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Chemical State of Tritium in Sr-Ce Oxide Ceramics and its Removal Characteristics
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As a part of the detritiation study from the fusion reactor materials, chemical state of tritium
injected into Sr-Ce base oxide ceramic proton conductor, which is a candidate for a tritium recovery system,
was investigated with thermal desorption method. The resuits indicated that the oxide has to be heated up
over 1300 K to remove tritium due to the OT bond formation in the oxide. On the other hand, tritium
removal behavior from the oxide were also investigated by exposing to humid air, and the mechanism of
tritium removal from the oxide was identified by the dependency of tritium removal amount and chemical
state on the humidity. The results revealed that tritiurn removal rate by the air exposure was low, and that
almost tritium was removed as the vapor form, which was attributed to the isotope exchange reaction
between the OT bond on the surface and the protium in vapor. It was also found that small amount of
tritium was removed as elemental form under the humid air exposure, which could be attributed to the solute
tritium in the oxide and oxygen absorption to the oxygen deficit in the oxide. ~ As a result, the difference of
the detritiation mechanism exposed to the humid air on the chemical state of tritium in the oxide was
clarified, and it could be a useful basic data for the optimization of detritiation method.

Keywords: Tritium, Protonic Conductor, Ion Implantation, Thermal Desorption, Decontamination, Vapor,

Isotope Exchange
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Table 1 Results of total tritium release amount by the gas flow exposure

Sample HTO HT total
B - - 2.2x107
C 6.4x10’ 6.1x10° 7.0x10’
D 3.6x107 5.7x10° 3.6x10’
E 2.5x10° 1.2x10’ 2.6x10°

Table 2 Result of tritium release by the air exposure (Sample C)

Cftl,ir;ﬁcal Sample C (7600ppm vapor Air)

time HTO (Bg) HT (Bq)
0-3 hrs 4.30x107 1.29x10°

3.6 hrs 8.10x10° 3.60x10°
6-12 hrs 5.26x10° 9.14x10°
12-24 hrs 7.81x10° 2.56x10°
Sub total 6.42x10’ 6.06x10°

Total 7.03x10’
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T" implantation
v

Sample exchange

Gas exposure

Sample exchange

i

Thermal desorption (TDS) experiment

L

Residual Tritium measurement

A: No exposure

B: short time exposure to air
(~7600ppm vapor)

C: 24 hr exposure to air
(~7600ppm vapor)

D: 24 hr exposure dry air
(<100ppm vapor)

E: 24 hr exposure to wet air
(21000ppm vapor)

Fig.1. Experimental procedure of the tritium exchange reaction with vapor
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Fig.2. Conceptual drawing of Tritium Permeation Apparatus (TPA)
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Fig. 3. Sample holder for the tritium ion implantation
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Fig. 5. Flow diagram of the apparatus for air exposure
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Fig. 6. Photograph of the apparatus for air exposure
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Fig 8. Flow diagram of the thermal desorption (TDS) experimental apparatus
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Fig. 10. Vapor concentration dependence of released tritium
from T* implanted Sr-Ce oxide by air exposure
QOr: Released tritium amount, C,: Vapor concentration, k. Constant
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Fig. 16. Results of the TDS of sample E
(TDS after 24 hr wet air exposure (21000ppm) of T' implanted sample)
() log scale, (b) linear scale
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Fig. 17. Results of the TDS of blank test
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Fig. 19. Results of the residual trittum measurement for
Sr-Ce oxide and Mo samples after the TDS experiment
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