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Fig.1 Schematic of apparatus for deep undercooling solidification,

temperature measurement and high speed video
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Fig.2 Temperature curves during solidification of highly undercooled FesNisB2o melts subjected to different AT: (a) AT=170~230 K,

(b) AT=230~260 K, and (c) AT=260~300 K
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Fig.3 High speed video (HSV) images for solidification of the highly undercooled FesoNisB20 melts (the corresponding AT and the time intervals
between two images are marked): (a) AT=170~230 K, (b) AT=230~260 K, and (c) AT=260~300 K
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Fig.4 Growth velocities for (Fe,Ni)2sBs dendrite solidification of
FesxNigB2o alloy from model prediction and experiment

measurement
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Fig.5 XRD patterns (a) of deeply undercooling as-solidified FesNisB2o alloy (a), TEM image and selected area electron diffraction patterns

(SADPs) for FesoNisB2 alloy with AT=190 K (b)
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Fig.7 As-solidified microstructures for FesNisB2o sample with AT of 170~230 K: (a) natural cooling and (b) rapid cooling after recalescence

AT=230~260 K & &bt fE AAFE7E 1 i (F
20D PN S i P TR AR ARA R PRT, aX 3R It
AR U — R SE R, T FL e [ 40 43 3 ORI A5
AR S, FRE 2R T A, AT>230 K A 4 5 [E
BERHHR T WARE s, BEEASA S RAEE, Hal
REAFAE WARAH S AL, A S WIahEEE H IS TR
FE 5w iR A — 5, DRIk = iR 2H %S mT DAHE
Wr &S EE ISR T AV AEEECOR, PIahEEE
(AR A K 2 22 AR, PIAH AR T 3R & 2R K )
J7 SIB AT RS2, R Py 0 TR 5 A AL 0 0 425
¥ (B 8a) o Bl e FERAT, Bk VB 43 IR
S S T I R B L T BINERSARAS S PHT, PRSI
G AWK A WARHIR N S R 2, HL SRt
TESRRIU NN FHIER (FE 6b) o b5 G 7E R 5
B30T P B A B 6 [ LA AR A5 W0 AH (Fe,Ni)B A6k Bt 0 6 5]
ML E I p-(Fe,Ni)IERE & A K7 U — ke (B
8a) . VA% (Fe,Ni)ysBe FHEH RIAE M ARAA st BRI & A [ 2
AR, HEAR R (Fe,Ni)sB FEHT H 41/ p-(Fe,Ni)RKE, it

TR S BAE A B BB M 26 b, WA BRI it 2R 2 2
SHERN, BIRERE ARG, 5 &R EA R,
R BE B NN A T I8N R O Rt [ 2H 21 s
VA2 230 K IRFERE R PR AR, XHaURE AT PR b
HYIMEERI, T =REE AL, BRGNS
PSR AR S A K AN (B 8b) , AR BIIREE#
AL RN G SR 2> LB 8b i 7h) , Xt
UESE T KA T WA SRR & A KT AL o

2 AT=260~300 K itf, &&HRHAR 8 L-FAfE
R BEE AR (B 9 o T E AR IKEh /1)
BB, WA KRR ZERE R, L F AR
AR LAFIR 7 2 — e B s A, VAR A TE
FARAMUZL 3 7 XIS TR, R AR A A AR
TR € BAG, BZTERAPRPI AR & A KA (K
9) . HTEWRAm 2 ETE BRI, (AR
AR di A A K7 AR R AR NP 7 20, HPREE A TEAR
RN (B 6c) , (NAEBAHRES AL, MRS
TRORH IS VA B S HE ARG LR /NP T AR PR A K, SRR KR

K8 AT 7E 230~260 K, H IRV 1N L H#E 5 PRY% FeaoNiaoBao 34 i & it i 27

Fig.8 As-solidified microstructures of FeqNisB20 sample with AT of 230~260 K: (a) air cooling and (b) rapid cooling after recalescence



- 1818 -

Wit @A RS TR

%5 51 45

K9 AT £ 260~300 K, FeaoNiaoBao 4 it i il HE ik ] 4127
Fig.9 As-solidified microstructures of FesNisB2 sample with

AT=260~300 K

BRI G ERTEAR I ERIRIL AL (B9 . BT H
T g e et FEAIG T AR AH 2L R, AR AH 2 237 P i
BASEESS M, ReREESLTARMESER, Wi
It i P AR E p-(Fe N A TR A e AR e As, TR T 3 AT Y
HPFSRALGIES, KGRI AL SR
ZER (B 9, XUEFRSHHALWRE R —
o WIUREE A ZHZ3 A 1 AR AR DA AT A8 5 :UR AR
A AR, SO N & 9 B SR R, &
] S R ] X AP R R, X 5 Y At AL A A
e A B 5 G rh L ] DX 3B ) — P A — B
3.2 EELNRE

W ERTR, SRR 1 IR FE ST R R AR
A SN, R S S T R R S
TR P I TR AH R, T DA ABL ot B [ 2H 23 1 AR s R
GEEEHEZ , BEIAFIAEE T FeygNigBy &4 i
LA DR a0 B 4 v 7 TR AR A 2 U0 R
AIET, GEVIIREE AIRHA S A R I BIES, K
F Boettinger, Coriell, Trivedi (BCT) Z A FAEK
BEAIXT FegNigBoo & k[ 1 F4 V.42 AH (Fe,Ni)2sBg AHEL
B K RGEAT U P, AP T, B R i
ATE R 4 5 A

AT = AT, + AT, + AT, + AT, D)
KA, ATy AT, AT F AT 3 RARGE A B, A
FE, MRS R ) B, RRRE R

AT, =m.C, 1_$ ,
1-0-K)IV(P)
AT, =Y AT =25, A1 2| AH ey 2)
y7, R C,

FZ R T Xt H A S WGk [24], BT 2R
FeaoNisoBao = 0 & G AR 22 Bl b, T e

[ 2 AHH Fe, Ni JRF o] DMT A H B e, LR F A
AT 03k 5 FeB A1 NiBP2, [ ap i HoW e — 7%
4 XgoBao (X=Fe+Ni) , (Fe,Ni)3Bg FH &% B e 20 5
5770 NiB 2t & 4 AR NiggBe AHIT, A A AR —
TLE SRR RMRE 3 B R ASHL. (Fe,Ni)3Bs &
EIRENEY, EHLEBAMERREZ, Sz
REPBUEEVN, THRERITRSHLE 1.

BRI THE A R B P 2 5 TR, 5 SRR I B 45 0 L
ATLAUR I, 170~260 K id# T, BCT A543 2 AR AH
(Fe,Ni)xsBe A% il A= 1 26 b5 S50 453 21 (¥ 47 A 2H 2k [
REE TR 5 Wb FALGUEM T, it A T FIRA
AL R S [ 77 2 R, o 5 E S YA e
T HARA L BARTES Y R A . RS B T HR i ESE,
of LA A B U e R A R P AR 2 B0 AT A 5

FesoNisB20(20%B)—(1-X)(FeNi),3Bs(20.69%B)

+X~(Fe,Ni)(0%B) (3

H, X Hp-(Fe NiAHIAF 704, ARG S A NE B

B THEAS BB T AR AL LA y-(Fe,Ni) 14
1

Kid % THARA LI I ELALE R, 5305 L — Ak
UM T 3295 T SR 3 S0 I AR AR ), 3t
—BENIE TR WA IR I i I A R . e
AR AE RN, 230~260 K I v4 X ) AN il aURE 4 46
[ A R R R TR R TR, TR 96 mmis, i
DRE TR R S50 B IR AH IR ], R 25 8 SRR (Y
e . 230~260 K et v 5 X A3 A VAR ) it [ AR E AL
EYIKEIRIE BRGSO E, 5 R AE R &2
KA B e A i K 7 AT RA U Bt ] 5 4 46 IR
AR AR 1 R AR SE A, DRI S 6 00 15 ik ] 5k ¢
WEBRBAERKE D DAEML SRS E AR TS
2 2 I B AR VRO e [ o R 3 KT I A 4 2 ]
R, W 10 P, W FREORBUNE . GL BRI UL

1 BCTREITE(Fe,Ni)uBes SREKERIFERIMESH
Table1 Thermal-physical parameters of (Fe,Ni)23Bs for dendrite

growth velocity calculation

Parameters Values Refs.
Cy/d mol™* K* 32.08 [10, 11]
TUK 1293 [4, 27]
AHg/J mol™? 23650 [28]
D./m’ s 2.42x107 [10, 11]
Valm s 7.6 [10, 11]
m/K at? 1400 [28]
Ke 1.034 Calculated
old m? 05 Evaluated from [29]
Vi/m® mol™? 5.92x10° Calculated from [28]
wms™ K 0.0028 Calculated
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Fig.10 As-solidified microstructures of FesNisxB2o sample (AT=244 K)

with recalescense velocity of 96 mm/s
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Microstructure Evolution of Deeply Undercooled Fe,oNis By Eutectic Alloys:
Cooling Curves and HSV Images Analysis

Zhang Ke', Liu Feng?
(1. School of Mechanical Engineering, Shaanxi Key Laboratory of Advanced Manufacturing and Evaluation of Robot Key Components,
Baoji University of Arts and Sciences, Baoji 721016, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The temperature curves and the images of solidification for FesNisB2o (at%) eutectic alloys were detected and recorded by using the
infrared pyrometer and the high speed video (HSV). Combining with the previous DSC results, three evolution regions can be deduced for the
microstructure with initial melts undercoolings (AT): AT=170~230 K, the rod eutectic colonies of metastable phase (Fe,Ni)2sB¢ and y-(Fe,Ni)
forms initially which gives birth to the first recalescence in temperature curve and HSV Images. Subsequently, the stable phases y-(Fe,Ni) and
(Fe,Ni)3B solidify from remaining melts and the metastable phases remelt which causes the second recalescence; AT=230~260 K, the rod eutectic
colonies or near uncoupled two phases with metastable phase solidify from undercooled melts initially and transform into stable phases during
further cooling, the stable phase form epitaxially from the matrix phase of the initial colonies almost simultaneously. Therefore only one sharp
recalescence peak can be obtained from temperature curve which corresponding to one brightening process from HSV. AT=260~300 K, The
uncoupled growth between y-(Fe,Ni) and (Fe,Ni)23Bg appears and forms the anomalous eutectic structure. The severe decomposition of metastable
give rise to the inflexion on the temperature curve and the second recalescence in HSV images. The solidification rates of metastable phase were
calculated by using BCT model which coincide with the rates first recalescence in the region of medium and large AT. With further increasing AT,
the recalescence rates deviate from the model results and keep almost steady values due to uncoupled growth of two phases.
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