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Tritium Behavior in Flibe |

Tritium behavior in Flibe (released chemical
form, diffusivity, solubility, mass-transfer
coefficient, surface reaction rate, tritium
permeation rate through structural materials)
should be elucidated for design of tritium
recovery systems and estimation of tritium
iInventory and tritium leakage rate.

-> |n-pile experiments on tritium release from
Flibe at University of Tokyo

[Key of tritium behavior]

Tritium behavior I1s very different
between HT and TF, and they
change to each other depending on

Redox potential in the system.




In-pile experiments on tritium release from Flibe
at University of Tokyo

(1) To clarify the chemical form of tritium
released from molten Flibe under
various Redox conditions.

(2) To determine the overall mass transfer
coefficient of tritium released from
molten Flibe.

(3) To demonstrate the possibility of control on
tritium transfer (chemical form of tritium and
release rate coefficient) and permeation.

< -

1) We measured temporal change of tritium
release rate with changing partial pressure of
Hz in purge gas and dehumidification time of
the specimen.

2) We also determined the overall mass
transfer coefficient of HT from the specimen to
pure Hz purge gas.

3) We proposed a primary model of tritium
transfer including isotopic exchange reaction
from TF to HT.

4) We have started to measure the permeation
rate coefficient through structural materials
contacting with Flibe.



Apparatus for In-PileTritium
Release Experiment

Fast neutron source : 108~109n/cmz2s

("YAYOI" of the University of Tokyo)
Tritium generaton rate : ~40Bg/g-Li,S
Purge gas : pure He, He + 0.001-10%Hz2, pure Hz2, He+2%HF
irradiation time : for about 150 minutes

Tritium trapping system | «—— |onization chamber B

| onization chamber A
[

Gas supply system Al un&isr%i éllzn) bed | |Mol ecmgl ot sieve

|
NiF2 bed (673K)

He + 0-100%H 2 + 0-2%HF
—>

X

Sample container —_— / Flibe (2349, 873K)

Reactor core /'@(
"~ Polyethylene

O O block

TF is converted to HT in the aluminium bed and the
concentration of all released tritium (HT and TF) is
monitored by the ionization chamber A.

TF is captured in the molecular sieve bed and only the
concentration of HT is monitored by the ionization
chamber B.
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(2) ; Release rate coefficients of HT and TF |
The tritium release rate in case of Hzpurge gas

The fitting curve for
HT release rate are
drawn assuming a
time lag of first order.
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Tritium residence time :

normalized tritium release rate
o
N
o
I
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time after the start of T generation (min)
From tritium residence time,
release rate coefficient of HT to Hz purge
gas is determined to be 0.72-1.1 ~10-°[m/s]
(depending on the fluidity of Flibe).

He purge gas

005 {dehumidification time 3-5 days)

&
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Release rate coefficient of TF (to sweeping
He gas) has not been determined yet,
because the release rates observed are
too small in this experimental system
(measuring for about 200 min.).
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(3) ; A model for tritium transfer

[ The mass transfer rate R of each process )

gas (small)
[Clg : (mol/m3-Flibe) The mass transfer rate (per volume) :

{Concentration in purge
R maim3rg =K s ([C] - [Clg) * K E[C]

\'d J(mol/m7s) =R (mol/m /) EV (m) PA (m) 2
o Rk R(1) = KTF E[T"]
Flibe gg
ie R(2) = ki E[T E[Hs] - ke E[H*] E[HT]
£ E
S R(3) = KHT E[HT]

Concentration in R(4) = KH2 E( A - [HZ] )
[Flibe(large) j R(5) = KHE E[H+]

[C] : (mol/m 3

Six rate constants related to the behavior of
hydrogen- containing species.

Mass-transfer coefficients ; KTF, KHT, Ky, and Kue

Rate coefficients of the reaction : k1 and kz
only KHT was observed in the experiment

(Assumptions to calculate by the model)

@ KTF:KHF, Krur=Kh: and k1:k2,

because the molecules of each combination
have almost the same chemical characteristics.

A '<TF /£E<HT in 160 minutes after the start of tritium generation

p
We calculate the temporal change of HT release rate
\by the model as a function of k.
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(4) ; Tritium permeation through
Monel (Ni70%-Cu30%) metal

contacting with Flibe
.|

tritium measurement system

1 T

H2 gas N -
?ﬁ /
/ \ g. é Monel
/|
Y v 3 3 # Metal Z
= g Tritium permeation -
© (:D ® O/ /8
= 1
E n | o= D) e
—A>>
Sl & / D ® o
S >
g ® j Five | © ©7
< (liquid) | ¢
3 /

i Monel wall (1Imm)

-

1) No tritium is observed in the secondary line in case of
TF being dominant in Flibe.
-> Permeation rate of TF is very small.

2) The overall HT release rate coefficient to the gas phase
was 8.9 ~10 -6[m/s],
while the overall HT permeation rate coefficient through stractural
material was 3.0 ~10-/[m/s].

HT transfer from Flibe surface to Monel metal may be the rate-
determining step for HT permeation.



Conclusion (1)
HT and TF at Flibe blanket system

Advantages of TF

@(1) small tritium permeation rate
@  through structural material
Critical Issues of | F

@(1) Corrosive behavior

@(2) large tritium inventory

Advantages of HT

@(1) small tritium inventory in Flibe
Critical Issues of HT

@(1) high tritium permeation rate
@  through structural material



Conclusion (2)
HT recovery in actual blanket

Inventory of TF Is very large
Corrosion by TF Is very severe
-> HT form may be better than TF form in Flibe.

[AII tritium is released as HT in our system)

1.3 ~10-12mol/s of tritium is generated

26.4 cra of surface area of Flibe
-> at least 1000Pa of H2 partial pressure

All tritium 1s released as HT In
actual blanket for 1GWe CTR

2 ~10-3mol/s of tritium is generated

-> atleast4 ~104 m2 of the surface area
contact with 1 atm of H2

U

It is considered to use another reducing
agent, such as Be metal.



Research topics |

(1) Chemical form of tritium should be chosen for tritium
recovery. -> HT?

But both chemical forms should be investigated because they
coexisted for a viewpoint of safety.

(2) Chemistry controll is not enough only by Hz in the purge
gas. Redox buffer system will be required in the salt.
-> Utilization of Be as a reducing agaent?

(3) HT in Flibe easily permeate through stractural material.
-> Chemical trap for HT permeation?

(4) Large surface area of Flibe will be required to reduce
tritium concentration at heat exchanger.
-> Spray tower for tritium recovery?

[For further investigations]

(1) Tritium behavior should be investigated using enough
amount of tritium.

(2) Mass transfer experiment for hydrogen isotopes including
tritium should be carried out in a dynamic system.

(3) Hot atom effect of tritium on the kinetic parameters is
expected.

(4) Tririum permeation through candidate materials (JFL-1, V-
alloy, etc.) should be investigated : No Ni-alloy because of its
induced radioactivity.
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