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Table 1 Material properties of four fuels.

PRRLERY &R A A &)

Fuel type Metal Oxide Nitride Carbide
(U-20Pu-10Zr)  (UO,-20Pu0,)  (UN-20PuN)  (UC-20PuC)

# 4 B % ¥ Heavy metal density / g-em 14.1 93 13.1 12.4

4 14 Melting point / K 1350 3000 3035 2575

#1452 Thermal conductivity / W-m "K' 16 23 26 20

40 kW-m™" B o 2R3 1 T 1060 2360 1 000 1030

Operating centerline temperature at 40 kW-m™' / K

PJEIK £ 3 Thermal expansion / 107K 1.7 1.2 1.0 1.2

5 Heat capacity / J-g K 17 34 26 26

1.2 MA &l

FEALGIRRIE I MA B AT #1758 MA R
e MA JREHG 6 BA SRS P 2R iS55
WP T 2R MM tkae. oK 4 K
ARBEA -

FET RO ZER, MA BRI 4> 9 — A0k
BRI . 35—kl MA F1 UL Pu JuE )
BI040, SERIBREL TR MA A5 A8 4% 243 ) 43 A (E
PR W aRE SR A, Bk
Vi BRI 2h5, S IRORE O AL 2 SRR
PRRLFI B R AR, B SRR R A >,
FLRAMD W RIAR 7EWF T, A7 BORIERRE U 32 ZE7E
A HE . BRI N o AR S A
B ARk

MA 4 J&8 R ) 15 FH 2 B 4 B O 0 9F S
MA & J@IRBIFEAR T AT . 76 EBR-II, #Eit 39 000 R
& BB E A E P R I, SRR Z )
W E AT TR TR G A B, & @ RR AT
KR TR G A B AR AL &, P SEILERIME R KB
itk . H R 7 2 (1 & 8 R B & B 221k,
WINEEAE N & & F T B A% i, H
U-Pu-Am-Np-Cm-Zr %253 & Ak 2 A P-4 1R
WEZ, TRIEFIE A 5] B R 52 m A £ T
,TE[9—10]0

TER/KHERME R, #RT DL MA IR N2 &AL
YRR BT IEAS . H AT MOX kMG g Tk
1y MA AP A AR ] ] 3 AT ask AL ) LT
PR LTI ISR . MA AR 4L T2,
Bomdk (ngdE L2 g MA EAWIREL.
MA-MOX Bk I szib 5 2oF et el ™, &
TP RR L IR e pi e FCF R AR T BB R O 2R IR R

w, BN MA GG SR — 0 TR

MA ZEAERL B m#G . s RCREE
AN AAETAT . F AT R A B S S A (1
ARl T NpN. (Np,PulN. (Np,UN. AmN .
(Am,Y)N. (Am,Zr)N. (Cm,Pu)N. (Pu,Zr)N. TiN+PuN
2, RPLNpN. PuN. AmN. CmN 5 NaCl 5248
AR SER, AT TEREAE R, AT 25 4 KV 0 2R
Ak, BAh AmN. CmN HIRUKEFE, 5% RN,
DRI 75 ZE P SR P VA FE MA SR,

MA BACIRRME B S s R % A
TOURA 1) 17 BAH PR A T 470 ARVE ARG HR
BHEE7E EBR-ITHEFTEE T 200 HUVE & ALY RHEELE
FFTF HE44R I8, i 70% PuC SRR ALY
BREL, B FBTR YENIKBNIRRE, IX LS PRORME FH 1) %
KIRFEN 150 MWd-kg ', IEAR M RIRFE = SRR AR
ThJE b FEE . MA BRI RARL G ol R AR B K 2
K, FECCWEPBEREEG, FIEABRAARE
BRZRBE TR A0 0 1) B RIVER 2 B2 RO AL, AL 7695
BR7E EBR-TI 48181 316SS 558 g i g 3100,

ISR RH S . TR IR BRREIR . IRBh A%
MERRLF . FETCREA, S SR HEM ] PuF; F1 MA {ER
JE NSRS ATAT, AR RS, 8
HER AR AR E I, AR R ST X
=M% R . {H PuF;. AmF3. CmFs. NpF; filF
TAERER G PR IR, MR S A
IR,

1.3 ES MA BRI SR

[E AT IE MA SRBHIE 7T % L 50OM b X B 5 B
Bl A, SCEAMEE A, % E MA PR 2
BEFCUE  BFFELR AR S e 2 3 2.
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Table 2 Main research institutions and contents of transmutation fuel.

T H /S5 T TN FEHFNE IRt
Program/experiment Main research institute Main research content Irradiation
facility

SUPERFACT-1 CEA. ITU & Np Am AL MOX #4} Phénix
UO, or MOX fuels containing Np and Am

ACTINEAU CEA. ITU. KFK B RHEA L & Am ) MOX #R K OSIRIS
Homogeneous mode, MOX fuels containing Am

SUPERFACT-2 CEA. ITU. KFK B EME B, & Npy Am [ MOX #4%L Phénix
Homogeneous mode, MOX fuels containing Np and Am

IFR X501 ANL BISIREHEIA S, &/ & Np. Am 480k EBR-II
Homogeneous mode, metallic fuels containing small quantities
of Am and Np

METAPHIX CRIEPI. JRC-ITU. CEA  HSJMREHEIAEEA, U-Pu-Zr &)@ MR 251 Phénix
Homogeneous mode, U-Pu-Zr based metallic fuels

FUTURIX-FTA DOE. ITU. JAERI. CEA <J&. EALW. BALYIBRRIE PR 7 M e A A e Phénix
Irradiation performance of metallic, oxide and nitride fuels in
fast reactor

FUII JNC. NRG. PSI MOX. Np- MOX, #Aliilish FiFs e pe HFR
MOX, Np-MOX, performance of fabrication and irradiation

AFC-1 INL BACAN G JRIRRL, FEI AN 0] R AR BRI R R 5208 ATR
Nitride and metallic fuels, irradiation test on nonfertile and
fertile actinide transmutation fuel

DOVITA RIAR IRBMEIR AR, UO,-Pu0,-NpO, BRIt BOR-60
Fuel cycle technologies, batches of UO,-PuO,-NpO, fuel

HELIOS CEA. ITU FHEAEEATT, &H AmyZn,0; 17 MgO ZEARRRL HFR
Heterogeneous mode, containing Am,Zr,0; in MgO matrix

Am-1 JAEA P MOX MARHERIRAT N, BHE Am-MOX. Np/Am-MOX Joyo
MZ2% MOX AR MK-II
Irradiation behaviour of MOX fuels containing Am, including
Am-MOX and Np/Am-MOX and reference MOX fuel

AMBOINE RIAR. CEA TEREWCA B4, (U,Am)O,, (U, Am)0,+MgO A%l % BOR-60
Recycling and separation Am by pyrochemical process,
production of (U,Am)O, and (U,Am)O,+MgO

MATINE RIAR. IPPE. BIRF. CEA (Pu,Am,Cm,Zr)N #REl, ISERAIIREhZE Sepi i 2\ BOR-60

(Pu,Am,Cm,Zr)N, pellet and vibro-packed

CONFIRM KTH. Studsvik. PSI. ITU. (PuZr)N. (Ce,Zr)N. (U, Zr)N #AELEH S %, HFREMAY HFR
EU. SercoAssurance~ BNFL. [l 44 1 #43) 7] 2= 1 58
CEA Production of (Ce,Zr)N, (U,Zr)N and (Pu,Zr)N pellets,
thermodynamic conditions of nitride solid solutions
FUTURE CEA (Pu,Am)O,. (Th,Pu,Am)O,. (Pu,Am,Zr)O, #RA&H4 5 Lb i Phénix
Comparing properties of (Pu,Am)O,, (Th,Pu,Am)O, and
(Pu,Am,Zr)O,
GACID CEA. DOE. JAEA % 20% Pu 1 MOX &%}, (U,Pu,Am,Np,Cm)O,.x #R%} Monjyu

MOX fuels containing 20%wt Pu, (U,Pu,Am,Np,Cm)O,.x

MR 2 ATLLEH, MA BREMIEF 2 R H A TENL
i, BRI LA 25 B CEA; it 9T i
Z IIAEEN MA-MOX kL, HI0E MA E4i);
X MA-MOX #4 KL, AF Am. Np. Cm B0 &
AV THE T BB RR I T, IR R i
TE& PrEfb e i A Fha R RE: T MA
BACHIREL,  EEWFIT T B ARIL JF 21 2 B AR
BIHEAR, FEFFR 1702w EEgel; & MA

RRHE R 1) B B HE = BRI A il M,
HARPHE
1.4 FRAIRMERRNE T

3O T A EE I HE BRI B P,
AT MR HERRA T Z IR A, 16 TR
Herr, 12 DN BIHEIERE T BALYIIREL, SRR s
%4 MA K BREST-OD-300. BREST-1200. ELSY
e HRERE T BAAIBERL o
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Table 3 Design of lead cooled reactor fuel in the world.

SONHE B SR HE PR
Reactor Fuel Reactor Fuel
SPINNOR PuN-UN CANDLE U-10%Zr
PBWFR PuN-UN PEACER U-TRU-Zr
LSPR MN SUPERSTAR U-Pu-Zr
SLCR MN MYRRHA MOX
SSTAR  TRUN SVBR-75/100  UO, first,
PuO,, UN later
STAR-LM TRUN ELSY MOX, Future:
PuN-UN-MA
STAR-H2 UN-TRUN BREST-OD-300 PuN-UN-MA
ENHS Pu-U-Zr, BREST-1200 PuN-UN-MA
U-Zr,
PuN-UN,
UN

2 SRMMEET RN LSIRR
2.1 PRHMESS

FIYBL VA EIFRIA TR VA E0 70 B A5 Hh - R0 22 4 )
P, EH SN ADS B4 RGN EEEFE TR, FHE
FLIEHT 9T Seae HE CLEAR-T T8 E A R B
CRKHZ A RE-ADS ARG gt S
BHE W L HER R, HHARtRHE/ADS R4 1 H
A AAFEPFRENEME . 5K SARIZUR N . ¥
HFB T & SIEE ST H ARG AE Sy omagol,

YR HEXT AR AR PERE LR, B T IR AR R
W 2 X ER RS R mIAEER L SRR
HRBRRE L. PBER RS A, IBER
PREL GBS A S E A LE, SRR N
A = A WO B LD EY BT IR RS

XFTHYEE ADS R340, T840 75 2 md s 1
TEE, SRR S IEE D ER T R, AN R
WMEITEAF e, T BRI YA 215504 58 K #4
2%, ADS Z AR R AR A S 15 AR R R N
O ¥ Tk e b,

22 HHHEETRAR R

MA  HRHIZE R AR T JU0RE FH ) S L 3 Bl 4
HEARGE, ANFSHERER R SE . PUAE, iR A
HEnf ADS RGHA ARG MA BORL. WA 5
HERTIRRHI IR HE R ZR 2242, R 4 4510 T IS
I MA #0RHESE . BT MA BRRPEREE D,
FLAS TR E B A A RS ROBE ) AL 1 o 8 A A2 — E 22
Ft, BIEER 4 Ak AL e R HER R -

F 4 FRUET ADS RZEMBHIRIREKRSIEEF
Table 4 Requirement and selection of the fuel about
lead-bismuth cooled reactor and ADS system.

RHIE BRRHME AR R Mk T5 %
Characteristic Requirement of fuel  Preferred
selection

B aeR R HRAGIHEANE AN, BaY
Lead-bismuth It Oxide, nitride
coolant Good

compatibility with

coolant
R ENFIE LR A R BIE. B
High density of High smear density =~ Metal, nitride
the coolant
T RE T A BITRET R BIEL B

Hard neutron Low content of A

spectrum light elements Metal, nitride,
carbide

AT EEE SRR &E. B,

25 i High thermal ALY

High neutron flux  conductivity Metal, nitride,

for transmutation carbide

BT AR R K A, B,

eV Large capacity of k{4

Instability of heat Oxide, nitride,

proton beams carbide

R R FERABEEA  &E. "2l

RIS Dry reprocessing AW

High heat release  technology Metal, oxide,

and radiation of nitride

the spent fuel

CRAEXTHORIL, BAREL BE SIASHE
SHBMEL BES. BORTEMK. SR, #&
AR MHRIR . TR TR IR S, HHER
HE/ADS R0 MA BREH IR E R B &, R
BACYRR AT E & T HY R R/ ADS R4 X 5 M
A HEEHERRL GO T R S AR B eAb
SEEG CLARUESE R A UG R A A4 NpNL PuN. AmN Fl
CmN 5 NaCl 4 25l i g B & 4k 45 4 1,
Np-Pu-Am-Cm EAA) AT T B3 44, CHHE I MA
BRI R I T I B R 3R 1 e, A
AT NN B MA BB H AT EY S5 HEfE A
BRRLEI AL 77 R

3 5B

AR, MA BREWIT TSR 2 R0E, Rl
FE T AABBMEI S I E 2. MA HIIAR %
GRBHE B SR ER AL A VE U — € R0 . H AT,
MIBEHIE T —15% MA BORHFEAT T I, (R
LWL LU L e 4t
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Foitos, REIERE T SRS, RO K R
RAREA, Rl R @R (2) LA
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T%, PERBEERIEER BT ADS B RS0, N
JE AR T F I R A 0 IR ek 110 i HEURI 488 1 e U
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Selection and analysis of transmutation fuel in lead-bismuth cooled reactor

MEI Huaping WU Qingsheng HAN Qian CHEN Jianwei

HUANG Qunying WU Yican

(Key Laboratory of Neutronics and Radiation Safety, Institute of Nuclear Energy Safety Technology,

Chinese Academy of Sciences, Hefei 230031, China)

Abstract Background: The partitioning and transmutation (P&T) is considered as a feasible method to deal with

nuclear waste. Lead-bismuth reactor is one of the most promising nuclear energy systems for Accelerator Driven

System (ADS) and Generation-1V reactors. Transmutation fuel is concerned by both P&T and ADS system. Purpose:

The aim is to select a suitable transmutation fuel for the lead-bismuth reactor. Methods: In this work, we analyzed

characteristics of lead-bismuth reactor and ADS system, and summarized main features of transmutation fuels and

design schemes of lead-bismuth reactors. Results: Most lead-bismuth reactors select nitride fuel, and features of

nitride fuel are much more suitable than other fuels for the lead-bismuth system. Conclusion: Nitride fuel is currently

the optimum selection of transmutation fuel in the lead-bismuth cooled reactor. Irradiation and transmutation

experiments for nitride fuel in the Chinese Academy of Sciences ADS system are expected.

Key words Lead-bismuth cooled reactor, Transmutation, Fuel, Minor actinides, Nitride fuel
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