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2 [AL- Mg o] H 0 76 82 35 T o0 B e — A Mg 5
TR, A 4 BT Rk B
B R (R R RAS, R & Mg-Al — 76 7%
PRI 25 M 2619 [ALMg1o] M.

1.2
. ® 14778 =z+1.4007y
< 5¢
1.0p (0 1:0551) * (0, 1.0551)
S
0.8} .
5 0.6} ¢
*
0.4f
S
0.2t S
S
1
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L L L L L L
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
x

E1  (FMHEM) [Al-Mgi2]Al, Mg, %R d 2-y 11
Fig. 1. (color online) z-y plotter of [Al-Mgi2]Al Mgy,

cluster formula.

4) [ A v B Ak 2 5 1 B TR IR

4 Mg-Al = 7o [ 3 44 (1) 4k % &5 1 5 05 [Al-
Mg12]Mg; %= T Mg & 4k () HCP s B 45 4 ;1
B2, o [Al-Mgyo] 175 45 1) & LAV 5t J5 1 Al
HHE LA B, 12 R T Mg 4 A I AR
SeEALE, TE R — AN 28 & 52 5 )\ K (twinned
octahedron), ¥R 1#7r N 1 AMLT 5 ZiE4k5%
JA AL B R R T M.

K2 (MTEE) HOP mBEaid LI BRR T Al gyt
1) [Al-Mg1o] B K ILER R T Mgy kg%

Fig. 2. (color online) Structure of [Al-Mgi2]Mg; chem-
ical unit, which is centered by solute atom Al, shelled
by twelve 15¢ neighbors Mg, and glued by one Mg in
the 274 neighbor shell.

4 Mg-Al % &4 5 8 o #EAT

MR FIR T E 1 Mg-Al — 7o ISR 1AL

XNTMg-ALR T EEME, Pk &6E
BEILRALZA, EEH &Moo R, B
Zn, Mn, Si%F, M JE 72k B RA R & E v
) JLAR P JRy A M T BT 2K, 23 o 1 R
R R VR s g BN I B JER A 1) T R R i
TIERR, [z, W R 5 A AR TR A kS Y IE
I, SR T T IR, SRR TR
B AR IR S ST R M, KRS Mg
TR, SRIEAR TREEITRA, AT
O 7 B 5 Mg JR 1T BB — 3 AR Az )\ T 4 [4]
i ﬁZn(AHMg_Zn = —4 kJ/mol), Si(AHwug-si =
—26 kJ/mol) 5t EK; H— K2 H Mg MIERE
BAFIE T &S0 R B, TRk S %2
HEREFALE, A Mn(AHygam = 10 kJ/mol) 7
EILER. LA, Mg-AL &R Tl & a0 4 1 5
TG H FE Gtk 7 2UAT LR R i [(AL A)1-Mgao] (Mg,
B);.

(I RER A =l AR R il A Wi
ASTM(the American Society for Testing Materi-
als) T 2oL b A7 BAT RS 19 Mg-AL R Tl 82
HEAT T Lo AT, R i 285 SR S L 5 Bt i 7 202
AR ZES TR L. S H 2 7 e E M
b TS & 4 5 Mg-Al & [E) 15 A & 4 3 A
M5 G K BT R By ZE A, R R R
O3 e e R 5 A 5 S5 R BT (AL A)1-Mgo] (Mg,
B)1 AHIF ) 14 J5 5 B A 2okE 2. BARfET 7
VAR

D ESFMBM SR TERKRER D
b, LiZc R & 2 MRS 80P
P, WAZ63A & & IR & N5.56.5Al
2.7—3.3Zn, 0.15—0.35Mn(wt.%), it H P14 6Al,
37Zn, 2.5Mn(wt.%) 1E % T3 5UE 73 B

2) B hi T DLJST B g L R ) 2R R R T
B, a0 AZ63A 15 & A 43 B 08
Mg-6 Al-3Zn-0.25Mn (wt.%), ¥ ¥ & 1 5 7 b
B 3R Mggs 19Als 55Zn1 15Mng 11 (at.%);

3) B S 23 bl A SR 14 5L P 7
oy, B BR B0 14 1, %5 5 0 EER
73 TR N ) & TR AN, 1 AZ63A H ALJT R A
THEENE.55 at.% b B 14 JR 7 Fi% 5 o 2N
JEF NN 14 x 5.55% = 0.78, AT T LATS 21 H: 4
1% B 7 3N [Alg.78Zng.16-Mg12]Mg1.04Mng g2.
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#1 ASTM FMH sl Mg-Al R A GRS S AR BT & MEREXT L
Table 1. Typical Mg-Al series industrial alloys in ASTM specifications and their composition interpretations

in terms of the cluster formulas, meanwhile, the mechanical properties were given for comparison, and

the deviation in center atomic numbers between industrial alloy and the basic composition formula were

calculated.

Specification Composition/wt.%

Cluster formula

Deviation in Mechanical properties

center atoms - qees o o/ MPa  §/%

Casting alloys z = —0.09
AZ63A Mg-6A1-3Zn-0.25Mn  [Alg.78Zn0.16-Mg12]Mg1.04Mno o2 ~0.06 T6 275 5
AZ81A Mg-7.6A1-0.7Zn-0.24Mn  [Alp.97Zng.03-Mg12]Mgo.908 Mng .02 0 T4 275 15
AZ91A, B, D, F Mg-9A1-0.7Zn-0.32Mn  [Al;.15Zng.04-Mg12]Mgo.79Mng o2 0.19 F 230 3
AZ9IC, E  Mg-8.7A1-0.7Zn-0.24Mn  [Aly.11Zno.04-Mg12]Mgo.s3Mno.02 0.15 T6 275 6
AZ92A Mg-9A1-2Zn-0.23Mn [Al1.16Zn0.10-Mg12]Mgo.72Mng .02 0.26 T6 275 3
AM50A Mg-5A1-0.43Mn [Alg.g4-Mg12]Mg1.33Mno.o3 ~0.36 F 210 10
AMG60A Mg-6A1-0.37Mn [Alp.76-Mgi12]Mg1.22Mng .02 —0.24 F 205 6
AM60B Mg-6A1-0.43Mn [Alg.76-Mg12]Mg1i.21 Mnog.03 —0.24 F 205 6
AM100A Mg-10A1-0.23Mn [Al28-Mg12]Mgo.71Mno.o1 0.28 T6 275 1
AS21X1 Mg-1.7A1-1.1Si-0.4Mn [Alp.22Si0.13-Mg12]Mg1.63Mng.o2 —0.65 F 240 9
AS41A Mg-4.3A1-18i-0.35Mn  [Alg.55Si0.12-Mg12]Mg1 31 Mno.02 ~0.33 F 220 3

Wrought alloys = —0.36
AZ10A Mg-1.2 Al-0.4Zn-0.2Mn  [Alp.15Zno.02-Mg12]Mg1.82Mng. o1 —0.83 F 240 10
AZ31B, C Mg-3A1-1.0Zn-0.2Mn [Alp.38Zng.06-Mg12]Mg1.55 Mng. o1 —0.56 F 260 15
AZ61A Mg-6.5A1-1.0Zn-0.2Mn  [Alg.83Zn0.06-Mg12]Mg1.1Mno.o1 —0.11 F 310 16
AZ8OA Mg-8A1-0.5Zn-0.2Mn  [Al1.02Zn0.03-Mg12]Mgo.04Mno.o1 0.05 T5 380 7

Note: F, as fabricated; T4, solution heat treated; T5, artificially aged only; T6, solution heat treated and artificially aged;

op, tensile strength; d, elongation in 50 mm (2 in.).

W Tk & < 5 A4k 2 45 1) B T 2 (8] 1R R
7 ZEAE 5 A B ) 2RV RE Ok R 2 )T I 3 A
B4, W3 Ha] DUE B, 206 X I H & M5
x5 oy rp i oL 1 AN O N T L &
S o H A BBV L RN R A T X
Bk AZ63A & &40, P & & it 8 T84 K
T 1, B4 s, WA TR AL T,
SO XEEENEE RIS, Hd AZ8IA
BB A &I B] T AZIIC, E-T6 % it & &M weE
MIAZ31B, C-F ZTae B rettae, HEESD
30N [Alp.97Zng.03-Mgi2)Mgo.0sMng g2, H' O Ji T
MO 1, SRR IT (AL A)-Mgo](Meg,
B) SE &/ & AZGIAE AT IS &, HomE
AVEE A R I AR T AT 2, T 5 [Aly.s3Zno.06-
Mg12]Mgi.1Mng,o1 [ HR 0 i - A A B 4 )

TCRZEN —0.79%, BTG, AZ8OE N H Al Tk
S BN T2 AR T B A 4 B0 S B AS | o
S50 PR i 1 LA S R A PR JE ek e, G AR A
73 30 [Al02Zn0.03-Mg12]Mgo.0aMng o1 5 B FEAL
SERI LI O R T IR Z AN 0.36%, T A 1HR T

M4 a] DUE B, RS it 7 [ 7% X ) Ao
JEF RS R e O R T RZEBN, A4
(1) 5t P55 M e AR AT, 9B MR B AR AL AS K T IE AR 22
N, BB PR RE B R, A M R AR AN
B HIEAHER I, A S hS et N B 7% S B
FE GE AL B TR 22 /NI B A I S A 0 R RN 9
PERe i TR B B AIRES, BFE 5 X Sl 1) 85 1
%G 4 AZBIA UL S R T 86 42 AZSOA FI AZ61A.
1M AZ63A (Mg-6A1-3Zn, wt.%) #5854, BT
In & wE, FEEEEPERT Mg Al MAETE,
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Abstract

Mg-Al alloys are the most widely used Mg-based industrial alloys, but their composition rules behind the apparent
industrial specifications are largely unknown, which hinders the development of new alloys. As is well known, industrial
alloys often undergo the process of a high-temperature solution treatment, and the final structures originate from the
single-phase solid solution parent state. Since solid solutions are characterized by short-range chemical orders, necessarily
the optimum alloy composition should be related to the presence of a certain short-range chemical structure unit. In the
present paper, by introducing our cluster-resonance model for short-range-order structure description of solid solutions,
a chemical structure unit of Mg-Al binary solid solution is established, [Al-Mg12]Mg1, which represents the characteristic
short-range-order structure, with the bracketed part being the nearest-neighbor cluster centered by Al and shelled by
12Mg and with one glue atom Mg located between the clusters. Because of the existence of other alloying elements
besides Al, a general formula [(Al, A);-Mgi2]-(Mg, B) is then proposed, where A represents the elements showing a
negative mixing enthalpy with Mg, while B showing a positive one. This formula is used to explain the multi-component
Mg-Al industrial alloys. Based on this chemical formula, typical Mg-Al industrial alloy specifications in ASTM handbook
are well explained. For instance, cast AZ63A alloy is formulated as [Alg.78Zno.16-Mgi2]Mg1.04Mno.o2, cast AZ81A as
[Alp.97Z1n0.03-Mg12]Mgo.90sMno.02, and wrought AZ80A as [Ali.0210.03-Mgi12]Mgo.04Mng.o1. The deviations from the ideal
chemical structure unit in different Mg-Al alloys are well correlated to their corresponding alloy performances. Those
alloys, where the numbers of center atoms are close to ones in their cluster formulas, exhibit excellent comprehensive
mechanical performances in both strength and plasticity. While the alloy with less than one center atom only shows good
plastic performance with a relatively poor strength, and the one with more than one center atom shows just the reverse
tendency. Among cast Mg-Al alloys, AZ81A, whose cluster formula completely matches the stable chemical structure
unit, exhibits the optimized combination of strength (275 MPa) and plasticity (elongation 15%). Among wrought Mg-Al
alloys, AZ61A and AZ80A, whose cluster formulas show minor deviations of —0.11 and 0.05 in the center site from the
ideal chemical structure unit, also have good comprehensive mechanical properties, respectively with the strengths of
310 MPa and 380 MPa, and the elongations of 16% and 7%. Based on the results in the present paper, the simple
composition rule behind the complex industrial alloy specifications as unveiled here, can be a powerful approach to the

development of Mg-Al alloys.

Keywords: Mg-Al alloy, cluster-resonance model, chemical structure unit, composition interpretations
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