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Fig.1 Microstructures of base metal 5A06 Al (a) and AZ31B
Mg (b)

%1 5A06AIF1 AZ3IBMg EEXFHR D SHfuRE
Tablel Nominal chemical composition and tensile strength of 5A06 Al and AZ31B Mg alloy

Chemical composition, /%

Alloy Tensile strength/MPa
Al Mg Zn Mn Si Cu Ti Ni
5A06 Al Bal. 5.8-6.8 <0.2 0.5-0.8 <04 <04 <0.1 0.02-0.1 - >225
AZ31B Mg 2.5-3.5 Bal. 0.6-1.4 0.2-1.0 <0.005 <0.1 <0.05 - <0.05 >305

| AZ31B Mg RS

2 BREELABERE
Fig.2 Welded joint and welding schematic diagram: (a) oblique butt joint, (b) composite butt joint, and (c) Al/Mg FSW process



© 3902 -

G E A R M

528

joint). AJTEHIE, ¥ AHWEMES Zn BN
23k € XN E Ak (composite butt joint). A &
A e MR & S 1E — 8 IR JE AR AR 3 2R T iR
G N, TS ) 5 BE TR AL T TR X (TMAZ)
SN e I v e i AR LI v A R TR 2 € 22 S L |
0 #A 9 78.5° 5 4 #E At A G R FF — B, WA 2b FroR .
MK E RN 4 mm, %8N 2 mm, 2 MK EE
A 3mm, BRI 1 AMEESERTN 6 mm, A
il R JEL AR 0 A M 9 ) R, RS B TH K RN 12 mm,
JEREER 2 mm I HEHBEM . B 2b LRGSR~ Zn
A RN, P EEK Zn AR RN 2 A
Wl e fE AT M (AS), B & e AF vk bl
(RS), EHFEH S B dosrse /9 2 mm, K] 375 r/min
(56 3 A 23.5 mm/min (K 4R 32 0 g,

K MR5000 {5 & 4 A0 % 0B (OM) FI R A
AETE (EDS)HY SUL510 47 4 H 7 & S8 (SEM) X 45/
B FSW kA MAREAT . RAEEAE
7 D8 advance B X 5 2 A7 5 A (XRD)#EAT W FE 1142
AT . A2 MTS HLF 42 2 5 A8 50 M1 _E X 45 /8%
$% LA 0.1 mm/min (1900 %8 FE T #3847 R il 5%, B
3 PR EE RN, i fF & ASTM ES/E8M-21 #rift.

12.5
o
20

RI2.S 7£
25 1 . 65

133

K3 Al R

Fig.3 Dimensions of tensile specimen

Mg side interface
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Fig.4 Morphologies of weld surface and joint interface: (a) weld surface of oblique butt joint, (b) weld surface of composite butt

joint; (c) oblique butt joint interface, (d) composite butt joint interface
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Fig.5 Microstructures of interface on magnesium side of oblique butt joint: (a) macroscopic morphology of joint interface;

(b-d) microstructures corresponding to locations “b-d” marked in Fig.5a

*2 BESPELDEDSHAMER
Table2 EDS analysis results of points marked in Fig.5

(at%)

Point Al Mg Possible phases
1 35.43 64.57 Mg+Al;Mg7
2 37.55 62.45 Mg+AlxMgi7
3 58.91 41.09 AlsMg,
4 44.37 55.63 AliaMgi7
5 61.06 38.94 AlsMg,
6 39.71 60.29 Al;sMgyy

6 NEGHSLMBEM A MW AR, HEE
M F T 43 S Aw i 5 A S8 X 45k . & 6b g B 2 AL
T REBIIAE A AL B, AT LA LY A B 4 N 1)
KA IRA L, HEBLAATTRER Zn 1 H 2 E
AT 72 A B JR SR A B R o [A) B AT LT 6d (X 3 32k B
M) 6g MOKTES, 530 H K1) 2 4 8 AL T A2 B
A, AH LG T B 6b WP TEAZ B4 /A &, I DX A A
AR E . BIEE 3 19 EDS 247 7] %146 K& 6b
5 6g )% sk # S Al Mg. Zn3 iR . K
7 R 6g F ) h XIHEAT EDS JG & [ 4 1 7
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6 B AR B T W 4 AR

Fig.6 Microstructures of interface on magnesium side of composite butt joint: (a) macroscopic morphology of interface on

composite butt joint; (b-f) microstructures corresponding to locations “b-f” marked in Fig.6a; (g) magnified

microstructures corresponding to location “g” marked in Fig.6d

*3 E6PESEDSHOINER
Table3 EDS analysisresults of the points marked in Fig.6 (at%)

Point Al Mg Zn Possible phases
1 20.98 55.57 23.45 AlsMg;1Zns, MgZn,
2 24.28 58.08 17.64 a-Mg, AlsMg1Zn,4
3 20.15 54.97 24.87 AlsMgi1Zng, MgZn,
4 22.52 54.73 22.75 AlsMgi1Zny, MgZn,
5 13.72 48.77 37.51 a-Mg, MgZn,, Mg,Zn;
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7 Kl eg m“h S HB{X KK EDS 7T &K H A
Fig.7 Morphology (a) and EDS element mappings of Mg (b), Al (¢), Zn (d) corresponding to area “h” marked in Fig.6g
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Fig.8 XRD pattern of interface interlocking area

JEAR R/ FSW i, FER —JEE i b,
2 I 25 PE S AR 4% vh O 28 10 BE B 0 i i BT, A
b, TEARTE R RS R 2 A SRR TR %
He Sk B0 ST IR BLIR AR, XS BT H R
FEJ5 1) BT AR B IMCs & B 2% T R #2823k
5 Ah REAR T AR R IMCs JE R BN K, B
) 5 T 1) 42 8 TE v B AR R R R 2 RAE R BBEARTE .
XF T 2 FpOAEEBL R e Sk N A 6, R LR
~ A ()P

é=7 (D

X, e M e 2 RO TSN R B Ry, 1 BE S T AR 2
R AZ R IR], R, Ron BEFEEFHIEA2. W ¢ AT o (K

Z i),

R,/t=Rw 2)

X, o RS I e 5 .
FSW H# 5] 1) B A8 7] 7R 9 3 (3):

&=In[(h+2R )/h] (3)

Hoyos % NPUHE H

A, BN TMAZ 5% (mm). W B4R % & n]
K N(4):

_0
§=Il(h+2R,) /7] (4)

ARIerr, AIARE L b A R — 5 R A B AR
GRS E R & o LUK 9 i XA A, b DXk
PR R, MR PEEFE o 435079 5.31 mm Al 375 r/min.
P4 A E 9 [F— B R LR E% 0 2k 5 B0 St T B B nT
RIS E G HLN b 2 AA 1.39 M
4.32 mm. FEXEEARNR (), IR BIR Rk
R AL R A TH R 354 13.48 #1775 571, ik
FIHITE, ARk 1 N AR T 3R ) AR TR ek

TER/8E FSW /i, KM EALL RKE
(1 2 A RO, 3K A A R 5 R 1 B 3 B
PIAE R R AR 0T 3 B 2 (9 A 5 4 4
I A MR AR /B ST AL . N T E AL, 1E
[Fi) — J& B 1) IS % T B e 5 AR A R £, BT AR
I REAR T8 2, AT 3 B3012% S T 1) 2 Ao B or A



* 3906

G E A R M

528

FEFEAR, AT BEAR T 45 5 R BE R T I T HIOE .
B R4, BT RLANIE B 6c AT 6f 1) IMCs &
FEAUH 3.9 5 4.5 um, FHAH T R0 4 S e i
SN B R N AR T R IS s T 6e 1Y DX R O RS
R BB B R A, T R 4 O R IX
AR S R Ry, X 5 5d R 4 Sk BE ) B T JEE
IMCs J& 238 21.7 pm.
2.3 BELNFHwE

10 2% MR85 55 G 8k By - R AR
2, WME kPR R E N 2.7 MPa, HE &k
HP PR EIE R T 32.3 MPa, $27F7T 11.9 1%, &Ixt
PR S AR BN FR TR TR il 1 )R B AN 3 S0 A A L
LR IMCs, BB Fh 2 B i th 2k, BB 4c
WA BN A A AKEN 21.2 mm. MEERE

6.70 mm
e

KO R — B AR 4 0 2 15 B 00 7 T B R
Fig.9 Distance between weld centerline and magnesium side
interface on the same thickness: (a) oblique butt joint

and (b) composite butt joint
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butt joints

11 R 35 5 A 4k i 1 ROu e 3

Fig.11 Fracture morphologies in upper (a), middle (b) and lower (c) areas of oblique butt joint; fracture morphologies in upper (d),

middle (e) and lower (f) areas of composite butt joint
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Effect of Interfacial Interlocking Composite Zn Interlayer on Interfacial
Microstructure and Mechanical Properties of Thick Plate AI/Mg FSW Joint

Sun Jifeng', Ke Liming'”, Xu Yang®, Xing Li'*
(1. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong
University, Nanchang 330063, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(3. Zhejiang E.O. Paton Welding Technology Research Institute, Hangzhou 311215, China)

Abstract: For Al/Mg friction stir welded (FSW) joints, when the thickness of base metal is too large, thicker brittle and hard
intermetallic compounds (IMCs) are easily formed along the interface, which makes joint formation extremely difficult. In this
research, the interface interlocking composite Zn interlayer was innovatively used to study the evolution of IMCs at the interface
of thick plate AI/Mg FSW joint and the change rule of joint performance. The results show that a low melting point eutectic layer
(Mg+Al,2Mg;7) with an average thickness of 69.7 pum is formed at the upper part of the magnesium side interface of the oblique
butt joint, and IMCs with an average thickness of 42.7 and 21.2 um are formed at the middle and lower part. The IMCs layer
consists of Al;;Mg;7and Al3sMg,. Compared with oblique butt joints, when interfacial interlocking compound Zn interlayer is used,
Al-Mg-Zn phase (AlsMg;1Zns) and Mg-Zn phase (MgZn,, Mg,Zns) are generated locally at the interface, replacing the
original Al-Mg IMCs with a minimum IMCs thickness of 3.9 um. The tensile strength of the joint is increased from 2.7 MPa
of oblique butt joint to 32.3 MPa of interfacial interlocking composite Zn interlayer joint, which is related to interfacial
interlocking effect and thickness reduction of IMCs.

Key words: thick plate Al/Mg joint; friction stir welding; interface interlock; Zn interlayer; mechanical property
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