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Abstract: The Al-Zn—Mg—Cu alloy strip can be successfully fabricated by twin roll casting. In order to determine the effect of
thickness reduction and heat treatment temperature on the recrystallization behavior, the strips were rolled and subsequently heat
treated under various conditions. As a result, a fine grained microstructure (average grain size ~13 pm, average grain aspect ratio
~1.7) and high mechanical properties (UTS >360 MPa, J >20%) were obtained by cold rolling with thickness reduction of 60% and
heat treatment at 500 °C for 1 h. Also, the effect of the microstructure on mechanical properties of the Al-Zn—Mg—Cu alloy strip was
discussed. Consequently, the low cost and high strength Al-Zn—Mg—Cu alloy sheet can be fabricated by twin roll casting by proper

thermo-mechanical processes.
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1 Introduction

Aluminum alloys have attracted much attention for
the automotive industry due to their significant weight
reduction for several decades [1,2]. However, it is
difficult to fabricate high strength aluminum alloy sheets,
such as Al-Zn—Mg—Cu, by conventional processes
comprising direct chill (DC) casting, homogenizing, hot
rolling, cold rolling, and heat treatment. As a result, high
strength aluminum alloy sheets from DC cast ingots are
more expensive than steel, therefore, it has prevented
their widespread application in automotive industry.

One way for solving this problem is the twin roll
casting (TRC) [3-9]. TRC is well known as a cost-
saving process to make an aluminum alloy strip because
of its significant advantages, such as one-step processing
from melt to wrought aluminum strip [3]. Furthermore, it
is possible to obtain fine cast structure and second phase
particles by high cooling rate, which is closely related to
the mechanical properties. However, this technique is
mostly limited to alloys with a narrow mushy zone [4,5].
Also, a different distribution of solutes and second phase
particles through the thickness direction caused by the
different cooling rate during casting can lead to
microstructural gradient during post thermo-mechanical

processes, which decreases the mechanical properties
[6,7]. Therefore, it is important to control the
microstructure by proper thermo-mechanical treatments.

In the present work, the recrystallization behavior of
Al-Zn—Mg—Cu alloy strip fabricated by TRC was
investigated to obtain homogeneous microstructure and
improved mechanical properties. In order to determine
the effect of thickness reduction and heat treatment
temperature on the recrystallization behavior, the strips
were rolled and heat treated under various conditions.
Also, the effect of the microstructure on mechanical
properties of the Al-Zn—Mg—Cu alloy strip was
discussed.

2 Experimental

A horizontal type twin roll caster [9] with
water-cooled Cu—Cr rolls was used to fabricate
Al-Zn—Mg—Cu alloy strip. The commercial aluminum
alloy 7075 ingot with chemical composition of
Al-5.6Zn—1.5Cu—2.5Mg (mass fraction, %) was used
with minor amount of Al-5Ti—1B for grain refining. The
molten alloy heated up to 680 °C was transferred into the
preheated tundish and nozzle. At this time, the casting
roll speed was 5—6 r/min and the roll gap was 4 mm. The
chemical composition through the thickness direction of
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the as-cast strip was obtained by scanning electron
microscopy with energy dispersive spectroscopy
(SEM-EDS).

The as-cast Al-Zn—Mg—Cu alloy strip (=4.4 mm)
was annealed at 400 °C for 1 h followed by air cooling,
warm rolled (/2.0 mm) at 250 °C, and subsequently
re-annealed. In order to determine the effect of thickness
reduction and heat treatment temperature on the
recrystallization behavior, the annealed sheets were cold
rolled with thickness reduction of 20% (=1.6 mm), 40%
(=1.2 mm), and 60% (+=0.8 mm). And then, the cold
rolled sheets were heat treated at 400, 450, and 500 °C
for 1 h followed by water quenching, respectively. The
fabrication procedures and conditions of sheet samples
are summarized in Fig. 1.

All sheet samples for optical microscopy were
sectioned, polished and then electrolytic etched in 5%
fluoroboric acid for 60 s. The average grain size and
average grain aspect ratio (rolling direction, RD/normal
direction, ND) were measured from micrographs
observed on the transverse direction (TD) plane using an
image analyzer. In addition, the tensile tests were carried
out at the angles of 0 (RD), 45° and 90° (TD) to the
rolling direction at room temperature using an universal
testing machine with a crosshead speed of 1.0 mm/min
according to the ASTM E8M standard.

3 Results and discussion

3.1 As-cast AI-Zn—Mg—Cu strip

The Al-Zn—Mg—Cu alloy strip was successfully
obtained by TRC, and its microstructure observed on the
TD plane consisted of fine and homogenous grains
compared with the conventional DC casting [10] as
shown in Fig. 2. The average grain size at the vicinity of
the surface (~39 um) was smaller than that of the center

(~41 pum). This microstructural gradient is related with
the temperature distribution during TRC, which is lower
near the subsurface because of direct contact with water
cooled casting rolls [9].

Figure 3 shows the SEM-EDS results through the
thickness direction of the as-cast Al-Zn—Mg—Cu strip. It
is observed that the solute elements, such as Zn, Mg and
Cu, are more near subsurface region compared to the
center. In order to obtain the sheets for cold rolling, as
mentioned above, the as-cast AlI-Zn—Mg—Cu alloy strip
was annealed, warm rolled, and re-annealed.

3.2. Microstructures of thermo-mechanical treated

Al-Zn—Mg—Cau strip

Figure 4 shows the microstructures observed on the
TD plane of the cold rolled sheets with thickness
reduction of 60% and subsequently heat treated at
various temperatures for 1 h. When the sheets were heat
treated at 400 °C for 1 h, the grains of the subsurface
were relatively coarse and elongated compared with that
in the center, as shown in Fig. 4(a). However, the
microstructural gradient between the subsurface and the
center decreased with increasing heat treatment
temperature, as shown in Fig. 4(c).

Figure 5 shows the microstructures observed on the
TD plane of the sheets cold rolled with different
thickness reduction and subsequently heat treated at 500
°C for 1 h. Even if heat treatment was carried out at 500
°C for 1 h, the grains of the subsurface were coarse
and elongated compared with that in the center if the
thickness reduction was low as shown in Fig. 5(a).
Moreover, such differences were large enough compared
with the microstructures of the as-cast strip as shown in
Fig. 2. However, the microstructural gradient between
the subsurface and the center decreased with increasing
the thickness reduction as shown in Fig. 5(c).

A=400 °C, 1 h annealing

Al-Zn-Mg-Cu | A Warm rolling

strip casting
=4.4 mm

25%/pass, 250 °C
=4.4 mm—2.0 mm|

Cold rolling
20% (1.6 mm)
40% (1.2 mm)
60% (0.8 mm)

Heat treatment
(400, 450, 500 °C)for]
1 h+WQ

Fig. 1 Schematic showing procedures and conditions used in this study

Fig. 2 Microstructures of as-cast Al-Zn—Mg—Cu strip observed at vicinity of surface (a) and in center (b)
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Fig. 3 EDS quantitative analysis through thickness direction of
as-cast Al-Zn—Mg—Cau strip

The average grain size (dgyfaces deenter) and average
grain aspect ratio (Agyrfaces Aeenter) Of cold rolled sheets
gradually decreased with increasing the thickness
reduction and heat treatment temperature as shown in
Figs. 6 and 7, respectively. It is well known that the
minimum stored energy is needed to Iinitiate
recrystallization and the recrystallized grain size depends
on the amount of deformation, smaller with increasing

amount of deformation. Also, the temperature at which
recrystallization occurs increases as stored energy
decreases [11]. Therefore, sufficient thickness reduction
and heat treatment temperature are needed for obtaining
fine and homogenous microstructure by recrystallization.
However, as mentioned above, there are microstructural
inhomogeneities through the thickness direction of sheets.
The d and A at the vicinity of the center (deenters Acenter)
remains relatively stable by changing the thickness
reduction and heat treatment temperature compared with
subsurface (dsurface, Asurface)- These results confirm that the
recrystallization behavior for a given amount of
deformation is different through the thickness direction
of sheets.

It was reported that the microstructural gradient is
significantly related to the amount and size of second
phase particles [7,12]. During TRC, concentration of the
alloying elements is different from surface to center [13].
Especially, the relatively high zinc and magnesium
concentrations at the strip subsurface as shown in Fig. 3
will enhance the precipitation of MgZn, between the
processes used in this study by natural aging.
Moreover, despite of a high cooling rate of TRC, there is
temperature gradient through the thickness direction,
which can cause gradient of the second phase particle
size [7]. It is well known that fine particles prevent

Fig. 4 Microstructures of sheets cold rolled with thickness reduction of 60% and subsequently heat treated at 400 °C (a), 450 °C (b),

and 500 °C (c) for 1 h followed by water quenching

at 500 °C for 1 h followed by water quenching
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Fig. 6 Variations of average grain size with respect to heat

treatment temperature of cold rolled sheets with thickness
reduction of 20% (a), 40% (b) and 60% (c)

recrystallization by pinning grain boundaries while
coarse particles cause recrystallization by acting as
nucleation sites [11]. Therefore, in order to eliminate the
microstructural gradient in Al-Zn—Mg—Cu alloy sheet
fabricated by TRC and post thermo-mechanical
processes, more enough stored energy and temperature to
overcome the grain boundary pinning were needed.
Consequently, the fine and homogenized microstructure
(d ~13 pm, 4 ~1.7) from surface to center was obtained
by cold rolling with thickness reduction of 60% and heat
treatment at 500 °C for 1 h.
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Fig. 7 Variations of average grain aspect ratio (4) with respect
to heat treatment temperature of cold rolled sheets with
thickness reduction of 20% (a), 40% (b) and 60% (c)

3.3 Mechanical properties of thermo-mechanical

treated Al-Zn—Mg—Cu strip

In order to evaluate the effect of recrystallized
microstructure on mechanical properties of AlI-Zn—Mg—
Cu strip, the tensile properties of samples cold rolled
with thickness reduction of 20%, 40%, 60% and
subsequently heat treated at 500 °C for 1 h were
measured as shown in Fig. 8. There was no significant
change of the mechanical properties at the angles of 0,
45° and 90° to the rolling direction for each sheet.
However, the average mechanical properties (YS, UTS,



2230 Yun-Soo LEE, et al/Trans. Nonferrous Met. Soc. China 24(2014) 22262231

400 40
@
uTS— —
300+ 130
& =
= Ly
= I 8
& 200+ = ‘__________‘ 120 €
5 YS~ . . S
100 - YS=163.82 MPa 110
UTS=354.57 MPa
d=19.86%
(] 1 ' L 0
0 45 90

Angle to rolling direction/(”)

400 ——— 40

UTS -~

300 130

Strength/MPa
]
L
/
Elongation/%

200 20 °
YS \.
UTS=370.26 MPa
§=20.33%
0 . A . 0
0 90
Angle to rolling direction/(")
400 40
(©), . .
uTS”
300 130
£ 5 g
g \\‘ 3
= 8
%n 200} vs. 120 §
_ =]
Pl ]
100} S=166.59 MPa 1o
S=364.42 MPa
§=22.35%
0 1 1 L {)
0 90

45
Angle to rolling direction/(”)

Fig. 8 Mechanical properties of sheets cold rolled with
thickness reduction of 20% (a), 40% (b) and 60% (c) and
subsequently heat treated at 500 °C for 1 h followed by water
quenching

5 ) were changed by increasing thickness reduction. It is
observed that the average yield strength (YS) and
ultimate tensile strength (UTS) were improved up to
40% and slightly decreased at 60% of thickness
reduction. Meanwhile, the average elongation (é_‘ ) was
gradually improved with an increase in thickness
reduction as fine and homogenized microstructure is
achieved [14,15]. Consequently, improved mechanical
properties (UTS>360 MPa, 6>20%) can be obtained

through the proper thermo-mechanical process for
Al-Zn—Mg—Cu alloy sheet fabricated by TRC.

4 Conclusions

The effect of thermo-mechanical treatment on the
recrystallization behavior related to the microstructure
and mechanical properties of Al-Zn—Mg—Cu alloy sheet
fabricated by twin roll casting was investigated. The
Al-Zn—-Mg—Cu alloy sheet with microstructural
homogeneity (d ~13 pm, 4 ~1.7) from surface to center
and high mechanical properties (UTS >360 MPa, d >20%)
can be successfully fabricated by twin roll casting and
proper thermo-mechanical process. The optimum
condition to eliminate the microstructural gradient was
cold rolling with thickness reduction of 60% and heat
treatment at 500 °C for 1 h. The results can be used
effectively to perform reasonable post process of the
Al-Zn—Mg—Cu alloy strip fabricated by twin roll casting.
Consequently, the low cost and high strength
Al-Zn—Mg—Cu alloy sheet can be fabricated by twin roll
casting with proper thermo-mechanical processes.
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