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Abstract

The mixed charge and mass transfer influenced anodic current response of CA 104 nickel aluminium bronze (NAB)
is presented as a function of both laminar (rotating disc electrode) and fully turbulent (rotating cylinder electrode)
fluid flow. At low values of positive polarisation, the overall behaviour of the freshly polished material in filtered
and artificial seawaters is closely related to that of unalloyed copper. The primary anodic reaction in this case is the
selective dissolution of the copper component via a cuprous di-chloride complex anion. At large positive
polarisation, the solid solution mole fraction for the production of a discrete film of protective alumina (Al,O3) is
examined as a function of Reynolds number and discussed in terms of a new mechanism for the passivation NAB in
seawater. The polarisation data is used to replicate experimental Reynolds number dependent, corrosion potentials

and corrosion current densities over a wide range of electrode angular velocities.

1. Introduction

The addition of aluminium increases the corrosion
resistance of copper in seawater, sulphuric acid and
general salt solutions. The alloying element also pro-
vides good wear properties and resistance to high
temperature oxidation [1]. The corrosion resistance of
both aluminium bronze and nickel aluminium bronze
(NAB) alloys has been attributed to a sustainable
protective layer of alumina, which builds up quickly
on the alloy surface post-exposure to the corrosive
environment [2, 3]. Additions of nickel and iron enable
greater amounts of aluminium to be present in the alloy
(9-11%) before chemically and mechanically detrimen-
tal CugAly phases are produced [1, 4].

The majority of literature on NAB corrosion has
centred upon marine cavitation damage [5] exposure
tests [6-8] and case histories [9]. From this work, it is
clear that the dissolution rate of the alloy can exhibit the
flow rate dependence commonly observed with other
copper-based alloys [10, 11]. General weight loss derived,
dissolution rates in NAB seawater pipe flow can range
from 0.05 mm y~' (2 uA cm™?) under static conditions
up to 1 mmy "' (36 uA cm™?) within turbulent and
impinging fluid regimes.

NAB linear polarisation resistance (LPR) measure-
ments made by Schussler and Exner in artificial seawater
[2, 3] were relatively high (5-10 uA cm™2) although
dissolution rates decreased with time of exposure to
reach around 0.5 yA cm™. A mean anodic Tafel slope of
0.064 V decade™" was calculated for freshly polished
surfaces and the number of electrons exchanged in the
rate-determining steps of both reactions was determined
as 1. Schussler and Exner also proposed that after a
potential (F) step to —0.190 V vs saturated calomel
electrode (SCE), corresponding to a polarisation of
approximately +50 to 100 mV, an alumina-based,
protective film formed. Film formation corresponded
with a notable decrease in the apparent flow dependence
of the current response.

In Part I of this series of papers, the cathodic charac-
teristics of NAB were discussed [12]. In this work, the
electrochemical characteristics of the anodic dissolution
of NAB are examined using the rotating disc electrode
(RDE) and the rotating cylinder electrode (RCE) and
used in the derivation of the corrosion potential (E¢op) OF
mixed potential. The hitherto unexamined dependency of
the overall corrosion rate on fluid flow conditions will
also be determined using the high reproducible laminar
and turbulent fluid flow regimes resent at the RDE and
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RCE geometries. The influence of Reynolds number (Re)
on the mass transfer coefficient (k) as a function of
laminar flow (RDE) and fully turbulent flow (RCE) for
hydrodynamically smooth surfaces has been fully de-
scribed in the literature (see Part I).

2. Experimental procedure

Wrought NAB material was supplied by Stone Manga-
nese Ltd. (UK) in rod form to meet BS 2874: 1986: CA
104. The composition of the alloy is given in Table 1.
The design and construction of RDE (area 0.126 cm?)
and RCE (area 10.06 cm?) is described in Part I [12].
Working electrode surfaces were mechanically polished
(manually) on micro-polishing cloth and degreased in
ethanol prior to each individual polarisation and corro-
sion potential measurement. Mechanical polishing of
pre-conditioned electrodes consisted of a double, 3-min
polish with a 0.3 um o«-alumina/distilled water slurry.

Two electrolytes were used: filtered and conductivity
adjusted seawater (originally taken from Langstone
Harbour, Hampshire, UK) and an artificial seawater (to
BS 3900:Part F4:1968, supplied by BDH). A compre-
hensive review of the electrolyte pre-treatment process
and its subsequent characterisation is given in Part I.

All electrochemical measurements were made at 25 =+
0.2 °C with an Eco Chemie Autolab potentiostat
(PGSTAT20 computer controlled) using the General
Purpose, Electrochemical Software (GPES) version 4.5.
The electrochemical cell incorporated a thermostatically
controlled, glass water jacket, a platinum gauze counter
electrode and a Radiometer Analytical A/S, REF 401,
SCE used in conjunction with either a RDE or RCE
adapted Luggin—Haber capillary. The range of Reynolds
numbers (Re) for each geometry was Regrpg = 79-3700
(corresponding to 200-9500 rpm or 29-995 rad s™') and
Rerce=1900-76,860 (1004000 rpm or 10-419 rad s ).
Anodic linear sweep voltammetry (LSV) was performed
at the relatively high potential sweep rate of 1 mV s~ in
order to minimise surface disruption during measure-
ments.

3. Results and discussion

3.1. Corrosion potential

After initial immersion at a given angular velocity, the
directly measured mixed potential or corrosion potential

of the NAB became more negative until a stabilised
potential was achieved (Figure 1). This behaviour has

Table 1. Alloy percentage elemental composition (wt./wt.) conforming
to BS 2874: 1986: CA 104 (suppliers analysis)

Cu Fe Si Mn Pb Al Ni Mg Zn

Bal. 443 0.05 0.14 0.02 931 4.65 0.01 max. 0.11
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Fig. 1. Mean corrosion potential transients for NAB as a function of
electrode angular velocity. Rerpp=79-3700 (21, 42, 84, 126, 188, 251,
378, 503, 681 and 995 rad s™'); Regrcp=1900-26,900 (10, 21, 42, 84,
126, 189, 251, 367 and 419 rad s™").

also been previously observed for unalloyed copper at
both the RDE [13] and RCE [14]. The period of time
required to achieve equilibration decreased with increas-
ing angular velocity. For Rerpg values of 79 and 3700,
approximate times for stabilisation were 800 and 300 s,
respectively. This observation has been associated with
the diffusion-controlled chloride ion facilitated dissolu-
tion of a relatively noble cuprous oxide-based film
formed during the mechanical polishing of copper-based
materials [15]. For example:

Cu,0 + H,0 + 4Cl™ « 2CuCl; + 20H™ (1)

Moreover, the observed increase in negative shift of the
corrosion potential at increasing Re (from approxi-
mately —0.295 to —0.335V for Rerpg 79 and 3700)
indicates that the corrosion mechanism of freshly
polished NAB has a definite flow rate dependency [16].
This latter point will be discussed in more detail in the
derivation of the mixed potential (Section 3.3).

3.2. Anodic dissolution

Anodic LSV was used as a function of RDE rotation rate
in order to determine the large positive polarisation
characteristics of the material (Figure 2). The voltamme-
try showed a definite rotation rate dependence on both
the passivation peak current density and the ‘passive’
limiting current density. Between 21 and 84 rad s™!
(Rerpe = 79 and 316), the typical quasi-passivation
behaviour, frequently observed in the literature for
copper and copper nickels [15, 17-20], dominated. At
these velocities, the polarisation response for these
materials has three main potential regions of interest:
1. an exponential region of apparent mixed charge
transfer and mass transport controlled current (up
to a polarisation of approximately +0.1 V),
2. a region of film formation (resulting in a current
peak) followed by a mass transfer dependent limit-
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Fig. 2. Anodic LSV as a function of RDE angular velocity at 21, 42,
84, 126, 188, 251, 378, 503, 681 and 995 rad s™' (Rerpr=79-3700). (a)
RDE - artificial seawater, (b) RDE — filtered seawater and (c) RCE —
filtered seawater.

ing current
+0.5 V), and
3. a region of increased current density due to the
formation of Cu(Il) species (polarisation, approxi-
mately > +0.5V).
At 188 rad s7! (1800 rpm or Rerpg=700) and above,
however, an apparent self-passivating mechanism was
observed where the rate of reaction was effectively
inhibited (no passivation peak) until a relatively positive
critical applied potential was achieved (E.;; = +0.025 V
vs SCE). Above E.;, the current density stepped
directly to a convective-diffusion controlled value of
limiting current density (jr).

It is possible to explain this change in mechanism by
considering the limiting mole fraction for aluminium
oxide formation (Naj,0,). For Cu—Al alloys, passivation
is based on aluminium having a greater affinity for O,
than copper [21]. From enthalpies of formation, Al,O3
(1578 kJ mol™" of oxide) is considerably more stable
than a probable alternative, Cu,O (145 kJ mol™"). For
aluminium, bronzes it has been shown that a rapid
dissolution of copper will lead to the achievement of
Nano,. Protection is then afforded as AlO3; is an
insulator and highly impermeable to the passage of
cuprous cations which can no longer enter what is the
outermost layer of cuprous oxide [21].

Here, the limiting mole fractions for Al;O3; and NiO
formation at NAB were calculated [15] as approximately
0.65 (Al) and 0.51 (Ni), respectively. It is probable that,
during anodic polarisation, the limiting mole fraction
for the formation of pure Al,O; was achieved at
rotation rates above 1800 rpm due to the greater mass
transfer enhanced, non-electrochemical dissolution of
the copper or the copper-based corrosion products via
CuCl, formation. At lower angular velocities, the
dissolution rate of the Cu-based material is low in
comparison to its rate of formation. Under these
conditions the electrodissolution of the alloy will be
restricted either by a pure film of Cu,O or, more

density (approximately +0.2 to
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probably, a mixed oxide of CuyO/Al,O3. These semi-
conducting oxide films will have low resistivity relative
to pure Al,O3 [22], thus enabling sustained dissolution
at greater rates. It appears, therefore, that the rapid rate
of initial corrosion produced by high rates of mass
transfer can initiate very effective alloy passivation.

At potentials more positive than E_;, however, the
Al,O3 passive film breaks down and the alloy dissolves
under full mass transfer control as at the low angular
velocities.

The influence of film growth on mass transfer con-
trolled currents at low positive polarisation was mini-
mised experimentally using a potential step current
transient (PSCT) technique with controlled hydrody-
namic steps and a limited experimental time scale
(Figure 3). Excellent reproducibility (maximum devia-
tion +0.03 mA cm 2 over a minimum of three trials
throughout) enabled an examination of the anodic
response close to the corrosion potential at very small
increments of polarisation (typically 5 mV).

The anodic dissolution of copper is usually considered
to be a reversible process which is under mixed charge
and mass transfer control at very low anodic polarisa-
tion [17, 18, 20, 23-32]. Generally, the literature
describes apparent ‘Tafel’ slopes of approximately
0.060 V decade™ within the mixed controlled region.
This relationship has been described for a hydrodynam-
ically smooth RDE through Equation 2 [26],

dlog(dj~!'/dw™03)  —zF

dE T 23RT (2)

where, E, w, z and F are the electrode potential, angular
velocity, stoichiometric number of electrons exchanged
and the Faraday constant, respectively. R and T are the
molar gas constant and the absolute temperature.
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Fig. 3. Mixed charge and mass transfer controlled electrodissolution
of the NAB RDE measured as a function of applied potential using a
potential step, current transient technique with hydrodynamic (angular
velocity) steps of 21, 42, 84, 126, 188, 251, 378, 503, 681, 995 and
21 rad s™! (Rerpp=79-3700).



1244

¥ 200rpm, + 400rpm, © 800 rpm,
v 1200rpm, ¥ 1800rpm, < 2400rpm, & 3500 rpm
X 4800 rpm, A 6500rpm, ® 9500 rpm

-3.6 T T T
E 42t i
o
<
~ 48} .
=
g
— 54} R

-6.0 . . .

-0.270 -0.255 -0.240 -0.225 -0.210
Evs. SCE/V

Fig. 4. Apparent ‘Tafel’ slopes (corrected for oxygen reduction)
describing the anodic dissolution of NAB as a function RDE of
angular velocities of 21, 42, 84, 126, 188, 251, 378, 503, 681 and
995 rad s™!' (Rerpr=79-3700).

Figure 4 describes such apparent Tafel plots for the
anodic dissolution of NAB RDE within the filtered
seawater. At each increment of angular velocity, a
distinct Tafel slope was measured with increasing values
of anodic current density. This behaviour is typical of
that of copper [13, 17, 33]. The effect has been attributed
to an irreversibility of the anodic equilibrium reaction,
which can be de-polarised via the removal of CuCl;
from the Nernst diffusion layer [15], i.e., the equilibrium
potential of the anodic reaction is made more negative
at larger values of fluid velocity. In these cases, currents
measured at the same applied potential are larger at
higher fluid velocities as the total potential difference
between the Reynolds number dependent equilibrium
potential of the anodic reaction and the applied positive
overpotential is effectively increased.

Table 2 gives a comparison of the diagnostic param-
eters, which have been used to characterise the apparent
Tafel response of copper as a function of electrode

angular velocity. These parameters are the apparent
Tafel slope and the dependencies of current density on
both velocity and applied potential. The experimental
responses of NAB and unalloyed copper (the latter
produced under identical conditions to this work [13])
correlate extremely well. Overall mean values of appar-
ent Tafel slope for the copper and NAB electrodes were
approximately 0.061 £+ 0.010 and 0.058 £ 0.010 V de-
cade™, respectively.

In this potential region, the dependency of the loga-
rithmic current density (j) in this potential region on
logarithmic angular velocity, shown in Equation 3, was
also very similar between the materials with mean n
values of 0.41 £ 0.03 (Cu RDE) and 0.44 + 0.03 (NAB
RDE),

log(j) = k log(w)" 3)

These values are close to that of 0.50 expected for full
mass transfer control of the reaction rate. Because of the
increased dependency of the mass transfer controlled
component of RCE current density [12], the equivalent
cylinder electrode values of n were larger at
=0.67 £ 0.05 (Cu) and 0.62 = 0.03 (NAB). A value
close to 0.70 would be expected for full mass transfer
control at a hydrodynamically smooth RCE [34].

Anodic Koutecky—Levich plots (Figure 5) were used
to determine pure charge transfer controlled anodic
current [12]. All three sets of plots are typical of a
copper-based, electrodissolution reaction, which is pre-
dominantly under diffusion control [10]. Under these
circumstances, the gradient of the Koutecky—Levich
slope decreases at more positive polarisation. True
anodic Tafel plots (i) were derived from the y axis
intercepts of the Koutecky—Levich plots at each applied
potential (Figure 6). Taking oa to equal the anodic
charge transfer coefficient:

OCAZF
2.3RT

Ba= (4)

Table 2. Diagnostic parameters used to characterise the experimental anodic behaviour of pure copper in chloride media applied to the

experimental results of NAB

System identity ( d(lioEg j_> (%) (log[A cm™%] {dE /dlog ((%)]
/V decade™ [log[rad s™']) (1/og[A cm™ / {rad s}V

Cu RDE 0.062 — 0.064 0.45 — 0.40 0.070 + 0.002
Filtered (0.062 % 0.001) (0.43 + 0.03)

Cu RDE 0.062 — 0.071 0.45 — 0.40 0.067 + 0.003
Artificial (0.066 + 0.003) (0.38 + 0.04)

Cu RCE 0.051 —> 0.058 0.62 = 0.77 0.060 %+ 0.002
Filtered (0.056 % 0.002) 0.67 + 0.05)

NAB RDE 0.055 — 0.063 0.45 — 0.42 0.065 + 0.001
Filtered (0.059 + 0.003) 0.43 + 0.02)

NAB RDE 0.056 — 0.064 0.47 — 0.42 0.067 + 0.002
Artificial (0.060 % 0.003) (0.44 + 0.02)

NAB RCE 0.063 — 0.069 0.57 > 0.64 0.063 %+ 0.001
Filtered (0.065 % 0.003) 0.62 + 0.03)

Results in parenthesis indicate mean values.
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Fig. 5. Sample Koutecky—Levich plots describing RDE and RCE
NAB c¢lectrodissolution within the apparent Tafel region. (a) RDE —
artificial seawater, (b) RDE — filtered seawater and (c) RCE — filtered
seawater.

Figure 6 describes the rate of isolated anodic charge
transfer controlled current. For this data, any influence
of mass transfer on the reaction rate has been removed.
It is clear that there is little variation for NAB immersed
in either electrolyte. For the RDE both slopes were
within approximately 10 mV decade™' at 0.083 + 0.005
and 0.094 + 0.008 V decade™' for the artificial and
filtered seawaters, respectively. The equivalent Tafel
slope measured at the RCE was 0.091 £+ 0.010 V de-
cade™.

The 30-50% larger values of pure charge transfer
controlled anodic slopes relative to the equivalent
apparent Tafel slopes is the result of the removal of
the mass transfer component via extrapolation to an
infinite rate of mass transfer. Wood et al. [10] examined
the pure charge transfer controlled anodic dissolution of
copper, where the anodic Tafel slope tended towards
0.120 V decade™' as the influence of mass transfer on
the current was removed.

The anodic currents derived for the RCE were
consistently larger than those for the RDE. This could
be attributable to different grain morphology at the
active electrode surfaces (observed via light micros-
copy). The RDE and RCE formed transverse section
and longitudinal sections of the same wrought material
sample. Longitudinal grains and inter-metallic phases at
the RCE would dominate the extruded material and
may influence the relative number of active sites and the
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Fig. 6. Comparison of Koutecky—Levich equation derived, Tafel
slopes for the anodic dissolution of the NAB RDE and RCE.

coverage and effectiveness of a protective corrosion
product film.

By analogy with copper [18, 23, 25, 29, 31, 32, 35] and
assuming the oxidation,

Cu+2ClI" — CuCl; +e” (5)
which has a rate constant,

g
h_ﬁp# (6)

potential dependent rate constants (ka) were calculated
at each applied potential from the experimental con-
stants given in Table 3 (relating to Equation 7).

kg = ko expfrE=E) — f expBE-Fe) (7)

Here, o and k, are the charge transfer coefficient, the
electrochemical rate constant for the anodic reaction and
the equilibrium potential (E.) was assumed to be equal to
—0.405 V vs SCE for this system [15]. Values of k were
then extrapolated to the Reynolds number dependent
corrosion potential. The resulting rate constants (Fig-
ure 7) give the rate of the charge transfer controlled
anodic dissolution of NAB at each corrosion potential.
The results again indicate that the dissolution rate of
NAB is dependent on electrode geometry with the
greatest rates measured at the RCE. Maximum values
of kx were produced at 21 rad s™' (Rercp = 3800;
Rerpg = 79) in each case at 1.2 X 1078 cm s™! for the
RCE and 3 x 107 cm s™! for the RDE. The relatively

Table 3. Experimental constants relating to Equation 7 which describe the exponential change in the potential dependent rate constant for the

anodic dissolution of NAB as a function of applied potential

E vs SCE
/v

Source

—-0.250 to —0.220
—0.245 to —0.220
—0.255 to —0.220

RDE — filtered seawater
RDE - artificial seawater
RCE - filtered seawater

E-E° K, B

/V Jem s7!

+0.155 to +0.185 7.0 x 10710 24.32
+0.160 to +0.185 4.0x 10710 24.36
+0.150 to +0.185 8.0 x 10710 25.26
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Fig. 8. Example derivation of the NAB mixed potential via Tafel slope
extrapolation.

low values of ka in all cases gives a direct indication of
how important the chloride ion is for rapid alloy
dissolution (see Equation 6).

3.3. Derivation of the mixed potential

Figure 8 is an Evans Diagram illustrating the derivation
of the NAB mixed potential using extrapolated cathodic

¢ Derived, ¢ Directly measured
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Fig. 9. Comparison of Tafel extrapolation derived and directly
measured corrosion potentials. (a) RDE — artificial seawater, (b)
RDE - filtered seawater and (c) RCE — filtered seawater.

charge transfer current for O, reduction and the
apparent Tafel slopes for mixed charge and mass
transfer controlled electro dissolution. All cathodic
polarisation directly measured corrosion potential data
were taken from Part I[12]. In Figure 9, comparison has
been made between the derived corrosion potential
values taken from this approach and the directly
measured corrosion potential distribution as a function
of angular velocity.

From both Figures 8 and 9, it is clear that the
corrosion potential of freshly polished NAB shows a
significant dependence on the conditions of mass trans-
fer. In each case the corrosion potential will become
more negative in a non-linear manner as fluid velocity is
ramped. The correlation between the directly measured
and derived potentials is good with a maximum devi-
ation between the mean of <10 mV. The dependence of
both the directly measured and derived corrosion
potential on angular velocity can be described by the
simple power law given in Equation 8.

(8)

Diagnostic plots of logarithmic E.r (V vs SCE) vs
logarithmic o (rad s™') were linear in each case and were
used to produce the constants relating to Equation 8.
Values of the experimental constants are given in

_ x
Ecorr = kgcorr @

Table 4. Experimental constants describing the dependence of NAB corrosion potential on electrode angular velocity (rad s™")

Source Measurement technique X kgcorrvs SCE Correlation coefficient
/v
RDE — filtered seawater Derived 0.029 + 0.001 -0.278 + 0.002 0.99645
Directly measured 0.028 + 0.001 -0.275 + 0.003 0.99203
RDE - artificial seawater Derived 0.028 + 0.001 -0.279 + 0.001 0.99655
Directly measured 0.029 £ 0.001 -0.274 + 0.001 0.99719
RCE - filtered seawater Derived 0.044 + 0.015 -0.258 + 0.003 0.99666
Directly measured 0.035 £+ 0.001 —-0.270 + 0.001 0.99897

Correlation coefficients refer to the diagnostic linear regression data obtained from plots of logarithmic Ec,, vs logarithmic w.
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corrosion rates for NAB at 25 + 0.2 °C.

Table 4. Differences in kgeor between seawaters for the
RDE were small (kzeorr = —0.278 + 0.002 V vs SCE).
The mean estimations of the power x of 0.029 + 0.001
(RDE) and 0.040 £+ 0.006 (RCE) indicated a higher
dependency of mass transfer coefficient on RCE angular
velocity relative to the RDE.

The corrosion current density (jeorr) Of NAB was
largely independent of geometry and seawater type.
Figure 10 gives both the Tafel extrapolated and LPR
derived corrosion rates as a function of angular velocity.
The Stern—Geary relationship [36] was used to indepen-
dently produce instantaneous corrosion rates via polar-
isation resistance (R,) — the slope of the E vs j curve
+5 mV of the fully stabilised corrosion potential.

Excluding the RDE LPR data, which showed a
relatively small velocity dependency, j.o., could also be
described using a simple power law relationship:

Jeorr = keorr " (9)

The constants required for the prediction of j.op,
(mA cm™?) as a function of w (rad s™') are given in
Table 5. The predicted corrosion rates for Tafel extrap-
olation and RCE LPR show a definite flow rate
dependency and range from approximately 4 to
12 puA cm™2. The low deviation of  keowr
(0.0025 + 0.0005 mA cm™) for both geometries and
the low deviation of x values (RDE: 0.170 £ 0.003;
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RCE: 0.245 £ 0.018) within each geometry, describe a
general similarity of NAB corrosion rate at low values
of angular velocity. The LPR derived data, although less
reproducible with slightly larger current densities, com-
pare well with the corrosion rates produced via the Tafel
extrapolation procedure. The maximum deviation from
the mean for both techniques was around 5 uA cm™>.
From analogous work dealing with freshly polished
copper—nickel alloys [15] it appears that elemental
composition has relatively little influence over the
corrosion rate of the base copper material. As can been
seen in this work, however, alloying elements such as
aluminium can bring character to the materials on the
formation of surface films.

The previously unexamined corrosion mechanism of
polished NAB in seawater has been elucidated, where it
is clear that the behaviour of the freshly polished alloy is
analogous to that of pure copper. Good correlation
between experimental data has been demonstrated via a
number of electrochemical techniques. At the corrosion
potential charge transfer controlled oxygen reduction at
the polished NAB dominates the cathodic half-cell. The
chloride ion facilitated selective dissolution of the
copper forms the anodic component, which is under a
form of mixed mass and charge transfer control.

Conclusions

1. A potential step, current transient technique has
been used at low values of positive polarisation to
accurately determine the flow dependency of NAB
dissolution under conditions of controlled laminar
and turbulent fluid flow.

2. At potentials close to FEo, the short-term anodic
polarisation behaviour of freshly polished BS CA
104 NAB in dilute chloride media is analogous to
unalloyed copper where the reaction rate is con-
trolled by a combination of both charge and mass
transfer.

3. At the corrosion potential, the charge transfer con-
trolled reduction of oxygen and the mixed charge
and mass transfer controlled electrodissolution
determine the corrosion behaviour of the freshly
polished material.

Table 5. Experimental constants describing the dependence of NAB corrosion rate (mA cm™2) on electrode angular velocity (rad s™")

Source Technique X Keorr Correlation
/mA cm™2 coefficient

RDE - filtered Extrap. 0.172 £+ 0.005 0.002 £+ 0.001 0.99632
RDE - artificial Extrap. 0.168 + 0.007 0.002 £ 0.001 0.99357
RCE - filtered Extrap. 0.232 £+ 0.010 0.003 £ 0.001 0.99470
RDE - filtered LPR - - -

RDE - artificial LPR - - -

RCE - artificial LPR 0.257 + 0.010 0.003 £ 0.001 0.99575

Correlation coefficients refer to the diagnostic linear regression data obtained from plots of logarithmic j.o. vs logarithmic .
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4,

Corrosion rates derived from Tafel extrapolation
were proportional to both electrode angular velocity
and geometry and ranged from approximately 4 to
12 uA cm™ in filtered and artificial seawaters at
25 + 0.2 °C.

LSV has been used to examine the passivation
characteristics of NAB as a function of fluid veloc-
ity. At relatively high RDE angular velocities
(>188 rad s™', 1800 rpm), the material exhibited a
self-passivating mechanism which significantly im-
proved to dissolution resistance.

The Al,O;-based passivation mechanism of the
material was found to be dependent on both applied
potential and ambient mass transfer conditions.
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