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Abstract: The deformation behavior and microstructure characteristics of Al-6.00Mg, Al-6.00Mg—0.10Zr and
Al-6.00Mg—0.25S¢c—0.10Zr (wt.%) alloys were investigated by hot compression tests and electron microscopy
methods. The results show that after deforming under the maximum processing efficiency condition (673 K, 0.01 s™'),
dislocation densities of Al-6.00Mg, Al-6.00Mg—0.10Zr and Al-6.00Mg—0.25Sc—0.10Zr alloys are 2.68x10'°,
8.93x10'¢ and 6.1x10'7 m2, respectively. Their dynamic recrystallization fractions are 19.8%, 15.0% and 12.7%,
respectively. Kernel average misorientation (KAM) analyses indicate that dislocation accumulation near grain
boundaries is enhanced by adding Zr or Sc+Zr. Besides, the established hot processing maps, based on the dynamic
material model (DMM), reveal that the addition of Zr or Sc+Zr can reduce the range of low-temperature unstable
domain but expand the unstable domain at high temperatures and high strains. The experimental results further verify
that under the testing deformation condition, only the Al-6.00Mg—0.25S¢—0.10Zr alloy cracks at 773 K and 1 s7".
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technology can inhibit recrystallization process and
increase the strength of the alloy. However, it is
found that Al-Mg alloys
alloying elements are more prone to cracking
during hot deformation through previous
experimental research. Therefore, it is necessary to

1 Introduction
containing micro-

Sxxx series (Al-Mg) aluminum alloys have
been widely used in aerospace and shipbuilding
industries due to their good mechanical properties

and excellent corrosion resistance [1—4]. With the investigate the deformation behavior and mechanism

rapid development of industry technology, how to
further improve the performance of existing
aluminum alloys has become the focus of current
research. The combined addition of Sc and Zr
elements in aluminum alloys as strengthening
elements has become a hot spot in the current
research on aluminum alloys [5—8]. The addition of
Sc and Zr to the aluminum alloy by microalloying

of Al-Mg alloys with microalloying elements under
different hot deformation conditions.

Dynamic material model (DMM) can establish
the relationship among constitutive behavior,
microstructure and hot workability [9]. The
processing map can be used to investigate the
effects of deformation temperatures and strain
rates on flow behavior [10]. Previous studies further
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showed that the stable flow area in the processing
map with high power dissipation efficiency was
related to dynamic recrystallization (DRX) [11,12].
Therefore, the evolution of the microstructure under
different deformation conditions can be predicted
through the processing map. Meanwhile the
processing map can also reflect the machinability of
the studied alloy, and thus, the best hot deformation
parameters of the alloy can be obtained by
examining the processing map. For instance, ZANG
et al [13] studied the hot deformation behavior and
the processing map of an Al—7.9Zn—2.7Mg—2.0Cu
alloy. They found that the best thermal deformation
range was as follows: a deformation temperature
range of 400—450 °C, a strain range of 0.005 s},
and a peak efficiency of 38%. Many studies focused
on DRX behavior under different deformation
temperatures and strain rates. LIN et al [14] found
that the proportion of dynamic recrystallization
(DRX) and low dislocation density regions were
higher in the optimum hot deformation region than
in the instability region.

The main purpose of this study is to
investigate the hot deformation behavior of AlI-Mg
alloys without and with Zr or Sc+Zr. In order to
optimize the hot deformation processing conditions,
the processing maps will be established. Based on
the above results, the influence of the addition of Zr
or Sct+Zr on the hot workability of AI-Mg alloys
will be clarified.

2 Experimental

The experimental materials of Al-Mg, Al-
6.00Mg—0.10Zr and Al-6.00Mg—0.25Sc—0.10Zr
(wt.%) alloys were homogenized. Their chemical
compositions were listed in Table 1. The three
alloys were processed into cylinders with a
diameter of 10 mm and a height of 15 mm. The
initial microstructures of the three alloys before
deformation were shown in Fig. 1. It can be found
that the three alloys were composed of equiaxed
grains, and the average grain size of Al-Mg,
Al-Mg—Zr and AlI-Mg—Sc—Zr alloys is 132, 87 and
48 um, respectively.

Isothermal compression tests were carried out
on a Gleeble-3500 at five different temperatures
(573,623, 673, 723, and 773 K) and four different
strain rates (0.001, 0.01, 0.1, and 1s'). Before
the compression, the samples were heated to the

Table 1 Compositions of three alloys (wt.%)

Alloy Mg Si+Fe Cu Mn Sc Zr Al
Al-Mg 598 0.75 0.10 047 - — Bal
Al-Mg—Zr 6.00 0.70 0.10 0.40 — 0.10 Bal

Al-Mg—Sc—Zr 6.01 0.68 0.10 0.45 0.25 0.10 Bal

Fig. 1 homogenized alloys:

of three
(a) Al-6.00Mg; (b) Al-6.00Mg—0.10Zr; (c) Al-6.00Mg—
0.25S¢—0.10Zr

IPF  maps
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designed temperatures for 180 s with a heating rate
of 3 K/s. All samples were compressed to a total
true strain of 0.9 and then quenched into water
immediately.

The phase composition of the studied alloy
was examined on a Rigaku—2500 X-ray diffraction
(XRD) with a scanning speed of 2 (°)/min. The
XRD results were analyzed by a Jade 6.5 software
and the full width at half maximum (FWHM) was
corrected by deducting the FWHM from the XRD
instrument. The microstructures of the studied

alloys were studied by XRD and electron
back-scattered diffraction (EBSD). The samples
for EBSD observation were mechanically

polished and electropolished in a solution of
V(HNO:3): ¥(CH3OH)=1:3 at a temperature of 253 K.
The specimens were characterized on an FEI Helios
nano-lab 6001 scanning electron microscope
(SEM) equipped with an EBSD detector (Oxford,
NordlysMax2), with an accelerating voltage of
20 kV and a step size of 2.5 um.

3 Results

3.1 Stress—strain behavior and friction correction
of flow stress

True stress—strain curves of the three studied
alloys deformed under different conditions are
shown in Fig. 2. Flow stress of the three alloys
shows initial work hardening, followed by steady
state and/or flow softening stage, depending on the
deformation strain rate and temperature. After
deforming at low temperatures and low strain rates,
such as 573 K, 0.001 s! and 673 K, 0.001 s™!, the
flow stress reaches the peak flow stress firstly, and
then gradually decreases, which indicates the
occurrence of flow softening. When the strain rate
is high (1 s7!) and the temperature is low (573 K),
the stress monotonously increases during the whole
deformation process. This indicates that dynamic
softening of the alloys is limited. It is worth noting
that the peak flow stress and steady-state flow stress
of the AlI-Mg alloy with the addition of Zr or Sc+Zr
are higher than those of the AlI-Mg alloy.

During hot compression, the friction between
the samples and the device plays an important
role. This is because the friction can increase the
flow stress during deformation. Therefore, the
experimental flow stress needs to be corrected.
EBRAHIMI and NAJAFIIADEH [15] proposed a

method to quantitatively estimate the friction
coefficient. The basic equation is as follows [15,16]:

3/2

p_ShR |1 (HY |
o H 2 Rb

( B e (1)
Rb ) 243 -1

where p is the uncorrected external pressure
(measured pressure) applied to the sample after
compression, o is the true stress after correction, m
is the constant friction coefficient in the
compression test, b; is the barrel parameter, and R
and H are the radius and height of the sample in the
process of compression, respectively. In the
equation, R=Roexp(—¢/2), H=hoexp(—¢), where Ry
and Ay are the initial radius and height of the sample,
respectively, and ¢ is the strain. m; and b are
determined by the following equations:

R
=Ko, 343 @
h 12-2b,
b1:4RM_RT- M (3)
Rf hO_hl

where Rris the average radius of the deformed
sample, Rr is the top radius of the deformed sample,
h1 is the height of the deformed sample, and Ry is
the maximum radius of the deformed sample.
Meanwhile, there exist

h
Rf=RNVE§ 4)

h
R, = 3Z%R§—2R§ (5)

1

In actual operation, Rr can be averaged by
measuring the top radius of the actual sample
multiple times.

Based on the above equations, the true stress
corrected by friction can be calculated.

The friction corrected stress—strain curve is
represented by the dotted line in Fig. 2, from which
it can be seen that the corrected stress is generally
lower than the original stress. The corrected flow
stress at the initial stage of deformation is not much
different from the original flow stress. As the strain
gradually increases, the stress increases. This is
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Fig. 2 Experimental and friction corrected flow stress—strain curves: (a, d, g, j) Al-6.00Mg alloy; (b, e, h, k) Al-
6.00Mg—0.10Zr alloy; (c, f, i, 1) Al-6.00Mg—0.25S¢—0.10Zr alloy; (a, b, ¢) 0.001 s°!; (d, e, ) 0.01 s7%; (g, h, 1) 0.1 s7};

G,k 1) 1s

because the friction force increases by increasing
the contact area between the specimen and
container. Under different deformation temperatures
and rates, the friction force is different. The lower
the temperature is or the higher the strain rate is, the
greater the friction force is. This can be attributed to
the fact that the increase in temperature decreases

the strength of the material, thus reducing the
influence of friction.

3.2 Processing maps

The hot processing map based on the DMM
can be used to characterize the relationship between
the workability of alloys and the deformation
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conditions (temperature and strain rate) [17,18].
According to the DMM, the total dissipation (P)
consists of the power dissipation (G) and
dissipation energy (J) [13] at any time, which can
be expressed as

P=0é=G+J=] odé+[ édo (6)

where G represents the power of plastic dissipation,
J is related to the metallurgical mechanisms that
dynamically occur to dissipate power, and € is the
strain rate. At a certain deformation temperature or
strain, the relationship between the flow stress (o)
and the strain rate of alloys is

o=K;" (7)

where m is the strain rate sensitivity index and K is
the material constant.

The distribution of energy dissipation depends
on the strain rate sensitivity index m:

m:(ﬁ_Jj _édo_Olgo (8)

0G),r ode Olge,

J=["éde =10¢ )
0 1+m

For an ideal linear dissipator, when m=1, J
reaches the maximum value (Jmax=mo/2). In order to
compare the dissipated energy, the DMM theory
defines the power consumption efficiency factor 7,
which can be expressed as

J
[2m/(m+1)]

== (10)

max

In the process of the deformation, power
dissipation is sensitive to the deformation
mechanism of the studied alloys. Therefore, the
change of hot deformation mechanism of the
studied alloy can be judged by the change of 7.
Studies show that when the 7 value is high, the
alloy has two kinds of deformation: good
deformation and unstable deformation. In order to
eliminate the conditions of unstable deformation,
PRASAD et al [17,18] established an instability
criterion:

Glg(m j
§(é)=—al’",+1 +m<0 (11)
ge

where &(¢) is flow instability parameter based on
the Prasad’s criterion.
The processing maps of the three alloys at the

true strain of 0.9 are shown in Fig. 3. Domain 2
represents the instability regions (£(¢) <0), and the
numbers on contours represent the efficiency of
power dissipation in percentage. Obviously, at low
deformation temperature and high strain rate, all
three alloys are in unstable regions. The maximum
processing efficiencies of Al-6.00Mg, Al-6.00Mg—
0.10Zr and Al-6.00Mg—0.25Sc—0.10Zr alloys are
46.60%, 45.60%, and 50%, respectively. It is well
known that the optimal hot deformation process
parameters should be selected in the safe and
high-power dissipation domain [19,20]. According

Processing efficiency/%
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Fig.3 Processing maps at true strain of 0.9:
(a) Al-6.00Mg alloy; (b) Al-6.00Mg—0.10Zr alloy;
(c) Al-6.00Mg—0.25S¢c—0.10Zr alloy
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to the processing maps of the three alloys,
Domain 2 of the Al-Mg alloy is the largest, and the
unsafe zone (Domain 1) of the Al-Mg alloy
containing Sc and Zr is the largest.

It has been reported that when the processing
efficiency is greater than 30%, the deformation
mechanism is considered as DRX. In this condition
the alloys have good workability [21]. The Al-
6.00Mg alloy has the most efficient process
parameter in the temperature range of 630—725 K
and the strain rate range of 0.005-0.06 s™!. While,
the Al1—6.00Mg—0.10Zr alloy has the most efficient
process parameter in the temperature range of
650-725K and the strain rate range of
0.006—0.05 s™!. For the Al-6.00Mg—0.25S¢—0.10Zr

alloy, the corresponding temperature and strain rate
range are respectively 675-760 K and 0.006—
0.05 s7!. Besides, the processing maps of the three
alloys can be divided into three domains, which are
the unsafe domain (Domain 1), efficient domain
(Domain 2) and inefficient domain (Domain 3). The
microstructure evolution in these three domains will
be investigated, and the deformation mechanism
will be discussed.

3.3 Microstructural features of deformed alloys
Figures 4—6 are IPF maps of Al-6.00Mg,
Al-6.00Mg—0.10Zr and Al—6.00Mg—0.25Sc—0.10Zr
alloys, respectively, under different deformation
conditions (573 K, 0.1 s7!; 573 K, 0.01 s7%; 673 K,

*m 001 101
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Fig. 4 IPF maps of Al-6.00Mg alloy under different hot deformation conditions (LAGBs (2°—15°) are in white and
HAGBSs (>15°) are in black): (a) 573 K, 0.1 s7!; (b) 773 K, 0.01 s7'; (c) 573 K, 0.01 s7'; (d) 673 K, 0.01 s7}; (e) 673 K,

0.001 s
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Fig. 5 IPF maps of Al-6.00Mg—0.10Zr alloy under different hot deformation conditions (LAGBs (2°—15°) are in white
and HAGBs (>15°) are in black): (a) 573K, 0.1s™'; (b) 773K, 0.01s'; (¢) 573K, 0.01s7"; (d) 673K, 0.01s7};

(e) 673 K, 0.001 5!

0.01s7% 673K, 0.001s7!; 773K, 0.01 s!). After
deformation, the initial grains are elongated
perpendicularly to the compression direction. At the
same time, some low angle grain boundaries
(LAGBs) are formed inside the deformed
grains [22]. It can be seen from Fig. 7 that the
proportion of LAGBs is larger than that of the high
angle grain boundaries (HAGBSs) in the three alloys.
As the initial grains are equiaxed, the generated
substructure with LAGBs can be considered as
DRV, and the new grain with HAGBs can be
considered as DRX [23,24].

By comparing the microstructure of the three
alloys, it can be found that when Zr or Sc+Zr is
added to the Al-Mg alloy, the fraction of LAGBs

significantly increases, which means that DRX is
suppressed. For Domain 1 (673 K, 0.01 s™!) in the
processing maps of the three alloys, the fine DRX
grains are formed along the initial grain boundaries.
At the low deformation temperature or the high
strain rate (573K, 0.01s!; 573K, 0.1s™!) in
Domain 2, the degree of deformation is much
higher. Due to the higher deformation temperature
and more sufficient deformation time, the fraction
of LAGB decreases and the DRX grain size
increases in Domain 3.

3.4 Dislocation density
In order to characterize the dislocation
density of Domain 1 (673 K, 0.01 s7'), the modified
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Fig. 6 IPF maps of Al-6.00Mg—0.25Sc—0.10Zr alloy under different hot deformation conditions (LAGBs (2°—15°) are
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Williamson—Hall equation was used to fit the
full width at half maximum (FWHM) [25]. The
Williamson—Hall equation reveals that different
dislocation densities are related to different
FWHMs. In this way, the dislocation density of the
sample can be calculated. According to the
modified Williamson—Hall equation, as shown in
Eq. (12), the FWHM is used for liner fitting. Then,
the dislocation density can be calculated by the
slope of the fitted curve.

2,2 1/2
ﬁcosé’z%_i_(_an b ] p"2KC'" +O(K*C)

A

(12)
where 6 is the Bragg’s angle, A(=0.154046 nm) is
the wavelength, § is the FWHM of the diffraction
peak. D, b and p are the size of the coherent
scattering domain, the amplitude of the Burgers
vector of dislocations (6=0.286 nm for aluminum
alloy) and the dislocation density, respectively.
(=0.9) is the shap factor of the corresponding
peak. M is the dislocation arrangement parameter
(M=1-2) [25,26]. K 1is the modulus of the
diffraction vector, and the value is 2sin 6/4. O(K*C)
stands for higher-order term residues. C represents
the contrast factor of dislocation. For cubic
polycrystalline materials, the contrast factor can be
obtained by the fourth-order polynomial of the
Miller index by Eq. (13) [26]:

C=Choo(1—qH?) (13)

where Cpoo is the average contrast factor of the 400
reflections; ¢ depends on the proportions of edge
and screw dislocations, and on the elastic constants
of the investigated material. The expression of H; is
shown in Eq. (14) [27]:

(a)
i Al-6.00Mg-0.25Sc-0.10Zr
A A~
I Al-6.00Mg-0.10Zr
A j W
Al-6.00Mg
(111), (200) | _(220) (311),(;22)
30 40 50 60 70 80 90
20/(°)

H=(RR+HRP+RP) (k1Y (14)

where h, k and [ are indices of crystal face.

Formula (12) is applicable to the three alloys.
(Bcos O)/4 and KC'? are different for the three
alloys.

The XRD results and the linear fits of the
Williamson—Hall equations of Domain 1 (673 K,
0.01 s™!) in the three alloys are shown in Fig. 8.
The calculated dislocation densities of Domain 1
(673 K, 0.01 s7!) in the three alloys are 2.68x101,
8.93x10'%, and 6.1x10'7 m™2, respectively. Thus, it
is obvious that adding Zr/(Sct+Zr) to the Al-Mg
alloy increases the dislocation density of the alloy
during the hot deformation process.

4 Discussion

4.1 Effects of Zr or Sc+Zr addition on dynamic

recrystallization during deformation

The grain orientation spread (GOS) map can
be used to quickly identify the recrystallized grains
of the deformed samples. The general consensus is
that when the GOS of a grain is smaller than 2° it
can be considered that dynamic recrystallization
will occur in the grain [28]. If the misorientation
angle between two grains is 15°, then the grains
with GOS<2° are DRX grains. Figure 9 shows the
GOS maps of the three alloys under different
deformation conditions. The area of GOS<2° is
indicated by colors, and that of GOS>2° is indicated
by white. HAGBs and LAGBs are marked as black
and grey lines on the map, respectively. The colored
regions in these figures represent DRX grains.

The variation of the dynamic recrystallized
fraction of grains under different deformation

1.4
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[ e Al-6.00Mg—0.10Zr
| 4 Al-6.00Mg—0.25Sc—0.10Zr
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0.7t ___,,,.,———f—l-‘”’-’l"/'
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12 14 16 18 20 22 24 26
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Fig. 8 XRD pattern (a) and liner fitting of modified Williamson—Hall equation (b)
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Fig. 9 GOS maps of three alloys under different hot deformation conditions: (a, d, g) Al-6.00Mg; (b, e, h) Al-6.00Mg—
0.10Zr; (c, 1, i) Al=6.00Mg—0.25Sc—0.10Zr; (2, b, ¢) 573 K, 0.01 s7%; (d, e, ) 673 K, 0.01 s7%; (g, h, i) 773 K, 0.01 7!
(LAGBs (2°—15°) are in white and HAGBs (>15°) are in black)
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Fig. 10 Variation of fraction of recrystallized grains
(fRerys) (obtained from GOS<2° and grain to grain
misorientation set to be 15°)

conditions (573 K, 0.01 s7%; 673 K, 0.01 s7!; 773 K,
0.01s") is shown in Fig. 10. By combining the
results of Fig. 9, it can be found that the DRX grain
size and the ratio of the samples deformed at high
temperatures are larger than those of the samples
deformed at low temperatures. The DRX grain ratio
reaches a maximum at 673 K. Besides, it can be
found that the Al-Mg alloy has the largest dynamic
recrystallization fraction, and the Al-6.00Mg—
0.25S¢—0.10Zr alloy has the smallest one. The
above results show that the addition of Zr or
SctZr can hinder the occurrence of dynamic
recrystallization.



678 Ying DENG, et al/Trans. Nonferrous Met. Soc. China 33(2023) 668—682

4.2 Effects of Zr or Sc+Zr addition on dislocation
accumulation during deformation

The kernel average misorientation (KAM)
maps of the three alloys under different deformation
conditions (573 K, 0.01 s7%; 673 K, 0.01 s7!; 773 K,
0.01 s") are shown in Fig.11. The KAM map can
be utilized to visualize the strain position in the
deformed sample. The red area represents the area
with high KAM. In this area, the dislocation
accumulation is high. In contrast, the blue

area represents area with low KAM, in which, the
dislocation is recovered [29,30]. It can be seen from
Fig. 11 that the dislocation accumulation of the
three alloys is high at a low temperature of 573 K.
The areas with high KAM values of the three alloys
all locate near grain boundaries. This is why the

A Sl VR
S i L e e
i3
i

Fig. 11 KAM maps of three alloys under different

recrystallized grains grow along the grain boundaries.

After being deformed at 673 K and 0.01 s,
the stored energy in the grains is very low. In
Domain 1 of the processing map, the processing
efficiency of the three alloys is the highest at 673 K
and 0.01 s”%. It is worth mentioning that when the
processing temperature of the Al-6.00Mg—0.25Sc—
0.10Zr alloy is 773 K, there is still a large amount
of dislocation accumulation inside the grains.
Combined with the processing map, the Al-
6.00Mg—0.25S5¢c—0.10Zr alloy is in the instability
zone when the deformation condition is 773 K, 1 s
This means that the strain storage energy is very high
at high temperatures and high strain rates. Therefore,
there is not enough time for the occurrence of
dynamic recrystallization and instability.

6.00Mg—0.10Zr; (c, f, i) Al=6.00Mg—0.25Sc—0.10Zr; (a, b, ¢) 573 K, 0.01 s7%; (d, e, f) 673 K, 0.01 s°; (g, h, i) 773 K,
0.01 s7' (LAGBs (2°-15°) are in white and HAGBs (>15°) are in black)
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4.3 Effects of Zr or Sct+Zr addition on hot

workability

As mentioned above, DRX is a process driven
by the deformation stored energy. Initially, as the
deformation increases, the energy stored in grains
increases due to the dislocation accumulation. A
critical strain is required to store a sufficient energy
in the grains until it can trigger DRX. The stored
energy distribution in the grains can be described by
the grain reference orientation deviation (GROD)
map which reflects the location of strain. Figure 12
shows the GROD maps of the studied alloys under
different deformation conditions (573 K, 0.01 s°';
673 K, 0.01 s!; 773 K, 0.01 s71). It can be observed
from the figure that the maximum GROD values of
Al-6.00Mg and Al-6.00Mg—0.10Zr alloys decrease
with the increase of the deformation temperature.

This means that Al-6.00Mg and Al-6.00Mg—
0.10Zr alloys are safer to deform at high
temperatures than at low temperatures. However,
the GROD value of Al-6.00Mg—0.25S¢c—0.10Zr
alloy at 773 K is higher than that at 673 K. This
means that the strain energy after high temperature
deformation is high in the AI-6.00Mg—0.25Sc—
0.10Zr alloy. High strain energy will easily lead to
cracking during deformation.

Besides, there is not much difference in the
peak GROD value of the Al-Mg alloy under
different deformation conditions. After adding Zr or
Sc+Zr to the Al-Mg alloy, the GROD peak values
increase, indicating that the strain energy stored in
the grain increases.

Figures 13(a)—(c) show morphologies of the
three alloys under different deformation conditions.

win wax N
EBO0 28748

e

Fig. 12 GROD maps of three alloys under different hot deformation conditions: (a, d, g) Al-6.00Mg; (b, e, h) Al—
6.00Mg—0.10Zr; (c, f, i) Al-6.00Mg—0.25S¢c—0.10Zr; (a, b, ¢) 573 K, 0.01 s7%; (d, e, ©) 673 K, 0.01 s7%; (g, h, i) 773 K,
0.01 s7' (LAGBs (2°-15°) are in white and HAGBs (>15°) are in black)
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(a) 0001s!
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Fig. 13 Morphologies of three alloys after hot compression deformation (Three alloy samples were deformed at
temperatures ranging from 573 to 773 K and strain rates ranging from 0.001 to 1s™): (a) Al-6.00Mg; (b) Al-Mg—
0.10Zr; (c) Al—6.00Mg—0.25S¢c—0.10Zr; (d) Magnified image of cracked samples (Al—6.00Mg—0.25Sc—0.10Zr, 773 K
and 1 s71); (e) OM macrophotograph of sample in (d); (f, g, h) Magnified OM images of sample in (d)

It can be seen that only the Al-6.00Mg—0.25Sc—
0.10Zr alloy has obvious cracking when the hot
deformation state is 773 K and 1 s™!. Figures 13(d)
shows the morphology of the Al-6.00Mg—0.25Sc—
0.10Zr alloy under the hot deformation condition of
773 K and 1s!. Figure 13(e) represents the side
section diagram of the sample perpendicular to the
compression direction. Figures 13(f)—(h) show the
metallographic micrograph of the sample. It can be
clearly seen that there are obvious cracks in the
sample, and the cracks are mainly located at the
edges of the sample, with fewer cracks in the
middle of the sample. Meanwhile, the cracks
originate from the sample edges and gradually
extend to the middle. The addition of Zr or Sc+Zr
increases the dislocation density and strain energy
inside the grain of the Al-Mg alloys during hot
deformation. But it reduces the recrystallization
fraction. Therefore, the work hardening effect is
enhanced and the true stress is increased after
adding Zr or Sc+Zr to the Al-Mg alloys.

5 Conclusions

(1) The addition of Zr or Sc+Zr reduces the
range of unstable regions in the Al-Mg alloys
according to processing map, which improves the
hot workability of the studied AI-Mg alloys.

(2) The addition of Zr or Sc+Zr increases the
dislocation density of the Al-Mg alloys during
the hot deformation. The dislocation densities of
Al-6.00Mg, Al-6.00Mg—0.10Zr and Al-6.00Mg—
0.25Sc—0.10Zr alloys under the deformation
conditions of 673 K and 0.01 s™' are 2.68x10',
8.93x10', and 6.1x10'” m2, respectively.

(3) The addition of Zr or Sc+Zr can inhibit the
dynamic recrystallization of the Al-Mg alloys
and increase the dislocation accumulation in grains
during hot deformation.

(4) The AI-6.00Mg—0.25Sc—0.10Zr alloy
cracks due to the extensive accumulation of
dislocations in the grains when the hot deformation
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condition is 773 K and 1 s7".

(5) The addition of Zr or Sc+Zr increases the
dislocation density and strain energy inside the
grain of the Al-Mg alloys during hot deformation.
But it reduces the recrystallization fraction.
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Zr/(Sc+Zr)EEUXT AI-Mg & &

ARERTRDHNEHELER. EEEMRN IR

WOEI2, KA, AR, T, M R, REF 2, FEK

L RRS: MPRREE S TREERE, Kb 410083;
2. WERY AOEEMERAS TR A EAsSnE, Kb 410083;
3. Applied Materials Science, Department of Engineering Science, Uppsala University, Uppsala, 75121, Sweden

W OE: RHANESE RS AT B T EE R Al-6.00Mg. Al-6.00Mg—0.10Zr i1 Al-6.00Mg—0.25Sc—
0.10Zr (RESH, %) & &HBIUAT M BMALUHE. 2RFE, EHRKINTAFEZMHG73 K, 0.01 s FEE
i, Al-6.00Mg. Al-6.00Mg—0.10Zr fil Al-6.00Mg—0.25Sc—0.10Zr & 4 (A4 55 B 43 5l v 2.68% 1016, 8.93x1016 I
6.1x10"7 m2; HIIAFHLERSEIA 19.8% 15.0%F 12.7%. 0 - FHIEA 2 (KAM) TR, @i
Zr 8 Sc+Zr, Al-Mg %4 dh FEMHE AL 2 FE N . Ak, JETFahA A RHE A (DMM) L R n TEZR B, 7
Zr 8 Sc+Zr BEIRIN Al-Mg &4 IR ARG e K B, (H 238 0K e R e AR AN Sk RS el o St 4 Gt —
AR, AL T, 1 Al-6.00Mg—0.25S¢—0.10Zr &4 7E 773 K 1 1 s iF P2,
KR Al-Mg &4 Sc: Zrs BRI, A4S ZhATRES
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