Available online at www.sciencedirect.com

“=.“ ScienceDirect

Trans. Nonferrous Met. Soc. China 27(2017) 2663—2672

Transactions of
Nonferrous Metals
Society of China

Jeslles Science
ELSEVIER Press

www.tnmsc.cn

Optimization of Cr/Mo molar ratio in
FeCoCrMoCBY alloys for high corrosion resistance

Cheng-jie WANG, Qing-jun CHEN, Huai-xiao XIA
School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China
Received 6 July 2016; accepted 23 February 2017

Abstract: The corrosion behavior of bulk metallic glasses (BMGs) (Fey;Co:CrisMo4Ci5BgY2)100-Cry (x=0, 4, 8, 12, molar
fraction, %) was investigated in 1 mol/L HCIl aqueous solution with electrochemical tests. The electrochemical measurements
demonstrate that the passive current density of Fe-based amorphous alloy is reduced by about one order of magnitude, and
meanwhile, the stability of passive film can be guaranteed by the Cr/Mo molar ratio. The Mott—Schottky (M—S) curves show that the
passive film is the densest when the molar ratio of Cr/Mo is between 1.37 and 1.69. X-ray photoelectron spectroscopy (XPS) analysis
was performed to clarify chemical states of elements in the passive films. The results show that the corrosion resistance of the alloy is
related to the molar ratio of Cr/Mo. The stability of passive film is determined by the synergistic action of Cr and Mo elements. The
main component of the passive film is Cr** oxide. When the potential is greater than 0.5 V (vs SCE), Mo®" ions play an important
role in keeping the stability of the passive film. The appropriate molar ratio of Cr/Mo can reduce the dissolution rate of the passive

film.
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1 Introduction

In the last few decades, many different amorphous
alloys have been studied. However, the Fe-based
amorphous alloys stand out, which can be attributed to
their outstanding corrosion and wear resistance [1—3].
Now minor alloying elements addition has already been
proven to be an effective method in enhancing the
corrosion resistance [4—6], which can facilitate the
passivation and result in a denser passive film. Fe-based
bulk amorphous alloys have been investigated by
variations of the metalloid content [7], rare earth
additions [8,9] and transition metal additions [10]. At the
same time, the addition of transition metals has been
proven a useful method in developing new Fe-based
bulk amorphous alloys with high corrosion resistance.
According to the previous studies, Cr and Mo
elements play the key role in keeping corrosion
resistance in Fe—Cr-based alloy [11,12]. It has been
reported that the corrosion resistance and mechanical
properties of Fe-based amorphous alloys could be
improved simultaneously by the appropriate addition of

Cr element [13—17]. MADINEHEI et al [18] studied the
effect of the addition of slight amount of Cr on the
corrosion resistance of Fegs—\Cr,Mo4C5Bg (x=0, 2, 4, 6,
8, 10, molar fraction, %) ribbons, and found that
corrosion rates in H,SO, decreased with an increase of
Cr content and the alloys containing more than 4% Cr
(molar fraction) can spontaneously be passivated with
low current density in 0.1 mol/L H,SO,, whereas the
alloys with Cr content <4% (molar fraction) showed
transpassive Mo dissolution. WANG et al [19] studied
the effect of Cr content on the corrosion resistance and
found that the corrosion resistance increases with larger
Cr content. A homogeneous passive layer on the
amorphous sample with 12.3% Cr (molar fraction) can
be formed leading to a superior corrosion resistance of
the amorphous sample to an austenitic stainless steel
(SUS304) in 0.5 mol/L H,SO4 and 1 mol/L HCI solutions
at 298 K. The addition of Mo in the alloy can promote
the enrichment of Cr in the passive film and
consequently enhances the corrosion resistance of the
alloy [20,21]. The presence of Mo cations in the passive
film indicates the possibility of the formation of
passive film on the alloy surface. The formation of a Mo-
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enriched passive film is possible in Fe-based amorphous
alloys when the enrichment of Cr ions in the surface film
becomes insignificant [22]. The excessive Mo can lower
the corrosion resistance of the alloy, and when the
content of Mo is 8% (molar fraction), the corrosion
resistance of the alloy is the best under acidic
condition [23].

So far, the roles of Cr and Mo elements in the
corrosion resistance have been studied, and little
investigation has been carried out on the influence of the
ratio of Cr to Mo elements on the corrosion resistance of
the Fe-based bulk amorphous alloys. In the previous
work [18,23], we found that the Cr and Mo elements
with higher or lower content would be detrimental to the
corrosion resistance in amorphous alloys. So, in this
work, the corrosion resistance of the alloy with different
Cr/Mo molar ratios is measured and the aim of the
present work is to investigate the effect of Cr/Mo molar
ratio on the corrosion resistance by doping Cr in
Fe;Co,CrisMo,4C5BsY,. The main function of Fe, Co,
C, B and Y elements is to ensure the glass forming
ability (GFA) of the alloy [24—-27].

2 Experimental

Multicomponent alloys with nominal compositions
of (Fes1Co7CrisMo14C15B6Y2)100<Cr (x=0, 4, 8, 12,
molar fraction, %) were produced by arc-melting a
mixture of Fe (99.9%), Cr (99.99%), Mo (99.99%), C
(99.9%), Co (99.9%), Y (99.99%) elements and FeB
(20.57%) alloy in a Ti-gettered argon atmosphere. In
order to ensure chemical homogeneity, each ingot was
re-melted four times, and then suck-cast into copper
molds and bulk alloy samples with the size of 10 mm x
10 mm x 2 mm were prepared by cutting. The
amorphous nature of the as-cast samples was checked by
X-ray diffractometer (XRD) of Bruker-axs D8 type with
Cu K, radiation (4=0.1541 nm) over a 26 range from 20°
to 80° and a scanning step of 0.02°. For convenience, the
samples were numbered as BMG1 (Fe4Co7Cr;sMo4Cys5-
BsY3), BMG2 ((Fe4Co,CrisMo14Ci5BsY2)9sCry), BMG3
((Fe41Co7Cr1sMo014C15B6 Y 2)9:Crg), BMG4 ((Fey1CosCrys-
Mo4Ci5B6Y2)s3Crp2).

The corrosion resistance of the BMGs was
investigated by electrochemical
1 mol/L HCI solution. HCI solutions were prepared from
reagent grade chemical and distilled water. Prior to
electrochemical tests, the specimens were mechanically
polished with silicon carbide paper up to 2000# grit,
degreased in acetone, washed in alcohol and dried in air.
Electrochemical measurements were conducted in a
three-electrode-cell using a platinum counter electrode
and a standard saturated calomel reference electrode
(SCE). The potentiodynamic polarization experiments

measurements  in

were carried out in electrochemical workstation
(PARSTAT 2273, USA) at a potential sweep rate of
0.5 mV/s after immersing the specimens for about 30
min when the open-circuit potentials became almost
steady. Mott—Schottky (M—S) plots were determined for
each film by performing a potential scan toward the
anodic direction (0.3 and 0.75 V (vs SCE) for 10*s) to
evaluate the semiconductor properties of the passive film.
The passive films for M—S analysis were obtained by
potentiostatic polarisation testing in 1 mol/L HCI
solution under the given applied potentials. The
measurement frequency in the M—S experiments was
1 kHz. All measurements were repeated at least twice to
ensure good reproducibility. The surface film was
analysed by XPS using an AXIS Ultra DLD spectrometer
(Kratos Analytical) with Al K, X-ray source after
potentiostatic polarization measurements.

3 Results and discussion

3.1 Characterisation of alloys

Figure 1 shows the XRD patterns of the as-cast
(Fe41Co7Cr1sMo14C15BgY2)100-:Cry (x=0, 4, 8, 12) alloys.
All samples show almost identical broad peak around
43°, which is the typical characteristic of the amorphous
structure.

BMG4

BMG3

BMGI1

1 1 1 1 1

20 30 40 50 60 70 80
20(°)

Fig. 1 XRD patterns of Fe-based BMGs

3.2 Electrochemical measurements

Figure 2(a) shows the polarization curves of
Fe-based BMGs obtained in 1 mol/L HCI aqueous
solution at room temperature. It is obvious that all
samples are spontaneously passivated with a significant
passivation region. It can be seen that the passive current
density of the other alloys is reduced by about one order
of magnitude compared with that of BMG1 from Table 1.
However, when the potential reaches 0.5 V (vs SCE), the
growth rate of the current density is different, in the
order of BMG3 < BMG2 < BMG4. BMG3 shows the
best corrosion resistance. Compared with the polarization
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Fig. 2 Potentiodynamic polarisation curves (a), Nyquist plots (b)
and equivalent circuit (c) of Fe-based BMGs in 1 mol/L HCI
solution

Table 1 Results of potentiodynamic polarisation curves of
Fe-based BMGs in 1 mol/L HCl solution

Sample B.reakdown Pas§ive currerilz Passive region
potential (vs SCE)/V density/(A-cm °) (vs SCE)/V
BMGI 0.887 1.73x107* 1.334
BMG2 0.912 1.902x107° 1.239
BMG3 0.933 1.527x107° 1.176
BMG4 0.954 1.542x107° 1.272

curve of BMG4, the passive region of BMG2 and BMG3
is straighter, which means that the passive film is more
stable. As seen from Table 1 and Fig. 2(a), there is no
obvious difference in the breakdown potential. The
passive region of BMGI is large, but its corrosion
resistance is the worst, so the passive region size cannot
be used to estimate the corrosion resistance.

Figure 2(b) shows the Nyquist plots of Fe-based
BMGs obtained in 1 mol/L HCI aqueous solution. There

is only one capacitive loop, implying one single time
constant in the electrochemical measurement. The radius
of capacitive loop is in the order of BMG1 < BMG4 <
BMG2 < BMGS3. The radius of capacitive loop can
roughly reflect the corrosion resistance of alloy: the
greater the radius is, the smaller the possibility of ion
erosion is.

Figure 2(c) shows the equivalent circuit of Fe-based
BMGs and Table 2 gives the fitted results for EIS of
Fe-based BMGs in 1 mol/L HCI solution, in which n
represents dispersion coefficient, R; the solution
resistance, R, the charge transfer resistance, and Y,
constant phase element. The Y represents the non-ideal
capacitive response of the interface. The n value of all
the samples is close to 1, which indicates that the surface
oxide layers act almost as a pure capacitor. The charge
transfer resistance, R,, characterizes the charge transfer
across the electrolyte/electrode interface: the greater the
value of R, is, the stronger the ability of the passive film
barrier solution ions into the matrix is and the more
difficult the electrode reaction occurs [28]. Thus, the EIS
data agree well with the results of the polarization
curves.

Table 2 Fitted results for EIS of Fe-based BMGs in 1 mol/L
HCI solution

Sample  Ry/(Q-cm?) Y, R/(Q-cm?) n

BMG1 4836  5306x10° 3214 0.9317
BMG2 4406  5.198x10° 7269 0.9256
BMG3 4560  4.891x107° 8429 0.9255
BMG4 4.773 4.682x10° 5847 0.9255

In Figs. 2 (a) and (b), the corrosion resistance of the
alloy is not increased with the increase of the content of
Cr element or decreased with the decrease of the content
of Mo element. In previous work, we found that the
stability of passive film is determined by the synergistic
action of Cr and Mo elements. So, the Cr/Mo molar ratio
is used to measure the corrosion resistance of the alloy.
Table 3 gives the contents of Cr and Mo elements. From
Fig. 2(a), when the Cr/Mo molar ratio is between 1.37
and 1.69, the passivation region is very stable and the
passive current density does not increase with the
increase of the potential. From Table 2, R, increases
significantly with the increase of Cr/Mo molar ratio and
reaches the highest value at x(Cr)/x(Mo)=1.69. However,
with the increase of the molar ratio of Cr/Mo from 1.69
to 2.05, the value of R, decreases from 8429 to
5847 Q-cm’. The corrosion resistance of the alloy is the
best when the molar ratio of Cr/Mo reaches 1.69.
Therefore, only when Cr and Mo reach an optimum
proportion, the alloy can exhibit the best corrosion
resistance. It is known that the excessive Mo can reduce
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the corrosion resistance of the alloy [23]. In BMG2, Mo
element content is too much; however, Cr element
content is too much and Mo element is in short supply in
the BMG4. The Cr and Mo contents in the BMG3
achieve the best ratio. The molar ratio of Cr/Mo only
changes the passive current density, and there is no effect
on the breakdown potential. At the same time, it can
ensure the stability of the passive film.

Table 3 Cr and Mo element contents of Fe-based BMGs

Sample x(Cr)/% x(Mo)/% x(Cr)/x(Mo)
BMGI1 15 14 1.07
BMG2 18.4 13.44 1.37
BMG3 21.8 12.88 1.69
BMG4 252 12.32 2.05

In order to explore the effect of Ct/Mo molar ratio
on the corrosion resistance of the alloy, XPS analysis
was performed to characterize the chemical composition
of the passive film formed on the surfaces of the
amorphous alloys after potentiostatic polarisation testing
in 1 mol/L HCl solution.

3.3 Mott-Schottky (M—S) curves and XPS spectra

The current density—time curves of the Fe-based
BMGs obtained in 1 mol/L HCI solution are displayed in
Fig. 3(a). The values of the current density yield the total
current due to the film formation and dissolution of the
alloy. In Fig. 3(a), the current density initially decreases
rapidly with time, because the growth rate of the passive
film is much larger than the dissolution rate [29]. With
the prolongation of time, the current density is relatively
stable due to the formation of the passive film on the
surface. Compared with the current density under the
potential of 0.75 V, the current density under the
potential of 0.3 V (vs SCE) is larger, and the order of the
magnitude of the current density in the above two
potentials is BMG4 > BMG2 > BMG3.

The semiconducting behavior of the films is
described by M—S plot analysis. When the space charge
capacitance (Csc) in passive films is minimal, the Csc of
an n-type semiconductor can be given by the following
equation [30]:

2 T
sl
g.€,eNp e

Gyt =
where ¢, is the dielectric constant of the film (for the
Fe—Cr alloy, £=15.6), ¢, is the vacuum permittivity
(8.85 x10™'* F/cm), e is the charge of an electron, Ny, is
the donor density of the n-type passive film, E is the
applied potential, Erg is the flat band potential, k£ is the
Boltzmann constant (1.38x107> J/K), and T is the
temperature (K).
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The M-S curves of passive films formed on Fe-
based BMGs at 0.3 V (vs SCE) and 0.75 V (vs SCE) in
HCI solution are shown in Figs. 3(b) and (c), respectively.
At the potential between 0.4 and 0.7 V (vs SCE), the type
of semiconductor is n-type; however, when the potential
is between 0.7 and 1 V (vs SCE), the semiconductor type
changes to p-type. The type of semiconductor is
determined by the structure and composition of the
passive film. Different oxide layers exhibit different
semiconductor properties. Oxides such as Cr,O; and
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MoO, are usually considered as p-type semiconductor,
while oxides like MoO; are regarded as n-type
semiconductor [31]. Taking the results into consideration,
it is reasonable to draw an inference that the corrosion
resistance of the alloy mainly depends on the oxides of
Cr and Mo. The Np value of the passive film formed
under the potential of 0.3 V (vs SCE) is similar. However,
the Np value of the passive film formed under the
potential of 0.75 V (vs SCE) is similar to that of BMG2
and BMG3, and is much smaller than that of BMG4,
which shows that when the Cr/Mo molar ratio is between

1.37 and 1.69, the passive film is the most stable, and the
protection of the substrate is the best. This is in good
agreement with the results of electrochemical
experiments.

The XPS spectra show the presence of Fe, Cr, Mo,
C, Y, O and B, but the peak intensity of Y and B is very
low, which indicates that the elements of Fe, Cr, and Mo
are the dominant components of the passive film. The
spectra of Fe 2p, Cr 2p, and Mo 3d of the passive films
formed in 1 mol/L HCI solution at 0.3 and 0.75 V (vs
SCE) are depicted in Figs. 4 and 5, respectively. Figure 6
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Fig. 4 XPS spectra of Fe 2p, Cr 2p, and Mo 3d recorded from surface of Fe-based BMGs after potentiostatic polarisation testing in
1 mol/L HCl solution at 0.3 V (vs SCE): (a, b, ¢) BMG2; (d, e, f) BMG3; (g, h, i) BMG4
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Fig. 5 XPS spectra of Fe 2p, Cr 2p, and Mo 3d recorded from surface of Fe-based BMGs after potentiostatic polarisation testing in
1 mol/L HCl solution at 0.75 V (vs SCE): (a, b, c) BMG2; (d, e, f) BMG3; (g, h, i) BMG4

shows the raw area of the oxide species in the passive
film.

The contents of Cr element in BMG2, BMG3 and
BMG4 alloys gradually increase, and the contents of Fe
and Mo elements decrease in turn. From Fig. 3, cr’, et
and Cr" states still increase in the passive film formed
under the potential of 0.3 V (vs SCE); however, Fe’, Fe*",
Fe’", Mo’, Mo*" and Mo®" states do not decrease. Among
them, the contents of Cr'", Fe’ and Mo’ states are

relatively large. It is proven that Fe and Mo are enriched
on the surface of the alloy, and the main component of
the passive film is Cr’* oxide, which indicates that Cr’" is
the main ion to determine the corrosion resistance of the
alloy under 0.5 V (vs SCE). The contents of high valence
cations gradually increase, which indicates that the
oxidation reaction on the alloy surface is enhanced in
turn. From Fig. 5, compared with the passive film
formed under the potential of 0.3 V (vs SCE), the
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contents of most ions in the passive film formed under
the potential of 0.75 V (vs SCE) are significantly reduced,
and only the content of Mo®" state in BMG2 and BMG3
increases, which indicates that the increase of potential
accelerates the oxidation of Mo. When the potential
increases from 0.3 to 0.75 V (vs SCE), the content of
Cr’" and Mo*" states in the passive film of BMG4 is
significantly larger than that of BMG2, and the corrosion
resistance of BMQG2 is better than that of BMG4. It is a
remarkable fact that the content of Mo®" state in the
passive film changes from BMG2 < BMG3 < BMG4 to

BMG4 < BMG2 < BMG3, which indicates that Mo®" is
the main ion that determines the stability of the passive
film, not low-valence Cr(II) or Mo(IV) species. At the
same time, most of the cations are dissolved into the
solution, but the content of Cr’” state is still the highest,
indicating that Cr’* state is the main component of
passive film in the whole electrochemical process, and it
is also the main ion to determine the densification degree
of passive film. However, when the potential reaches a
certain value, the effect of Cr ions on corrosion
resistance becomes insignificant [22]. Therefore,
combined with the results of electrochemical
experimental, it is reasonable to draw an inference that
when the potential is below 0.5 V (vs SCE), Cr is the
main element to determine the corrosion resistance.
When the potential is higher than 0.5 V (vs SCE), the
protective film resulted from Cr ions is damaged. At the
same time, Mo can promote repair of protective film, and
Mo ion itself can also form a layer of protective film, so
Mo ion also plays a key role in determining the corrosion
resistance. The reduction of the cations content in the
passive film of BMG4 is the most serious, which results
in a larger passive current density at a higher potential.
This is consistent with the change in the polarization
curve when the potential is higher than 0.5 V (vs SCE).
The previous studies have shown that the formation of
Mo(IV) species is responsible for the
maintenance of the passivity of Fe—Cr amorphous
alloys [21]. Mo can form a protective insoluble Mo(IV)
film (such as MoO, [32] and MoO(OH), [33]) that acts as
an effective barrier against the diffusion of the species,
therefore decreasing the dissolution rate in the H,SO,
solutions. However, the corrosion behavior of the
Fe-based BMGs in HCI solution is different from that in
H,SO, solution, which may be attributed to the structures
of the passive films and the presence of Cl . The MoO, is
alkaline and MoOs is acidic. When pH is between 1.5
and 2.9, Mo element usually exists in the form of MogOy,,
So, the formation of insoluble Mo(VI) species is
responsible for the maintenance of the passivity of Fe—Cr
amorphous alloys in 1 mol/L HCI solution. In addition,
the Mo element can promote the enrichment of Cr
elements, repairing and ensuring the stability of the
passive film [25,26].

The change of binding energy is also an important
index to measure the corrosion resistance. From Table 4,
compared with the changes of the binding energy of all
cations in the passive film of BMG1, BMG2 and BMG4,
the corresponding binding energy of all cations in the
passive film of BMG3 does not change and is within the
error range. The binding energy of the BMG2 changes
relatively little, and that of BMG4 has a significant shift.
It can be seen that when the Cr/Mo molar ratio is
between 1.37 and 1.69, the passive film formed on the

insoluble
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Table 4 Binding energy of oxidised species detected by XPS

Sample Potential Binding energy/eV

(vs SCE)/V Fe° Fe?* Fe** cr crt cr’ Mo® Mo* Mo®
BMG2 0.3 720.2 722.2 725.4 583.6 586.5 587.7 231.3 232.5 235.6
BMG2 0.75 719.6 722.0 724.0 583.0 586.3 587.9 230.6 231.8 235.1
BMG3 0.3 720.2 722.0 724.6 583.6 586.4 587.8 231.2 232.6 235.6
BMG3 0.75 719.9 721.7 724.2 583.4 586.2 588.0 230.9 232.0 235.2
BMG4 0.3 719.8 721.6 724.2 583.2 586.0 587.4 230.9 232.0 235.2
BMG4 0.75 717.0 718.1 721.2 580.3 583.4 584.7 228.0 229.0 232.4

alloy surface is relatively stable, and the dissolution rate
is slow. For BMG4, it is known that the binding energies
of Feo, Cr’ and Mo states decrease from about 719.8,
583.2 and 2309 to 717.0, 580.3 and 228.0 eV,
respectively. The previous studies [34—36] have shown
that the change in chemical environment can cause
binding energy to shift. In this work, the binding forces
between nuclei and electrons can be affected by the
change of chemical environment around atoms to some
extent, and the local chemical environment around
metallic Cr atoms can be influenced by electrochemical
process. Therefore, it is considered that the decrease in
binding energy of about 2.9 eV is a binding energy shift,
which results from a slowing down of the oxidation rate
of the alloy surfaces. Fe%, Fe3+, Cr3+, Cr6+, Mo*" and
Mo®" ions have a binding energy shift about 3.5, 3.0, 2.6,
2.7, 3.0 and 2.8 eV, respectively. According to the
[37,38], the Cr’" spectrum was
composed of several peaks of Cr species in states of

previous studies

Cr,0;, CrOOH, etc. So, the decrease in binding energy
of these cations can be mainly attributed to the increase
in contents of the corresponding species with lower
binding energies. The experimental results show that
when the Cr/Mo molar ratio is 2.05, the passive film
exhibits rapid dissolution under the potential of 0.75 V
(vs SCE), which results from many cations entering into
the solution. This clearly explains why the current
density suddenly begins to increase when the potential is
up to 0.5 V (vs SCE).

Based on the electrochemical experiments and XPS
analysis, the passive film of BMG4 is destroyed when
the potential is up to 0.5 V (vs SCE). At the same time,
the main components of the passive film are oxides.
According to the principle of Pilling—Bedworth, it is well
known that the stress existing in the oxide film is the
main cause of the failure of the oxide film. When the
passive film is subjected to erosion of Cl ion and is
unable to timely repair, pitting corrosion occurs and a
concave is formed. When the cation diffusion is
dominated, tensile stress exists in the film, which will
result in the breakdown of passive film.

4 Conclusions

1) The passive current density of Fe-based
amorphous alloy is reduced by about one order of
magnitude with doping the Cr element in 1 mol/L HCI
solution. The Cr/Mo molar ratio is the most important
factor affecting the corrosion resistance, and the optimal
Cr/Mo molar ratio range is 1.37—1.69 in FeCoCrMoCBY
alloys. The electrochemical results and M-S curves
show that the passive film is the densest when the molar
ratio of Cr/Mo is between 1.37 and 1.69. The type of
semiconductor is n-type at the potential between 0.4 and
0.7 V (vs SCE), and the semiconductor type is changed
from n-type to p-type at the potential between 0.7 and
1V (vs SCE).

2) Based on XPS analysis, it can be concluded that
the stability of passive film is determined by the
synergistic action of Cr and Mo elements. The main
component of the passive film is Cr’* oxide. When the
potential is greater than 0.5 V (vs SCE), Mo®" is the main
component that determines the stability of the passive
film. When the Cr/Mo molar ratio is between 1.37 and
1.69, the binding energy shift is relatively small and the
passive film is more stable.
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=M E s 4 EE FeCoCrMoCBY & & HaY
Bt Cr/Mo EE/REE

EomA, BARE, AR
F BT R MERE S TR, A 330063

# E: RAKA SRR %G % (Fes Co,CrisMo14C 1sBeY2) 1004Cry (=0, 4, 8, 12, BE/RGEL, %)Huik4:Baks,
I HLA 22 5 I FEHAE 1 mol/L HCL A B it RE . F Ak 2 IR B AL B 28 BE R AR T R — A=,
& B R BLIE 241 Cr/Mo JBE /R LT AMEAIEATAL AR i Fa e M. Mott—Schottky HIZRIESZY Cr/Mo BE/REEJY 1.37~1.69
B, GE&MEEEEE . RH XPS i s R ERE, KOG S&mE MG Cr/Mo BE/RHILE K,
BB R e R Cr AT Mo PRI A wesE o BARB Y £ B0 CrF . 4 0T 0.5 V (vs SCE)AT,
Mo® & P A I Re s ME A BN 3R o3& 24 Cr/Mo JEE /R BE AT DA BRAR B L Fr) JB5 ok sk o
KPR YRS RPE: MR RPERE: BRI WL Cr/Mo BEREL
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