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a  b  s  t  r  a  c  t

Effects  of CeLa  addition  on  the  localized  corrosion  and  electrochemical  corrosion  behavior  of  Al-Cu-Mn-
Mg-Fe  lithium  battery  shell  alloy  were  investigated  by  immersion  testing  and  electrochemical  testing  in
0.6  M  NaCl  solution  at different  temperatures.  Experimental  results  indicated  that  CeLa  addition  resulted
in the  formation  of  AlCuCe/La  (Al8Cu4Ce  and Al6Cu6La)  local cathodes  and  corrosion  activity  of  the  main
intermetallic  particles  decreased  in  the order  of Al2CuMg,  AlCuCe/La,  Al6(Mn,  Fe). Corrosion  potential
shifted  positively  due  to  CeLa  alloying.  Corrosion  current  density  of  the  CeLa-containing  alloy  was  lower
than  that  of  the CeLa-free  alloy  at room  temperature.  At room  temperature,  there  was  no  obvious  sur-
face  passivation  for both  alloys.  At 80 ◦C CeLa  addition  resulted  in a  wide  passive  region  at  the  anode
polarization  region.  Electrochemical  impedance  spectroscopy  (EIS)  analysis  also  indicated  that  corrosion
resistance  of the  CeLa-containing  alloy  was  much  higher  than  that  of  the  CeLa-free  alloy.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Due to excellent formability, low density and high conductiv-
ity, aluminum alloys have been extensively used as automotive
radiators, heat exchangers and lithium battery shells [1–3]. With
increasing application of Li-ion cell automotive industries, shell
materials are required to possess preferable corrosion resistance
and mechanical properties. Due to low strength, traditional 3003
alloy cannot satisfy the lightweight requirement of lithium battery
shell alloy. Then, Al-Cu-Mn-Mg-Fe alloy was selected as a new kind
of battery shell material, mainly due to the high specific strength
[4,5] and relatively good corrosion resistance [6].

It was well known that intermetallic compounds play an impor-
tant role in corrosion process for Al alloys [7]. And composition, size
and number of the secondary phase particles could have a great
influence on pitting corrosion [8,9]. Al2CuMg particles could act as
local anodes and may  preferentially release Al and Mg  according to
a dealloying process in NaCl solution [10]. Then the particles would
become more cathodic as a mass of Cu were remained. Leard et al.
found that these intermetallic particles decreased in activity in the
order of Al2CuMg, Al7Cu2Fe and Al20Cu2Mn3 [11]. Boag et al. found
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that the S-phase was attacked firstly, and then AlCuFeMn particles
such as Al7Cu2Fe and Al6(Cu, Mn,  Fe) were attacked [12].

Corrosion resistance of aluminum alloy can be improved
through rare earth Sc [13], Ce [6] and Sm [14] addition, cerium-
based [15] or lanthanum-based conversion [16]. Shi et al. reported
influences of Sc and Zr additions on the corrosion behavior of Al-Zn-
Mg-Cu alloy. They found that addition of Sc and Zr could improve
corrosion resistance by inhibiting recrystallization [13]. Zhang et al.
found that Ce addition could improve corrosion resistance of Al-
Cu-Mn-Mg-Fe alloy because it could suppress the formation of
Al2Cu particles [6]. We  investigated the influence of CeLa addition
on the microstructures and mechanical properties of Al-Cu-Mn-
Mg-Fe alloy and found that the mechanical properties was  greatly
improved if proper amount of CeLa was added to the alloy [17].

The pitting behavior of those intermetallic phases in Al-Cu-Mn
alloy has been reported in many literatures. However, effect of CeLa
addition on pitting behavior and general corrosion (potentiody-
namic polarization, EIS and mass loss) of Al-Cu-Mn-Mg-Fe alloy
was rarely reported. In this work, pitting corrosion through immer-
sion testing and electrochemical corrosion of CeLa-containing alloy
were investigated to evaluate the effect of CeLa addition on corro-
sion behavior of the alloy. Since the temperature of lithium battery
shell may  increase during charging or discharging process, poten-
tiodynamic polarization was also carried out at 50 ◦C and 80 ◦C.
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Table  1
Chemical compositions of the experimental alloys (wt.%).

Alloy Cu Mn Mg  Fe Ce La Al

Al-Cu-Mn-Mg-Fe 1.48 1.33 0.74 0.53 0 0 Bal.
Al-Cu-Mn-Mg-Fe-0.25 CeLa 1.49 1.35 0.75 0.54 0.14 0.13 Bal.

2. Experimental

2.1. Materials preparation

The prepared ingots were successively heated to 590 ◦C at a
heating rate of 15 ◦C/min, and held in the isothermal condition
for 8 h, followed by cooled until to room temperature (25 ◦C). The
homogenized ingots with a thickness of 40 mm were preheated at
500 ◦C and then hot rolled to 3 mm-thick plates. The prepared hot
rolled plates were stress-relief annealing at 300 ◦C for 2 h, and cold
rolled to 0.45 mm sheets. The sheets were finally annealed at 150 ◦C
for 24 h. The low temperature annealing can improve the duc-
tility and formability, which is helpful for subsequent processing
[18]. Chemical composition of the experimental alloys was ana-
lyzed by inductively coupled plasma-optical emission spectroscopy
(ICP-OES) and corresponding results were listed in Table 1.

2.2. Microstructural characterization

The microstructures of the alloys were investigated by a field-
emission scanning electron microscope (SEM, JSM-7600F, JEOL)
with a resolution of 1.0 nm (15 KV) and a field-emission trans-
mission electron microscope (TEM, JEM-2100F, JEOL) with a point
resolution of 0.19 nm.  SEM investigations were performed at the
accelerating voltage of 15 kV and probe current of 2 × 10 −10 A with
a working distance of about 8 mm (scanning mode of backscat-
tered electron mode). Energy dispersive spectroscope (EDS) was
used to identify the compositions of different intermetallic com-
pounds at the accelerating voltage of 20 kV with a working distance
of 15 mm.  TEM samples were electro-polished in 4% HClO4 and
ethanol solutions at −30 ◦C, followed by an ion beam thinning. TEM
observations were performed at the accelerating voltage of 200 kV
and emission current of around 195 �A.

2.3. Immersion corrosion and mass loss testing

Immersion corrosion experiment was conducted following Chi-
nese National Standards (JB/T 7901-1999). Polished specimens
with a size of 10 mm × 10 mm were immersed in 0.6 M NaCl solu-
tion at room temperature in free air for different time varying from
2.5 min  to 144 h. Corrosion surfaces of the specimens were inves-
tigated with SEM attached with EDS to determine distribution of
alloying elements.

Polished specimens with a size of 20 mm × 20 mm were rinsed
successively by acetone, ethanol and distilled water, and finally
dried in air. The specimens were immersed in 0.6 M NaCl solution
at room temperature for different time (1, 4, 6, 10, 20 and 30 days).
Corrosion products were removed by chemical cleaning with 15%
HNO3 [19]. The mass of the specimens before and after immersion
was measured by using an analytical balance (FA124) with a preci-
sion of 0.1 mg.  Each mass loss measurement was repeated for three
times.

2.4. Electrochemical measurements

Electrochemical measurements were performed on a CHI 660E
electrochemical system by using a three electrode cell. The working
electrode, reference electrode and counter electrode were spec-
imen, Ag/AgCl (0.1 M KCl) and a Pt wire, respectively. The work

electrode was  in size of 10 mm  × 10 mm.  All of the electrochemical
tests were conducted with 0.6 M NaCl solution in free air. Spec-
imens for potentiodynamic polarization testing were conducted
at a scanning rate of 1 mV/s, ranging from −1 V to 0 V. The test-
ing temperature was  room temperature (25 ◦C), 50 ◦C and 80 ◦C,
respectively. The electrode potentials were converted to standard
hydrogen electrode (SHE) according to the following equation [20].

ESHE = Eobs+0.2866−0.001(T-T0) + 1.745 × 10−7

(T-T0)2-3.03 × 10−9(T-T0)3 (1)

where ESHE represents the electrode potential vs. SHE. Eobs
represents the measured electrode potential. T represents the
experimental temperature and T0 represents the room tempera-
ture (25 ◦C).

Using the same device for the potentiodynamic polarization
testing, EIS testing were conducted at open circuit potential (Ecorr)
with a frequency ranging from 100 KHz to 10 mHz, using a perturba-
tion voltage of 5 mV.  The testing temperature was 25 ◦C. Zsimpwin
software was used for fitting of the impedance spectra. Every poten-
tiodynamic polarization and EIS measurements was  repeated at
least three times to obtain a stable testing value.

3. Results and discussion

3.1. Microstructural characterization

Fig. 1 shows backscattered electron images of the alloys with
and without CeLa addition. A large many of grey phases (parti-
cles A) with irregular shape could be found in the two alloys and
some white phases (particles B) appeared in the CeLa-containing
alloy. The grey phases were confirmed as Al6(Mn, Fe) and the white
phases were AlCuCe/La (Al8Cu4Ce and Al6Cu6La), according to our
previous work [17]. The Al6(Mn, Fe) could be refined when CeLa
was added to the Al-Cu-Mn-Mg-Fe alloy, which helped to enhance
mechanical properties of the alloy [17] and may also affect the
corrosion properties of the relevant alloys.

Fig. 2 shows TEM images of the alloys with and without CeLa
addition. The plate-like particles were Al2CuMg (S) phase and the
rod-like particles were Al20Cu2Mn3 (T) phase [17,21]. Statistical
analysis and Rietveld refinement indicated that the volume frac-
tion of T phase increased and S phase decreased as CeLa was  added
to the Al-Cu-Mn-Mg-Fe alloy [17]. As the S phase and T phase
have different corrosion properties [22,23], the difference in vol-
ume fraction of the two  phases should have a strong influence on
the electrochemical corrosion property of the above alloys.

3.2. Immersion corrosion and mass loss analysis

Fig. 3 shows backscattered electron images of CeLa-containing
alloy after immersion in 0.6 M NaCl solution for 2.5, 10, 30 min and
6 h. It could be found that extensive tiny second phase particles
were corroded after 2.5 min  immersion. These particles appeared as
round shape in the size of about hundreds of nanometers. According
to the intermetallic particles analysis in Fig. 2, these particles should
be S-phase (Al2CuMg). Peripheral particles along the phase/matrix
border were firstly eroded. The particles were gradually eroded
from periphery to inside, with the extension of immersion time.
A lot of corrosion pits appeared on the surface as the S-phase
particles were dealloying when the immersion time was up to
10 min, and there was  no obvious evidence that other second phase
particles were attacked. The above results indicated that S-phase
particles firstly begun the process of dealloying. The reason was



Download English Version:

https://daneshyari.com/en/article/5347537

Download Persian Version:

https://daneshyari.com/article/5347537

Daneshyari.com

https://daneshyari.com/en/article/5347537
https://daneshyari.com/article/5347537
https://daneshyari.com

