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Fig. 1. Phase constitution analysis of Nbg, ;51,7 3Hf alloy: (a) Selection of alloy composition (atomic percent); (b) XRD patterns.
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Fig. 2. Rapid solidification process of Nbg; ;Si;;3Hf alloy under ESL condition: (a) Temperature curve at the maximum undercool-

ing of 404 K; (b) thermal arrest time versus undercooling.
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Fig. 3. In situ high-speed photography observation of recalescence processes for Nbg, ;Sij;3HE alloy: (a) AT = 161 K; (b) AT =

271 K.
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Fig. 4. Dendrite and eutectic growth velocities versus undercooling: (a) Primary (Nb) dendrite; (b) eutectic.
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Table 1. Physical parameters of Nbg, -Si;; sHf alloy.
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Fig. 5. Solidification microstructures of Nbyg, ;Si;73Hf alloy at different undercoolings: (a) Master alloy; (b) AT = 194 K; (¢) AT =

219 K; (d) AT = 404 K.
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Fig. 6. Microstructure features of Nbg,; 7517 3Hf versus undercooling: (a) Volume fraction of (Nb) phase; (b) eutectic spacings.
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Abstract

The phase selection mechanism and eutectic growth kinetics of Nbyg; -Sij; sHf alloy are investigated by
electrostatic levitation technique. The maximum undercooling of this alloy reaches 404 K (0.197}). By
analyzing the cooling curves, its hypercooling limit is obtained to be 527 K (0.24T},). A critical undercooling of
194 K is determined for the transition of solidification path. Below this undercooling threshold, (Nb) phase
firstly nucleates and grows into primary dendrites, resulting in the enrichment of Si and Hf in the residual melt,
which is conducive to the formation of the (Nb)+aNbsSis eutectics. Therefore, (Nb)+aNb;Si; lamellar eutectics
form in interdendritic space. With the increase of undercooling, the growth velocity of primary (Nb) dendritic
follows a power function, while the eutectic growth velocity increases slowly. The maximum values of (Nb)
dendritic reaches 89.4 mm/s. A modified LKT/BCT model is used to calculate the growth velocity of (Nb)
dendrites. The results are in good agreement with the experimental values, indicating that after the LKT model
is modified slightly, it can be used to describe the rapid dendrite growth behavior of the (Nb) phase in the
Nbyg; 7Si175Hf alloy melt. Meanwhile, the lamellar spacing of (Nb)+aNbsSi; eutectics notably decreases to
360 nm at 194 K undercooling. Above the critical threshold, the primary (Nb) dendrites disappear, whereas
(Nb) phase and Nb3Si phase nucleate independently in the undercooled liquid and grow into anomalous
eutectics. The growth velocity of anomalous eutectic exhibits a power function relationship with the increase of
undercooling, with a maximum value of 115.9 mm/s. The interphase spacing of (Nb)+NbsSi anomalous
eutectics is larger than that of (Nb)+aNbsSi; lamellar eutectics. Owing to the formation of nanosized eutectics
and the increase of volume fraction of (Nb) phase, the alloy fracture toughness at 194 K reaches 21.9 MPa-m'/2,

which is 3.4 times as large as that under small undercooling condition.

Keywords: electrostatic levitation, rapid solidification, Nb-Si based alloy, microstructure control, mechanical

properties
PACS: 81.30.Fb, 68.35.bd, 91.60.Ed, 64.75.—g DOI: 10.7498 /aps.74.20241194

CSTR: 32037.14.aps.74.20241194

* Project supported by the National Key R&D Program of China (Grant No. 2021YFA0716301), the National Natural Science
Foundation of China (Grant Nos. 52088101, 52171047), and the Scientific Research Program Funded by Shaanxi Province,
China (Grant No. 2023-JC-JQ-30).

1 Corresponding author. E-mail: bbwei@nwpu.edu.cn

038102-9


http://doi.org/10.7498/aps.74.20241194
https://cstr.cn/32037.14.aps.74.20241194
mailto:bbwei@nwpu.edu.cn
mailto:bbwei@nwpu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

BB T HENDg, Si,, JHE A SRR 53 RERKILH
TR E AFEIE Rk

Phase selection mechanism and eutectic growth kinetics of refractory Nbg, ,Si; ;Hf alloy under electrostatic
levitation condition

WAN Zixuan  HU Liang JINYingjie @ WEI Bingbo

515 &, Citation: Acta Physica Sinica, 74, 038102 (2025) DOI: 10.7498/aps.74.20241194
TEZE 7] View online: https:/doi.org/10.7498/aps.74.20241194
BN View table of contents: http://wulixb.iphy.ac.cn

SR ] R ) HoAh SR

Articles you may be interested in

HOHL R P T WA Z Ny AL A OB R 5 B L

Thermophysical properties and rapid solidification mechanism of liquid Zr6ONi25Al1 5 alloy under electrostatic levitation condition

WIHEAEAR. 2024, 73(8): 086401  https://doi.org/10.7498/aps.73.20232002

FL X Fe—B-Nb-Gd-l: il 5 Gl = Pk RE A S A HIL A Ay 52 LA
Influence of gadolinium content on magnetic property and oxidation mechanism of Fe—B—Nb—Gd metallic glass

YA, 2024, 73(9): 097102  https:/doi.org/10.7498/aps.73.20232040

Bi/Sh/FLF- B4 B X M, Si) 37551, 05 7 42 LT (LA HERE 1 0]

Effect of Sh/Bi atom substitution site on electronic transport properties of Mg,Si) 35551, ¢, alloy

YA 2022, 71(24): 248401 https://doi.org/10.7498/aps.71.20221364
WS TLICZr g Cuyg Al NigTig B < U ROULZE R A8 51 R AL
Microscopic structure evolution and amorphous solidification mechanism of liquid quinary Zry,Cu,,Al, NigTis alloy

WAL 2023, 72(22): 226401 https://doi.org/10.7498/aps.72.20231169

TS Zry ALy Niy o Gy 3 48 R AEAH 2375 5 XURHAR At LB

Metastable phase separation and duplex metallic glass formation of liquid Zr,Al,,Ni,,Gd, alloy
YAz 2023, 72(21): 216401 https://doi.org/10.7498/aps.72.20231002

ENGITCrE:= < (BAE I P PR o E R YN & 2 1 27 N R

Mechanical properties and deformation mechanisms of two—dimensional borophene under different loadings

WAL 2024, 73(11): 116201 https://doi.org/10.7498/aps.73.20240066


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241194
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20232002
https://doi.org/10.7498/aps.73.20232040
https://doi.org/10.7498/aps.71.20221364
https://doi.org/10.7498/aps.72.20231169
https://doi.org/10.7498/aps.72.20231002
https://doi.org/10.7498/aps.73.20240066

	1 引　言
	2 实验方法
	3 结果与讨论
	3.1 相组成与温度曲线
	3.2 枝晶与共晶生长动力学
	3.3 凝固组织演变
	3.4 微观力学性能

	4 结　论
	参考文献

