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• Exploration of the possibility of enhancing tritium
production from Li-Sn in the flowing liquid
FW/Blanket Concept through isotopic tailoring

• Evaluation of the attainable radioactivity level
(activation) in the flowing liquids:

Liquid Considered:

Flibe
Li-Sn
Li-Pb

• Comparison of the radioactivity inventory and
afterheat in structure with and without the flowing
thick liquid FW/Blanket
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Enhancing Tritium Breeding in Li-Sn Through Isotopic
Tailoring

Background

• The atomic density of Li in Li-Sn is reduced by the
presence of Sn, which has atomic density ratio of 3-4.
The neutron economy in this breeder is basically driven
by neutron interactions with Sn.

• This drawback is rather improved due to the neutron
multiplication via Sn(n,2n) reactions.

• Further improvement in tritium breeding is achieved
through increasing Li-6 enrichment.  However, the
“local” tritium breeding ratio (TBR) is still on the
marginal side.

• Tin has about 10 natural isotopes. The isotopes that have
relatively large abundance are Sn-120, Sn-118, and Sn-
116 (32.85%, 24.03%, and 14.3%), in that order.

• The Sn(n,g) reaction is large. The larger this absorption
rate is in Sn, the lower is the chance that neutrons get
absorbed in Li-6 via the competing reaction Li-6(n,a).

• Reducing neutron absorption in Sn will increase TBR.
This is possible by isotopically tailoring Sn to the natural
isotope that exhibits the lowest value for the Sn(n,g)
cross-section over a wide range of neutron energy.
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Dominant Reaction Rates per Incident D-T Neutron

Blanket
Thickness

50 cm 70 cm

Li-6
Enrichme
nt

75% 90% 75% 90%

T6: 1.201 1.265 1.266 1.325
T7: 0.012 0.0048 0.012 0.0048
Sn(n,g) 0.364 0.324 0.381 0.338
W(n,g) 0.0864 0.0755 0.0895 0.0779
SS(n,g) 0.109 0.0956 0.0287 0.0235
Neutron
Multiplica
tion

1.760 1.760 1.765 1.764

Geometry: 1-D,Cylindrical
Zone and material Composition:
FW: 3 mm Tungsten
Blanket: 50-70 cm, 5% W, 95% Sn-Li (Sn75Li25)
Reflector: 30 cm, SS
Nuclear data Library: FENDL-1

Reference:
Dai-Kai Sze, et al., “Sn-Li, a New Breeding Material for
Fusion”, presented at the 5th APEX Study Meeting,
November 2-4, 1998, University of California at Los
Angeles (1998).
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Table I: Natural Isotopes of Tin
and Their Abundance

Natural
Isotope

Abundance
(%)

Sn-112 0.95
Sn-114 0.65
Sn-115 0.35
Sn-116 14.3
Sn-117 7.61
Sn-118 24.03
Sn-119 8.58
Sn-120 32.85
Sn-122 4.72
Sn-124 5.94
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At energies below ~0.5 keV:

• The Sn-116 (14.3%) and Sn-118 (24.03%) isotopes show
the lowest absorption cross-sections

• The Sn-119 and Sn-124 isotopes have the largest cross-
sections in this energy range.

• The isotope Sn-120 (the most abundant isotope,
32.85%), Sn-117, and Sn-122 have intermediate cross-
section values in that range.

At higher energies:
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• The Sn-124 isotope (5.99%) has the largest cross-section
up to ~ 1 MeV.

• While the Sn-118 isotope has the lowest cross-section at
En < 2 keV, it shows larger cross-section above 1 MeV.

• This revered behavior is also apparent for the Sn-119
isotope.

• It appears that tailoring natural Sn to the Sn-116 isotope
could give the expected improvement in TBR, but this
needs confirmation.

Current Status of Sn Cross-Section

• The current available nuclear data is for natural Sn and is
implemented in the FENDL-1.0 database.  It is based on
the BROND-2.2 Russian evaluation.

• Unprocessed differential data exist for the natural
isotopes of Sn but they are untested in pointwise form in
ENDF/B-VI.

• There is a need to generate these data in a usable form
(i.e. multi-group data in MATXS format) for deployment
by various transport codes.

Activation of Li-Sn Tailored to Individual Natural
Isotope of Sn



APEX6-Can we improve Li-Sn Breeding.... -8-                                            M.Z. Youssef, Februaty

10
6

107

108

109

1 10 100 1000 104 105 106 107 108

Activation Level in Li-Sn Breeder as a Function of Time After Shutdown
Tailored to a Specific Natural Isotope

sn112
sn114
sn115
sb116
sn17
sn118
sn119
sn120
sn122
sn124
Sn-nat

Time after shutdown

5-min

10-min
1-hr 1-d

10-d

1-mo

1-yr

10
-13

10
-11

10-9

10-7

10-5

0.001

0.1

10

1000

105

107

108 109 1010 1011

Activation Level in Li-Sn Breeder as a Function of Time After Shutdown
Tailored to a Specific Natural Isotope

sn112
sn114
sn115
sb116
sn17
sn118
sn119
sn120
sn122
sn124
Sn-nat

Time after shutdown

10-yr
100-yr 500-yr

1000-0yr

1-yr

• Sn-116 Natural isotope gives low short- and long-term
activation

• Sn-118 and Sn-120 give the largest long-term activation
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Radioisotopes Generated from Each Natural Sn Isotope

Sn-112 Sn-114 Sn-115 Sn-116 Sn-117 Sn-118 Sn-119 Sn-120 Sn-122 Sn-124 Sn-nat Ferriti
c S.

in110
in111
in112
cd109
ag109m
in111m
in112m
sn113
in113m
sn113m
sn111
cd111m
pd107
pd109
ag110
ag111
pd107
m
pd109
m
ag110m
ag111m
total

 cd113
 in112
in113m
 in114
 sn113
in112m
in114m
cd111m
 in111
sn113m
 in115
 cd109
ag109m
in111m
cd113m
in115m
 ag110
 ag111
 ag112
ag111m

cd111m
 cd113
in113m
 in114
 in115
cd113m
in114m
in115m
 in112
in112m
 sn113
sn113m

cd113
 in114
 in115
 in116
sn117m
 cd115
in114m
in115m
cd111m
in113m
cd113m

 cd113
 in115
 in116
 in117
sn117
m
cd113
m
 cd115
cd115
m
in115
m
in117
m
 in114
 in118
sn119
m
in114
m
 cd117

in116
in117
in118
sn117m
sn119m
cd115
in115
cd117
in117m
cd113
in119
in115m
cd113m
cd115m
cd118
in119m

 in117
in118
in119
sn119m
cd115
in115
cd115m
cd118
sn117m
in117m
in119m
in116
in115m
cd117

 in118
in119
in120
sn119m
sn121
cd117
in117
in119m
sn121m
sn117m
in117m
cd115
in115
cd115m
cd118
in115m

in120
in122
sn121m
sn123
cd118
in118
cd119
in119
in121
sn121
sn119m
in119m
in121m
in117
sb120
sb122
cd117
cd120
sn117m
in117m
sb122m

 in122
in123
in124
sn123
cd120
in120
in123m
sn125
sb125
cd119
in119
cd122
in121
sn121
sb122
sb124
te125m
cd121
in121m
sn119m
in119m
sn121m
sb122m
sb124m

 in110
in111
in112
cd109
ag109m
in111m
in112m
sn113
in113m
sn113m
sn111
cd111m
pd107
pd109
ag110
ag111
pd107
m
pd109
m
ag110m
ag111m
cd113
in114
in114m
in115
cd113m
in115m
ag112
in116
sn117m
cd115
in117
cd115m
in117m
in118
sn119m
cd117
in119
cd118
in119m
in120
sn121
sn121m
in122
sn123
cd119
in121
in121m
sb120
sb122
cd120
sb122m
in123
in124
in123m
sn125
sb125
cd122
sb124
te125m
cd121
sb124m

be 11
b  12
b  13
c  14
n  13
c  15
n  16
mg 27
al 28
na 24
al 26
al 29
mg 28
al 30
si 31
p  30
p  32
p  33
si 32
p  34
s  35
p  36
s  37
si 33
p  35
ca 45
sc 44
sc 45m
sc 46
ti 45
sc 44m
sc 46m
sc 47
sc 48
ca 47
sc 49
sc 50
ti 51
sc 50m
v  48
v  49
v  50
cr 51
cr 49
v  52
v  53
ti 52
v  54
cr 55
mn 54
mn 56
mn 53
mn 52
fe 55
mn
52m
fe 53
fe 53m
mn 57
cr 56
mn 58
fe 59
co 56
co 57
co 58
ni 59
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 co 58m
 ni 57
 co 60
 co 60m
 co 61
 fe 60
 co 62
 ni 63
 fe 61
 co 64
 ni 65
 co 63
 fe 62
 cu 64
 cu 62
 cu 66
 zn 63
 zn 65
 y  89m
 y  90
 y  91
 y  92
 nb 92
 nb
93m
 nb 94
 y  91m
 zr 93
 y  88
 zr 90m
 nb 91
 nb
94m
 y  90m
 nb
91m
 nb 95
 nb
95m
 y  93
 zr 89
 nb 90
 mo 93
 zr 88
 nb
90m
 y  87
 mo 91
 mo
93m
 y  87m
zr 89m
mo
91m
nb 96
zr 95
nb 97
nb 97m
nb 98
mo 99
zr 97
tc 99m
tc 98
tc100
nb100
zr 98
nb 99
mo101
tc101
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• Li-Sn gives the largest short- and long-term activation. At ~500 yr after
shutdown its activation is ~2 orders of magnitude larger than Li-Pb and ~4
orders of magnitude larger than Flibe. At ~1000yr, its activation is comparable
to Li-Pb and ~2 orders of magnitude larger than Flibe.

• At shutdown, the activation in Li-Pb is comparable to Li-Sn but it drops fast
and becomes lower than Flibe up to ~ 400 yr after shutdown.

• At shutdown, the activation in Flibe is a factor of 4 lower than in Li-Sn.
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Concluding Remarks

• There is a possibility to enhance the capability
of Li-Sn to breed tritium by 25-35% upon
tailoring Sn to one of its low absorption
natural isotopes.  The Sn-116 appears to give
the lowest absorption.

• Activation analysis shows that Sn-116 gives
both low short- and long-term activation in
comparison to other natural isotopes of Sn

• Activation level attainable in Li-Sn is the
largest in comparison to the activation of Flibe
and Li-Pb.

• Two to three orders of magnitude reduction in
the activation (and afterheat) level in the
ferritic structure can be realized upon
including a thick flowing (40-50cm) liquid
FW/Blanket. This is true for Flibe, Li-Sn, and
Li-Pb.
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