Hs54s H12M
2025 4 12 A

wEERMISEIIE

RARE METAL MATERIALS AND ENGINEERING

Vol.54, No.12
Dec. 2025

https://doi.org/10.12442/j.issn.1002-185X.20240518

ZrC-SiC ERRE 8 8 TR AR RZ AR S By
SPS &I &

fERCAR Y, ZA, X

2, i

73, IAREC, XBiR!

(1. EERE FINEFFRAER, T &R wII 518055)
Q. I EMABRARAF &R WY 518026)
3. JTARTAMERE:, AR T 510006)

W OE: RABCRSE TR (SPS) LM% T ZrC-SiC & A H A TR UG 72 WURL M RS S BeRe i, 90 T A ] = B 454
I EPE (TRISO) FRURLAAF & &6 Be s Hoe i oW T SR AN G 45 BUR AL I R A, HExd ot B o TRISO JURE 43 A1 1 L EA T
TROERAE . 50K W] ££ 1900 ‘C/30 MPa/10 min 525 261, W] LA3R4S TRISO ROk A4 AR 73 e =i 78 31 40% - F50KL 73 A 1)
B SORSE R TERE . BB PR R (R TR O 2 UL RRL S ERE o 2 TRISO B0 (A AR 73 BOAS 12 T 40% 6, 0k A4 R 23 5

R RSYERE A BB LR A B

RUEIR: HECARIRRL TR BIORORE R AR B T e

hEES S TB332;TL352.2 HEEFRIRRS: A

NEHS: 1002-185X(2025)12-3123-05

1 5 8§

TR IRETC A I SR HE [ A% 0 S BREBAT , S N HE 1) 22
T IEI R KRR L2 B SRR T T R . RRHE
RE AOSR T LA S B HE BT L i i BE L 22 4 VT &
BREE . AR F L), W e SN HE ) 22 4
AT S 2% [ e BE RV A B i TR B e A i 2 4
4 B 3 70 3 B OR) (accident tolerant fuel, ATF) , A]
T E R A R 2 A A R e R A T R R
FRITBUR PR 7 KRR XU

IR B RURL VRS K B A 2 2 B8 S5 R R R
RL SR B A MR A TR TR B — A R R RRL , S 2 Y
AR 5 [ AR I [ 5 S0 = 2 Y ) 4 Pl R 1l 4 e
(fully ceramic microencapsulated, FCMDP™, B &% T &
T A HERZ AR BT S o 2 2 O I = A5 M %
Iix] [] 1 ( TRistructural ISOtropic, TRISO) #A K}k 5/ BU(E
BRAGTE (SICO B AL AR RL R ISR RRIAIE 57 (9 5 24
PERE L il AR E M USRI SR RO R RS L 24y
FRMABF=YELERE S . FCM AR 45 R an i 1 B
715 » TRISO BABLIITRL I A 1) SN IR 53 A KRBMZ RS i s
AR J2 (G J25) N B ik 122 < SiC 2 BA S AR 3
T ANRRRZ K TRISO RIURL /R HIL T 15 1k 2 4 o I ] R

ks HER: 2024-12-05
HEWME : B ARFF5E4(12132005)

PRIRBLES T, B3 N & J8 sl & A B 528 B R

DL A AR (UO,) N AZ s (1) TRISO SR KL LA AE
S A HERE A T LT BR R AR A ix
FEK, TRISO HRAIE L Ath 3 0 v 1 57 P 0 R 52 1) 56
28 33E A A2 0 A R Gl B 4R (UCOD B &AL il CUND A 7T
K JHPEBE EAR S A BRAL B (ZrOO AR SIC 1E N7 2 4%
J2 J SRR P B 55 7 1)1,

TE SR HUCEL 7 JFURL R 1) A4 T THT , SiC A2 H A1 E A
AMIEFCI 230, 2 TF R 3R 10 K50 43 Bk 50 #8256 SiC 2
PRTF R, Kim SR A TR T D& beds ih
FXE FCM RRE S BR B2 00 s Tan 250N HE T — Pl fic
Pk L2, Tl B A i TRISO 25 3% 1 FCM Rk
Fu % 7 — Pl ek, F T i) & TRISO Bk A /7 HE
HIH FCM BORLHE B, I e D ] % H TRISO 462 7 # R
12.8%~31.7% HIFE i s X SR TRCR 5 3 1 1 4G T
ST SiCHAA FCM BB ER i 46 T 25, 348 Hi B
FE T2 RS B CYAG) I IN & 7% e 45 1 1850 C .
JE 7745 MPa AR ] 15 min. R0, 75 A FEAK K SiC FE
BEAE L2 52— 58 K 1) R 74 BR3003-SR R PO
SERBLFE P BRRLS B B BT PRI R AT 1 %
Ak T AR .

EE®B N AR, 5B, 1982 4R Bl L, IE Wy 9 AR, P R SE e A IR AL TR IR 518026, HL i - 0755-88617018 , E-mail:

renqisen@cgnpc.com.cn



+3124 ¢ W] B RS TR %54 %
OPyC layer—_ Inert matrix
SiC layer - — FCM pellet
IPyC layer — ) )
Buffer layer
Kernel Fuel particle Cladding

K1 &Pl e iiks =
Fig.1 Schematic structure of FCM fuel
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Fig.2 Photograph of dispersion coated particle fuel surrogate pellet
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Fig.3 Microscopic morphologies of surrogate pellet samples with different TRISO volume fractions: (a) 0%, (b) 20%, (c) 30%, and (d) 40%
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Fig.4 Microscopic morphology of surrogate pellet sample (TRISO

volume fraction of about 50%)
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Fig.5 Densification processes of surrogate pellet samples with different TRISO volume fractions: (a) 0%, (b) 20%, (c) 30%, and (d) 40%
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Fig.6 Distributions of TRISO particles in the pellet samples with different TRISO volume fractions: (a) 0%, (b) 20%, (c) 30%, and (d) 40%
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Spark Plasma Sintering Preparation of Dispersion Coated Particle Surrogate
Fuel Pellet with ZrC-SiC Matrix

Ren Qisen'?, Wu Lixiang®, Liu Yang®, Xu Liang’, Guo Weiming’, Liu Weigiang'
(1. Tsinghua Shenzhen International Graduate School, Shenzhen 518055, China)
(2. China Nuclear Power Technology Research Institute Co., Ltd, Shenzhen 518026, China)
(3. Guangdong University of Technology, Guangzhou 510006, China)

Abstract: ZrC-SiC composite matrix dispersion coated particle fuel surrogate pellets were prepared by spark plasma sintering (SPS) process. The
effects of different TRISO (TRistructural ISOtropic) packing fraction on the microstructure and sintering densification process of surrogate pellets
were investigated, and the distribution of TRISO particles was characterized. The results show that under the sintering conditions of 1900 °C/
30 MPa/10 min, dispersion coated particle fuel pellet samples with TRISO packing volume fraction up to 40%, uniform particle distribution,
integral microstructure and good matrix densification can be obtained. The TRISO packing fraction has little effect on the sintering densification
process of fuel pellet samples.
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