained by the increase in the
negatively charged cation vacancy created by Cu in the p-type semiconductor
Cu,0. These observations can be explained by the increase in passive region
thickness, which becomes protective in comparison with the other PCP studied.

The above result of surface analysis is supported by the solution analysis
which represents the second side of the coin. Atomic absorption
spectrophotometery (A.A.S) is a highly sensitive technique to complement
analysis in the corroding medium. Table 2 (b ) presents the amount of Cu andNi
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dissolved in 2 M LiBr solution as a result of potentiostatic current —time of
Cu/30 Ni electrode at different constant potential of -200, +300 and 1600 mV
for 120 min as estimated by A. A. S . The detection of Ni in solution with a
ratio lower than that recorded on the surface (Table 2 b), where the Cu/Ni alloy
is polarized at -200 mV in 2M LiBr can best be explained as previously
discussed where the produced amount of Ni** is expected to be not enough and
can be just sufficient to occupy the vacancy created by Cu in the p-type
semiconductor Cu,O. This affects the amount of Ni which can be go to the
solution.
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Fig.6. SEM micrograph of Cu/30Ni electrode obtaining after Potentiostatic current-
time of Fig. 3(c)
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Fig.7. PCP curves of Cu/30Ni in 6 M LiBr (a) New sample and Fresh solution (b)
New sample and the solution of experiment (a).

At 300 mV, according to the results included at this potential, Cu,(0H); Br is
detected on the surface as described in eq 9. On the other hand, the data of
A.AS of Table 2 (b) represent a slight decrease in Ni which is due to the

formation of Cu as partially soluble Cu,(OH)sBr which can restrict the rate of
dissolution of Ni.
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At 1600 mV, the ratio of Cu/Ni in solution ,Table 2 (b ) found to be favour
of Ni compared to the alloy surface and alloy bulk composition .This confirms
the denicklification phenomenon .

TABLE 2(a). EDX analysis of Cu/30Ni electrode obtaining after potentiostatic

current-time in 2ML.iBr,at the end of Fig.3 .

POt?gtC'aE'ij Cu % Ni % 0% Br Cu/Ni ratio
-200 2233 146 62 1.07 1.52%
1300 45.95 401 30.86 108 11.45%
-1600 57.95 10.99 28.68 238 5.27%

TABLE 2(b). A.A.S. analysis of the solution obtaining after potentiostatic current-
time in 2ML.iBr, at the end of Fig.3.

Potential, mV o 0 .
(SCE) Cu% Ni% Cu/Ni
-200 78 22 3.34
+300 72 28 2.57
+1600 67 33 2.03
Conclusion

PCP curves of Cu/30Ni alloy in 2M LiBr exhibit an anodic passivation
current which is recorded at low noble anodic potential =~ -200mV as a result
of the formation of a doped Cu,O. On the other hand Ni from alloy
segregates to the formed Cu,O barrier layer and incorpontes into cationic
vacancies leading to increase its corrosion resistance and the surface
becomes containing more Ni than copper.

At higher potential >300 mV, after E... ,a partially passive film of Cu,
(OH)3Br is formed and the surface contains more Cu than Ni
(deneckilfication)

Solution analysis confirmed the surface analysis where the higher at. %
recorded of Cu on the surface shows a corresponding lower ratio in solution
and also for Ni and vice versa.

Two types of pitting were observed only at 2 and 4 M LiBr. Other
concentrations of lower or higher LiBr only the first one of pitting were
recorded at higher anodic current and general dissolution through the
partially soluble Cu(OH)3Br takes place.
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