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Abstract: The corrosion process of AZ91D magnesium alloy in neutral 1% (mass fraction) sodium chloride aqueous solution was
investigated by electrochemical noise(EN), SEM and EDX. Fractal theory was primarily used to depict the corrosion process of the
alloy. The fast wavelet transform(FWT), as well as the fast Fourier transform(FFT), was employed to analyze the EN data. The
results show that the overall corrosion process can be described by three stages. The first stage corresponds to the pit nucleation and
growth; the second stage involves the growth of a passive oxide layer; and the third stage involves reactivation. With increasing
immersion time, fractal dimension increases fast initially, fluctuates in the medium and increases again at last. Pitting corrosion and
fractal dimension increase due to the initiation and formation of pits in the initial and the end of immersion, while depresses due to
the passivation in the medium period. The results of SEM and EDX support the above conclusions.
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1 Introduction

Magnesium-based alloys exhibit an attractive
combination of low density and high specific strength
associated with good castability and workability. Thus,
they offer substitutes to ferrous alloys and aluminium in
automotive and aeronautical applications[1]. However,
the application of magnesium alloys has been limited due
to the undesirable properties, including poor corrosion
and wear resistance[2—10].

Among the magnesium alloys, AZ91D is one of
those having the best mechanical properties/corrosion
resistance balance on its corrosion behaviour in corrosive
environments. Recently, the corrosive behavior of
AZ91D magnesium alloy has been studied[11-23]. For
example, MATHIEU et al[11], LI et al[12] and AMBAT
et al[13] studied the influence of elements and the main
constituent phase on corrosion of AZ91D magnesium

alloy. ANIK and CELIKTEN[14] studied the
electrochemical behavior of AZ91D in
phosphate/potassium hydroxide solution with the method
of EIS. JONSSON et al[15-16], WINZER et al[17] and
UNIGOVSKI et al[18] studied the atmospheric corrosion
and stress corrosion cracking(SCC)of Mg-Al alloys,
respectively. SONG et al[23] studied the corrosion
behavior of AZ21, AZ501 and AZ91 magnesium alloys
in 1 mol/L sodium chloride at pH=11. However, our
knowledge was still insufficient and unsystematic for
better understanding the corrosion behavior of AZ91D
magnesium alloy.

Electrochemical noise(EN) has gained popularity in
the recent years and has emerged as a promising
technology for corrosion analysis. EN shows some
advantages compared with the common techniques. First,
EN is able to instantaneously monitor the rate of the
corrosion process[24—25]; second, EN is carried out
without artificial disturbance of the system[26]; and at
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last, EN can provide more information of localized
corrosion than conventional techniques[27]. In the last
decade, some researchers have used EN in corrosion
study of magnesium alloy. LAFRONT et al[25] studied
the pitting corrosion of AZ91D and AJ62x magnesium
alloys in alkaline chloride medium using electrochemical
noise. ZHANG et al[10] studied the electrochemical
behavior of anodized Mg alloy AZ91D in chloride
containing aqueous solution. ZHANG et al[28] analyzed
the electrochemical noise of the corrosion of AZ91D
magnesium alloy in alkaline chloride solution and
deduced the corrosion process of the material according
to the analysis. To date, there has been no detailed study
about the EN utilized in magnesium alloy in neutral
chloride medium. For understanding the corrosion
progress of AZ91D magnesium alloy better, it is
necessary to investigate the EN characteristics of the
materials in neutral chloride medium.

Dy (fractal dimension) is a quantitative parameter
for analysis of fractal objects which is widely used for
different purposes. In addition, it is one of the most
important and useful parameters for analysis of the
structure of rough surfaces and can provide additional
valuable insight into the properties and dynamics of the
studied system[29]. Fractals have been characterized by
several methods that can be classified to be physical,
chemical and electrochemical. Electrochemical methods
supported by mathematical simulations are perhaps most
useful and reliable for the determination of fractal
dimensions of surfaces[30].

The aim of this work is to study the electrochemical
noise characteristics of AZ91D magnesium alloy in
neutral chloride solution and the time-dependent
evolution of Dy calculated by EN.

2 Experimental
The commercial Mg-based AZ91D alloys, of which
the chemical compositions are listed in Table 1, were

employed.

Table 1 Chemical composition of AZ91D magnesium alloy
(mass fraction, %)

Al Zn Mn Ni Cu
8.77 0.74 0.18 0.001 0.001
Ca Si K Fe Mg
<<0.01 <<0.01 <<0.01 <<0.01 Bal.

Each electrode was embedded in epoxy with
working surface exposed. In order to ensure the same
surface roughness, each exposed surface was polished
sequentially using abrasive papers from 400- to
1 000-grade and 2.5 pm diamond paste, then rinsed

successively in acetone and distilled water, finally dried
in air.

EN was monitored as a function of time between
working electrode and reference electrode(SCE), using
Powerlab/4sp (made in Australia) electrochemical
interface through a GP amplifier controlled by Chart 5
software for Windows XP operating system. This
instrument is equipped with analog/hardware filters
including AA filter to remove high frequency
components before the signal is digitized, and the
fallacious components yielded from data acquiring can
be avoided. The EN records were collected at 4 points/s,
which means that the sampling interval, At, is 0.25 s, the
low pass is 10 Hz and the high pass is DC. Tests were
carried out in neutral 1.0% sodium chloride solution at
ambient temperature and repeated at least three times for
reproducibility.

SEM and EDX (SIRION, FEI Company, made in
Holland) were utilized to examine the corrosion
morphologies and composition of the corroded area of
specimen surfaces.

All tests were conducted in a traditional
three-electrode system (Fig.1). Counter electrode was
platinum gauze and a saturated calomel electrode(SCE)
was used as reference electrode separated by a salt bridge
from the cell solution. The experimental temperature was
controlled at (25+1) C.

Working
electrode
Counter Reference
electrode electrode
TN N
] —_—

Y

/ _/

Fig.1 Schematic diagram of three-electrode glass cell

3 Results and discussion

3.1 EN time records

The electrochemical noise of AZ91D magnesium
alloy is shown in Fig.2. As shown in Fig.2(b), potential
rises quickly at first (<1 ks). Probably, the initial
potential—time relationship should be connected with
the soakage process of electrode surface and/or
electrostatic effect that gives rise to the charge/discharge
of interface electric double layer[10]. During the period
of 1 to 2 ks, fast and small transients are seen on a
background of slow event (the gradual change of the
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Fig.2 EN plots of AZ91D magnesium alloy in 1% sodium
chloride solution: (a) Long-time immersion (1—15 represent
random picked potential noise patterns); (b) Short-time
immersion

baseline). During the period from 1 to 1.5 h, the similar
feature of potential transients shown in Fig.2(b) is
observed, but in a larger amplitude. According to
Butler—Volmer equation, this phenomenon indicates that
anodic dissolution takes place on AZ91D alloy surface.
Meanwhile, such transients could be associated with the
hydrogen evolution[28]. When the immersion time
increases from 1.5 to 2 h, a characteristic pattern of
abrupt drift with approximately exponential rise is
observed and shown in Fig.2(b), which implies that
pitting corrosion occurs on AZ91D alloy surface. With
further increasing immersion time (corresponding pattern
number 1-6), the similar transients are repeated many
times, almost periodically. The fast transients reflect the
competition process of metastable pitting and
repassivation of AZ91D alloy. Between 28 to 56 h
(corresponding pattern number 7—13), large transients
appear consecutively in Fig.2(a) and subsequently
potential falls down fast. In the end of immersion (from
64 to 72 h, corresponding pattern number 14—15),
potential transients are similar to those in the initial
immersion. According to the study of LAFRONT et
al[25], there was a transient of “passivation to activation”

in corrosion progress of AZ91D alloy in alkaline chloride
medium. In passive zone, the low current noise
corresponds to a more noble potential, which is reversed
in active zone. In this study, the electrolyte is neutral
chloride medium without buffer. In long-time immersion,
with magnesium dissolution and hydrogen evolution, pH
value of the solution will increase, namely
basification[31]. Basification should be propitious to the
formation of passive film which can protect the base
alloy. So the potential large transients in the period from
28 to 56 h may be related to the passivation due to
basification. In the end of immersion, partial area of
AZ91D alloy breaks off because of dissolution, which
leads to the exposure of fresh base alloy to corrosive
medium. Therefore, the electrode is activated and
corroded badly, which presents the similar potential
transients as those before 28 h.

3.2 Power spectral density

Power density spectroscopy, which is calculated by
the mean of fast Fourier transform(FFT), is one of the
most frequently used methods to analyze EN. Power
spectral density(PSD) plots provide information on the
shape of the time record, which is supposed to be related
to the corrosion mechanism[32—33]. The potential power
spectral density is calculated as follows:

lg D=A4,+S,1g f (D

where 4, and S, are the noise intensity and the roll-off
slope of potential PSD plots, respectively. In this work,
the original data were first subtracted by its Gaussian fit
result (calculated by Origin 7.0 software) to remove the
trend of the ensemble potential change, which were
thought to be accorded with Gaussian distribution, and
then all above parameters were calculated by the FFT
software written by ourselves.

The PSD plots of AZ91D alloy during various
immersion periods are illustrated in Fig.3, and the
parameters are summarized in Table 2.

-14
-16

Power spectral density

=25 20 -15 -10 -05 O 0.5
lg(f/Hz)

Fig.3 PSD plots of AZ91D magnesium alloy in 1% sodium

chloride solution
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Table 2 PSD parameters of AZ91D magnesium alloy in 1%
sodium chloride solution

Pattern No. W/(dB-V>*Hz ')  k/(dB-decade’™)  f/Hz
1 —65.235 6 —16.139 8 5.260 6
2 —65.238 5 —13.106 9 7.699 8
3 ~79.386 3 —13.030 8 51.397 1
4 —63.194 2 —14.485 5 6.8577
5 —58.3722 —14.2195 5.940 8
6 —67.106 7 —15.901 7 33.8413
7 —52.130 5 —15.989 9 12921
8 —59.658 3 —16.840 6 23374
9 —59.108 3 —15.3928 2.540 2
10 —54.9452 —15.463 3 5.280 6
11 —62.075 0 —14.783 4 11.098 9
12 —53.498 8 —16.754 2 24151
13 —60.891 8 —18.754 2 3.0535
14 —75.6520 —13.091 1 192129
15 —68.954 0 —14.905 7 6.189 4

Three important parameters can be obtained from
PSD plots: 1) the slope of high frequency linear region
(k), 2) the critical frequency or the cut-off frequency (f;)
and 3) the low-frequency plateau or white noise level
(W). Generally, the values of £, f; and W of potential SPD
can be related to the severity of corrosion in some extent,
namely, the more positive the values of %, f. and W are,
the more easily the pit initiates. For example, the slope of
high frequency linear region(k) of PSD has been
proposed as an indicator of the type of corrosion[34].

The more smoothly the curve changes, the more
possibly the pitting corrosion occurs. As shown in Fig.3
and Table 2, the slopes of high-frequency linear part are
greater than —20 dB/decade. In the period of 0—25 h, the
values of k, f. and W are mainly larger than those in the
period of 28—56 h, which implies that pitting corrosion is
more possible to occur and develop in this period.
Moreover, the slopes change steeply in the period of
28-56 h, which means that the electrode surface might
be in the state of passivation[34]. In the end of
immersion time (64—72 h), the values of &, f, and W
increase again, which indicates that the more severe
corrosion might happen.

The fractal dimension(Dy) of time sequence can take
values between 1 for classical time sequence, to values
less than 2 for abnormity of the time sequence. The
larger the Dy is, the abnormity the electrode system will
be. Namely, the alloy will be corroded more severely.

As shown in Fig.4, in the time scale of 1—6 (0—25 h),
Dy increases with the immersion time, which indicates
that under the attack of aggressive ions pitting corrosion
has occurred and developed/repassivated ceaselessly on

the electrode surface. And in the time scale of 7-13
(28-56 h), D; fluctuates to some extent due to the
protection of the passive film and corrosion products. In
the end of immersion, Dy increases again, which means
that the severe corrosion occurs on the local region of the
surface.
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Fig.4 Fractal dimension of AZ9ID magnesium alloy in
different immersion time

As the above discussion, the results of PSD agree
with those of EN record analysis very well. However, the
information obtained only from PSD is insufficient for
better understanding the corrosion process of AZ91D
alloy during the immersion. The wavelet transform has
been carried out and will be discussed later.

3.3 SEM and EDS

The corroded morphologies of AZ91D magnesium
alloy in 1% sodium chloride solution for different
immersion time are shown in Fig.5. It can be obviously
seen that in the initial time, there is only one pit on the
surface of the electrode, and the pit develops into the
base gradually (Figs.5(a)—(c)). With the time increasing,
the number of pits increases and pits connect with each
other (Figs.5(d)—(f)), which reflects the propagation/
development process of the pitting corrosion. When
immersion time increases to about 48 h, the number of
pits increases seldom and the corrosive intensity is
depressed to some extent. In the end of immersion,
severer corroded morphology can be seen in Fig.5(h).
From EDS spectra in Fig.6(b), it can be seen that a strong
peak of oxygen is detected in the corroded region of
alloy in 48 h (labeled with the arrow in Fig.5(g)), which
implies that a passive film constituted of magnesium
oxide may exist in the corroded region. The protection of
this film baffles the process of the pitting corrosion to
some extent. However, as shown in Figs.6(a) and (c),
there are a strong peak of magnesium and a weak peak of
aluminium without oxygen peak detected in the corroded
region (labeled with the arrow in the Figs.5(f) and (h)),



500 ZHANG Li-jun, et al/Trans. Nonferrous Met. Soc. China 19(2009) 496—503

100 pm Ace V a Jet WD jp——n—] 100 pm
4 Zhepang University SE 64 Zhepang Unversity

ot WD p——— 100pm

17 Zhepang University

v N o
5

[ 100 pm
T Zhepang University

WD p——of 100 pm

E - T1 Zhepang Uneversity S g Zhejiang Un

Fig.5 SEM images of AZ91D magnesium alloy in 1% sodium chloride solution for different immersion time: (a) 1 h; (b) 3 h; (¢) 5 h;
(d)8h; (e) 15h; ()23 h; (g) 48 h; (h) 72 h
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Fig.6 EDS spectra of corrosion areas labeled with arrows
in Fig.5: (a) 23 h; (b) 48 h; (¢) 72 h

which indicates that the main corroded region is a phase
(magnesium base) and without passive film a phase
corrodes badly. The results of SEM and EDS prove
strongly the conclusions obtained from the analysis of
the EN records.

3.4 Wavelet analysis

According to the fast wavelet transform(FWT)
analysis algorithm, a time record S,(¢) (n=1, 2, ***, n)€
L*(R) can be represent by linear combinations of basis

@y 1> ¢sx and amplitude coefficients of each function
SiksDrks = Dige

SO~ S, 48y 1 (O+Y. Dy 10y ()+
% i

ZDJ—l,k(DJ—l,k(t)+"'+zD1,k¢1,k(f) 2
k k
S« =[S ((dt (3)
D, = [S(g;  (t)dt (4)

where ¢;’ ¢ and ¢)Z « are the complex conjugates of
the basis functions father wavelet #(f) and mother
wavelet ¢(¢), which are the bases for this decomposition
by translating in time and dilating in scale.

A= JI2 gin=d 1\ _ A2 t-2"k
Gy O)=2""¢2 7 t-k)=2 ¢(2—J) ()
_nl
o (=2"p " = k)= 27" ;a(’z—zlk), JLkEZ

(6)
where k=1, 2, -+-, N/2, N is the number of data record.
I=1,2, -+, J, Jis often a small natural number. 2! acts as
scale factor and 2’k as translation parameter. Every
coefficient S; or D;is called a crystal, and is related to the
features of the original signal of a particular time-scale
that can be computed roughly[35].

In order to characterize the FWT results in more
details, the contribution of each crystal to the overall
signal, E,, named as a relative energy of a crystal, is
plotted with the crystal name:

N2/ N2/
> STk > Dix

S _ k=l D _ k=l
E; = ,ES =

N N
DI DI
n=1 n=1

Fig.7 shows the evolution features of E; versus time
in 1% sodium chloride solution. Each E; is calculated
from a range of EN records according to Fig.2(a), which
contains 1 024 points and registered from different
exposure time (the selected batches are the first 1 024
(n =1 024) points of the second quarter in each hour of
tests). Generally, it is widely accepted that the initiation,
growth and death of metastable pitting always occur
prior to the other types of localized corrosion, and are
much faster than processes such as diffusion of
aggressive ions, removal of corrosion products and
bubble evolution[36]. There are fast processes
corresponding to smaller and larger time-scales. The
time-scale of crystal D can be ranked in an increasing
series: D;<<D,<<--+<<D;<Dx.

As shown in Fig.7, the whole corrosion process of
alloy in neutral chloride solution can be divided into

s =1L 2, e J (7
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Fig.7 Time evolution of potential E; plots for AZ91D
magnesium alloy in 1% sodium chloride solution

three stages.

In the initial stage, from 0 to 25 h, the energy
mainly accumulates in D, crystal, which may correspond
to the fast localized corrosion process such as pitting,
and D;—Dg, which may correspond to the slow diffusion
process of mass or charge around the active corrosion
points due to corrosion products.

In the second stage from 28 to 56 h, the energy
accumulates gradually into the medium time-scale and
finally occupies predominantly the coarse crystals
(Dg—D7) due to the formation of a passive film that
covers on the electrode surface. This indicates that the
whole corrosion process is mainly controlled by the
diffusion process. Because of basification, the formation
of the passive film makes the transfer of mass of charge
more difficult, which baffles the propagation and
development of pits to some extent (Fig.5(g)). As a result,
the energy is mainly accumulated in the coarse crystals
(Ds=D).

In the last stage from 64 to 72 h, the energy
contribution mainly accumulates in small time-scale
(D1—Dy). In this stage, the passive film is damaged by
attack of chloride ions and the corrosion products are
saturated gradually by solution and become expanding.
This means the protection of passive film, as well as
corrosion products, to magnesium alloy is weakened a lot.
Meanwhile, with the dissolution and departure of the
products from the base, fresh region of electrode with
more vigor is exposed to corrosive medium, which will
speed up the pitting corrosion. Consequently, it is
understandable that the energy is mainly accumulated in
the coarse crystals (D;—D»).

4 Conclusions
1) The time dependent corrosion potential obtained

in the experiments, as well as power spectral density and
contribution of each crystal to overall signal, shows that

the overall corrosion processes can be described by three
stages. The first stage corresponds to the pit nucleation
and growth; the second stage involves the growth of a
passive oxide layer; and the third stage involves the
reactivation.

2) With increasing immersion time, the fractal
dimension increases fast initially, fluctuates in the
medium and increases again at last. This indicates that in
the initial and end of immersion, the pitting corrosion
and fractal dimension are increased due to pitting, but
depressed due to the passivation in the medium
immersion.

3) The results of SEM and EDS show that the alloy
is mainly suffered from pitting corrosion in neutral
chloride solution, and the corrosion is buffered to some
extent in the medium immersion time due to the
formation of passive film.

References

[1]  GRAY J E, LUAN B. Protective coatings on magnesium and its
alloys—A critical review [J]. Journal of Alloys and Compounds,
2002, 336: 88—113.

[2] THOMAS J R, DARRY L A. Magnesium castings for auto
applications [J]. Advanced Mater & Processes, 1994, 145(6): 28—-35.

[3] RUDD A L, BRESLIN C B, MANSFELD F. The corrosion
protection afforded by rare earth conversion coatings applied to
magnesium [J]. Corros Sci, 2000, 42(2): 275-288.

[4] SHARMA A K. Integral black anodizing on magnesium alloys [J].
Metal Finishing, 1993, 91(6): 57-63.

[S] SONG G L, JOHANNESSON B, HAPUGODA S, STJOHN D.
Galvanic corrosion of magnesium alloy AZ91D in contact with an
aluminium alloy, steel and zinc [J]. Corros Sci, 2004, 46(4):
955-977.

[6] SONG G L, STIOHN D. Corrosion behaviour of magnesium in
ethylene glycol [J]. Corros Sci, 2004, 46(6): 1381-1399.

[7] SONG G L, BOWLES A L, STIOHN D H. Corrosion resistance of
aged die cast magnesium alloy AZ91 [J]. Mater Sci Eng A, 2004,
366(1): 74-86.

[8] HUO Hu-wen, LI Ying, WANG Fu-hui. Corrosion of AZ91D
magnesium alloy with a chemical conversion coating and electroless
nickel layer [J]. Corros Sci, 2004, 46(6): 1467—1477.

[9] CHIU L H, CHEN C C, YANG C F. Improvement of corrosion
properties in an aluminum-sprayed AZ31 magnesium alloy by a
post-hot pressing and anodizing treatment [J]. Surf Coat Technol,
2005, 191: 181-187.

[10] ZHANG Yong-jun, YAN Chuan-wei, WANG Fu-hui, LI Wen-feng.
Electrochemical behavior of anodized Mg alloy AZ91D in chloride
containing aqueous solution [J]. Corros Sci, 2005, 47(11):
2816-2831.

[11] MATHIEU S, RAPIN C, STEINMETZ J, STEINMETZ P. A
corrosion study of the main constituent phases of AZ91 magnesium
alloys [J]. Corros Sci, 2003, 45(12): 2741-2755.

[12] LI Ying, ZHANG Tao, WANG Fu-hui. Effect of microcrystallization
on corrosion resistance of AZ91D alloy [J]. Electrochimica Acta,
2006, 51: 2845-2850.

[13] AMBAT R, AUNG N N, ZHOU W. Evaluation of microstructural
effects on corrosion behaviour of AZ91D magnesium alloy [J].
Corros Sci, 2000, 42(8): 1433—1455.

[14] ANIK M, CELIKTEN G. Analysis of the electrochemical reaction



[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

ZHANG Li-jun, et al/Trans. Nonferrous Met

behavior of alloy AZ91 by EIS technique in H;PO4/KOH buffered
K,SO; solutions [J]. Corros Sci, 2007, 49(4): 1878—1894.

JONSSON M, PERSSON D, LEYGRAF C. Atmospheric corrosion
of field-exposed magnesium alloy AZ91D [J]. Corros Sci, 2008,
50(5): 1406—1413.

JONSSON M, PERSSON D, THIERRY D. Corrosion product
formation during NaCl induced atmospheric corrosion of magnesium
alloy AZ91D [J]. Corros Sci, 2007, 49(3): 1540—1558.

WINZER N, ATRENS A, DIETZEL W, RAJA V S, SONG G,
KAINER K U. Characterisation of stress corrosion cracking (SCC)
of Mg-Al alloys [J]. Mater Sci Eng A, 2008, 488(1/2): 339-351.
UNIGOVSKI Y, GUTMAN E M, KOREN Z, ROSENSON H, HAO
Y, CHEN T. Effect of processing on stress-corrosion behavior of
die-cast Mg-Al alloy [J]. Journal of Materials Processing Technology,
2008, 208(1/3): 395-399.

JIMMY X J, SONG G L, ATRENS A. Influence of geometry on
galvanic corrosion of AZ91D coupled to steel [J]. Corros Sci, 2006,
48(8): 2133-2153.

SRINIVASAN A, NINGSHEN S, MUDALI U K, PILLAI U T S,
PAI B C. Influence of Si and Sb additions on the corrosion behavior
of AZ91 magnesium alloy [J]. Intermetallics, 2007, 15: 1511-1520.
WU G H, FAN Y, GAO H T, ZHAI C Q, ZHU Y P. The effect of Ca
and rare earth elements on the microstructure, mechanical properties
and corrosion behavior of AZ91D [J]. Mater Sci Eng A, 2005, 408:
255-261.

GUTMAN E M, ELIEZER A, UNIGOVSKI Y, ABRAMOV E.
Mechanoelectrochemical behavior and creep corrosion of magnesium
alloys [J]. Mater Sci Eng A, 2001, 302: 63—69.

SONG G L, ATRENS A, WU X L, ZHANG B. Corrosion behavior
of AZ21, AZ501, and AZ91 in sodium chloride [J]. Corros Sci, 1998,
40(10): 1769-1785.

CHENG Y F, WILMOTT M, LUO J L. The role of chloride ions in
pitting of carbon steel studied by the statistical analysis of
electrochemical noise [J]. Appl Surf Sci, 1999, 152: 161-168.
LAFRONT A M, ZHANG W, JIN S, TREMBLAY R, DUBE D,
GHALI E. Pitting corrosion of AZ91D and AJ62x magnesium alloys
in alkaline chloride medium using electrochemical techniques [J].
Electrochimica Acta, 2005, 51: 489—-501.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

. Soc. China 19(2009) 496-503 503

XIAO H, HAN L T, LEE G C, MANSFELD F. Collection of
electrochemical impedance and noise data for polymer-coated steel
from remote test sites [J]. Corrosion, 1997, 53(5): 412—422.
LEOAL A, DOLEOEK V. Corrosion monitoring system based on
measurement and analysis of electrochemical noise [J]. Corrosion,
1995, 51(4): 295-300.
ZHANG T, SHAO Y W, MENG G Z, WANG F H. Electrochemical
noise analysis of the corrosion of AZ91D magnesium alloy in
alkaline chloride solution [J]. Electrochimica Acta, 2007, 53:
561-568.
JUNG K N, PYUN S I. Effect of pore structure on anomalous
behaviour of the lithium inter-calation into porous V,0s film
electrode using fractal geometry concept [J]. Electrochim Acta, 2006,
51:2646—2655.
MCMAHON P J, MOSS S P. Derivation of infinite-slit-smeared
small-angle scattering from porous surface and porous mass fractals
[J]. T Appl Cryst, 1999, 32: 956-962.
SONG Guang-ling. Corrosion and protection of magnesium alloy
[M]. Beijing: Chemical Industry Press, 2006.
GABRIELLI C, KEDDAM M. Review of applications of impedance
and noise analysis to uniform and localized corrosion [J]. Corrosion,
1992, 48(10): 796—811.
KORN L. Time-frequency analysis: Theory and application [M]. BAI
J X, transl. Xi’an: Xi’an Jiaotong University Press, 1998. (in
Chinese)
ZHANG Jian-qing, ZHANG Zhao, WANG Jian-ming, CHENG
Shao-an, CAO Chu-nan. Analysis and application of electrochemical
noise (II): Application of electrochemical noise [J]. Journal of
Chinese Society For Corrosion and Protection, 2002, 22(4): 241-248.
(in Chinese)
BRUCE A, GAO H Y. Applied wavelet analysis with S-plus [M].
New York: Springer, 1996.
CAO Fa-he, ZHANG Zhao, SU Jing-xin, SHI Yan-yan, ZHANG
Jian-qing. Electrochemical noise analysis of LY12-T3 in EXCO
solution by discrete wavelet transform technique [J]. Electrochim
Acta, 2006, 51: 1359—-1364.

(Edited by YANG Bing)



