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Abstract Background: As the only one of liquid fuel reactor among the six candidate reactors chosen by the
Generation I/ international Forum (GIF), Molten Salt Reactor (MSR) shows great potential for future nuclear energy
and thorium usage, especially for Molten Salt Fast Reactor (MSFR) with characters of high Th-U Breeding Ratio (BR)
and large negative Temperature Coefficient of Reactivity (TCR). Purpose: Th-U breeding capacity of MSFR is
expected to be further improved for more **U production and shorter Double Time (DT), and burn-up analysis is
necessary to demonstrate the breeding characters with time, as well as TCR for safety. Methods: Based on SCALES6.1,
three aspects are explored including fertile in radial direction, newly added fertile in axial direction and appended
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graphite reflector, followed with explanations from the point of nuclide reaction rate. Furthermore, burn-up analysis is

carried out with time by using the self-developed code Molten Salt Reactor Reprocessing Sequence (MSR-RS)

specifically for on-line reprocessing of MSR. Results: Initial BR of 1.17 is obtained when axial fertile is included,

and about 50% of fertile salt is saved with graphite reflector. BR above 1.1 in equilibrium and DT of 36 a are

achieved, and the production of 22U is about 133 kg-a %, while TCR can be kept at about —6x107° K™%, Conclusion:

Newly added axial fertile improves the BR obviously, while about half inventory of thorium can be saved with

graphite reflector. The self-developed module MSR-RS is suitable for simulating the reprocessing of MSR, and U

production for the optimized geometry increases markedly while TCR is kept negative enough at all the running time

for safety.

Key words MSFR, Geometry optimization, Th-U fuel breeding
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Table1 Main parameters'®.

¥ Parameters Bl Values

#MIhZR Thermal power / GW 3

#R e} BE R Bk Composition of fuel - n(LiF):n(ThFy)

salt / % n(**UF,)=77.5:20:2.5

4 54 2 BE /K b Composition of  n(LiF):n(ThF,)
fertile salt / % =77.5:225

"Li @4 Enrichment of 'Li/%  99.995
PR Eh I BE Temperature of fuel 750

salt/°C

HEHE R FE Temperature of fertile 700

salt/°C

Bkl AR Volume of fuel salt 18

/m

U YIS R Initial inventory 4.8

of 23U/t

750 °C W} /4 £ % F¥ Density of 4.1

molten salt at 750 °C / g-cm 2
ik 2 %1 Dilatation coefficient
/g-cm3.oC

#1875 FF Density of graphite 2.3
/g-cm?®

4423 % Density of alloy /g-cm™®  8.86
B4C %% Density of B,C/g-cm™  2.52
B W4EFF Enrichmentof °B/%  18.4
HELS B 1% Diameter of the core 225.5
/cm

HEOS = Height of the core /cm 2255

-8.82x107*
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Fig.1 Top and side view of IMSFR.
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Fig.2 Flowchart of MSR-RS.
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5 ket %A 1.000—1.005.

21 RFEEBEREEX BR BIEM0

MSFR JEHERLY R A 1R A s &L, LB 2
SR EETHER R (R &oR) X BR I .
Wl 3@)Fras, SKERRAT RO AEL kerrr HEZE

Ron BRo SiRRW], IR AR,
$E B 8 5 P IR Kerr IRIRZMRAR /N s 1T BR SE4% K2
R=50 cm Ja#4EFFAasE, AR5 SCHR[O] Tk £ 1
R=46 cm 4bH) BR W) & . )5 M0 RIS TE 65 5
2= ARG S B A 2%

NHE—L 3 BR AZIIRR, K 3(b)aih 1
HE A 2% 2 A R A T O R R, H S
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3 BR A K. #E—LrHraR B, Th iR s
FEGEPRUOIETE S Th A rh 5 Il ok, ani&l 3(c)
Pi7R. 2 R=50 cm I, A2 b b7 L 4
FEERM T, BRIEFIFE. M 3(b)H ik ml LA I,
B Th 1 U S5 RSN, &b iR, i&
R TIRE. B2, ST TRIER
REZ gt b b R
FH

B 3 Kkers BR (@Q)LLE S EIE (b, c)bl
EGE EE 5 EE R AR A
Fig.3 ke BR (a) and absorption rate (b, c) vs.
thickness of radial fertile salt.
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THAR R Sl R A FE R 0 Th Wi, AR [ 3
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Al LFE A R HES H R 7, b BT ES
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4 SEFHERAFA BR (2) LA SRR (b, c)BEAE A1
VERNEY AR 4
Fig.4 Fertile volume, BR (a) and absorption rate (b, c) vs.
thickness of axial fertile salt.
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A 30 cm fiF, s AE R R AT 30 cm, HARFR
H1 16.60 m> (42 [F Al ) J5 B 20 50 em) b &
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EAREAR K.

B 5 AR EXTHE R Th kR i m
Fig.5 Graphite influence on Th inventory in the fertile salt.
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PAFEEAE Ik BPHASIT £908 1,11, #HXE MSFR
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Fig.6 ke BR (a), relative excess production of 22U (b)
and TCR (c) vs. time.
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