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Characteristics of precoating T1G welding-brazing joint of
aluminum alloy to stainless steel

SONG Jian-ling, LIN San-bao, YANG Chun-li, MA Guang-chao

(State Key Laboratory of Advanced Welding Production Technology, Harbin Institute of Technology,
Harbin 150001, China)

Abstract: Dissimilar metals TIG welding-brazing of aluminum alloy to stainless steel was conducted using Al-Si eutectic
wire with precoating special flux layer on the steel surface. The microstructure characteristics of aluminum alloy/stainless
steel butt joint were analyzed by OM, SEM and EDS, and the tensile strength of the joint was measured by instron-testing
machine. The results show that the aluminum base material is melted and mixed with the liquid filler metal to form the
welded seam, which consists of a(Al) matrix and Al-Si eutectic phases in the intergranular. The stainless steel is not
melted and reacts with the melted metal to form nonuniform intermetallic compound (IMC) at the welded seam/steel
interfacial layer, of which the thickness is less than 10 pm. At the upper part of the layer, the IMC is thick and presents
serrated-shape and consists of a(ts)-Al; 4Fe,Si phase, while at the lower part, the IMC is thinner than the upper part and
presents thin whiskered-shape and consists of a(ts5)-Al; 4Fe,Si+a(Al) mixed phases. The average tensile strength of joints
is 90.6 MPa and the fracture starts at the lower part of the welded seam/stainless steel interfacial layer, which is the weak
bonding zone of the joint.
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1.1 SKIawt#d

SCIGRER A SA06 BiiEE4EF1 1Cr18Ni9Ti A4
B, AR 3.0 mm, FFADRLI 22 RS gk 1 R
X2 FrAl, PIRRERH BRI BEXT L2 3 BT, S

R1 5A06 BFEEAR L N

AR AR 1.2 mm [ AA-4047 FEAEIL SR 22,
PRLL o (R0 %) A Si 11.0~13.0, Fe 0.80, Cu
0.30, Mn 0.15, Mg0.10, Zn 0.20, Al 4&xi; 1E2u
i R 577 Co SEH R OR T R E A S 1
Nocolock AL, T4 h KAIF,. AlF;. ZnFs
D RABE TR

12 SKIEiE

BRI 100 mm X 50 mm BRI 2E,
PR TG, A T VOBS T,  H
FANE N A5 2T, RS CUf S 30724 AN 22
Jil R0 4G 2% R AR 3 T B 3 11 i T PR 2L L Sy 55
TR S TSRO0 R G, I R
RE AT 700 FE AT R R 1) 5 v S AN B A 3 11 g
S BT R b R, v AR A6 AN 2
TR E o SR AN L R AR AT I, i Hbi T
2 mmX 8 mm B K EAE, 0RO 1.2 mm A
s KT BEACH TIG T, T 255
e SRR 120~150 A, HEITHKE 3.0~5.0 mm, 4§
FEHEFE 100~150 mm/min, %2238 F 400~600 mm/min,
G 10~15 L/mine MR B W& 1 Js.

PR GRSt AT U)W R IR, R
FHAAHEERD 4542 300, 500 800 SHFITEE, 4RJ5H
B4 1 pm &R IEHRIE, %S R G
2 KR A 4 RERR ] Keller A1 mL ZU0IE+1.5
mL R+ 2.5 mL AR 495 mL /K)JE i 3~5 s; ANEEN
S P F(CuS O, 4 g+ R 20 mL+7K 20 mL)JE ik
5~8 s Tl ARAE . A S AH S A (OM) 43 BT 2 3 7 W

Table 1 Chemical composition of 5A06 aluminum alloy (mass fraction, %)

Si Fe Cu Mn Mg

Zn Be Ti Al

0.40 0.40 0.10 0.5-0.8

5.80—6.80

0.20 0.000 1-0.000 5 0.02-0.10 Bal.

# 2 1Crl18Ni9Ti NFE KL 24 By

Table 2 Chemical composition of 1Cr18Ni9Ti stainless steel (mass fraction, %)

Ni Cr Mn Si

S P Ti Fe

8.0-11.0 17.0-19.0 2.0 1.0

0.03 0.035 0.1-0.8 Bal.

F 3 5A06 A5 1Cr18NIOTI ANEEAH (M) B i

Table 3 Physical properties of 5A06 aluminum alloy and 1Cr18Ni9Ti stainless steel

Material Melting point, Heat conductivity, Density, Linear expansibility,  Electrical resistivity,
#°C AM(W-m K pl(gem™) AI0°KY p/(107°Q-cm)
5A06 580 117.2 2.64 24.7 6.73
1Cr18Ni9Ti 1 450 16.3 7.98 16.6 7.4
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Fig.1 Schematic diagram of TIG welding-brazing
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Fig.2 Cross-section of aluminum alloy/stainless steel TIG

welding-brazing joint
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Fig.3 Microstructures of aluminum alloy/stainless steel TIG welding-brazing joint: (a)~(¢) Magnified micrographs of regions A~E

indicated by square in Fig.2, respectively; (f) Magnified micrograph of region F indicated by broken square in Fig.3(e)

BRI VAT (A% R A A SR R4, R I AR
ZEPY SioCEH IR B A HGBIE, R ALST 3L
mAl . T e ERARNRER, FREILnS
DX PR A S A T B KV BT T T G A A, T
I H TS X7 [ A AR e 4R

23 SRBEUEMEEMREERK

Xof KRG/ AN AN ST 4 TR A6 6 0 2 AT RE TG 4k
FHEHT, FAREDIR A R 4 Fros,  FHHE Rk
O HTEE RN 4 FTa o R S 2 13, 528 TIG
G2, AT RS ANEE AN S SN 784
TERL T o385 —Sum e R & Bk &2, i
4)FT. G5t Al-Fe-Si = o&4 A BN SR fE ik 4)
Fra RAEN, @SN a(ts)-AlyFe,Si #, 7]
I 4 8 AL A0 3850 Fe Bl Cr Je 284, TR a(ts)-

Al ,Fe(Cn)Si Ao X 5 80/ 40 o g0 & 58 5t 1 A= ik
O-FeAl; Fl n-Fe,Als AU RHOEA R K2R, KEH T
SIS R TR RS R 22, IR R A
i 10%01 Si 2 5 [ NG [, {EAfzid i
ASEPRHE AN BEA KB B AR MDE 2 AL Si
LRV HZ, RIG, BB, TR
A7e5r, PHUZRME, Al Si GETERM; ARk
R AT R [ ao it o DA e 2 o Ao T B /Nl
YR AL-SE LS AH, W E R .

LA S )2 N, A N B S, At
)24 & AL D R R & R AR KN4, 4
e T 2 WA e A vA 038 5 5 1) S 2000 1) A 4%
XA, FEACRZ MAEE s a4, WK 4b)Fis. H
K 4@ LA, SEREEDE 0 A2 ST
JREEON AL B8, S5 A TR a(ts)-Aly 4Fe,-



EBCE S WE

SRIEVE, S5 B E SN R B I TSk R R

1213

(a)

IMC layer
Welded seam

Scanning line

Scanning spots

Stainless steel

2um

.

Welded seam

Scanning line

RIENLTERNMEY Stainless steel

Zum

B4 &b ayREFmmai

100 (®)
Welded seam IMC layer  Steel
80 ! g
. 60F =—Al g
N *—Si
T 40 tTFe
v—Cr
201
0 10 20 .30 40 50 60
Distance/um
1001,
IMC layer  Steel
80 N
o 60f " Al Wllgh, AP
3 o oz )+a{ﬁ); 4 |
= | ~«—Fe 5 a(zs)
20
0r

20 30 40 50 60
Distance/um

Fig.4 Line scanning results of IMC layer in steel side: (a) Upper part of interfacial layer; (b) lower part of interfacial layer
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Table 4 EDS analysis results of intermetallic compound

layers in different areas (mass fraction, %)

Main element

Area
Al Si Fe Cr
A 02.91 01.16 67.79 16.74
B 61.72 08.63 21.12 08.00
C 62.49 09.02 19.63 07.36
D 65.46 09.74 19.18 05.08
E 69.33 29.17 00.73 00.00
F 03.79 01.35 68.39 16.99
G 60.88 10.49 20.21 06.88
H 64.28 11.52 16.52 04.72
1 75.52 16.86 01.66 00.21
J 88.17 04.75 03.69 00.41
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Aly4Fe;Si Ao [FIINAEAMINAA7E — T AL, Si Jo#
YUz, ERsE R B E ALST Shd

Bl 1 AR
TIG firF AL 1R AT, LT
AR 0 R 2 1) 22— 2 37
A T T AT RO . SURT AU R A
BTN, LR MR K SRR, B
U2 B o 1

1 =kot" exp[-Q /(RT)] )

ot 1 GBI IRIE: « X RBINIT, n
NP TG 0.5): ko 38 O My Ot A
ROWAHHS T h R .

ENOLL A A oy e
JE 1 SIS SR Pl TIG Bl
A BRIV, DR b L 2 I
W~ R R T, 4 12 2 A
Ao SR L I BT R B 5, BT
S o L Y A L 6 8
BER MO R IR, ST M 0 R A
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