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Fig.1 Mean squared displacements of perfect (a—c) and defective (d—f) crystals with different Nb contents within a specific simulation cell
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Fig.2 Atomic trajectories of perfect and defective crystals with different Nb contents within a specific simulation cell

ST E i8I 5 13 ) S RAUH B, Ti-Nb R R AE
1170 °CRIEHT , Ti A Nb 135 75 67 2 56 Nb 5 2 K38
T34 I, HL7E 53Nb-Ti (B Nb47TD Bt b, % 5 JR 7 Nb
() A A% H R B 4 B0 32 W 5 5 T 25 4R Ti, i B S3Nb-
Ti (Wt%) [ BUOCR AR T OND-Ti (wt% ), HL 23 53 4k % 43k
MARATA SCEAEH o

3 X

PLIRE4R%ER (99.95%) Al 151 21 Nb (99.95%) Ay J5 K}, 4
Tl B2 H AR I, 28 3 IR 25 H FE 9IS ke il %%
HELAZ 520 mm. K 2000 mm ¥ Nb47Ti $64E . fEFEES
BEHE KB 200 mm AL HEY) 1 AR FE 20 mm B AT R
Fr Can i 3a) , A FH L5 9 XXQ-3005 1 X 5 2R A I 15 #%
XPIRFE F BEAT XS R AG I, IS B X 5 28 27 1 R

72 mm

s

P 3 Nb47Ti 35 I HURE A B K]
Fig.3 Illustrations for the sampling positions in the Nb47Ti ingot:
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Table 1 Heat treatment regime for Nb47Ti specimen

Sample No. Heat treatment regime
1# 1170 °C/5.5 h, water quenching
2# 1170 °C/10 h, water quenching
3# 1170 °C/5.5 h, air cooling
4# 1170 °C/10 h, air cooling
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Fig.4 Microstructures of NbTi alloy subjected to high-temperature homogenization under water quenching: (a—b) as-cast; (c—d) 1170 °C/5.5 h,

water quenching; (e—f) 1170 °C/10 h, water quenching
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Table 2 Segregation index of samples under as-cast and
homogenization heat treatment+water-quenching for 5.5

and 10 h conditions

Condition Segregation index/%
As-cast 2.97
1170 °C/5.5 h 2.70
1170 °C/10 h 2.44
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Table 3 Number and size of channel segregation of samples under

as-cast and homogenization heat treatment+air cooling

conditions
Condition Number Size/mm
As-cast 130 1-2
1170 °C/5.5h 120 1-2
1170 °C/10 h 127 1-2
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Fig.5 X-ray photography of as-cast and homogenization heat-treated NbTi alloy ingots: (a —b) as-cast; (c) 1170 °C/5.5 h, air cooling;
(d) 1170 °C/10 h, air cooling
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Fig.6 OM microstructures of high-temperature homogenized NbTi alloy under air cooling condition: (a—b) as-cast; (c—d) 1170 °C/5.5 h, air

cooling; (e—f) 1170 °C/10 h, air cooling
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Table 4 Segregation index of samples under as-cast and
homogenization heat treatment+air cooling for 5.5 and

10 h conditions

Condition Segregation index/%
As-cast 9.17
1170 °C/5.5h 9.13
1170 °C/10 h 9.11
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Effect of Homogenization Heat Treatment on Channel Segregation in Nb47Ti Alloy Ingot

Shang Jinjin'?, Zhu Shigang’, Li Bingiang’, Bai Huiwen’, Yang Ce’, Lei Qiang'?, He Tao’, Liu Xianghong®, Zeng Weidong'
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(3. Unit 93170 of the People’s Liberation Army of China, Xi’an 710021, China)
(4. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Channel segregation in Nb47Ti alloy is prone to occur during vacuum arc remelting (VAR), which significantly degrades its
processability. Molecular dynamics simulations reveal that for the Ti-Nb system under isothermal holding at 1170 °C, the mean squared
displacement (MSD) of Ti and Nb increases with the increase in Nb content, indicating that homogenization treatment effectively alleviates
microsegregation. In Nb47Ti alloy, solute atoms Nb exhibit significantly stronger displacement amplitudes and diffusion trajectories than the Ti
matrix. The effects of homogenization heat treatment at 1170 °C for 5.5 and 10 h on the microsegregation and channel segregation of Nb47Ti
ingot with diameter of 520 mm were analyzed. The results show that the segregation index of microsegregation decreases by 0.27% and 0.53%
after homogenization, but no significant improvement is observed in the morphology, quantity, or size of channel segregation. Increasing the heat
treatment temperature or prolonging the duration has an extremely minimal effect on reducing channel segregation, and may lead to excessive
hydrogen content issues.
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