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Superplasticity in an Al-Li—-Cu—Mg—Zr alloy

Masahisa OTSUKA*, Kei-ich TSURUMAKI**,
Motoyuki NIIMURA*** and Ryo HORIUGHI****

Superplastic behaviors of an Al-Li-Cu-Mg-Zr alloy for aerospace application have been investigated over the

temperature range 600-800 K and the initial strain rate range 1 X 107*-1X 1072 s7!. In cold-rolled and annealed sheet

specimens having fine and equiaxed grains of about 5 gm diameter, superplasticity was observed above 725 K, wherein

the maximum elongation of 480% appeared and the strain rate sensitivity was determined to be 0.45 at 800 K. As-rolled

sheet specimens became much more superplastic than annealed ones, when holding time prior to the tensile test was

chosen appropriately. No improvement in ductility was found in the temperature increasing tensile tests. Extruded

specimens having fine but elongated grain structure did not show superplasticity at all, probably because grain boun-

dary sliding was suppressed due to a geometrical reason.
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Fig. 1 Geometry of (a) specimen R and (b)
specimen E.
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Fig. 2 Microstructure of (a) specimen R and (b)
specimen E, both annealed at 800 K for 3.6 ks and

then quenched into water.
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Table 1 Chemical compositions of alloy studied (mass%)

Li Cu Mg Zr Si Fe Na Al
specimen R 2.7 1.2 0.9 0.14 0.05 0.15 0.0005 bal.
specimen E 2.4 1.2 0.7 0.14 0.01 0.07 0.0003 bal.
LITAL-A 2.3-2.6 1.0-1.4 0.5-0.9 0.08-0.16 <0.30 <0.50 — bal.
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Fig. 3 Grain structure observed on (a) sheet plane
of specimen R, and (b) a plane parallel to the direc-
tion of extrusion of specimen E, both annealed at
800 K for 3.6 ks and then quenched into water. Ar-
rows show the direction of extrusion.
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Fig. 4 True stress-elongation curves at an initial
strain rate of 1.00X 1073571, (specimen R, anneal-

ed)
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Fig. 5 Maximum flow stress vs. initial strain rate for
annealed specimens R.
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Table 2 Percent elongation to fracture of annealed specimens R as a function of temperature and strain rate

L 1.00 X 10-* 9.00 % 10—+ 1.00 % 103 2.00% 10~3 1.00 X 10-2
675 134 147 106 101 102
795 249 347 317 254 164
800 330 431 484 412 269
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Fig. 6 Effect of holding time at 775 K on elongation
to fracture and maximum flow stress of as-rolled

specimens R.
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Fig. 7 Nominal stress-nominal strain curves of an-
g
nealed and as-rolled specimens R.
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Fig. 8 Effect of heating rate on the flow behavior of
as-rolled specimens R in tensile test under increas-
ing temperature conditions.
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Table 3 Percent elongation to fracture of specimens E as a function of temperature and strain rate

i/g—1
TIK éls 1.00x107* 3.00x107* 1.00x 1073 3.00x107° 1.00x 1072
675 61 66 68 76 72
725 69 107 93 99 85
800 120 164 122 120 97
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Fig. 9 Maximum flow stress vs. initial strain rate for
specimens R and E.
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Fig. 10 Transmission electron micrograph showing

grain structure in a specimen E deformed at 775 K
and 3.00 X 1073 s~1 up to 100% . The direction of ex-
trusion is vertical.
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