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Corrosion behavior of aluminum/steel dissimilar metal welded joints and
influential factors: A review

XU Hao, CAO Rui, FAN Ding

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou,
730050, China)

Abstract: Aluminum/steel dissimilar metal welded joints combine the excellent properties of the two materials and have a wide
range of applications in various industries. Due to the great difference in physical, chemical properties and the extremely small solid
solubility between aluminum and steel. Aluminum/steel joints are prone to defects such as brittle intermetallic compounds and
pores, which seriously affect the mechanical properties of the joints. However, the corrosion resistance of aluminum/steel joints has
also received more attention with the increasing applicate and complex applicate environments. This paper systematically
summarizes the research work on the corrosion behavior of aluminum/steel dissimilar metal welded joints in recent years, aiming to
improve the corrosion resistance of joints based on the corrosion mechanism. This paper summarizes the joint corrosion forms, and
discusses the relationship and influence mechanism between corrosion behavior and various factors such as welding process,
corrosion environment, microstructure and intermetallic compounds. At the same time, the corrosion mechanism of the joint is
pointed out, and the measures to improve the corrosion resistance of the joint are put forward from the aspects of various influencing

factors, so as to reduce the influence of corrosion in the actual service process of the aluminum/steel joint as much as possible.

Highlights: (1) The corrosion behavior and influencing factors of aluminum/steel dissimilar metal welded joints were systematically
summarized.
(2) The corrosion mechanism of aluminum/steel joints was discussed in detail from different aspects, and the measures

to improve the corrosion resistance of joints were put forward.
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Table 1 Corrosion form of different welded joints
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Fig. 3 Corrosion morphology and local element distri-
bution of 6082/DP600 non-porous friction stir
welded joints. (a) micro-corrosion morphology of
the joint section; (b) local element distribution"®
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Fig. 4 Corrosion evolution process of joint interface
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Fig. 5 Corrosion morphology of Al/304SS FSW joints.
(a) 304SS HAZ; (b) Al HAZ; (c) SZ macroscopic
corrosion morphology near the Al side®™
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Fig. 6 The macroscopic corrosion morphology of joints.
(a) plunge depth (PD) = 0.3 mm, welding speed
(v) = 125 mm/min; (b) PD = 0.1 mm, v = 125
mm/min; (c) PD = 0.3 mm, v=125 mm/min®"
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Fig. 7 Corrosion morphology of different regions of the
welded joint. (a) AI/WM interface; (b) steel/WM
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Fig. 8 Corrosion morphology of interface between
aluminum alloy and different weld metals. (a)
Al/AIMgMn-WM interface; (b) Al/Zn-WM intrer-
face *”
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Fig. 9 Corrosion morphology of joints with different
welding methods. (a) steel/lWM interface of
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Table 2 Thermal physical parameters of aluminum and iron®

I

o R e I R SR AL B R %L
' Di(g-em ) K C/Jkg "K' MW-m K E/GPa p/(10°Q-m)
FR(AD) 2.7 933 900. 5 220 71 2.62
#k(Fe) 7.87 23800 481.5 66.7 210 13.1

Narsimhachary %5 A PV SR T Ot 5
AAG082/FEFEM Bk, X LU T8 2 B0, #R 4%
Uy sy, MR Sk o i dy, (R B TE IMC 5
JE, Ty 5 T Pl ) 6 A 7 A i Y R AR 8O0, 51 A ™
IS . 7E MIG FE A i3k rh, TR
ATHE, AL TTEY BOE M55, FHE 5T KR
i) Al-Fe /) IMC, £ J& it F iR 56 & ARV i, B
R4 3 py i e, Sravanthi 28 AP S AT T
GMAW Fl CMT PiFh 75k, DL AR CMT 40T
il & B AR AN S ol A O 45 SR 48 o, sk b B
DX S 2 S ol B DX 3k, T LB 2 AR T A2
IMC 2B, 51018 b AU 0, 12 S R 4R 17 Tif
PP, FIREZE Shi 2 N SR K s B A H
SR AR B A FREE T 45 1Y) 1060 51 /85 FERHE
Sk A JE kA v 3 e A S R P T R el AR AR
A, WA E] T AH R 258

g5 b, SR TR T HER I AT o 15 e 32
VST PR A e B A T 2 5, R AR T ASE A 1) B A
T, 4223k BB B R, TSk A ok R
1, PR PR ) T W R T SR, TERR AR
TAMIENT, 3358 20052 e 422 3k i JE 11
FEIHP T4 s B i B 4, 3 Rk
RPN
22 WUAER

O ZH B2 52 b R A P e 1) — A B2
T, FEARIAE b R L AR AYRRIE 0 AR L IRATT L

Z L B R B4 2EL JSRN 43 A S 5 THT . T SO0 2 203 5 1
Wi A S LA K B A AR AR T AR 1k, TR 4 )
4 8 Tl A T SR UL S ()RR ) 32 L me ™ o e
S IR AT oA B 22 i G T A B RO 2 (a-
Mg Fil B-phases), HAIOWZH 20 i 25 hn 177 =X A2
b, AFERARTE | B A SE, DT RIS [m] A i ok
PERE™L. FAT, A HLTA ARy, oML X I
NS0, I B U e 4
JE 3k, TEOULZH 20 AR Al X6 422 Sk B AR folt 1 FE 1)
SRR B T B OGRS A ) A

Anaman N 7E AA5052-H32/DP1200 [FSW
Bekh B, A 10 FoR, FES IR Xl T ALK
YER o =2, Hob b T2 0 ph R b, 222
ERNEZMENERNMES R TZHEEDR
DP1200 S92 B, I HAEMR B A MTE T T 51k
BSLPAR b Rk AR A T AR AR, LA LG AAR A
AN T S ) A5 . A B EC A 5 ] T Bk R
& Z (BB B A 500 5 | S A A BE AR B Bk AR &
AT s TRTESE 2 /NG ok, BT AR TR, I3
T SRR SRR AR AR, R T RN B
B, e TR k. Li 48 A" £ RFSSW il £ ST
AVTO6Z HEEF L b A B, Bk FE X 414U
Al RSG5 Zn 2388 00 Z2AREEH, S0 A 16 fh Y
Zn, Mg JC R B ik HL LA, (A5 7E J flad 2 v i
e e & A T A, TR P S ok, 3 000 X % i Aot
PERFAR, I LI b =30 I 1 % it 7% 1y ik A il 25



122 B

¥k

% 45 %

G L LN P e R R L €
FSW BRHE T2 |, SR IX 200 A A A 4
PR, 5 DEIFAZ XU 2] LR R T B A A
T, IR X A B S e At e .

et : e e

ND
™
WD

B 10 EEElEmnEnan

Fig. 10 Macrostructure of welded joint section™”

23 BRHIR~t

A R A Ak AR 4 e S T s I 3% PR A T R e i
PREURME, 2T Ak ST X 8 DA T A 52 W B 58 IE
AT i — s R, B SRR S S R AT Ry
Z IR R Ko AL, 78 K ik s g i 1
AR 4sie.

A A AT H L A0 Ak B TR A A 118 i ek A
TR, SR Ak, SRV RERN, SR IR A T B
R R BB 2, 40 Ralston 25 AP Ik ok
RGTi/INBE A 4 3R T HA 3 2 A AR, 7T LR
PR AZ . Zeng 25 AP 145 1, Mg-Li-Ca &
G TR R ST /N, tierE sE R by, - B IR
3 FR R ) ST A AR SRy A B il DG TR/ K e
Sk, Ma 2 A\ P% 75 HB S h R B, TE kLR~
BNE RS Y BT 20 HLIES 9t Ak IR ok
FEY))Z, TRV Ak R fek A 3 2t 2 PR ok RO B ok
JINTIT G /)N . 65 BRA B IF 9 A B, X 5% o 4 i
B EREA SRR, fR R ST RS R O — 3K,
BIVBE R ks R~/ IN e o 4 e,

A, A BT 2 BH ek 44k 2 3 AT RHY) JE
PhABURE, FEEIRLE R kB TER RN S I AT R
TR BRI, NN S PEA A5, ASF T AL AR
Fase . Bl an, 2E58 /3 ) FSW 23k 1 8 mhu i 52
F 3k d R RS 55 R R 3 D AH G, A 42 ok B
K, Arobr AR /)N, DRI il A T BB RS, 3R T 9 R
e, T ol 22 00 B K 7 Anaman!™ BORIFSE s
5 T[RRI LSS, BEAh, AR 1858 I8 R T 4 /)N
FA) A S B0 A A TR AR, 389 RS [] A =2 1] A 2 A T
G AN i e R @ VAR O A 1 T S
Mahto 25 A9 72 SCAY FIR4E L, A 11 FF R, 42
R AN R ) AR AR R 52 e By i AH A8 43 A, T
Hr H A 55 ] R (R S A 22 Te) T2 R FL A 85 7, 18 o 35
A B T b e, R A2 S R T ek L B P (AR

2R R UM S R AL P ROAT I, REAS I/ NN — D
JE I AU . 5 B AR LE, 4 DX R Y 3 25
FRES L FIDTIE D) TR i, B 1 AR FEAE i 14 i
b

0.10

31.5 mm/min
63 mm/min
0.08 B8 125 mm/min

0.06 |-

0.04 |

JEMER V/(mm-a™)

0.02 |

.
- DN
0.1 02 0.

%%EZ%E PD/mm

B SRR E R ERENXRE
The relationship between corrosion rate,
welding speed and plunge depthlzs}

B 11
Fig. 11

24 &REEKEY

MRS, FEE T ZEZU M Z
Wi, 4223k 28 H I R A AR I 28 AL O TR
FHIE H AR AN ] T IR 9 BT A7 A AR, AT AR R]
T A B A3 TN SR AR 2 4 AR S TR S A
FEAALES B MALA YA AIMC). I 224 K Al AT
HHRF 468, 3o AR B4 B W 8 S B i 47 B,
BIAARGE A ) MnS JE 22381 A0RH A h fsR
FEE IMC K2 & TRE WA, — BT 42 2 bR HL
R TS ol JB8 b B, e AR R S A TP Y
Nis Al B5L48 75 4 v ol ), (H 93— 7 T o 38 n 4
LI b A BRSPS USSR AN AEAE i 3 Sk 4
BRI, AN[RAE 2 B) DR el i A6 22 SR AR 25 5 T8 B
TSN, 25 55 5 e SR B poh ) e A=

TERR /N S 4 T Kt et Sk rh, HBUHIAL 25 50
— BT Y Fe-Al IMC™®. 388 TMC 58 % B7E
PR Rl RE AL 22 (8 DA SRR A 5 AR 5% 4 T8 2 ], T
IMC FiJ&] [l A A 2 T A A S Tl 5 22, TS 2
T 3 4 ST DX 38 75| RS 1) RO 1) FL S TS L AR T
IMC HTHHZE T2 AR, 23 ASF RIE SRR
St X T Sk B AR A IR AT SR 1 B T AN [
VFZ WG E I — 71 &, DAASTR] £ 2 40 b
THE T IMC X Al-Steel 4223k B 1T A Y SZ M. 55 3
MEE T NI EEE L IMC RN, A P RE i T 48
1) 7 1) AR 25 R 2 3k vh, IMC RS/, T
FESR IR TR 28 e v, b T R A R A



%78

TR, % 4B/ R 2 B E BB K AT

N R EEEE R SR 123

* 3 fRANIEEESFE IMC
Table 3 Summary of IMC at the interface of aluminum/steel welded joints
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Fig. 12 Corrosion morphology of interfacial reaction
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