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Abstract: Solidification is an essential process in versatile technologies. Thus, it is vital to understand solidification
behaviour at multiple scales to realize effective design and precise control of the solidification process. After decades of
investigation, in situ studies of solidification have revealed the evolution of solidification microstructures at the microscale,
which has gradually advanced to the nanoscale. In this paper, the main results of in situ investigations of solidification
behaviour at the microscale and nanoscale are reviewed, the in situ investigation methods for solidification are summarized,
the transition behaviours of cellular and dendrites as well as their evolutions and influences are revealed, and in situ
analysis of the solidification and microstructure characteristics of equiaxed grains and eutectic systems is presented. This
review also introduces the current status of nucleation behaviours at the nanoscale for metallic melts obtained by in situ
investigations.
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Fig.1 Schematic diagrams of several classic apparatuses for in-situ observation of solidification: (a~b) the optical observation setup for
directional solidification investigations, (c) the confocal laser microscopy setup for three-dimensional solidification, (d~e) X-ray in situ
observation apparatuses with a two-dimensional liquidus film sample and sample rotation function for three-dimensional
reconstruction, respectively!"*?
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Fig.2 In situ heating device for TEM: (a) microsized heating furnace, (b) MEMS device for heating®!
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Fig.4 The flow state of melt during antigravity filling under different pressure speeds: (a) 900 Pa/s, (b) 2 000 Pa/s, (¢) 3 000 Pa/s®"
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Fig.5 Solidification behavior in the initial period of a directional solidification alloy: (a) solute distribution at the solid-liquid interface,
(b) relationship between the graduation of solute at the front of the solid-liquid interface and solidification duration,
(¢) relationship between interface speed and solidification duration®>*!
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Fig.6 Growth of cellular: (a~b) two modes of cellular formation, (c) relationship between cellular spacing and growth speed in the
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Fig.7 Stability of the directional solidification interface: (a) time-dependent linear growth coefficient @, and amplitude evolution of the
largest interfacial perturbation component after perturbation introduction of the SCN-coumarin directional solidification system,

(c) nonlinear evolution of cellular amplitude in the SCN-acetone system!
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Fig.9 Two modes for adjusting the spacing of cellular: (a) time sequence of cellular structures when the velocity was changed from
1.4 to 1.5 pm/s, illustrating the rapid coarsening of the cellular structures, (b) a sequence of micrographs showing the reduction in cell
spacing through the propagating tip-splitting phenomenon'!
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Fig.11 Dendrite growth: (a) stacking image of an SCN dendrite, (b) effect of supercooling on the initial secondary dendrite spacing and
the ratio between the supercooling and the critical perturbation wavelength, (c) normalized local stability constant o-/o" as a function of
the normalized radial distance from dendrite tip®
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Fig.12 Evolution of dendritic morphology parameters: (a) relationship between dendritic morphology parameters and growth rate,
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primary dendrite arm spacing to tip radius and growth rate®!



<200 FOUNDRY TECHNOLOGY

Vol.45 No.03
Mar. 2024

H B %5 515 Ivantsov BHIE AH 5 B2 R I 1F 5 4
IREL AR R AP R R T K T B sE I, WAL A
R ) 2ok ¥ R R OC &R I IR AL F ST A R s
ARG E 6 29°H 2.65~2.70(V o< (AT)")E>%, [H] Trivedi
A fh A K BE AT Nash-Glicksman £ i A4 1 B 5
(1 90T 6 BOE AR AF (W FDEEIE 25 0 VTR (AT)
LU A5 22 BOAS T ) LS 6 00 A5 1 A R ok B 78 K T 3
W HUAE

Somboonsuk “5WIHIF 5 58 SR P78 G 1) HE [ b 47
HE VRS ERB M ERERZNGET, T2
W& - AR AL ST S AL S &L fE, KBRS
XFV AR A B B A B 2 2 A H e A AR
—E [ RN, ZRNAE L T AR IR HaEres
Somboonsuk 5 WLELE V1) 3G 5] AL i 22 v e 42
AN B AR FE TR B L [R) B AE 35 0 A i b R B = Rk
i AL AE KL R L R AT oy, HgE R
S SR A B AR A WO — B, S BB R R
(/N (13 ZEMEGR) . AR 2 78 ot 72 Jf
AW 3 55 1 i B 2468/ N Lt [ B2 A AL 1) — YRR b
BESUT R AR,V SR/ I S 5 R AL AR
Ui A8 B 1 DR [ B 2 it R S 1 000 s i 1) 2 it PR 3
AR FEI A R P AR s Rt IR RS R AR BR LB
A MIARGERE A ) AR 25 4 1) 2 — 20 9 3
Griah A, e 2 S BOR A ) FE 3 R (B 13 A IER) .
XoF b3 3 25 e AR 2ok AR v ) BLAR AR i 2 4 KR b ] R
(4 5 D A AT R BT, A At i 24 A AR A A [
BEXT V) 728 Ak i 107 2 B, T — YRS b 1] B 7 g 1 )

FROO e, R S T A4 A% 3 RE () il i — BUs
AR AR Iy — 7 T B JEE R YA ) 15 4k
AR G BV e (R PO RUL L ECS2 1 I SR B
AR A A A 2o o R R (18] 14), AR
FEMEIT | S U0 PR A M B — gy TP B
ERBUE , SRS 2218 /N B 5 il 47 2 155 (A
) o Bz, fr e B2 e g | Bt T o P 28 A0 Dl /N B —
ANTAI AT B E E R, SRR s I 2 5 ik
P B (EAR ], (B — 2 i 8OR 7R TE 45 A Y
T IR T I W] (18 15), DR o P 20 TS
L o R AT R 5 R b ad e A IR 4 4y B
HLA

AE At B TR DR/ IV A () P Y T B R AR 2 — G
et (1) REL A 5 DO 2 ] A8 A i) B A oA A A i 25 1
HEGRAR , CA A SRR BE 15U AT 5 R B A
APRLAEAT 3 RS9 5 1 A LT Bt B
IRTEAAL , 22 BURA i (KK, /IR i i 9 A AT N
(K 15a), MR — B BRI B HK 2 57
BORBIEIE ARSI T AR AR K Y SE AT o S A
B, ELAR I 18] B 5 et IS [ T DA 8 ]
BRAL T RS, B AN 15b Fros il & 8] —
AL RS 55 3 AU o BRAE R KRG
R K B A AT HLTE] BRSNS B T, &l 15¢, et
B 85 I #a T 1 94 Al il 0T e 92 28 1] AR
fEE, T 00 R — A, (A TE A, AP 5 T
AT B SR 3 o A T4 A R i P 23 BT
Yy i AL AE R AR TRIBR P, B 8 AEAS it R ARSI

Pl 13 AR 58 70 I B 35 1) A 2o 72 )
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merge at the tip®
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Fig.16 Effect of perpendicular flow on cellular growth: (a) cellular shape , (b) side branching, (c) cellular spacing, (d) tip radius!
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