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Enhancement of tritium isotope separation by using packings packed with
materials coated with adsorption
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We performed isotope separation using water distillation towers packed with
materials coated with adsorptive zeolite under reduced pressure to detritiate radioactive tritium
water. The method had defects of lower isotope separation factor although distillation is preferable

for detritiation of a large amount of water because of no use of catalytic materials, Therefore, it
needs a large amount of energy to detritiate it for applications to tritium processing. In the
present study, we propose a new isotope separation method for deuterium or tritium using water
distillation towers packed with materials coated with zeolite showing higher separation factor in
meso-porous part. We have performed isotope separation experiment using radioactive tritium or
deuterium, and results are presented in English journals after severe reviewing and also in several
international patents. Our results will be helpful for detritiation processes In the future fusion
reactor also in Fukushima 1F wastewater.
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(1) Tritium separation performance of adsorption/exchange
didtillation tower packed with structured pecking, Fusion
Engineering and Design 133 (2018) 64-69.

Separation of tritium from tritiated water isandyzed basad on
thetheoreticd plate modd comparatively for thethree cases
among awater didillation tower, the Girdler-Spevack (G-9)
bithermd exchange process and the combined dectrolysis
chemicd exchange (CECE) process TheMcCabe Thide
diagramsto design large-scele detritigtion sysems aredrawn for
each, and tritium conoentration profilesin each sysemare
compared. Itisdarified how detritiation behavior inthe didtillation
tower isenhancad by anincressein the ssparation factor. The
number of theoreticd stagesand internd flow ratesto achieve
detritiation of the bottom-to-top concentration ratio of x;/ x,=100
in cages of the G-S and CECE processes, are edimated based on
the equilibrium stage separation factor reported inthe pedt. A wter
didtllation tower of 108 mmin diameter and 1,000 mmin height
packed with Sructured packing coated with Zeolite 13X are
exparimentaly tested for detritiation of alargeamount of
wadtewater to beexhausted from nudeer reectors Separation
performance between HTO and H,O under reduced pressureis
expaimentaly verifiedin thewater didillation tower.
Enhancement of thex/x, ratio isexperimentaly proved under the
totd reflux condiition asafunction of evgporation rate. Activation
on surfaces of adsorbent coated on the structured packings
enhancesthe sage separation factor. Theenhancemant retiois
afected by liquid-gas dispersion in the column and flow ingtahility
inthe packed tower.

(2) Tritiumweter didtillation assisted with adsorption and isotopic
exchange, Fuson Sdenceand Technology, val. 71 (2017) page
326332

Water didtillation packed with materias having adsorption
ability is proposad for westewater detritietion, and behavior of
HTO depletion or enrichment isexperimentaly investigeted. Itis
proved thet the gpparent valdility ratio of HXOto-HTO s



increased by anisotopic effect on adsorption under ageady-date
operation. Danckwerts’ surface renewal model is applied to
explain the T enrichment process in a lab-scale water distillation
column. The effect is estimated in terms of an adsorption
enhancement factor included in the T separation factor, eH T ad,
which depends on the kinds of adsorbents and liquid-vapor flow
conditions. The value of the enhancement factor is also confirmed
€HT ad = 1.02 in a comparatively large-scale distillation operation
packed with Sulzer packing or Raschig ring coated with zeolite
adsorbent. A large-scale distillation tower can be designed to
detritiate radioactive wastewater generated in Fukushima’s Daiichi
NPS based on the present experimental results.

(3) Transient behavior in water distillation tower for tritium
separation and its long-time operation test results, Journal of Power
and Energy Engineering, vol. 5 (2017) page 1-17.

Transient separation behavior in tritiated water distillation
tower packed with materials having ability to adsorb water is
investigated analytically and experimentally for nuclear reactor
safety. Analytical equations based on the stage model are set up for
simulation of the transient behavior of tritium (T) separation from
wastewater. It is found that a dimensionless time defined in terms
of the inside vapor flow rate and the liquid holdups in tower,
reboiler and condenser can correlate variations over time to
achieve a steady-state T con- centration. However, when mixing
with different T concentrations at a feed point occurs, the transition
time period becomes longer than expected. Effects of the reflux
ratio, the stage separation factor and the total stage number on the
transient and steady-state T concentrations are numerically
calculated. Variations over time to achieve each steady-state value
are compared with experimental data using a small-scale tower.
Long time distillation experiment for one month has been
completed, and it is confirmed that a distillation column packed
with ceramic Raschig rings coated with zeolite 13X adsorbent is

hardly affected by water corrosion.

(4) Performance of hydrogen isotope separation in water
distillation tower filled with regular structured packing, to be
published in Fusion Science and Technology (2018).

Separation performance of heavy water is experimentally
investigated using a semi-large scale distillation tower under
conditions where the Sulzer regular structured packing with
catalytic adsorbent in enclosures is inserted. This study is aimed at
realizing tritium separation from wastewater or cooling water of
nuclear fission reactors. Any of inert glass beads, water-adsorptive
silica-gel or zeolite 13X ones is included in the catalyst enclosures
between corrugated sheets. Experimental data of steady-state
pressure drop through the distillation tower are obtained and are
correlated into an equation in terms of the single F factor
regardless of different kinds of liquids and different temperatures.
Local liquid dispersion inside the distillation tower is determined
under several arrangements of the inside corrugated sheets, and the
dispersions are maintained within a fixed value by alternative
arrangement of the directions of neighboring sheets. Isotope
separation between HyO-HDO mixtures by water distillation
under reduced pressure is investigated, and the enhancement of the
stage separation factor due to water adsorption-desorption property
is made sure. It is found that the factor enhanced from the original
volatility ratio by zeolite 13X particles is larger than that by

silica-gel ones.
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