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Effects of Sc and Zr Addition on the Mechanical Properties of
7000 Series Aluminum Alloys*

Mai Takaya **, Koji Ichitani *** and Tadashi Minoda ***

Scandium addition to aluminum alloys has been evaluated at various research institutions, and it is known

that the Al;Sc precipitates effectively increase their strengths. In this study, the effect of Sc addition on

the strengths of Al-Zn-Mg and Al-Zn-Mg-Cu alloys was investigated. As a result, the strength increased

by the Sc addition to both types of alloys, but the increased amounts were limited to 10-40 MPa. It was

considered that because the strengthening effect by the ' phase was sufficiently high, the precipitation

strengthening by the dispersion of Aly(Sc,; Zr,) particles was relatively low in these alloys.
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Table 1 Chemical composition of the specimens

(mass%).
Alloys Zn Mg Cu Zr Sc
A 10.0 2.6 1.5 0.12 -
A+Sc 10.1 2.6 15 0.11 0.10
B 47 1.1 0.10 0.16 -
B+Sc 4.6 1.1 0.10 0.15 0.10

Table 2 Manufacturing process.
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Alloy A+Sc

Alloy A, A+Sc Alloy B, B+Sc
Casting ¢ 90mm ¢ 90mm
Homogenization 350°C-8 h
treatment 400°C-10 h 400°C-8 h
450°C-8 h
Extrusion |Shape t2Xw35 mm t2 Xw35 mm
Container 400°C 400°C
temperature
Die 400°C 100°C
temperature
Billet 100°C 150°C
temperature
450°C-3 min —~ WQ ress-quench
Solution 450°C-1h — WQ fAir foeT )
heat treatment 470°C-3 min > WQ g
470°C-1h — WQ
Artificial aging 120°C-24h — AC  |120°C-24h — AC

Fig. 1 Optical microstructures of alloy A and A+Sc
samples which were solution heat treated
under the each condition designated.
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Fig. 2 Optical microstructures of alloy B and B+Sc
samples which were homogenization heat
treated under the each condition designated.
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Fig. 3 Bright field TEM images of alloy A+Sc and B+Sc
samples. Arrows show Aly(Sc, Zr,) particles. The
solution heat treatment condition of alloy A+Sc
was 470C for 1 h. The homogenization treatment
condition of alloy B+Sc was 450C for 8 h.
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Fig. 4 EDS images of alloy B+Sc samples. Arrows show
Aly(Sc,_Zr,) particles.

780 780
SHT:450°C :
760 | 2 A*Se 760 | A ATSC SHT:470°C
nnz A ﬂn:s A
< 740 < 740 A’_//’A
N, ~,
& 720 & 720 D/D
2 700 A,,’,"/”A & 700
=3 =
680 680
660 660
1 10 100 1 10 100
Solution heat treatment time, t/min Solution heat treatment time, t/min
720 - 720
SHT:450 SHT:470°C
700 ——A+Sc 700
© —-A « r— B
o o
% 680 < 680
3660 p— 660
© ©
o 640 o 640
> > |——A+S
620 620 c
-O-A
600 600
1 10 100 1 10 100

Solution heat treatment time, t/min Solution heat treatment time, t/min

20 20

18 | —B—A+sc SHT:450°C 18 | B—A+sc SHT:470C
X —O-A 8 —0-A
S e S 16
5 14 S 14
g}’ 12 g}‘ 12
S 10 S 10
w [}

8 8

6 6

1 10 100 1 10 100

Solution heat treatment time, t/min Solution heat treatment time, t/min

Fig. 5 Relationship between solution heat treatment time
and mechanical properties of alloy A and alloy
A+Sc.
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Fig. 6 Relationship between homogenization treatment
temperature and mechanical properties of alloy
B and alloy B+Sc.
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Fig. 7 Schematic diagram of relationship between
number density of the precipitates and
increase in the yield strength.
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