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For the safety issue of fusion reactor, it is important to understand the tritium behavior in each 
component of a fusion reactor, especially in the blanket system, where tritium will be bred and processed 
under higher temperature and higher flux of neutrons with higher energy than ever.  In the blanket which is 
designed to apply solid tritium breeding materials, it is one of the most important issue to reveal the tritium 
permeation behavior from purge gas for recover the bred tritium in solid tritium breeding materials to 
coolant of which aim is recover the heat energy generated by nuclear fusion. 

From these viewpoints, some studies have been performed to reveal the tritium permeation behavior 
in F82H, one of low-activation ferritic-martensitic steels.  These studies, however, were performed with the 
use of pure hydrogen isotope gas as source of permeant and vacuum for outlet side (named [pure-hydrogen-
isotope-gas/vacuum] experiments), although the purge gas could not consist of only tritium gas or hydrogen 
isotope gas and outlet side is not vacuum but coolant.  Moreover, it is reported that the chemical states of 
tritium released from solid tritium breeding materials would not be hydrogen molecule but water.  From 
these viewpoints, it is predicted that the tritium permeation behavior in F82H in blanket is different from 
that in reported experimental condition.  Therefore in the present study, it is subjected to reveal the tritium 
permeation from feed gas composed from tritiated water vapor diluted by helium to purge gas composed 
from helium, as a simulation of helium cooled solid breeder (HCSB) blanket. 

Tritium permeation experiments were performed with use of tritiated water vapor diluted by helium 
as inlet side source and helium as outlet side purge gas.  In the present study, two series of experiments 
were performed: (1) temperature dependence experiment, of which temperature range is from 573 to 873 K, 
and (2) tritiated water vapor partial pressure dependence experiment.   

As the results of experiments, tritium permeation looked limited by diffusion, and the activation 
energies of diffusion and permeation were comparable to reference data which had been estimated from 
[pure-hydrogen-isotope-gas/vacuum] experiments, while the pre-exponential factors of them were clearly 
different.  Especially, the permeability and the pre-exponential factor of permeation estimated from the 
present study were almost three magnitudes smaller than those reference data.  Therefore, it is implied that 
the surface reactions, such as adsorption, desorption, dissociation, recombination and dissolution, would be 
different, while the tritium behavior in the bulk is comparable, and the difference in surface reaction on 
inlet side between the present study and reference could result from the deference of permeants of water 
vapor and hydrogen gas.  It is also implied that the existence of water could result in the formation of oxide 
layer which can work as tritium permeation barrier.  On the other hand, there is a possibility that the surface 
reaction could be different on the outlet surface as well resulting in having an effect on tritium permeation 
behavior, because the chemical states of permeated tritium were the mixture of water vapor and hydrogen 
molecule.  

For the blanket system in fusion reactor, it was suggested from the present study that F82H ferritic 
steel could form the oxide layer which can work as tritium permeation barrier in certain condition and/or 
with pretreatment. 
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Fig. 1 

IC1, IC2,IC3: 1,2,3  MF:  MFC: 

B1,B2,B3: 1,2,3  PG:  Cat: ( )

MS: (MS5A)     
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Fig. 2  (Fig. 2 )
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Fig. 3 
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Fig. 4 
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Fig. 5 573 K (3)
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Fig. 6 673 K (3)
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Fig. 7 773 K (3)
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Fig. 8 873 K (3)
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Fig. 9 F82H
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Fig. 10 F82H
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Fig. 11
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Fig. 12 
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Fig. 13 F82H 4.7-9)
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Kulsartov (H2)9)
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Shestakov ‘contaminated’8)
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Fig. 14 F82H 4.7-9)
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1
C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2
(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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