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Effects of minor scandium and zirconium on microstructure and
mechanical properties of AI-Mg-Mn alloys
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Institude of Light Industry, Wuhan Polytechnic College, Wuhan 430074, China)

Abstract: Both Al-5.8Mg-0.4Mn and Al-5.8Mg-0.4Mn-0.25Sc-0.1Zr (mass fraction, %) alloy ingots were prepared using
water chilling copper mould ingot metallurgy processing protected by active flux. The alloy ingots were finally rolled into
2 mm-thick sheets after hot rolling-intermediate annealing-cold rolling. The effects of stabilizing annealing and minor Sc,
Zr on the microstructure and mechanical properties of Al-Mg-Mn alloys were studied. The results show that after adding
minor Sc and Zr into Al-Mg-Mn alloy simultaneously a large number of Al(Sc, Zr) particles dispersedly distribute in the
matrix, which have function of strongly pinning sub-grain boundaries and dislocations. The anti-recrystallization ability
and the mechanical properties of the Al-Mg-Mn-Sc-Zr alloy sheet are significantly improved. By annealing at 300 C for
1 h, the Al-Mg-Mn-Sc-Zr alloy sheet can obtain the optimum application values of gy, 6y, and J, which are 436 MPa, 327
MPa and 16.7%, respectively.
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Fig. 1 Variations of mechanical properties of alloys sheets

with annealing temperature: (a) Alloy A; (b) Alloy B
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Fig. 2 Microstructures of alloy sheet A annealed at various temperatures for 1 h: (a) Cold rolling; (b) 250 °C; (¢) 300 C; (d) 350 C;

(e) 450 °C; () 500 'C
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B3 AR K AR B e

Fig. 3 Microstructures of alloy sheet B annealed at various temperatures for 1 h: (a) Cold rolling; (b) 400 ‘C; (¢) 450 C; (d) 550 C;

(e) 570 °C; () 580 'C
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Fig. 4 SEM images of alloy sheets after annealed at 500 C for 1 h: (a), (a") Alloy A; (b), (b") Alloy B

F1 K a@) Ty
Table 1 Elements of phases in Fig. 4(a’)

Spot 1 Spot 2

Spot 3

Element
w%  x/% w%  x/%

w/% x/%

Al 76.76 87.15 76.49 86.97
Fe 11.35 06.23 11.13 06.11
Mn 11.88 06.63 12.39 06.92

76.49  86.93

05.56  03.05

17.95 10.02

Fz2 K 40 AR By
Table 2 Elements of phases in Fig. 4(b’)

Spot 1’ Spot 2’

Spot 3’

Element
w%  x/% w%  x/%

w%  x/%

Al 59.15 7856 7591 86.63
Fe - - 14.87 08.20
Mn - - 09.21 05.16
Sc 13.33 10.63 - -

Zr 27.51 10.81 - -

7526  86.22
15.05 0833

09.69 0545
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Fig. 5 Fractographs((a) , (b)) and EDS patterns((a’), (b)) of alloy sheets annealed at 350 ‘C for 1 h: (a), (a’) Alloy A; (b), (b) Alloy B
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F3 . DU AR A Sk

Table 3 Atomic radius and electricity negative of Al, Sc and

Zr atoms
Electricit
Atomic  Radius relative Electricity e n.c i
Element . . . negative
radius/nm  difference/% negative .
difference
Al 0.182 1.61
Sc 0.209 14.8 1.36 0.25
Zr 0.216 18.7 1.33 0.28

B 6 AFRAIRKEGEH B 1)
TEM 14

Fig. 6 TEM images of alloy sheet B
annealed at various temperatures for 1 h:
(a) Cold rolling; (b) 200 C; (c) 300 C;
(d) 350 °C; (e) 450 C

3.1.2  Sc. Zr B CREHIN Al(Se, Zn)H AR+
X 4 TS AT N BRI

5 AR R RS R PR AS FS , FER T
SR AR R AR R AN . — AT, 1
TR AR EHAR K (A= 1 pm, d=0.3 pm) 500
IR I £ AR S R T 1Py AR TR I A =
FRVMA<1 um, d<<0.3 pm)JTEHL 1, 55 AR 7B
4. HE 7@n%, Al-Mg-Mn-Sc-Zr 44
350 ‘CiBK 1 h Ji5, rJ LAVEMT IS 2 K B GRS
FEARTERG I Als(Sc, Zo)Ri T, Aly(Sc, Zryki 1 V34 ) i
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770.065 pm(<K1 um), FiFEHEE d=0.1 um(<0.3
pum), UEHS Aly(Se, Zr)RiFHBERG 45 h. HIE 7(b)
A[H1, Al-Mg-Mn-Sc-Zr 54248 350 ‘CIBK 1 h )5, 2
TR AN AT FLW S A, BRAG A S Is S, A
WV A AR BT R . 4248 450 CIBK 1 h A,
Als(Sc, Zr)RL A FE 220.1 pm(<1 pm), ki 511
HA% d=0.15 ym(<<0.3 pm), Aly(Sc, Zr)ki 1475 5 Z IR
BTN, AT HALLEE 7(c)). 5T R0,
Aly(Se, Zr)bi - 5HAR AR PERERE /E 550 CINTI43
DATREE, XPALES A S A B AT FUAE -, ek
HiBE L SRS S50, A TiRR e T SRS,
T A a A b

(a)

,
B7 AR 1h 5 AlSe, Zr) KT TEM %
Fig. 7 TEM images of Al(Sc, Zr) particles annealed at
various temperatures for 1 h: (a), (b) 350 C; (c) 450 'C
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2) Sc Ml Zr JGHAE Al-Mg-Mn &4+ LU HE

Aly(Sc, Zr)E &M S ERAAE, Aly(Se, Zr)lsH
FEARILAS, HARW AN yRECh A eSS AT, ZR
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A

3) WA S Al Ze JF - Al-Mg-Mn #4113

JERME ES R MR B P, LA OR PP AT E . 2

300 ‘CiBK 1 h &, B afeskidmitsis

FERE, 7

WM 0=436 MPa, 0,,=327 MPa, 5=16.7%-
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