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Corrosion behavior of bulk two-phase Ag—25Cu alloys with
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Abstract: In order to have a better understanding on the corrosion mechanisms of bulk two-phase Ag—25Cu (at.%) alloys with
different microstructures, two bulk nanocrystalline Ag—25Cu alloys and one coarse grained counterpart were prepared by liquid
phase reduction (LPR), mechanical alloying (MA) and powder metallurgy (PM) methods, respectively. Their corrosion behavior was
investigated comparatively using electrochemical methods in NaCl aqueous solution. Results show that the microstructure of the
coarse grained PMAg—25Cu alloy is extremely inhomogeneous. On the contrary, compared with PMAg—25Cu alloy, the
microstructures of the nanocrystalline LPRAg—25Cu and MAAg—25Cu alloys are more homogeneous, especially for LPRAg—25Cu
alloy. The corrosion rate of MAAg—25Cu alloy is higher than that of PMAg—25Cu alloy, but lower than that of LPRAg—25Cu alloy.
Furthermore, the passive films formed by three Ag—25Cu alloys exhibit n-type semiconducting properties. The passive current
density of LPRAg—25Cu alloy is lower than that of PMAg—25Cu alloy, but higher that of MAAg—25Cu alloy.
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1 Introduction

Nanocrystalline materials have attracted more
attention due to their unique physical, chemical and
mechanical properties [1—3]. Usually, the grain sizes are
less than 100 nm, and the volume fractions of grain
boundaries may exceed 50% in the nanocrystalline
materials. These characteristics result in the corrosion
behavior of nanocrystalline alloys rather different from
that of their coarse grained counterparts. Thus, the
researches on the corrosion behavior of nanocrystalline
materials have become a hot topic in the corrosion
field [4-10].
nanocrystalline materials has been reported by some
researchers [11—13]. WANG et al [11] investigated the
effect of grain size reduction on the electrochemical

So far, the corrosion behavior of

corrosion behavior of the nanocrystalline Ni produced by
pulse electrodeposition. It is be found that the corrosion
resistances of Ni coatings in alkaline aqueous solutions

considerably increase as the grain sizes decrease from
microcrystalline to nanocrystalline due to more rapid
formation of continuous Ni(OH), passive films as
compared with the corresponding coarse grained Ni
coatings. OGUZIE et al [12] observed the effect of
surface nanocrystallization on the corrosion behavior of
low carbon steels prepared by the magnetron sputtering
technique. They pointed out that the surface nano-
crystallization is able to
susceptibility of low carbon steels, leading to a decrease
in interfacial impedance and an increase in the kinetics of

increase the corrosion

the anodic reaction. According to this acceleration of
dissolution, the change belongs to an increase of the
active ability of metals on the nanocrystalline coatings,
which accelerates the kinetics of the anodic reaction.
PINTO et al [13] revealed the corrosion behavior of the
nanocrystalline copper thin films deposited by the
reactive magnetron sputtering method in 0.5 mol/L NaCl
aqueous solution. They indicated that different surface
morphologies and grain sizes in the corrosion processes
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may give rise to the formation of different oxide and
chloride films. The copper thin film formed by the
smaller grain size has a faster corrosion rate mainly
because the number of grains per unit area increases, and
thus the electroactive surface area also increases.
However, so for, the systematic researches on this topic
have been rare and the broad agreement on the corrosion
mechanism has not occurred yet. Moreover, these studies
were mainly focused on the corrosion resistances of
coatings, thin films and surface nanocrystallizations. On
the contrary, the corrosion behavior of bulk
nanocrystalline materials, especially binary bulk
nanocrystalline two-phase alloys, was very rarely
reported. Thus, it is important to understand the
corrosion mechanisms of bulk nanocrystalline alloys.
Based on the previous reports [14—17], it can be
found that mechanical alloying (MA) and liquid phase
reduction (LPR) are two kinds of extremely effective
methods to prepare the nanocrystalline alloyed powders.
Hot pressing the nanocrystalline alloyed powders has
widely been used to obtain the bulk nanocrystalline
materials with very high densities. For example, a bulk
Ag—50Ni alloy with very high density was able to be
prepared by hot pressing the nanocrystalline Ag—S0Ni
alloyed powders obtained through mechanically alloying.
The continuous Ag nets are formed because the
nanocrystalline Ag particles have very low melting point,
and they were able to separate out from the
supersaturated powders produced in the course of
mechanically alloying [18]. Furthermore, another bulk
nanocrystalline Ag—50Ni alloy was able to be prepared
by hot pressing the alloyed powders obtained through
liquid phase reduction, but the continuous Ag nets were
not formed because the reactions are able to achieve a
mixing on the molecular level, and at the same time the
solid solubility of Ag in Ni for Ag—50Ni powders
prepared by liquid phase reduction is lower than that by

mechanical alloying. The microstructure of the
nanocrystalline =~ LPRAg—50Ni alloy is  more
homogeneous than that of the nanocrystalline

MAAg—50Ni alloy, which may result in different
corrosion behavior [19].

Ag—Cu alloys are similar to Ag—Ni alloys because
silver and copper are also slightly soluble into each other
within almost the whole composition range [20]. In the
present work, two bulk nanocrystalline two-phase
Ag—25Cu alloys were prepared by hot pressing the
alloyed powders obtained through the liquid phase
reduction and mechanical alloying method, and one
coarse grained Ag—25Cu counterpart was prepared by the
powder metallurgy (PM) method. The corrosion behavior
of three Ag—25Cu alloys with different microstructures
was also investigated in 0.6 mol/L. NaCl aqueous
solution in order to understand the corrosion behavior of

bulk two-phase Ag—Cu alloys comprehensively.
2 Experimental

2.1 Sample preparation

A bulk nanocrystalline Ag—25Cu (at.%) alloy was
prepared by hot pressing the alloyed powders obtained
through the liquid phase reduction method, and here
denoted as LPRAg—25Cu. The preparation processes
were described below. The alloyed powders were
synthesized after AgNO; and CuSO, aqueous solutions
were added to N,H, aqueous solution (pH=11) at 70 °C,
and afterwards they were filtered, washed with water,
and dried. Figure 1 shows the X-ray diffraction (XRD)
pattern of LPRAg—25Cu alloyed powders. Figure 2
shows the transmission electron microscopy (TEM)
image of LPRAg—25Cu alloyed powders. It can be seen
that these alloyed powders have no impurities with the
average particle size of about 10 nm. Hot pressing was
finished in a vacuum hot pressing furnace made by
Shenyang Weitai Science & Technology Development
Company of China. The alloyed powders were put in a
graphite die with 20 mm in inner diameter, and
afterwards pressed for 10 min under the conditions of
pressure of 86 MPa, temperature of 730 °C, and vacuum
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Fig. 1 XRD pattern of LPRAg—25Cu alloyed powders

Fig. 2 TEM image of LPRAg—25Cu alloyed powders
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of 0.06 Pa. The density of the bulk LPRAg—25Cu alloy
calculated by the drainage method exceeded 99%. The
average grain size was measured by the X-ray diffraction
method and its value is about 13 nm after liquid phase
reduction and about 27 nm after hot pressing.

The other bulk nanocrystalline Ag—25Cu alloy was
prepared by hot pressing the alloyed powders obtained
through the mechanical alloying method, and here
denoted as MAAg—25Cu. The mechanical alloying
processes were carried out in a QM—1SP planetary miller
made by Nanjing University Instrument Company of
China. Firstly, Ag and Cu powders (purity >99.9%, about
100 pm in grain size) were put in a stainless steel vial
with mass ratio of powders to hardened GCrl5 steel
balls about 1:10. Secondly, the vial was evacuated to
about 10 Pa and afterwards filled with highly pure argon
in order to prevent these powders from being oxidized in
the course of ball milling. Moreover, there were
intermediate stops of 15 min after these powders were
milled for 1 h in order to prevent the excessive heat
effect. The whole powders were milled for 60 h in order
to get a mixing on the nanometre level. Finally, the hot
pressing processes of MAAg—25Cu alloy were similar to
those of the above LPRAg—25Cu alloy. The density of
the bulk alloy calculated by the drainage method also
exceeded 99%. The average grain size was measured by
the X-ray diffraction method and its value was about
8 nm after mechanical alloying and about 19 nm after hot
pressing.

In order to compare the corrosion electrochemical
properties with two bulk nanocrystalline alloys, a coarse
grained Ag—25Cu counterpart was prepared by the
powder metallurgy (PM) method, and here denoted as
PMAg—25Cu. The preparation processes of PMAg—
25Cu alloy were similar to those of MAAg—25Cu alloy,
but the time of ball milling was 1 h only. PMAg—25Cu
alloy ingot was subsequently annealed in vacuum at
800 °C for 54 h to remove the residual mechanical stress

(a) (b)

20 um 5 um

and achieve a better phase equilibration with grain size
of about 120 pum.

2.2 Electrochemical measurements

All electrochemical measurements were performed
using PARM273A and M5210 potentiostat/galvanostat
systems made in EG&G Company of USA. A
three-electrode cell was used with saturated calomel
electrode (SCE) as the reference electrode, platinum
electrode as the counter electrode, and the sample as
working electrode. Polarization ranges were from —1.2 to
1.5 V versus open circuit potential (OPC). The scanning
rate was 0.5 mV/s. Frequency ranges were from 10’ to
102 Hz. Electrochemical parameters were fitted by
Corrview software. Electrochemical impedance spectro-
scopy (EIS) analysis and fitting circuits were carried out
by Zview2 software.

3 Results and discussion

3.1 Sample microstructures

Figure 3 shows the microstructures of three
Ag—25Cu alloys prepared by different methods. The
actual average compositions of three Ag—25Cu alloys are
73.22 at.% Ag and 26.78 at.% Cu for PMAg—25Cu alloy,
75.39 at.% Ag and 24.61 at.% Cu for LPRAg—25Cu alloy,
77.62 at.% Ag and 22.38 at.% Cu for MAAg—25Cu alloy
according to the analysis by scanning electron
microscopy and energy-dispersive X-ray microanalysis
(SEM/EDX). All three Ag—25Cu alloys are composed of
two phases. One is a phase rich in Ag, the other is S
phase rich in Cu. In PMAg—25Cu alloy, the light « phase
contains about 94.24 at.% Ag and 5.76 at.% Cu, and the
medium grey S phase contains about 8.64 at.% Ag and
91.36 at.% Cu. In LPRAg—25Cu alloy, the light « phase
contains about 98.80 at.% Ag and 1.20 at.% Cu, and the
medium grey S phase contains about 37.30 at.% Ag and
63.70 at.% Cu. In MAAg—25Cu alloy, the light « phase

(c)

10 pm

Fig. 3 Microstructures of three Ag—25Cu alloys prepared by different methods: (a) PMAg—25Cu; (b) LPRAg—25Cu;

(c) MAAg—25Cu
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contains about 85.02 at.% Ag and 14.98 at.% Cu, and the
medium grey S phase contains about 24.48 at.% Ag and
75.52 at.% Cu. The microstructure of the coarse grained
PMAg—25Cu alloy is extremely inhomogeneous. On the
contrary, the microstructure of the nanocrystalline
LPRAg—25Cu alloy or MAAg—25Cu alloy is more
homogeneous than that of PMAg—25Cu alloy, while the
microstructure of LPRAg—25Cu alloy is the most
homogeneous.

3.2 Corrosion properties

Figure 4 exhibits the curves of open circuit
potentials versus time for three Ag—25Cu alloys with
different microstructures in 0.6 mol/L NaCl aqueous
solution. It can be found that the free corrosion potentials
become stable rapidly with time. The free corrosion
potential is equal to —60 mV for the coarse grained
PMAg—25Cu alloy, =11 mV for the nanocrystalline
LPRAg—25Cu alloy, and 5 mV for the nanocrystalline
MAAg—25Cu alloy. The free corrosion potential of the
nanocrystalline LPRAg—25Cu alloy is higher than that of
the coarse grained PMAg—25Cu alloy, but lower than
that of the nanocrystalline MAAg—25Cu alloy. It can be
seen that the free corrosion potentials of two
nanocrystalline Ag—25Cu alloys move toward positive
values in different degrees, which indicates that their
corrosion tendencies decrease with the grain size
reduction.

Figure 5 exhibits the potentiodynamic polarization
curves of three Ag—25Cu alloys with different micro-
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Fig. 4 Curves of open circuit potentials versus time for three
Ag—25Cu alloys with different microstructures in 0.6 mol/L
NaCl aqueous solution

structures in 0.6 mol/LNaCl aqueous solution. Table 1
lists the electrochemical parameters fitted by Corroview
software such as corrosion potentials (@coy), corrosion
current densities (J.o), passivation potentials (gp),
passivation current densities (Jyx), and passive current
densities (J,). It can been seen that the corrosion current
density of MAAg—25Cu alloy is higher than that of
PMAg—25Cu alloy, but is lower than that of
LPRAg—25Cu alloy. Thus, the corrosion rates become
faster after the grain sizes are decreased, which also
indicates that corrosion properties decrease with the
grain size reduction.
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Fig. 5 Potentiodynamic polarization curves of three Ag—25Cu
alloys with different microstructures in 0.6 mol/L. NaCl
aqueous solution

Figure 6 exhibits the EIS plots of Ag—25Cu alloys
with different microstructures in 0.6 mol/L NaCl aqueous
solution. The EIS plot of the coarse grained PMAg—
25Cu alloy is composed of a single capacitive loop
without the diffusion-induced Warburg impedance tail.
This also indicates that the corrosion process of the alloy
is controlled by the electrochemical reactions. On the
contrary, the EIS plot of the nanocrystalline
MAAg—25Cu or LPRAg—25Cu alloy is composed of a
single capacitive loop with the diffusion-induced
Warburg impedance tail. This also indicates that the
corrosion processes of these two mnanocrystalline
Ag—25Cu alloys are controlled by the diffusion.
Moreover, there is a contraction phenomenon of the real
part in low frequency range. This shows the absorption
and desorption of passive films in the course of the

Table 1 Electrochemical parameters of three Ag—25Cu alloys with different microstructures in 0.6 mol/L NaCl aqueous solution

Sample Peon! %fcorr/ . :4]max1/ R 74‘]131/ R opi/ :4]max2/ R 74Jp2/ . P!
mV (10°A-cm ) (10"A-cm ) (10"A-cm ) mV (10"A-ecm”) (10"Acm”) mV

PMAg—25Cu -390 9.96 39.81 11.48 —4 64.56 40.73 144
LPRAg-25Cu  —140 20.00 4.57 2.57 -17 30.90 12.88 88
MAAg—25Cu -210 13.87 1.00 0.93 —54 32.35 7.58 27
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Fig. 6 EIS plots of three Ag—25Cu alloys with different
microstructures in 0.6 mol/L NaCl aqueous solution

corrosion [21]. Figure 7 exhibits the equivalent circuits
of three Ag—25Cu alloys with different microstructures
in 0.6 mol/L NaCl aqueous solution, where R; is denoted
as the solution resistance, W, as Warburg resistance, R; as
the charge transfer resistance, and CPE as the constant
phase angle element by dispersion effect. The impedance
of CPE could be calculated by Formula (1) [22]

Z=T"'w "[cos(Pr/2)—jsin(Pn/2)] (1)

where Z is denoted as the impedance of CPE, j as the
imaginary part, @ as the angular frequency, 7 as a
constant, and P as the exponent (0<P<l). Moreover,
Warburg resistance, W, consists of the resistance R and
the impedance of CPE. And W, may be described by
Wo-R, Wo-T and W,-P.

The fitting results have been listed in Table 2. The
charge transfer resistance of MAAg—25Cu alloy is lower

(a) R, CPE
L}}/\_I
® R CPE
Lo
R, W

Fig. 7 Equivalent circuits of three Ag—25Cu alloys with
different microstructures in 0.6 mol/L NaCl aqueous solution:
(a) Single-capacitive loop without diffusion tail; (b) Single-
capacitive loop with diffusion tail

than that of PMAg—25Cu alloy, but is higher than that of
LPRAg—25Cu alloy. Thus, the corrosion rate of
LPRAg—25Cu or MAAg—25Cu alloy becomes faster
than that of PMAg—25Cu alloy. They are consistent with
the results of polarization curves.

The corrosion rates of alloys depend on the
activation energy (F,) of corrosion processes according
to the Arrhenius equation. £, is able to be obtained from
the following formula [23]:

lg Joon=lg A-E,/(2.303RT) 2)

where 4 and R are denoted as the pre-exponential factor
and the mole gas constant (8.314 J/(mol-K)), respectively.
It can be illustrated that the high value of E, shows the
slow corrosion rate of the alloy. Figure 8 displays the
Arrhenius plots of three Ag—25Cu alloys with different
microstructures in 0.6 mol/L NaCl aqueous solution. The
values of E, were calculated and they are 22.92 kJ/mol
for PMAg—25Cu alloy, 18.15 kJ/mol for LPRAg—25Cu
alloy, and 19.67 kJ/mol for MAAg—25Cu alloy. The
lower E, values of two nanocrystalline Ag—25Cu alloys
indicate that the corrosion rate of the nanocrystalline
alloy is faster than that of the corresponding coarse
grained alloy. The faster corrosion rates are attributed to
different microstructures of three Ag—25Cu alloys
prepared by different methods. In fact, after the grain
sizes are reduced to the nanometer range by the
mechanically alloying or liquid phase reduction method,
these alloys are able to produce large densities of grain
boundaries. A large number of atoms and defects near the
grain boundaries are arranged irregularly, and their
lattice  distortional energies increase. The grain
boundaries have a trend to decrease their energy
automatically. When the alloys were immersed in NaCl
aqueous solution, these large concentrations of grain
boundaries and defects are much easier to be dissolved
than the others. Thus, the corrosion rate of the
nanocrystalline LPRAg—25Cu or MAAg—25Cu alloy is
higher than that of the corresponding coarse grained
PMAg—25Cu alloy. Moreover, the grain size is about
19 nm for the bulk MAAg—25Cu alloy, about 26 nm for
the bulk LPRAg—25Cu alloy. Even though the grain size
of MAAg—25Cu alloy is a little lower than that of
LPRAg—25Cu alloy, the phase distribution of
LPRAg—25Cu alloy is more homogeneous than that of
MAAg—25Cu alloy and there are more electroactive
points in LPRAg—25Cu alloy. It can be concluded that

Table 2 Equivalent circuit parameters of three Ag—25Cu alloys with different microstructures in 0.6 mol/L NaCl aqueous solution

CPEy-P R/(Q-cm?®) W,-R(Q-cm?) W,-T/(10*F-cm?)  W,-P

Sample RJ/(Q-em?®)  CPEy-T/(10*F-cm %)
PMAg-25Cu 8.853 45.25
LPRAg—25Cu 7.516 42.36

MAAg—25Cu 6.381 10.229

0.68538  554.8
0.49435  42.63 122.9 46.2 0.09117
0.66752  120.8 1754.1 551.5 0.41517
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Fig. 8 Arrhenius plots of three Ag—25Cu alloys with different

microstructures in 0.6 mol/L NaCl aqueous solution

the corrosion rate of the nanocrystalline LPRAg—25Cu
alloy is higher than that of the nanocrystalline MAAg—
25Cu alloy finally.

From Fig. 5 and Table 1, it can be seen that all the
three Ag—25Cu alloys produce the passive phenomena
with the increment of polarization potentials in 0.6 mol/L
NaCl aqueous solution. When the polarization potentials
keep at low values, the first passive phenomena produce
and their passivation ranges are very narrow. The
passivation potential ¢, and passive current density J,;
of LPRAg—25Cu alloy are lower than those of PMAg—
25Cu alloy, but higher than those of MAAg—25Cu alloy.
Moreover, when the polarization potentials keep at high
values, the second passive phenomena occur in all three
Ag—25Cu alloys and their passive ranges are relatively
wide. The passivation potential ¢,, and passive current
density Jy,, of LPRAg—25Cu alloy are also lower than
those of PMAg—25Cu alloy, but higher than those of
MAAg—25Cu alloy. Thus, it can be concluded that
MAAg—25Cu alloy can produce the passivation easily,
and its passive properties are also higher than those of
LPRAg—25Cu or PMAg—25Cu alloys.

In order to investigate the properties of passive
films further, the passive films on three Ag—25Cu alloy
surfaces were prepared for 30 min under 0.3 V (vs SCE).
Figure 9 displays the Mott—Schottky curves for the
passive films on three Ag—25Cu alloy surfaces in
0.6 mol/L NaCl aqueous solution. It can be seen that all
three curves are straight lines with positive slopes.
According to Mott—Schottky theory, if the slope of the
straight line is a positive value, the type of the passive
film should belong to the n-type semiconductor. The
positive slopes of three straight lines also indicate that
the types of passive films are unable to change after the
grain sizes are decreased to the nanometer ranges.
Moreover, the relationship between space charge
capacitance (Csc) and applied potential (¢) for the n-type

semiconductor can be described by the following
formula [24]

1 2 kT
_— _ — . -2 3
G2 senyN, @=on=-"7) 3)

where Ny is denoted as the carrier concentration of
the donor, ¢ as the dielectric constant of passive films
(9.52 [25]), & as the vacuum permittivity, e as the
elementary charge, k as the Boltzman constant, 7 as the
absolute temperature, and ¢y, as the flat band potential. It
is well known that the smaller the carrier concentration is,
the lower the conductivity becomes, which will result in
a decrease in the passive current density. The carrier
concentration of the passive film can be calculated from
a slope in Formula (3). It is 6.00x10'" cm * for the coarse
grained PMAg—25Cu alloy, 1.08x10" cm™ for the
nanocrystalline LPRAg—25Cu alloy, and 6.33x10" ¢cm
for the nanocrystalline MAAg—25Cu alloys. This also
indicates that the conductivity of the passive film on the
nanocrystalline LPRAg—25Cu alloy is lower than that on
the coarse grained PMAg—25Cu alloy, but higher than
that of the nanocrystalline MAAg—25Cu alloy. Thus, the
nanocrystalline MAAg—25Cu alloy with the lowest
carrier concentration in the passive films has the lowest
passive current density and highest stability. They are
consistent with the passive current densities measured by
the polarization curves.
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Fig. 9 Mott—Schottky curves for passive films formed on three
Ag—25Cu alloy surfaces in 0.6 mol/L NaCl aqueous solution

Figure 10 shows the surface morphologies of three
Ag—25Cu alloys with different microstructures after the
potentiodynamic polarization in 0.6 mol/L NaCl aqueous
solution. It can be seen that all three Ag—25Cu alloys
show the corrosion structure of rod-like particles. The
passive films of MAAg—25Cu or LPRAg—25Cu alloy are
more compact than those of PMAg—25Cu alloy, while
the passive films of MAAg—25Cu alloy are the most
compact among three alloys. The analysis of SEM/EDX
results shows that the passive films of three Ag—25Cu
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Fig. 10 Morphologies of corrosion surfaces for three Ag—25Cu alloys with different microstructures in 0.6 mol/L NaCl aqueous

solution: (a) PMAg—25Cu; (b) LPRAg—25Cu; (c) MAAg—25Cu

alloys are composed of oxides and chlorides of copper,
and chlorides of silver. The lighter corrosion products are
mainly composed of chlorides of silver, and the grey
corrosion products are mainly composed of oxides
and chlorides of copper. Figure 11 shows the X-ray
diffraction (XRD) patterns of corrosion surfaces for three
Ag—25Cu alloys with different microstructures after the
potentiodynamic polarization in 0.6 mol/L NaCl aqueous
solution. According to XRD analysis, some peaks for
CuCl, CuCl,, CuyO and AgCl are present, indicating that
the corrosion products may be composed of CuCl, CuCl,,
Cu,0 and AgClL.

MAAg-25Cu
ol

LPRAg-25Cu

B PMAg-25Cu

30 40 50 60 70 80 90
20/(°)

Fig. 11 XRD patterns of corrosion surfaces for three Ag—25Cu
alloys with different microstructures in 0.6 mol/L. NaCl

aqueous solution

The cathodic reaction may be described by
Formula (4):

0,+2H,0+4e=40H" 4)

The main anodic dissolution reactions may be
described as follows [26,27]:

Cu+Cl =CuCl+e ®)

CuCl+Cl™= CuCl, (6)
2CuCl; +20H =Cu,0+H,0+4CI- 7
Cut2CI=CuCl,+2e (®)
2CuCL+20H +2e=Cu,0+4Cl +2H,0 9)
Ag+Cl —AgCl+e (10)

4 Conclusions

(1) The free corrosion potentials of two nano-
crystalline Ag—25Cu alloys move toward the positive
values in different degree, indicating their corrosion
tendencies decrease with the grain size reduction. The
corrosion rates of three Ag—25Cu alloys increase in the
order of PMAg—25Cu, MAAg—25Cu and LPRAg—25Cu
alloys. The corrosion rates of two nanocrystalline
Ag—25Cu alloys become faster due to the large grain size
reduction and more homogeneous phase distribution in
nanocrystalline alloys.

(2) The EIS plot of PMAg—25Cu alloy is composed
of a single capacitive loop without the diffusion-induced
Warburg impedance tail.
controlled by electrochemical reactions. On the contrary,
the EIS plot of LPRAg—25Cu or MAAg—25Cu alloy is
composed of a single capacitive loop with the diffusion-
induced Warburg impedance tail.
processes are controlled by diffusion.

(3) All three Ag—25Cu alloys produce the second
passive phenomena. The passive films formed on three
Ag—25Cu alloy surfaces exhibit n-type semiconducting
properties. Passive current densities of three Ag—25Cu
alloy decrease in the order of PMAg—25Cu, LPRAg—
25Cu and MAAg—25Cu. Thus, the chemical stability of
the passive film on MAAg—25Cu alloy surface is
higher than that on LPRAg—25Cu or PMAg—25Cu alloy
surface.

The corrosion process is

Their corrosion
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B R EB AR BRI TFE Ag—25Cu B &7
NaCl i3 &P fEmiTH

! Al R, w&A, & B2 K ! O£ !
1. JEBHIMYE RS Ab2tb T2E0E, J0FH 110034; 2. PLRHIMYE K s2ie#esd.O, J0FH 110034

7 E: AT HEEH T BRYARNE Ag—25Cu(at.%) & &R LT, SRAAHIER(LPR) WL & S MA) R
FIBE(PM)IE S 5l & B SURF R 2 Rk SR | Rl U SHH) Ag—25Cu Bufh &4, JRRA b5 3t
Lt geut 3 PR E B REHE Ag-25Cu G4 7E NaCl Wl F IR BIT . ZREW: FiRE&%m & 05 R
PMAg—25Cu & &M BMMA SN A S MR, WHIEFESEFPE A & 076 & 19Kk LPRAg-25Cu
MAAg-25Cu & &M B L 5], 9K LPRAg-25Cu & 4 B AR5 . MAAg—25Cu &4 1 &
HEET PMAg—25Cu &4&0EMEZE, (HILT LPRAg—25Cu &4 MR MEZE, 3 M Ag-25Cu & &R MK
BRI R n B SARRE. LPRAg-25Cu A& AL % IR T PMAg-25Cu & & MA L BREE, H5

T MAAg-25Cu & & MEIL RS .

KEEIA: UKA; Ag—Cu Btik & HUMGS S WHNEIR, SRS, arzmmh
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