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Tritium Recovery from Ceramic Breeder Blanket

- Issues relevant to tritium chemical form -

Hidefumi TAKESHITA, Hiroshi YOSHIDAT and
Hitoshi WATANABE

Department of Fuels and Materials Research,
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 8, 1986)

It is known that chemical forms of tritium released from ceramic
breeders are Tp0 and T;. Among issues relevant to the tritium chemical
form, tritium inventory is one of the major criteria in the selection of
breeder material. The primary purpose of this report is to study the
dependence of tritium inventory in a blanket with ceramic solid breeder
on the tritium chemical form. In this light, tritium inventory in a LiZO
blanket has been evaluated as a function of tritjum chemical form under
the conditions of the Japanese Fusion Experimental Reactor (FER). It was
shown that in a blanket with Li;0 as a breeder, which has a strong
affinity to water vapor, the inventory due to T70 adsorption becomes
quite large. In order to reduce the Tp0 adsorption inventory, conversion
of the tritium chemical form through an isotope exchange reaction with
hydrogen added to the sweep gas (Tp0 + 2 Hy -+ Hy0 + 2 HT) has been
proposed, and its advantages and problems have been examined,

Lithium hydroxide formation and mass transfer, which are considered
to be inherent in the LiZO—TZO system and te be critical issues for the

feasibility of a Li»0 blanket, have been also discussed.

Keywords: Fusion Reactor, Blanket, Ceramic Breeder, Tritium Recovery,
Tritium Chemical Form, Lithium Oxide, Tritium Inventory,
Lithium Hydroxide, Sweep Gas, Hydrogen Addition
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Table 1 Estimation of tritium inventory due

to To0 adsorption for Lip0 breeder

Temperature (°C) Inventory (kg—T)*l
1000 [0.1]
800 [0.4]
600 [1.7]
500 4.8
400 18.1

#1 Total weight of Lip0 : 10° kg
(Total surface area : 2.82X107m2)
T,0 partial pressure : 5%10™3 atm.

*2 Values in blackets were obtained by extrapolation.

Table 2 Estimation of tritium inventery due

to T,0 solution for Lij0 breeder

Inventoty (kg—T)*l

Temperature (°C) Tetembaum(g)*z Norman(lo)*z
1000 1.35 1.70
800 0.37 1.08
600 [0.06]%3 [0.57]
500 [0.02] [0.36]
400 [0.003] [0.20]

*1 Total weight of Li,0 : 10° kg
T30 partial pressure : 5x107° atm

*#7 Estimated values were based on the data reported by
these authors.

%3 Values in blackets were obtained by extrapolatiom.
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Table 3 Estimation of tritium inventory due to

T9 solution for LiZO breeder

*]
Inventory (kg-T)

°
femperature (°0) Kudo(lz)’k2 Kurasav;«ifa(14)*2 Kat:s‘.ul:.:-x(lii):’c2
1000 [0.18]"3 - [0.013]
800 [0.11] 0.02 [0.010]
600 0.06 - 0.007
500 0.04 - 0.005
400 0.02 - [0.003]

*1 Total weight of Li,0 : 10° kg
Ty partial pressure : 5x10~° atm

*2 Estimated values were based on the data reported by
these authors.

*¥3 Values in blackets were obtained by extrapolation.

Table 4 Equilibrium water vapor pressure for the reaction

2 LiOH(s) = Li,0(s) + Hy0(g)

°c) PH20 (atm)
Temperature (° "
Takahashi(lg) Tetenbaum(l7) Yoshida(s) 1
47172 2.9 x 103 2.7 x 1073 1.6 x 1074
—4 -4 -5
400 3.4 x 10 2.9 x 10 1.1 x 10
300 7.2 x 107° 5.8 x 107° -
*] Values were obtained by reading from Fig. A-1l.
*2 Melting point of LiOH(s), Ref. (22).
%3 (Critical temperatures for LiOH(s) formation under water
vapor pressure of 5‘><lO_5 atm were evaluated to be 346(18),

352(17) and 436°c(8) respectively.
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Table 5 Equilibrium vapor pressure of LiOT(g) for
the reaction Li,0(s) + T,0(g) = 2LiOH(g)

Pressure (atm)*1

Temperature (°C) qu;izzzigm
Li0T(g) T70(g)
10060 3.6678x10° 3.5%x10° 3.3x10'5
-7 -7 -5
800 1.0861x10 2.5x10 5.0x10
- e —_ -
600 [2.2325x10 714172 3 3x107®  s5.ox107°
500 [6.1626x10™+%] 1.8x10°°7  3.0x10"°
400 [2.9530x10 17) 3.8x10 M 5.0x107°

*1 Water vapor pressure before the reaction : 5x10 ~ atm

*2 Values in brackets were obtained by extrapolation.
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Table 7 T, permeation rate through metallic

structure material (316 SS)

*
Temperature (°C) Permeation rate (Ci/day-mz) 1
500 78
300 2.2
200 0.12
25 6.6 x 10°°
1/2, _ 2.33%107° 15700
*¥1 Ty Permeability [ce-STP/cm-.sec-atm '~] = ~==w"=-— exp(- RT °

R = 1.987 cal/mol+K, Ref. (6) 3

*Thickness of 316 SS : 1 mm

«Ty partial pressure : 5 x 10-5 atm
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WATER VAPOR CONCENTRATION, VPPM
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Appendix IL FERT7 7 v 4 v F&HEHE (B

Table A-3 Design Parameters of a FER Tritium Breeding

(3)

Blanket Concept

Total weight of LipO breeder (kg) 10°
Breeder temperature {(°C) 400 ~ 1000
Tritium generation rate (g-T/hr) 2.8
Sweep gas flow rate (Nm3/hr) 200
T50 partial pressure in the -5

5 x 10

sweep gas (:;11:m)=!=l

%1 It is assumed that the fraction of T20 component is 100%.
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