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Measurement and Evaluation of Isotope Effect between Trittum and Deuterium on Diffusion and Surface

Recombination in/on Nickel using Ion Driven Permeation Method

Hirofumi NAKAMURA, Masataka NISHI and Masayasu SUGISAKI*

Department of Fusion Engineering Research
(Tokai site)
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
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(Received July 16, 2003)

Tritium transport behavior in materials, which is essential for the safety evaluation of
the fusion reactor, has to be evaluated by either trititum properties or extrapolated value from
protium or deuterium (D) to tritium (T) using the isotope effect theory. However, there are
still some uncertainties on estimation of T behavior in materials, because there are only a few
T transport properties data in materials, and it is not completely proven the application of the
isotope effect theory to T due to the lack of T data. Therefore, in order to understand the
tritium transport properties in materials, isotope effects on diffusion and surface
recombination between T and D inon nickel, whose hydrogen transport properties were well
known, were investigated by comparing the obtained properties of T with those of D
measured under the same conditions with the ion driven permeation method. Though
obtained diffusion coefficient of T was larger than that of D, and activation energy of diffusion
of T was smaller than that of D as the contrary to the classical diffusion theory, those were
shown to be explained with a modified diffusion theory by introducing higher vibration
temperatures in nickel than previous reported values. In addition, the isotope effect on
surface recombination coefficient between D and T was shown to be explained using a
modified solution model as well as diffusion.

Keywords: Tritium, Deuterium, Permeation, Nickel, Diffusion, Recombination, Isotope Effect,

Fusion Reactor, Ion Implantation

This report involves a part of the results of collaboration research with Kyushu University.
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HD < 5%

DT < 1%

T experiment
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4 TMAP @&t
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11 nm (1keV D)
YLEAERE (DY EH
ASHRBILEAR D) | %
R AR I (kr) K
ART7 TR #&x-Rp)
BREM
ASHAIRE: e =D(AC/K)r=p=krC(0,1f°
FRAIRE C@dy)=0

£5 15EDOH, D,y ,OHHIANVFREEICBITS L, J, Do, ByDIE

ofiE LK) J(K) Dy (K) Bo(K)
H, 4.293x10™ 5986 51966.5 85.348
D, 3.614x10° 4940 52532.9 57.187
T, 6.582x10° 3548 53276.0 28.819
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QMS signal increase (x10™ A)
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