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Microstructure evolution of precipitates in AIMgSi(Cu) alloys

CHEN Jiang-hua, LIU Chun-hui

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The performances of AIMgSi(Cu) alloys widely used in the industry, largely correlate with the precipitates
formed in the thermal process. The morphologies, the structural features and the phase stabilities of all well-known
precipitates that possibly form in the AIMgSi(Cu) alloys were reviewed. In order to understand the structural
transformations between the early-stage hardening precipitates in the alloys, and their relations with the mechanical
properties of the materials, a concept of dynamic structure to describe the evolution of the hardening particles was
introduced. For further development of the high-strength 6xxx series alloys, a few un-answered questions about the
structural transformations in Cu-containing 6xxx series alloys are crucial.
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Fig.1 Schematic illustration of precipitation sequence in AIMgSi(Cu) alloys (morphology and crystal lattice features)
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Table1  Overview of experimentally observed precipitation phases in Al-Mg-Si system

Phase Shape Space group Lattice parameter/nm Composition Reference
= 0.405, b=0.405, ¢=0.405
Cluster  Platelet P2/m “ o ¢ ’ MgSi MATSUDA et al[7]
o Monoclinic a=1.46, b=0.405, c=0.64, .
Initial-# Needle Pm $=105.3° Mg, AlgSi; CHEN et al[8]
Monoclinic a=1.478, b=0.405, c=0.674
B > 5 > 4 .
Pre-f8 Needle CUm $=106.8° (Al+Mg)sSi ¢ RAVI et al[9]
. Monoclinic a=1.516, b=0.405, ¢=0.674, .
p Needle CUm $=105.3° MgsSig ZANDBERGEN et al[10]
, Hexagonal a=b=0.715, ¢=1.215, .
p Rod P6ym =120° Mg,Sis VISSERS et al[11]
Trigonal a=b=0.405, ¢=0.674, . FROSETH et al[12], ANDERSEN
1(typeA Needl > MgAl
UlltypeA) - Needle P3ml =120° gALSL, et al[13], MATSUDA et al[14]
Orthorhombic B _ _ . FROSETH et al[12], ANDERSEN
U2(typeB) Needle Pama a=0.675, b=0.405, ¢=0.794 Mg, Al,Si, et al[15], MATSUDA et al[14]
, Hexagonal L -~ PP . DUMOILT et al[16], RAVI et al[9],
B'(type C) Lath Pe a=b=1.04, ¢=0.405, y=120 MgyAl;Si; MATSUDA et al[14]
Cubic .
S Plate - a=0.635 Mg,Si RAVI et al[9], JACOBS et al[17]
Fm3m
F 2 Al-Mg-Si-Cu VU T F b sl s 14 HHAH Bl A2 1) 2ictis
Table 2 Overview of experimentally observed precipitation phases in Al-Mg-Si-Cu system
Phase Shape Space group Lattice parameter/nm Composition Reference
oP Needle Hexagonal a=b=0.393, ¢=0.405 Unknown CAYRON et al[18—19]
ocC Needle Hexagonal a=b=0.670, c=0.405 Unknown CAYRON et al[18—19]
=1.032, »=0.81, ¢=0.405
C Lath Monoclinic “ TN ¢ ’ Unknown MARIOARA et al[20]
L/Q" Lath Unknown Unknown Unknown CHAKRABARTI et al[21]
- Probably MIAO et al[22], MATSUDA et
' Lath P 1 =b=1.032, ¢=0.405, y=120°
0 a robably P6 @ ¢ 7 ALCu,Mg,Si;  al[23], WOLVERTON et al[24]
- P 1 ARNBER AURIVILLI
0 Lath P6 a=b=1.032, c=0.402, y=120° robably Gand AU Us

A13Cu2MggSi7 [25]

N ALK Mg, Si JCRBRAEX P, THOMASE" MrifAHE IR, FU0R) GP- T f IR GP-11 X .
S FH 3% X HL 1 5 1 T BRI I B bR AT H A ) 45 AlMgSi &4 PN A RS ER /N, EIR K — B
K, FERSIILEERRERY, J5 R AR E] 6xxx &) TR LR P s RS2 4G 48, SCHR[7, 28] HI4s e
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