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Fig. 1. Profiles of order parameters across a grain bound-

ary (a) and a surface (b).

2 A 1823 K T A AR A 5 143 $iofn s
PEATEUR AR LR, T LUK B, & BT T2 4k
BTN, SBT3 A BIE S
O3B B e/ IME A KAE, Herh 23 67 50 B RAE 24
4 0.10. 7EFRTE L, T FLER AT A 28 (0 5050 R

040801-5


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

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 040801

1A DX, DAL 380 [T AR AURE AR, 2 67 73 K002
MR 1 — e, i B A2 s 3 5 Z A
S HEEAT L, T B SR B A AH I R RN B L
AT e AR REA R B (EARYE (19) 5K, AT
A3 o B A AR B 05 e 9o A, BT
TIEL ¢ NIRRT AR B L B A SEBRE OL.

1.00 F® {0.10

0.98 | {o.08
= 5
2 be
£ 0.96f 10.06 £
£ -
E o.04f 0.04 £
= 3]
< 8

0.92 | 0.02 ~

0.90 0

-10 -5 0 5 10

Distance/grid units

1o} 1.0

0.8} {os
= o
2 kS
£ 06f 10.6 &
2 &
=) -
E o4f Loy &
E o4 0.4 :
< =

02t {02 7

of 0
-10 -5 0 5 10

Distance/grid units

K2 A (a) IR (b) Ak 43800 28 6 43 By 43 A
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a grain boundary (a) and a surface (b).

4.1.2 RMREFH 69 %M

UL X3 25 43 W A% 19 R /A 100 100, R A
R B4, XS R 3 S B AR R A 1 B R
SPIRDE ks, begh il o 1823 K. & 3(a), (b) 4
S B AR P S N RGE 3 )
YE R 3 BURLIE S 3 Ak o 7, P B e | i
WE SR ALK I 30 R e 2 kL AR R B PTLA &
B, be gk kL A1 2% 1 76 e T HOW VR R B 7
WAk, PRI AN R ) B SO 4k, — 3
ERLE B R BB A IR Sl T sl DR A, e FEA
ZWIAIZE Zh R AR B A A I, P
LB 1) WA 40 o B SR T SR ORI N (2 B
ILFWER T RSO, Y HOA A E R, I
FLBRLAZ A IR 2 S AR i AL, P A i PS4

BRSNS U 35 AR B AR BT 2=
TRFLBR, (EAFFLBRANIBT A /. st 7 v AR LB
A AR i PR RO/, 5 AR 5)
T, o A 2 At SN 7 T 8 23 oot e A RE Al el
UL LA M AR 1712 30, B AAOR B BURL Y7 %
1B S EAHBOR B0 A AR, e T LB

ﬁ*ﬁ’z [24].

K3 AENIAZS) (a) 5 RIAKZZ) (b) [T 3 BURIE
SRBERFEA7EAE  (al), (b1) 0x10% 45; (a2), (b2) 200104 45;
(a3), (b3) 1000x10* #

microstructures  of  three

Fig. 3. Sintering particles

(a) without and (b) with considering rigid-body motion:
(al), (bl) 0x10' step; (a2), (b2) 200x10' step; (a3),
(b3) 1000x 10" step.
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Fig. 4. Change of pore shrinkage for different translational

mobilities.
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Fig. 5. Evolution of two particles with time at 1873 K:
(a) 0x10' step; (b) 400x10' step; (c) 800x10* step;
(d) 1200x10* step; (e) 1600x10* step; (f) 2000x10* step.
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Fig. 6. Growth curve of sintering neck length.
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Fig. 7. Logarithmic growth curve of sintering neck.
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Fig. 8. Profiles of vacancy fraction across a grain boundary

at different temperatures.
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Fig. 9. Growth curve of sintering neck length at different

temperatures.
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Fig. 10. Evolution of multiparticles morphology with time:
(a) 0x10* step; (b) 400x 10* step; (c) 800x 10* step; (d) 1200
10* step; (e) 1600x10* step; (f) 2000x10* step.
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Fig. 11. Change of average pore size in the process of multi-

particles sintering.
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Abstract

Owing to its high thermal conductivity and uranium density, uranium nitride (UN) has great application
prospects in various nuclear facilities. However, sintering is an important step during the preparation of UN
fuel, and the properties of UN pellets in reactor are significantly affected by sintering parameters. Therefore,
using numerical simulation techniques to investigate the sintering mechanism of UN fuel is of great significance.
In this work, a UN sintering phase-field model based on grand potential is established, which simultaneously
considers the rigid body motion of particles and the mass diffusion. This model enables the expansion of the
interface width, thereby increasing the spatial scale of the simulation system. Firstly, a validation analysis of
the constructed model is conducted. The phase-field variables are symmetrically distributed at the local
equilibrium interface. The rigid body motion of particles significantly promotes the densification process.
Subsequently, the sintering process of two particles is simulated at different temperatures. The results show
that the growth of the sintering neck follows a power function relationship, with a power exponent n of 7.14,
indicating that the dominant mass transfer mechanism is surface diffusion. As the sintering temperature
increases, the sintering neck growth accelerates, and the maximum concentration of vacancies within the grain
boundary increases. Finally, the multi-particle sintering is investigated at different temperatures. The contact
and overlap between sintering necks form a complex grain boundary structure, and the internal pores transform
from irregular to circular shapes. During densification, vacancies originating from pores separate into grain
boundaries and then diffuse into the external gas phase or larger pores. The average pore size initially increases
slowly and then remains stable. As the sintering temperature increases from 1723 K to 1873 K, the degree of

densification progressively improves.
Keywords: phase-field simulation, uranium nitride, sintering, grand potential, diffusion

DOI: 10.7498 /aps.75.20250754 CSTR: 32037.14.aps.75.20250754

* Project supported by the Joint Fund of the National Natural Science Foundation of China and the China Academy of
Engineering Physics (Grant No. U2130105) and the Innovative Scientific Program of China National Nuclear Corporation.
1 Corresponding author. E-mail: lipei0916@xjtu.edu.cn

1 Corresponding author. E-mail: liuwenbo@xjtu.edu.cn

040801-11


http://doi.org/10.7498/aps.75.20250754
https://cstr.cn/32037.14.aps.75.20250754
mailto:lipei0916@xjtu.edu.cn
mailto:lipei0916@xjtu.edu.cn
mailto:liuwenbo@xjtu.edu.cn
mailto:liuwenbo@xjtu.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

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BACHIZ IR R G 2 A
¥R BTFH XFE FR UL

Phase—field simulation of sintering process of uranium nitride nuclear fuel

SHEN Wenlong  LIAO Yuxuan WU Xuezhi LIPei LIUWenbo

5] Fi{ &, Citation: Acta Physica Sinica, 75, 040801 (2026) DOI: 10.7498/aps.75.20250754
CSTR: 32037.14.aps.75.20250754

TELR I TE View online: https://doi.org/10.7498/aps.75.20250754

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

PR A 5 BB Al 1 R B AR S BRI
Phase—field simulation of sintering process of ceramic composite fuel

WFEEEAR. 2024, 73(21): 210201 hitps:/doi.ore/10.7498/aps.73.20241112

Zr-2.5Sn3 G e I Tl R A AN
Phase—field simulation of high—temperature corrosion of binary Zr-2.5Sn alloy
YrH2E 4. 2024, 73(14): 148201  https://doi.org/10.7498/aps.73.20240393

Fe—Cr a4 fits S AT S 8 BECIT I ity 5 i A7 ) AH A A0

Phase field simulation of grain boundary segregation and radiation—enhanced segregation in Fe—Cr alloys

YrH2E 4. 2021, 70(11): 116101 https:/doi.org/10.7498/aps.70.20201840

25 AL REAE T ke =2 R4 BHL A A A B 5T

Phase—field simulation of domain switching in ferroelectric trilayer films under bending—induced strain gradient

YrH2E 4. 2025, 74(12): 127501 https://doi.org/10.7498/aps.74.20250334

SMMBESAERTTE U0, hzs i A R AR AU

Phase—field simulation of void evolution in UO, under applied stress

YrH2EAR. 2022, 71(2): 026103 https:/doi.org/10.7498/aps.71.20211440

RAWRLUO JR 2 AR A T A AT 5T

Phase—field simulation on fission gas release behavior of large grain UO, fuel

YIER2A 4. 2024, 73(6): 066102  hitps://doi.org/10.7498/aps.73.20231773


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20250754
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241112
https://doi.org/10.7498/aps.73.20241112
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240393
https://doi.org/10.7498/aps.73.20240393
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201840
https://doi.org/10.7498/aps.70.20201840
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250334
https://doi.org/10.7498/aps.74.20250334
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211440
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211440
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211440
https://doi.org/10.7498/aps.71.20211440
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231773
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231773
https://doi.org/10.7498/aps.73.20231773

	1 引　言
	2 相场模型
	2.1 基于巨势的烧结相场模型
	2.2 相场动力学方程

	3 无量纲化处理
	4 结果与讨论
	4.1 模型验证
	4.1.1 界面处的序参量分布
	4.1.2 刚体运动的影响

	4.2 两颗粒烧结过程
	4.2.1 烧结颈增长动力学
	4.2.2 烧结温度的影响

	4.3 多颗粒烧结过程模拟
	4.3.1 组织形貌变化
	4.3.2 烧结温度对致密化过程的影响


	5 结　论
	参考文献

