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Abstract: To establish a highly efficient nuclear fuel cycle and make the most use of the uranium
resource, the integrated fast reactor is a competitive option, featuring in its metal fuel and related pyro-
processing. A metal-fueled core does not contain any low-atomic-number nuclides, resulting in less
moderation and a harder spectrum of neutrons. With a harder spectrum, the metal-fueled core can
benefit from a higher breeding ratio and deeper burnup, both of which are necessary for reducing the
amount of spent fuel. However, the harder spectrum significantly increases the damage cross-section of
structural material, due to which the burnup of the fuel is restricted by the accumulation of radiation
damage of the cladding. The breeding ratio is also tightly related with the fissile nuclides enrichment;
the higher the enrichment, the lower the breeding ratio; in this regards, to improve the breeding ratio the
core should be loaded with larger amount of fuel and consequently lower enrichment, which can be
easily realized by enlarging the fuel pin diameter. However, the larger pin diameter and higher amount
of fuel loading are not economy in terms of fuel cost and subassembly manufacturing. To have a
balance between the breeding ratio and fuel loading, the doubling time is a better and more
comprehensive parameter. Normally, the fuel pin diameter is between 7.0 and 9.0 mm to accommodate

both sides. Since a relatively higher internal breeding brings down the burnup reactivity loss, the core
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can be run with a low initial reactivity margin; it is not needed to load too much fuel at the beginning of

one fuel cycle; as a result, the number of control rods can be decreased, beneficial to both the safety and

economy aspects of the reactor. The metal fuel is also featured in its high thermal expansion coefficient,

high heat conductivity and low operation temperature, all of which improve the passive safety of the

core. In the presence of any sodium void born from overheating in abnormal conditions, the neutron

moderation will decrease even more while the neutron spectrum goes much harder; these effects

increase the effective fission neutron number of plutonium-239 and brings a positive reactivity.

Although the sodium void reactivity is positive and has a large value in a metal-fueled core, compared

with oxide-fueled core, the passive safety features mentioned above can provide enough negative

feedback in the early stage of accidents, avoiding the overheating of the coolants and generation of the

sodium void. Generally, the integrated fast reactor provides a desirable solution in the safe and efficient

utilization of nuclear energy.

Key words: metal fuel; integrated fast reactor; breeding; sodium void reactivity; reactor core design

UTAF R, Bl A T A B B0 i A e i B g
AR Jay ) TR 220 78 48, LAl 9 05 28R o L £
JeHERZRER) R H A K

— A PR HE () 2 Hh D R BE A A i T — B
BB TT 5 o — A DUE DL Ja AR %0
W 5 Z BB Y T 5 b 3RS OB ) 3 Rl 5 e [
—Jhk, PSRBT NG 5 e
MR fi) = 2 18] ) B2, — PR AL PRl S B T MR KL
WA A — A PR E B Z ok
RO PEAR | A2 e | B B P 2 1
Z A,

JRE ) B (b 12 ) g T — A PR HE Y
ABURFIE AR OIS T TR A 22 2
5 PRRHIE BR B AR 22 PE e 2 ) P14, 5 B4R
JE 22 T ) BV T S A, A A S LA S 2 A
oy R HE G AR | B S I RN 5 A S R
IBHAE 0 AR SCE A8 MBI HE Y BE Y £ 2 1 ik — 1A
PP B W) BRAS VR 5 BT S B NTE 2 O R,
o — WA PR B B4 T 1, Ry PR S A —
PR A PR B {1 — R 2 WL P 55

1 —RERHERY E ZHFE

AT, i 14 H A0 — A Al bR S A 2 3= 2 1 i)
e 2 o A PRI 2R, A 45 58 0 M) ik B
U f /L R A HE SN T AT I TR R
Ak RIS [R] AT ) S B SRR IR R A S h R .
TSP — HAR, 4w AR BAE A e 4% AR
B A T BETE A, 45 U AR P R, ALY

AR B ETAR, PRI rh 7 22 ek s g, AT Sy
FEBH, T R IR HAFE | A = 40} i £ (3t AT RE 5
G TR AORE R SR I A i T AR 2R 00 Tk S Ak
G55 I AR A T A M M S5 S KR R AT S AR RO
G TR A U T PUREX AR R K % 5
AL, 0k e AR BN 2 B i B, AT LS AR Ak
B DRI vl R I 47 D A B R 8 A L URE, A
()] HE ) — Al A B4 T AT RED,

SR RARE B T TR AN rh 7 RE 35 Y BE AL 75 R 15
i B A R BT AR IR o AR I RTRRORL S S5 F
b e, L 7 i AR 0 K B — A A PR SRR AR TR
JE WY F2 BRI A 2R o R, O T iR FREE B
KRBT v 23 A RE B, 5 2OE i 22 RO 35, AW
Mo S R e AR BCSE 1 HE A BE S BB K HE Y A
A TR A AR . 2 IR, BRI
8 BB 2L 0k PR AL 7 L A N AR (R AR ) 5
DR g 8 A D DAL, G5 8 B sl HE At ) R
I, B MOk 7 P X — MR AL PRE R 58 AT A —

—RAG TR 4 B RORHG ok — R 91 %
SRR, A AL REA BEE R th T &
JE KRR R A KR IR, T2 IE W s 1y K
ORI S O i 1 2 RS AT R R
O RARF R R S o R A R A S T | M )
70 A FEEH A9 BT FARORE Fh Ol BE BT 2 R
P 0 AR T AL ROk, AR ST TR R Y
I THARJE o 4R R HE LS Y GE R BE 4, B E ER
7 30 v IR AE BN R B G P %, TR TG



WO LA — O 4 B b R

63

i g SR IS o )00 i R B, X R A
ARAS B AR TR I S XU o < T AR v 7 R
TR, 2l R AR A A5 S A RE TS ROV S R A, IEAY
A 23 R B A 3, (H N O R R R X — TE K
O T R B [ AT 4 ey ko R R EORIE, G
JEIRRR A T 1A 22 e B AR T

MR A PR i i s R T, B A% U

[

HRRHEZR

WL T R B, & — RO 2 2
—, B 2 AT LU B A IR AR 2 — fRfL PR A
AR S BT E B A% i IR A2 EL TR [ L B
HOIR IR R, EE LR A 22 55, A 3 A PR A J
TR E B HE

R — A DR S ) 2% T LR A e G2 A G
RAUNE 1 s o

HEIME AT BAREE EERI [
ek 5 AL (I S - Y
e we | | #E |
AT R [ RS [ | g
#l
T r
& AT } EfH | RRIT 0
o o R sty - NS
* | : f
e RS F
SRME

= fdhmE R R

1 — AP i B K B 306 R

Fig. 1 Physical characteristics and logics relationship of integrated fast reactor
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Fig.2 Neutron spectra of main reactor types
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Fig. 6 Physical parameters and design logics
of reactor core
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Table S Linear expansion coefficient of metal fuel
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U-15Pu-30Zr!'s! <868 1.75
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U-12.9Pu-22.5Z;!'6) <873 1.63
U-17.2Pu-22.5Z;1'6) <859 1.73
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Table 7 Influence of height-to-diameter ratio
on sodium void reactivity
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Table 8 Influence of upper sodium cavity
on sodium void reactivity

LR fem B AL R /pem
0 2117
20 1705
30 1648
40 1566
50 1561

LRERA, A RS th 2 PRk . RO
HEREAR B 2B P2 P G B0 o 0 T8 23 0 S W M
LN 3oy d B e - BB R S O S
FIERFETT o AES TR ST, R — i ph
Y B 1A 22 AP B S o e ) T B L 20 A LAl A
RARER B v 20700 o A, DU T o A 22 s o A 2 3L
PP SR, A BT SN L T TN R AAFE S
JE SR AL BRI 5

4 ZHig

PR MR B AR, PRIl 0 TR L 3
G BB S AT | HRHE SN SR, 33N B TRARFE
O T TS, RRREAR T Z Mok SR A
PR, W RRAR T IR SN, HEOK 54 2 4P

SRR PR, 25 G NI BT, BRR
PRI AR AR K R KR TRk
Tl ] IR A TR R . LB i A 24
RV TE R A S R Rz s g, T
AN 2 3 S R R BOR IE AR

T 6] 1 2850 )RR BHATE B, — (R A DR 3 7 1 PR
PEANZE b b RO T A AL R DR, S 3R ]
PRAE TS 2 AL BERY A AR At T — 1> AR A figk o
P

S & k-

[1] TILL C E, CHANG Y L Plentiful energy: The story of
the integral fast reactor[M]. USA: [s. n.], 2011.

(2] Al WIB, 2, 45, —IRAG M i oy B4 58 PE e B
LI, JRTRERIAEOR, 2023, 57(6): 1111-1119.
HUO Xingkai, HU Yun, XU Li, et al. Study of internal
breeding of integral fast reactor[J]. Atomic Energy Sci-
ence and Technology, 2023, 57(6): 1111-1119(in Chi-
nese).

(31 A4, Ak, XAz, 4. SR B RelE
HE[M]. b5 Hh [ BE R A, 2020.

[4] YANG W S. Introduction to fast reactor physics[R].
USA: Purdue University, 2016.

— At

[5] JUDD A M. An introduction to the engineering of fast
nuclear reactors[M]. UK: Cambridge University Press,
2014.

[6] WALTAR A E, TODD D R, TSVETKOV P V. Fast
spectrum reactorsiM]. New York: Springer Science+
Business Media, LLC, 2012.

[7] WADE D C, HILL R N. The design rationale of the
IFR[J]. Progress in Nuclear Energy, 1997, 31(1/2): 13-42.

[8] dan GABRIEL C. Handbook of nuclear engineering, Vol-
ume [V: Reactors of generation Il and IV[M]. [S. L]:
Springer, 2010.

[o] 4P, M, A, &5 —IRIbME )y IR UEMR S [R]. HE
AU E BT RERM AR, 2022.

[10] FEdi#. ADS B MBI DPA AR TiE
BTG R]. JEaT: o E BT RER RSB, 2015.

(117 SR AL, BBKAR. o F KERMA R BURIR 5450 05 #
TS RERMERR]. ALR: R R e, 2018,

[12] GABRIEL T A, AMBURGEY J D, GREENE N M. Radi-
ation-damage calculations: Primary knock-on atom spec-
tra, displacement rates, and gas production rates[J]. Nu-

clear Science and Engineering, 1976, 61(1): 21-32.


https://doi.org/10.13182/NSE76-A28457
https://doi.org/10.13182/NSE76-A28457

70 BT RER A BR #559%:
[13] DORAN D G. Neutron displacement cross sections for (1964), ANL-TRANS-138[R]. Argonne: Argonne Na-

[14]

[15]

L16]

stainless steel and tantalum based on a lindhard model
[J]. Nuclear Science and Engineering, 1972, 49(2): 130-
144.

GREENWOOD L R, SMITHER R K. Displacement
damage calculations with ENDF/B-V[R]. Vienna: IAEA,
1981.

KELMAN L R, SAVAGE H, WALTER C M, et al. Sta-
tus of metallic plutonium fast power-breeder fuels[C]/
Proceedings of the 3rd International Conference on Pluto-
nium. New York: [s. n.], 1967.

BOUCHER R, BARTHELEMY P. Comparison of U-Pu-
Mo, U-Pu-Nb, U-Pu-Ti, and U-Pu-Zr alloys, CEA-2531

[17]

[18]

tional Laboratory, 1964.

KHALIL H S, HILL R N. Evaluation of liquid-metal re-
actor design options for reduction of sodium void
worth[J]. Nuclear Science and Engineering, 1991, 109(3):
221-266.

FERGHL, T, WBE S KA MOX RRHIUE 25
NLPERCHE B A 2 )]. BT RERLE R, 2020, 54(1):
81-86.

HUO Xingkai, XU Li, CAO Pan, et al. Research on sodi-
um void reactivity of large MOX-fueled sodium-cooled
fast reactor by perturbation theory[J]. Atomic Energy Sci-
ence and Technology, 2020, 54(1): 81-86(in Chinese).


https://doi.org/10.13182/NSE72-A35501
https://doi.org/10.13182/NSE91-A23851

	1 一体化快堆的主要特征
	2 物理特征与设计逻辑
	2.1 金属燃料的能谱更硬
	2.2 硬能谱带来高增殖
	2.3 高增殖的工程约束及设计逻辑
	2.4 高增殖带来低燃耗反应性损失，为深燃耗创造必要条件
	2.5 低燃耗反应性损失带来固有安全
	2.6 深燃耗带来低乏燃料量
	2.7 深燃耗的限制：包壳辐照损伤

	3 一体化快堆的安全特性
	3.1 金属燃料带来更大的轴向膨胀效应
	3.2 金属燃料带来更大的钠密度与钠空泡效应

	4 结论
	参考文献

