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Influence of Zn Interlayer on Structure and Properties of Mg/Steel Friction

Stir Lap Welding
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(1.School of Materials and Chemical Engineering, Hubei University of Technology;
2.Hubei Provincial Key Laboratory of Green Materials for Light Industry;
3.Hubei Engineering Laboratory of Automotive Lightweight Materials and Processing)

Abstract: Friction stir lap welding experiments between AZ31B magnesium alloy plate and DP600 high strength
steel plate were carried out. The effects of rotation speed and addition of Zn foil intermediate layer with different
thickness on the macro morphologies, microstructures and mechanical properties of magnesium/steel lap joints
were investigated. The results indicate that the addition of Zn foil intermediate layer has significant effects on the
strength of magnesium/steel lap joint, where the shear load of the joint is firstly increased and then decreased
with the increase of the thickness of Zn foil intermediate layer and rotation speed. The shear strength of the joint
reaches the maximum value of 104 MPa and presents a mixed ductile-brittle fracture mode when the welding
speed, down pressure, rotating speed and thickness of Zn foil intermediate layer are set to 80 mm/min, 0.1 mm,
900 r/min and 0.05 mm, respectively. Mg reacts with Zn at the magnesium/steel interface to form MgZn,
MgZn, , Mg,Zn, and Mg, Zn,, intermetallic compounds. The elastic constants and modulus of Mg-Zn intermetallic
compounds are calculated by first principle method. The results reveal that most of these intermetallic compounds
exhibit plastic behavior except for MgZn with minor brittle performance.
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Tab.1 Chemical composition of AZ31B alloy and DP600 steel %

wp

Bk

Zn Al Mn Si Cu C Mg Fe
AZ31B 1.1 3.3 0.3 0.02 0.04 - A
DP600 - 0.03 1.3 044  0.02  0.09 - A
| 75 2
ZnEPfEJE\ zf = M\\_\ %
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Fig.1 Schematic diagram of magnesium/steel friction

stir welding with Zn foil intermediate layer
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Fig.2 Schematic diagram of tensile specimen
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Fig.3 Macro morphologies of magnesium/steel friction stir welding AR ﬁ% Eﬁﬁ:ﬂﬂ% Hh R 9 8 F%ﬂi W NI ﬁ( L
lap joints under Zn foil interlayer with different thicknesses T)ﬂﬁéﬁ%ﬁéf}‘t{}ﬁ,ﬁﬁ °
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TF A1 hook £ # k) hook 4 # T4 hook 4 # ] hook % #
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Fig.4 Macro morphologies of cross sections of magnesium/steel friction stir welding lap joints under Zn foil intermediate

layer with different thicknesses
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Fig.6 Micro morphologies of joints after Zn foil addition with 0.05 mm

K2 HMM0.05mmE Zn FELRXFEDS &R
Tab.2 EDS results of joints after Zn foil addition with 0.05 mm

5 xp/% G

Mg Zn Al Fe il %

1 54.13 34.99 5.29 5.59 Mg-Zn

2 58.83 29.49 4.89 6.78 Mg-Zn

3 48.44 46.54 3.9 1.12 Mg-Zn

4 58.99 16.47 4.51 24.03 Mg #{k+Mg-FeZn
5 60.14 24.49 4.09 11.27 Mg %4k +Mg-Fe-Zn
6 64.27 31.41 41.28 0.03 Mg-Zn

7 54.26 39.62 5.59 0.54 Mg-Zn

8 69.02 23.38 3.71 3.9 Mg 3:4& +Mg-Zn

K7 5% Tm 0.05 mm J& Zn §6 A ] JZ 45 K iR 10
FREE K. AT RLE . SEAF /R Mg, Zn Fe 25>
A IR B 255 X I RS 1Y Zn 5 9 MR A 1 Bk S
B A T8 OB A2 T AR Mg-Zn IMCs 2]
GrAitE Mg . SEE0 500 245 B D i Fe 7778, 1
THT 1R, Ak Mg Zn K44 . Fe #5000 1
TEAL G W) 2Z 18] BEWT Zne (40 1A FHORE XE L EL 5 1) 9 Ao
BERE BI85 & AR L T B/ B R AR Zn N AFTE R
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Fig.5 Micro morphology of joints without Zn foil interlayer
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(a) #H X @ (b) Mg & 42 #% (c) Fe @12+ (d) Zn & 12 4%

(e) L4 R R @ Mg (D Mg @ 424 (g) Fe @ 4345 (h) Zn @ 424
B/ 7 A 0.05 mm F Zn P R4 kKA & 2248 4 0

Fig.7 Energy spectrum of joints after Zn foil interlayer addition with 0.05 mm

(a) 600 r/min (b) 900 r/min (¢) 1200 r/min
B8 FRE ik TARMm0.05 mm F Zn 1) B4 kXA KR @ L BT R

Fig.8 Micromorphologies of joints at the interface in stir zone after Zn foil interlayer addition with 0.05 mm under different rotational speeds
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Fig.9 Schematic diagram of joint interface after Zn foil interlayer Fig.10 X-ray patterns of different specimens

R3 BERHUHESER

addition with 0.05 mm under different rotational speeds

i‘ j]l] T Mg-Zn B ETJ’“CA% EI/J A#A Tab.3 Results of elastic constants GPa
KT % Bz R Ee 1Y Castep F2 1574, 40 9 A Cn  Cr  Cus  Cs  Cu  Cw
MgZn 82.40 23.20 22.80 96.30 29.40 28.20
) A1 o 4 J
T MgZn.MgZn, . Mg, Zn; Fl Mg, Zn,, [f] it {4 45 1 JF MaZn, 93.60 80.70 17.60 140.90 25.60 6.50
AW e . MgZn,MgZn, \Mg, Zn; . Mg, Zn,, Mg Zn; 115.95 38.59 30.68 99.15 33.19 35.81

Mg, Zny, 119.40 42.40 42.40 119.40 34.50 34.50

1 R RO 3.
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Tab.4 Results of modulus and Poissons ratio

bl B/GPa G/GPa E/GPa v G/B
MgZn 42.93 29.48 71.97 0.22 0.69
MgZn, 85.00 17.94 50.28 0.40 0.21
Mg, Zn; 64.38 35.39 89.72 0.27 0.55

Mg>Zny, 68.07 36.10 92.03 0.27 0.53
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Fig.11 Shear strength of magnesium/steel friction stir welding

lap joints under different processes
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Fig.12 Microhardness distribution curves of the joint
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BE G EAETE MgO SBb ik ERE. SRz
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Fig.13 SEM fracture morphologies of joints under different processes
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Tab.5 EDS results of points in Fig.13

o) xp/% Wﬁﬁ‘
Mg Zn Al Fe 0] PEEENY

1 2.39 0.12 0.85 96.64 — Fe
2 3712 0.43 2.83  20.57  39.05 MgO+Fe
3 66.72  27.97  3.86 1.45 — Mg+ MgZn
4 49.53  45.53  3.20 1.62 0.12 MgZn
5 52.20 43.56 4.15 — 0.09 Mg-Zn
6 42.84  53.11  2.89 1.16 — MgZn+MgZn,

IrRE . W RS WG IR S W I 13b, X H

fLE R 3.4 JEAT EDS g 0] LU L B3k Bk XK A7

fE—28 MgZn # . JE AR 73 9185 - (AR 45 I Zn §6 )5 4%

KAV PERE SR T o TE FAGE R DX I8 LAY BT 12 BLOR Y

W RIE A W AR E P R, HBe F
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2 % X W
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