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ABSTRACT The grain refinement mechanisms of undercooled Fe;5Nios alloys were investigated
by fluxing and cyclic superheating. Within the undercooling, AT, range achieved, two kinds of grain
refinement were observed. In combination with the calculation and the analysis of experiment results,
the grain refinement mechanisms were elucidated. The results indicate that the first grain refinement,
occurring at 56 K< At <145 K, can be ascribed to the breakup of dendrite—skeleton owing to remelting,
and the second grain refinement at AT >209 K, was due to the recrystallization induced by the stress
originating from the rapid solidification contraction.
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Fig.1 As—solidified microstructures of FeysNigs alloys at

different undercoolings

(a) AT=32 K, coarse dendrite structure and due
to the remelting effect, the side branch are
remelted into the granular grains

(b) AT=74 K, refined granular grains resulting
from the first grain refinement

(c) AT=147 K, well developed dendrite

(d) AT=209 K, refined equiaxed crystals formed

as a result of the second grain refinement
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Fig.2 Relationship between the measured grain sizes of
the samples at different undercoolings and initial
undercoolings, corresponding to three critical un-
dercoolings, i.e. AT.;=56 K, AT.o= 145 K and
AT.3=209 K, two grain refinements were observed
in the range of ATc1—AT2 and AT > AT3

WHERET Ni-Cul>13l Ni-ClBl| Fe-Col%, Co-Pdit®l
LES R PR ASR SRS, ZEA
e, MRS EREERE At PNFEESTHRIEH
WIKIX (post—recalescence) WHE] Aty , NIAR &K & B
Writ SERR R AL, RSB L. TR
EIPrisniR e EERNE, RAERMETETER
3k [5]. Aty T TSGR B
_ 3 R(AT)® muCo(1 — k)

Aty & = 1
. vy B0

A, R(AT) FrRt@EETHE R AR E AT HE
B, m HEAHEMNE, Co NEEWMS, ke HTHS
LAY, AHp MEis, o HEEHHRE, D I
EWARBRT AR, do = Iep/AH;, HEMKE,
Hr I' 24 Gibbs—Thomson Z&%{.

RER (1) W5 Atpy B, BAERIRGETERE
R 5% AT ZRIfSEFR. SR, HaiMRLe U ERE
T8 R pRCE R, HAR 28R AT LU0 S s Rk
2 Ryip HIfE, T R 5 Ryp BIRRRRHN 2z = R/ Ry,
He 2 HE5ASRINELH O P, 3F Fe-Ni &
4 z W[EL 201181, F|F Boettinger % (191 35 i gy o b
Ry AR AR (B BCT #81), AILAH-38 3 Ryp
53w E AT MEE%ESR; BFAH R 5 Ry, H<RA
ARESE] R 534 E AT BREEER. i, 1
PRI HAR AN (1) BIRR Aty B BRI
BHER, PRGN Aty MEZIBIASANR LR
RPHEIER AT 5 Aty 8925 (WA 3). ATLIEH,
% AT >48 K ), Aty /NFEERHIREAIEE Aty
BTSRRI, YR E RS ERTIER S

& 1 AT Aty BRSNS FersNizs 5%

S [17:20]

Table 1 Physical parameters used in calculating Aty

of Fez5Niags alloy(17:20]

Parameters Value
Heat of fusion AHy, J/mol 14514
Specific ¢p, J/(mol-K) 8.31
Diffusion coefficient D, m?/s 6x10~°
Thermal diffisivity «, m?/s 5.35% 1076
Slope of liquidus m, K/at.% -1.64
Partition coefficient ke 0.92
Atom spacing ag, m 5x107°
Liquidus temperature 71, K 1762.7
Gibbs—Thomson coefficient, Km 3.25%x10~7
6 — Calculated break-up Aty At
0 Measured post-recalescence

5H time
--= Fitted post-recalescence time

Time, s

1 D =m0 == Op=-0-=q
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H B S HI RN KR Aty 5 B2 A A
Fig.3 Calculated dendrite break—up time Aty, (solid

line) and fitted post-recalescence time Aty (dash

line) vs undercooling, the dark dots are measured

from the temperature profiles
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