UDK 661.862:620.193.4
Original scientific article/Izvirni znanstveni ¢lanek

MICROSTRUCTURE EVOLUTION AND CORROSION BEHAVIOR
OF AI-Si/Al-Mn COMPOSITES IN SALT SPRAY

RAZVOJ] MIKROSTRUKTURE IN KOROZIJA KOMPOZITOV
Al-Si/Al-Mn V SLANI KOMORI

Zhifeng Li'?

ICollege of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China
2State Key Laboratory of High Performance Complex Manufacturing, Central South University, Changsha 410083, China

Prejem rokopisa — received: 2022-01-03; sprejem za objavo — accepted for publication: 2022-02-02
doi:10.17222/mit.2022.354

Al-Si/Al-Mn composiles are commonly used in aluminum heat exchangers. Improving their corrosion resistance is the key for
prolonging their service life and reducing their costs. In this paper, an artificial salt spray corrosion lest was adopted in accor-
dance with the ASTM GR35 standard to evaluate the atmospheric corrosion resistance of Al-Si/Al-Mn composites. The corroded
samples were tested with electrochemical impedance spectroscopy (EIS). Microstructure evolution and their corrosion mecha-
nism were discussed after the use of OM, SEM, EPMA and XRD. The results showed two corrosion mechanisms, including the
pitting-induction mechanism and intergranular-development mechanism: pitting is induced by the destruction of the passive film
as CI” is adsorbed at the defects, while the corrosive medium in the pitling pores expands along the grain boundaries where
eutectic Si is enriched. A corrosion process can be divided into three periods: the pitting-induction period, pitting-propagation
period and matrix-corrosion period. The equivalent circuit models established sequentially were consistent with the actual mac-
roscopic and microscopic observations.
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Kompoziti na osnovi Al-5i/Al-Mn se uporabljajo za izdelavo toplotnih izmenjevalnikov. Za podaljSanje njihove Zivljenjske dobe
in zniZanje cene je potrebno izboljati njihovo odpornost proti koroziji. V ¢lanku avtorji opisujejo ovrednotenje atmosferske
korozijske odpornosti izbranih kompozitov Al-Si/Al-Mn s pomocjo korozijskih preizkusov v skladu s standardom ASTM G85.
Korodirane vzorce so nato testirali z elektro-kemijsko impedancno spektroskopijo (EIS) in jih mikrostrukturno okarakterizirali s
pomocjo opti¢nega (OM) in vrstiCnega elektronskega mikroskopa (SEM). Razvoj korozijskega mehanizma so ovrednotili tudi s
pomocjo mikrokemijskih analiz na elektronski mikro sondi (EMPA: Electron Micro Probe Analyzer) in rentgensko difrakcijsko
spektroskopijo (XRD). V razpravi avtorji ugotavljajo, da prihaja do dveh mehanizmov korozije in sicer: jamiCaste korozije in
korozije na mejah med kristalnimi zrni. Nastanek korozijskih jamic inducira poruSitev pasivnega filma zaradi adsorbcije CI”
ionov na napakah v materialu. Korozijski medij nato prodira v korozijske jamice vzdolZ kristalnih mej, kjer napada podrolja
obogatena z eviekiskim Si. Proces korozije so avtorji razdelili na tri ¢asovna obdobja: zaCelek nastajanja jamic, napredovanje
nastajanja jamic (povefevanje njihovega Stevila in velikosti) ter kon¢no obdobje, ko prihaja Se do korozije kovinske matice.
Ugotovljeni odgovarjajofi kroZzni modeli zaporedja mehanizmov korozije se ujemajo z dejanskimi makroskopskimi in
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mikroskopskimi opazovaniji.

Klju¢ne besede: kompoziti AlI-Si/Al-Mn, slana komora, jamifasta korozija, elektro-kemijska impedancna spektroskopija

1 INTRODUCTION

Heat exchangers play an important role in the chemi-
cal industry, petroleum industry, power industry, automo-
tive industry, etc. Aluminum alloys have gradually re-
placed copper alloys as the main material for heat
exchangers as they exhibit lower density and better cor-
rosion resistance and they are also more environmentally
friendly. Al-Si/Al-Mn composites are most widely used.!
Al-Mn has excellent comprehensive properties as the
matrix material, and Al-Si has a slightly lower melting
point, leading to excellent brazing fluidity when used the
external solder alloy. Many researchers are concerned
about the heat-transfer performance, suggesting struc-
tural optimization and manufacturing improvement.>-¢
However, enhancing corrosion resistance is more impor-
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tant in order to avoid the perforation of closed pipes and
pressure drop of the heat sinks for heat exchangers.”
Heat exchangers have to resist both medium corro-
sion and atmospheric corrosion.*'' Compared to medium
corrosion, atmospheric corrosion is more complex, hav-
ing a more changeable mechanism. Various studies focus
on atmospheric corrosion. Chandra et al. investigated
metallurgical changes and the mode of corrosion attack
and type of corrosion products of a heat-exchanger
tube.'? Peltola et al. observed the ant-nest corrosion mor-
phology of fin heat exchangers'’, while Nasrazadani et
al. analyzed the phases of ant-nest corrosion products.'*
Kim et al. evaluated the multi-galvanic effect of Al
finned-tube heat exchangers, using polarization tests, a
numerical simulation and a sea water acetic acid test
(SWAAT)." Su et al. pointed out that chloride damages
the passive film and initiates corrosion.'® Cho et al. dis-
covered that corrosion behavior depended mainly on the
concentrations of zinc, aluminum and oxygen on a speci-
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men surface.'” Jung found that there was a significant de-
crease in the corrosion resistance of Al with an increase
in the concentration of S and temperature.'® However, all
the above researches only focused on the relationship be-
tween the corrosion degree of an aluminum alloy and the
factors, such as ion concentration, and did not deeply
and systematically study the evolution and mechanism of
corrosion behavior, which can truly reveal the origin of
corrosion and provide understanding required for im-
proving corrosion resistance.

The main purpose of this paper is to reveal the corro-
sion behavior and the development mechanism of the salt
spray corrosion of Al-Si/Al-Mn composites through an
artificial salt spray corrosion test.!*?"

2 EXPERIMENTAL PART
2.1 Materials and sample preparation

The chemical composition of the experimental
Al-Si/Al-Mn/Al-Si composite plates is shown in Table 1.
After being laminated and paired, three-layer alloys were
heated to (500 = 5) °C, hot rolled from (33 + 330 +
33) mm to 7 mm, cold rolled to 1.5 mm and finally an-
nealed at 370 °C for 1 h. Samples of 25 mm x 25 mm
were obtained by wire cutting and sealed with insulating
glue, keeping an area of 20 mm x 20 mm exposed. Wires
were connected to the backs of the samples to facilitate
their hanging in the test box. But to avoid the conduction
of electricity, the wires were fixed with insulating glue
and sealed at both ends.

Table 1: Chemical composition of composite plates (w/%)

Alloys Si Fe Mn Cu Zn Al
Al-Mn 0.60 | 0.70 1.20 | 0.70 | 0.10 Bal.
Al-Si 7.00 | 0.80 | 0.10 | 0.25 0.20 Bal.

2.2 Artificial salt spray corrosion test

In order to evaluate the corrosion resistance, a sea
water acetic acid test (SWAAT) was carried out in accor-
dance with ASTM G85 on the samples.?'?2 10 mL of gla-
cial acetic acid and 42 g of NaCl were added to each liter
of distilled water, and the pH was adjusted between 2.8
and 3.0 with a NaOH solution. During a continuous
480-h test, the temperature in the exposure zone of the
salt spray chamber was set at (49 = 2) °C and the temper-
ature in the saturator tower was set at (57 + 1) °C. The
spraying method was conducted with 120-min repetitive
cycles: 30-min spray and 90-min soak at a relative hu-
midity higher than 98 %. The spray was applied at a rate
of 1.0-2.0 mL/h per 80 cm? of the horizontal collection
area.

2.3 Characterization of the microstructure

Optical metallography (OM), polarized metallo-
graphy (PM), scanning electron microscopy (SEM),
electron probe micro-analysis (EPMA) and X-ray dif-
fraction analysis were applied to explore the morphology
and microstructure of the intermetallic compounds and
element distribution of the corroded samples after (1, 3,
5,7, 10, 15 and 20) d during the SWAAT period.

2.4 Corrosion measurements

The electrochemical behavior of the samples cor-
roded during the SWAAT period was investigated after
(1, 3, 5,7, 10, 15 and 20) d, using electrochemical im-
pedance spectroscopy (EIS)* via a ZAHNER Imé6ex
electrochemical workstation. The experimental set-up in-
cluded a standard three-electrode cell with a platinum
sheet as the counter electrode, a KCl-saturated calomel
electrode (SCE) immersed in a saturated NaCl solution

SMM g

Figure 1: Surface-corroded morphology after: a) 24 h, b) 72 h, ¢) 120 h, d) 240 h, ¢) 360 h, 1) 480 h
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Figure 2: Microstructure of the composite plate after 480-h salt spray: a) optical microscopy. b) SEM

as the reference electrode and a test sample with an ex-
posed area of 20 mm x 20 mm as the working electrode.
Moreover, the experimental solution was determined as
the SWAAT solution, the amplitude of the disturbance
sine wave signal was 20 mV and the frequency ranged
from 50 MHz to 100 kHz. The data were analyzed by
ZSimpWin software.

3 RESULTS AND DISCUSSION
3.1 Microstructural observation

The surface macro-morphology and the side mi-
cro-morphology of the composite plates during salt spray
corrosion are shown in Figure 1. It can be observed that
the surface of the samples was still relatively smooth
without obvious signs of corrosion after 24 h of salt
spraying. After 72 h, bulges and peelings appeared show-
ing a pitting morphology. After 240 h, the number of pit-
ting holes increased gradually. After 480 h, the surface of
the samples peeled off significantly.

Figure 2a shows polarized optical metallographic
images of corroded samples after 480 h of salt spraying.
Both the filler and the core layer recrystallized com-
pletely. The corrosion medium infiltrated along the grain
boundaries and sub-grain boundaries of the new grains
caused the erosion of the composite plate and even
formed cavities on seriously corroded parts. The SEM
analysis (Figure 2b) clearly showed intergranular corro-
sion networks where coarse second-phase particles were
distributed.

3.2 Intermetallic-particle characterization

In order to explore the causes of the network corro-
sion, it is necessary to analyze the material structure and
composition.

Figure 3 shows the SEM morphology and Table 2
shows the EPMA analysis results for the cross-section of
the Al-Si/Al-Mn composite plate. Additionally, Figure 4
shows the XRD analysis of the core alloy. The precipi-

Figure 3: SEM morphology of the Al-Si/Al-Mn composite plate
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Figure 4: XRD analysis of the core layer

tated phases of the filer were mainly particles rich in sili-
con (77 w/%) and AlSiMnFe phases. The precipitation
phases of the core layer were mainly Al;MnFe and
AlMnFeSi phases. It was proven that, as the anode, the
potential of the silicon-rich particles is relatively lower
than those of the matrix and AlSiMnFe phases, enabling
the formation of galvanic cells. The Al-Si/Al-Mn com-
posite structure met these forming conditions to induce
corrosion.

Table 2: EPMA analysis of the Al-Si/Al-Mn composite plate (w/%)

No. Si Mn Fe | Cu Zn Al
1 0.262 | 0.031 0 1 0.022 | 0.077 | bal.
2 77.241 | 0.020 | 0.106 | 0.0522 | 0.057 | bal.
3 28.202 | 0.055 | 0.062 0 0.109 | bal.
4 0.447 | 0.569 | 0.945 | 0.026 | 0.131 bal.
5 2.665 | 8.583 | 5.934 | 0.275 | 0.051 bal.

To analyze the influence of intermetallic compounds
on the development of corrosion behavior, the cross-sec-
tion observation of the salt spray corrosion specimens
was intercepted and an EPMA composition analysis was
conducted, as shown in Figure 5 and Table 3. The corro-

40
Two-theta(deg)

50 60

sion medium infiltrated along the grain boundaries and
sub-grain boundaries of the new grains, and even pro-
duced cavities. It could be found that the intergranular
corrosion networks were obviously darker than the a(Al)
primary crystal. The discontinuous second phases along
the corrosion networks were silicon-rich phases. The
concentration of oxygen and chlorine in the dark gray
area along the corrosion networks was significantly
higher than that of the matrix, indicating that the corro-
sion medium mainly erodes the grain boundaries with
chlorine ion.

Table 3: EPMA linear element analysis of sall spray corrosion speci-
mens (/%)

No. Si Mn Fe Cu Zn 0] Cl Al
0.401 0.022| 0 [0.061]0.014 |2.471 [0.012] bal.
0.848 0.090|1.522(0.0170.223|9.001 |0.115] bal.
86.638 0.046|0.079, 0 [0.002|3.887|0.096 | bal.
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3.3 EIS measurements

To explore the mechanism of the salt spray corrosion
development of Al-Si/Al-Mn composites, the corrosion
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Figure 5: EPMA linear element analysis of a salt spray corrosion specimen (w/%)

142

Materiali in tehnologije / Materials and technology 56 (2022) 2, 139-147



Z. LI: MICROSTRUCTURE EVOLUTION AND CORROSION BEHAVIOR OF Al-Si/Al-Mn COMPOSITES IN SALT SPRAY

.
- L {c) " Fitted Dala
6000 J(a_ﬂmd].hlu | a0 _ﬂJ] 14000 4 ’ = Oh
= Oh ‘;‘"“ “a | Aam A 24k
o 4 f’;‘ \ . 12000 4 ] * 720
> o n :
+ 120k Lo 40 Y * 120k
W0 & 20m e, A Y won 4" e ) ® 2400
b 60k \ a [, o 2, * > 3600
g op *h s s £ § 8000 }‘-;‘,‘;‘ * b
e / I !
2000 |- a / £ of : El:n SRy /
b a ! - .
-4000 s s ; ® 7 n
a 4000 -
" 2afF @ x o L2ah 2N
5000 - o a4 * zih 2000
ol ix > 360h s o
R i el I L I L L A -l " * 4sih - 0
40002000 0 2000 4000 6000 800D 10000 1200014000 1800C 01 1 0 100 1000 10000 100DO0 0t A1 M0 100 1000 10000 100000
ZrChm FrequencyHz FrequencyHz

Figure 6: Impedance spectrum of salt spray corrosion for 0—480 h: a) Nyquist diagram, b) Bode phase diagram, ¢) Bode impedance diagram

behaviors of different corroded samples were dynami-
cally monitored with electrochemical impedance spec-
troscopy (EIS). The impedance spectrum of salt spray
corrosion for 0—480 h is shown in Figure 6. Specifically,
Figure 6a shows the Nyquist diagram, representing the
Zr imaginary part of the impedance curve, while Fig-
ure 6b shows the frequency-phase angle curve of the
Bode diagram in logarithmic form, and Figure 6¢ shows
the frequency-impedance modulus |Z| curve of the Bode
diagram. In each figure, the scatter points are the mea-
sured experimental data, and the curves are fitted accord-
ing to different equivalent circuits.

It can be seen from Figure 6 that the Nyquist dia-
gram for the corrosion samples for 0-24 h presents a
high-frequency capacitance arc and a low-frequency in-
ductance arc. And the frequency-phase curve of the Bode
diagram gives two time constants, showing a peak and a
valley. The high-frequency capacitance arc is the capaci-
tive arc at the interface between a specimen and the cor-
rosive medium, while the low-frequency inductance indi-
cates that the sample has a surface film layer, and there is
a tendency for local corrosion. After being corroded for
72-120 h, in the Nyquist diagrams, the inductance arcs
disappear, the capacitance arcs are obviously elongated
and flattened, and the real parts of the low-frequency re-
gion shrink at the tail. In the meanwhile, in the Bode dia-
grams, the low-frequency valleys of the frequency-phase
curves disappear, and the peak height of the high-fre-
quency region becomes shorter. In addition, two extreme
peaks appear gradually, and the tail of |Z] is compressed.
All the variations indicate that the corrosive medium
penetrated the interior and the specimen could no longer
rely on the corrosion resistance of the surface film. After
240 h of corrosion, the radius of the capacitance arc of
the Nyquist diagram increases. Meanwhile, the two
peaks of the frequency-phase curve move to low fre-
quency, and the tail of |Z] rises, indicating that the corro-
sive medium is corroded to the substrate and the imped-
ance value of the sample increases. As the corrosion time
is extended, the capacitance arcs of the Nyquist diagram
gradually shrink, and the tails turn into oblique straight
lines at nearly 45°, indicating that the corrosion interface
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area is sufficient and that corrosion products cannot be
accumulated, showing obvious Warburg impedance.

3.4 Developing mechanism of the salt spray corrosion
behavior

In order to further verify the microstructure, an
equivalent circuit was established with the stages of the
EIS data, and the data fitting was carried out using the
ZSimpWin software. The fitting error of each parameter
was less than 10 %. The corrosion cycle of Al-Si/Al-Mn
composites can be divided into the pitting-induction pe-
riod, pitting-propagation period and matrix-corrosion pe-
riod.

3.4.1 Pitting-induction period

The R(QR(LR)) equivalent circuit model is used to fit
the impedance spectrum of salt spray corrosion during
0-24 h (as shown in Figure 7) where Rs is the solution
resistance, Qc is the equivalent leakage capacitance, Rc
is the interface reaction resistance, L and R, are the

(a)
Rs Qc
—AN > >
Rc
L RO
(b) Filler Core
L ]
s _®
i .
‘e
LY
.
. [
*® 4,
L] »
.

Figure 7: Pitting-induction period: a) equivalent circuit model, b) cor-
rosion-development diagram
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Table 4: Fitling parameters of EIS during the pitting-induction period

. . 2 QC P 2 7
s Re/(Q-cm? Rc/(Q-cm? -cm? Ro/(Q-cm?
Corrosion time (h) s/(Q-cm-) Yo/ (O lems ) ;. c/(Q-cm-) L/(H-cm?) o/(Q-cm-)
0 6.451 1.34107° 0.8124 19240 14530 3516
24 15.51 1.12107° 0.8833 15310 14990 5459

equivalent inductance and equivalent resistance at the
pitting-corrosion active point related to the change in the
passive-film thickness or coverage.

The electrode system is not only controlled by the
electrode potential, but also affected by the thickness of
the film or its coverage. Before salt spray corrosion, the
aluminum alloy is easy to be activated in air, and a dense
AlOs film is formed on the surface of the sample, result-
ing in inductive-reactance components. The oxide film is
easy to be dissociated and broken by CI" in the corrosive
medium, which leads to a decrease in inductive react-
ance. The Faraday admittance Yr of the electrode system
can be expressed as Equation (1):

=t 1 (1)
. R, +joL

The impedance of the whole electrode system indi-
cates that the Faraday impedance is connected, in paral-
lel, with the interface capacitance Q¢ element, and then
connected in series with the solution resistance Rs. The
Qc element represents an electrical double-layer capaci-
tor with a dispersion effect in the solid dielectric*, which
is defined as Equation (2):

Y, =Y,(jo)". 0<n<I 2)

where n = 1 and Q¢ is pure capacitance.

(a)

Rs 0\!:
Rpo. af
)—
R
(c) Filler Core
.. .
LI ...

The parameters of the equivalent components are ob-
tained using the model for the 0-24 h corrosion, as
shown in Table 4, while the fitting errors are all within
10 %. The solution resistance Rs hardly changes with the
development of corrosion, having little effect on the elec-
trode system, which can be ignored.

Figure 6 and Table 4 indicate that with the extension
of corrosion time, the interfacial reaction resistance Rc
decreases since the rate of formation of chloride, de-
stroying the passive film with the Cl- adsorption in the
corrosive medium on the sample surface is faster than
that of absorbing oxygen-containing particles, forming
the passive film. With the dissolution of the passive film,
the equivalent inductance L and resistance Ry of the pit-
ting active point first increase and then gradually disap-
pear. Furthermore, the electrode surface becomes
rougher, the reaction area increases, the battery reaction
increases and the static charge storage capacity of the
electric double layer decreases. Therefore, the Y, value
reflecting the capacitance of the interface Qc element de-
creases, while the n value reflecting the dispersion effect
of the Q¢ element increases with the decrease in the elec-
trode surface roughness and current distribution unifor-
mity.

(b)

Rs Cl.z
Rpol,1 o af
| R
(d) Filler Core
0 ‘ . ¢
* e . ..

Figure 8: Pitling-propagation period: equivalent circuit model and development diagram: a and c) formation of pitting, b and d) formation of

blocking cells
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Table 5: Fitling parameters of EIS during pitting-propagation period and matrix-corrosion period

Corrosion time (h)
72 120 240 360 480
Rs /(Q-cm?) 59.12 55.87 83.06 39.97 29.65
0Oc Yo/(Q'-cm2s™) 1.88 x 10 6.33x10° | 1.18x10° 3.21 x 108 2.57 x 107
n 0.447 1 1 1 1
Rpo1/(Q-cm?) 7780 174.7 67.32 43.7 17.25
o Yo/( ' em2s7) - 1.63 x 10 — - -
BIs™ - 0.1901 - - -
0 Yo/(Q'-cm2s™) 1.65 x 104 1.40 x 107 4.02 x 105 1.48 x 105 8.96 x 106
! n 0.563 0.5145 0.5147 0.6559 0.7997
Rp02/(Q-cm?) - - 4155 442.3 266.2
WiHQ"-cm2-57) - - - 0.000699 0.005834
C./F - - 9.79 x 107 6.52 x 107 1.61 x 106
R /(Q-cm?) 1910 7411 8576 1124 722

3.4.2 Pitting-propagation period

The R(Q(R(QR))) equivalent circuit model is used to
fit the impedance spectrum of salt spray corrosion after
the corrosion of 72 h as shown in Figures 8a and 8c
where Rjs is the solution resistance, Q¢ is the equivalent
leakage capacitance at the interface, R, is the solution
resistance (i.e., pore resistance), Q; and R, are the con-
stant phase angle and charge transfer reaction resistance
of the interface reaction in the pores of cortical corro-
sion, respectively. During this period, the electrode reac-
tion not only occurs on the passive film, but also invades
the sub-surface to form corrosion holes. The transfer re-
sistance of the passive film is very large and the admit-
tance can be ignored.

The parameters of the equivalent components are ob-
tained as shown in Table 5. From their combination with
the impedance spectrum from Figure 6, it can be seen
that the corrosion pores are small and there is no obvious
medium diffusion in the early stage. With the further de-
velopment of corrosion, the corrosive medium obviously
diffuses into the interface of the pores, while the corro-
sion products can hardly discharge out smoothly in the
narrow pores and accumulate in the pores to form closed
cells, limiting the diffusion process to length-constrained
diffusion. Therefore, the O element should be added to
represent the influence of cell blocking on the diffusion
process. The admittance of the O element is defined as
Equation (3):

Y, =Y, (jw)'"” coth| Bjw)'" | (3)
where coth is the hyperbolic cotangent function.

Then the R(Q(RO(QR))) model should be used to fit
the corrosion after 120 h as shown in Figures 8b and 8d.
The roughness and current distribution of the interface
between a sample and the corrosive medium are weak-
ened, but the capacity of charge carrying continues to de-
cline and the Qc element finally changes into pure capac-
itance Cc. The diffusion becomes more obvious, but it
should be weakened with the increase in the corrosion-
pore size. With the increase in the surface roughness, the
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corrosion-product coverage, the depth of corrosion hole
and the decrease in the effective interface-medium reac-
tion area, the ¥y and n value of the constant phase-angle
element Qr decrease gradually and the charge transfer re-
sistance R, increases significantly.

3.4.3 Matrix-corrosion period

With the pitting-hole deepening, the corrosive me-
dium penetrates the filler and begins to penetrate the ma-
trix after 240 h of salt spray corrosion. As shown in Fig-
ures 9a and 9c, the appropriate circuit model is changed
to R (C(R(Q(R(CR)))) where Rs is still the solution resis-
tance, Cc is the interface capacitance, Ry, is the sur-
face-pore resistance, (r is the constant phase-angle ele-
ment of the interface reaction in the surface pores, Ry is
the deep-pore resistance in the matrix, C, and R, are the
interface capacitance and charge-transfer resistance be-
tween the anodic dissolved metal in deep pores and the
corrosive medium, respectively.

From the combination of the impedance spectrum
from Figure 6 and fitted parameters from Table 5, it can
be seen that after the corrosive medium invades the ma-
trix, the transfer resistance R, increases, the capacitance
arc of impedance spectrum increases, the tail of |Z| in-
creases, the double peak splitting phenomenon of the
phase angle is more obvious and the two peaks move to
low frequency.

With the increasing and deepening of pitting holes,
the corrosion products increase, causing only limited
hindrance to diffusion since a corrosion hole is wide at
the top and narrow at the bottom. The Warburg element
is introduced to describe this half-infinite-length imped-
ance, and the R(C(R(Q(RW(CR)))) model is used for fit-
ting, as shown in Figures 9b and 9d.

With the anodic sacrificial dissolution strengthening
in the deep pores, the medium exchange is accelerated,
R, Rpo1. Ryop gradually decrease, and W gradually in-
creases. The roughness of the interface between the
metal and corrosive medium decreases, while the corro-
sive current increases and the uneven distribution weak-
ens, leading to a decrease in QJr and C,. With the increase
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Figure 9: Matrix-corrosion period: equivalent circuit model and development diagram: a and c) initial stage of matrix corrosion, b and d) diffu-

sion enhancement

in the corrosion time, the whole impedance spectrum
shrinks greatly, the impedance modulus |Z| increases and
the electrochemical corrosion reaction of the system be-
comes more Severe.

4 CONCLUSIONS

Two interaction mechanisms occur in Al-Si/Al-Mn
composites during salt spraying: pitting corrosion and
intergranular corrosion. In salt spraying, CI™ in the corro-
sive medium preferentially adsorbs on the active points
such as defects, destroys the passive film with a chemical
reaction and induces pitting corrosion. The corrosive me-
dium in pitting holes develops along the grain bound-
aries, where phases rich in Si are enriched. and corrodes
the anodic eutectic @ (Al).

The electrochemical corrosion process of Al-Si/
Al-Mn composites in a salt-spray environment includes
the pitting-induction period, pitting-propagation period
and matrix-corrosion period. In the pitting-induction pe-
riod, the passive film on the surface is destroyed by ab-
sorbing Cl- in the corrosive medium and the fitting
equivalent circuit is the R(OR(LR)) model. In the pit-
ting-propagation period, the corrosive medium invades
the interior of the composite plate to form corrosion
holes, and the equivalent circuit is first R(Q(R(QR))) but
then, with the coarsening of the surface, the deepening of
the corrosion holes and the accumulation of products, the
equivalent circuit changes to R(CO(QR))). In the ma-
trix-corrosion period, the corrosive medium penetrates
the matrix and the equivalent circuit is first
R(C(R(Q(R(CR))))) and finally, with the increase in dif-
fusion, it becomes R(C(R(Q(RW(CR)))).
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