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Abstract: Sc is a common additive element in aluminum alloys, while the functional mechanism of Sc in aluminum alloys is
not completely understood. The traditional 7NO1 aluminum alloy and novel Sc modified 7NO1 aluminum alloy were prepared by
electrical resistance furnace melting. After homogenization treatment, two kinds of 7NO1 alloys were hot extruded into plates,
then exposed to two-stage artificial aging. Microstructures were comparatively analyzed by electron backscatter diffraction
(EBSD) and transmission electron microscopy (TEM). The mechanical properties of aged hot-extruded plates were measured
by electronic universal testing machine. Meanwhile, the functional mechanism to strengthen the alloy was analyzed. The results
show that a small number of nanometer-sized Al;(Zr, Ti) phases are precipitated in traditional 7NO1 aluminum alloy, while a
large amount of nanometer-sized Al;(Sc, Zr, Ti) phases exist in 7NO1 aluminum alloy with 0. 12wt% Sc after homogenization
treatment at 470 °C for 24 h. The high-density Al,(Sc, Zr, Ti) phases which are coherent with matrix have a significant pin-
ning effect on the migration of grain boundaries. It obviously improves the critical subgrain size for recrystallization nucleating.
Also, the dynamic recrystallization in the hot extruding process is effectively inhibited. As a result, 7NO1 aluminum alloy with
0. 12wt% Sc is almost constitutive of full fiber-like structure. At the same time, the tensile strength and yield strength of 7NO1
aluminum alloy with 0. 12wt% Sc are 10. 7% and 13. 3% higher than those of traditional 7NO1 aluminum alloy. The calculated
results indicate that fine-grain strengthening and dispersion strengthening caused by Sc addition are 7 and 57 MPa, respective-
ly. The strengthening effect is mainly derived from dispersion strengthening of Al,(Sc, Zr, Ti) phases.
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Table 1 Nominal composition of the experimental alloys ( w /%)

Alloys Zn Mg Mn Cr Zr Ti Se Al
TNO1 4.13 1.31 0.30 0.21 0.10 0.06 — Bal.
7NO1 with 0.12wt% Sc 4.13 1.31 0.30 0.21 0.10 0.06 0.12 Bal.
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Fig. 1 TEM image (a) and SAED pattern (c¢) of 7NO1 aluminum

alloy after homogenization treatment; TEM image (b) and
SAED pattern (d) of 7NOl aluminum alloy with 0. 12% Sc

after homogenization treatment
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Fig.2 EDS area scanning images of Al;(Sc, Zr, Ti) phase
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Table 2 Number density, mean radius and volume fraction of pre-

cipitates in different alloys after homogenization treatment

Alloys Precipitates N/m™3 d/nm I
7NO1 Aly(Zr, Ti) 6.8x10" 32 1.2x1073
1 with .
INOLwith =) (e, ze, i) 1510 28 1.9%10
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Fig.3  Orientation distribution maps of hot-extruded plates: (a) 7NO1

aluminum alloy, (b) 7NO1 aluminum alloy with 0. 12wt% Sc,

(¢) unit triangle for identifying the crystallographic orientations
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Fig. 4 TEM images and SAED patterns of aged hot-extruded plates: TEM images (a, b) and SAED pattern (¢) of 7NOI alu-
minum alloy; TEM images (d, e) and SAED pattern () of 7NO1 aluminum alloy with 0. 12wt% Sc
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Table 3 Tensile properties of aged hot-extruded plates at room
temperature
Alloys UTS/MPa  YS/MPa E./ %
TNO1 364 316 14.2
7NO1 with 0.12wt% Sc 403 358 14.6
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Fig.5 Tensile fracture surfaces of aged hot-extruded plates: (a) 7NOI
aluminum alloy, (b) 7NO1 aluminum alloy with 0. 12wt% Sc
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