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Abstract: Revealing the evolution and deformation mechanisms of interfacial microstructures and defects
plays a crucial role in regulating the interfacial microstructures and properties of Al/steel dissimilar joints.
However, conventional characterization methods are often inadequate for effectively elucidating the dynamic
evolution mechanisms at the interface. This paper reviews the breakthrough progress of synchrotron
radiation in-situ characterization techniques in elucidating the interfacial metallurgical reactions and
strengthening-toughening mechanisms of Al/steel joints. By utilizing synchrotron radiation X-ray two-
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dimensional imaging, micro-tomography, and diffraction techniques, in-sizu observations are achieved for
the heterogeneous dissolution of steel, interfacial diffusion reactions, solidification behavior during Al/steel-
liquid/solid interfacial reactions, as well as the deformation behavior of joints under load. These studies
have provided deep insights into the growth kinetics and three-dimensional morphological evolution
mechanisms of tongue-shaped Fe,Al;, irregular FeAl;, and faceted Si phases at Al/steel interfaces.
Furthermore, the geometric morphology and spatial distribution characteristics of pores are remodelled , the
evolution of residual stress distribution in components is characterized in-situ, and the mechanisms of crack
initiation and propagation in heterogeneous components under loading conditions are clarified. Synchrotron
radiation techniques overcome the limitations of traditional two-dimensional static characterization,
providing dynamic experimental data for understanding the dissolution-diffusion-solidification processes and
damage behavior under load at Al/steel interfaces. Future work should focus on in-situ studies of the
metallurgical and mechanical behaviors at Al/steel interfaces under multi-field coupling or complex extreme
conditions, as well as the development of intelligent 72-sizu characterization platforms.

Key words: Al/steel dissimilar material ; synchrotron radiation in-situ characterization; microstructure and

defect;residual stress;deformation behavior

BG4 LG S 0 LU B2 R0 108 A J e T
T DL S R R RS LR AR Tl rh g 30
RN S AR B R B P R R 57
PEFNE IR LR, B B VR @A AC i i S Tl e 4
S AL D AR AR, SR/ G A5 R i R
JE v MR A AR A LB A PR A T R ARy S A
AE TRV Tl 55 M2 ol Je 0 s ) el ) 1 P i e
BB/ A T 2 AR DU % 4 Can B A R A %
Fe) AR UL BG4 e e (g ) & o Horp W/ [ 5
B RO PRLRA A 77 0 G DX/ S R B
SR, B R /AN S B A R RS A B T ]
ZHOR RS SR O R PSR DR R (tung-
sten inert gas welding, TIG welding) &b A% 15 PE <MK
P41 (metal inert gas welding, MIG welding) | HEAE |
HL I A s DL e B S 2 Fh 1200

BRI -/ T 52 A e R R B AR A R R A
R R TR TR OO N S BERAT . AT
Ry ST HC B 2 ZEA R R TV A
TS SR/ BT AR T BOR R i # vh ST 42 ) )
b4 %) (intermetallic compounds , IMCs ) FTE B LA K ¥
Al b B [ A 2L A SRRl P TR/ AN S R
BHAUH S SRR . L B S B R v 8 i
Y WU LA K Ve ) ik AR b B BE AT Sy 48R AT A
G5 BEE AL 09I S AR LS, X R R/ 5
HHA S THERE R CE

DLTEAIF G 22 2R HT DR VS 3850 T R — 4 i S ol i Ay 22
TET7 V6 X 60/ 0 -/ 181 52 G B 180 S 0 5 SO A 8L Ay
38T . SR, H T AR DTRORON S J R
SNAARE B, H T30 Tk B S0 B = 4 25 ] 45

g, BRI T AT SRS 4 5 [ A S A AL Y
WAHF . PR, [A]25 48 4T (synchrotron radiation,
SR)X S 2 B AT 55 5 SO0 BT 2 453 4 B AR S5 =
b N oA | V7 R R I T R o R
N AR A5 R T AL B LS, B0 B 4 i B ] AR 4 1
A i 3 5 A8 T 2ok B A RGRAE T B . Feng 55 °VRH
[R5 R 5 XS G MR T 556 A e [ e rh ) A= 41
Fe Al iR i AERK R, R Fe Al it h 2% 91
ARKZE . BRI AR ZE T S T A AR e Oy
] A 45 ] S ARG B R T R R TE L i R RS A 5 2
Fe, Al DLTE B TO0 567 0] 09 J2 IR 28 A K i K S L
FAK o Vitoshkin &7 F T[] 25 8 5 XA A8 55 (syn-
chrotron radiation X-ray diffraction, SRXRD ) ¥ #fi 73 #Ir
Tt CO MO LA E L) Ti-6A1-V M Al-Cu-
Li 52 G 4 42 5k 45 DX S0 A 4 1l DA B3k S8 A ZE AN [
SR N B4 A I 00 U R TR R X AT G
(X-ray diffraction, XRD) X LA PUnll 1) 42 70 5= AH (3% Li
AH) AR BEAH . OGH RS 1.0 mm B, SN E A%
1)1 pm J& TiAL 4 )8 B LG P2 3 T T 483k 0750
fie o Zhao 55" FR] 54 5 s e X S 2 AR A i 4
AR XK ARG Rl (laser powder bed fusion, LPBF)
T FRUEAT SERT W, SC R T X LPBE i #2 rh 2 Y
(It A 3N 77 27 Rz 3l B8 [ R AR ) 9 JRA A2
FF AT, Sy T B BB T AL RN T O A B AL 1 P 42 5
B ARG . Zha S50 o SR A 0T SR OC (digital im-
age correlation , DIC ) 1 [] 2L 5 X S 2R AOUL T 2 414
$7 AR (synchrotron radiation X-ray micro-computed to-
mography , SR-pCT ) X I 55 T - 4 FEAS [ $A A 31 4%
P B hLAR AR T AT 24T Ry BEAT 40 b OF AT T =4



32 BT R

2026 41 H

FLBRBRBAFRAE AR 55 LB 3 A1 08 S I 36 Uk LA S Wy
SZARLE P TEOUARE T , R = T A AL LA 5
PEAL T OCHE ST o PRIIL , R [R) 20 56 5 XS 2 Ak
18 AT 35 ORI JZ R R AR AL SR R /AN -/ [ R
Gt R P R R DRSO 5 BE AT SRR AR
R/ 5 T 2H 2 A B R ) R AR R O )

Ry B T4/ S IR A 1 o BB 38 T ST M
By - T2 -2 -PRERE Z (R ) Ol . A LIk FH 42
AL ORI ]2 AT A /B9 S Fe- AL 4 I8 )4k
B BE AR TR S e S Brhioim B 5 st Ah i fk
R T S 800 Bl TR S Ma bt i DAL S5
N ) SE B MR R A S A S A Y SR
PR EE o A BR /N S TR A IR AR T T
20 5 A AL TR A 7R {7 251 T R /4 S5 B 4
T R B AL HLE] , i — PR A R SR, & B
YR Y SRR H T, 2R AR S X AT S
TR T 22 451 8 AR R i 5% 4 i p R AR JE 2k R v Y
AT R H RO PR T AT B . Da Silva
SEUFI T R RE TR 2B R A X R R S I T B
PN 55 DI N AR VE R 09 S R AR SR e AR B AH 4
BB T Rietveld #5877, % Debye-Scherrer £t
SR S W AR AL AT T S AT BN T AR
IR SRR B AR A AR A/ IS . LA,
K H Stokes-Wilson J5 & 75 T M A& TN A8 L 38R T
BCC-o AHFIIEAZ 0 FHTE AL 3 A v 9 45 18] S VAR ALE o
Xue 5538 13 [7] 25 5 XS4k —4E 5 S8 T X B4k
BE NN ESY R 2 REE SN,
KA AR B AR LMETE A . LA, i B O
Wi Z A HOR A TR R0 4B, A EIAN
WA 2y MG e T H =By s,
I, [R5 58 5 S A7 A AR B ARSE 42 i A L B
AN 55 W Z4HLH A R0 s IR ANAE BR /4 S5 B 4
S 2R E S s AL B 5 o AR

25 L TIR AR BRI A0 R A X AR 4k UG SOW
JEFAHE BAT SR, GE 08 R B A o AR O A 2
il B DA S AR I 2ok A v g - AR ) S AR AR E S . dE
if =Yk Y R A A BURR I SRS B B
TR A 38 7 T A 2L AR HLE | 428 ARk B AR I S
Wr AL o A SO B[R] 20 B SRR 224 B AR AR/
AR 42 ) O A [ 20 S X — 4 AR
T T 2 48 S AT SRR B T AR B, 8 S 2R i ke
RIS 7~ 5 /0 -/ B 2 A R rh B A AR 51
fife AT O N 5 1 4 2 A Ty T A b Y O
LGS AR N AR/ S BRASAE 125 AT S B0
A RE AL, I %k [] 25 5 D A2 RAE 8 Bh R /4N

SRR AT AR K T 1) AT T e
1 BEFESRAARIE

(7] 20 0 55F e i 422 0 G 3 Al FORL - FE G VR
TYRIIE Pk iz S, W14k T ) & S5 B e o
[ R R s WESa e Y i By NIV | B 0 - R A A E
TE LN A% th w28 k| B 2F A iR A48 - 2
BE RE L, IR ZOE AFEREIA . Y3 Se 2 D 1Y) (i e
HL - TE A B v 52 380 25 T i kAl A (e ¥ 4 5
HAESS) WA E R, 2 sh ik & A mi% . 71
hn (B 46 2z o)) i B b ST U4 07 1) 4R 4 S
T E LU 1 (a) A (R 2B R G TR Y A5 R s
B S ROB IR AR, R P R T B DL B
P (D) s, AT R B IR & B B 2
(2) FETES I, R i 7 55 LA B X B4 i 58 )
XAk, Ry 22l 5 AR ER SR AR ARSI 5 (3) i i
P , R AT i 1 25 1) S Pk B A 00 B (4) ko
BF 2549, A B FIF R it i s A i f it o, ax sk
ARV e 1 1) 25 R S B 6% S A5 | ST R b 00 R P £
N5 48 B A5 AR B, AT AR R/ 9ok ROE 8 s 15 50
TS FAE T 0 (A4 A 43 B s il e A A 38092 ) g LA
WIS E R . BN, £ 4 8 EE s, W5
SFF T S IS A S5 ) YAk K [/ T Bl 0 S ) B BN
AL, o e 1 B A R AR A i AR 2 R A TR R
(4 Je BRLPAE 20 Al T AN, X4 Ty 2% R ]l o X [R] — A
AT P A Ak S A B, 78 25 W B v T S S it %%
T AE — o T B AL 2y A8 i 7 (R ATS AR AE X LA
0 R A TR 22 SRR SR s . B 1(b), (o) JBIR
T AR S RS S B R Y, M2 R 3
TR 25 A 5 1 S A5, FRAE B R B A A7 RO 3 o A
SRR AR R AR A e B 0 2 U R e AR v T 3R
(A i 2% -

1.1 ETES X HE ZERGREAR

() 20 5 X S 2 — 4E AR BOR A H = 52 B = A
TR X 2B R b, B TR AN ] DX X
SRR R W AT ZR B | S AR B B AR AE 22 57, il 4R
DB 10 5725 SR ' TR %) 58 R B8 I8 i W 8 A1, DT A6 ok
S WA i AR R ) R R g
T8 35 SO A5 A Ao S 15 R 28 AL I g i A% 3
AR Bkt X SR s i ) 0 22 ok SE IR . X
SR ZEE YRS G B (1) 7] H Beer-Lambert &
AR

I=1,e " (1)
A L AW IR A X R A B 5 e A OC 2R I I R



H54E 1Y

ST R AR S I L AR AR (Y 5/ 800 S RO A 5 T 2 25 Sk s T A S A T AL o T 0

33

(a)

Full energy injector-

Storage ring —

Measurement
Measurement *

0| == Measurement

Ex situ

+ Series of samples

Interrupted evolution

Measurement
* In situ
* One single sample
« Continuous
measurements

Pl 1 Tl Y I e el () ) Al B AR el (b) P R SRS B (o) 2

Fig.1 Schematic diagram of construction of synchrotron radiation source (a)**!, schematic diagram of ex -sizu observation(b)™,

and schematic diagram of in-situ observation(c )
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Fig.4 Real-time synchrotron imaging of the microstructural evolution at the Al-xSi/Fe interface during holding and cooling"**
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