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INTRODUCT IION

= [ the werld, thorium reserves are three times niozae
natural Uranium resernves. Itis planned in the neare that
nuclear reactors will use theriumias a fuel. Thoiis not a
fissile Isotope because It doesn’t make fissiomhermal
neutrons so It could be converted to 233U Isotepeivhas
very high guality fission crossection with thermal neutrens.
233Ul Isotope can be used in predaWiRs as an enrichment

fuel.

In the fusion reactors, tritium IS the most impattasil fuel
Because tritium Is not natural iIsetope, It hasd@idduced In
the reactor. The purpose of this work Is to in\gsdithe
tritiumand 233U breeding in a fisskiusion hybrid reactor
fuelling with ThO2 forAt=10 days during a reacter operation
period in five years.




PROBIL. EVIf DESCRIPTIION

TTheneutronicanalysis is: perfermed on an
experimentall hybrid blanket geemetry shown in
figure 1, which has been presented to the inteynaki
scientific community on different eccasions

Ini the center of thiaybrid blankefthere is a line
neutron source in a cylindrical cavity, which

Simulates the fusion plasma chamber where high
energy neutrons (14MeV) are produced.. T'he
conventionalfusion reaction delivers the external
neutron source for blankets following,

2D + 3T - 4He (3.5MeV) + n (14.1MeV)
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Figure 1 Creoss-sectional wiew of'the investigated blank et

(dimensions are given it centimeters)




= A first walllmade: of stainless steel, type-S02, surroundie
fiisien plasma chamhbesurreunding the first wall is the fuel
zone made up of naturdihO2 fueland It Is cooled with
different ceolants. In this work, five different anerator
matenals, which are Li2ZBeE4, [ENaFkBeF2, Li20Sn80,
naturall Lithium and Lil7Ph83; are used as cooldiis.
volumetric ratio of coolarto-fuel to Is selected as 2:1. Tihe
cladding of the fuel reds Is made of stainlesslstgee
SS304, as the first walilfhe radial reflector, called tritium
preeding zones, IS made of different Lithium commiaiand
graphite in sandwich structure. This structurehefitadial
reflector reduces the neutron leakage drasticalyleads to a
petter neutron.economin the work, eight different Lithium
compounas were used as tritium breeders In thenrit
preeding zonesyhich are LI3N, Li2O; Li202, Li2TiO3,
Li4SIO3, Li2ZrO3,LiIBr andLiH.




s Neutron transport calculations are conducted In
spherical geometry with the help off SCALEZ.4A
SYSTEM By solving theBoeltzmanntransport
equation withicode CSAS and XSDRNPM, under
consideration ofi unresolved and resolved resenances
In S&P3 approximation wWithy Gaussigniadratures

using the 238 groups library, denyved from ENDE/B
\

Tihe numerical outputs ofi the transport calculations
have further been processed with the help of the
auxiliary code ERDEMLI to evaluate specific
Information for this work.




CALCULATIONAL RESULTS
Tritium Breeding Rate (TBR)

i the tratium breeding zone of the fissHusion hybrid
reactor, tntium: breeding reactions are as :

6LI + n (thermal)- (4)He (2.05VIeV) + 3T (2.73MeV)

2
/LI + n (fast) - 4H(e)+ 3T +n (Q=2.47MeV)

3
Table I'shows BR as integraneutronicaata in the trtium
preeding zones In the fissiusion hybrid reactor for different
coolants and tritiun breeding materials boeth ata@ginning
(()f the) reactor period (BOL) and at the end of gextor period
EOL).
[Fora selsustained fusion fuel supply, a trittum breedinig ra
(TBR). > 1.05 Is requiredt is shown in table | th&t the BOL
and at the EOL, Li17Ph83 moderated blanket hasnasllits
compared to other moderators for TBR. Accordingitoium

compounds used tritium breeding zene, at the BQl_arihe
EOL, LiH, Li3N, Li2O, Li2O2 and Li4S104 have well results.




Table I TRR as inteeral neutronic data in the fission-fusion hybrid reactor for different coolants and tritium breeding materials

Coolant Eeactor Tritium Breeding Materials

Materials | Perod TN T 190 | Loz | LgTiOs | LuSiOs | LiZeOs | Libr L
| BOL™ | o9sst | o7m7s | o073 | ososor | osesr | osas | oges | 09617
bbb EOLT L ees | o | oosn | ogems | oomo | ogmm | g | 1omm
BOL | gpmer | osaot | omes | oges2 | onaes | ogmm | ouse | 0970
LENaEBek | BOL )y nogy | unoess | wosiz | voosts | nosees | oswe | o | nism
| L1 gonion | oges | opm | omms | omomt | oesmd | oissed | Lo
Lot BOL |y oon | e | o | ossm | vovies | ogen | 016w | v
Natwal 1 BOL 1 g ossp | osse | oguze | oz | ogust | o | o4 | 10973
Libm | BOL |y e | a3 | ooews | 0gsasa | 090565 | 080698 | 0072 | 114735
Ly o | uaseer | uoses | ossons | 107 | ogous | ogemr | 1307
Lpkes | EOL 144180 | 14778 | 144953 | 137629 | 143115 | 127928 | 13377 | 147516

* Normalization is mads for one 14.1 MeV incident nevtron into the blanket, TER= %ﬂ&)T rate+ "Lt oo T rate .
" BOL hegitiig of reactot periyod EOL : end of eactar pettyod




s 233U Breeding Rate (UBR)

s |0 the fuel zone of the fissielusion hybrid reactor,
233U Isetepes are produced with 232 Ty)253U
reactions.

Table |l shows BR as integraneutronicdata in the
fuel zone inithe fissicfusion hybrid reactor for
different coolants and trititim breeding materiadsio

at the beginning of the reactor period (BOL) and at
the end of the reactor period (EOL). Itis.shown in
table || thatat the BOL and at the EOL, Li1l/Pb83
moderated and Li2ZrO3 tritium breeder blanket has
well results compared to other moderators andimniti
breeders for UBR.




Table T URR as intearal neutronic data in the fission-fusion hybrid reactor for different coolants and tritium breeding materials

Coolant | Reactor Trittum Breeding Materials

Meriah | Perod TN L0 | Lg0, | LeTis | LisiOs | LZOy | LB | LB
| BOU 1 oo | ozt | oo | ozom | oz | oz | oz | o
R RO s | oasn | oz | o | oo | o | omen | o
BOL ) oamt | oomm | oswst | ozsin | o3el | omus | x| 01963

HENESR ) BOL | e | oss | o | omme | ozt | o | o | o
| L ooms | o | oz | ozmt | opm | oz | onmar | onoms
bt | BOL g | oo | oz | oo | ozmed | oamss | ot | onisi
Naowal ) BOL ) ggsms | oums | otesm | oae | o6 | oais | o | ogem2
s BOL e | osew | omss | oome | o | oo | o | oo
L omn | oms | oz | oges | oz | o | omes | o
Pt | BOL | s | o | ozmes | s | oz | osows | oz | osssm

* Normalizetion is mads for one 14.1 MeY mncident netron into the blanket, TBR= Eﬁll@;y) B oty
™ BOL :heginnig of seactorperiyad  EOL : endof teactar petiyad




CONCLUSION

s LIT7PB83 mederated blanket has well results contpime
other moderatord.iZBeF4, LiIENakEBekE2, Li20Sn80, natural
Lithium)) fer TBR. According to Lithium compeunds usead
tritium: breeding zoneat the BOL. while LiH havethebest
resultstor TBR, at the EOL.LI20 wasgiventhe bestresults
for TBR.

BOL and at the EOL, Li17Pb83 moderated and Li2ZrO3
trtium breeder blanket has well results compaceeatiber
moderatorgLi2ZBeF4, LiIENaFBeE2, Li20Sn80, natural
Lithiumy) and tritium breeders for UBR.
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