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Abstract Background: The neutron spectrum plays an important role in thorium-based fuel utilization efficiency
and temperature feedback coefficient concerning reactor operation safety, so it is very important to study the new
moderator material used in molten salt reactor (MSR). Purpose: This study aims to analyze the thorium-uranium
conversion performance of a ZrH-moderated molten salt reactor and analyze the feasibility of ZrH as moderator in
molten salt reactor. Methods: SCALE program is used to calculate neutron spectrum, thorium uranium conversion
ratio, U concentration, total temperature feedback coefficient and burnup calculation with different lattice
parameters. Results: The thorium uranium conversion ratio and total temperature feedback coefficient can be
improved significantly by reducing lattice size or increasing salt volume ratio; the initial >**U concentration for start
reactor can be easily controlled under 2.5x1072 when the volume share of added ZrH is 0.1. Conclusion: Compared
to the graphite-moderated MSR, ZrH-moderated MSR reduces initial >**U inventory and transuraniums (TRUs)
production, and makes its core more compact.
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Fig.1 Diagram of hexagonal cell.

Table 1 Main parameters of the fuel salt.

24 Parameters A Value

1A R L EL Salt composition / mol — 0.775 LiF-
0.225(Th+**U)F,

'Li ®4EME "Lienrichment/wt  0.999 99

J% 5. Melting point / °C 565

JEZ 1K 2 %1 Dilatation coefficient 8.82x107*

/ grem >°C”!

Z/TIRE Temperature / °C 650

¥ Density / grem 4.1
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Fig.2 Neutron spectrum for different salt fractions with p=2 cm (a) and different lattice pitches with f=0.8 (b).
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EARRE PRSP0 R TIRICR Th by ZeH PP LitF PPl Bl CR
Salt share # 33U absorption g g g

in lattice Fission neutron — ZYzr 123k =y B2Th ZrH Li+F

number Fission Capture  Total absorption absorption absorption

0.5 2.499 0.401 0.045 0.443 0.359 0.186 0.0142 0.804

0.6 2.497 0.401 (046 0.443 0.404 0.138 0.0156 0.905

0.7 2.497 0.401 0.048 0.445 0.445 0.095 0.016 5 0.990

0.8 2.498 0401 (51 0.447 0.481 0.057 0.016 6 1.065

0.9 2.498 0.401 0.057 0.451 0.510 0.025 0.0149 1.116

0.95 2.505 0.400 0.061 0.455 0.522 0.012 0.0134 1.132

1.0 2.507 0.399 0.059 0.451 0.536 0.000 0.0143 1.174
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Table 3 Burnup parameters after 50-a operation.

Z#{ Parameters HiE

Value / kg
ELA)%E 8 A Initial load of Th 36 694.638
U VIR Initial load of *°U 697.24
RIS INAI%L Feed mass of Th 29 434.82
LRI U Feed mass of **U 29 549.262
ZHREK 2**Pa Extracted mass of 2*Pa 23791.26
HE N 4N #Z 7 & Mass of TRU in core 77.87
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