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Research Progress on Microstructures and Defects in Directionally Solidified
Superalloys under Static Magnetic Field

ZHAO Yong, SU Haijun, YANG Peixin, GUO Yinuo, XIA Le
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi' an 710072, China)

Abstract: Directional solidification under magnetic field provides a new method for tailoring microstructures and
controlling defects in superalloys. The research progress on directional solidification of superalloys under static magnetic
field is reviewed in this paper. The thermoelectromagnetic effect in superalloys under the magnetic field and the
corresponding simulation results are primarily introduced. The effects of transverse static magnetic field and longitudinal
static magnetic field on dendrites, y/y' eutectics, and y' phases of directionally solidified superalloys are systematically
summarized. The influences of static magnetic field on the defects such as dendritic segregation and stray grains of

superalloys are also overviewed. Finally, the problems that need to be further solved are pointed out, and the future

development trend of superalloys solidified under magnetic field is also prospected.
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Fig.1 Schematic diagram of the thermoelectric current (TE) generated at the solid-liquid interface and around an equiaxed dendrite'™
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Fig.2 Distributions of the TEMC around the dendrite in DD3
single crystal (SX) superalloys under the transverse static
magnetic field"”

i) o), SR A 2 i T T VAR R Bl
X5 Hu 25278 Al-40 wt.%Cu 75 4 FF AR 9T 45 SR 2%
(=N [ B3 S S iEB =  7T 0  0 N s A ta o
B P X S S T 1 5, 0.5 T W3 IR X P 7= A=
) e R L X i i i 220 1.7 mm/s

XF YN]SR 7437 T DD3 B iR A A R XN
R R X I B BRABLATE 5T BB 3), 7 A ) R R %o
Tt B 58 BN B 2 PRR A3 A, X 5 Yuan S PR
PUEEIR AL ARSI RE T E T (4.6 .8 T), bl 4
it BE (038 K, A AR DX P 7= A 1 B4 R ) 3 8
Wk s, X R AERBEANR S N 2 T), #H
Je SN 3% W K AREAE A

P TT L A R I 4 A ) R [ o A i fn
] SN ) G S 6, B9 23 AR G BRDIR DX 7 A2 R[]
it BN 3K FAH G0 AL 1K X 4 1 R [ 2H 2 s
58 ] B g 7 A2 — 2E 52
2 HEEFBEGNESEREEEEEERESA

ZaOEA

WL 4 Sy i ) #0320 A o] e R R R AT

Pl 4 1] 3 2 T S T 11 2 R 7 f 0
Fig.4 Tllustration of the directional solidification apparatus
under the transverse static magnetic field!"”

K3 Gm B G3% F DD3 5k e i G WK DX AR 0t i
(TEMOC)HY 43 1
Fig.3 Distributions of the TEMC around the dendrite in DD3
SX superalloys under the high static magnetic field

A LI HE LR AT DL AR A 0.7 T Y A ) 3 E
S W5 K L, T A ) o T ok AR v it Jan Ak ) 6
A DA R I g T A I B [ 2 A SR
SE [ B [ o i rh % S ) IR A 4 DZALTG it A )
G 37(0~0.7 T), & 38 5 BE B8 B2 4 150 K/em B,
TER AR P (<50 wm/s) T, & 4 B — YA i 1)
P i 7 i 4 DR /1N T A 2 v ) e Bk
(>50 pm/s) T, B3 X H 52w 0 0s 555 . e AN 1R A
KB, TEBAR W P ST B ) # RE S 0E in 2
5B AR AT B, AR B ARG R I, M A
CMSX-6 5. i i it & 4 1) B [ i F2 o in 0.5 T
(AR [T AT, 4 I — OB b TR f RT3 50%
(AR RE S e A A WDIR DX 7= A A BT . T Z
[ J2: , CMSX-6 & 4 1) 5 [ 21 27 0 5 ) 41 2, R i H:
fFgE 4t 9 5 A2 Zhao Z607E DD3 B4 =il
B4 e [ AR b TR 30 wm/s, iR FE AR
FER 70 K/em W45 4FF it in 0~0.5 T 4 17 6 7 ,
RIS BEIE K, G A —IREL AR FE (& 5)
vy e S AR 3 H0 B R B R 1 S 2N 7R
0.5 THESA T, B4 M—IREGTHIEFERER T 21%,y'#r i
MBS 0T FHY 0.85 wm FEAEE 0.25 wm,y/y' 4t
il R B0h 0 T 19 3.4%F# K E 0.6%.,

Lehmann 52045 ) TSR sh ek B U 5 — IRk
palEIEE A Z R C A

A=A/ V1+UR (5)

A, N B AT R AT S AR R B R A AR
KR, ATLUE 75— & &N BEE 03515 L
PR T U BT R, S 4 Y — YRR b ] B
W, A LRI 5T 45 F (B 207 Ak A4 R
XoF St (R B /N () R BRI L BeAh RIS ) A
PR PR A R X o Y i s 4 T E0E
"] 4 AR AT I HE R



«636- FOUNDRY TECHNOLOGY

Vol.43 No.08
Aug. 2022

P& 5 1) 5 3 %) B R TR 4 DID3 At 2 UL 0] e i 28 280 552 g 1)

Fig.5 Effect of transverse static magnetic field on dendrites and eutectics of SX superalloy DD3!
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Fig.10 Effect of a transverse static magnetic field on stray grains in SX superalloy PWA 1483
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