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ABSTRACT Mg alloys are increasingly used in aerospace, aircraft and automotives structures
due to the low density and good damping properties, especially, the welding of Mg alloy to Al alloys
is of practical importance for widening the application of Mg alloys. Although friction stir welding
(FSW) has been used to join Mg and Al alloys, defect free joints are achieved only in the thin plate
(less than 4 mm). In this paper, three ways of FSW of 6 mm thick 6061-T651 Al alloy and AZ31
Mg alloy plates, offsetting the pin to the seam between the two plates (M4A4), to the Mg alloy side
2 mm (M6A2) and to the Al alloy side 2 mm (A6M2), were studied. The aim is to examine the
effects of the relative position between tool and plate on the microstructure and mechanical properties
of FSW Mg/Al alloys joint. SEM and XRD analyses revealed the formations of intermetallics
Mgi7Alj2 and voids in the interface between Mg and Al alloy plates in the three FSW samples.
The voids are resulted from the melting and subsequent solidification of eutectic. In the M4A4
and M6A2 samples, some Al are stirred into the Mg alloy side during FSW, forming the Mgi7Al;2,
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whereas in the A6M2 sample, some Mg stirred into the Al alloy side are also transformed to the

Mg17A112.

Some fine pores are observed around the Mgy7Alys. The hardness of the nugget zone

exhibits a slight increase due to the formation of a small amount of Mg;7Al;3. The intermetallics and
pores at the jointed interface decrease the strength of the joints significantly.
KEY WORDS friction stir welding, dissimilar alloy welding, 6061 Al alloy, AZ31 Mg alloy,

microstructure

HE BN REREWTE, BARREE R
SRAE, A HATHR R i, SEEEN TR, KE. B
wmagug U, MEaeEnESnRR, SRe4, N
Ewrz. By ERSE R BRHE %I EEY
wktel B g R LR A R, 75 R A
h, BH S RFIEASSEASMERNE. Wit B
REGES 5 G S HEE AU LSR5 A i
BRI, 3F ELAT LU S BE & S 1E M IR 485 & ST 17 A

Mg 1 Al 3B FHIERTE, FH Mg 155 Al
WA AR A, XAEEE 5E SRk
TR Liu % Bl gFsg 748 Mgl 5408 1060 23
TR (TIG). 45 RAEM, 1EAREE LT ALK kY B
SR &Y, FIRERAE LB b A S8R ST B,
Liu % U 0 Ce fERE, RAROL -TIC B4
1845 6061 A 4H AZ31 B44. HIREH, EREKX
Ce BT LLB A8 KR 7, BR TR R4
BIRIL A PR, (HTLARE EC A AT T 50, AT 3 i 4%
A B YIER

BEPEPE AR (FSW) 2 th SEE IS AT T 1991 42
KRB AR, B PSR, AP
BRI SRR A B Sk 5 R AR T A B i e
AR THE AR R AL, AR TN bR E B R L 3 T 7 4
FUBYETT R RTIR A, B SORBEaE R 3 U S B 48
4, LT R4 A BB SRS DL EH e
BRI, RN EAESE. e85 THE
PR R R B A e (681,

HATH R E & S58S4m FSW BIR EE &g
4 mm UUFRIMB, 4R FEW FSW R KT %
WMELRG. Khodir #1 Shibayanagi® #5573 mm & 2024
WAL E AZ] A4 FSW, EEER A% HILAL
el (AL KRR AR SREL Y, SEUR%Y
18 B i & F £F#1. Somasekharan #1 Murr!% 7£ 6061 43
G&5 AZ31 K AZ91 Ba4&f FSW BRIt gl 7
KBS, XA EELARE. Yan % M g7
4 mm By 1060 4f Al 5 AZ31 84409 FSW BE I,
1 B BT TT OB AR (K & IR AL & 20 i, W4
7 A ) RU4, ARBRYIR B AT 3% 82.4 MPa. Kostka %5 [12)
FEHAT 1.5 mm R 6040 844 L AZ31 HA4w
FSW B & 3, BB R E L FE 1 pm JEH Mgi7Al, 2
2, i Mgi7 Al MBI A Ak AlsMg,.

%77, Sato 2% [13] Z£3E4T 6 mm [E 1050 4 Al 5
AZ31 8540 FSW B, R MUK R A1E L, Bl E
Wi Mgir Al @& L S Mg B R ALY Shdh 45
1y, KL gE R L. X R, ®IF Mg/Al
RHMEEREG FSW 5EiE e RER. Ft g 0Ext
BIE Mg/Al RffgEMRM FSW #1TER ARG, DA
W R ER FSW SRR RS, R E KN FE
YU M. AL 6 mm E 6061-T651 &K
AZ31 B4 4ifT FSW, BFRIEE TEAE R Y 4 & AR
FEFERT 7 B R4k Mg/ AL R g sEma, JE i if 55 Hoxd %
SO A R ) PERE Y ).

1 ZEHE

Sege AT AR AR 6 mm 849 6061A1-T651 /4
&5 AZ31 BEEHLHMM, LFER REDEL %) 4
1 Mg 0.9, Si 0.6, Fe 0.7, Cu 0.27, Zn 0.25, Mn
0.15, Al &4 Al 3.0, Zn 0.9, Mn 0.3, Mg &4#&. %A
24 mm HREEE R 8 mm HAMB TR 1B
BN 300 r/min, 733 E N 100 mm/min. FH 3
Mg A T MBS SR, BERREr O TER
sgRyhD, 18k M4A4; 7 1T BEES STERTIHEM, BHifk
oo Mg A&MmSE 2 mm, ith M6A2; j= 11T
HEEESTERTHEN, BEE O Al B4 MRS 2 mm,
o N A6M2.

FH] ZETSS Axiovert 200 MAT 448 5. #4%% (OM)
K Quanta 600 31# # 1 B st (SEM) W EEEEAR Y RO
MR, TR (EDS) 75 Hreed 8 A b2 a st
KA EE TREE MR, fIH 3 g (NO2);CgHOH
+ 20 mL CH3COOH + 50 mL CH3CH,OH+20 mL
HpO fyigimsn et iz it KA Leco LM 247 AT i f¥##
JEAL, fE8E 5 PR BRI b, IR 2T e 3
A RE BE AT, A ORISR 0. SR Zwick/Roell Z050
S ARG LI B L A i i i, R I 77 1) 2B R4
i, RFEPTE A 40 mm, 5% 10 mm, £ 6 mm, i
R ARER S 11073 s 1. i il SEM WilEE i o
S
2 IRERSiTE

& la iy M4A4 BE5L FSW L8718 5
6 mm J% 1050A1/AZ31 @y FSW 2L (13 KJH], M4A4
FEAEAS L BUAA B0 TL, TERE kA RS, MRS 2R
B b B A FLIRL. TR X, K Mg #5%



5 T OR%E Bee/6Ea ENHRERRRA L Mg/Al I Rk 216 591

ANBIE AWM, FAMEES LM BB A6 FoRH,
EDS /4 s Al 45 7w B3, A SMmE
BB/ SR E AL, TI7ES & & MRA RIE Mg M
e FSW sdfaeh, m THHEE e, st e g4
SR AR O AT NG Mg B AFIE

Al rich phase

Y

6061 AZ31

6061 i AZ31

B 1 6061 A& K AZ3] 4% FSW A MH BT R T4
Fig.1 Backscattered electron images of FSW 6061Al alloy
plate and AZ31 Mg alloy plate under three welding
ways (AS—advancing side, RS—retreating side)
(a) M4A4, offsetting the pin to the seam between
the two plates
(b) M6A2, offsetting the pin to the Mg alloy side
2 mm
(c) A6M2, offsetting the pin to the Al alloy side

2 mm
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Fig.2 Backscattered electron image of the pores at the in-

terface of M6A2 sample (EDS measured composition
of C zone (atomic fraction, %): Mg 83.6, Al 15.9, Zn
0.5; D zone: Mg 13.6, Al 81.3, Si 5.1)
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Fig.3 Backscattered electron images of intermetallics in

nugget zone

(a) Mg alloy side of M4A4
(b) Mg alloy side of M6A2
(c) Al alloy side of A6M2
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Fig.4 XRD patterns of the nugget zones in FSW joints of
6061 Al alloy and AZ31 Mg alloy under three welding
ways (diffraction peaks of Al and Mg solid solutions

are not indexed)
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Fig.5 Optical micrographs of Mg alloy side of FSW joints of 6061 Al alloy and AZ31 Mg alloy under welding ways
M4A4 (a), M6A2 (b) and A6M2 (c), and AZ31 basic material (d)
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Fig.7 Tensile fractographs of the FSW joints of 6061 Al
alloy and AZ31 Mg alloy under welding way M4A4
(a), M6A2 (b) and A6M2 (c)
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