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Abstract: Al-5.5Mg-0. 4Mn-0. 25Sc(wt%) alloy was casted by water-cooled copper die. The hardness variation of the as-
cast alloy annealed at different temperatures was studied. The existence modality and formation mechanism of Al;Sc particles
in the alloy were investigated by metallographic microscope and transmission electron microscope. The results show that
0.25wt% Sc does not contribute much to the refinement of as-cast grain structure, and the grain refinement comes from the
effect of rapid solidification technology. At high cooling rate, it is difficult to find the presence of primary Al,Sc particles in
the alloy. The annealing temperature has a significant effect on the hardness of the alloy. At low annealing temperatures, the
hardness of the alloy changes slowly, and it takes a long time to appear the hardness peak. At higher annealing tempera-
tures, the peak platform appears faster, but after this peak the hardness decreases rapidly as the annealing continues. A-
mong these temperature tests, the hardness curve of 300 °C is outstanding, which has a higher hardness peak platform and
maintains a long time without decreasing. The change of hardness during annealing is closely related to the precipitation of
secondary Al;Sc particles. When the annealing temperature is low, the precipitation of secondary Al;Sc particles is insuffi-
cient and the particle size is small, and the pinning effect on grain boundaries, sub-crystalline boundaries and dislocations is
weak ; while the temperature is too high, Al;Sc particles coarsen and result in poor properties.

Key words: aluminum alloy with scandium; primary/secondary Al,Sc particle; hardness; Al-Mg-Mn-Sc alloy;
particle coarsening
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Table 1 Composition of the alloy, w /%
Element Mg Se Mn Al
Content 5.5 0.25 0.4 Bal.

PSS SEARRIRE (150, 200, 250, 300, 350,
400 °C )Rk 0~30 h, #RJ57F HW187.5 Brinell 7 [GHE L
S L 57 W e E ARy O (S 7 B = B we 20 K )
o6, HEAT LA OE (L # M. 10 mL HCIO; + 90 mL
C,H,OH, #GHLE R 30 V, BFEZ 0 30 s), SR)G 4T
FEURR 7 B55 (B I . 38 mL H,S0,+43 mL H,PO,+19 mL
H,0, B KR 22 V, B 2N 3 min), &5 E
POLYVER-MET 4 A i 5% L 47 & MR . A & 00
HAMIAE TECNAT G*20 B B e Ltk AT, S sl
TURE & B4 1 2% 2 SR B i LA I 2 100 wm 2247,
SRIGTE MTP-1 Y H A DUl {1 AT e Ul R 28 1L
XUE () B I BC 5 . 25 mL HNO,+75 mL CH,0H, 3
o R R R E-20~-30 °C, HLIRZ 55 mA,
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Bl 1 KSHIRLZR Hh AL-S. 5Mg-0. 4Mn-0. 25Sc B4R EAMHI A (a) . TEM BA (o) MG Ak X i TR 9 B3 (B =
[011]) (d), BkMIZs¥#55E Al-5. 5Mg-0. 4Mn-0. 25Sc &4 M4 A A (b)

Fig. 1 Metallograph (a), TEM image(c), selected area electron diffraction pattern (d) of Al-5. 5Mg-0. 4Mn-0. 25Sc alloy casted
by water-cooled copper die, metallograph of Al-5. 5Mg-0. 4Mn-0. 25Sc¢ alloy casted by air-cooled iron die (b)
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Fig. 2 Hardness curves of Al-5. 5Mg-0. 4Mn-0. 25Sc alloys at different

annealing temperatures
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Fig. 3 TEM images of Al-5. 5Mg-0. 4Mn-0. 25Sc alloys and high resolution TEM images of secondary particles after annealing at different tem-
peratures for 20 h: (a, b)200 °C, (¢, d)300 C, (e, £)400 C
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Table 2 Relationship between cooling speed and microstruc-

ture! '8!

Cooling speed/K +s™! Microstructure

Conventional microstructure; coarse den-

10°~10° : . .
drites, eutectic and other microstructure
102~ 10* Improved microstructure ; refined dendrites,
- eutectic and other microstructure
New microstructure ; extended solution limit,
10* ~10° ultrafine grain, no segregation or less segrega-

tion of metastable phases, amorphous phase
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SUEYPRE R EHE THES M EE AT &AL, H8
AU, AR K VAR 28 B 1 S5 F T R AT LA
55 B 4k,

(2) 2B HHE M AL-5. 5Mg-0. 4Mn-0. 25S8¢ 1, Sc £ %
BRI, W04 ALSe R TR, 7EBE ST
UM 2 B3 Lok T A7 AE
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JEE T Bt A 2R S T ) S R A 4 B R R A DAL
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