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Abstract

The corrosion and passivation behaviors of alloys with different Cu—Ni ratios were investigated in acidic sulfate
solutions. The corrosion rate was calculated and the corrosion inhibition process was investigated using different
amino acids as corrosion inhibitors. For these investigations conventional electrochemical techniques and electro-
chemical impedance spectroscopy (EIS) were used. Fitting of the experimental impedance data to theoretical values
enables understanding of the corrosion inhibition mechanism and the suggestion of a suitable electrical model to
explain the behavior of the alloys under different conditions. The investigation of the electrochemical behavior of alloys
before and after the corrosion inhibition processes has shown that some amino acids like lysine have promising
corrosion inhibition efficiency at very low concentrations. A model for the electrode/electrolyte interface during the
corrosion inhibition processes was suggested and the validity of the model for the explanation of the corrosion

inhibition phenomena was discussed.

1. Introduction

Copper—nickel alloys are extensively used in different
industrial applications, such as ships, power stations,
heat exchangers and generally in salt-water services.
With relatively high Ni content (Cu—30Ni), the alloy is
used under most polluted water conditions and in pipe
lines in naval applications. The widespread use of these
alloys depends on a combination of good corrosion
resistance and excellent workability as well as high
thermal and electrical conductivity [1, 2]. The electro-
chemical behavior of cupronickels with different nickel
contents has been extensively studied [3—13]. An increase
in nickel content in solutions with relatively high chloride
ion concentration ([CI7] > 0.5 m) improves the corro-
sion resistance of the alloy [14]. Nickel contents higher
than 50% were found to decrease the corrosion currents
compared to pure copper [15].

The increase in Ni content is relatively expensive and
the alloy may suffer from selective leaching of Ni,
especially in acid solutions [13]. Corrosion inhibition
seems to be the only solution to overcome these
problems. It is well known that the use of conventional
corrosion inhibitors leads to environmental problems.

In this work some naturally occurring amino acids were
used as inhibitors for the corrosion of two representative,
widely used Cu—Ni alloys, namely, Cu—5Ni and Cu—65Ni

in acidic sulfate solutions. The corrosion rate was
calculated and the corrosion inhibition process was
investigated using the different amino acids as environ-
mentally safe corrosion inhibitors. In acidic solutions
amino acids are present in the protonated form. The
adsorption of the protonated amino acid molecule is
enhanced in the presence of halide ions[16]. Since chloride
ions and to a lesser extent bromide ions are pitting
initiators [17], the corrosion inhibition process was also
investigated in presence of different concentration of
iodide ions. For these investigations conventional elec-
trochemical techniques and electrochemical impedance
spectroscopy (EIS) were used. Fitting of the experimental
impedance data to theoretical values enables understand-
ing of the corrosion behavior and the suggestion of a
suitable electrical model to explain the mechanisms of
both the corrosion and inhibition processes at the alloy/
solution interface.

2. Experimental details

The working electrodes were made from Cu—Ni rods
and sheets, mounted into glass tubes by two-component
epoxy resin leaving a surface area of 0.2 cm? to contact
the solution. The materials used were commercial-grade
Cu—Ni alloys of two different Ni contents (5 and 65
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mass% Ni). The cell was a three-electrode all-glass cell,
with a platinum counter electrode and saturated calomel
reference electrode. Before each experiment, the working
electrode was polished mechanically using successive
grades of emery paper up to 1000 grit, rubbed with a
smooth polishing cloth, then washed with triple distilled
water and transferred quickly to the electrolytic cell.
Electrochemical measurements were carried out in
acidic sulfate solution (0.25 M Na,SO4 + 0.05 M H>SOy,
pH 2.0).

The electrochemical impedance investigations and
polarization measurements were performed using the
Zahner Elektrik IM6 electrochemical work station. The
potentials were measured against and referred to the
saturated calomel electrode (SCE). All cyclic voltam-
metry measurements were carried out using a scan rate
of 10 mV s™'. For the calculation of the corrosion
current density, i..., and the corrosion potential, E.q,r,
the potentiodynamic measurements were conducted at a
scan rate of 1 mV s™'. The amino acids used in these
investigations include:

1. Aliphatic amino acids; glycine, alanine and leucine.
2. Sulfur containing amino acids; cysteine.

3. Acidic amino acids; glutamic acid.

4. Basic amino acids; lysine and histidine.

The corrosion inhibition efficiency, #, was calculated
from the values of the corrosion current densities of the
alloy before and after the addition of the amino acid to
the corrosive medium. Analytically pure potassium
iodide was used to investigate the effect of iodide ions
on the inhibition process. To achieve the best reproduc-
ibility, each experiment was carried out at least twice.

Details of the experimental procedures are described
elsewhere [12, 18, 19].

3. Results and discussion
3.1. Open-circuit potential measurements

The open-circuit potentials of the two alloys (Cu—5Ni
and Cu—65Ni) in the absence and presence of amino
acids were traced over 3 h from electrode immersion in
the acidic sulfate solutions. In general, the steady state
potential of the two alloys is reached within 120 min.
Irrespective of the Ni content, the steady state potential
is in the range of the open-circuit potential of pure
copper (~—25 mV) [13]. Addition of the amino acids to
the acidic sulfate produced little change in the open-
circuit potential of the alloys. The addition of KI to the
acidic sulfate solution containing the amino acid shifted
the open-circuit potential in the negative direction. This
negative shift was found to be dependent on the
concentration of the iodide ion irrespective of the amino
acid itself as can be seen from the values presented in
Tables 1-4. This negative potential shift indicates that
the iodide ions influence the active centers on the alloy
surface and hence the corrosion rate, as will be discussed
later.

3.2. Effect of amino acid concentration on the corrosion
rate of the alloys

The corrosion parameters of the two alloys in amino
acid free 0.25 M Na,SO4 at pH 2 and in the same

Table 1. Corrosion parameters for Cu—5Ni alloy in 0.25 m acidic Na,SOy in the presence of different concentrations of amino acids

[Inh] Glycine Alanine Leucine Lysine Histidine Glutamic acid Cysteine

ECOIT iCOIT ’7 ECOU' iCOIT 7’ ECOTI” I-COIT ’7 ECOIT icnrr n ECOFI' icorr r’ ECOIT icorr 'I ECOIT icnrr ;7
0.00 -32 255 - -32 255 - -32 255 - -32 255 - =32 255 - -32 255 - -32 255 -
001 -55 7.58 -197 -55 7.58 -87 -62 155 39 -8 251 1 -68 263 -3 =55 1.58 38 =75 199 22
0.05 -80 224 12 -55 3.01 -18 -65 398 -5 -90 239 6 -75 251 1 -55 350 -37 -80 224 12
0.10 -70 2.57 -0.7 -85 190 25 —-65 426 -67 -90 224 12 -55 3.55 -39 -57 389 -67 -60 281 -10
020 -91 257 -0.7 -82 199 22 —65 426 —-67 -90 157 38 —-60 4.16 —-63 -70 426 —-68 —42 3.01 -18
200 -63 338 -32 -8 251 1 -68 501 -96 -82 224 12 -65 446 -75 -75 630 -147 -40 3.16 -24
[Inhibitor]/mM, Eeor/mV, icor/MA cm 2.
Table 2. Corrosion parameters for Cu—65Ni alloy in 0.25 m acidic Na,SOy in the presence of different concentrations of amino acids
[Inh] Glycine Alanine Leucine Lysine Histidine Glutamic acid Cysteine

ECOI"I" iCO]’T ’1 Ecorr icorr 11 ECO!T iC()l"l" 1’, ECOI”]‘ icorr VI ECOIT iCOl"l‘ n ECOI’T icorr 11 EC&)I’T icorr ’1
000 -25 56 - -25 56 - -25 56 - -25 56 - =25 56 - -25 56 - -25 56 -
001 -52 79 -40 -25 48 15 -40 83 48 -40 53 6 -5 12 79 -35 89 -58 -33 39 31
005 -40 63 -12 -31 42 26 -40 56 00 -40 29 47 -40 48 15 =35 42 26 -45 33 41
0.10 -70 26 -0.7 -85 19 25 -65 44 -67 -9 22 12 -55 36 -39 -57 39 -67 -60 28 -10
020 -40 48 14 -37 60 -7 -45 48 14 -50 32 44 27 74 -32 -4 71 =26 -62 26 54
200 -38 7.1 -26 -32 76 -35 -45 63 -12 -5 60 -7 -35 89 -58 -35 89 -58 -77 45 20
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Table 3. Corrosion parameters for Cu—5Ni alloy in 0.25 M Na,SO,4 with a certain inhibitor concentration + different concentrations of KI

[KI] 0.05mm Glycine 0.1 mm Alanine  0.01 mm Leucine 0.2 mm Lysine 0.05 mm 0.01 mm 0.01 mm
Histidine Glutamic Cysteine
ECOI’T iCOl’l' '1 ECOTI’ iCOTl’ '7 ECOIT iCOlT ’7 ECOl’l' icorr ;1 ECO]'I’ iCOTl’ r’ ECOI’T iCOlT ]1 ECOl’l‘ iCOI’l‘ ’7
000 -8 224 12 -8 190 25 -62 1.5 39 -90 1.57 38 -40 480 15 =55 1.58 38 =75 199 22
0.05 -125 1.12 56 -132 1.02 60 -125 190 25 -116 1.82 29 -112 1.13 56 -104 141 45 -136 224 12
0.10 -140 126 50 -138 1.23 52 -140 090 65 -95 1.78 30 -5 1.12 56 ~-113 093 63 -143 1.16 54
0.50 -175 1.31 49 -180 1.31 49 -180 140 45 -171 144 43 -192 1.78 30 -135 1.55 39 -165 135 47
1.00 -205 199 22 -220 1.51 41 -200 1.50 41 -186 2.14 16 -200 1.78 30 -195 1.66 34 -186 1.44 43
5.00 =222 199 22 -250 1.58 38 =220 250 1 -216 224 12 -242 195 23 =200 1.99 21 =216 251 1

[KI)/mM, Ecor/mV, icor/HA cm™

Table 4. Corrosion parameters for Cu—65Ni alloy in 0.25 M Na,SOy4 with a certain inhibitor concentration + different concentrations of KI

[KI] 0.2 mMm Glycine  0.05 mm Alanine 0.2 mm Leucine  0.05 mMm Lysine  0.01 mm 0.05 mm 0.2 mm
Histidine Glutamic Cysteine
ECUIT icurr ’7 EC()IT iC()l'r 7] ECUIT icorr r’ ECOIT iCOIT 'I EC()rr icorr n ECUIT iCUIT ’1 ECOIT I'COIT ;7
000 -40 480 14 -31 420 26 -45 480 14 -40 290 47 -55 120 79 -35 420 26 -62 260 54
005 -95 1.12 8 -95 0.89 84 -100 224 60 -116 282 49 -9 1.12 80 -63 095 83 - - -
0.10 -115 0.63 88 -100 1.12 80 -140 224 60 -140 204 64 -8 1.17 79 -95 079 86 -125 251 55
0.50 -150 1.58 72 -140 1.51 73 -125 1.00 82 -140 1.51 73 -108 0.56 90 -155 0.75 87 -125 251 55
1.00 -150 190 66 -150 1.78 68 —145 050 91 -161 146 74 -163 130 77 -150 146 74 -133 1.16 79
500 -170 3.16 44 -180 1.99 65 -160 199 65 -164 056 90 -200 1.57 72 -196 146 74 -129 0.71 87
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Fig. 1. Potentiodynamic
and (b) glutamic acid.

solution containing different concentrations of the
amino acids were obtained from potentiodynamic
polarization experiments. Figures 1 and 2 present
potentiodynamic polarization curves for Cu—5Ni and
Cu—65Ni in acidic sulfate containing different concentra-
tions of two representative amino acids, namely alanine
(Figures la and 2a) and glutamic acid (Figures 1b and

polarization curves for Cu—5Ni alloy in 0.25 m acidic sulfate solution with different concentrations of (a) alanine

2b). Four different concentrations of the amino acid,
namely 0.02, 0.05, 0.10 and 0.20 mm as well as the
amino acid free solution are presented in these figures.
In general, the presence of different concentrations of
the amino acid alone in the acidic solution did not show
a remarkable effect on the potentiodynamic polarization
curves. In some cases, the amino acid increases the
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Fig. 2. Potentiodynamic polarization curves for Cu—65Ni alloy in 0.25 m acidic sulfate solution with different concentrations of (a) alanine

and (b) glutamic acid.

anodic currents,. This means that it accelerates the
corrosion rate rather than inhibiting it. The values of the
corrosion parameters, corrosion current density, icorr,
corrosion potential, ..., and the corrosion resistance,
Reorr, Were calculated for both Cu—5Ni and Cu—65Ni
alloys with the different amino acids and are presented
in Tables 1 and 2, respectively. The calculated values
show that the corrosion potential did not shift remark-
ably from the initial value of the amino acid free acidic
sulfate solution. In some cases, a negative shift of about
50 mV was recorded.

The corrosion inhibition efficiency, #, was calculated
for the different amino acids at different concentrations
according to:

7= Ieorr 7 Icorr(inh) % 100 (1)
lcorr

where i., 1S the corrosion current density for the alloy in
inhibitor free acidic sulfate solution and icorinny is the
value after the addition of a certain amount of inhibitor
under the same conditions. The values of 1 in all cases are
also included in Tables 1 and 2. The values of # presented
in these tables show that many of the investigated amino
acids accelerate the corrosion process rather than inhib-
iting it, therefore they cannot be used alone as inhibitors.
The inhibition effect of the amino acid is due to the
adsorption of its molecules on the alloy surface [20], and
the adsorption process depends on both the nature and
state of the surface, and also on the nature and properties
of the amino acid. In general, the amino acid occurs in its
protonated form in acidic solution i.e.

R—(IDH—COOH + H
NH

R—(|3H—COOH

2 §H3

The protonated form can be attracted to the cathodic
sites on the alloy surface. The presence of negative ions
like iodide ions may enhance the adsorption of the
amino acid [16]. For this reason the effect of iodide ions
on the corrosion inhibition efficiency was also investi-
gated. Representative potentiodynamic polarization
curves of these measurements for Cu-5Ni and Cu—
65Ni alloys are presented in Figures 3 and 4 for alanine
and glutamic acid. The measurements were made for all
amino acids using the optimum concentration of each
and different concentrations of KI. The values of E.,,;,
icorrs and R, and also the inhibition efficiency, #, in
each case were calculated and are presented in Tables 3
and 4. In all cases, the corrosion potential shifts
negatively more than 100 mV, indicating that the
addition of the iodide influences the alloy surface and
hence the corrosion rate. The corrosion current density
decreases as the concentration of iodide ions increases.

The synergistic effect between the amino acids and
iodide ions leads to a stabilized adsorption of the amino
acid molecules on the alloy surface through theiodide ions.
The iodide ions are adsorbed on the active sites of the
surface where the corrosion process occurs leading to a
negatively charged surface, which is suitable for the
adsorption of the protonated form of the amino acid
according to:
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OH™
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Surface

The negative shift of the corrosion potential in the
presence of I ions can be attributed to the adsorption
process. The adsorption of amino acid on the alloy
surface free from the iodide is not stable [21]. In the
iodide free solutions, the carboxylic group of the
amino acid is adsorbed on the anodic sites through
the electron lone pairs of the carbonyl group and
hence no remarkable negative shift of the corrosion
potential occurs [22].

Generally, the adsorption process depends on two
essential factors, the molecular structure of the adsor-
bent and the surface properties of the alloy [22, 23]. As
the chain length of the amino acid increases the
inhibition efficiency increases. A longer chain length is
capable of covering a larger area of the surface
preventing its contact with the corrosive medium. This
explains why lysine gives the highest corrosion inhibi-
tion efficiency, which reaches 96% with Cu—65Ni. The
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presence of chain branching prevents the close packing
of the inhibitor molecules and hence lower inhibition
efficiency is recorded. This explains the lower 5 values
recorded for small molecules like glycine or branched
structures like leucine. In branched molecules the
carbonyl group and the amino group of the amino acid
molecule do not exist in the same plane due to rotation
of the carboxylic group around the bond between the o
carbon atom and the carbon of the carboxylic group
which results in the reduction of the adsorption capa-
bility [24], and so lysine is the most effective inhibitor.
Comparison of the data presented in Tables 1 and 2 (or
3 and 4), it is clear that the inhibition efficiency for the
corrosion of Cu—65Ni is remarkably larger than that of
Cu-5Ni for the same amino acid and same concentra-
tion. In Cu—65Ni, the number of Ni-sites on the alloy
surface is very large compared to Cu—5Ni, which
reduces the possibility of oxidation of the amino acid
molecules on the alloy surface and so the adsorption of
these molecules becomes stronger on the Ni-rich sur-
face, leading to higher corrosion inhibition efficiency
[25].

3.3. Impedance measurements

To confirm the potentiodynamic polarization experi-
ments, electrochemical impedance spectroscopic inves-
tigations of both alloys in inhibitor free and inhibitor
containing acid sulfate solutions were carried out.
Electrochemical impedance is a powerful tool in the
investigation of the corrosion and adsorption phe-
nomena [26]. It enables the fitting of the experimental
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Fig. 3. Potentiodynamic polarization curves for Cu-5Ni alloy in 0.25 m acidic sulfate solution with (a) 0.1 mm alanine and (b) 0.01 mm glu-

tamic acid + different concentrations of KI.



884

200 - (@) Cu-65Ni acidic sulfate + 0.05 mM alanine + x mM K
m i
S =
g i st < —— Blank
Z 200 s — - 0.05mM
n [ R ——- 010 mM
-400 L e 0.50 mM
i — — 1.00 mM
200 - () Cu-65Ni acidic sulfate + 0.05 mM glutamic acid + x mM KI
m [
@ O
S — Blank
E 200 F — - 0.05mM
n i N - ——-0.10 mM
[ Tl e 0.50 mM
-400 - — — 1.00 mM
L ! 1 ! ! L L l ! ! ! ! | ! ! 1 ! !
-2 0 2 4

Log(i / pA cm™®)

Fig. 4. Potentiodynamic polarization curves for Cu—65Ni alloy in 0.25 m acidic sulfate solution with (a) 0.05 mm alanine and (b) 0.05 mm

glutamic acid + different concentrations of KI.

results to a pure electronic model to represent the
electrochemical system under investigation. The corre-
lation of the experimental impedance plot to an
equivalent circuit enables the verification of the
mechanistic model for the system. Such a correlation
leads to the calculation of the numerical values
corresponding to physical and/or chemical properties
of the electrochemical system [26, 27]. The impedance
data of Cu—5Ni and Cu—65Ni after 3 h immersion in
the different electrolytes are presented as Bode plots in
Figure 5a and b. Data fitting was carried out using a
complex non-linear least squares procedure.

The Bode plots for Cu—5Ni alloy after 3 h immersion
in inhibitor free acidic sulfate, acidic sulfate containing
0.01 mm leucine and acidic sulfate containing 0.01 mm
leucine + 0.1 mm KI are presented in Figure 5a. The
electrode impedance increases remarkably in the pres-
ence of the iodide ion, indicating that the electrode
surface becomes passive. The corrosion resistance
increases from 47 Q cm? in inhibitor free acidic sulfate
solution to 6680 Q cm? in the presence of leucine and
iodide. Also, the phase maximum at intermediate
frequencies broadens in the presence of iodide, which
indicates the presence of a protective layer [28]. The
impedance data were analyzed using an equivalent
circuit model presented in Figure 6. In this model
equivalent circuit parameters were introduced to ac-
count for the electrode capacitance, C, the polarization
resistance, R, the ohmic drop in the electrolyte, Rq,
adsorption film resistance, R,q, adsorption film capac-
itance, C,q, and a Warburg impedance parameters, Z,,
to account for the diffusion process.

For simple equivalent circuit models, where the
capacitance, polarization resistance, and solution resis-
tance, are only considered, the electrode impedance,
Z, is represented by the dispersion formula:

Z = Rq + (2)
where o denotes an empirical parameter (0 < o < 1)
and f is the frequency in Hz. This takes into account
deviation from ideal capacitor behavior in terms of
time constants due to surface inhomogeneties, rough-
ness effects and adsorption phenomena [29, 30]. The
calculated equivalent circuit parameters for Cu—5Ni
and Cu-65Ni after 3 h immersion in the different
electrolytes are presented in Tables 5 and 6. The values
presented in Table 5 show that R,, increases from
0.32 kQ cm? in inhibitor free solution to 15.1 kQ cm?
when the solution contains 0.01 mm leucine + 0.1 mm
KI. The addition of leucine alone did not show such
dramatic effect, R,q Increases from 0.32 to
0.81 kQ cm? only. The value of 1/C,q increases, which
accounts for the adsorption layer thickness [17, 31].
This means that a thicker adsorption layer is formed.
The effect of the immersion time on the corrosion
resistance of the alloy in the presence and absence of
iodide ions is presented as Bode plots in Figure 7a and
b. The equivalent circuit parameters in each case were
also calculated and are presented in Tables 7 and 8.
The values of both R,y and 1/C,4, increase with
increase in immersion time up to 60 min, which means
that the immersion of the alloy for ~1h in the
solution containing the inhibitor leads to the formation

P
1+ (2n/R, C)*
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Fig. 5. (a) Bode plots for Cu—5Ni alloy after 180 min of immersion in 0.25 M acidic sulfate with inhibitor (and KI) at 25 °C. (b) Bode plots
for Cu—65Ni alloy after 180 min of immersion in 0.25 m acidic sulfate with inhibitor (and KI) at 25 °C.

Fig. 6. Equivalent circuit used in the fitting of the impedance data of
Cu-Ni alloys at different conditions, R, = solution resistance, R, =
polarization resistance, C = electrode capacitance, R,q = adsorbed layer
resistance, C,q = adsorbed layer capacitance, and Z, = Warburg
impedance.

of a thicker adsorption layer which protects and
increases the corrosion inhibition efficiency. This result
is better seen on Figure 8a and b for Cu—5Ni alloy in
acidic sulfate solution containing 0.01 mm leucine
(Figure 8a) and that containing 0.0l mm leu-
cine + 0.1 mm KI (Figure 8b).

The same experiments were carried out with Cu—
65N, the corresponding impedance data were recorded
and the equivalent circuit parameters were also calcu-
lated. The results for Cu—65Ni show the same trend as
those recorded for Cu—5Ni and presented in Figure 7a
and b. In all cases, the calculated values for o deviate

Table 5. Equivalent circuit parameters for Cu—5Ni in 0.25 M Na,SOy, pH 2 without and with inhibitor (and KI)

[Leucine]/mm Ro/Q C/uF ecm™ o R,/Q cm? Caa/uF cm™ o Raa/kQ cm? Zw/kQ 5712
0.00 22.0 34.0 0.87 47 70 0.62 0.32 0.08

0.01 2.5 14.6 0.91 61.8 2.5 0.60 0.81 1.6

0.01 + 0.1 mm KI 23.6 3.6 0.86 6680 1.3 0.63 15.1 10.1
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Table 6. Equivalent circuit parameters for Cu—65Ni in 0.25 M Na,SO,, pH 2 without and with inhibitor (and KI)

[Leucine]/mm Ro/Q C/uF cm™ ol R,/Q cm? Cya/MF cm™ ol Rag/kQ cm? Zw/kQ 5712
0.00 15.9 15.75 0.82 575 27.34 0.61 0.803 0.01
0.01 16.4 9.10 0.85 882 8.20 0.60 3.40 0.12
0.01 + 0.02 mm KI 17.0 15.80 0.78 586 0.30 0.61 2.18 4.96
@ F .
! Cu-5Ni * 2min |
3l vy 15 min 7 80
- A 60 min
I 180 min
< Sim 160 &
E 7 ] ©
(&} ~
2 B N
S 140 @
g | g
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1t
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Fig. 7. (a) Bode plots for Cu—5Ni alloy after different time of immersion in acidic sulfate solution + 0.1 mm leucine at 25 °C. (b) Bode

plots for Cu—5Ni alloy after different time of immersion in acidic sulfate solution + 0.1 mm leucine + 0.02 mm KI at 25 °C.

Table 7. Equivalent circuit parameters for Cu—5Ni after different time of immersion in 0.25 M Na,SO4 (pH 2) + 0.01 mm leucine at 25 °C

Time/min Ro/Q C/uF cm™ ol R,/Q cm? Caa/MF cm™> oly Rag/kQ cm? Zw/kQ 5712
2 21.5 11.1 0.89 1.49 11.70 0.50 0.09 17

15 21.9 13.7 0.93 4.10 5.50 0.50 0.28 345

30 21.9 14.3 0.92 6.99 3.90 0.50 0.38 717

60 22.1 14.9 0.92 10.40 2.98 0.50 0.48 980

120 22.4 13.8 0.91 59.00 2.60 0.60 0.80 1945

180 22.5 14.6 0.91 61.80 2.50 0.60 0.81 1600
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Table 8. Equivalent circuit parameters for Cu—5Ni after different time of immersion in 0.25 M Na,SO,4 (pH 2) + 0.01 mm leucine+ 0.1 mm

KI at 25 °C
Time/min Ro | Q C/uF cm™ o R,/Q cm? Coa/uF cm™ olp Rag/kQ cm? Zw/kQ 5712
2 22.0 4.0 0.81 1.89 1.55 0.57 4.2 2.1
15 22.7 3.7 0.84 3.95 1.40 0.66 9.5 4.5
30 22.9 3.7 0.85 4.90 1.35 0.66 11.6 5.9
60 22.9 3.6 0.85 6.00 1.30 0.64 13.1 7.7
120 22.5 3.6 0.85 6.30 1.30 0.64 14.2 8.5
180 23.6 3.6 0.86 6.70 1.30 0.63 15.1 10.1
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Fig. 8. Variation of R,y and 1/C,q with time for Cu-5Ni alloy in acidic sulfate solution. (a) Containing 0.01 mm leucine (b) containing

0.01 mwM leucine + 0.1 mm KI.

from 1 (o7 = 0.82 to 0.92 and o, = 0.5 to 0.66) which
indicates a heterogeneous surface [18, 29, 32]. The
values of R,q and 1/C,q for Cu—65Ni are remarkably
higher than those for Cu—5Ni in the same solution. The

relatively higher adsorption resistance and thicker
adsorption film formed on Cu—65Ni can be attributed
to the large number of Ni-sites occurring on the Cu—
65Ni surface compared to that on Cu—5Ni where the
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possibility of oxidation of amino acid on the Cu-sites
decreases [25].

4. Conclusions

The corrosion and corrosion inhibition of the Cu—Ni
alloys depend on the Ni content and the structure of the
amino acid used. Long chain non-branched molecules
are more effective in corrosion inhibition. The surface
adsorption of amino acids in acidic solutions is
enhanced in the presence of small amounts (0.1 mm)
of iodide ions. Alloys of higher nickel content have
thicker and more resistive adsorption layers.
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