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Abstract: Friction stir welding (FSW) process and interfacial characteristics of 7075-T6 aluminum alloy with 3 mm
thickness and low carbon steel were investigated. A cemented carbide stirring tool was employed with spindle speed of
1 000 r/min, welding feed rate of 20 mm/min, shoulder plunge depth of 0.2 mm, and pin insertion depth into steel plate
of 0.1 mm. The microstructure of welding interface and diffusion behavior of Al and Fe were analyzed using scanning
electron microscopy (SEM) and energy-dispersive spectroscopy (EDS). The results reveal that Al and Fe undergo
inter-diffusion at the interface to form a hook-like structure and a mixed layer where fine steel particles are embedded in
the aluminum matrix, enhancing hardness at the interface and forming a brittle zone with a microhardness up to
416.69 HV, which is significantly higher than that of base matrix. Fracture predominantly occurs at Al-steel interface,
which initiates from Al matrix side with partial Al adhering to the steel surface.The steel side is characterized by mixed

ductile-brittle fracture, while aluminum side displays brittle fracture.
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Tab.l Chemical composition of 7075-T6 aluminum alloy %
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Si Fe Cu Mn Mg Cr Zn Ti Al
0.139 0.291 1.383 0.092 2.525 0.208 5.776 0.043 Akt
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Tab.2 Chemical composition of low carbon steel %
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C Si Mn P S Fe
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Fig.1 Schematic diagram of aluminum-steel overlap welding

R4 58 T FH HL K AE 400 0V T T AR AR 7 1 A
B 2 3 3k 4 MR RE AR R ke A AR AR R ST R
25 mmX30 mm X6 mm, & WF B Mot )E ., R A H -
SUS000 #d7 % 55 49 i o 55 00 58 50 0 45 & 5t 1 8 3
ol OB S . R HV T-1000 8 %05 =X & R 2
0 G R B, R R 100 N, 28k i ] K 15 s 5 B 4
5 H 5 WL ZE SR 1T H 57 SUS000 #4437 & 5 $1 48 f BE s
2 Pk fig 42 % ] Wance ETM1015D 3 ML 35 6l s 7 5
Al 50 AL, P A KRR i P B R B O 3 mm 9 B M R A
BFE T RG, BKE  160 mm, i3 RE OF 47 B SE N
12.5 mm, F47 K & 60 mm, JE 15 Fr BE 35 mm , 37 {81 3
R 2 mm/min, T 5 TR 5 )it 0 2% 7, Sk PR IE 2
i J7 1) 5 4 B BUTFAT A8 R 1 it e R AL i
i) 4 4z

2 KL R S

21 SHEFEHE

Pl 20 7075-T6 f & 4 /IR B AW 100 P JBE 52 0 A 4 5
T 5 AR T AR TR, AT LR Sk O R L S
X b5 N7 R BE . B E RS R TR
AR PR A o A BEPE R A BRI 7 AR Y B 5 AR
o 9 0308 7 3K B PR AR o [R] I 458 P B 1 o i
TR AP 7, % B0 R R AT R 2N 0 BT 1 A



7075-T6 55 A 4 R Ao A 43 1 B8 488 A5 5 1T 1 465 #

AR BHDL SF

BEIE o 7 o G PE I AR op 3 PE B B0 % A gk 45 7 1)
J1 AR A AR TR B /N JORE AT AN B L R B AL
4 4 B 6 A S A B PR VR T S B e e s 40
/N AR R AT, K B DR /IN AN B 50 B B R R e A B
TEON L AR R R R A B R A IR S o B A TE
S T S 100 DI B A DR O TR AR A i
B v 1 A9 -5 AR Y Ak X3, e AN IR R Al R 22 1
B UL 5 R A b A TR R T B O I B B
JZ o AR BT B X, B A B AT 5T VAR
P URR ST , T T P ) 0 A AR AR OROBOR B, R R A
WTTH R ARG/ T e ST 0 TR IR 5 A LA
L5 RAE , 2532 B BAHLIR PR B9/ T, A9 0038 23 5 ) 4k
e, KA 1 BB B, e Rl R ABERE B A e R AR T,
BB 00 BB A A OB ek A A A0 4 R 4 Sk 1) B I Ak )
BN AR IR ZERTHEM CASO FIR B M (RSTE LT &
1,08 RAPIREE R o TR AN Sy J i AR 4 AR
P Sk B DI PR RE

P 3 0 A5 48 L O AL 4L, ] LA L 0 /A 4 ok
G THI AL 31 A7 A6 P 0K 25 K AL AR S5 H o AR R AR
L A DX R Y BB B AN TR] o i B X RS2 B 4

A 300 pm
(2) JE B Mi(akt)

(b) FrII L (bAL)

7075485 4

Je AR AT

BN

B2 sa/MBLHEERRER YR
Fig.2 Interfacial morphology of aluminum/steel friction stir weld
joint
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Fig.3 Microstructure at the joint interface
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Fig.4 Linear scanning results of Al and Fe elements across the

interface
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Tab.3 EDS analysis of selected points at the interface

25/ %

(A= A
Fe Al Mg Zn Cu
A 11.14 81.32 2.02 4.09 1.17 FeAly
B 93.38 6.62 0 0 0 Fe
C 21.53 71.00 1.68 4.59 1.20 Fe,Al;
D 14.29 78.29 1.98 4.32 1.11 FeAl
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Fig.6 Microhardness of interface
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