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Abstract: The wide crystallization temperature range of AI-Mg alloys is a key factor for the surface defect formation
during continuous casting and rolling process. To reduce the crystallization temperature range of the alloy, the
influences of trace Zn, Si, Zr and Ti elements on the microstructure and properties of Al-2Mg—0.5Mn alloy were
investigated. The X-ray photoelectron spectroscopy, atomic force microscopy, scanning and transmission electron
microscopy were used for microstructural characterization. The Ti and Zr additions could refine the grain size and
improve the strength of the AlI-Mg—Mn alloy by forming Al;Ti and Al:Zr in the alloy, while the crystallization
temperature ranges of these alloys were wider. It was revealed that Zn and Si additions could form new secondary
phases with Mg in the alloy, thus reducing the actual Mg content during later eutectic solidification process. Therefore,
the crystallization temperature range of AI-2Mg—0.5Mn—0.2Zn—0.2Si alloy was narrower than that of AI-2Mg—0.5Mn
alloy. The mechanical properties and corrosion resistance of AI-2Mg—0.5Mn alloy were also improved by the additions
of Zn and Si.
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surface quality of the sheet produced by hot rolling
1 Introduction and twin-roll casting process are excellent.
However, these products are very expensive due to
the high cost of the production line, complicated
processing technology, long production cycle and

Al-Mg (5xxx) alloys have been extensively
employed in the transportation, construction and

aerospace industries, owing to their high specific
strength, low density, and excellent corrosion
resistance [1-3].

Currently, the hot rolling, twin-roll casting,
and continuous casting and rolling process (CCRP)
are commonly used to produce aluminum alloy
sheets [4,5]. The manufacturing performance and

high energy consumption.

The ingot milling and heating processes are
not necessary for CCRP. The layout of the
production line is simple, which can significantly
reduce the production process. It has the advantages
of high production and high efficiency, low energy
consumption and low costs [6]. However, the CCRP
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can only be used for 3xxx series aluminum alloys
or pure aluminum at present. For the AI-Mg alloys,
surface defects are prone to be formed during the
process, because the crystallization temperature
range of alloy is too wide.

The crystallization temperature range of Al—
3Mg—0.5Mn alloy was reported to be 22.5 °C [7].
The cooling rate in CCRP was very large, so the
duration time of the solid and liquid two-phase
region was further extended due to the high degree
of supercooling. As a result, the surface morphology
of the rolled plate was poor and the metallurgical
defects such as pores and inclusions were observed
in the final product. Unfortunately, it is difficult to
improve the quality of ingots and final products
through technical routes. Therefore, there is an
urgent need to develop new 5xxx series aluminum
alloys that can be produced by CCRP with high
quality.

Magnesium is the major alloying element in
Al-Mg (5xxx) alloys [8,9], which can produce solid
solution strengthening effect. However, the f phase
(AlzMgy) can be formed in Al-Mg alloys when
the content of Mg is high, leading to higher
intergranular  corrosion and stress corrosion
sensitivity [10,11]. The strength of Al-Mg alloys
was relatively lower than that of the age hardening
aluminum alloys [12—14]. For such non-heat
treatable aluminum alloys, work hardening and
microalloying were often used to increase their
strength [15]. For instance, TiAl; particles can be
formed in Al alloys after the addition of Ti [16,17],
and the grain size can be refined due to the
inhomogeneous nucleation during crystallization
process. The addition of Mn contributes to the
uniform distribution of precipitates in Al alloys,
which can also hinder the recrystallization process
and improve the strength and stability of the
alloy [18]. AlZr compounds can be formed
with Al after the addition of Zr, which can also
refine the grains of the as-cast alloy, hinder the
recrystallization process, and enhance the crack
initiation resistance of the alloy [19-21].

However, the crystallization temperature range
of the alloy generally increases with the additions
of alloying elements. Therefore, alloying elements
that can form compounds with the main alloying
element Mg in the alloy, such as Si and Zn [17,22],
should also be researched. It can reduce the

magnesium content for eutectic reaction with the
aluminum matrix during casting. The crystallization
temperature range of the alloy decreases with the
decreasing of eutectic reaction time.

The aim of the current work is to decrease the
crystallization temperature range and improve the
properties of Al-Mg alloy by adding trace elements.
The effects of Zn, Si, Zr and Ti on the
crystallization temperature range, microstructure,
mechanical properties, and corrosion properties of
Al-2Mg—0.5Mn alloy were studied.

2 Experimental

2.1 Materials

The CCRP cannot be realized in the lab now.
Since it needs a great deal of Al alloy (10 t or more)
in the factory, the traditional melting and casting
were carried out in the lab. The Al-2Mg—0.5Mn,
Al-2Mg—0.5Mn—-0.2Zn-0.2Si, Al-2Mg—0.5Mn—
0.2Zn—0.2Zr, Al-2Mg—0.5Mn—0.2Zn—0.2Ti, Al-
2Mg—-0.5Mn—0.25i-0.2Zr and Al-2Mg—0.5Mn—
0.2Si—0.2Ti researched in this study were named
1"~6", respectively. The alloys melts were poured
into a 100 mm % 100 mm % § mm steel mold. The
ingots were homogenized at 460 °C for 24 h. To
research the mechanical properties and corrosion
resistance of different alloys, the ingots were cold-
rolled into 2 mm-thick plates.

2.2 Microstructure characterization

Microstructure characterization was performed
using an Auriga (Zeiss, 30kV) FIB scanning
electron microscope (SEM) equipped with an
energy dispersive spectroscopy (EDS) and electron
diffraction (EBSD) system, and
transmission electron microscopy (TEM) images
were obtained by FEI Talos F200S (FEI, 200 kV)
equipped with EDS. SEM and EBSD samples were
prepared by electropolishing with a solution of 90%
absolute C;HsOH and 10% HCIlO4. The starting
voltage was 25—60 V, and the electrolysis time was
6—35 s. The Leica EMRES 102 ion beam polishing
system was used for surface polishing. Channel 5
software was used to analyze the EBSD data. TEM
samples were prepared by twin-jet electropolishing
in 75% methanol and 25% HNOs (volume fraction)
solution at approximately —20 °C.

The corrosion products after electrochemical
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corrosion were determined by Axis Supra X-ray
photoelectron spectroscopy (XPS, Axis Supra)
with AlK,. The vacuum during the test was
controlled within 6.65x1077 Pa, and the binding
energies of the tested curves were calibrated with
C 1s=284.8 eV.

The STA 449F3 (German Netzsch) calorimeter
was used for thermal analysis and testing of the
line-difference (differential) scanning calorimeter
(DSC). The temperature range was 25—800 °C, and
the heating and cooling rate was 10 °C/min.
According to the DSC curves of the alloy, the
solidus temperature of the alloy was the
temperature corresponding to the initial location of
the homoeothermic peak during melting, and the
liquidus temperature of the alloy is the temperature
corresponding to the initial location of the
exothermic peak during solidification [23]. The
difference between the solidus temperature and the
liquidus temperature was regarded as the
crystallization temperature range of the alloy.

According to GB/T 16865—2013, the rolled
plate was machined along the rolling direction into
a dog bone shape tensile specimens with a gauge
length of 25 mm and width of 6 mm. Then, the
burrs were polished off from the specimens with
sandpaper and the tensile tests were carried out at a
tensile rate of 2 mm/min. Three specimens of each
alloy were prepared and the mean value was used as
the test result.

The electrochemical test was carried out on an
RST5200F (RST Electrochemical Workstation)
using a three-electrode working system. The sample
was used as the working electrode, the reference
electrode was a saturated calomel electrode, and the
auxiliary electrode was a platinum electrode. The
test was carried out in 3.5 wt.% sodium chloride
solution, and the scanning speed was 0.5 mV/s.

The degree of intergranular corrosion
resistance was estimated by the nitric acid mass loss
test (NAMLT). The experiment mainly referred to
ASTM G67—2013 [24].

The Kelvin probe force microscopy mode of
atomic force microscopy (AIST-NT, AFM) was
used to explore the potential between the secondary
phase and the Al matrix of the polished cold-rolled
plate surface on an area of 100 um X 100 pm.
LabRAM HR Evo’s AIST-NT atomic force
microscope and software were used.

3 Results

3.1 DSC analysis of as-cast alloys

DSC was used to determine the crystallization
temperature range of the alloy. The DSC curves of
the as-cast alloys are shown in Fig. 1. An obvious
exothermic peak during the cooling process and an
obvious endothermic peak during the heating
process could be observed on the DSC curves of
each alloy.

According to the DSC curves of the as-cast
alloys with different composition in Fig. 1, the
liquidus temperature (LT), solidus temperature (ST),
and crystallization temperature range corresponding
to different compositions are given in Table 1.

It is revealed that the narrowest crystallization
temperature range among these alloys is AI-2Mg—
0.5Mn—0.2Zn—-0.2Si, in which the crystallization
temperature range falls below 5°C. The
crystallization temperature range of Al-2Mg—
0.5Mn—0.2Zn—-0.2S1 was about 80% smaller than
that of the AlI-3Mg—0.5Mn alloy [7].

3.2 Microstructure of cold-rolled alloys

The backscattered SEM micrographs of the
cold-rolled alloys and the distribution of the main
elements are shown in Fig. 2. There were mainly
two types of phases in the Al-2Mg—0.5Mn—
0.2Zn—0.2Si alloy, as shown in Fig. 2(a). The white
intermetallic compounds were intermittent, while
the gray compounds were more continuous. The
mapping images show that the white particles are
mainly the AlsMn phases [25—27] and the gray
areas are mainly the Mg,Si phases. Figure 2(b)
shows the backscattered SEM image and EDS main
element distribution obtained in rolled Al-2Mg—
0.5Mn—0.2Si—0.2Zr alloy, which was confirmed the
existence of two kinds of particles.

The element distribution maps of Al, Mn, Mg,
Si, and Zr indicated that the white phase mainly
include Al and Mn, while the black phase include
Mg and Si, and the distribution of Zr was more
dispersed. Therefore, the white particles were
mainly AlsMn phase, and the black particles were
Mg,Si phase [28]. The backscattered SEM image
and main element distribution of cold-rolled
Al-2Mg—-0.5Mn—0.25i—0.2Ti are displayed in
Fig. 2(c). The gray secondary particles were Mg,Si
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Fig. 1 DSC curves of as-cast alloys: (a) 1%; (b) 2%; (c) 3%; (d) 4% (e) 5% () 6

Table 1 Crystallization temperature range of as-cast phase, and the white particles were AlsMn

alloys _ : phases. In addition, there were some Ti-containing
Alloy temI;equ:llt(lillrles/"C tems:rlall(til?rse/"C Rilége/ particles.. .

T 646.5 6383 ) Typ1c§1 TEM images of the cold—ro?led al%oys

o 6464 6118 6 are shqwn in Flg. 3. A 1argei number of dislocations

3# 6536 6134 02 and hlgh—flensr[y dislocation tangles could l?e
observed in the cold-rolled alloy [29]. Grain

4 652.7 639.5 13.2 boundaries could not be discovered due to residual

5" 651.6 640.9 10.7 stress generated by cold rolling, and only fuzzy

6" 655.2 642.5 12.7 grain boundaries and dislocation tangles composed
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Fig. 2 Backscattered electronic images and elements distribution of cold-rolled alloys: (a) 2%; (b) 5% (c) 6%

of dense dislocations could be observed. In
addition, the observed streaks were recognized as a
corrugated pattern, which is often discovered in
cold-rolled alloys [30]. There were mainly two
kinds of grain boundaries in the strip-like structure.
One was the grain boundary parallel or
approximately parallel to the rolling direction,

which is called the geometrically necessary
boundary (GNB). The other was the grain boundary
between and perpendicular to the strips, called the
incidental dislocation boundary (IDB), which was
mainly low-angle grain boundary. The internal
dislocation density and dislocation tangles
significantly increased after adding trace alloying
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elements to the Al-2Mg—0.5Mn alloy. The main
element distribution of Al-2Mg—0.5Mn—0.2Zn—
0.2Zr (3*) alloy and Al-2Mg—0.5Mn—0.2Zn—0.2Ti
alloy (4%) are shown in Figs.3(c) and (e),
respectively. The secondary phase precipitated on
the grain boundary with a large number of

Fig. 3 TEM images of rolled alloys: (a, b) Bright-field image and HRTEM image of 1% alloy; (¢, d) Main element
distributions and HRTEM image of 3* alloy; (e, f) Main element distributions and HRTEM image of 4% alloy

dislocations around them. As shown in Fig. 3(e),
the spherical secondary phase in 3* alloy mainly
contained Al and Zr, and the spherical secondary
phase in the Al-2Mg—0.5Mn—0.2Zn—0.2Ti alloy
(4%) mainly contained Al and Ti, which could be
identified as the Al3Ti phases. The high-resolution
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transmission  electron microscopy (HRTEM)
images of 1%, 3* and 4" alloys are shown in
Figs. 3(b, d, f), respectively. A large number of
lattice distortion regions could be observed in
different cold-rolled alloys [31,32]. After adding
elements to the Al-2Mg—0.5Mn alloy, the lattice
distortion in the alloy became more serious.
Dislocation accumulation was found in these areas
(yellow circled area), which can provide the driving
force for dynamic recrystallization [33]. It could
also be found that the additions of trace elements to
the alloy can increase the lattice constant and
interatomic distance of the AI-2Mg—0.5Mn alloy.
The grain orientation distribution maps of the
cold-rolled Al-2Mg—0.5Mn-based alloys is shown
in Fig. 4. LAGBs and HAGBs are represented by
black and gray lines, respectively. After 77% cold

Fig. 4 EBSD images of cold-rolled alloys: (a) 1%; (b) 2%; (c) 3%; (d) 4%; (e) 5%; (f) 6"

rolling deformation of alloys, the original equiaxed
grains of the alloys were elongated along the rolling
direction, showing typical fibrous structure. The
grains of AlI-2Mg—0.5Mn alloys were refined after
adding alloy elements. In particular, the grains in
alloys with Ti and Zn, Ti and Si were smaller and
straighter than those in other alloys. The addition of
Ti can form Al3Ti phase with the Al matrix, which
can act as heterogeneous nucleation sites during
crystallization and refine the microstructure of the
alloy. In Figs. 4(a—c), different degrees of texture at
30°—45° to the rolling direction were observed.

The orientation maps of the samples are shown
in Fig. 5. All textures distributed along the rolling
direction. The percentage of typical textures is
given in Table 2. It can be observed that the
proportion of Brass texture is the highest in the
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Fig. 5 Orientation maps of cold-rolled alloys: (a) 1%; (b) 2% (c) 3%; (d) 4%, (e) 5% (f) 6"

Table 2 Percentage of textures in cold-rolled alloys (%)

Sample S texture Copper texture Brass texture Goss texture Cube texture Other textures
Al-2.0Mg—0.5Mn 24.0 33.1 40.1 1.5 0.1 1.2
Al-2.0Mg—0.5Mn—-0.2Zn—0.2Si  52.8 133 15.9 5.6 1.4 11.1
Al-2.0Mg—0.5Mn—-0.2Zn—0.2Zr  54.7 19.1 14.4 6.5 0.9 4.5
Al-2.0Mg—0.5Mn—-0.2Zn—0.2Ti  55.0 9.11 19.2 4.1 22 10.5
Al-2.0Mg—0.5Mn—0.2Si—-0.2Zr 44.4 15.3 20.4 8.0 3.4 8.5
Al-2.0Mg—0.5Mn—-0.2Si—0.2Ti  53.4 14.0 13.3 4.9 2.1 12.3

Al-2Mg—0.5Mn alloy, followed by Copper texture content of S texture increased fast, while the Brass
and S texture. However, the ratio among these three texture and Copper texture both decreased. This
textures changed significantly after adding trace shows that the alloy composition would affect the
alloying elements to Al-2Mg—0.5Mn alloy. The texture of the alloy.
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3.3 Mechanical properties

To wunderstand the influence of different
alloying elements on the mechanical properties of
Al-2Mg—0.5Mn alloy, tensile tests and hardness
tests were conducted. The yield strength (YS),
ultimate tensile strength (UTS), and elongation (El)
of different alloys are summarized in Table 3. It can
be observed that adding trace amounts of alloying
elements to the AlI-2Mg—0.5Mn alloy can improve
the tensile strength slightly. This may be related to
the presence of different secondary phases in these
alloys, such as AlsZr, AlTi, MgZn, and Mg»Si.
These phases can all increase the strength of the
alloys. Higher contents of S texture can be observed
after adding different elements, which could also
influence the strength of the alloy. Among the
cold-rolled alloys in this experiment, the tensile
strength of Al-2Mg—0.5Mn—0.2Si—0.2Ti alloy is
the highest, followed by the Al-2Mg—0.5Mn—
0.2Zn—0.2Ti alloy.

Table 3 Mechanical properties of alloys

Alloy YS/MPa UTS/MPa El/%
Al-2Mg—0.5Mn 2125 256.0 34
Al-Mg-Mn—0.2Zn-0.2Si  196.3 262.0 2.7
Al-Mg-Mn—-0.2Zn-0.2Zr  221.3 266.8 2.7
Al-Mg—Mn—-0.2Zn—0.2Ti ~ 230.7 2747 4.4
Al-Mg-Mn-0.2Si-0.2Zr  208.5 2703 23
Al-Mg-Mn—-0.2Si-0.2Ti  222.6 2826 4.0

3.4 Corrosion behaviors

The intergranular corrosion sensitivity of the
alloys was tested by NAMLT, and the results are
shown in Fig. 6. The degree of sensitization value
of all test alloys was less than 3.5 mg/cm? The
material with a mass loss of less than 15 mg/cm?
could be judged to be resistant to intergranular
materials according to the ASTM G67 standard, so
these alloys were all intergranular corrosion
resistant materials. It was not easy for the f phase to
precipitate at the grain boundaries due to the
relatively low Mg content. Moreover, it can be
concluded that these secondary phase particles
formed by the additions of different alloying
elements did not affect the corrosion resistance of
the alloy [34,35].

The polarization curves of the cold-rolled
experimental samples were tested in 3.5 wt.% NaCl

solution at room temperature, and the results are
shown in Fig. 7. The polarization curve in the anode
region of the Al-2Mg—-0.5Mn—0.2Si—0.2Ti alloy
showed induced pitting corrosion followed by
active corrosion, in which no passive platform was
observed. However, the polarization curves of other
alloys showed spontaneous passivation before being
significantly broken down by pitting corrosion.
Table 4 presents the values of the corrosion
potential (pcorr) and the corrosion current density
(Jeorr) Tesulted from the Tafel curves in Fig. 7. The
@corr Of the Al-2Mg—0.5Mn—0.2Si—0.2Zr alloy was
more positive than that of the other alloys, and the
corrosion current density of the Al-2Mg—0.5Mn—
0.2Zn—0.2Zr alloy was significantly lower than
that of the Al-2Mg—0.5Mn alloy. It can also be
observed that the ¢@cnr values increased and the
Jeorr values decreased, showing higher corrosion
resistance of Al-2Mg—0.5Mn alloys after adding
different alloying elements.
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Fig. 6 Nitric acid mass loss test (NAMLT) result of
cold-rolled alloy
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Fig. 7 Polarization curves of cold-rolled alloys
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Table 4 Electrochemical parameters of cold-rolled alloys

Alloy @con(vs SCE)/V Jeor/(A-cm™?)
1# —1.038 7.606x1077
2% —0.896 1.146x1077
3# —0.924 5.175x10°%
4# —0.924 1.705x1077
5* —0.881 1.098x1077
6" —0.890 3.590x1077

The electrochemical corrosion products of the
experimental alloys were investigated by XPS.
Since compact oxide film can be formed on the
surface of aluminum alloys, it can prevent the alloy
from being further oxidized [36] and therefore
presents excellent corrosion resistance. To reveal
the proportion of corrosion products and remaining
oxide film on the surface after the electrochemical
reaction, the Al 2p and O 1s spectra of the alloy
were fitted, as shown in Fig.8. After the
electrochemical corrosion, the surface Al elements
of the experimental alloy were mainly in the
formation of Al, AlO,, and Al(OH);[37,38]. The
corresponding binding energies were 72.8, 75.5,
and 74.4 eV, respectively. The O elements were

mainly in the form of H,O, Al,Os, and AI(OH);[39].

The corresponding binding energies were 534.0,
532.9 and 531.9 eV, respectively. This is in the
initial stage of electrochemical corrosion, where
AP** reacted with OH™ to form AI(OH);. As the
reaction progresses, unstable Al(OH); could be
quickly dehydrated into Al,O3 and H»O. Therefore,
the surface of the cold-rolled alloy sample was
mainly composed of the passive film Al,O3 and the
corrosion product Al(OH); after electrochemical
corrosion in a 3.5 wt.% NaCl solution [40].

4 Discussion

The crystallization temperature range of
Al-2Mg—0.5Mn-based alloys was obviously
smaller than that of Al-3Mg—0.5Mn alloy,
indicating that the crystallization temperature range
of Al-Mg alloy was mainly affected by Mg content.
To research the influence of Mg content in AlI-Mg
alloys, the AlI-Mg binary phase diagram is drawn
by Pandat® software, as shown in Fig. 9.

The liquidus temperature and the solidus
temperature of Composition C; were 71 and 77,

respectively, and those of C, were 7> and 7, ,
respectively. It can be seen from the phase diagram
that the temperature difference between the solid—
liquid lines of C is significantly smaller than that
of C,. Therefore, when the magnesium content is
lower than 10 wt.%, crystallization temperature
range increases with the Mg content, which is
mainly due to the fact that the eutectic reaction time
of Al and Mg increases. The additions of Zn and Si
to the AI-2Mg—0.5Mn alloy effectively reduced its
crystallization temperature range, as shown in
Fig. 1. This is mainly due to the fact that the
addition of Zn can form the MgZn mesophase with
Mg in the alloy, such as MgZn, and Mg3»(ALZn)a4,
which can consume some Mg atoms in alloy [7].
Moreover, Mg,Si phase can be formed in the alloy
with the addition of Si, which also consumes some
Mg atoms and reduces the Mg content for the
eutectic reaction in the alloy. Therefore, the
crystallization temperature range of the alloy was
significantly reduced by Zn and Si additions to the
Al-2Mg—-0.5Mn alloy. However, with the additions
of other elements, the crystallization temperature
range of the alloy was slightly larger than that of
Al-2Mg—0.5Mn. This is due to the fact that Al;Zr
dispersed phase can be formed after the addition of
Zr, and Al;Ti phase can be formed after the addition
of Ti, as shown in Fig. 3. The additions of both Zr
and Ti consumed a certain amount of Al, which can
increase the relative ratio of Mg/Al in the alloy.
Additionally, more types and contents of alloying
elements can lead to the higher crystallization
temperature and cause more complex reactions to
be finished during the crystallization process, so the
crystallization temperature range increases slightly
after adding Ti and Zr.

AFM was used to explore the potential
between secondary phase and Al matrix of the
polished cold-rolled sheet surface, and the results
are shown in Fig. 10. The secondary phase (bright
area) and the aluminum matrix (dark area) can be
clearly separated in the potential diagram, but
the types of different phases cannot be clearly
distinguished. Compared with the AlI-2Mg—0.5Mn
alloy, alloys with additions of different elements
presented a smaller potential difference with the
matrix. Since the secondary phases of Mg»Si,
MgZn;, AlsZr or AlsTi in AI-Mg—Mn alloys with
the additions of Zn, Si, Zr and Ti cannot form a
large potential difference with the aluminum matrix
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Fig. 8 XPS spectra fitting after electrochemical corrosion of cold-rolled alloy: (1a—1f) High-resolution spectra of Al 2p
(1*-6%); (2a—2f) High-resolution spectra of O 1s (1¥—6%)

and the amount of these secondary particles was Adding Ti to Al-2Mg—0.5Mn could increase
small, no obvious corrosion sensitivity of  the strength of the alloy more than other alloying
Al-Mg—Mn alloys increased after adding trace elements. This is mainly because Ti can refine
elements. the as-cast grains and greatly improve mechanical
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Fig. 10 Potential distribution of cold-rolled alloys obtained by AFM: (a) 1%; (b) 2% (c) 3%; (d) 4%; (e) 5%; (f) 6"

performance after the subsequent heat treatment and strain hardening and solid solution strengthening of
rolling process of the Al-Mg alloy. The effects of =~ magnesium are the main strengthening mechanisms
other elements on the strength of the three alloys of aluminum—magnesium alloys. Microalloying is
were not so obvious. In 5xxx aluminum alloys, an important method to further increase the strength
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of alloys. However, solution and aging treatments
are needed to precipitate large amounts of
secondary phases after adding elements. For
example, after being solution-treated at about
500 °C, a high volume fraction of MgZn; particles
needs to be artificially aged at 100—170 °C [41,42],
Mg,Si particles at 120-200 °C [43], and AlZr
particles at approximately 370 °C [44]. However,
the dislocation density of the alloys will decrease
obviously after solution treatment, which can
decrease the effect of strain hardening. Therefore,
no solution and aging were researched about these
alloys. As a result, the improvements of strength in
the as-cold rolled AlI-Mg—Mn alloys with the
additions of Si, Zn and Zr were not so obvious.

In general, the mechanical properties and
corrosion resistance of Al-Mg—Mn alloys were
both increased by adding alloying elements, while
Al-2Mg—-0.5Mn—0.2Zn—0.2Si was the only alloy
with crystallization temperature range lower than
that of Al-2Mg—-0.5Mn alloy. It is the most
promising alloy that could be used for continuous
casting and rolling processes. The next step of our
work is to produce and research the microstructure
and properties of Al-2Mg—0.5Mn—0.2Zn—0.2Si
alloy using CCRP in the factory.

5 Conclusions

(1) The additions of Zn and Si to the
Al-2Mg—0.5Mn alloy decreased the crystallization
temperature range and the crystallization
temperature range of the Al-2Mg—0.5Mn—0.2Zn—
0.2Si alloy was 4.6 °C. However, the additions of
Zr and Ti increased the crystallization temperature
range of the alloy.

(2) The percentage of brass texture was the
highest in AlI-2Mg—0.5Mn alloy. After adding other
elements, the proportion of S texture increased.

(3) The tensile strength and hardness of the
Al-2Mg—0.5Mn alloy were improved by adding
trace elements. Among them, the strength of the
Al-2Mg—0.5Mn—Si—Ti alloy was the highest,
mainly owing to the smaller grain size.

(4) The NAMLT results of all the studied
alloys were ranged from 1.34 to 3.13 mg/cm?,
which were all less than 15 mg/cm?. The additions
of Zn, Si, Zr and Ti can improve the corrosion
resistance of AlI-Mg—Mn alloys.

(5) Al-2Mg—0.5Mn—0.2Zn—0.2Si was found

to be the most promising alloy for continuous
casting and rolling processes.
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