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Foreword

The Tritium Technology Workshop was based on the
Japan-US Fusion Cooperation Program agreed at the Japan-
US Fusion Coordinating Committee on May, 1986, This
workshop was sponscored by Science and Technelogy Agency
and held at the Tokyo Headgquaters of Japan Atomic Energy
Research Institute, 22 - 23 October, 1986. This report
compiles the papers presented in the workshop.

We would like to express our thanks to all the
participants for their active and constructive contribut-
ion to the workshop and to administration staff of STA
and JAERI for their successfull collaboration in carring
out the workshop. We would also like to acknowledge the
substantial efforts by Mr., G.R, Nardella of DOE, Dr. J.L.
Anderson of LANL and Prof. K. Kawamura of Tokyo Institute
of Technology for framing the workshop.

December, 1986

Y. NARUSE

H.YOSHIDA
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Opening Remark

Thank you Mr. Chairman and Gentlemen, I feel it a
great honor to be able to have the Japan-US Workshop

cn Tritium Techneclogy and to make an opening remark

today., 1 give a hearty welcome to all participants

of Japan and the United States of America.

As the beginning of my speech, T would like to
introduce the brief history of this meeting. The work-
shop related to the fusion tritium technology has heen
held every three years in the framework of the Japan-
US cooperation in the nuclear fusion R & D program.

The first workshop was held at Tokyo on 13-15 October,

1980, and the second was at Los Alamos in New Mexico

on 21-24 March, 1983. The third workshop, this meeting,

was fixed by the 8th Meeting of the Japan-US Coordi-

nating Committee on Fusion Energy on 8-9 May, 1986 in

Tokyo, Japan.

During these few years of the cooperation, we
could obtain the following excellent results:

(i) More than twenty peoples have mutually visited
to national laboratories and universities in
Japan and the USA,

{ii) Beneficial information has been exchanged both in
the scientific and technological fields of the
fusion fuel handling,

(iii)The first stage of tritium tests on a small scale
for the development of TPL/TSTA process components
such as palladium-diffuser and ceramic electroly~

sis cell have successfully been initiated,

1%
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(iv)Many joint papers of the cryogenic hydrogen isotope
separation system, the liquid falling film helium
separator, and the fuel cleanup system have been

published by JAERI-TSTA scientists.

Meanwhile, particular striking progress has been
established in both national fusion programs. They are
the dedication of the TFTR and the JT-60, successfull
experiments on the multi-national LCT and on the plasma
heating, safe operation of the TSTA Qith tritium of 108Ci
and the construction of the JAERI's tritium processing

laboratory (TPL), and so on.

As for the future program of Japan, a new investi-
gations, which cover every technological and polytical
subjects needed for the realization of a Japanese D-T
burning experiment device, have been carried out under
the leadership of the Nuclear Fusion Council and the
Atomic Energy Commission in Japan. THe new national
fusion program for the next ten to fifteen years will he
estahlished in 1987 as a part of the long term schedule
of developments of Japanese atomic energy resorces.

I believe that the present productive Japan-US co-
operation should be substantially expanded in the near
future, in which effective investment and ecollaboration
will become more and more important. 1 hope that this
meeting provides good opportunity to find the ways of
strengthening the future bilateral cooperation.

Finally, I would like to express our sincere
gratitude to those who have made efforts preparing for

this workshop, especially Mr, Nardella DOE officials,

v
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Prof. Kawamura of Tokyo Institute of Technology, and
JAERT people. And I hope that American friends of our
workshop make yourself at home and would enjoy your

stay in Japan. Thank you.

Vi
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No.l : Overview of the JAERI Tritium

Research Program

Oct.22,1986

Yuji Naruse
(JAERI)

Important Issues Refated to Tritium Technolaoay

(1} Basic proceésing techrnology
Unit operations such as purification,
recovery, isotope separation, starage,
decomposition, pumping, etc.

{2) System technology for integrating
various processes. .

(3) Tritium production technology
for initial leading.

(4) Blanket materials and tritium
recavery technology.

(5) Waste processing technology.

{6) Safe handling and monitaring.
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Tokai Research

JAERI
{President)

Fusion Reactor
Research Council

Tritium
Committee

Establishment

— Department of Fuels and Materials Research

j——  Fuel Property Laboratory

f—=—— Function Materials Laboratery

— Department of Chemistry

— Radiochemistry Laboratory

— FPhysical Chemistry Laboratory

— Department of Radfoisotopes

l— Department of Health Physics

Naka Fusiecn
Research Establishmant

— Department of lLarge Tokamak

- Fusion Reactor System Laboratory

l— Department of Thermonuclear Fusion Research

pstosm—  Tritium Engineering Laboratory

Organization Chart of Tritium Technology Development in JAERT

Main Activities for Breeding Materials

(3)

(8)

Fuel Property Laboratary

Fabrication
*Li,0, LtiA10, pellets
*.3,0 single crystal

Chemical properties
*Meisture absorption on Li,C
*Decompasition of LiQH

Mechanical properties
*Compressive strength and
creep on Li,0 single crystal

Radiation damage
*Neutron and charged particle
on single crystal and Li,0 pellet

In-situ tritium recovery

*Tritium sweep gas capsule tests
of Li,0 and LiA10, pellets

iz._
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Main Activities for Fusion Materials

Fuction Materials Lzheoratory

(1) Reversible tritium getter
*Materials substituting for
uranium metal
*Fabrication of gettering materials
{ZrCo etc.}
*Measurement of "pressure - composition”
isotherms

{2) Sa}id electrolyte for tritium recovery
*Measurement of basic properties,
ionic conductivity, thermal stability
elactrochemical stability
*Develiopment of new materials

(3) Plasma {Ion) driven perméaticon
*How the permeztion rate depends on
parameters----ion flux, ion energy,
temperature, etc.
*What property determines the permeation rate
*Why the permeation spike appears

logiPy,/Pa}

13¢°C

o a o v Hydrogenating

* & =Y Dehydrogenating
0 L 1

0 1 2 3
nyNzicq

The pressure-composition isotherms
for the ZrCo-H system,

_4_
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Pressure in ZrCc and U

Main Activities for Tritium Chemistry

Department of Chemistry

1. Serption and desorption of tritium

on various materials

2. Diffusivity of tritium
in various materials

3. Removal of tritium by
solid adsorbents

&, Removal of tritium from water
by laser isotope separaticn
method
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Main Activities for Tritium Production

Depgrtment of Radioisotapes

{1) Facilities of tritium production
*Scale 1000Ci/batch
*Target Li-AT alloy
Li : 3wt%

(®E1 Enriched to 95.5%)
*Irradiation JMTR
{2X10Y%cm~25 -1)
40 ~:70 days
*Production process
Extraction from target
Recavery to U getter

{2) Results cbtained
* Recovery yield ~ 100%
* Chemical purity > 99%
* Isotapic purity ~ 95%
* Tritium release from facilities

No observation

(3) Related R & D
*Development of caramic targets
as alternatives
LiATQ., Li,510;,
*Tritium inventry
Calorimetry
*purification of product
Gas chromatography
*Studies of blanket materials
Chemical behavior of tritium
produced in Titium-containing

materfals
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Glove Box [.ead Cell

Vacuum Pumps Getter-2

Tritium Remaoval

Systiem

Production Facilities

DIFFUSION COEFFICIENT FOR TRITIUM DETERMINED
FROM THERMAL RELEASE UNDER VACUUM
D=Dgexp(-Q/RT)

TEMPERATURE / °C

800 600 400 300 200
BT U S T T T
T \\‘ F
Li;Phyq
-7r \:::AQ"R -
i -;— *\Lu(w%:-m alloy |
T LiCy \Lw
2 -9 .
27
Bt &:“\O‘i""dﬂ .
ﬁ11" -
¥-LiAIO, LhQ peilet
-12e (76.5% TD)
—73[_ TR W NS TR NV AN NN SN G N 3
1.0 15 2.0
103 KIT
Material Releasead lag Dy Q Temp.
i - range
specles emig=? kcal mol-? g
°C
Li,O HTC -4.1%0.8 18.511.3 300-420
Li,O pellet HTO 1.8%£0.7 36.9%2.1% 300-410
(78.5% 7D}
LiAIO, HTQ -4.7+0.4 21.6+0.2 300-850
Li G, HT -2,5+0.4 22.3%+1.5 480-700
LiAl HT -(.8+0.5 22, 8£1.7 350-650
Lit1%)~Al HT -1.3x0.6 16.7%2.3 360~-520
Li;Pbs HT -2.7+0.1 10.8£0.4 2580-450
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Main Activities for Tritium Safety

Department of Health Physics

1. Permeability of tritiated water vapor

through elastomeric and palymetic

materials

2. Conversian of tritium gas
to tritiated water vapor

3. Tritium concentration in concrete
of JRR-3

4. Tritium monitoring for internal
coentamination

5. Monitoring of HTQ and HT cancentration
in atmosphere

1072

o
=
= 1073
Q \ .
2 - © BASEMENT-FLOOR

- X

X BASEMENT-WALL

== b~
S O FIRST-FLOOR
— ko x
= \
= 10-‘*—‘\
ul
(4] = o]
= - s)
L]
E - \ \
=
= 10730

L A

1078 ° e
[a]
t | | ! 1 I
o 20 40 60

DEPTHE OF CONCRETE (cm)

Typical profiles of tritium

concentraticn in concrete
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Main Activities for Tritium Technology

Tritium Engineering Laboratory

1. Construction of Tritium Process Laboratory (TPL)
*Building and utilities
*Safe handling systems
*Experimental apparatus

2. Basic experiments
*Components test of fuel cldanup system
*Measurement of separation characteristics
cn cryogenic distiilation column.
"N,-Ar", "H,-HD-D,"system
*Qthers

3. Computer simulatijon studies
*Hydrogen isotope separation system
by cryogenic distillation, chemical
exchange and water distillation
*Blanket tritium recovery system
*Tritium-materials interaction
(Parmeation study)

4, Licensing procedures
*Handling of tritium and uranium
*High pressure gas regulations
*Tritium transport container

Tritium Process Laboratory

—

Ohjective
Research &nd devalapment of tritium processing

and safa handling technolagy for fusion fuel cycle

2, R & D items
(1) Fuel cleanup
*pd-allaoy membrane diffuser
*Catalytic oxidaticn bed
*Ceramic electrolysis cell
*Cryogenic falling liguid film He separator
{(i1) Hydrogen isotope separation
*Cryagenic distiilation column
*Thermal diffusien calumn
(7i1) Tritium-materials interactions
*Permeation study
*Cinetic reaction study
{iv} Tritium monitoring
(v} Tritium contzinment and removal
{vi) Waste processing
{vii} Cthers
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3. Facility
(1) Schedule
*Design 1 1877 -
*Construction
Building and utilities 3 1982 - 1584 (May)
Safe handling systems ;1983 - 1985
Experimental apparatus ;1986 - 1987

(2) Specifications
(i) Building structure
*3 Floors (Grouﬁd area; 1400m2?, total floor area; 2300m2)
*Reinforced concrete (Withstand 200Gal seismic force)
*1st Floor : Glovebox room, detritiation systems room,
semi-hot experiment room, utility roem
*2nd Floor : Semi-hot experiment room
*Basement : Waste processing rcom, waste storage tank room
{(11) Tritium handling capacity
*Glavebex : 2 - 3g/Glevebox-block
*Storage : 10g
{111} Uranium metal (Tritium gettering)
20ky
{v) Tritium containment system {(Threefold containment)

*Primary containment : Experimental apparatus

*Sacandary contajnment : Gloveboxes and detritiation
systems

*Tertiary containment : Glovebox roem and

detritiation systems room

= 800F
ﬁE
h
=
z 400r
<
=z e
(o)
=
-
= 200r
N
O ! I | 1
0 100 200 200 400

SQUARE ROOT PRESSURE DIFFERENCE (Pa®'F)

Permeation flaw rates of 3 hydrogen
isotopes through the JAERI diffuser.
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Isotopic difference between Hz0Q and
To0 in the electrolysis cell at 600°C.
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No.2

Overview of the U.S. Magnetic Fusion Tritium Research Progran
by
Gene R. Nardella
Division of Development and Technology
Office of Fusion Energy
U.S5. Department of Energy

Tritium research within the U.S. has been going on in varying
degrees and areas for approximately thlrty years. Thus, there is
a significant base of technology and information from whlch to
build tritium systems for fusion applications. It is because of
this solid base of information that the U.S. Magnrnetic Fusion
Energy Program has had a significant start in conducting the
necessary research to support the construction and operation of a
large engineering test facility. However, to achieve on limited
budgets a sufficient data base to build such a project in the
suggested time frame (1990's) will take more successful
collaboration as part of the ongoing U.S.-Japan fusion
cooperation. Successful collaboration has already occurred in
the tritium area with the integral neutronics experiments (Annex
I1) performed at the Fusion Neutron Source (FNS) facility in
Japan and the small-scale tritium components (palladium diffuser
and ceramic electrolysis cell) test performed at the Tritium
Systems Test Assembly (TSTA) facility in the U.S. 2additional
collaboration in the tritium area is proceeding with the decision
to pursue testing of larger versions of the same tritium
components (process-ready) as Annex III and to pursue jeint
funding of TSTA for the purpose of sharing the information
generated by the full operation of this facility as Annex IV.

In the U.S. Magnetic Fusion Energy Program today, tritium
research is essentially being conducted in five general or
generic areas: processing of plasma exhaust/blankets, safety,
blarnket development and breeding performance, material studies,
and health and environmental effects.

The major purpose of the tritium processing program is to develop
and demonstrate an effective technology for handling and
processing deuterium and tritium fuel for use in fusion reactors.
The cornerstone of the tritium processing program is the TSTA
facility. TSTA, which is located at Los Alamos National
Laboratory (LANL) and was completed in September 1982, consists
of a large gas loop which can simulate a deuterium-tritium fuel
cycle system. The first test with tritium (10 grams) occurred in
June 1984 with the introduction of tritium into the Isotope
Separation System (ISS).

During FY86, TSTA has been performing operational testing of
various systems with tritium. Recent tests have included both
the Fuel Cleanup System and the ISS and have utilized up to 50
grams of tritium. Present plans call for full operation of the
gas loop by the end of 1987. In addition to demonstrating the
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performance of an integrated fuel handling system, the facility
will demonstrate the ability to control and contain tritium, test
and qualify components for tritium service, demonstrate
performance of safety systems and of monitoring and processing
instrumentation and also conduct tritium property and cleanup
experiments,

The major purpose of the tritium safety program is to understand
and control tritium under different conditions especially with
regard to reducing the magnitude of operational and accidental
releases. At present there are two areas of research being
conducted by the safety program at the Idaho National Engineering
Laboratory (INEL). The first area is the continuing experiments
on implantation driven permeation to determine the amount of
tritium that permeates through and/or that is retained in first
wall structural materials such as V;5CrgTi at reactor-like
conditions. The second area is the continuing development of a
tritium safety code entitled the Tritium Migration Analysis
Program (TMAP) which will have the capability to determine the
tritium loss from fusion systems during normal operation and
accident conditions. Future plans call for the utilization of
TSTA to do a variety of safety-oriented experiments and to
conduct these experiments in close cooperation with INEL.

The major purpose of the tritium blanket development and
breeding performance program is to determine the breeding
capabilities, the engineering characteristics and requirements
and the irradiation performance of different candidate blanket
concepts. At present there are four major areas of research
being conducted. The first area at Argonne National Laboratory
{ANL) has the objective of developing an accurate data base of
thermochemical, thermophysical, transport, and mechanical
properties for candidate solid breeder materials. This data base
would support both systems-design and blanket-processing
activities. The lithium-containing ceramics Li,O, LiAl0,,
Lig5i04, and LijZr0O; are receiving greatest consideration.
Development of an accurate data base of transport,
thermochemical, and thermophysical properties for candidate solid
breeder materials is continuing. Surface adsorption/desorption
isotherms for Hp/H,0 on Li,O will be investigated. Mechanical and
elastic properties of Li,O will be developed. Candidate solid
breeder materials are prepared for other tasks and for near-ternm
irradiation experiments including the BEATRIX matrix of the
International Energy Agency (IEA) Materials Implementing
Agreement. This task also continues to evaluate the implications
of the current in-reactor experiments. The major planned
accomplishment for FY87 is to characterize materials for the Fast
Flux Test Facility/Materials Open Test Assembly (FFTF/MOTA) test
as part of the IEA program.

The second area of research at Hanford Engineering Development

Laboratory (HEDL) has the objective to evaluate the irradiation
performance of potential candidate ceramic solid breeder

- 14i
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materials (1) for material selection and optimization and (2) for
system design. The program has as an overall goal to evolve from
simple isothermal capsule testing to more complex tests with
large spatial temperature variations and flow through purge gas
under the fast neutron spectrum which better approximate the
fusion blanket environment. The scope of activities includes the
FUBR1-B irradiation experiments in the EBR-II which will include
lithium ceramics produced in Japan, England, France, Federal
Republic of Germany, and Italy as a part of the BEATRIX-I program
cf IEA. Other materials fabricated in the U.S. have been and
will ke sent to The Netherlands and France for irradiation as
part of the same program. Supporting activities continue to
include the fabrication of new lithium ceramics, accumulation of
thermal, mechanical and chemical properties, and post-irradiation
measurement capabilities suitable for hygroscopic tritium bearing
materials.

The third area of research is conducted at three places: ANL,
Lawrence Livermore National Laboratory (LLNL) and University of
Califeornia at Los Alamos (UCLA). The objective of their research
efforts is the design and analysis of tritium producing blankets
particularly for the Engineering Test Reactor (ETR).

A number of candidate blanket concepts for the ETR will be
identified and evaluated against a set of criteria to determine
the optimal blanket concept. The candidate blanket concepts will
cover a broad range of options for materials combinatiocns
(structure/breeder/coolant/multiplier), geometrics and
configurations. The evaluation criteria will address feasibility
issues (e.g., can the blanket concept achieve adeguate tritium
breeding performance with required reliability of operation) and
attractiveness issues (e.g., developmental costs). In FY 87 it is
expected that a set of promising candidate blanket concepts would
e selected and the process of evaluation to narrow down the
choices would begin. The complete process leading to selection
cf a small set of leading blanket concepts will probably take
several years.

The fourth area of research is a collaborative effort beginning
in October 1984 between the U.S. and Japan in determining the
tritium breeding performance of blankets from the neutronics
aspects. Effort in this program is focused on evaluating the
overall uncertainties (both analytical and experimental) in the
tritium production rate (TPR) of candidate solid breeder
materials. Integral neutronics experiments are performed at the
Fusion Neutron Source (FNS) facility of the Japan Atomic Energy
Research Institute and analytical predictions of the TPR are
compared with experimentally measured values.

The program currently consists of two phases. Phase I
experiments have been completed, while Phase II experiments were
initiated in August 1986. Phase I concentrated on design-
oriented engineering benchmark experiments to obtain experimental
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data on blanket neutronics characteristics and compare it with
calculated values. The experiments performed in this Phase I
included neutron source characterization, TPR and spectrum
measurements in a reference lithium oxide test assembly, first
wall experiments with and without coolant simulation and
beryllium neutron multiplier experiments in various
configurations. The Phase I experiments were performed in an
open geometry configuration where the neutron source target is
located in the middle of a large room with the reference assembly
embedded in a concrete wall. In Phase II, the fusion neutron
spectra environment is more closely simulated with the reference
assembly placed at one end of a rectangular enclosure made of
lithium carbonate and the neutron source placed in the inner
cavity. i

Phase II experiments, which will be completed by the end of FY
87, will consist of four experimental periods. The first and
second periods will aim at performing key experiments
characteristic of Phase I, but with a closed geometry. The third
and fourth periods will shift emphasis into engineering
experiments, adding more structure and including basic
penetration effects. Also during FY 87, plans for a Phase III
will be ccnsidered and a decision will be made on whether or not
to continue experiments.

The major purpose of the tritium-materials studies program is to
understand and characterize the effects (e.g. permeation,
adsorption, absorption, etc) that tritium has on different
materials under different conditions. At present there are two
programs in place to evaluate this area. The first program at
ANL is studying tritium permeation through heat exchanger tubes
which must be kept low in order to meet requirements for
allowable tritium release from fusion reactors. Since this rate
is sensitive to the amount of tritium present in the cooclant as
elemental tritium, the relative level of this species must be
rinimized. A method to do this is to oxidize the elemental
tritium. Unfortunately, there is a poor understanding of the
kinetics of tritium oxidation for the conditions expected in
fusion reactors. As a conseguence, the relative levels of
elemental tritium and tritium oxide present in the coolant are
uncertain, Therefore, there is a strong need to understand the
kinetics of tritium oxidation so that effective tritium control
systems can be designed and tested. The research at ANL is
directed at performing experiments to determine the kinetic rate
of tritium oxidation by examining the parameters that might
enhance the rapid combination of tritium atoms and oxygen. 1In
the first series of experiments, the parameters to be examined,
using a 316 stainless steel surface, are temperature, tritium
flux, oxygen potential, flow rate, time and excess hydrogen
species. These and other experiments will be used to generate
the kinetic rate expression for the surface oxidation of tritium
atoms. This expression will be fitted against different
mechanisms to determine a model which can explain the observed
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oxidation behavior. In parallel with the experiments, an effort
will be undertaken to produce a computer code that can be used to
predict oxidation behavior in fusion systems.

In FY 85/86, the experimental system was assembled and shake-down
testing was completed. The experimental system consists of a
manifold, pumping systems, a loop with a tritium source, a loop
with an analysis system, a calibration loop and the test cell
where the surface reactions occur. A number of tests were
completed at various temperature levels and test times.

During FY87, the experimental program will progress rapidly with
rates of resaction measured in the range of 100 to 500 €. If only
one rate iz found in this temperature range, the oxygen potential
will be vazvied in another set of experiments. Also, deuterium
will be introduced in the analysis loop to ascertain its effect
on the reaction rate and the completeness of oxidation reactions.
If possible, a set of experiments will be conducted where the
flow rate is varied to determine if the rate of removal of the
reaction species affects the reaction rates. The program will
most likely be completed by the end of FY 88,

The second program at Sandia National Labkoratory at Livermeore is
studying the effects of tritium plasma on materials in the vacuum
chamber. Of particular concern is the tritium uptake of
different materials (e.g., first walls, coatings, limiters,
etc.). In this program tritium inventories in materials are
calculated for ongeoing fusion experiments such as TFTR and for
projected new facilities. This is done both theoretically and
experimentally. In addition in FY 87 the first tritium
permeation experiments on redeposited materials will be completed
for stainless steel.

The major purpose of the tritium health and environmental effects
program is to determine the effects of exposure to varying
amounts and different forms of tritium as well as its transport
and uptake in the environment. The results of this type of work
are critical to the development of a safety design philosophy,
safety analysis, dose models, etc. for fusion facilities.

At present there are three research projects being funded in this
area by DOE. A summary of each project is described below.

1. Hazards of Radioactive Environmental Pollutants (Brookhaven
National lLaboratory)

There is concern over the genetic and somatic effects of
exposure to tritium. This project objective is to evaluate
(in mice) the effects of various concentrations of tritium in
drinking water as evidenced by (1) dominant lethal mutations
(PIMs), (2) reduction in hematopoietic stem cells (CFU-S},

{3) induction of cytogenetic (sister chromatid exchanges,
SCEs) effects in bone marrow cells, and {4) induction of
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micronuclei in their red blood cells. Early fertilized
oocytes taken from animals maintained on HTO or exposed to
external gamma or x rays will also be evaluated for changes
in metaphase II. 1In order to evaluate p0551ble
carcinogenicity of HTO ingestion, animals receiving single
injections or chronic ingestion of HTO will be evaluated for
the possible induction of leukemia. These animals will be
compared with dose-equivalent x-ray and gamma-exposed
animals. The effects of nonnuclear pollutants will be
compared in the same systems. It is desirable to know the
amount of tritium incorporated into cellular components

(e.g., RNA, DNA, and histones). Similarly, it is important
to know the p051t10n at which tritium mlght be incorporated
into the DNA since studies in some species indicated
significant genetic effects depending upon where the tritium
is incorporated Standard biochemical procedures will be
used. It is advantageous to know the effectiveness of licquid
ingestion on enhanced tritium excretion in the event of
accidental contamination of humans with HTO. This is being
done by taking mice previously maintained on HTO solution and
placing them on sweetened water solutions, which leads to
enhanced water intake. The rate of tritium excretion is then
evaluated.,

Radiosensitivity of Oocvtes and Other Mammalian Cells
(Lawrence Livermore National Laboratory)

Hazards from low-level exposures to neutrons, gamma rays, and
tritium are being carefully evaluated by measurement of
damage to particularly vulnerable cells, especially female
germ cells (oocytes) that are irreplaceable after birth.
Studies are in mammals (mice and, for special purposes,
monkeys) because of their relevance to man, and on neutrons,
gamma rays, and tritium because of their importance in
nuclear fission and fusion. Measured dose-effect relations
provide data for critical comparisons at low exposures where
hazard evaluations are most needed. Animals are exposed to
carefully monitored doses, including chronic irradiation
during highly sensitive developmental stages, then cell
populations are evaluated by numbers of survivors, levels of
function, and genetic effects. The studies have revealed
severe oocyte loss from low-level tritium exposure in young
mice and also in primates (squirrel, bonnet, and to a lesser
extent, rhesus monkeys) exposed before birth. Making use of
this high oocyte sensitivity, comparative radiation studies
are providing a better understanding of mechanisms.
Imnportant results for genetics have come from combined
neutron, gamma-ray, and tritium studies elucidating the
nature of the extreme radiosensitivity of mouse oocytes.
They clarify a key genetic controversy over applicability to
women of data from female mice. Even more importantly, they
identify, for the first time, special experimental conditicns
required for obtaining reliable genetic data from mice that
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will be relevant to the human female. Quantification in
mammals of radiation effects at very low exposures and
provision of experimental data for estimating genetic risk in
women 1s strengthening the scientific base from which human
hazard evaluations must be drawn.

Mutagenic Effect of Radionuclides Incorporated into DNA of
Droscophila Melanogaster (Louisiana State University)

Tritium decay can induce mutatlons by ionizing radiation
and/or transmutation of 3H to 3He with associated energy of
excitation and recoil. Ionizing radiation from tritium decay
at the different incorporation positions in DNA is assumed to
be equivalent throughout the nucleus; therefore, the
differences in mutation fregquency per tritium decay at
different incorporation sites in DNA result from excitation,
recoil, and transmutation of 3H to 3He. 1In previous work
there has been detected local or site-specific effects of
tritium decay by comparing the frequency of sex-linked
recessive lethal (SLRL) mutations induced by tritium decay in
specific DNA sites of Drosophila melanogaster sperm cells,
There has been found a site-specific effect when tritium
decay occurred at the 5 position of cytosine, 8 position of
purine, or 6 position of pyrimidine. These differences in
the site-specific mutagenesis can be described only as
quantitative differences in induced mutation fregquency
because SILRL mutations can be induced by any known mechanisms
cf mutagenesis. Current focus is on detecting differences in
mutational mechanism by analyzing mutant genes at the
molecular level using labeled probes of the locus alcohol
dehydrogenase (Adh) to determine molecular changes in DNA of
the mutants. Comparing null mutants induced by x rays, the
alkylating agent N-ethyl-N-nitrosourea (ENU}, and decay of
tritium incorporated into specific sites of DNA. Mutants
induced by x rays have an unusually high frequency of
multiple breaks in DNA in relatively short distances near the
locus. Most of the x-ray-induced mutants were induced
through a mechanism of multiple chain breaks in DNA.
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No.3 Fusion Fuel Research Activities of Universities

in Japan

Makoto Okamoto
Research Laboratory for Nuclear Reactors,

Tokyo Institute of Technology

Introduction

Tritium science and technology are being investigated mainly at
universities and JAERI in Japan. Basic studies are carried on at
universities and technology oriented studies at JAERI. The universities
have only low level laborateries such as a few to 500 Ci for tritium, so
there are limitations to carry out practical scale experiments.

There are many contributions, however, to ke done by use of these
low level laboratories, e.g. understanding phenomena, accumulation of
quantitative basic data, confirmations of innovative ideas, education
and training of young scientists, and so on.

There are more than 40 séﬁentists who have been organized in the
research project of tritium science and technology supported by the
Grant-in-Aid for Scientific Research, Ministry of Education, Science and
Culture (NBS) since 1980,

Table 1 shows the main institutions which are contributing to the
R&D works at universities; and Table 2 indicates the handling capacity

of tritium in several institutions.

Research Items in Japanese Universities

When the Grant-in-Aid scientific research program had heen first
organized in 1980, the research items on the tritium science and technoclogy
were widely spreading over whole subjects which seemed to concern to

tritium issues.
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This trend was gradually amended as Grant-in-Aid group brought up

the general consensus on the fusion fuel cycle scheme., The out line of

the consensus are as follows:

The tritium flow in fusion system is consisted of four sub-tritium

flows;

the primary tritium {(fuel)fleow, the secondary tritium {(fuel) flow,

permeation flow through the plasma facing materials, and leakage flow

to the environment,

Along with the above four tritium flows, the research activities have been

forcused on the feollowing subjects from about 1983,

I. Breeding chemistry and technology

1T, Tritium cleanup technology

IIT. Recovery and storage of tritium

Iv. Diffusivity of hydrogen isotopes

V. Isotope separation

VI, Plasma driven permeation and hydrogen plasma chemistry
VvI1I, Waste treatment

IIX. Others

Existing Experiments and Reseraches

The research and working institutions are as follows,

Fundamental investigation of tritium release behavior by means

Tokyo Institute of Technology: Lizotpellet)lr LiPb, LiFPbF2
University of Tokyo : Li20(powder), LiC, LiN, etc,

Fundamental investigation of tritium extraction by means of

T, Breeding chemistry and technology
i)
of post irradiation release,
ii)
under irradiation release,
University of Tokyo (Tckai) : Lizo(powder)
iii)

Basic study of extraction of tritium from metalic 1ithium,

Osaka University
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II. Tritium cleanup technology
Catalytic oxidation and absorption of tritium and tritium contained
gaseous molecules,
Kyushu University, Toyama University, University of Tokyo,
Nagoya University
III, Recovery and storage of tritium
Fundamental studies of recovery and storage of tritum by use of
metalic getters,
Toyama University, Kyushu University
v, Diffusivity of hydrogen isotopes in materials
Fundamental studies of diffusivity of tritium and deuterium in
materials under various conditions including high magnetic field,
Nagoya University, Kyushu University
V. Isotope separation
i) Basic study of laser separation method for enrichment of tritium,
University of Tokyo
ii) Enrichment and separation of tritium by thermal diffusion column,
Toyama University, Tokyo Institute of Technology
VI. Plasma driven permeation and hydrogen plasma chemistry
i) Plasma driven permeation using RF-discharge of D2,
Kyoto University
ii} Plasma dfiven permeation and chemical behavior of T and/or D plasma,
Tokyo Institute of Technology, Nagoya University
VII. Waste treatment
i) Seolidification of tritiated water with cement,
Nagoya University
ii)

Solidification and enrichment of tritiated water with beeswax,

Kyushu University
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iii) Design concept of down stream in fusion fuel cycle,
Nagoya University

iv) Volume reduction and enrichment of tritiated water using electrolysis
cell having hydrogen permeable cathode,
Kyushu University

1IX. Others

i} Tritium impact to CTR system safety,
Nagoya University
ii} CTR system safety assesment,
Tokyo Institute of Technology
iii) Lithium-% enrichemnt,
Tokyo Institute of Technology
iv) Detection and analysis,
Musashi Institute of Technology, University of Tokyo, Yamaguchi
University, Tohoku University, Toyama University, Osaka University
v} Breeder making,
Nagoya University
vi) Tritium fueling into pellet for ICF,
Osaka University
vii) Tritium behavior in metals,
Tohoku University, Tokyo Institute of Technology

and so on.

A Prospect on Research Trends in University of Japan

The trends, which can be seen in the iltemization of researqh subjects,
will be c;ntinued for a while. Besides, the intensive movement for the
level up of tritium handling capacities will be grown up among the research
groups. So, if there is any possibility to proceed and scale up the present
work by handling high level tritium even in U.S., many researchers will be

ambitious to catch the chances.
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No.4 Tritium fueling for ICF pellet target

Takayoshi Norimatéu, Masaru Takagi, Sadac Nakai

and

Chiyoe Yamanaka

Institute of Laser Engineering
Osaka University

Yamada-oka, Suita, Osaka, 565

Japan
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1. Introduction

1)

In laser fusion research, glass

2}

microballoon™’, filled with pressurized deuterium-tritium

or plastic

gas, 1s employed as a target. The DT gas is loaded into the
microspheres by heating in high pressure DT gas to induce
diffusion through the glass wall. For the high pressure DT
loading, the following technical issues such as pumping of
DT gas up to 30 MPa, reduction of tritium leak due to
diffusion from fill system, process monitoring at the order
of 1.3 Ci/cc STP, recovery of tritium from vacuum lines and
non-destructive fuel assay in the plastic balloon arc
extensively investigated.

In this report, brief outline of DT fill process is
presented in section IT. Reduction of tritium leakage from

fill vessel by Au plating3)

and process monitoring using R
scintillation powder are described in section III and IV,
respectively.

In order to reduce the permeation of tritium, a Be tube
has been used as fill vessel4). However, the draw back of
Be is its thermal expansion coefficient differing from that
of adjoining tube materials. Also, the tensile strength
reduces when it is heated. Tritium leakage through ATST
Type 316 stainless steel was reduced to practically
negligible level by Au plating applied to outside surface.
Results and mechanism of diffusion reduction are presented.

The tritium concentration in fill system must be monitored

in order to obtain equivalent deuterium-tritium mixture at
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existence of isotope effect on dissociation of uranium
hydride. The concentration of tritium in the low pressure

3 STP

iine of the f£ill system is at the order of 1.3 Ci/cm
and the pressure varies up to 1 MPa.

Detection of such high level of tritium may he
5)

accomplished by ionization chamber techniques or scolid B

scintillatorG). However, ionization chamber encounters a
obstacle in electron discharge when the pressure in line
become low. The solid g scintillator has the problem of
saturation resulting from B absorption by hydrogen itself
when characteristic length of detection volume becomes

larger than the range of B ray. Fluorescent powder was

employed to avoid the saturation problem.

II. DT loading

The process to fabricate DT loaded targets is

shown in Fig.l. Glass microballoons, whose diameters are
300 - 1500 um and wall thicknesses are 1 - 10 um, are put in
an array of holes on a fill rod after strict
characterization of sphericity and uniformity of the wall.

The experimental arrangement adopted for loading the
glass microspheres with DT gas is shown in Fig. 2. The
wheole system 1s contained in a sealed glove box of 0.5 m3
volume, filled with argon gas, and eguipped with tritium
recovery system. The high-pressure line enclosed by a

)

dashed line in the figure consists of uranium bed (U)7 .

cryopump (C), loading vessel (L) and high-pressure valves
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(V9—Vl2) with small dead volume. The DT gas, previously
mixed to equal amount, is stored in the uranium bed. The
glass microspheres are placed in the loading vessel and the
high pressure line is evacuated by vacuum pump. rThe uranium
bed is heated up tc transfer the DT gas to the loading
vessel, in the course of which the gas is pressurized to 3 X

6—3 X 107 Pa by the cryopump, which also serves to rapidly

10
evacuate the loading vessel. The vessel is heated up to
300-330 C and held for 10-48 hours to allow the pressurized
DT gas to permeate into the glass microspheres. The buffer
tank (B) installed between the high pressure and vacuum

pumping lines protects the bellow valves (Vl~V in the

o)
event of abrupt release of high pressure DT gas by any
operational £fault. The high pressure line itself is totally
enclosed in a sealed inner box as indicated in the figure by
dashed line, and provided with a 2nd tritium recovery
system.

The loading vessel is stainless steel rod 6.3 mm diameter
X 100 mm long, bored through its axis to form a hollow space
3 mm diameter X 96 mm long as shown in Fig. 3. After
machining, the hollowed rod has been electrolytically etched
to remove surface oxide layer, and a nickel base of 1 um
thick plated on, to serve as adhesive intermediate layer to
receive the gold plating 20 pum thick. This nickel layer
also prevents iron atoms from diffusing into the gold layer.

The gold plating has been applied in concentrated cyanide

solution, to cover not only the loading vessel, but alsc the

- 28_
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connecting swagelok joint, ferrules and 1/8-inch tube.

The copper jacket serves to ensure uniform temperature
distribution throughout the loading vessel.

After the DT fill, the glass balloons are cleaned up and
gquantity of tritium in the each balloon is estimated from
the characteristic X-ray of the glass wall which is
stimulated by £ rays from tritium decays).

The glass balloon is suspended by a plastic fiber of 7 um
in diameter for laser irradiation. Figure 4 shows a single
shell target for stagnation-free-compression by shock

9)

multiplexing”’. The fuel pellet is surrounded by outer

shell to compose a cannon ball targetlo)'

IIT Reduction of Tritium leakage by Au plating

i) Tritium leakage

The experimental setup was similar to Fig.2, except the
cryopump which was not used. Tritium leakage was estimated
from the resulting tritium concentration measured in the
glove box.

Throucgh gold-plated wall the tritium pérmeation proved to
be as reported in Fig. 5. The initial flat stretches, lying
at levels of the order of 102 1Ci/h, occurring before the
rise of the measured curves, is attributable to tritium
release into argon atmosphere from the inner surface of the
glove box. The discontinuities seen on the same curves
after the lapse of 6-8 hours derive from interruption of

heating necessitated for renewing the argon atmosphere in
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the glove box. At 420 C and above, detectable leakage from
vessel 1s seen to have started upon lapse of around 3 hours
atter start of heating, and to progress at attenuating rate
indicative of approach to saturation. The runs at 350 C
are seen to have incurred practically no leakage.
Theoretical calculation based on permeation through pure
goldG) indicates that reduction of tritium leakage
by gold plating is only 1/45 at 450 C. In contrast, the
present experimental result for gold-plated vessel has
indicated a suppression factor of l/lO4 in reference to the
calculated value for unplated vessel during the first 2.5
hours. Moreover, the diffusivity of tritium through gold
layer, estimated from the time lag elapsing before tritium

11

detection outside the loading vessel, was 2 X 10 cmz/sec,

which is l/lO5 —1/106 of the value reported by the
othersll)'lz).
ii} Mechanism of tritum leakage suppression
In order to determine the cause of the disagreement seen
above between the present experimental results and what
would be expected from calculations based on published
studies, the mechanism of tritium leakage suppression by
the gold plating was examined through the following studies.
The layers that effectively trapped the tritium were
sought by autoradiography, using Sakura MR-2 film. The
results are illustrated in Fig. 6, which represents

transverse cross section of loading vessels that had been

exposed to B ray from tritium decay. The films were exposed
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for 3 hours. The specimens were from vessels that had been
uéed for DT loading at 350 C, in runs that lasted 54 hours,
and which had registered no appreciable tritium leakage (Run
32 in Fig.5. In Fig.8, film grayness is seen to be greater
on the side facing gold layer than on that facing stainless

3 lower solubility shown by hydrogen

than in 316 stainless steell4).

steel wall, despite 10
in goldlB)
This would indicate that tritium is consistently trapped by
impurities or imperfections in the gold layer, or else that
tritium permeation is obstructed by certain oxides at the
grain boundaries of gold, formed by the base metal diffusion
into the gold layer.

Upon treatment of higher temperatures, nickel and iron
were observed to diffuse into the gold layer, but within the
range covered of experimental conditions, the depth of
nickel diffusion was found upon calculation to be less than
2 um. For this reason, nickel and other oxides were
excluded from consideration as possible significant sites
for tritium trapping.

The impurities contained in the plated gold layer were
determined by Auger electron analysis. Clear indications
are observed of emissions from oxygen and carbon. The
presence of carbon is attributed to dissociation of cyanide,
and codeposition of the resulting carbon in the process of
electro-plating.

The concentration of carbon in gold was measured by

carbon analyzer (Horiba EMIA-110 and 3200), which
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registered 30 ppm and 540 ppm by weight as values of carbon
concentration in the gold layer and stainless steel wall,
raespectively.

Tritium concentration in the loading vessel was measured
by slowly grinding a segment of the vessel in a sealed
chamber connected to a gas-chromatograph eguipped with
thermal conduction detector (Shimazu GC-7A). Outputs from
the tritium monitor connected to the gas—-chromatograph are
shown in Fig. 7. The peaks seen at 1 min and 1.8 min on the
time scale correspond to tritium and tritiated methane,
respectively. While the peak heights.do not correspond
exactly to the values of hydrogen and methane concentrations
present in metal, these peaks clearly evidence a
considerable amount of tritium absocrbed as hvdrogen in the
stainless steel wall and as methane in the gold layer.

What is note worthy here is the much higher concentration
of carbon in the stainless steel wall than in the gold
layer, while no tritiated methane was detected from the
wall. This means that the carbon contained in the
wall steel does not serve as trapping site, being bound to
metal atoms. The carbon contained in the gold layer, on the
other hand, is apparently not bound by the gold atoms, and
are consequently free to react easily with hydrogen and thus
trap tritium under the influence of low energy electrons
released from tritium decay 15)’16).

The total amount of carbon present in the gold layer of

the loading vessel is 1.7 X lO_Sg. Assuming tritium to be
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trapped in the carbon as CD2T2, the gold layer of the vessel
is sﬁsceptible of accommodating 90 mCi of tritium at 470 C,
at which the Run 26 in Fig. 5 was performed. This value is
roughly egquals the amount of tritium that would permeate
through the same gold layer if devoid of trapping site
during the 9 hours taken in Run 26 for the tritium leakage
rate to reach calculated level. These results indicate that
carbon deposited in the gold layer serves as main trapping
site for the tritium, to impede its permeation through the

gold plating.

IV Process monitoring by fluorescent powder detector

i) Experimental equipments
The tritium detector with flusrescent powder is shown in
Fig. 8. The detector consists of swagelok joints, a glass
filter and a guart rod. The cavity ( 2.4 mm i. d. and 6 mm
length) inside the joint is filled with fluorescent powder
{(as received) which is optically coupled to a photon counter
(modified National UD-505A) by the gquart rod and optical
fiber. A nylon ferrule was employed for a sealing between
the joint and the quart rod. This detector was connected to
DT £i1l system,
The tritium gas purchased from Dupcon NEN was stored in the
uranium bed in order to eliminate 3He and CT4.
Deuterium tritium mixture was prepared in a mixing chamber

measuring pressure by a piezo electric transducer.
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In order to measure the back ground level and its change
due to repetitious use, the flourescent powder was
repeatedly exposed to DT mixture of 0.26 MPa in pressure.
The back ground noise was measured after evacuating to 10

Pa.

ii) Results and discutions

Luminance emitted from the powder exposed to DT mixture
(T;40%) is shown in Fig.9 as a function of DT pressure. The
luminance was in direct proportion to gas pressure. ZnS and
ZnZSiO4:Mn gave sufficiently bright luminance to measure
tritium in low pressure line of DT fill system. 1In
following experiment, Zn25i04:Mn was chosen because of its
short decay time of luminance and high signal to noise
ratio.

Figure 10 shows dependence of luminance on tritium
concentration and pressure of DT mixture. The luminance
increased in gcod proportion to the tritium concentration
and the total pressure of the DT mixture. These results
indicate that fludrescent powder detector can directly
measure partial pressure of tritium in DT mixture.

Increase of back ground noise of Zn25i04:Mn is shown in
Fig,11. Initial noise of 0.06 (Arb.U.) is due to that of
nhoton multiplier. Saturated ncise after repetitious
exposure was at the revel of 0.3 which can be calculated to

3

the tritium partial pressure of 1.2X10~ Pa, which can be

negligibly small for use in DT fill system.
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Signal to noise ratio is shown in Fig.lZ, where the signal
is defined as luminance obtained by exposure to egquivalent
DT mixture of 0.1 MPa in pressure and noise is defined as
that obtained in 10 Pa. As far as the volume of powder is
same, SN ratio becomes better when the powder diameter
becomes smaller. This result may indicate that the back
ground noise is not due to tritium absorbed on particle

surface but due to that diffused into the powder particle.

V Summary

Various DT filled targets have been fabricated for
implosion experiments by Gekko XIT glass laser system, which
achieved high neutron yield of 4X1012. Tritium fueling
system and technical issues for tritium handling have been
invesitgated and developed.

In order to reduce tritium leakage from the DT fill
vessel, gold plating was applied to outside surface of the
fill vessel. The leakage was suppressed to be 10“5-10-6
times lower than what would be expected from the values
reported for wrought gold. The effective suppression of
tritium permeation is attributable to trapping of hydrogen
by C contained in Au as impurity.

The tritium detection technique by means of fluorescent
powder have been developed for monitoring the tritium in low
pressure lines of DT fill system. Luminance emitted from
Zn2SiO4 showed good linearity to partial pressure of tritium

in DT mixture. Effect of impurity such as 3He on luminance

of flubrescent must be studied.
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No.5 : Tritium Processing Technology
Development at the Tritium

Systems Test Assembly
by

James L. Anderson, Prcject Manager
Tritium Systems Test Assembly
Materials Science and Technology Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545, U.S.A.

ABSTRACT

The Tritium Systems Test Assembly (TSTA) at the Los Alamos National
Laboratory has been operating with tritium since June 1984. Presently there
are some 50 g of tritium in the main processing loop. This 50 g has been
sufficient to do a number of experiments involving the cryogenic distillation
isotope separation system and to integrate the fuel cleanup system into the
main fuel processing loop. In January 1986 two major exberiments were con-
ducted. During these experiments the fuel cleanup system was integrated,
through the transfer pumping system, with the isotope separation system, thus
permitting testing on the integrated fuel processing loop. This integration
of these systems leaves only the main vacuum system to be integrated into the
TSTA fuel processing loop. In September 1986 another major tritium experiment
was performed in which the integrated loop was operated, the tritjum 1nventbry
increased to 50 g and additional measurements on the performance of the distil-
lation system were taken. In the period June 1984 through September 1986 the

8 Ci of tritium. Total tritium emis-

TSTA system has processed well over 10
sions to the environment over this period have been less than 15 Ci. Person
nel exposures during this period have totaled Tess than 100 person-mRem. To

date, the development of tritium technology at TSTA has proceeded in progres-
sive and orderly steps. In two years of operation with tritium, no major

design flows have been uncovered.




JAERI —M 86 — 189

INTRODUCT ION

The Tritium Systems Test Assembly (TSTA) at Los Alamos is charged with
developing the tritium technology required to fuel a fusion reactor. This
technology includes vacuum systems for exhausting unburned D,T from the
reactor; purification systems for removing chemical impurities from this
exhaust gas; isotopic separation systems for separating HD, DE’ TZ’ and DT;
circulation and transfer pumps; and the evaluation, but not development, of
tritium pellet injectors. A second major task at TSTA is the development and
evaluation of safety and environmental systems associated with the tritium
handling facilities at a fusion reactor. This includes development of new
tritium monitors; room air detritiation systems; gaseous effluent detritiation
systems; secondary and tertiary containment techniques; and technigues for
performing routine and emergency maintenance on tritium contaminated systems.

Tritium experiments were initiated in June 1984 when 10 g of tritium was
introduced into the cryogenic distillation isotope separation system. Since

8 Ci of tritium.

June 1984 the system has processed approximately 10
. The success of these operations is at Jeast partially demonstrated by the
fact that in the 19 month period from June 1984 through August 1986, tritium
emissions to the environment have been less than 7 Ci as elemental tritium and
tess than 6 Ci as tritium oxide. This is a record unmatched by any other major
tritium facility. Personnel exposures during this period have totaled Jess
than 100 person-mRem. Experiments performed during this period include the
tests on the isotope separation system,] tritium testing of a paltadium alloy
membr ane d"iffuser,2 evaluation of a ceramic electrolysis cell for decomposing
tritiated water,2 and tests to study the contamination and decontamination

cf surfaces exposed to elemental tritium and tritium oxide.3

RECENT OPERATIONS

In January 1986 two major experiments involving the isotope separation
system were performed. The isotope separation system is a cryogenic, frac-
tional distillation !;ystern.4 This system takes 20-24 hours to cool from
room temperature to 1iquid hydrogen temperature (20K}, to liguify the hydrogen
and to establish near equilibrium conditions in each of the four columns.
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Also, when shutting down the system, it takes several hours to warm the col-
urns, vaporize the hydrogen isotopes and transfer all of the hydrogen gas to
the uranium beds for Tlong-term storage as uranium hydrides. For this reason,
a major experiment takes several days to conduct. During these periods, the
TSTA must continuously be staffed by a minimum of two experienced, knowledge-
able people. Within the Timitations of our staffing level, as dictated by
budget constraints, it is difficult to operate frequently for extended periods
of time. Because we are thus limited in how frequently we can schedule these
major runs, we must carefully plan the experiments to be performed during
these periods.

The first run in January 1986 was the first major experiment since June
1984. Following the June 1984 run, several small, but significant modifica-
tions were made to the isotope separation system and to the associated
plumbing. Because of this long down-time between experiments, it required even
Tonger than the planned 24 hours to bring the distillation system on-Tine.
Once on-1line, several significant accomplishments were attained. During this
run the tritium inventory in the isotope separation system was increased from
~10 g (105 Ci) to ~30 g (300,000 Ci). Hydrogen and deuterium gas was removed
from the distillation system and replaced by tritium over a period of two days
as the tritium 1nVentory was increased to the 30 g level. This demonstrated
the ability to replace and to change the gas mixture to the isotope separation
system. During this experiment, the isotope separation system was operated in
a recycle mode. In this mode, products from the four colums are mixed
together and this mix fed as input to the first column.

At the end of this week, the isotope separation system was shut down and
the new deuterjum-tritium gas mixture was quantitatively transferred to the
uranium storage beds. One week later a second major experiment was conducted,
again involving the isotope separation system. This time we were able to bring
the distillation system on-line quickly (less than 24 hours) and to
re-astablish the stable operating mode reached during the first week. Once
this state was established, the chemical impurity removal system, (the fuel
cleanup system) was interfaced with the isotope separation system. This inte-
gration of these two major systems plus the associated transfer pumping system
was & major advance in the TSTA program. ODuring this test the D,T gas mixture
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was circulated through the fuel cleanup system, using the TSTA developed,
all-metal transfer pumping system, into the cryogenic distillation system.

The D,T gas used during this test was free of chemical impurities so the fuel
cleanup system was not used to remove impurities. The major goal of this test
was the integration of the fuel cleanup-transfer pump-isotope separation
systems.

In addition to the integrated operation of this loop with a 30 g tritium
inventory, several other technical goals were achieved in the January opera-
tions. Within the cryogenic distillation columns, the axial composition pro-
files of hydrogen isotopes were measured. We also began to accumulate a data
base on how flow rates, pressure differential and hydrogen isotope ratios
affect the interactions among the four columns,

In September 1986, a third major experimental campaign resulted in the
increase of the tritium inventory in the loop to 50 g. In this experiment we
again operated the integrated fuel cleanup, transfer pump, isotope separation
system in the recycle mode. Ouring this experiment the molecular sieve front-
end portion of the fuel cleanup from the tritium which was added to the system
to increase the inventory to the 50 g level. The impurities removed were
primarily N2 but some traces of other compounds of carbon, nitrogen and
oxygen were successfully removed by the fuel cleanup system. Also during this
experiment we prepared and collected approximately 5 g of high purity (>99%)
tritium. Small quantities of tritium of purity greater than 99.9% were also
collected.

The distillation system was designed for an equilibrium tritium inventory
of about % g. Until we have introduced that complete inventory we will not
be able to demonstrate completely the ultimate performance of this system for
separating hydrogen isotopes. However, the total data collected through
September 1986 definitely indicate that the distillation system will perform
well within the design specifications. These specifications are to produce
four hydrogen steams:

1} A HD stream free of tritium

2} A pure D, stream (>99.96% 02)

3) A 1:1 mix DT stream (>99.99% DT)
4) A pure T, stream (»99% T2)
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while operating at the maximum flow rate of 360 g moles per day of a deuterium
tritium gas mixture. This corresponds to a tritium flow of about 1 kg per day
through the Toop., This is essentially a full scale system for an INTOR-size
fusion machine (1.5 GWe).

Other major accomplishments during the January experiment include the
demonstration of easy start-up and rapid, safe shutdown of the system. Start-
up for the first week of operation was admittedly slow, but the system had
undergone significant modifications between June 1984 and January 1986.
Start-up for the second experiment in January 1986 went very smoothly. At the
conclusion of each of the runs in January the deuterium-tritium mixture was
vaporized and the gas mixture transferred quickly to the uranium storage beds
where the hydrogen isotopes are stored as solid uranium hydrides. These tests
confirmed the reversible operation of cur uranium storage beds.5

After the eight month shutdown between January and September, we were
abte to start up the System very quickly for the September experiments. This
indicates that as the TSTA staff becomes more familiar with the system, the

operations will become more routine.

MAINTENANCE TECHNIQUES DEMONSTRATED

A major accomplishment at TSTA since the.start of tritium experiments in
June 1984 has been the demonstration of techniques for doing maintenance and
equipment change-out dn tritium contaminated components. In the time between
the June 1984 and the first run in January 1986, extensive modifications and
maintenance were peffokmed on these systems. Similarly, in the period between
the two runs in January 1986 and immediately following the second run, exten-
sive maintenance was performed on the system. - This maintenance included
replacement of some components, repair of a fau]ty-we1d joint, addition of new
piping and components to the tritium contaminated system, and major modifica-
tions to the gloveboxes which provide secondary containment for these systems.

A1l of this maintenance and modification was performed without any major
release of tritium to the faci]ity or to.the environment (<1 Ci total) and
with no measurable exposure of operating pefsonne] to tritium. This was accom-
plished by carefully purging and evacuating any line before starting the main-
tenance operation, by the use of gloveboxes as secondary containment, and by
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extensive use of the flexible ventilation duct (elephant trunk) to contro! air
flow around the contaminated components under maintenance, Fig. 1. Frequently
a qlovebox window had to be removed to provide adequate access to the component
in question. In these cases the elephant trunk is used to provide adequate air
flow by attaching the trunk to a glove port in a different area of the alove-
box. This then pulls air in the box where the window is removed, across the
work area, and out through the elephant trunk, thus converting the glovebox to
a fume hood, Fig. 2. On very large components which might hot be enclosed in

a glovebox, a plastic tent or shroud can be erected around the components,

' again using the elephant trunk to provide an adeguate air flow. The operating
personnel may use self-contained breathing air units or in extreme cases, may
be suited up in plastic suits with suppiied breathing air.

Fig. 1. The Flexible Ventilation duct (Elephant Trunk) at TSTA.
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The experience at TSTA has demonstrated that these technigues are per-
fectly suitable for performing maintenance on tritium-contaminated equipment.
The exhaust gas from the elephant trunk is continuously monitored during
operation. In future fusion facilities, if high tritium levels are detected
in the gas, the stream can be routed to an air detritiation system. If the
tritium levels are low (as we have observed at TSTA), this exhaust gas can be
released directly to the atmosphere through the facility stack. The practical
experience at TSTA in 1986 has clearly demonstrated that these techniques can

and will work.

Fig. 2. The Elephant Trunk attached to a glovebox, thus converting the
glovebox to a fume hocd. Also shown is a Health Physics Technician providing

monitoring help during a maintenance operation.

— 4_9 .
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FUTURE PLANS AT TSTA

In the coming few months, a number of major experiments are anticipated
at TSTA. We will continue to evaluate the efficiency of the fuel cleanup
system for removing and decomposing impur1t1e57 in the D,T gas stream.

These tests can be done using the transfer pumping and fuel cleanup system,
but will not require the fisotope separation system. At the completion of
these tests, a series of major experiments using the integrated process lgop
will be performed. During these tests the tritium inventory in the loop will
be increased to about 100 g and the performance of the distillation system
will be thoroughly investigated. We will alsc begin to do integrated opera-
tion of the fuel clean-up transfer pump-isotope separation systems at the
design flow rates and with impurity injecticn in the D,T gas feed to the fuel
cleanup system. Once these series of tests have been completed, we will work
to integrate the vacuum system into the process loop and proceed to evaluate
the compound cryopumps with tritium. Ultimately we will plan to operate this
integrated loop for long periods of time to build up a data base on system
efficiency, component reliability and system aVai]abi]Tty. This data base
will then be available to designers of future fusion machines such as the
Compact Ignition Tokoma (CIT), the Fusion Engineering Reactor (FER) in Japan,
and the Engineering Test Reactor (ETR) now being considered on the interna-
tional front.

To date the development of tritium technology at TSTA has proceeded in
progressive and orderly steps. In two years operations with tritium, no major
design flaws have been uncovered. In addition to operating and evaluating the
existing components at TSTA, we are continuing to work on the development of
new and improved components. By maintaining close contact with other tritium
technology projects within the US DOE {Sandia Laboratories, Mound Laboratory,
Savannah River, other Los Alamos tritium pfojects, and the Tokamak Fusion Test
Reactor, TFTR, at Princeton) and with the developing fusion tritium program
in Japan, Canada, and Europe, we have stayed at the forefront of tritium tech-
nology. As the only integrated loop testing facility in the fusion program we
have an opportunity and an obligation to develop avenues for the exchange of
data, ideas, and operating experience among these parties. This is a respon-
sihility we consider to be among our most important assignments,
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No.6 TRITIUM SCAVENGING FROM GAS STREAM

UNDER VARIOUS CONDITIONS
Masabumi NISHIKAWA (Kyushu University)

It has been conceptualized to set up the multi-barrier
containment system for tritium handling facilities and it
has been also discussed to apply the catalytic treatment on
tritium or tritiated water in both of atmospheres with and
without the chemically active components. Four methods are
thought to be available for scavenging tritium from gas
streams, that is, oxidation of tritium and following adsorption
of oxidized tritium, fixation of tritium as the crystal water
by isotope exchange reaction, formation of the metal tritide
and adsorption at cryogenic temperature.

Performances of various catalysts shown in Fig. 1 have been
experimented and compared under various conditions as
summarized in Fig. 2, and remarks obtained based on our
experiencies are listed in Fig. 3. In this figure, such
empty positions mean "no need of consideration”, as the
oxidation capacity of the precious metal catalysts without
oxygen gas in the bulk stream, water adsorption characteristics
of the metal oxide catalysts or hydrophobic catalysts, uptake
capacity of tritium into metal oxide catalysts which have no
crystal water.

Proper voidage in a packed bed can be obtained with almost
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all catalysts except fibered catalysts such as Pt-asbestos.

A porous silver substrate and CuO wire have only small effective
surface area, which reéults that they are not useful to make

the packed column.

Almost all metal oxide catalysts have the good oxidation
capacity. Hopcalite catalysts are recommended to use at the
higher temperature than 200 °C for oxidation of tritium in an
inactive gas as glovebox atmosphere from the viewpoint of
oxidation rate and performancies at reacivation. Mixing of
precious metal catalysts with hopcalites is also recommended
because some amcunt ©f oxygen is released from hopcalites.
Effective surface area of spongy CuO decreases with repeated
reactivation because of sintering. These metal oxide catalysts
tested have almost no activity for the isotope exchange reaction
and show almost no peoisoning effect by water vapor because of
high temperature to be used.

Oxidation rate of tritium with precious meatal catalysts are
superior to that with metal oxide catalysts, though a fair
amount of oxygen is needed. Rather rapid reduction of the
catalytic activity occurs with the precious metal catalysts,
thogh this poisoning effect of the adsorbed water can be
neglected by setting the pre-adsorption bed at the upper
course of the catalyst bed , by swamping jof the thydrogén gas
to obtain the heat of reaction or by heating the catalyst
bed. It is noted, however, that the bed temperature of the
hydrophobic catalyst should not rise higher than 150 - 200 °C,

because the substrate burns. Overall mass transfer ccefficient
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of oxidation with Pt-MS 4A is almost same as that with
Pt-alumina or Pt-MS 5A but gradually.reduces with time.
This may be caused by the water formed in the micro pores,

Isotope exchange reaction rate with precious metal catalysts
are excellent.

The adsorption characteristics of hydrophilic catalysts
are almost same as that of the substrate without precious
metal particles though the adsorption capacity decreases a
little. Accordingly, use of the catalyst bed at the ambient
temperature may need no adsorption column in the lower course
when the preadsorption bed is set in the upper course, though
other catalysts should have the adsorption column in the lower
course of the catalyst bed. Cooling of the stream from the
catalyst bed is required, then.

The uptake capacity of tritium as the crystal water of the
hydrophilic substrates are excellent and those values are not
so much affected by temperature.

Oxidation of hydrocarbon can take place at higher temperature
than 400 °C with precious metal catalysts, though the effective
oxidation can not be expected with the metal oxide catalysts.
It is also noted that uptake of tritium from tritiated
hydrocarbon would occur by the isotope exchange reaction at the
rather slow rate.

Chemical forms and places of tritium scavenged vary for
any combination of catalyst beds and adsorption beds or any
combination of chemical forms of tritium to be treated and

swamping gases as shown in Figs. 4 - 7. In these figures,
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5 v HZO or H2 is included in the

bulk gas stream and lower bunches mean no existence. Figs.

upper bunches mean that O

5 - 7 give the chemical forms and places of scavenged tritium

T

for T C and CT4 , respectively. The places where the

2" "2
scavenged tritium is dominantly held are indicated by solid
underlines in these figures and tritium caught in the places
shown by broken underlines can not be ignored in considering
tritium balance.

Tritium in the form of adsorbed water can be easily released
from catalyst or adsorbent by purging with dry gas at high
temperature, though tritium held in the form of the crystal
water of the substrate would not. It is needed for the
recovery of tritium from the crystal water to apply the
isotope exchange reactions. Tritium in molecular form can
be recovered by introducing H2 or D2 gas into the purge gas
to the catalyst bed with hydrophilic catalysts and tritiated
water by H20.

Tritium may be recovered from inert gases by active metal
getters or cryosorption bed. However, there are no better
ways than the catalytic scavenging methods where oxygen,
water or other chemically active species are present in the
gas stream. Use of precious metal catalysts.with hydrophilic
substrate is recommended because they can oxidize tritium
at moderate to ambient temperatures and the ability to
operate at the ambient temperature without preheating and

post cooling is a large advantage in the ease of the system

operation. the catalyst bed with hydrophilic substrate
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can alsc play the role of adsorption bed. It can also
catch tritium from the inert gas by isotope exchange
reaction.

Activity in the tritium oxidation of the precious metal
catalysts is largely decreased, however, when the water
vapor exists in the gas stream. The way to get the
pre-adsorption bed bed in the upper course of the catalyst
bed is recommended to preserve the oxidation ability of

tritium at the ambient temperature.

_SCAVENGING TRITIUM
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—metal oxide— | - F===hopcalite
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—————————spongy particle “| :ggnngz ;r
+—Cryosorption — _ MSSA
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Characteristics

1. Packing bed with proper voldage, a

2, Effectlve surface area, BET areg
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i,

Oxidation rate, KF s kr ’ kg s Ky
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-~ 100 - 200 €
-~ 200 - 400 C
-=- 400 € -

5.  Oxidation rate in humid otomosphere
6. Reactivation performance
(oxidation. drving, exchange reaction}

7. Rate of isotope exchange reacticn

8. Adsorption of HTO
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--~ low temperature
--- ambient temperature
-~- high temperature

9, Adsorption rate

10,  Uptake capacity of tritium into packed pellet
--- cryo condition
--- ambient temperature

~—- 100 - 200 C
~—- 200 - 400 C
- 400 € -

11, Oxldation of hydrocarbon
12, Isotope exchanae from hydrocarbeon
13,  Needs of adsorpticn bed
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No.7 Test production of tritium in 19@@ Ci level from

6ri-al1 alloy target

Tanase, M., Kato, M., Kurosawa, K., Motoishi, S&S.
Okane, S., Sugail, H., Fujie, M., Onoma, K.,

Yamabayashi, H.

Faciiities for tritium production in a 1806 Ci
level were constructed, Gaseous tritium was extracted
from neutron-irradiated ®ri-al alloy targets by heating
them at 700 °C under vacuum and collected in a uranium-
getter. The tritium was recovered with a yield of about
186 % and the isotopic purity of the product was about 95
%. Through.the production run, no leakage of tritium from

the facilities was observed.

I. INTRODUCTION

In the Japan Atomic Energy Research Institute,
tritium production technology has been developed [1-6]
with the object of supplying tritium to nuclear fusion
research and development, and also with the object of
progressing safe handling of tritium. During last few
years, tritium had been produced in 108 Ci level from

6

neutron-irradiated Li-Al alloy [3] and the related
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technology such as modification of a tritium removal
system had been developed [4,5]. From the results
obtained in the production and development, facilities for
prbducing tritium in 1000 Ci level was constructed. This
paper describes the results of the production runs

carried out in the facilities.

II. FACILITIES

The process for the production 1is shown in Fig.
1. Facilities, in which the processes from extraction to
recovery are carried out, were shown in Fig. 2. The main
components of the facilities were a'tritium extraction
system ( TREX ) and a tritium removal system ( TRS ). The
TREX was installed in an airtight lead cell and glove
boxes. The cell was equipped with lead wall for
shielding ¥-rays due to 6o induced by neutron activation
of °%co impurity in targets. The TREX consisted of a
vacuum furnace, two getter cartridges ( Getter-1l and -2 ),
a circulation pump (noted as M.P. in Fig. 2 ) and a set of
vacuum pumps. The vacuum furnace and the getter
cartridges were made of stainless steel (316-SS) and
tripply walled. The vacuum furnace (276% ml in volume)
contained a molybdenum heater which was set in the most
inner wall to heat the targets directly and then to
suppress leakage of tritium through'the inner wall by
permeation. The getter cartridges were provided with

stainless steel filters (Sﬂm in mesh size) at the inlet
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and outlet of uranium (U) containers. The whole system
was designed to possess a very low leak rate which was
found to be below 2x18” % pa cm3s'l.by a He leak detector.
On the other hand, leak rates of the cell and glove boxes
were below @.1 vol%/h.

The TRS, in which gaseous tritium leaked intoc the
cell and glove boxes was oxidized and trapped, has a
regeneration function of the dryer. The performance of
the system had been tested with 1 to 10 Ci of tritium gas
before practical use. The results showed that the
decontamination factor of the TRS was higher than 12% at a
flow rate from L to 7 cm’h™ ! in a once-through mode and
that tritium water in the dryer could be released by
heating it at 158 °C and collected in a small waste vessel

through the cooler {( Fig, 2 ).

ITI. Production Procedures
1. Target preparation
Lithium-aluminum (6Li—Al) alloy, containing 3-4 w$%

of Li ( ®Li enriched to 95.5

G

) was prepared by
dissolving Li in molten Al at 973 K. The alloy ingot was
roll-spread to a plate and then clad with Al plates. The

final sizes of the clad target plate and alloy meat were

1 1 t

t x .5 mm-,

W

108 mm* x 20 mm” x 2 mm©- and 8¢ mm- x 2 mm

respectively.

2. Neutron Irradiation

The 6Li—A1 alloy targets enclosed in capsules were
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irradiated with the Japan Material Testing Reactor in a
neutron £lux of 2x191% cm= 251 for 49 to 79 days. The
amount of tritium produced was estimated to be 1-3 TBg per
target, and the burn-up of 6Li was 20-60 %. After cooling
for a few years, the targets were submitted to the

following procedures.

3. Procedures in facilities

(1) Uranium (U) turnings of 9 g ( Getter-1 ) and 22 g (
Getter-2 ) were packed in each cartridge. The U of 9 g in
the getter cartridge has a capacity of absorbing about
3990 Ci of tritium gas (T, ). The turnings were activated

in the same way described in a previous paper [3].

{2) After the amounts of tritium involved in the
neutron-irradiated ®ri-a1 alloy targets were determined by
calorimetry [7], the targets were put in a stainless steel
{ 316-8S5 ) crucible which had been baked beforehand. The
crucible was set in the vacuum furnace. The targets were
heated at 120 °C for a few hours under vacuum to remove
gaseous impurities such as Ho0 from the surface of the
targets. The temperature of the targets was raised until
769 °C at the rate of 5°C/min to release tritium, while

pressure in the vacuum furnace was observed.

(3) The tritium gas released with He was circulated

through Getter-1l with a circulation pump in order to be
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absorbed in U-getter kept at room temperature.

{4) After the amount of He in the residual gas was
determined, the gas was evacuated by a set of pumps. The
tritium collected in Getter-1 was transferred to Getter-

2 by releasing from Getter-1 heated at about 40¢ °C.

(5} During the production procedures, the tritium gas in
the system was analyzed by radiogas chromatography. A
portion of the tritium gas was taken into a sampler ({ 3.35
ml, STP ) at various stages of the procedures. The
tritium gas was carried by Ne flow { 5¢ ml/min) into a
radiogas chromatograph assembled as shown in Fig. 3. The
chromatograph enabled us the determination of the chemical

and isotopic purities of the tritium gas.

(6) Results

Recovery yields obtained in some production runs were
summarized in Table 1. The amount of tritium treated in
each run was estimated by calorimetry and by the amount of
He involved in the run. The yields were about 180 % in
every run, although some experimental error would be
included.

In the extraction and trapping procedures of
run 6, changes of the pressure in the vacuum furnace are
shown in Fig. 4. The abrupt increase of the pressure,
which was based on release of gas from the targets, was

observed at nearly 35¢0°. Gas chromatographic analysis
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made clear that main species of the gas were found to be
tritium gas and He. Sugai et al reported [8] that tritium
gas was released at about 350° but that He was released
at about 70#° from the alloy containing 0.922 w% of °Li.
The discrepancy, which appeared in He behavior, might be
due to a quantity of He in the alloy: a large amount of He
might exist as releasable bulk but a small amount of He
can exist as stable cluster [8]. However, further study
will be necessasry for confirming the mechanism.

The tritium released from the targets was easily
trapped with Getter-1 by circulating a mixture of He and
tritium gas. Completion of this process required about 1
h ( Fig. 4 }.

The chemical and isotopic purities of the tritium
gas released from Getter-l was more than 99.9 % and about
95 %, respectively. As chemical impurities, methane and
water were detected. Figure 2 shows a radiogas
chromatogram of the tritium gas obtained in Run 5. The
impurity of H would originate from the clad Al material
or inner wall of the tritium extraction system. To
obtain the tritium gas of the higher isotopic purity, the
gas should be enriched. Some of authors have been trying
to enrich the gas by means of gas chromatography [9,14d].

Through the production run, no tritium was
released from the facilities to the environment. Comparing
with 100 Ci 1level production [3], tritium leakage from

the inner wall of the vacuum furnace in 188¢ Ci production
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was greatly suppressed, The TRS was also confirmed to
be very effective and the regeneration function of the
dryer was very practical. As a next step, test
production in levels of 194—1ﬁ5 Ci is scheduled, after

further improvement of the facilities.

Iv. CONCLUSION

Gaseous tritium was produced in 1060¢ Ci quantities
from the neutron-irradiated °Li-Al alloy with the yield of
about 19¢%. It was confirmed that the present production
systems and procedures were adequate and that especially
multi-enclosure system of the facilities was very useful

for safe handling of a large amount of tritium.
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Table 1 Recovery Yields in Tritium Production
Run No. Tritium Treated (Ci) N Recovery
(A) (B) Tritium Recovered Yields(%)
Calorimetry Amount of He (Cci) (a) ({B)
1 100 95 95 9% 100
2 112 100 124 111 124
3 120 123 - _ -
4 - 285 296 -~ 104
5 997 1080 1050 165 97
6 998 1060 1020 102 96
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No.8 AN ASSESSMENT OF TRITIUM ISSUES AND
DATA REQUIREMENTS FOR LIQUID BREEDERS*

Dai-Kai Sze, Argonne National Laboratory
9700 South Cass Avenue, FPP-205
Argonne, [17inois 60439-4837 USA
(312) 972-4838

ABSTRACT

Liquid breeding materials have received wide attention in the U.S. fusion
reactor design studies over the past few years. There are major uncertainties
of the tritium recovery system design over the constraints of tritium inven-
tory, tritium containment, and recovery system costs. The key problems are
identified, and the data required to resolve these issues are discussed.

I. INTRODUCTION

A number of large uncertainties exist in the behavior of liquid breeder
blankets, leading to uncertainties in their feasibility and attractiveness.
Generic 1issues have been defined to encompass the most promising blanket
designs. These issues are listed in Table 1.1 Issues relating to safety
and/or transient effects are not listed separately, as they are considered an
integral part of each issue.

Liquid breeder blankets encompass a variety of generic design variations
and material combinations. Current designs include a number of self-cooled
and separately cooled options with widely varying geometries. Table 2 indi-
cates the effect of material choices on the dominant near-term issues. The
existance and seriousness of the major issues depend not only on the particu-
lar blanket concept, but alsc on the operating conditions such as power
density, magnetic field, surface heat flux, temperature, and duct length. The
tritium recovery and containment is a critical issue associated with various
blanket concepts.

The tritium recovery issues depend strongly on both the breeding material
and on the particular recovery method chosen. Not only are the issues for Li

* MWork supported by the U.S. Department of Energy, Office of Fusion Energy.
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and 1711 -83Pb coﬁplete]y different, but the issugs for molten salt recovery or
gettering to recover tritium from lithium are also completely different. The
testing needs for different recovery methods are, therefore, also completely
different. To identify the critical issues and testing needs to resolve these
issues, a particular recovery method must be identified.

The problems associated with tritium recovery from breedfng materials are
evolved around trade-offs among tritium inventory, tritium containment, and
tritium recovery system cost. A typical range of the parameters is listed in
Table 3. A significant relaxation of any one parameter will often completely
change the characteristics of the problem. The testing needs will then need

~to identify a process which can be scaled to a fusion reactor that satisfies
the three parameters simultaneously.

The testing needs are to determine a process which can recover tritium to
an acceptable concentration and to reprocess it under an acceptable economic
constraint.  The tritium containment is dependent on structural material,
operating temperature, and power conversion systems. The process identified
must reduce the tritium partial pressure to a level consistent with the power
system design.

II. TRITIUM ISSUES

There are four different liquid breeders being considered in the U.S.
fusion community {(i.e., T1ithium, 17Li-83Pb, Flibe, and Tlithium compounds-
aqueous solution).2 The key comparison of the four candidates are Tisted in
Table 4. Lithium is by far the most promising choice, being the candidate of
the breeding materials for major design studies.3»% 17Li-83Pb was chosen for
the breeding material for Mini -MARS.® Flibe and aqueous solutions have some
interesting applications since the pool reactor concept has been proposed in
the U.S. to improve fusion safety.6 Since the BCSS, approximately 90% of the
U.S. design study has focused on 1liquid breeders, either self-cooled or
separate-cooled. The aqueous solution is a new concept recently developed in
the U.5.2 The basic idea is to dissolve a lithium compound in water and use
the water as both coolant and breeding material. The reactor will operate in
PWR mode. The main advantage is using existing technology.

The key tritium problems of the four different liquid breeders are very

— 73 —
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different. Table 5 lists some characteristics of the different breeding
materials. The critical limiting factor for tritium recovery is tritium
inventory for Tithium, tritium containment for LiPb and Flibe, and recovery
system cost as well as inventory for aqueous solution.

Since the issues and facilities required for a tritium recovery process
are entirely different for different processes, it is necessary to identify
the most promising process for each breeding material and develop a testing
scenario for that process. To identify the feasibility and scenarios for all
the processes proposed will be clearly beyond the scope of this paper. The
process identified here is judged to be the most promising at this time. It
does not suggest, however, that this is the only recovery process to be
studied in the future. The status of tritium recovery process development is
such that none of the methods have been positively identified as completely
satisfactory.

A. Tritium Recovery from Lithium

The solubility of tritium in Tithium 1is very high. The pressure
concentration relationship is

C =K/
s
where

C is concentration in wppn,
P is pressure in Pa, and
Kg is Sievert's constant in wppm//Fa

Ks has been measured and is

Ks = 3.4 e5220/T

Current wisdom has defined C=1 wppm, which corresponds to approximately 1
kg tritium inventory in the breeding material for a self-cooled Tithium
blanket. At this concentration at 500°C, the equilibrium tritium partial
pressure over lithium is 1.2)1(10'7 Pa. Most problems associated with tritium
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recovery from lithium are caused by this very low pressure. Since the

pressure is so low already, the tritium containment is usually not a serious
problem.

Three tritium recovery methods have been experimentally studied. These
are molten salt extractions,7 permeation windbw,8 and gettering.9 The molten
salt extraction system has been demonstrated to be capable of recovering
tritium from Tithium to a concentration relevant to fusion applications and
is, therefore, chosen as the candidate method for Blanket Comparison and
Selection Studies (8CSS).10 The key problem is how to scale the system to
reactor levels. The stability of the molten salt dissolved in lithium and its
impact on the corrosion to the structural material is also yet to be
answered. However, the critical issues are clearly identifiable, and
developed programs can be outlined.

The key problem associated with the tritium recovery process by gettering
and permeation window is caused by the low tritium partial pressure over
Tithiun. To recover 500 g/d of tritium at 1.2x10~7 Pa, a purge gas flow rate
or vacuum pumping rate of 5x1010 liter/sec must be processed. It is clearly
beyond the capability from economic considerations to process such a high flow
rate. For the gettering process, if gettering and regeneration occurs at the
same temperature, the regenerating pressure must be equal to or less than the
gettering pressure. To reduce the flow rate to a reasonable value (~106
liter/sec), the gettering must be at 200-250°C and regeneration at ~800°C.
For such a system, the gettering area acts as the cold trap, and the effect of
corrosion products deposit to the gettering may be large. For the permeation
window process, the downstream pressure must be equal to or less than the
upstream pressure {i.e., 1.2x107 Pa). To reduce the problem, it is suggested
that a palladium layer be used to cover the downstream side of the permeation
window. The palladium will act as a catalyst to oxidation for the tritium so
that the downstream tritium will be in the form of T,0 instead of T,. By
doing so, the partial pressure of T,0 can be much higher than the upstream
partial pressure of T2. However, the oxide layer on the downstream side of
the window may have a detrimental effect on the permeation rate. The
potential problems associated with the gettering and permeation window
processes have to be assessed further.
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B. Tritium Recovery from LiPb

In constrast to the Tithium system, for which tritium recovery processes

have been verified experimentally, no experimental work has been carried out

for tritium recovery process for LiPb. Whereas the key problem for tritium
recovery from Tithium is tritium inventory, and for LiPb, the key problem is
tritium containment. The Sievert's constant for LiPb is about 1.7x1073
prm/Pal/2 compared to 3,000 wppm/Pal/2 for Li. Therefore, a very efficient
tritium recovery system is required for LiPb to reduce the tritium partial
pressure to an acceptable Jevel.

Three different tritium recovery schemes from LiPb have been proposed.
These are inert gas purging,11 vacuum droplets degassing,12 and multiple-stage
counter current extraction.l3 A11 the processes try to take advantage of the
high tritium partial pressure to recover tritium from gas phases. The key
problem is caused by the required efficiency of the recovery system.
Therefore, the recovery system must handle a large stream of LiPb {probably
the entire coolant stream), and the fractional recovery must be high so that
liquid phase diffusion becomes an important step. [t is judged that the
multiple-stage counter current extraction system is the most promising scheme
due to its simplicity. A program has been developed to study the feasibility
of using this process for tritium recovery.

C. Tritium Recovery from Flibe

The key problem of tritium recovery from Flibe is the same as LiPb {i.e.,
how to prevent tritium permeation). The very high tritium partial pressure
may also cause enough tritium to be dissolved in the structural material to
cause hydrogen embrittlement problems and/or helium embrittlement problems.
As can be seen from Table 5, the tritium partial pressure gained per coolant
passing through the blanket is high enough to cause great concern of material
embrittlement problems. Therefore, the T, partial pressure must be reduced as
the coolant is passed through the bhlanket.

Another interesting point needs to be discussed. The tritium generated
in the fusion reactor blanket may behave very differently than hydrogen
dissolved in the Flibe. Although there is no doubt that hydrogen dissolved in

i76 ——
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Flibe obeys Henry's law, as hydrogen is dissolved in molecular form, the
tritium generated in the blanket is in the atomic form and will not form T2 at
Teast until it can meet another tritium. Since the tritium concentration is
perceived to be very low, the mean time between collision of the two tritium
atoms can be very long. If the mean time between collision is much larger
than the tritium residence time 1in Flibe, the thermodynamics behavior of
tritium in Flibe must be completely restudied. For this discussion, we assume
that thermodynamics equilibrium is reached.

Tritium can be recovered either in T, or TF form. To recover T, form,
the tritium containment is a critical problem. Moirld suggested using multi-
barrier to provide enough resistance for tritium permeation. The reliability
of the barriers over long periods of time may be of concern. The potential
hydrogen embrittiement problem cannot be resolved by this method. Johnsonl®
suggested recovering tritium in TF form; however, TF will cause material

compatibility problems unless materials like Mo and W are used.

A method recently proposed has the potential of resolving both the
corrosion and tritium containment prob'lems.6 A process has been developed at
ORNL that, by dissolving MoF6 in Flibe, MoF6 will react with structure
containment materials and form a Mo coating on the structure, thus preventing
further corrosion.l® MoFg is also anticipated to react with tritium to form
TF. Thus, tritium permeation wiil not be a problem since it is in TF form,
and corrosion will not be a problem since the Flibe sees only Mo. The
thermodynamic calculation jndicated that the FHbe/MoF6 will behave as
discussed here. There is no experimental evidence to support this scheme.

As can be seen from this discussion, tritium forms a feasibility issue on
the application of Flibe in the fusion system. Whether this issue can be
resolved, consistent with other requirements of the blanket, 1is quite
uncertain at this time.

D. Tritiun from Aqueous Solution
Tritium recovery from water has been demonstrated by many different
methods.t/ The problems are determining what is the allowable tritium

concentration in water and how much the tritium recovery system will cost.
INTOR suggested that the maximum allowable tritium concentration in water is 1

77? —
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Ci/liter, and the tritium recovery system cost is

- (L/D)+.55
C (M$) 15 [Tfﬁﬁfq
in which L/D is the water process rate in liter/day. The cost of the tritium
recovery system for 500 g/d will be 1.5 billion dollars which is clearly not
acceptable.

[t was recently suggested that the allowable tritium concentration could
be increased to 10-50 Ci/liter. At the same time, a tritium recovery system
is scaled from Darlington. The total cost of Darlington is 100-150 M$ (Cdn),
out of which only 27 M$ (Cdn) is associated with Vapor Place Catalyst Exchange
(VPCE) and cryogenic distillation system. To scale from Darlington to a
typical 1000 MW(e) fusion plant, the direct cost estimate is 140 M$ (US) with
the total capital cost of 280 M$ (US). The tritium concentration used is 10
Ci/liter.18

The cost of the tritium recovery system for water is undoubtedly very
high. Whether this cost is acceptable must be resolved. The high tritjum
concentration will result in high tritium inventory of a few kgs. The high
tritium concentration may also cause large tritium leakage from the high
pressure water. The tritium concentration in CANDU coolant water is only ~1
Ci/liter, and the tritium loss to the ambient is ~150 Ci/day.19

E. Data Requirements

For- tritium recovery from lithium, the molten salt recovery process has
demonstrated 1its applicability for tritium recovery to the concentration
relevant to fusion applications. The main unresolved issue is determining the
effort of the tritium recovery system to the operation of the Tlithium Toop.
The salt used in the process will be partially dissolved in the 1ithium and
carried back to the blanket. The major concern is the structural material
corrosion caused by the salt-contaminated lithium. The behavior of the salt,
such as decomposition rate under fusion environment, will be also of concern.

For 17Li-83Pb, a very efficient tritium recovery system will be
required. Since the vapor pressure is very high, it is reasonable to-assume
that tritium will be recovered from the vapor phase. Therefore, tritium must
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diffuse to the boundary of the liquid and be recombined and released to the
vapor phase. The solubility and diffusivity of tritium in 17Li-83Pb, as well
as the surface recombination constant, must be obtained. The diffusing of

atoms in a liquid can easily be calculated if the diffusivity and surface
recombination constant are known.

The tritium recovery system has not. been defined for a Flibe system. The
thermodynamics of the Flibe system must be established first. The tritium
concentration pressure relationship must be established as a function of time
as tritium is generated {not dissolved!). A small scale experiment will be
set up at ANL to study the chemistry of a Fiibe/MoFg system.

For the agueous solution system, the basic process of the tritium
recovery system has been established, and an industry scale facility is in
operation. The major uncertainty is establishing cost scaling of the tritium
recovery system.

Since tritium containment is such a critical problem, the study of
permeation will also be critical. The c¢lassical permeation rate is pressure
square root dependent. However, this relationship will change to linear
dependency at Tlower tritium partial pressures. The change over pressure
depends on many parameters (i.e., surface conditions, hydrogen, isotope
concentration, etc.). The permeation mechanism must be understood so that a
design goal of tritium partial pressure can be established.

The effect of a chemical form of tritium to permeation 1is also
important. It has generally been assumed that tritium in oxide form will not
permeate.5 However, some experimental results indicated that tritium in oxide
form will permeate as rapidly as tritium in elemental form.20 The permeation
rate of tritium in different chemical forms with different surface conditions
must be established.

ITT. CONCLUSIONS

The 1issues and data requirements for tritium recovery from 1iquid
breeders are summarized. There is reasonable confidence that tritium recovery
from lithium breeders can be designed under the various constraints. The
tritium inventory for 17Li-83Pb and Flibe blanket will be small; but
significant engineering problems remain. The cost of a tritium recovery
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system for water coolant may be so high that it will have a major impact on
the reactor economics.
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TABLE 1. Liquid Breeder Blanket Issues

Tritium self-sufficiency

Magnetohydrodynamic (MHD) effects
Fluid flow (including pressure drop)

Heat transfer

Material interactions {e.g., corrosion}

Structural response in the fusion environment
Irradiation effects on material properties
Response to complex loading conditions

Failure modes

Tritium recovery and control

TABLE 2. Effect of Coolant, Breeder, and Structural Material
Choices on the Dominant Issues for Liquid Breeder Blankets

Liquid Metal Cooling Li or 17Li-83Pb

Coolant or Breeder Lithium
1741 -83Pb
Flibe
Helium

Aqueous solution

Structural Material

Vanadium alloys

MHD effects (including viability
of insulators)

corrosion (including viability of
inhibitors)

chemical reactivity
tritium containment
tritium containment
tritium containment
tritium recovery system cost

bimetallic mass transfer

paTTY
Ferritic steels DBTT?
Pg $§ e-to—Hrigtle transition temperature ({changes due to impurities,

Ton, nd He)

TABLE 3. Parameter Ranges for Tritium Recovery Systems

Blanket tritium inventory
Tritium recovery system
Tritium leakage rate

order of kg's
order of 10x106$ cost
order of 10 ci/d
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TABLE 4. Different Liquid Breeder Comparisons

Key Advantages Key Disadvantages
Li
Good neutronics Reactivity
Established tritium technology MHD
High tritium solubility
Lil7-Pb83
Retatively inert Density
Good neutronics Activation
MHD
Corrosion, T containment
Flibe
Relatively inert High melting temperature
Low pressure operation T containment/corrosion
Semi ~established technology
No MHD ‘
Aqueous Solution*
Inert Low temperature operation
Established technology High pressure system
High tritium solubility Cost of tritium recovery

*Li compound dissolved in water.

TABLE 5. Comparisons of Key Tritium Issues of Three Liquid Breeders

Concentration Pressure

Tritium Copcentration®*

Relationship Constant AP/Pass, Pa at 1072 Pa, g/cc
Li X = kg/PL/2 K = 3,000 wppn/Pal/2 1.3x10-13 1.5x108
17L3 -83Pb X = xg/pl/2 K¢ = 1.7x1073 wppm/Pal/2 6x10-4 1.8x10-13
Flibe X = k/P Ky = 2x10~8 wppm/Pa 310 2x10720

*Recent measurement reported by F. Reiter Ky = 1.7 x 104 wppm/Pal/z.

**Tritium density for ideal gas at 500°C is 10715 g/cc at 500°C and 15° pa.
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No.9 studies on Steps Affecting
Tritium Residence Time in Solid Blanket

Satcru Tanaka
Nuclear Engineering Research Laboratory
University of Tokyo
Tokai-mura, Ibaraki 319-11, Japan

7. Introduction

For self-sustaining of CTR fuel cycle, effecﬁive tritium
recovery from blanket is essential. This means that not only
tritium breeding ratio {(CTR) must be greater than 1.0 but also
high recovering speed is reqguired for short tritium residence
time in the blanket. Short residence time means that tritium
inventory in the blanket is small. In this paper, tritium
residence time and tritium inventory in the solid blanket is
modeled by considering steps constituting tritium release. Some
of these tritium migration processes are experimentally

evaluated.
2. Modelling of Tritium Release in the Solid Blanket

Figure 1 shows tritium migration steps in the solid blanket,
where sintered breeding material is used. These steps consist of
diffusion in grain, desorption at the grain edge, diffusion and
permeation through grain boundaries, desorption at the particle
edge, diffusion and percolation through interconnected pores to
purge stream and convective mass transfer to stream.
Corresponding to these tritium migration steps, tritium

inventories of wvarious kinds can be considered such as diffusive,
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soluble, adsorbed or trapped inventories and tritium in the gas

phase as shown in Fig. 2.

Code named TTT was constructed to calculate these tritium
inventories and tritium residence time. In this model,
absorption in bulk material, diffusion in grain, diffusion and
percolation through grain boundaries and through interconnected
pores, adsorption at the surface of particle or gfain are
considered. However trapping at defects and mass transport
phenomena at the surface are not taken into considerations though
they are thought to be processes of very important.

An example of the calculation results is shown in Fig. 3.
Tritium partial pressure at the outer surface of annular blanket
is plotted against K(:De/DAB, effective diffusivity factor)
taking k {permeability) as a parameter. The annular blanket
module (inner rad. 1.5mm, outer rad. 7.5mm} is coocled at the
outer surface and sweep gas flows through the central hole.
Tritium preoduction rate of 7.0x10'10g/cm3-sec corresponds to that
near first wall. And temperatures of 500°C (outer surface) and
800°C {inner surface) are supposed. This figure shows that
effective diffusivity has a larger effect on tritium migration
than permeabily. To keep soluble and adsorptive inventories in a
low level it is necessary to suppress tritium partial pressure in
the inner pore of the sintered material. This figure shows the
limits of effective diffusion ccefficient and permeability which

are necessary for low tritium inventory.
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Tritium Inventories and residence time were calculated for
REPUTER-1 blanket{1), REPUTER-1 1is a conceptual design of
commercial reversed field pinch fusion reactor studied at the
University cof Tokyo. The blanket of REPUTER-1 is all ceramic
type composed of Li,0, BeO and SiC as shown in Fig. 4. Generated
tritium in the Li50 diffuses in the grain and particle of Li,O,
desorbs at the particle edge, migrates throucgh interconnected
pores to the surface of Li,0 pellet and migrates alcng the
boundary between Li,O0 and BeO pellets, and through porous S5iC
cladding material. In the calculation, apparent diffusion
coefficient in the particle was assumed and tritium solubility of
reported value was used.(2) As for adsorption, data by
Yoshida(3) was used after correction of surface area. Calculated
steady state tritium inventory is shown in Table 1. From this
table it is understood that adsorptive inventory is a major part
when small particle is used. This tendency is shown in Figs, 5
and 6. Tritium residence time of a certain region in the blanket
1s obtained from steady state tritium inventcry and tritium
senerating rate in that region. Total tritium release rate can
be calculated by summing up the release rate of each region over

the total blanket. Results are shown in Fig. 7 and Table 2.
3. Experimental Studies on Tritium Migration Steps
In order to investigate unit process of the tritium

transpert in the solid breeding material, following experimental

studies have been performed.

—— 86_
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3J-1. Tritium Release Experiment from LiZO Powder under Neutron

Irradiation at High Temperatures

In-situ tritium release experiments have been performed
using research reactor YAYOI at the Nuclear Engineering Research
Laboratory, University of Tokyo(4). Block diagrams of the
experimental apparatus are shown in Figs. 8 and 9. Irradiation
section is shown in Fig. 10. Powder of Li,O was used as a
sample. Sweep gas of He, He+0,, He+H, was used. Hydrogen-
containing sweep gas can also be added at the outlet of
irradiation section to study whether delay of tritium release
occurs in the connecting tube or at the sample itself. Swept
tritium was trapped by water bubblers to study chemical form of
the released tritium and to study time dependence of release
rate (Fig. 8). When fast tritium release behavior was studied,
on-line tritium measurement by a proportional counter was used
{Fig. 9). Comparison of in-situ tritium release experiments with

cthers are shown in Table 3.

(1) Chemical form of the released tritium

When sweep gas of He+4%H2 was used, tritium release rate
became steady state in a relatively short period after reactor
start up (Fig. 11),‘and chemical form of the released tritium was
found mainly hydrogen gas (HT) as shown in Table 4. When a sweep
gas cof He+1%05 was used, dominant chemical form of tritium was

fcund to be moisture (HTO).
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On the other hand, when He sweep gas was used, chemical form
was found to depend on extent of pre-dehumidification and kind of
material used for containing Lizo. Tables 5 and & summarize the
experimental results. In these experiments, stainless steel tube
and wool were used. Table 5 sheows that when Li,0 sample was
dehumidified more than 5 days at the temperature of 8C0°C
dominant species is HT. However, when dried for three days it was
HT0O. It is interesting that chemical form of released tritium
was mainly HT for no pre-dehumidification., Fraction of HT was
found to decrease with irradiation time. It was considered that
tritium just released from Li,C sample was HTO form but then it
was thought to be converted to HT form on the surface of
containing tube ¢of stainless steel or on packing wool of steel.
Surface of these materlials are considered tc be cxidized by
oxygen or moisture. And once oxide film are formed released HTO
is considered not to be reduced te HT form, this corresponds to
the experimental result for pre-dehumidification peried of three
days, in which case HTO form was dominant. Table & shows the
experimental results where steel or nickel are used as a
containing tube and packing material. When nickel was used,
dominant tritium form was found to be HTO. This difference can
be attributed to the redox characteristics of Ni and SUS.

As conclusion, released chemical form was found to be

determined by oxvgen activity in the place of sample,

(2) Tritium Release Rate
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Time changes of release rate are plotted in Figs. 12 and 13.
It took a relatively long period to reach steady state when He
sweep gas was used. This is considered to be caused by the
processes at the surface of Li,O particle and/or containing tube.
To study which portion has a larger effect on delaying tritium
release rate, experiments using two patterns of H, adding to the
sweep gas were conducted. One is H, addition to the main sweep
gas which flows through Li,O sample, the other is H, addition
after He sweep gas left Li,0 sample. Experimental results are
shown in Fig. 14, and no distinct difference was observed between
He sweep gas and H, adding after Li,0 sample. This is considered
to mean that delaying of tritium release by surface phenomena are

mainly occuring at the sample.

For tritium migration steps in the sinfered particle,
diffusion aleng the grain boundaries as well as diffusion in the
grain must be considered. In order to study these, we have
performed in-situ tritium release experiments using LiZO powder
of different particle sizes. These powder was made by cracking
large particle followed by sieving them into different mesh
sizes. He + 1% H, was used as a sweep gas.

Steady state tritium inventory (I) are calculated as
following by assuming two steps tritium diffusions in the grain

and along the grain boundaries,
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where S5 is the tritium generating rate, aq radius of grain, a

radius of particle, Dg diffusivity in the grain and D

diffusivity along the grain boundaries.

P

int

This equation expresses that when I/S is plotted against ag

2
, we can calculate Dipnt from the slope and Dg/ag from the
intercept. The value of diffusion coefficient in the grain, Dg,

then can be evaluated by the knowledge of grain size age
Example of the tritium release rate after reactor start-up
obtained by on-line measuring system, is shown in Fig. 15.
Experimental results are sheown in Fig. 16. Tritium
inventory becomes larger with the particle size, especially at
low temperatures. This indicates that tritium diffusion along
the grain boundaries must be taken into considerations. In small
particles_of 28-32 mesh and 32-48 mesh, tritium inventories were
found to become larger. This was considered to be attributed to
adsorption, trapping or surface phenomena at the surface of
particle. Mechanism of it remains to be studied. Diffusion
coefficient in the grain and along the grain boundaries are shown
in Fig. 17, Value of a_, was determined from SEM observation as

g

20 pym. Our data of Dg are obtained from in-situ tritium release

experiment while others freom post irradiation release. It is

thus obtained is relatively close

(5) ana Tanifuji(6t

interesting that values of Dg

to the reported values of Guggi

3-2. Hydrogen Diffusion and Percclation through Interconnected

Pores of Sintered Materials

— goi
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Tritium transport resistances in diffusion and percolation
through interconnected pores of sintered materials are to be
understeood. When high density (e.g. well sintered) material is
used, tritium partial pressure in the pore becomes high and
tritium inventory of soluticn and/or adscrption may become
larger.

In this experiment, LiF pellets of different sintered degree
were used because of its easy handling. Experimental apparatus
is shown in Fig. 18. Percolation experiment was conducted using
Ar gas, while effective diffusivity was measured by diffusion of
Hoy in Ar gas. Experimental results are shown in Fig. 19, which
shows changes of permeability and effective diffusivity factor
with sintering temperature. Relations of these wvalues with
porcsity was studied as shown in Fig. 20. AaAnd linear relation
between permeability and effective diffusivity factor (k=De/DAB)

was fcund (Fig. 21).

3-3., Water Vapor Adsorption on Li,O Powder

As depicted in the tritium inventory calculation and the in-
situ tritium release experiments, adsorptive inventory sometimes
becomes dominant. However there has been little studies on the
adsorption of gas and/or water vapor on Lizo.

We have been performing water vapor adsorption study by
breakthrough method using Lizo powders of different particle

sizeg (Fig. 22). Before breakthrough experiment, the sample was
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dried at 700°C under vapor pressure of less than 5 ppm. An
example of the experimental results is shown in Fig. 23.

Amounts adsorbed for two particle sizes (Cerac/Pure) was
found to coincide and they were almost similar to the values by
Yoshida for pellet sample. This is thought to indicate that

water vapor adsorbs on the grain surface.
4, Conclusion

Steps affecting tritium residence time was analyzed by model
calculation and it was found that surface processes such as
adsorption are important.

Some of the tritium migration processes such as diffusion in
the grain, diffusion along the grain boundaries, diffusion along
the interconnected pores and water vapor adsorption were

experimentally studied and useful data base was obtained.
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Table 1. Tritium Inventory in the REPUTER-1
Blanket (Unit: kg)

kp (cm} !
1E-4 1E-3 1E-2 1£-1
K (cm?)
501 8.57 E-2 B.57  E-2 8.57  E-2 | 8.57 E-2
DIF 4.41 E-5 1.41  E-3 4.1 E-1 | 441 E+1
5 | ans | 2.99 E-6-| 2.99  E-§ 2.99  E-6 | 2.99 E-6
L ADS 1 1.05 E+1 1.65 £+l 1.05  E-1 1.05 E-2
TOTAL 1.06 E+l | 1.14 E+0 £.30 E-1 | 4.42 E+1
s T2l E-1 | 2.41  E-1 2.41  E-1 2.41 E-1
pIF L 4.4l E-5 4.41 E-3 4.41  E-2 4.41 E+1
2| eas 2.99 E-5 | 2.99  E-5 2.9% . E-5 | 2.99 E-5
ADS 4.60 E+1 4.60 E+0 | 4.60  E~1 4.60 E-2
| TOTAL 4.62 E+1 4.85 E+0 1.14 E+D £.42 E+l
SOL 7.86 E+1 | 7.86  E~-1 7.86  E-1 | 7.86 E-1
pIF | 4.41 E-5 4.41 E~3 7.41  E-1 4.41 E+1
fg:il GAS é 2,99 E-4 2.99 E-4 2.99 E-4 2.59 E-4
. ADS o201 E+2 2.01 E+1 2.01 E+0 2.01 E-1
| TOTAL | 2.02 E+2 2.09  E+1 3.23  E+C | 4.51 E+1
 |soL ‘ 3.77 E+0 3.77 E+0 3.77  E+0 3.77 E+0
DIF | 4.41 E-5 1.41 £-3 1,41 E-1 4.41 E+1
fﬁ:iz GAS 2.99 E-3 2.99 E-3 | 2.99 E-3 2.99 E-3
. ADS Lo8.75 E+2 B.75 E+1 | 8.75 E+0 8.75 E-1
| TOTAL | .79 £+2 | 9.13  E+1 | 1.30 £+l | 4.87 E+1

Table 2. Delay of Tritium Release from REPUTER-1

Blanket
Rp (cm) I
K 1E-4 ' 1E-3 1E-2 18-1
K {em?) !
50% 1.6 ¢ 4.2 h 3.8 h 12 d
3B-1 :
1E-5 202 9.3 4 1.1 4 14 h 40 d
99% 46 d 4.6 d 1.4 4 94 4
50% 8.1 d 19 n 6.1 h ; 12 4
3E-2
lp_10 | 90% 46 g 3.7 4 . 1.0 4 4¢ @
L 993 170 4 23 & 2.9 d 94 g
50% 29 4 3.0 4 11 h : 13 4
]
3E-3 i |
111 | 90% 150 4 18 4 2.0 4 ! 43 d
99% 2.1y ! 92 4 9.3 & | 85 d
. S
50% 130 4 12 d ; 2.3 4 ; 14 &
3E-4 | i
1p_12 | 90% 3.2 ¥ 93 g 10 d | 46 d
g9% 10y . 350 4 41 4 j 97 4
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Table 3. Parameters of In-Situ Experiments

VOM-15/21H TRIC-01 This work
{JRERI) . (ANL)
Material Li,0:2.03-6.67g LiAl05:42.9g Li,0:0.69, ~6 g

Neutron Flux
{thermal)

Irrad. Temp.

Irrad. Time

Burnup

Sweep Gas

Sintered Pellet
1x10 " %n/cu? . sec
350-90¢°C
990—2655 hrs
0.24-0.85%

He,He—Dz,He—Oz

Sintered Pellet
4x1014n/cm2.5ec
500-700"C

2112 hrs

0.18%

He—Hz,He,He-Oz

Powder
1x107-1x108n/¢em

400-700°C

approx. 3 hrs x N tin

approx. 1071

He,He-H, ,He ~ O3

2.SEC

Table 4. Chemical Form of Released Tritium

(Effect of sweep gas)

Run No. Dehumid. Period Sweep gas Temp. (°C) W(%) G(%)
(time)

7 -1 3 (1) He-4%H 609 5.5 94,5

- 2 3 (2 He-43%H 706 3.7 86.3

- 3 3 ( 3 ) He-4% 2 510 2.3 97.7

- 4 3( 4) He-4%H, 411 11.6 88.4

3 -1 301 He 604 79.0 21.0

4 - 1 3 (1) He 604 90.8 9.2

12 -1 T (1) He~1%0 604 98.7 1.3
12 - 2 1T (2 ) Ee-1%0 604 99,7 0.3
12 - 3 1T (0 3) He-1%0, 604 99.9 0.1

Tube and packing materials:

steel or stailless steel
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Table 5. Chemical Form of Reieased Tritium
(Effect of pre-dehumidification)

Run No. Dehumid. Period W(%) G(%)
(day)

11 - 1 07 ( 1) 5.2 94.8
-2 0 ( 2) 21.6 78.4
-3 0 ( 3 ) 18.7 81.3
- 4 0 ( 4 ) 30.0 70.0

3 -1 3 ) 79.0 21.0
4 - 3(01 ) 90.8 9.2

10 - 1 5 (1) 5.4 94.6
-2 5 ( 2 ) 2.8 97.2
- 3 5 (3 ) 2.5 $7.5

Temp.: 604°C

Sweep gas: He 100 cc/min

Tube and packing materials: steel or stainless steel
*: pre-dehumidification

#: in reactor

Table 6. Chemical Form of Released Tritium
(Effect of tube and packing materials)

Run No. Material Dehumid. Period W(%) G(%)
(day)

10 - 1 steel 5 {1 ) 5.4 94.¢6

- 2 steel 5 {2 2:8B 97.2

- 3 steel 5 ( 3 ) 2.5 97.5

15 - 1 Ni 5 1) 91.8 8.2

- 2 Ni 5 (2 ) 98.5 1.5

Temp.: 596 - 604°C
Sweep gas: He 100 cc/min
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purge gas

1) Bulk diffusion in grains.

2) Desorption of T-0 at grain edge.
3) Diffusion zlong grain boundaries.
4}
5)

Desorption at particle edge.
Diffusion to purge stream.
Percolation to purge stream.

(6) Convective mass transfer to stream.

Fig. 1 Steps in Tritium Transport in
CTR Solid Blanket System

laps

IDIF

- IsoL

Fig. 2 Tritium Inventories on a Particle
Constituting Sintered Breeding Material
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10+1 R} T T v L3

Pr0 (atm)

Fig. 3 Partial Pressure of T-,0 at the Outer
Boundary o©f Annular Pellet
(tritium generation rate: 1x10~10 g/cm3 sec,
outer radius 7.5mm, inner radius 1.5mm,
temperatures: 850°C (outer boundary),
500°C {(inner boundary)).

_ He SIC sic

L . 1
" =
. o
e i Liz0 8e0
: - _ :
© = BeC Li0
i 1
) ‘, .
o “’i ; Lig0 BeD
—_—t o N |
N = Be0 Li20
i 1 Lig0 260
8e0 Lis0
i
|
_ : I
i
qf H

i
g
40!
azf

44t

Fig. 4 Blanket of REPUTER-1
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Fig. 5 Contribution of Each Preccess to Total
Inventory

b4 ' T

K/k=3x 108(1 /cm?)

logol s/ kg)

-1 , . :
-4 -3 -2 -1
log4ol Rp / em)

Fig.6 Particle-Size Dependence of Tritium
Inventory
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!
100 : —
&R
E
=
= 50 7
‘6 K=03 , x =107 (em?)
Bp=10"%{cm)
1s=6.30 x 107 (kg )
0 ' ‘ -
3 4 5 6 7
logio( Time / sec )
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100 T 4
R
=
=2 50t y
’: K=23x10" k=10 { cm2)
= Rep=10""{cm)
is = 4.87 x 101 { kg)
0 : : .
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logqo( Time / sec )
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}-: K=3x 10"4,.‘c=10—12(cm2)
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Is=8.75 x 102 (kg }
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6 7 8 9 10
iogo{ Time / sec)
Fig. 7 Time Dependence of Release Rate and

Inventory
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BLOCK DIAGRAM
O IN-SITU TRITIUM RELLASE EXPERIMENT

| MS.5A | s -+ "Hopcalite"
e = 0 (500 °C)
MS. 5A B
H, = :

I

A\
\
NN\

"YAYOI" Reactor _Core//t
Fig. 8 Block Diagram of In-Situ Tritium Release

Experiment
(tritium trapped by bubblers)

]

: . CHs( 150cc/min )

'MS 54
He —=|
(80 - 100 - to Stack
??{m¥13~ Teflon tube
MS 5A ! Haeeawoads
H ) \ 3 SUS 316 tube
ZLDIM_J’_, B 1200
—— %&7
1//// @ Li,0 Sample
//i:;;ji;;// “ﬂ____w
'IYAYQ[ Reactor Core 4Prcporﬁonal Recorder

Counter
Fig., 9 Block Diagram of In-Situ Tritium Releas

Experiment '
(on-line measurement)

— 100 —
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SWEEP
ArR.R-P- CAS AIR
l, ! | .
ATR JACKET ) Lwij:
S el et
VACUUM—\‘“ G |
_JIACKET | P A THERMOCQUPLE
{(SUS) [iRIEAn s e
THERMAL_ AR LY
S ELBLI ) b Li,0 SAMPLE
(Al 505} 9 r =Ry \>,/_2
e | B TolS~_sUs_ WooL
e I
QUARTZ — AEN HE S
HEATER o 19
T s =l
L1 \ C'//
L)
\gzéizgié
1 30%.
967

Fig. 10 TIrradiaticn Apparatus

[}
-

10 T T ¥ T T T T
RUN 33
carrier gas ; 4% Hz = He 100ce/min
! sad G
Gs
-2 —_
10 ° F =

Fractiona! tritium recovery rate {minh

irradiation

-6 1 ] ! 1 | 1 ' !
e} 100 200 300 400 500 600 700 860 800

Time (min)

FPig. 11 Time Dependence of Tritium Recovery Rate
(carrier gas: He+4%H,, 100 cc/min,
W: water-soluble compenent
G: water-insoluble component)
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Fig.

12

Fractional tritium recovery rate (min )
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L

i

Irradiation

T l T

cartier gas : He $00ces min
-

Ws
Gs

He - 4% 4,

(V4
Ll Ly

! L I

A,

o]

100 200 300 400 500 60O 700 8O0

Time {min)

200

Time dependence of Tritium Recovery Rate

(carrier gas:
W: water-scluble component
G: water-insoluble component

He+4%H2,

100cc/min,

pre-dehumidified for three days)

Fractional tritium recovery rate {min")

irradiation

| 1 .

T T I T

carrier gas : He

P\O\

1

He - 4% H,

10Ccoc/min

0

100 200 300 400 500 60O 700 BCO

Time {min}

900

Time Dependence of Tritium Recovery Rate

{carrier gas: He 100 cc/min,

W: water-soluble component

G: water-insoluble compcnent,
pre-dehumidified for five days)
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NORMALIZED TRITIUM

Fig.

RELEASE  RATE (°h)

14
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L12O 6- Tg( 10-12 mesh)

[};e '1/0H2

! 600°C

O
O

(@]
O
L

/1°/0H2 additicn to He
at the outlet of the
sample holder

50 100 150
TIME (min)

Time Dependence of Tritium Release Rate
(effect of H, addition)

L.__ B

HIEHMIITE

“He- 1°/0H2 7 cc

N 7}77'-T-——(CH4 ]70‘Ct?fm'l -

AEA

gl A R

|8
¥
! -1 —- QL
b = i
. . Nl
(/ - - = = ;;'-'1 1":_—__'_'.':-"-'
I =
~ TIME
Fig. 15 Example of Tritium Release Rate

{on-line monitoring)
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T T T T ]/ T T
¢ , 360°C
2000F ; .
/s
/
/
/
/
7
L ;
1500 , ;
/
’
/

|8 7
2 / °

¥ /7
S o
U')](I:Dm // B
~ ¥ /
=~ !

‘ __410°C
/5"‘

2 3 4 5 5 7 8
100 qufcm2

Fig. 16 Particle Size Dependence of Tritium

Inventory
{Li,0 pewder, solid symbol: analyzed frcm
stirt-up, cpen symbol: analyzed from

shut-dewn)

Iog]O( D/cmZsec)
@

|
(@]
I

|
-—2
—

¥

1
M
T
1

_1% ! 1 1 I I
8 10 12 14 16 18
000K/ T

Single crystal {Guggi et al., 198
. Solidified melt (Okula et al., 19
Single crvetal (Tanifudi e2 z21.,
. Powgsr {(Vasilvev, 1872}

. Powder (Fudo et 21., 1551}

3)
84
*

U0~ Oy U I Ld T —
P . .

102 exs(-227001
? 2xpi=13100(c

oo

Fig. 17 Comparison of Diffusion Coefficients in
Li.0
2
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flow meter

4 L
sample reservolr | .
gas~-chromatograph = ;

UM,

hellows

i\ma

Fig. 18 Experimental Apparatus for Measuring

Effective Diffusivity and Permeability
through Interconnected Pores of Sintered

Materials
-G _
10 T T 107"
o“

, o N
107" & ﬁ‘\ - 107 * ~
x
& 5
E -1 -3
L 10 -4 10 E
'3 oy
=
-12 | s =
S o
) 13 _5 @
g 10 r o 1107 2
a L8]
o £
-i4 -8 w

10 ~ 4 10

sinlered for 2 days 2
10'15 ! | 1 -7

non-sintered 500 G600 700 goo

Sintering Temperalure (°C)
Fig. 19 Sintering-Temperature Dependence of

Permeability and Effective Diffusivity
Factor [(LiF pellets)
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10 ' 500°C 2d H O
500°C
2d
o 02t 0 B800°C
mq ° 5d
Ny O7o00°C
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1oL 1
58
O 600°C 10d
b : 8
O -4l
« 10 d
1. s
o De/D,g=350x¢g
}_
o 5! 750°C
> 107r 2d !
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= 107 i
1077 — : :
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Fig. 20 Porosity Dependence of Diffusivity Factor
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Fig.21 Effective Diffusivity Factor
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1 BUBBLER

Fig.

FLOW

METER

22 Experimental Apparatus for Measuring H
Adsorption on Li,O Powder

[\

S,

amoun! adsorbed (g-#,0/9~Li,0)

400°C G/
~ / o0 o )

Cerac/Pure—450°C " 400°C — Cerac/Pure
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Fig. 23 Experimental Results of Amount Adscrbed

for LiZO Powder
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No.10 QVERVIEW OF THE IN-SITU TRITIUM RELEASE

EXPERIMENTS OF THE SOLID BREEDER MATERIALS

H. WATANABE, JAERI

ABSTRACT

The VOM series experiments have been conducted in the JRR-
2 in oxrder to examine the tritium release behavior from several
kinds of breeding materials, mainly ﬁizo, since 1981. It has
undergone various improvements in capsules and measurements
apparatus.

The chemical form of released tritium is mainly HTO and
Tzo in pure helium sweep gas. On the other hand the tritium
release is enhanced in deutrium-added helium gas and its form
is almost DT and T2.

In recent VOM -22H experiment, the operating behavior of
Li20 and LiAlO2 spheres which were simultaneously irradiated
was examined. The tritium release from'LiZO spheres is far
better than in the LiAlOz. Post irradiation examination of
béth materials revealed that. their integrity was preserved.

Some localized mass transfer of Lizo spheres was observed on

their surfaces at temperatures as high as 820°C.

- 108 —
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ravte 1 [0 Situ Tritium Recovery Experiments Condition

VOM - 15H VOM - 21H TRIO {USA)
SAMPLE & WEIGHT (g) Li,0 , 6.67 Li,0 , 2.03 LiAL0, , 42.9
NEUTRON FLUX {(n/cm?'s) { x 10" 0.9 x {0 4 x 10"
TEMPERATURE {°C) 480 - 760 480 - 900 500 - 700
IRRADIATION TIME (h) 990 2655 2112
T GENERATION RATE (mCi/min) 0.53 0.30 0.3
SWEEP GAS He He,He-0.001,0.01,01%Dz He~0.1% Ha

VOM - 22 H VOM - 23H [BEATRIX)

. SAMPLE & WEIGHT LiAL02,4.24 Lip0, 3.87 LiAJ0p,34.9  LigSi0g , 17.8
NEUTRON FLUX {x 50" { ¢ 10
TEMPERATURE 430 - 900 300 - 900 400 - 900
IRRADIATION TIME 2050 1056
T GENERATION RATE 0.33 0.30 0.77 0.40
SWEEP GAS He, He- 0.001,0.01,002,0.1,1% Dy He,He-0.1% D,

_Measuremgqt and Control System
Temperature Controlling J‘ (Thermocouple,Heater, SPND)
Hized Gas Line Sveep Gas Lire
(Het+Ne) _ )

Sheathed Heater
L

Thermocouple !
Yi\ o

P

L 2| | L seo s
“f ﬁ‘:_#___— Sample (Li.0)

I == Thermocourle

!
Fluence Moniter -7
(Al-Ce) I

Spacer {Ir(,) =] L/

387 mm
\
=
=
A

[T~ Inner Capsule
{SUs316)

AT
5N

L ™~ Heater Spacer
Spacer (Pt) 71 | ||| (AL0,)
=
L Spacer (A1050)
‘_\\\_—._.__——/‘

] Quter Capsule
‘ %40 mn (41050)

VOM-21H Experiment

Fig. 1 Schematic Diagram of the Capsule for the VOM-21H Experiment
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r sl
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511 mm

—
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Measurement and Control System
{Thermocouple,Heater, SPND)

(He+Ne)

Fig. 2

$43 2n

[ Sveep Gas Line

Sweep Gas Line

Sheathed Heater

::;7f'Thernccuuple

| Sample {Li,0)

_——— Fluence Monitor
(Al-Co}

SPRD
J / PND (Rh)

|- Saaple (LiA10,)

P Thermocouple

™™ Inner Capsule
(Hastelloy-XR)

[ Heater Spacer
(SUS304)

Spacer {A1050)

futer Capsule
(41050}

VOM-22H Experiment

Schematic Diagram of the Capsule for the VOM-22H Experiment

6C/1C HOGD | 1ms
----------- O Do 1y
| i
i : o |
o Lowsue | | | i IO
12 1 H
! x4 ] — to STACK
s 18| Bl
Ne-He = ‘I i = = &=
| He-L 5
SWEEP i | -:
GAS ] , O .
He té A AN é 1C-E
He-D, PUMP PUMP
He-CO : -
AIR
MS : Molecular Sieve Bed HMS : Hood Monitoring System
CEC . Ceromic Electrolysis Cell RX : Catolytic Reduction Bed
DX © Catolytic Oxidation Bed IC : lonization Chamber
GC/IC : Hydrogen [sotope Separation Gaschromatograph
<> * Hygrometer -
rig. 3 Flowsheet of Apmﬁmusfm In Situ Tritium Recovery Experiment {VOM-2iH).
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1
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[MS |
r—te———————— T

HOOD

1
Ne — He ! ; IC-Ex
JRR-2 e _____,_____<________é (Y
CORE PUMP _ _ <PUMP__ | /10 STACK
MS : Molecuior Sieve Bed IC : Ienization Chamber
CEC : Ceramic Electrolysis Cell 0X ' Catalytic Oxidgtion Bed
RX : Catalytic Reduction Bed > 1 Hygrometer
Flowsheet of Apparatus for In Situ Tritium Recovery
Experiments (VOM-22H & -23H)
VOM-21H
LizQ, He
0 e
Tritium Generation Rate
250+
= .
€ o
.5- a 650 C
=l A
— 200k . . ra .
(T4 ] / v
= " 5BCC
[o =4 - -
. - a
u -]
= 480°C
U9 ]
150}
d
[==4
=
s }
o
=
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m o 2nd cycle 480°C
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- KT, Tz Compenent
- ]— Tatal Tritium
50 b (HT, Tz +HTC)
0n {0 I R 1o ¥« B fat] DU
;E;‘ﬁ & A 28— 0 O s ——0-—B L Q —Bo—a
0 0 ) :do 50 200 250
IRRADIATION TIME(HRS} AT 10MW FULLPOWER
Fig. 5 Total Tritium and Gaseous Tritium Release from Lizo Pellets

Using Pure Helium Gas as a Sweep Gas (VOM~21H)
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VOM=21H, Tth cycle

5 R-7-S7R R-7-1
_ LSEHe+1000V PPM D2
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Fig.

6

Effect of Hydrogen Content of a Sweep Gas cn Tritium Release

at Start-Up

(VOM=-21H)

— 113 —




Table 3

JAERI — M 86— 189

Isotoplic Coumpositien of the Gas Component of Tritium

Released from Liz0 as a Function of Hydrogen (D3)
Concentration 1n the Sweep Gas

-Dz concentration Reactor Fraction of gas Isotopic compositien
in the sweep gas cycle component™l of the gas component

' HT DT T,

(ppm) No. (%) {mole %)

no addltion 3 8 48 wp*2 52

" 5 4 58 ND 42

" 9 [12] 34 14 52

10 8 [60] 39 55 6

100 g 95 36 64 ND

1000 6 9% ~ 96 C.5 99.5 XD

" 7 b 2 g8 ND

" 8 " 2 98 ND

" 9 ’ 29 71 ND

10 - 5 95 ND

*] Steady state values except ones
caleulated based on the tritium generaticn rate (300 uCi/min).

*2 Not detected.

In brackets.

Table 4 The VOM-22H Spheres Specification

Composition

Lithium—-6 Enrichment

Initial Grain Size

Density

Mass

Diameter of sphexres

Source

Capsule A
LiAl0,
26 %
*
10 ym
77 % TD
4,235 g

4 mm

Mitsubishi Atcmic

Power Industries

Omiya, Japan

Fractions were

Capsule B
LiL0
Natural

*

10 um
85 %-TD
3.B65 g
5 mm

Kawasaki Heavy
Industries

Akashi, Japan

% estimated, after irradiation grain growth will be measured.
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1. INTRODUCTION

In nuclear fusion reactor, which employ D-T fuel cycle,
breeding of tritium{(®*T) is required, While the consensus of
many researchers is that Li is a most faverable element to
breed tritium, selection of its chemical and physical

forms have not been specified so far. Liquid Li compounds
such as molten alloys (Li-Pb and Li-Bi-Pb), binary molten

salt (LiF-BeF,), and also liquid Li metal alone have been
proposed as *T breeding materials, as well as solid ones.
Liquid breeding materials are advantageous not to be suffered
from radiation damage nor from phase transformation and to
have high thermal conductivity. Although among them, molten
salts seem to be minor candidates, they are still attractive,
since they might offer much less pumping load than liquid
metals under high magnetic field. Among salts containing Li,
LiF is a prominent candidate as a molten blanket material.
However, since LiF has a high melting point (842T), another
compound should be added to obtain a moderate operating
temperature. As such additives, a compound containing a
neutron multiplier, e.g. Be and Pb, is favorable. VWe
proposed the liquid LiF-PbF; system as a candidate of the
molten salt breeding materials. Since both of LiF and PbF,
are not hygroscopic substantially, quality control of them is
much easier than some other chemical forms such as Li:0. It
is, thus, the purpose of this paper to know the tritium
release behaviour from the cold-pressed pellet, cold-pressed
and sintered pellet and solidified pellet of LiF-PbF:, to give
the phase diagram of LiF-PbF: system and to show the
corrosion resistant materials for molten LiF-PbF, system.

2. TRITIUM RELEASE BEHAVIOUR FROM COLD-PRESSED PELLET AND COLD-
PRESSED AND SINTERED PELLET OF LiF-PbF: IRRADIATED BY THERMAL
NEUTRON??

Dimensions of these pellets are typically 1 cm diameter x 0.3
cm thickness. The pellets were irradiated with the neutron
flux of 7 ¥ 10'* cm #-s-!' for 10 min in Research Reactor
TRIGA O at Musashi Institute of Technoclogy. Isotope ratio of
Li used in this work was determined by a mass spectrometer.
Released tritium from irradiated pellet in an infrared image
furnace was trapped as a condensed component at first cold
trap. Released tritium broken through the trap was
introduced to the oxydization bed containing Hopcallite I
(60w/0 MnQO.-40w/0 Cu0) and was trapped as a gaseous component
at second cold trap. Residual component remained in the
pellet after the release experiment was extracted from the
crashed pellet by aqua regia. Each tritium component was
analyzed by the scintillation counter. Experimental
conditions and results are listed in Table 1. This reveals
that the gaseous component is much less than the condensed
one in all pellets, suggesting that the main product in the
irradiated pellets is TF. Figure 1 shows the cold-pressed
pellets release. almost all tritium above 600T for 3 hrs.
Although the pellets of pellet numbers{l10) and {11) were in
the liquid state at 870T on tritium release experiment, their
tritium release behaviour is not largely different from that
of the pellet {(3) and (4) in the solid state at 600T .
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Tritium release curves of three kinds of the pellets at 700%T
are shown in Fig. 2. The cold pressed and sintered pellet
containing PbF; (9) released more tiritum than one containing
no PbF, (8), while both of the cold-pressed pellet containing
PbF; {(6) and no PbF; (b) released in the almost same way. The
pellets (5}, {(8) and (7)), theoretical densities of which are
68, 81 and 100%, respectively, have significantly different
tritium release rate, that is, tritium release rate of the
pellets containing no PbF. seems to increase with decrease of
theoretical density at the same temperature, while they
evolved same amount of tiritum within initial 5 min.

3. TRITIUM RELEASE BEHAVIOGUR FROM SOLIDIFIED PELLET OF LiF-
PbF: IRRADIATED BY THERMAL NEUTRON®?

Samples melted in a Pt crucible were kept at ~727°k for 20
min and were allowed to cool at 4.7 k min- ' under He
atmosphere. The solidified samples in the Pt crucible were
sliced with a multiwire saw. Dimensions of the pellets are
listed in Table 2. Total tritium product and its components
are shown in Table 3. Gaseous component is considerably
small in all experimental runs. Judging from the self-
shielding factors?’, it might be conjectured that tritium was
produced nearly uniformly in the pellets. From the initial
concentration of tritium in pellet and the concentration of
tritium in the pellet at time t, it is possible to determine
the diffusion coefficient of tritium in LiF-PbF. system by
nonlinear optimazation. The calculated values of diffusion
coefficient of tritium are listed in Table 4. Arrhenius
plots of diffusion coefficient against the reciprocal of
temperature are shown in Fig. 3, which gives us an activation
energy of diffusional process of tritium. The estimated
activation energy of 0.51 eV is much smaller than that in the
LiF single crystal (1.75 eV)?®’ and the LiF powder*’ (2.2 eV},
which implies diffusion mechanism of tritium in the LiF-PbF,
system is different from that in the pure LiF. The diffusion
coefficient at p=0.476 (D=1.18x10"'? m*+s ') is smaller than
that at p=0.377(D=1.63x10-*® m*+s- ') at 673 K, where p is
mole fraction of LiF. It has been shown that addition of PbF,
to LiF in order to¢ decrease melting point of the system and
multiply neutron brings the increase of diffusion coefficient
of tritium, which is favorable to decrease tritium inventory
in the blanket.

4. PHASE DIAGRAM OF LiF-PbF, SYSTEM®!

The fundamental knowledges of molten binary LiF-PbF, salt are
still limited and remain to be less accurate. For example,
it could be stressed from our preliminary experiment that the
eutectic temperature of LiF-PbF. is about 580T, being 80T
lower than that published value®’. Melts of LiF with PbF,
were made up by weight directly in TG-DTA(Thermogravimetric
Analysis-Differential Thermal Analysis) platinum sample pan.
The most typical TG and DTA curves, together with the phase
diagram, were shown in Fig. 4. A glance at Fig. 4 shows the
appreciable change in weight at a temperature where bocth
solid and melt can exist. The decrease in weight with
increasing temperature has been attributed to the fact that
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Pb¥F. has a high vapour pressure at high temperature, in
contrast with that of LiF, which was confirmed
experimentally. It, thus, 1s necessary to correct the
composition due to the vaporization of PbF, after each run
of experiment. Combining the result of DTA with that of TG,
we obtain the phase diagram of LiF-PbF. system as shown in
Fig.5. The obtained liquidus line for LiF-rich melt is
almost identical with that reported previously, the liquidus
line for PbF.-rich melt, however, is more likely to be too
low compared with published line. It, therefore, is apparent
that the eutectic temperature for LiF-PbF; system at 580T
gives the lower value than that at 660T reported previously
and the eutectic composition of 60 mole % PbF: shows higher
compared with the published eutectic composition of 53 mole %
PbF,.

5. CORROSION RESISTANT MATERIALS FOR LiF-PbF, MELT

It is most important to find out the corrosion resistant
materials in order to apply LiF-PbF, melt to blanket for
fusion reactor. From the results of the batch-typed
corrosion test, in which the eutectic LiF-PbF; liquid of

10 gram in various metallic crucibles 1.23 cm in inner
diameter and 3.6 cm high, as shown in Fig.#6, was kept under
helium atmosphere at 740%C, it is found that the surface of
copper crucible reduces only 1.5 gm in thickness for 70
hours, indicating that the copper is the corrosion resistant
material for molten LiF-PbF; melt. The data of corrosion for
copper is shown in Fig.7, together with that of other
materials, such as brass, stainless steel, nickel, monel and
phosphons blonze. It should finally be stressed that the
half-lives of nuclear rection products of copper are very
short, that is, 12.7 h and 5.10 min.
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Table 1 Experimental conditions and results
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Release PbF Total iritiem
P;Iiéet Pte;]l;t (Y‘:é) temperature contelet production P £y P
) g (K) (m5) (#Ci} %
1 C 69 673 0 7.00 71.6 4.1 24.3
2 C 76 673 30 2.65 75.5 2.6 21.9
3 C 68 873 0 6.07 95.6 3.8 0.6
4 C 72 373 20 3.94 96.7 2.8 0.5
5 C 68 973 0 10.52 96.2 3.8 0.0
6 C 76 973 14 3.01 86.4 11.3 2.3
7 M 160 973 0 5.72 52.3 0.5 47.2
3 S 81 973 0 3.14 90.3 0.8 8.2
9 S 85 973 10 3.46 96.6 3.2 0.2
10 C 69 1143 0 8.16 96.4 3.4 0.2
11 C a3 1143 30 3.75 96.3 3.7 0.0
C: Cold-pressed. M: Solidified, S: Sintered, TD: Theoretical density,

P, Py, Pr:

Fractional contribution of the codensed, gaseous and residual component to the total tritium production

Table = Dimensions of pellets of
LiF-PbF, system and their

self-shielding factors

ﬁ$§ét I (mm) 1% (mm) w(mg) pH f1e
1 0.48 0.86 402.5 0.476 0.918
2 9.51 0.81 388.9 0.476 0.918
3 9.45 (.84 383.9  0.476 0.920
4 9.58 0.88 401.7 0.476 0.920
5 9.60 1.62 789.0 0.476 0.879
6 9.75 1.63 839.6 0.377 0.932
7 9.57 0.84 412.8 0.377 0.949
8 9.59 0.84 410.3 0.476  0.916
t: Radius, 1% Thickness, ¥ Weight

t: Mole fraction of LiF
t5: Self-shielding f{actor
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Table 3 Total *H product and its cemponents

Pellet No. TH(K) Hit*(min)  C1(xCi) Pet(%)  Pg(%)  Pa®(%)
1 503 90 2,316 47.02 0.04 52.94
2 583 60 2.357 96.52 0.13 3.35
3 673 60 1.971 98.88 0.36 0.76
4 673 30 3.941 99.34 0.10 0.56
5 673 50 3.892 99.05 0.13 0.82
6 673 50 ©3.414 99.00 0.12 0.88
7 673 60 2.236 98.88 0.18 0.94
8 773 60 3.261 38.90 0.18 0.92

1': Release temperature, 1% Irradiation time, 1 Total *H product
H: Fractional contribution of condenced component released

%, Fractignal contribution of gaseous component released

t%: Fractional contribution of residual component remained in pellet

Table 4 Diffusion coefficients of "H in LiF-PbF, system

Pellet No. 1 2 3 4 5 6 7 8

Dx 100 (m?.57t) 0.031 0.153 1.332 1.015 1.183 1.565 1.685 1.657
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No.12 Design Concept of Down Stream in Fusion Fuel Cycle
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Table 1 Definition of Tritiated Waste

1. Radiczctive nuclides cother than tritium are not included due to

separation in advance.
2. Tritium is to be oxidized and to be the form of THO ( water ).

3. In disposal of tritiated waste, it is to be solidified and
packaged.

Table 2 Concept of Waste Management

7 | Selec~
Subject Item Detail tien
1| Management | Concentrated disposal
scenario system
Self-cconcluding éis- : ©
posal system
2| Treatment Chemical form of TW THO o}
system -
Treatment form Soligification o]
3| Disposal Land disposal -Shailow-ground e
system type
Sea dumping
4| Quantifi-
cation of
W




JAERT - M 86— 189

998€eM DPIIRTITIL JO UCTARISUSY 2 "31d

WBUSAS LHAOVRYM 1
(WA L) @I %1

315vh 03LY)LNEL stuiaed) | SSID0NE HINLGAY | sumsgng

L P32y

“ TSNS pRIIA0IIY .
(A L) X
I ETRITT} @.| a0
o 40 NOELYYINTD mz_:M SSA0Kd DX 14IA00TY

IuTSENS pIYTaLL
(B} £13r0022 yo 3TUIT tamot Puyprefer jusmarcxdmy

@ uoi3wIaus¥ 2388A Jo uoissaxddng O .s_u“mwuu
1eAaE890x2 A3pjuenb sy stujATaT | SSIN0N4 DRILYIEL

®

Aouap3y13e Fujuygex oy qusmasoxdmy ¢ @ Pt

mp o 3yqe

Kovatayrze Lisaoeax uf jusmescadwt + oy

Pp#1e1ous® agsan 3 Jo Lipinend up worjonpoy

— 129 —

L13A0291 Jo 3fmit xanof FdyasmoT JoJ 1101yT ¢ @
1a4jouy /Sl + BOFINTTITISTIA
(o'g owgy 13Ylo mIoY [UITWRHD JO TIAIT

sanyxiu ayqyssymiad Jo 0oy3e91)[IWT0} HojoNpax ‘uoyymprxg * %-..&
VOTIVIUIDNGD 4 UOTRIATEDOE + JI37179@ STOTIEOQED) * @ S5300%4 NI LvHY 43S si
0R o3 Buen) *xxy
uopiyptos *asseyd ‘wrioy [watmand ®Y afueq) ° @ 1AISAS INBEDYHYH
aseyd snoase? uy Lisacoay *xg Eﬂauw“,ﬂcbz“o_ai
uoj3puod *aseqd ‘wmroy Twswey) - @
ABoTouqody Puijeawdag ¢ @ v
T3 sayxm a7qyss fuxad jJo wo:uuuu._nun._..u . @ Eﬁﬁmwhzwuuu..zi
n:_:d\mp_u Taady UOT3UD1)TSSEII JO OOI¥IIITARID °* @ Ad¥H1GH0
{380 PATIDEOIPRI/AYERA
SATIVROTPRI-UOHU) TAAST WMOJIWOIFISSVED JO UOT}RILITIRY * ®
S ———— T Y
uoyssatddns woyrwasnapg * (D) uﬂ_zuwmuw W“"““"H" >m.,.w o HOLLYA3K3D
H LT LUIEIE 1 WA LS AS
peatan
NOI1Snd XL -Q




JAERI — M 86 — 189

-Table 3 Method of Procgeding with Safezy Evaluatlion

Topic Remarks

1 Definiticen of components and sub-

components
2 Evolvement of function of each Matrix of subcompo-
subeomponent nents and functions

of each component

3 Evolvement of performance cof

each subcomponent

y Quantitative evaluatlon of Predicated on pro-
effect by FTA babilistlc approach

5 Comprehensive evaluatien of Defense with miltl-barrier
emvironmental safety and in depth

Table H Relation of Tritilated Waste Generated and Number

¢f Solidified Unlts Produced on Annual Basis

T Waste T Concen~ |Water Number of | T Concen-
Generated tration Treated S¢lidified | tration of
e it | Gergey | Deitezr oo
(ci1/8) (Ci/ton)
160 1,000 | . 10 25,000
10 10 10,000 100 2,500
(100,000 €1} 1 100,000 | 1,000 250
0,1 |1,000,000 | to,c00 25
10 1,000 190 2,500
1 1 16,000 100 250
(10,000 ¢1} 0.1 100,000 | 1,000 25
0.01 |1,000,000{ 10,000 2.5
1 1,000 10 250
0.1 0.1 10,000 100 25
(1,000 c1) 0.01 100,000 1,100 2.5
0.001 1,000,000 10,000 . 0.25

Note 1) The 1ncrease in volume due to solidification is
twofold and the drum c¢an capaclty 200 L/can. In
effect, the quantity of treated water possible to
solidify in ons drum 1s 100 2.

Note 2} Tﬁe density of the sclidified material iIs con~-

sidered as 2.0 kg/%.
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Sutcomponents of Waste Package

Tzble § Matrix of Subcomponents and Functicns of Waste
Package
Waste |Con- Absorber|Protec~
Form |tainer |Material|tive
and/or Sleeve
Coating and/ar
Cozting

-

Securing of

A\

operapility

2} Securing of spatizl iso- f (:> (:>
lation

3i Securing of retardation f (:> <:> (:)
effect

bt Proctecticn against water f <:> f <:>
from outside

51 Protection agzinst me- f <:> f (:)
chanical externzl forces

6! Securing of engineering <:> <:>

— 131 —
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Fig. 4 Subcomponents of Repository

Table 6 Mztrix of Subcomponents and Functions of Repcsitory

Back-|{Wall First cmpoank--
£iil |and/or|&rti- ment
Lining|ficlal | (Vege-
Water tation)
Serrier

1| Protection agzinst human f <:> f

external forces

O |0 |0
A
A

o function absolutely necessary
A function desiradle to have

2| Protection against natural

external forces

3| Retardation of groundwater

movemsnt

4 Re tion of tritium

mi

ard

ct
m

1

ration

k

0

5| Securing ¢f thermal dif-
fusicility

O10 1> D
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Table 7 Matrix of Subcomponents and Functions of Environment
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Table 8 Classificaticn of Components and Functicns Assumed
No. | Component No. {Subcomponent Function Assumed
I | Waste 1 [Waste Form (1) Securing of immobility
Package {2) Securing of engineering opera-
bility
2 |Container and/or (1) Securing of spatial isolation
" |Coating {2) Securing of retardation effect
{3) Protection zgainst water from
cutside
(4] Protection against mechanical
.external forces
(5) Securing of engineering cpera-
bility
3 |Absorber Mzteriel |{Securing of retardation effect
) Protective Sleeve {1) Securing of spatial isolation
and/or Coating (2] Securing of retardation effect
{3) Protection against water from
outside
(L} Protection against mechanical
external forces
II | Repository 1 |Backfill (1} Retardation of tritium migration
(2) Securing of thermal diffusi-
bility
2 |Wall and/or (1) Protection egainst human ex—
Lining ‘ternal forces
{2) Protection against patural ex-
ternal forces
{3) Retardation of grourdwater move-
ment
3 lst Artificiel Retardation of groundwater movement
Water Barrier
L | Exbankment
(Vegetation)
IIT | Eavirooment | 1 [1st Dilution Zone/ | (1} Limitation of groundwater
2rd Artificiel path
Water Barrier (2) Reduction of concentration
{Vegetation}
2 |2nd Dilution Zome/ { (1) Limitation of groundwater .
3rd Artificial path
Water Barrier (2) Partial transpiration
(Vegetation)
3 |Ground Strata Sur-
rounding Repositery
L Exclusicon Area st Protection of Waste Package and
Greund Surface Repository
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No.13 SWELLING OF LITHIUM CERAMICS DURING IRRADIATION

Glenn W. Hollenberg
Westinghouse Hanford Company
P. 0. Box 1970
Richland, Washington 99352

I. INTRODUCTION

Lithium ceramics are being considered for the purpeose of tritium
production in D-T fusion power plants. One of the many issues which
must be resolved before blankets containing lithium ceramics are
brought into service is the degree of stability which can be expected
from these new materials. Swelling of the solid breeder material can
. directly impact the design lifetime of the blanket. Accommodation of
swelling in the design can correspondingly require compromises in the
overall performance of the blanket.

Recently, an irradiation experiment was completed at moderate
burnup levels in which swelling of solid breeder materials was
observed. As will be discussed, the swelling of the Li;O can be
considerably more than that of the Li,Si0,. Li;ZrQ3 and LiAlO;. In
addition, a degree of pellet cracking and fragmentation was observed
which varied between the materials.

II. EXPERIMENTAL

Pellets of Li,0, Li,SiQ,, Li;2r03 and LiAlO; were irradiated in
the fast neutron spectrum of the EBR-II reactor at temperatures of
500, 700 and 900°C for periocds of 105, 192 and 297 full power days
(FPD).]‘ The pellets were 857 of theoretical density except for two
sets of 95% TD LiAlO; pellets at 700 and 900°C for 105 and 192 FPD.

After irradiation, the pins were neutron radiographed in order to
examine the solid breeder's configuration within the cladding. Later
the pellets were removed from their capsules by cutting through the
vacant end of the cladding in an argon flooded box located in the HFEF
hot cells. In some cases, it was necessary to longitudinally slit
cladding in order to extract the pellets. The saw at times penetrated
into the pellets and made surface cuts which are visible on the
pellets. Finally, the lithium-6 burnup was determined by measurement
of retained helium in the pellets and the released helium in the pin.

Before irradiation, the dimensions of the pellets (approximately
1 cmODx 1.4 cm L) were measured to the nearest 0.0005 cm with a
micrometer in an inert gas glovebox prior to capsule loading.
Diametral measurements were made at ‘the top, center and bottom of the
pellet by making three individual measurements with a flat-faced
micrometer 120 degrees apart. The lengths were measured by making
three measurements near the circumference and one in the center with a
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ball tipped micrometer. All measurements were then averaged to give
the final values used for swelling computation.

After irradiation, the same mensuration method was attempted in
an inert gas glovebox or, in the case of the more radioactive Lizzr03,
in a hot cell. However, many pellets were fragmented into small
pieces and thus sometimes measurements in the axial direction were not
feasible as will be noted later. Most pellets were photographed after
being transferred to inert gas glovebexes, however, the radicactivity
level of the Li;Zr05 made it desirable to photograph and store these
pellets in a hot cell until several half-lives {(two months) had
passed.

IITI. PELLET INTEGRITY

Figure 1 is a mosaic of photographs of the Li;Zr0O; pellets after
irradiation to 192 and 297 FPD. These pellets appeared to survive the
irradiation better than any other composition. Only at an exposure of
297 FPD at 900°C did the pellets crack and fragment and even then the
cracking was limited to a separation of the pellets into shorter right
cylinders. The origin of the surface spots on these pellets was not
resolved. JTon microprobe analysis of the discolored areas did not
reveal heavy metal contamination.

Figures 2a and 2b are of 857 and 95Z TD Li;Al0, pellets and 607%
TD powder compacts after irradiation at temperatures from 500 to $00°C
for exposures between 105 and 297 FPD. The 857 TD LiAl0; pellets
irradiated at 500°C were not visibly cracked, but at 700 and 900°C the
pellets appeared to not only be cracked but had also fragmented into
many pieces. Cracking includes limited subcritical crack growth or
extension which is contrasted with fragmentation which is indicative
of crack propagation through the pellet and thus two or more fragments
were recovered in a fragmented pellet. Both transverse and radial
cracks were observed in these pellets.

In Figure 2b, the 957 TD LiAlO; pellets exhibited very little
fragmentation or cracking at either 700 or 900°C. LiAlO, powder was
simply compacted into the capsule in order to form the 60Z TD LiAlO,
material. This material was cut out of the surrounding cladding after
irradiation and was amazingly tough considering it had never been
sintered.

The lithium silicate in Figure 3 fragmented more extensively than
any other material. Even in the pellets which did not fragment,
obvious radial cracks were observed. In the other materials, i.e.,
LiAl09, LinZrOj, and Lip0, it was difficult to observe fragmented
pieces in postirradiation neutron radiographs taken while the pellets
were still in the capsule. This observation could be used as an
argument that in these materials cracks were present during
irradiation and that fragmentation occurred during the cutting and
manipulator operations in the hot cells. But in the Li,Si0; capsules
cracks could be easily distinguished in the neutron radiographs and
material rearrangement of the fragmented pieces was observed.
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The Li;0 pellets in Figure 4 primarily have radial cracks with
large crack opening displacements. There is also some transverse
cracking and fragmentation. On some of the pellets, the longitudinal
saw cuts are visible which were made during deencapsulation.

Iv. PELLET CRACKING CONSIDERATIONS

Although swelling gradients can contribute to pellet cracking, in
these materials it is anticipated that thermal stresses are a more
likely cause. It was recognized that the cracking did not appear to
be burnup dependent and thus could have occurred at or shortly after
the initial startup. Only limited thermal mechanical data are
available on these particular materials. Hence, calculation of
classical thermal stress parameters is not justified, but in Table I,
some of the information on these pellets has been compiled. Since
heat generation rates are similar between the materials, their thermal
conductivity dominates in the predicted temperature gradients that are
calculated. Notice that the high thermal conductivity of Li;O results
in a lower temperature difference. Similarly, higher density
materials, i.e., 95% TD LiAl0O;, possesses higher thermal
conductivities and lower temperature gradients. The LipO and Li,Si0,
possessed the highest thermal expansion coefficients, almost twice as
large as those for LiAlO; and Li;Zr0j.

The overall thermal strain difference has been calculated which
is the driving force for thermal stress fracture. Neotice that the
Li,5i04 material with its low thermal conductivity and high thermal
expansion has the highest thermal strain difference. Li;5i0
exhibited the most cracking and fragmentation of these materials.

Next highest is the LipO with its high thermal expansion coefficient.
Lip0 also exhibited extensive cracking but with less fragmentation.
Lis0 is known to exhibit plasticity at even very low temperatures (T <
500°C) so the fact that stable subcritical crack extension occurred is
not surprising. ’

The higher thermal condutivity of the 95Z TD LiAl0, (in
comparison to the 85%Z TD reference material) results in the lower
thermal strain difference. This, coupled with the anticipated higher
strength of this material, explains the improved integrity of the 957
TD material. Hence, there is a qualitative agreement between the
thermal strain differences and the extent of cracking in these
pellets. The strong temperature dependence of the thermal
conductivity of LiAlO; results in the lower predicted temperature
differences (54°C) at 500°C and consequently lower strain differences
which are thought to be the reason behind the good pellet integrity of
the 85%Z TD pellets irradiated at 500°C.

V. SWELLING

Swelling had previously been regorted but was only from
measurements on neutron radiographs. »2 Volumetric swelling results
from mensuration measurements are presented in Figures 5-7 on LiAlQ,,
LisZr0g and LijS5i0;. Axial or length swelling and diametral or radial
swelling was nominally the same in these materials.
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In Figure 5, the_swelling of 85X TD LiAl0, was observed to
increase up to 8 x 1020 captures/cc, but was less than 0.5% for all
data. The error bars which indicate the standard deviation for the
measurements are quite large in comparison to the low swelling values
in these pellets. Part of the error was thought to be associated with
the internal cracks present in some of these pellets. In many cases
the measurement of swelling in the axial direction was not possible.
At both 2.5 x 1029 and 5.6 x 1029 captures/cm>, the higher density
LiAlO; pellets actually exhibited shrinkage. In Figure 6, the
swelling of 857 TD LipZrO3 is almost as low (AV/V < .7Z) as LiAlO,
except for the 900°C data at the highest exposure. It should be
pointed out that these 900°C pellets were the only L122r03 pellets
that were fragmented (see Figure 1).

In Figure 7, the swelling of the Li,S5i0, pellets (AV/V < 1.6%) is
almost twice that of the LiAlO; and Li;Zr05. There appears to be an
increasing trend of Li,Si0,; swelling with respect to burnup. In both
LisZr0O3 and Li,8i0, the swelling at the intermediate burnup which
corresponds to 192 FPD are on the average less than which might be
interpelated from the lower and higher burnup data. 1In both cases the
192 FPD material was fabricated from a different batch of starting
powder, but was made to the same specification as the other two. In
all these materials, swelling appears to be relatively independent of
temperature.

In Figure 8, the volumetric swelling of Li;0 at 700 and 900°C is
much larger than in any of the other lithium ceramics, approximately
8% at 700°C. It appears that there is a nonlinear relationship
between swelling and burnup_at 700 and 900°C. When higher burnup data
(BU > 12 x 1020 captures/cm3) becomes available, the apparent
saturation of the volumetric swelling at a level of about 77 will be
better described.

At 500°C, the LiZO pellets exhibited an overall volumetric
contraction after irradiation. In Figure 9, a comparison of the
volumetric swelling to its two components, axial and diametral
swelling, reveals that the diametral swelling of the Li50 at 500°C is
slightly smaller than, but highly consistent with, the higher
temperature data. However, the axial swelling is very negative at
500°C and is thus the source of the overall volumetric shrinkage. At
700 and 900°C, the axial swelling is actually more than the diametral
swelling values.

VI. SWELLING DISCUSSION

Swelling in these ceramics is envisioned to have two components,
a hard or high modulus component and a soft or low modulus component.
The soft component is produced by internal macroscopic cracks as seen
in Figures 1-4 and microcracks present at grain boundaries. The soft
component is of less consequence since very low stresses can be
induced into neighboring structural material from this type of
swelling. The hard component is, however, almost incompressible in
comparison and originates from swelling internal in the individual
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crystallites. The data obtained cannot be quantitatively separated
into these twe components.

Swelling in irradiated materials is typically attributed to
either Frenkel pair formation and vacancy agglomeration into voids or
to gaseous transmutation product formation and agglomeration into
bubbles. In this irradiation of lithium ceramics, it is anticipated
that the gaseous transmutation products dominate because of the
moderate lithium-6 neutron cross-section and the more permanent nature
of these defects. In addition, atomic displacements occur not only
from the direct knock-on events with neutrons but also from the
transmutation products themselves, Displacement defects, i.e.,
vacancies and interstitials, need only annihilate while the helium and
tritium must diffuse to a free surface in order to be eliminated from
the crystals. Consequently, it is logical to correlate the retained
helium and tritium to swelling. The low swelling of the LiAl0O; and of
the Li;ZrO3 were forcasted by the electron beam irradiations of
Auvray-Gely et al.3

The helium and tritium are expected to take up different sites in
the lattice. The inert helium atoms are expected to take up
interstitial sites while the charged tritium ions can fill negatively
charged lithium vacancies formed during the neutron capture process.
Hence, the helium atoms are much more likely to introduce swelling as
intersitials and have a higher driving force for bubble formation.

Lui et al. have reported significant bubble formation in Lis0
irradiated under slightly different conditions.

As reported earlier, the helium retention in 857 TD LiAlC, and
LiyZr0q was much lower than in 85% TD Li20.1 O0f all the LipZr0O4
pellets, the greatest amount of helium (0.21 x 1020 atoms/cc or 2.34%)
was retained at 500°C _and 297 FPD. The LiAl0, behaved in a similar
manner with 0.23 x 1020 atoms/cc or 2.74%7 helium being retained at the
lowest temperature (500°C) and at 297 FPD (8.5 x 1020 captures/cc).
In contrast, the greatest amount of retained helium in the Li50
pellets was reported to be 2.5 x 1020 atoms/cc or 22.5% at 700°C and
at 297 FPD (11 x 1020 captures/cc). Thus the helium retained in the
Liy0 is approximately 10 times greater than in either LiAl0; or
LisZr03. In order to appreciate how much helium induced swelling is
possible, it is worthwhile to compute the retained helium volume per
volume of sclid breeder. For the maximum case discussed above, the
volume of helium in Li,;0 would be 30 cc/ec at 1 atm and 0.1 cc/ce at
300 atm of internal pressure at 700°C. Thus the volumetric swelling
(AV/V < 10%Z) in the Lip0 at 700°C is qualitatively consistent with
pressurized bubbles slightly larger than 300 atm of internal pressure
at 700°C (AV/V < 10%Z). The radial swelling in Li;O contains a soft
swelling component as seen in Figure 4. The lack of significant
swelling in the Li;Zr0q and LiAlO; is consistent with the low helium
retention in those materials.

The shrinkage of Lij0 at 500°C is far more difficult to explain.
In Figure 9, the veolumetric shrinkage is seen to result from axial
shrinkage while radial swelling occurred in much the same manner as at
the higher temperatures. Taken by itself, one simple explanation is
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that dilational creep occurred with a compressive creep force being
applied axially to the pellet and shear creep resulting in the
diametral strain. The predicted, but unmeasured, stress from the
plenum spring was approximately 187 KPa. Normally creep is expected
to be a thermally activated process such that even more creep would be
expected at 700 and 900°C. However, in polycrystalline studies - and
even more clearly in single crystal creep experiments®, it has been
observed that Li;0 creep is not a simple thermally activated process
at low temperatures. Perhaps the higher retention of tritium oxide or
moisture at the lower temperatures provides for enhanced dilational
creep rates at 500°C in comparison to the higher temperatures.

The shrinkage of the high density LiAlO, pellets is even more
unusual., Although the error bands are proportionately large, there is
measurable densification at both burnup levels. Sintering or creep
could not be used to explain this densification since at 900°C LiAl0,
does not normally sinter or creep. There was a net loss of lithium
from the pellet of approximately 0.6%Z atemic, that is lithium burnup
compared to total lithium, aluminum and oxygen atoms. It is possible
that if complete defect annihilation and helium release occurred, this
could lead to a reduced volume. The retained helium in the 957 TD
LiAlO, was only 0.0179 x 1020 atems/ce, which is less than either the
85% or even the 60Z TD LiAlC, at 297 FPD. The growth of a LiAlgOg
second phase was reported by Auvray-Gely et al. after electron beam
irradiation of LiA102.3 Depending on where a second phase is
deposited in the mocrostructure, it could lead to shrinkage.

VII. CONCLUSIONS

The observed pellet integrity of the Li;Zr04 pellets was best and
could be explained by its moderate thermal conductivity and lower
thermal expansion coefficient. Li,Si0, appeared to have the most
pellet fragmentation which was explained by its low thermal
conductivity and high thermal expansion. The higher density LiAlO,
had better thermal integrity than the 83Z dense LiAlO, in part,
because of its naturally higher thermal conductivity. The high
plasticity of Li;0 provided it with a limited crack growth.

Pellet swelling was very low in Li;Zr0O3 and LiAl0O;. Pellet
swelling was slightly higher for Li,Si0,. Pellet swelling of Lij0 was
very high at 700 and 900°C and is thought to be caused by the retained
helium in these samples. Pellet shrinkage occurred in Lij0 at 500°C
and could be caused by enhanced dilational creep.
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Table 1

THERMAL STRAINS IN IRRADIATED LITHIUM CERAMIC PELLETS

Maximum Strain

Material Density T (C) TCE (-6 em/cm/C) - Difference (Z)*
LiZO 857 32 to 47 29.35 137
Li22r03 857 67 to 114 9,97 14
Li;Si0,  85% 54 to 105 27.1 .285
LiAlOz 607 130 to 144 12.0 .173
LiAlOZ 857 54 to 102 12.0 .122
LiAlOz a5% 40 to 78 12.0 . 006

*Maximum thermal strain difference is calculated from the maximum
temperature difference in the pellets and 500°C thermal expansion
coefficient for the purpose of comparison.

IRRADIATED Li2Z2rO3

192 FPD 297 FPD

RN

HEDL BN

Fig. 1  Photographs of 85% TD LiyZrC; pellets after irradiatiom to
192 and 297 FPD at temperatures of 500, 700 and 900°C.
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IRRADIATED LiAIO2

297 FPD

[ 105 FPD A 192 FPD

J——

—

500°C

700°C

900°C

-

Fig. 2a Photegraphs of 857 TD LiAlQy pellets after irradiation te
105, 192 and 297 FED at temperaturas of 500, 700 and 900°C.

IRRADIATED LiAIO2

" ™ s ~
105 FPD ‘ 192 FPD
95% T.D. -

700°C

300°C|

60% T.D.

700°C

900°C

_/ AN

Fig. 2b Photographs of 95% TD LiAlQ; pellets and 60% TD compacted
LiAl0; pewder after irradiation to 192 and 297 FFD at
temperatures of 500, 700 and 300°C.
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IRRADIATED LisSi04

105 FPD 192 FPD 297 FPD

S

500°C

700°C

800°C

————

Fig. 3 Photographs of 85X TD Li,Si0; pellets after irradiation to
105, 192 and 297 FPD at temperatures of 500, 700 and 900°C.

IRRADIATED Li20

105 FPD 1 192 FPD T 297 FPD

e

Fig. 4 Photographs of B5Z TD Lip0 pellets after irradiation to 105,
192 and 297 FPD at temperatures of 500, 700 and 906%C,
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Fig. 5 The velumetric swelling of 85 and 95X TD LiAlO; at burnupg up
to 8.5 x 1020 captures/cc at temperatures from 500 to 9G0YC.

1.4 T T T T T T T T T
0 500°C [
C700°C - %
1.2 - $900°C -
*NO AXIAL
MEASUREMENTS
1.0 .
08 - -
0.6 é) .
0.4 - m
Le
02 | f §
0.0 0
} L
-0.2 =
i ! L 1 1 1 I I !
0 2.0 4.0 6.0 8.0 10.0

BURNUP {1020 atom/cc)
HEDL BBO%-073.15

Fig. 6 The volumetric swelling of 857 TD Li,Zr0, at burnups up to
9.5 x 1029 captures/cc at temperatures frem 500 to 900°C.
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Fig. 7 The volumetric swelling of 857 TD L1,5i0, at burnups up to 12
x 102 captures/cc at temperatures from 300 to 900°C.

8.0 T T T T T T T T T T T
T

0 500°C

70 gaecc .

$ 900°C

6.0 - -

4.0 -

3.0 - -

1.0 - -

0.0 ]

I
-
o

[}

I

-20 =

—-4.0 ! 1 ! I J | 1 | | I
0 2.0 4.0 6.0 8.0 10.0 12.0

BURNUP {102% atom/cc)

HEDL 8809-073.13

Fig. 8 The volumetric swelling of 85Z TD Li,0 at burnups up to 12 x
10290 captures/cc at temperatures from 500 to 900°C.
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8.0 T T ; T T T 7 T T T T
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a0 - 700°C AXIAL 90G°C AXIAL
) 700°C DIAMETRAL 800°C DIAMETRAL
3.0 | ]
20 | - L o1 _i _
- 7
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10 r 500°C DIAMETRAL ]
0.0
~1.0 - —
~2.0 —
-30 500°C VOLUMETRIC |
-4.0 -
—6.0 ] ] | 1 I 1 1 I ] :
2.0 4.0 6.0 8.0 10.0 12.0
BURNUP (1020 atom/cc)
HEDL B603-073.12
Fig. 9 A comparison of the volumetric swelling to the diametral and
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1. INTRODUCTION

At present, titanium is often deposited on inner surface of plasma
confinement devices. Coating with various low-Z materials has been
also developed for the first wall of future plasma devices. For the
research of hydrogen recycling and safety handling of tritium, it must
be essential to examine the behaviors of hydrogen isotopes implanted
in coated layers.

By using the depth-profiling technique of nuclear reaction D(3He,p)4He,
we have observed the behavior of deuteriums implanted into Ti-deposition

layer on substrates of S85304 stainless steel and nickel.

II. EXPERIMENTAL

Titanium was deposited on polished surface of 58304 stainless steel
and nickel at a thickness of 0.4 to 1.8 um. Implantation of deuterium
ions was carried out at three different energies of <1KeV, 15KeV and
150KeV. The low energy implantation (< 1KeV) was performed by using
the experimental set-up for plasma driven permeation of hydrogen (Fig.l).

1)’2), By keeping

The details of the set-up was described previously
the probe voltage at 1KV, a metal specimen was exposed by a flux
of deuterium ions of energy less than 1KeV. Since the set-up has
no analyzing magnet, the specimens were irradiated by a mixture of
p*, 0," and D, ions.

2 3

Implantation of 15 and 150 KeV ions was carried out by two different
Cockecroft-Walton accelerators at The Radiation Lab. of Kyoto University.
The metal specimen can be kept at around -150°C by liquid nitrogen
during the implantation.
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Probing for the depth-profile of deuteriums implanted in metal
specimens was performed on the Van de Graaff accelerator at The Radiation
Lab. of Kyoto University. A schematic diagram of the analyzing chamber

3He+ of 0.8 or 1.3 MeV was

is given in Fig.2. The incident beam of
collimated to lmm-diameter. A secondary electron shield (Faraday cup)
encloses the sample holder which can hold four specimens. Those are
kept cold by liquid nitrogen. To prevent the implanted deuteriums
from dispersing due to heating by the 3He beam, the current of the
probing beam was maintained under 0.1 pLA.

Two silicon detectors are placed at angles of 165 and 135 degree
with respect to the incident beam to have energy spectra of protons

and alpha particles. To probe deuteriums up to deep locations, energy

spectrum of protons was mainly used for the profiling.

III. RESULTS AND DISCUSSION

An example of experimental results is shown in Fig.3. Titanium
is deposited by ~ 0.4 um thickness on a substrate of $S304, which
was irradiated by deuterium ions of energy less than 1KeV. Though
the projected range of 1KeV deuteron is about 1073 u.m or less in SS304,
you can see in Fig.3 that deuteriums develop their pofile into deeper
location with the increase of irradiation dose at room temperature.
However, it is difficult for deuteriums to diffuse into the endo-thermic
substrates (5S304 and nickel). The interlayer acts as a barrier against
deuteriums, and they accumulate within the Ti-deposition layer.

When the concentration of deuterium was lower than 50 aio, a
peak in the depth-profile was formed near the surface. The concentration,

however, increased homogenously throughout the Ti-deposition layer
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as it becomes higher than 50 /0.

At the beginning of irradiation, the amount of deuteriums in Ti-deposition
layer tended to increase in proportion to the irradiation dose. The
retention ratio of deuteriums, however, decreased rapidly with the dose,
and the concentration could not become higher than 200 4.

The desorption behavior of deuteriums in Ti-deposition layer has been
examined. An example of the results is shown in Fig.4. When an implanted
specimen was annealed sequentially at various temperature, the depth-profile
was changed discontinuously at narrow ranges of temperature. As seen
in Fig.4, the concentration decreased down to V100 /o by annealing
at 100°C for 30 minutes. The profile, however, was kept unchanged
during the successive annealing of 100°C/20min, 200°C/20min and 250°C/35min.
Then, the concentration decreased suddenly down to™ 50 %/o by annealing
at 300°C for 35minutes. The concentration was maintained until the
annealing at 400°C, when the profile changed into a shape as like carved
off a part of surface side. By annealing at 450°C, deuteriums disappeared
from the Ti-deposition layer. It may follow that there are at least
three different energy states for deuteriums in Ti-deposition layer corresponding
to three concentration ranges of <50 %10, 50-100 /o and> 100 %/o.

Now we know that deuteriums get away from the Ti-deposition
layer by annealing at 450°C or higher temperature. However, it is
still uncertain that the deuteriums desorb into the gas-phase or diffuse
into the substrate. It may be important in relation to the hydrogen
recycling and tritium permeation through the first wall.

Judging from the change of profile at 400°C in Fig.4, deuteriums
seem to desorb into gas-phase through the surface. To confirm it,
~a thermal desorption experiment was performed. A deuterium-implanted
specimen was heated gradually to detect the desorbed deuterium gas

by QMA.
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The result is shown in Fig.5. When the temperature reached around
400°C, deuteriums began to release into the gas-phase. The observed
result seems to correspond well to the change of depth-profile by annealing
at 400°C (Fig.4.)

It is very interesting to compare the hydrogen behavior in Ti-deposition
layer on a endo-thermic substrate with that in Ti-metal itself. Deuterium
ions of 15KeV were implanted into Ti-deposition layer by 3x1017(D/cm2).
The specimen was cooled during the implantation. Fig.6 shows the
changé of depth-profile when it was annealed at 300°C for 30minutes.

One may see that deuteriums develop the profile all over the deposition
layer from the restricted location close to the surface.

On the other hand, deuterium ions of 150KeV were implanted into
a titanium metal specimen by 3x1017(D/cm2). Before annealing, deuteriums
distributed around the depth of projected range of about 1 ym. By
the sequential annealing, a secondary peak near the surface was developed
gradually. It showed that a significant fraction of deuteriums has moved
towards the surface during annealing, and accumulated there. Such
a migration of implanted hydrogen isotopes towards the surface has
been also observed in some other metals which form hydrides with hydrogen3)’4) .
It may be clear that one cannot always speculate the hydrogen behavior

in deposition layers from the results observed for those metals.

Iv. CONCLUSION

Applying the depth-profiling technique using the nuclear reaction
D(3He,p)4He, hydrogen behaviors in Ti-deposition layer on substrate
of $8304 and nickel have been observed fairly in details. The experimental

results may be summarized as follows:

— 156 —



JAERI - M 86— 189

i) It seems to be difficult for implanted hydrogen to diffuse
into the endo-thermic substrate (SS304 or nickel). Implanted
hydrogen tends to accumulate within the Ti-deposition layer.

The upper limit of hydrogen concentration in Ti-deposition layer
is ~200 %/o.

ii) Concentration of hydrogen in Ti-deposition layer changes
discontinuously by annealing within narrow ranges of temperature
( <100°C, ~300°C and~400°C). There are three differnt energy
states for hydrogen in Ti-deposition layer corresponding to concent-
ration ranges of <50 210, 50-100 /o0 and >100 %/o. By annealing
at 450°C or higher temperature, all of hydrogen get out into gas-
phase through the surface.

i) Comparing Fig.6 with Fig.7, it should be noticed that the
thermal behavior of hydrogen in deposition layer is quite different

in some cases from that of the metal.
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PERMEATION EXPERIMENTS FOR FUSION REACTOR SAFETY*

G R. Longhurst, R. A. Anderl, and D. A. Struttmann
Idaho National Engineering Laboratory
EG&G Idaho, Inc.
Idaho Falls, ID 83415, USA

ABSTRACT

Experiments have been conducted to observe and investigate the
implantation-driven permeation characteristics of several materials
considered for fusion reactor structures. Materials tested include 304
and 316 stainless steels, Primary Candidate Alloy (a titanium modified 316
stainless steel}, pure alpha iron and the ferritic steel HT-9, and the
vanadium alloy V-15Cr-5Ti. Wafers of these materials each 0.5-mm thick
were exposed to D3+ jons at energies and beam intensities represen-
tative of that seen by surfaces exposed to the plasma of a fusion reactor.
The rates of permeation and reemission of deuterium from the target
specimens were observed as was the spectrum of ion species sputtered from
the target surface. From these experiments it was concluded that surface
conditions strongly influence the implantation-driven permeation of
hydrogen isotopes in these circumstances. The highest permeating fraction
seen was in the vanadium alloy tests. This material showed about 750
times the permeating fraction of the austenitic steels and about 170 times
that of the ferritic materials. To properly analyze the experimental
results it was necessary to use a two-dimensional transport code,

Analysis suggests that while beam~sputtering effects are important in all
the materials tested, for the vanadium alloy, radial diffusion in the
target also strongly influences the results, Safety implications are that
while hydrogen isotope concentrations in fusion structures may not be
Targe enough to alter their mechanical properties substantially, there
will probably be tritium inventories:in those structures sufficiently
large that unmitigated release could be hazardous.

INTRODUCTION

Metal structures exposed to the plasma in tritium-burning fusion
reactors will be subject to implantation-driven permeation (IDP) of
tritium. This comes about because charge-exchange neutral atoms and some
energetic jons strike the surface of the structure and become embedded in
it. This is shown schematically in Figure 1. The resulting transport of
the tritium follows rules which are becoming well understood, but it is
significantly different from gas pressure driven permeation (GDP).
Permeation rates for IDP in fusion structural materials are usually high

* Work supported by the ¥. S. Department of Energy Assistant Secretary
for Energy Research, Office of Fusion Energy under DOE Contract No.
DE-AC07-761D01570.
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Figure 1. Various kinds of jon, neutral, and molecular interactions
take place in a structure such as a first wall exposed to
the plasma of a fusion reactor.

because the tritium atoms enter the material without having to go through
the dissociation and solution steps required of tritium-bearing gas
molecules. These surface processes, which may be rate 1imiting in GDP,
actually enhance permeation in IDP by inhibiting the return of tritium to
the plasma side of the structure.

Experiments have been conducted at the Idaho National Engineering
Laboratory (INEL) to investigate the nature of IDP by simulating
conditions experienced by structures exposed to the plasma. These
experiments have shown that surface conditions are important to tritium
permeation in materials endothermic to hydrogen solution such as
austenitic and ferritic steels. In reactive metals such as vanadium,
surface processes appear to totally control the permeation.

The purpose of this paper is to review the progress of those

experiments and to discuss the implications that the results have
regarding the tritium-related safety concerns of fusion reactors.

EXPERIMENTS

Apparatus

The apparatus used for conductingrlDP experiments is shown
schematically in Figures 2 and 3. Figure 2 shows the general layout of
the facility. The key component is a 10-kV electrostatic accelerator with
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Figure 2. Schematic of apparatus used in conducting implantation-

driven permeation experiments.

a duoplasmatron ion source which is used to produce deuterium ions that
are mass analyzed, decelerated to the energy of interest, and focused onto

a heated target specimen.
molecular ions are selected

%

r implanting into the target.

gas is used in the ion source, and D3*
When used

with net acceleration potentials of 1.5 - 3 kV, impltantation energies of

250-500 eV/amu result.
with a full-width half-maximum radius of 2.7 mm.

The ion beam is effectively Gaussian on the target

Targets used are flange-mounted disks, 25 mm in diameter and usually

G.5 mm thick.
in the test fixture.

Figure 3 shows the way in which these targets are mounted
The target and its supporting structure are

electrically isolated from the housing to permit direct measurement of the

implantation current.

A Faraday cup is also used before and after

implantations to calibrate ion current measurements and to correct for

secondary electron emission.

Heating of the specimen is provided by a radiant electrical resistance
heatér. Target temperatures up to 773 K are routinely used, but some
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Figure 3. Method of clamping target specimens into the test fixture.

tests have reached 873 K. Chromel-alumel thermocouples measure
temperatures of the heater housing, the target support flange and the
target itself. Analysis and measurement of target temperatures have shown
that the target temperature is spatially uniform to within 5 K even with
the beam on. '

Independent vacuum pumping systems maintain pressures of a few uPa
over both upstream and downstream surfaces of the target. Deuterijum
reemission and permeation from the specimens are determined by moniteoring
respective chamber pressures using residual gas analyzers (RGAs). Mass
peaks 2, 3, 4, and 19 are observed. Masses 2, 3, and 4 consistently have
similar history profiles though their intensities are widely different.
Most of the deuterium appears as Do with mass 4. There is enough
residual hydregen present that some appears as HD with mass 3. Some also
appears as HDO (mass 19). This may be due to recombination of deuterium
with hydroxyl ions at the surface or. to exchange of deuterium with
hydrogen atoms in water moltecules eisewhere in the system. Upstream and
downstream target chambers are each connected to calibrated D, leaks
which are used to calibrate measurements of permeation and reemission
rates made using the RGAs.

The facility is equipped with a secondary-ion mass spectrometer {SIMS)
which samples either positive or negative ions emitted from the target
allowing some indication of surface processes taking place during
implantation. Important SIMS mass numbers monitored include 23 (Na),

27 (A1, CoHa), 28 (Si, N, €O, CoHg), 39 (K), 48 (Ti), 51 (V),

52 (Cr), ES (Mn), and 56 (Fe). By monitoring the time histories of the
varijous ion species concentrations, inferences can be made regarding
surface composition changes. Then these may be correlated with permeation
and reemission transient data.

A computer-based data acquisition system is used to acquire time
history information for each monitored mass peak and for other experiment
parameters. Signals recorded inciude time, masses and intensities for the
RGAs and SIMS unit, thermocouple temperatures, beam current, and net
accelerator voltage. Llocally written software performs test data display,
reduction and analysis.
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During a typical test the sample is installed and annealed in vacuum
for 12 to 24 hours. The RGAs are calibrated by valving in the calibrated
D> leaks. The ion current is measured in the Faraday cup and the
indicated beam current signal is compared with that when the beam strikes
a shield masking the target. The shield is then withdrawn, and the beam
is allowed to strike the target. In some tests the beam is interrupted
for periods long enough that the transient behavior of the permeation and
reemission flux signals can be observed.

Tast Results

Experiments have been performed on pure alpha iron, on 304 stainless
steel, on primary candidate alloy (PCA) which is a titanium modified type
316 stainless steel, on HT-9, a ferritic steel, and on the vanadium alloy
V-15Cr-5Ti. Typical results are shown in Figures 4 - 6. Figure 4(a)
shows permeation and reemission histories for a test of PCA at 753 K with
3-keV D3+ ions at 6.5x1019 D/mz's. Periods where the beam is
turned off are clearly reflected in both permeation and reemission
histories. Of particular note is the initially high value of the
permeation flux. This has been observed by other investigatorsl'3 and
is interpreted to be due mainly to the enhanced reemission at the front
surface resulting from erosion from the upstream surface of contaminants
such as oxygen, carbon, and their compounds. This conclusion is drawn
from the correlation between the SIMS measurements of the depletion of
these materials from the surface (Figure 4(b)} and the decay of the
deuterium permeation flux. This intense transient can be regenerated by
exposure of the hot surface to contaminants such as air and to a lesser
extent by just letting the target remain heated for periods of several
hours without an jon flux.

Figure 5(a) shows similar permeation and reemission histories for HT-8
under the same conditions. Figure 5(b} shows the SIMS data for that
test. Not only did the permeating fraction in the initial transient far
exceed the corresponding quantity in the PCA results, but the steady state
permeation flux was about 0.09% of the implantation beam flux in the HT-9
as compared with 0.02% in the PCA case. The higher permeation fraction in
the HT-9 is due principally to the greater diffusivity in the ferritic
steel (bcc structure) as compared with that in the austenitic PCA (fcc
structure).

Both these materials exhibit the same general tendency: an initially
intense permeation transient followed by a much lower steady state value.
A striking contrast is provided by Figure & which is for a similar test of
V-15Cr-5T§ under the same conditions the same as for Figures 4 and 5.
Figure 6{a} shows premeation and reemission flux histories while Figure
6(b) shows SIMS data taken on the same sample at a later time, after the
upstream surface was allowed to regenerate. In this case, instead of the
initially intense transient there is a much slower rise to steady state.
The short-period variations in the curves result from fluctuations in ion
beam intensity and focus. It is also typical of these tests on V-15Cr-5T1
that the reemission signal rises and falls more rapidly than does the
permeation signal, but it is not so abrupt as is observed in tests of
steels. SIMS data shown in Figure 6(b) indicate that most of the surface
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Figure 4, Results of implantation-driven permeation testing of PCA at
753 K with 3-keV D3+ ions; (a) permeation and reemission
histories normalized to the implantation current of
1.5x1015 0/s, {b) SIMS measurements of emissions from the
implantation side of the target for various mass numbers as

indicated.

Effective beam area (FWHM) was 0.23 cmé
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Figure 5. Results of implantation-driven permeation testing of HT-9 at
753 K with 3-keV D3+ jons; (a) permeation and reemission
histories normalized to the implantation current of

1.5x1015 D/s, (b) SIMS measurements of emissions from the
implantation side of the target for various mass numbers as
indicated. Effective beam area (FWHM) was 0.23 cm.
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contaminants are removed during the first seven minutes or so which is
somewhat faster than for the steels.

Perhaps the most significant difference between the vanadium alloy and
the steels is that for vanadium about 15% of the implantation flux
permeates through the target at steady state, 750 times that coming
through PCA under similar conditions even though the vanadium has only
about 50 times the diffusivity of the PCA at these temperatures (for
hydrogen, D=6.32x1077 exp{~5747/T) m2/s for type 316 $S° and
D=8.9x1078 exp(-1311/T) m</s for vanadium®).

ANALYSIS

To extend test results obtained in experiments to real-world
applications, it is critically important that an analytical model capable
of providing accurate scaling be available. Therefore, considerable
effort has gone into the deve1oBment and refinement of computer codes
capable of dealing with 10P.8-10 These are typically one-dimensional
diffusion codes with non-linear boundary conditions which assume Fick's
law diffusion_of single atoms through a medium and second-order
recombination’ at the surfaces. Most are capable of dealing with one or
more traps, and there are varying degrees of sophistication regarding the
deposition of implantation atoms near the surface of the material.

When one is able to successfully analytically model the results of an
experiment using the appropriate parametric constants, there is some
confidence that the performance of a prototype may be predicted using the
same mode] with altered dimensions and/or conditions. The accuracy of the
prediction rests in the quality of the analytical model.

The modeling of IDP processes using TMAP,8 an existing one-dimen-
sional code, gives good results for cases where there is little or no
radial diffusion compared with that in the direction of principal
diffusive flow. Literature values for the diffusivity of deuterium in
vanadium and estimates of the recombination coefficient that may be
expected suggested that over the period of the tests there would be
sufficient radial diffusion through the target that the entire surface
area would be emitting deuterium in significant quantities. This had a
substantial impact on interpretation of the results, so it was necessary
to use a two-dimensional code to model the experiments. A code called
DIFZ2D was written which uses two-dimensional versions of the same
transport and surface process equations used in TMAP. Trapping was
included for versatility, although that feature has not yet been needed to
explain the results seen so far. An additional feature is a local-fluence
dependent upstream recombination-coefficient sticking factor to account
for the sputtering of the upstream surface by the beam.

Even though the permeation spike characteristic in the tests of the
iron alloys did not appear in the vanadium alloy tests, it was evident
that the ratio of permeation flux to reemission flux was changing during
the course of the vanadium alloy tests. This is illustrated in Figure 6.
On the time scale of the experiments the diffusion of deuterium within the
material is effectively instantaneous. This is evident in the immediate
response in the permeation flux to switching the beam on or off. Under
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these conditions, if the recombination coefficients at both upstream and
downstream surfaces were constant, even though they may not be equal, the
normalized permeation and reemission curves would overlap. Instead what
is seen is a significant difference in the shapes of the normalized curves
during the implantation period. This is a compound effect resulting from
the filling of the sample with deuterium, the modification of the upstream
surface conditian by the ion beam, and the radial diffusion of deuterium
in the target. :

Figure 7 illustrates the extent of this radial diffusion by
presenting concentration profiles calculated with the DIF2D code for the
experiment whose results are shown in Figure 6(a). The curves of Figure 7
are normalized concentration profiltes calcultated with DIF2D. Near the top
of the tick-marked vertical axis in each plet is the maximum deuterium
concentration fraction. The distribution is shown over half the cross
section of the target with the centerline to the left. The axial and
radial distance scales are different for clarity {recall that the target
radius is 12.5 mm while its thickness is only 0.5 mm), with the radial
axis extending to the right and the axial axis receding. At the top of
each plot is the elapsed time in seconds labelled with "T", the permeation
current (D/s) labelled with "JP", the reemission current (D/s) labelled
“"JR", the upstream center11ne recomb1nat10n coefficient value called
"KRl(c/])" having units of (m /s}, the uniform downstream recombination
coefficient (m4/s labelled "KR2", and the ratio (Ji/Jo) of the present
beam current to the reference va]ue.

Ancther interesting feature of the curves in Figure 6{a) is that the
reemission fiux drops precipitously upon interrupting the ion beam while
the permeation flux takes much Tonger to decay. This may be explained
qualitatively by again considering the profiles of Figure 7. The upstream
surface is sputter cleaned by the beam whose profile is shown in the
horizontal plane, for times when the beam is on, with the amplitude (D/s)
given adjacent to the profile apex. The modeling of the change in
recombination coefficient in the DIF2D code is

Kr = Kp@ + AKp [1 - exp(-F/Fc)] (1]

where F is the local ion fluence received and F_ is an experimental
constant related to the ability of the ion beam to modify the target
surface. Kro is the initial value of the recombination coefficient,
and AK, is the change that takes p]ace in K. under the action of the
jon beam For 1arge values of F, K. is assumed to approach the value
given by Baskes' model (Ref. 7) w1tF a sticking factor near unity.

Late in the implantation period, when near steady-state conditions
apply, the central part of the target has a much higher recombination
coefficient than does the outer {major) part of the upstream surface or
the downstream surface. Most of the reemission flux is coming through the
part of the target impacted by the beam. The permeation flux, on the
other hand, is coming from the entire downstream surface of the target.
The higher concentrations toward the center of the target are offset by
the larger area emitting deuterium at lower concentrations toward the
outer edge of the target. The deuterium in the vicinity of the sputter
cleaned surface leaves very quickly when the beam goes off because the
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Figure 7. Calculated deuterium concentration profiles for the
V-15Cr-5T4 target in the test shown in Figure 6(a) for the
elapsed times indicated. The beam stopped at 6600 seconds.
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recombination coefficient is so high there. Most of the deuterium in the

outer periphery of the target then diffuses radially inward to get out.

The permeation flux changes much more slowly because the area-average

deuterium concentration remains high. Hence, when comparing permeation

and reemission fluxes which have been normalized to their maximum

values,he normalized permeation flux appears to remain high for a longer
. period than does the reemission flux.

The larger permeating area for the vanadium alloy experiments, when
compared with the smaller permeating area in similar tests in steel where
radial diffusion is minimal, contributes to the much higher permeation
fraction in the vanadium alloy tests. This permeating fraction ratio
could be reduced by roughly a factor of 10 if the whole surface of the
target had been irradiated with the jon beam, making the transport one-
dimensional, ’

The reemission and permeation histories of Figure 8 were calculated by
DIFZD for the test conditions of Figure 6 and correspond with the
deuterium density concentrations shown in Figure 7. Figure 8 is a fair

approximation to the curves in Figure 6. (Note that the curves of Figure 6
were not fully normalized for clarity.)

U-15Cr-511 Perseation (solid) and Reemission (hroken)

188 % r o \
‘,,.--""-:_:"'""_—
] ,f'” -
- f”f
/
- )
sgy b/ |
[ \
-l \
\ ~._
- \\ T
B 7 1 i s | ] ! a L
B 7 138
Time (min) o 5254

Figure 8. Calculated reemission and permeation histories for the test
shown in Figure 5(a) using the DIFZD code.
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The parameters for computations were obtained as follows: The
diffusivity of deuterium in the material was estimated from permeation
breakthrough times. Then the permeation and reemission histories were
~ integrated and compared with beam fluence at the time the beam was stopped
to give an estimate of the average deuterium concentration in the sample.
The ratio of the reemission current to the permeaticn current, when
divided by the estimated ratio of the sputter cleaned area to the target
downstream area gives the approximate ratio of the upstream and downstream
recombination coefficients. Those combined with the average deuterium
concentration is sufficient to estimate the magnitude of each recombina-
tion coefficient. The critical ion fluence for sputter cleaning is then
adjusted to give the appropriate approach rate to steady state. A check
on the validity of the parameters is that the rise time and concentration
both match well with experimental data.

SAFETY IMPLICATIONS

A principal concern for safety in fusion reactors is the assurance
that there will be no significant hazard to site empioyees or to the
public from exposure to tritium. Such exposure may come if tritium or
tritiated materials or fluids are released from the fusion reactor or its
associated equipment in unacceptable quantities. Some leakage is
unavoidable under routine operating tonditions. It comes as tritium
slowly diffuses through structures, as tritiated water seeps from valves
or fittings, or as gases containing trace gquantities of tritium are vented
to the stack. Loss rates for all these processes should be small,
nrobably only a few curies per day. Achievement of such a Tow rate
requires careful attention to detail in the design, fabrication, and
maintenance of the fusion facility, particularly the tritium fuel
processing systems.

Another concern is that some structures, such as a first wall or
limiter, may acquire a large inventory of tritium which may be released in
the event of an accident. This is possible in loss-of-coolant or loss-of-
flow situations where the structure may undergo a severe thermal
excursion. These possibilities make it important to accurately predict
the permeation rate and inventory of tritium in fusion reactor structures,
particularly those exposed to the plasma.

The experiments described here have helped us to better understand the
processes occurring during implantation driven permeation of hydrogen
isotopes. Among the things learned from these experiments are the
following:

One concept supported by experiments on HT-9 and pure alpha iron was
that the behavior of the alloy under IDP was very similar to that for the
pure alpha iron. Also, the austenitics tested gave similar results to
each other, though different from the ferritics. This is valuable because
often detailed information on a particular alloy's permeation character-
jstics is not available. Use of data for the base material may provide a
good substitute. The generality of this concept has yet to be proven,
however.
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Next, vanadium or its alloys, while desirable for their ability to
withstand high temperature and high neutron fluences, will have much
higher tritium permeation of charge exchange neutrals and plasma ions than
will iron alloys. Likewise, the ferritic alloys will display greater
permeation than will the austenitic alloys under similar conditions. To
reiterate results quoted earlier, in these tests under similar conditions
V-15Cr-5Ti was found to have about 750 times the permeation of PCA and
about 170 times that in the HT-9. The two dimensional nature of the
experiments appears partly responsible for the high permeation fraction in
the vanadium, and the actual ratio in a triuly one-dimensional situation
may be only about 100.

The deuterium inventories estimated from the calculations performed to
model the experiments were in the range of 10 to 100 appm. The modeling
done did not require the presence of traps in the bulk material to
adequately represent the transients and steady state fluxes. While it is
expected that radiation damage, both from the implanting particltes and
- from neutrons, will result in the formation of traps, many of those traps
will be annealed at working temperatures which should be similar to the
ones used in these experiments. Tritium inventories in structures made of
the materials tested will probably not be so Targe that material .
properties will be affected, however, an accident which results in the
release of say 100 appm of tritium (70 g in a first wall 5 mm thick and
400 m% in area) would be significant. The highest concentrations were
estimated for the vanadium alloy.

The presence of the permeation spike seen in the steel tests suggests
that if a steel surface is continually cleaned by erosion of surface
contaminants by the plasma, the permeating fraction of tritium implanted
into the material will be the low steady state values. Coating of the
plasma-side surface by a material with a high recombination coefficient
should reduce permeation even further. However, if there is deposited on
the steel surface a layer of other material which hinders recombination of
implanted tritium, or if delays between plasma burns are sufficiently long
that surface oxidation occurs, then higher permeation rates should be
expected. -

Finally,experience gained here suggests that for ferritic steels,
alpha iron, vanadium alloys, or materials of similarly high diffusivity,
it will be very important to use two or three dimensional transport codes
to estimate tritium permeation. This will be particultarly true in
components such as divertor plates and limiters where loadings may be
highly non-uniform.
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No.16 : Permeation of Deuterium Implanted

into Nickel

T. Nagasaki, R. Yamada, M. Saidoh, and H. Katsuta

Japan Atomic Energy Research Institute

I. INTRODUCTION

While some models for plasma driven permeation(PDP)
have been proposed —— for example Doyle et al. [1] ~ [3]
have formulated hydrogen transport in materials using their
simple model and <classified the steady-state hydrogen
transport by rate-limiting processes, there are not enough
data to be compared with the models; Even the dependence of
permeation flux on such parameters as temperature, incident
flux, and incident energy has scarecely been measured
systematically vyet. Therefore we have been studying PDP
experimentally with the following two objectives. One is to
study how the permeation flux at steady state depends on
parameters and the other is to identify the rate-limiting

processes comparing the experimental results with a model.

Il . EXPERIMENTAL

For deuterium implantation was used a 5 KV accelerator
with a duoPIGatron ion source, an-analyzing magnet, and an
electrostatic lens. Figure 1 is a schematic drawing of the
sample head assembly, which was set up in the target chamber
of the accelerator system. The base pressure in the target

chamber was typically 2x10*% Pa; it rose up to 8x10° Pa
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durihg implantation. The deuterium permeation rate was
measured with a gquadrupole mass spectrometer.
The sample was 99.99% pure nickel foil of 15 mm in

diameter and 0.124 mm in thickness.

1. MODEL

In our experiments the rate of gas driven permeation
(GDP) was comparable to that of PDP above ~300°%. Thus we
have slightly modified Doyle's model [1] ~ [3] considering
GDP to apply 1t to the experimental data.

We have obtained

K-
Jep = ——— ¢» (1)
Ki+ K=

when the rate of hydrogen transport in the material is
recombination limited 1n both sides of the implantation

plane(RR regime),

D> [ ¢s / .
Jp = 1+ -1 (2)
Xo K:L ¢G
GeD?
Je 1+ ——— =1 (3)
K]_XOZJGZ

when it 1is recombination limited in the injection side and

diffusion limied in the back side(RD regime), and

D R
Jp = $p (4)
D, Xo

when it is diffusion limited in both sides(DD regime),

where ¢¢ is the penetrating hydrogen flux from the gas, ¢,
the penetrating hydrogen flux from the ion beam, J¢ the flux
of permeation driven by the hydrogen gas before and after

hydrogen ion implantation, J, the permeation flux increment
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caused by implantation, %, foil thickness, R projected range,
D; the diffusion constant in the inijection side, D, the
diffusion constant in the back side, K, the recombination
coefficient at the injection surface, and K, the

recombination coefficient at the back surface. It 1is
noteworthy that J; depends on Js in the case of the RD

regime.

I¥v. RESULTS AND DISCUSSION
- Temperature dependence of J.

Temperature dependence of J, was measured 1in the range
from 100 to 1000°C with 5 keV Dy'. The results are shown in
the lower part of figure 2. While Jr. increases with
increasing temperature above ~300°C, it 1is nearly constant

below ~300°C.

. The dependence of Q, on I
5 keV Dit beam of 10 to 55 ulAA —— deuterium atomic flux
of 0.2x10" to 1.1x10*® cm?s! — was directed onto the

sample, and the increment Q.{«J,) of the permeation rate was

measured as a function of the beam current I{(cc ¢;). The
results are shown in figure 3. The values n are gradients
of the fitted lines, that is, Jr cc ¢, n is 0.7~0.8
above 400°C, while n is larger than 1 below 300°C. The

temperature dependence of n is shown 1in the upper part of
figure 2. The transition region of n is corresponds to that
of Je. We think that the transition results from that of

the rate-limiting processes for deuterium transport in the
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sample. According to equations (1)~(4) it is in the RD
regime that n can be smaller than 1. Figure 4 shows
normalized J; calculated by equation (2) as a function of
normalized ¢e. Since J:/Js in the experiments falls in the

redion indicated in the figure, we think the calculation for
the RD regime reproduces the I dependence observed above

400°C.

+ The dependence of Q: on Q'

Deuterium gas was feeded into the target chamber to
increase the rate Qs' of GDP before and after implantation,
and was measured the increment Q. of the permeation rate
caused by &5 keV Dy implantation at atomic flux of
1.1x10%cm?s™t, The results are shown in figure 5. Qs
decreases with increasing @;' above 400°C, while it remains
approximately constant at 270°C. According to eguations
(1)~ (4) it is in the RD regime that J.(Q.) can decrease with
increasing Js(Qs). Figure 6 shows normalized J, calculated
by equation (3) as a function of normalized Je.. Since J./Je
in the experiments falls in the region indicated 1in the
figure, we think the calculation for the RD regime
gualitatively reproduces the Qs' dependence observed above

400°C.

+ The dependence of J, on E
3 keV Dy, 4 keV D;*, 5 keV D/, and 5 keV D, were
directed onto the sample at deuterium atomic flux of

Ex 10" cm?s™, and J, was measured. The results are shown
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in figure 7 as a function of the incident energy E per
deuterium atom. Je hardly depends on E at 600 and 900°C,
while it increases with increasing E below 400°C. The model
predicts that J» is independent of E(R) in the RR and RD
regimes and that J, increases with increasing E(R) in the DD
regime. Therefore we think that the transport regime below

~400°C is basically DD.

From the above discussion we conclude that the
transport regime is basically RD above ~400°C and DD below

~300°C.

V. SUMMARY

The dependence of J,(Q.) on T, I, Qs', and E was
measured for nickel foil with deuterium ions of 3~5 keV.
The transport regime was found to be basically RD above
~400°C and DD below ~300°C under our experimental

condition.
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No.17
TRITIUM DIFFUSION IN METALS UNDER THERMAL GRADIENT

Masayasu Sugisaki
Department of Nuclear Engineering, Faculty of Engineering

Kyushu University, Fukuoka, Japan

The heat of transport Q* of H, D and T was determined
in V, Nb, Ta and Ti by measuring the redistribution of hydrogen
isotopes induced by the thermal gradient. The large isotope
dependence of Q* was observed in V, Nb and Ta, but not
confirmed in Ti.

The heat of transport Q* of hydrogen isotopes in other
metals and alloys such as Ni, a-Fe, V-Nb, V-Cr and V-Ti
reported by other investigators was reviewed and the common
trend of isotope dependence of Q* such that Q$>QB>Qﬁ was
pointed out for hydride-forming metals and alloys.

The influence of the thermomigration upon the tritium
permeation through metals and alloys was discussed on the
basis of the experimental data of Q* and the general formulation
of tritium recycling and permeation.

It was pointed out that the tritjum permeation was
considerably enhanced by the thermomigration in the case of
hydride-forming metals and alloys and suppressed in the case
of non hydride-forming metals and alloys, and that the isotope

dependence of the enhancement cannot be neglected.
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1. Introduction

In a future power fusion reactor, the first wall may be
exposed to a severe thermal gradient, so the tritium recycling
and permetation processes may be influenced by this thermal
gradient. We have pointed out the importance of taking into
consideration of the thermomigration of tritium for estimation
of tritium permeation through a wall exposed to the thermal
gardient.(l)

Recently, the importance of taking into consideration
of the non-isothermal condition for the estimation of the
tritium permeation has been recognized and some general

(2-5) However, the experimental

formulations have been developed.
data of a heat of transport Q*, which represents the magnitude
and direction of the thermomigration, are scarce even for H
and D in metals and alloys, in particular the data for tritium
are very scarce. So, we have been carrving out the
measurement of Q* for H, D and T in metals and alloys in series.
In the present paper, we shall report our recent data of
Q* of hydrogen isotopes in some metals and review the data of
Q* reported by other investigators. On the basis of thesé
data of Q* and the general formulation of tritium transport
through a first wall, we shall discuss the tritium permeation
processes through some metals and alloys subjected to the

thermal gradient, and explain the important role of the

thermomigration.
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2. Principle of Measurement of Q%
The diffusion of hydrogen isctopes in metals under the

thermal gradient can be expressed by the eguation,

(dC cQ* dT 1)
J=-D (— + —_— 1
dx E?f dx )

where J is the diffusion flux; D the diffusion coefficient;
Q* the heat of transport; C the concentration; T the
temperature; X the space coordinates; and R the gas constant.

When a metal, in which hydrogen isotopes are uniformly
dissolved, is subjected to the thermal gradient, the diffusion
flux is brought about due to the thermal gradient (a second
term in eg{l)) in spite of the situation that the concentration
gradient does not exist initially. Then, the concentration
gradient is gradually built up in the direction either down
or up the thermal gradient dependent upon the sign of Q*;
simultaneously the ordinary diffusion (a first term in eq. (1))
starts in the direction such that the induced concentration
gradient is cancelled; and finally those two diffusion fluxes
are counterbalanced and the stationary concentration
distribution is built up. Then, the magnitude of Q* can be
determined by measuring the built-up concentration
distribution.

In the present experiments, the rod-shaped specimens of
V, Nb, Ta and Ti were used, the dimension of which was 2 mm
in diameter and 50 mm in length. They were loaded with
tritium with a gas absorption method, in which the tritiated
hydrogen gas was used. The specific activity of tritium of

the gas was 870 pCi/mol. The atomic ratic of hydrogen
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isotopes to metal was adjusted to be about 0.0l1. The overall
surface of the hydrogenated specimen was coated with a Cu film
{0.1 mm in thickness) by electrodeposition from a CuSO4
agueous solution in order to prevent the leak of tritium out
of the specimen at high temperatures. The thermal gradient
was imposed in an axial direction of the specimen and its
magnitude was adjusted to be about 10°C/cm.

After the diffusion, the specimen was quenched down to
room temperature and cut in halves. The tritium content in
each half was measured by use of liguid scintillation counting,
the details of which was previously reported.l

According to the theory of the thermal diffusion
the redistribution of tritium in the specimen is expressed bv
the following equation,

Q*aT w Dt

i, - N
._L_...__.H_ 2) '}_exp (_

Sy
——~

I~y
—

= tanh (

nL nH 4RT

where n, and n, represent the tritium contents in the lower
and higher temperature halves of the specimen; T is the
temperature difference_between the ends of the specimen; 1 is
the length of the specimen; and t is the time for which the
thermal gradient is imposed. Then, the values of 0* and D

can be determined by measuring the left-hand side of eq. (2}

as a function of the time ¢t.
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3. Experimental data of Q*

In this section, we shall briefly explain our experimental
data of Q* for H, D and T in V, Nb, Ta and Ti and review the
data of Q* reported by other investigators. Pincipally, the
value of Q* can be classified into two cases; one is a vositive
value of Q* and the other is a negative value. So, we shall

explain the data of Q* in each case.

3.1. Case of posgitive Q%

The value of Q* for hvdrogen isotopes is positive in all
previously measured hydride-forming metals. In Fig. 1, our
experimental data of Q* for V, Nb and Ta are summarized.(G_g)
The values of Q* for H and D in these metals were also
measured by Peterson and Smith(g) and the both data are in
good agreement. In Fig. 2, our experimental data of Q* of

tritium in Ti(lOJ:are shown in comparison with the data reported

by Kitada & Koda.(ll)
In Figs. 3, 4 and 5 the experimental data of Q* for H and
D in V-Nb, V-Cr and V-Ti alloys reported by Peterson and

Smith(lz) are shown.

The characteristic point of Q* in these matals:and alloys

is the large isotope dependence such that Q% > QB > Qﬁ.

3.2. Case of negative Q*

The cases of negative values of Q* previously reported

(13)

are a-Fe and Ni. Their values are shown in Fig. 6. The

isotope dependence of Q* in these metals is not clear; i.e.

>’Q§] in the case of Ni and IQE|<|Qﬁ‘in the case of a-Fe.

QI’S
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4. Contribution of thermomigration to tritium permeation
The energetic D and T ions and neutral atoms escaping
from the plasma penetrate into the inside of the first wall
and accumulated near the front surface of the wall. These
D and T atoms thermally diffuse in both directions of the
front and back -surfaces of the wall as is schematically shown
in Fig. 7. |
When the first wall is subjected to the thermal gradient,
these diffusion fluxes are inevitablv influenced by the
thermal gradient. As is shown. in Fig. 8, the ordianry
diffusion flux due to the concentration gradient is enhanced
by the thermal gradient in the case of Q*>0 and suppressed in
the case of Q*<0 under the usual reactor condition. We shall
evaluate these effects on the basis of the experimental data
of Q* and the general formulation developed by Dovle and Brice.(z)
Before discussing the thermomigration effect, we have to
distinguish the rate-determining processes of tritium transport;
the first situation is that the diffusion process contréls
the recycling and permeation processes; the second is that
the recombination process at the front surface controls the
tritium recycling and the diffusion process controls the tritium
permeation; and the third is that the recombination process
at front and back surfaces controls the tritium recycling and
permeation. The predominace of these processes is determined
by the interrelation between the recombination and diffusion
rates, and dependent upon the temperature and in some cases
also upon the surface condition and the existence of trapping

effect inside the wall.
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On the basis of the experimental data of diffusion
coefficient and recombination coefficient of hydrogen
isotopes, the rate-determinig processes are calculated in
Fig. 9, in which R represents the recombination-controlled
process and D stands for the diffusion-controlled process.

In Fig. 10, the tritium permeation fraction is calculated
under an iscthermal condition. In Fig. 11, the tritium
permeation fraction 1s calculated under a thermal gradient,
in which the temperature at the outer surface is kept 100°C
and the temperature at the inner surface is varied. In this
calculation, the contribution of the thermomigration is not
taken into consideration.

In Fig. 12, tritium permeation fraction is calculated
under a thermal gradient by taking into consideration of
the thermbmigration. As is seen in these figures, the
tritium permeation is enhanced by the thermomigration in the
case of hydride-forming metals and suppressed in the case of
non hydride-forming metals.

In Fig..lB, the isotope dependence of hydrogen isotopes
permeation fraction is shown. As is seen in this figure,
the tritium permeation fraction is very large compared to
other hydrogen isotopes. Therefore, if the contribution of
the thermomigration is neglected, the tritium permeation

fraction would be underestimated.
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5. Conclusions

(1)

(2)

(3}

(4)

The heat of transport Q* of H, D and T has been
measured and the large isotope dependence has been
confirmed.
Summarizing our data of Q* and those reported by other
investigators, the common trend of the isotope dependence
such that

01 > Op > Of
has been pointed out for hydride-forming metals and alloys.
The tritium permeation rate is considerably enhanced by
the thermomigration in the hydride-forming metals and
alloys and suppressed in the non hydride-forming metals.
The isotope dependence of enhancement of the tritium
permeation cannot be neglected, so the data of Q* of
tritium need to be accumulated for a large number of

metals and alloys.
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No.18 Tritium Retention in Graphite

R.A. Causey and K.L. Wilson
Sandia National Laboratories
Livermore, California 94550

The hydrogen isotope retention for samples exposed to a high fluence of 100
eV deuterons and tritons has been measured for the graphites ATJ-2000,

Great Lakes H-451, Schunk and Ebe FE-159, and FMI 4-D weave carbon composite.

These measurements were performed at a series of temperatures, and results
wvere compared to earlier results for POCO AXF-5Q graphite. Both grain size
and amount of open porosity were found to affect the amount of retention.

1. Introduction

Graphite has recently emerged as one of the more important materials
for use in present-day fusion reactors. Its use as a limiter effectively
lovers the amount of high-Z impurities in the plasma; however, there may
soon develop a problem with tritium inventories as today’s machines begin
to experiment with D-T plasmas. As a limiter material, graphite will be
exposed to very high fluences of energetic tritium ions and charge
exchange neutrals. Because graphite normally hgs a very high specific
surface area and a known affinity for hydrogen iscotopes, it is quite
likely that it will pose a problem for machines with limited on-site
tritivm inventories.

This paper presents the results of an experimental study on the
retention of deuterium and tritium in several different graphites
exposed to very high fluences of 100 eV ions. The graphites tested
were ATJ-2000, Great Lakes H-451, Schunk and Ebe FE-139, and FMI 4-D weave

carbon composite. The results are compared to those for POCO AXF-5Q,

«This work supported by U.S. Department of Energy.
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a graphite vhose tritium retention properties were given in an earlier

reportl.

2. Experimental Procedures

All experiments were performed in the Tritium Plasma Experiment (TPX),
vhich has been described in detail elsewherez. It is a plasma discharge
apparatus utilizing rf heating and magnetic confinement vhere the energy
of the ions striking the sample is controlled by applying a negative bias
to the electrically isolated sample holder. The plasma feed gas used_to keep
the system at the required 0.66 Pa was 99X deuterium and 1X tritium. Besides
singly charged diatomic ions, the fluxes and fluences listed in this report
include low energy neutrals. These occur in approximately equal proportions in
this experimental apparatus. The flux was maintained at 3.7x10%¢ D/cm?-s
for 1.5 hours to yield a fluence of 2.0x10?° D/cm?. The graphite samples
vere 1.0 cm wide, 1.5 c¢m long, and 0.1 e¢m thick. Sample preparation consisted
of ultrasonic cleaning in alcohol, followed by an anneal at 1273 K
for 1 hour in vacuum. After plasma exposure the samples wvere dissolved in
chromosul furic acid. The acid solution was then partially distilled to yield a
small tritiated vater sample for liquid scintillation counting. Calibration
vas performed by adding known amounts of a tritiated water standard to the acid
solution during dissolution of uncontaminated graphite samples. The deuterium
content of the samples were determined by multiplying the tritium content by

the isotope ratio in the plasma.

3, Results and Discussion
Figures 1 through 4 show the comparison of the deuterium-tritium

retention in the different graphites to that reported earlier for POCO
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grains, the atoms have to diffuse relatively large distances to uniformly
load the sample. Because these experiments were limited to 1.5 hours,
there was not time for this to occur even at the highest temperature of
1473 K. This would explain the lover retention in the carbon composite
where the individual strands are small, but the porosity is also small.
The lower retention in the Great Lakes H-451 graphite is due to a similar
effect. Its grain size of 700 um, about 70 times that of POCO graphite,
prevents even approach to equilibrium during the 1.5 hour exposure. The
limited retention in the other two graphites at the higher temperatures
is not understood at this time. Both materials are thought to have
moderate grain size and porosity. As the effect of impurities on the
retention has yet to be investigated, it is not possible at this time to
conclude that this was the determining factor.

Vork will be continued on the measurements of tritium and deuterium
retention in graphite. The ultimate goal of thié research is the ability
to predict the hydrogen isotope retention in any type of graphite if the
grain size, amount of open porosity, and impurity levels are known. This
knowledge along with an understanding of hydrogen and carbon codepositicn
will allow fairly accurate projections for tritium inventories in present

and future fusion reactors.

4, Conclusions

Of the five different graphites tested in this research project for
deuterium and tritium retention due to plasma and gas exposure, POCO AXF-5Q
retains the highest amount at the higher temperatures, and ATJ-2000 retains

the highest quantity at lower temperatures. The FMI 4-D veave carbon composite
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shoved consistently low retention at all temperatures. Both grain size and

amount of open porosity appear to affect the amount of retained hydrogen

isotopes.
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No.1l9 Conversion of Tritium Gas to Tritiated Water
at Low Tritium Concentration*

E. Noguchil, C. E. Easteriyz, and M. E. Bennet

nepartment of Health Physics
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

2Health and Safety Research Division
Chemistry Division

Oak Ridge National Laboratory

Oak Ridge, Tennessee 37831, U. S. A.

ABSTRACT

The conversion reaction of tritium gas (T,) to tritiated water was
studied experimentally at initial tritium concentrations between 2.6%x 1074
and 1.3 Ci/mS in air. Effects of water vapor and catalysts on the conver-
sion reaction were alsc examined. The potential catalysts, stainless
steel, copper, paint and platinum black were used.

It was found that first-order rate constants for the reaction in air
are independent of initial tritium concentration, and that there is no
effect of water vapor on the reaction. The conversion was insensitive to
the presence or absence of stainless steel and copper. Paint, which did
not influence the rate constant, sorbed Te and ETO, but the latter was
desorbed from the paint by heating. Platinum black produced a remarkable

increase of the rate coanstant,

* Research conducted at the Oak Ridge National Laboratory uander the U.S.A.
-Japan Fusion Cooperation Program. Partial support provided by the
Fusion Safety Program, EG&G Idaho, under Hartin Marietta Energy Systems,
Inc., Contract DE-ACO5-0R21400 with the U.S. Department of Energy.
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INTRCGDUCTION

Tritium gas can be converted into tritiated water owing to variocus
environmental factors. Since tritiated water is about 25,000 times more
radiotoxic than tritium gas [1], the conversion reaction produces an
increased radiological hazard for workers and the public.

The conversicn inside a building (e.g. a fusion reactor room) is
different from that in the natural environment. The former is mainly due
to tritium B -ray induced reactions and catalytic reactions. A dominant
reaction in the eavironment is probably oxidation by amicroorganisms in
soil [2].

In the design of a fusion reactor roowm and in partvicelar an air
detritiation system, it is essential to determine a conversion rate of
tritium gas to tritiated water at low tritium concentration. The tritium
concentration in the reactor room is estimated at ~1 Ci/m® under accident
condition. Adsorption/desorption of tritiated water vapor at the wall
surface of the reactor room wiil influence the flow rate of the air
detritiation system [3].

Conversion of tritium gas in the gas phase, which is related to a
reaction inside a building, has been studied by several workers over a
tritium concentration range of 1073 1o 108 Ci/w3 [4-8]. Dorfman and
Henmer {4] found that conversion of tritium gas in a mixture of hydrogen
and oxygen is first-order concentration dependeﬁt for tritium concentra-
tions between 9.4x% 10% and 3.2x10° Ci/m3. Casaletto et al. [5] described
that both conversion reactions in dry air and in oxygen were second-order
dependent for the concentration between 10 and 102 Ci/m3 and that the
conversion was caused by B particles emitted from tritium. Belovodskii
et al. [6] observed that the conversion reaction had a 5/3 power depend-
ence on concentration over-a concentration range of 1 to 600 Ci/m? in
humid air and in a mixture of oxygen and argon. At lower tritium concen-
trations, our previous data [7,8] indicated that the rate constants of the
conversion reaction in air and in nitrogen are independent of initial Ty
concentration over a tritium concentration range of 1072 to 1-Ci/m3.

On catalytic conversion reaction, Eakins and Hutchinson [9] found

that steel, aluminum and platinum increase the rate constants for the
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conversion in dry air by factors of 7.5, 7.0 and 43, respectively, at an
initial tritium concentration of 20 Ci/m®>.

We have measured the rate constants for the Ts conversicn reaction
at a low initial concentration of 2.6X 104 Ci/mg, which is lower than
the concentration in our previous experiment by about one order
of magnitude, and have also examined the reaction at initial To concentra-
tions between 1073 and 1 Ci/m® to confirm the previous data. Further, the
isotopic exchange reaction of T9 with water vapor and the catalytic
reaction on surfaces of stainless steel, copper, platinum black and paint

were studied at low concentrations,
EXPERIMENTAL

Twe types of reaction flasks were used in the experiment: (1) Pyrex
spherical flasks (about 320 cm®), and (2) Pyrex spherical flasks (about
360 cm3) which separate at the eguator and have ground-glass flanges to
maintain the integrity of the system [8,10]. The former were used for the
gas phase reactions and the latter for the catalytic reactions. The
flasks are shown in Fig. !. Both flasks have a cylidrical branch to
capture produced HTO with liguid nitrogen.

After evacuating to ~10"% Pa, the flasks were filled with the desired
amount of Te gas. They were then filled to atmospheric pressure with
either room air (RH 15-80 %) or humidity controlled air (R ~0 and ~100 %).
In the catalytic reaction studies, catalysts were inserted intoc the flasks
before introducing Tz gas. Stainless steel, copper, platinum black and
paint {nil base semi-gloss ecname!) were chosen as catalysts in the experi-
ments. The stainless steel and copper foils were cleaned with carbon
tetrachloride and were then dried before inserting into the flask.

Powdery platinum black of 7 g attached to a stainiess steel foil with
epoxy resin and enamel painted on a stainless steel foil were used as the
catalysts. The characteristics of these catalysts are shown in Table 1.

Stopcocks and ground-glass joints were lubricated with Apiezon H
grease. Wigh vacuum silicone grease was used for the flanges.

The flasks prepared for the gas phase and the catalyst experi-

ments were kept at a room temperature for periods ranging fram | day to
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3 months and were then assayed for both reacted and unreacted tritium
using a sampling apparatus depicted in Fig. 2. The branch of the flask
was immersed in liguid nitrogen to capture produced HTO. Helium gas was
then passed through the flask to sparge Tp gas which was then oxidized to
BTG by passage through a bed of copper cxide at ~600 “C. The HTO was then
captured in liquid nitrogen trap No. 3. After the helium was passed
through for ~1 hour, hydrogen gas was added to produce non-radioactive
water in sufficient volume to allow more efficient removal of the trace
amounts of HTO in trap No. 3 by acting as a diluent.

Concentrations of initial Tg and produced HTO were cbtained by
measurement of the corresponding activities in a liquid scitilliation
counter. Percentage of conversion, F, was calculated using these concen-
trations as follows:

F = 100[HTO)/[T91p = 100{1-exp(-kt)}, (1)
where [HTOJ] is the radioactive concentration of HTO produced, [Tyl is the
initial radioactive concentration of Tg, k is the first-order rate con-
stant, and t is the time. The conversion percentage was kept below 3 % in
most cases. Therefore, equation (1) was approximated by

F = 100kt. (2)
RESULTS AND DISCUSSION

1. Conversion of low concentration Ty in air

The conversion percentage of Tg in air at an initial concentration of
2.6x10°% Ci/m3 is shown in Fig. 8 as a function of time. The percentage
was directly proportional to the elapsed time. The rate constant was
found to be 2.3X 1079 57!, using equation (2) and the method of least
squares. The straight line in the figure was not drawn through the origin.
The increase on the ordinate from the origin was most likely cassed by a
contamination of small amount of tritiated compound that entered into the
flasks during the preparation.

In the present experiment, siX rate constants were obtained over the
initial Ty concentration range of 2.6x10°% to 1.3 Ci/m®. In Fig. 4, the
rate constants are plotted agaist the initial tritium concentration.

Experimental data obtained by other workers under the condition of higher

— 212 —



JAERI — M 86— 189

tritium concentrations in air also plotted in Fig., 4 with our previous
data, Our previous results have indicated that the rate constants for the
conversion of low concentration Te are independent of initial Te concen-
tration. Agreement between the present and the previous results verifies
that this conclusicn is true down to an initial Ty concentration of

2.6X 1074 Ci/n3. The average of the rate constants including our previous
data was (1.840.5)x 1079 s 1,

It should be noted in Fig. 4 that the rate constants increase with
initial tritium concentration above ~10 Ci/m® but are constant below the
concentration. This suggests that deminant mechanisms on the conversion
at high tritium concentration differ from those at low concentraticn., At
high tritium concentrations, £ particles emiftted from tritium would
induce the conversion of T9 [5,11]. As we discussed in the previous
report [81, at low Ts concentrations, THe* produced following Ty decay
would play the most important role for the production of tritiated water
because of the agreement of the physical decay constant (1.78% 1079 s'l)

of tritium and the measured rate constant.

2. Conversion of Ts in the presence of water vapor

The effect of water vapor on the rate constant was studied at an

initial concentration of ~1.3 Ci/m®. The results are shown in Fig. 5.

The rate constants calculated using equation (2) were 1.3X 1079,

1.5%10°9 and 1.5x%10°9 s ! for RH ~0, 40 and ~100 9%, respectively. These
data indicate that water vapor has no effect on the conversion, that is,
an isotopic exchange reaction of Ty with water vapor does not proceed at
low tritium concentration.

Casaletto et al. [5] cbserved that while water vapor in oxgen
increased the conversion rate constant by a factor of 3 at a relatively
high tritium concentration, the rate constant in actual breathing air was
approximately the same as in dry air. Eakins and Hutchinsorn [9], however,
described that the rate constant in humid air was about 5 times larger
than in dry air at a tritium concentration of 20 Ci /m3. Our present
results are in agreement with the observation of Casaletto et al. [5].
Further experiment on the isotopic exchange reaction is required for a

wide range of tritium concentration.
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3. Effect of catalyst on the conversion

In Fig. 6, conversiocn percentages for the reactions in the presence
or absence of the stainless steel (type 309) foil are plotted as a func-
tien of time at an initial Ty concentration of 0.2 Ci/m3. It can be seen
that the tritium conversion is insensitive to the presence of the foil,

-1 was obtained from this

since a normal rate constant of 1.4X10°9 s
experiment. As a follow-up experiment, after produced HTO was removed by
washing the surface of the foil, the foil was heated at 600 C to desorb
tightly bound tritium. However, no additional tritium was detected.

Table 2 summarizes the rate constants of the Ts conversion reaction
in the presence of the catalysts shown in Table iI. The rate constants for
stainless steel and copper were the same as the average constant
(1.8x10°9 s71) in air alone within experimental error. Thus, stainless
steel and copper had no effect on the tritium conversion.

For the paint sample, it was observed that both amounts of Te and HTC
recovered from the flask after ten days from the Te filling, were con-
siderably less than expected cnes. It was hypothesized that the paint
absorbed T2 and HTO. Hence, an experiment was designed to capture Ty and
HTO which were descrbed from the paint by heating at 250 C, with liquid
nitrogen. The amount of desorbed HT0 was more than twice as much as that
of HTO recovered initially. However, no additional T, was recovered fram
the paint suggesting the possibility that the Ts reacted with the paint to
form a chemically stable ccmpound. The rate constant for the paint sample
in Table 2 was calculated using the combined total amounts of the
initially recovered HTC plus the desorbed HTO and the initial Ty concen-
tration estimated from other flasks. No significant change irn the rate
constant was found for the paint sample compared with that for air alone.
In addition to the tritium coaversion in gas phase, the adsorption and
desorption of tritium on painted surface would complicate behavior
analysis of tritium released in a building.

As expected, there was a marked increase in the rate constant for
platinum black by factors of ~300 to ~1800 over that in air alone. This
indicates that in the catalytic experiments, a diffusion process of Tg

molecules from air to the surface of the catalyst ls not a rate-deter-
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mining step. The conversion percentages for the platinum black experiment
were 61 and 59 % for the periods of 4 and 18 days, respectively. This may
imply that the conversion reaction reaches an equiliblium.

Eakins and Hutchinson [9] observed that steel, aluminum and platinum
catalysis increased the rate constants of the tritium conversion in dry
air at an initial tritium concentration of 20 Ci/m® and that the catalytic
effect was further enhanced in humid air. Our experimental data for
platinum black show a similar tendency to that of Eakins’ s result for
platinum. However, our data for the stainless steel and copper, which had
no catalytic effect, were different from Fakins' ¢ results for steel and
aluminum. This may be attributed to a difference in the catalysts and the

tritium concentration hetween the present and Eakins's study.
CONCLUSION

The results of these experiments on the conversion reaction of
tritium gas (Ty) to tritiated water (HTO) indicate that the rate constants
are independent of initial Ty concentration down to 2.6x10°% Ci/n®, which
is lower than the previous cencentration by about one order of magnitude.
The average of the rate constants was (1,840.5)x 1079 571 this value
equals the tritium decay constant.

[sotopic exchange reaction of tritium gas with water vapor was
negligibie at low tritium concentrations.

No effect of stainless steel and copper on the conversion reaction
was observed at an initial tritium concentration of ~0.2 Ci/m®. Platinum
black, however, increased the rate constant remarkably. 0il-base enamel
paint, which did not influence the rate constant, sorbed Tg and HTO in
rather large quantities, but only the latter was easily desorbed from the
paint by heating. The adsorpticn and desorption of tritium on painted

surfaces would complicate behavior analysis of tritium released in a

building.
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Table 1 Characteristics of the catalysts

surface area weight thickness
catalyst shape

(cm?) (g) (mm)
SLainless steel (type 309) fd;i 200 - 0.076
copper foil 200 - 0.10
enamel paint foil 260 - -
platinum black powder - 7 -

Table 2 Rate constants for the tritium conversion reaction

in the presence of catalysts

initial 7o relative
rate constant
catalyst concentration humidity :
(Ci/m3) (%) (s71)
stainless steel 0.22 60 1.4x 1079
copper _ 0.33 80 1.6x1079
enamel paint 0.30 60 2.2%10° 9
platinum black 0.30 60 2.8%10°6
platinum black 0,23 60 5.8% 1077
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T~ STOPCOCK

-— GROUND GLASS
JOINTS

T SAMPLE
BULB

(a) For gas phase experiment. (b) For catalyst experiment.

Fig. 1 Reaction flasks for studying conversion of tritium gas

to tritiated water.

REACTION  ELECTRIC FURNACE
FLASK /

No. 2 ' No.3 No.4

LIQUID NITROGEN
TRAP

Fig. 2 System for sampling tritium gas and tritiated water

in a reaction flask.
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Fig. 4 First-order rate constant as a function of initial

tritium concentration.

— 219 —




JAERI - M 86— 189

32 1 w | w l
& O Ry ¢
[ - a T
2 03k s 40 .
& | e 100 ]
g o2

0.2_ ) -
=
< ) ) |
L0k © -
= L o° :
§ O 1 ] | | ! |

0 10 20 30

TIME (days)

Fig. 5 Effect of water vapor on the tritium conversion

reaction for initiaz T2 concentrations of ~1,3 Ci/mg,

O
I~

I I . I ] I

0 NO CTALYST ®
— @ STAINLESS STEEL o/ -

©
w

©
I
I

® | |
10 20 30
TIME  (days)

CONVERSION PERCENTAGE (%)
O
pN
T
| ]

-
(o]
O
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No.20
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Jonization Gauge and Secondary Electron Multiplier
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Gofuku 3190, Toyvama 930, Japan

ABSTRACT

To apply mass spectrometers and ionization gauges to D-T
burning experiments in magnetic fusion devices, we examined the
performance and sensitivity of a gquadrupole mass spectrometer and
B—-A gauges for hydrogen isotopes(Hz, D2. Tz, etc). In addition,
we also examined the utility of a secondary electron
multiplier(Ceratron) as a pressure gauge of tritium,

It was revealed that the relative sensitivities of the mass
spectrometer for each isotope molecules with respect to H2 was
essentially the same as those of B-A gauges except T2. It was
also found that the relative sensitivities of B—~A gauges for the
isotopes were very close to unity except HD and T2. With regard
to Ceratron, the count rate was proportional to the partial

pressure of tritium in a rage from 1.3)(10—6 to 1.3)(10"3 Pa.
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1. INTRODUCTION

Accurate pressure gauges for tritium are regquired for D-T
burning experiments in magnetic fusion devices as well as tritium
handling systems. Mass spectrometers and ionization gauges will
be used for this purpose. In addition, secondary electron
multiplier can be applied as a pressure gauge of tritium, because
the number of tritium S -rays is propertional to the density of
tritium in gas phase. However, one must know in advance the
sensitivity of them for tritium and its isotopes to determine the
total and partial pressure of tritium. A convenient way to
measure the pressure by these devices is to determine in advance
the relative sensitivities of these gauges for them with respect
to some standard gases, because the relative sensitivity is
believed to be only a weak function of the operating conditions
of these devices.

With respect to mass spectrometers, there is only on report
on the relative sensitivities of the mass spectrometer of
magnetic deflection type for hydrogen isotopes such as H2’ D2.

T HD, and HT [1]l. As for the ionization gauges, Nakao has

2!

reported the sensitivity for D2 differs considerably from that of

H2 [2]1. There is no other report on the relative sensitivities
for other hydrogen isotopes. Therefore, we measured tﬁe relative
sensitivities of B-A gauges and a quadrupole mass spectrometer
for all of the hydrogen isotope molecules with the aid of a
membrane manometer.

With respect to the secondary electron multipliers,

Malinowski has reported that the -count rate of a channeltron and
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Cu~-Be multipliers is proportional to tritium pressure L[3}. We
examined the properties of another type of multiplier, a ceramic

channeltren type one.

2. EXPERIMENTAL

Figure 1(a) shows the schematic diagram of the experimental
apparatus used for the measurement of the relative sensitivities
of the quadrupole mass spectrometer and B—A gauges for hydrogen
isotopes., The vacuum system was equipped with a sputter ion pump
and mercury diffusion pump backed with an oil—-sealed rotary pump.
Since the system was not baked out, the residual pressure was
routinely about 1x10—5 Pa.

A membrane manometer (MKS Baratron) was used as a standard
pressure gauge. Two types of B—A gauges were used in this study:
UGS—1A and UGD-1S purchased from ANELVA Co. The difference in the
two gauges lies in the bake out process of the grid: that is,
electron bombardment (UGS—1A) and ohmically heating (UGD—-15). The
quadrupole mass spectrometer was purchased from ULVAC Co. (MSQ—
160A). A Faraday cup was used as an ion detector to avoid the
impairment of its performance due to the adsorption of tritium
[ay.

The purities of hydrogen and deuterium used in the present
study were 99.9939 and 98. 8%, respectively. Tritium gas in a glass
ampoule (5 Ci) purchased from New England Nuclear Co. was purified
using a Zr-V-Fe getter [5]), and was stored with the getter after

the purity tests of tritium gas

In the case of the calibration for hydrogen isotopes
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containing tritium, the gases were introduced into the system
from gas reservoir through a variable leak valve. The reservoir
was used for temporary storage of the hydrogen isotopes released
from the getter by heating. On the other hand, pure hydrogen and
deuterium were introduced into the system from gas reservoir
through a variable leak valve without using the getter. The
tritiated gases introduced into the system was pumped out
continuously with the sputter ion pump. On the other hand, non-
radioactive gases were pumped out using either of the mercury
diffusion pump or sputter ion pump, depending on the pressure.
Figure 1(b) shows the schematic diagram of the experimental
apparatus for the partial pressure measurement of tritium by a
secondary electron multiplier [6}. The multiplier used was
Ceratron purchased from Murata Manuf. Co. In this case, the
partial pressure of tritium was determined by the mass
spectrometer of magnetic deflection type (VG—-Gas Analysis, MM&)>.
The same kind of getter as mentioned above was also used for
the storage and supply of tritium gas. The tritium gas was
directly introduced into the system from the getter heated at

given temperatures.

3. CALIBRATION OF THE MASS SPECTROMETER

The operating parameters of the quadrupole mass spectrometer
were as follows: emission current(I®)=0.5 mA, electron
acceleration voltage=70 V, resolution(AM at 10% peak height)=0.6
for M/e=2 and 0.61 for M/e=3~6. The ion socurce was of Nier type

+ +

Under these conditioens, the peaks of triatomic ions (H3 . D,3 R
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+

T etc) and atomic jons (H+. o, T+) were negligible [7].

+
3’
(1> PURE GASES

The sensitivities of the mass spectrometer for pure gases
such as H2 and D2 can be determined using the membrane manometer
as following,

s*=(1*/1% /P* . (1>

where Sx is the sensitivity of the mass sgpectrometer for

x e . , .
and I~ are the ion current and the emission

molecular ions, x. 1
current of electrons, respectively. Px is the pressure of species
.
(2> GAS MIXTURES

Pure heteronuclear molecules such as HD, HT, and DT were not
cbtained. In addition, we could ﬁot obtain high purity tritium
gas. Therefore, the sensitivities for those species were

determined as the followings.

(A H_,-HD-D_, mixture

2 2
Partial pressure of HD is described as
pHD_p - @2 + pPY
total
=p ~ rafessiey + (P2,sP2y 00 2)
total
where Ptotal is the total pressure measured by membrane

manometer. Partial pressure of PH2 and PD2 were evaluated from
the ion currents measured by the mass spectrometer using the eq.
(1. Consequently, the sensitivity for HD, SHD, can be obtained
from eq. (1).

B> H2-HT*T2 mixture

In determining the sensitivity for HT, SHT, we employed the

principally similar method te the case of HD. However, the
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sensitivity for TZ’ ST2, could not be determined in advance from
the eq. (1) because pure T2 was not obtained. Therefore, we applied
an alternative method in which mixtures of two isotope species

with various compositions were used as sample gas. The typical

Hp pHT, pT2 Hp 2 pHT=p T2

gas mixtures were those as P (Fig. 2) and P

(Fig. 3>. In the former case, the contribution of PTZ was

neglected at first. Then, the tentative sensitivity for HT,

SHT(I). was determined from the following egquation and eq. (1).
HT_ _ pH
P _Ptotal P72
=p - e shey e (3)
total

From the latter conditions, the tentative value of STZ, STZ(I),

was obtained from the following equation.

pl2=p - 2+ pfiTy
total ‘
=p - tabfesstey + (1T, 60T, 10 4>
total
where SHT(I) was used for SHT. The sensitivity for T, in this

2

step, however, was overestimated in comparison with the true
value because the partial pressure of tritium was neglected in
the eq. (3>, Therefore, the calculation of s* was repeated for the
mass spectra observed for the mixture gases mentioned above using
the tentative sensitivity factors such as SHT(l) and STél). By
these procedures, refined values of ST2 were obtained.
Furthermore, these procedures were repeated until the
sensitivities for HT and T2 became invariant with the repetition.

> DE—DT—T2 mixture

The determination of sensitivity for DT, SDT, was carried
out by quite similar procedures to the case of HZ—HT-T mixture.

2

The details of the procedures have been described elsewhere [7].
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4. CALIBRATION OF THE B—-A GAUGES
The operating parameters of the B-A gauges were as follows:
emisston current (1°)=0.94 mA for UGS—1A and 1.00 mA for UGD-1S,
.filament voltage=45 V, grid voltage=180 V and ion collector=0 V
(grounded?.

(1> PURE GASES

The sensitivities of the B—-A gauges for pure gases(H2 and

Dz) could be determined by using similar equation to eq. (13. In
this case, howefer, s* in eq. (1) is the sensitivity of the B-A
gauge for iscotope species x, and Ix and Ie are the ion current at
a pressure Px and emission current, respectively.

(2) GAS MIXTURES

CAD H2*HD“D2 mixture

The ion current from HD is described as
HD H D

= - 2 + 2
I Itotal 3 172

=1 - (sMept2 4+ gP2pP2y e 5)
total
where the partial pressure of each species can be determined

using the mass spectrometer. Consequently, IHD is uniquely
. H2 D2
determined from eq. (5), because the S and S have been

HD ., .
previously determined. Conseguently., S is obtained from eq

(1>,
(B> H2-HT*T2 and Dz—DT~T2 mixtures
The ion currents of HT and DT are described as
HT=q - (sHopte 4+ sTopT2y @ &)
total
PT=; - sPepP2 + sT2pT2y 1@ &P
total
The unknown parameters in the egs. (6> and (7), SHT. SDT and STZ,

can be determined with similar manner as that for the calibration
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of the mass spectrometer. As a result, the sensitivities for all

of hydrogen isotopes can be determined.

5. RESULTS AND DISCUSSION

Figure 4 shows the calibration results for HT in HE—TQ
mixtures as an example. The HT pressure is the one which was
determined by the mass spectrometer after the sensitivities of
all of the isotope species were determined. The sensitivity of
the mass spectrometer, SHT, was determined as (8. 55+0.45)x

3 40 5 x 1072 Pa of the HT

10*5/Pa in the range from 1 x 10
pressure. It was constant within the experimental errers. This
was also true for the B—A gauges. The sensitivities of UGS—1A and
UGD-15 for HT were determined as (2.2310.08)x 10_2/Pa and
(2.78i0.08)x10d2/Pa, respectively. Although the calibration could
not be carried out below 13(10-3 Pa because of the sensitivity
limit of the membrane manometer, it is believed that the
calibration curves can be extrapolated to lower pressures. Above
the total pressure of 3x10_2 Pa, on the other hand, the
calibration curves of both the mass spectrometer and B—A gauges
convexly deviated from the linear relations. The exact reasons
are not apparent: however, it is considered due to space charge
effect, decrease in the mean free path of ions, recombination of
ion-electron pairs and so on.

The results of the calibration of the mass spectrometer for
hydrogen isotope molecules are summarized in Table 1, where the

sensitivity for each isotope species is normalized to that for

H2. It is denoted as the relative sensitivity: Rg=8§ /Sﬁz.
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The statistical errors of them were within 6% The values agree
quite well with those of the mass spectrometer of magnetic
deflection type reported by Dibeler et al. [11.

The results for the B—A gauges are also summarized in Table

Hop
B

were averaged. It should be mentioned here that the relative

X

I, where the relative sensitivities (RE =SB 5,67 of two gauges

sensitivities of the B—A gauges were very close to unity except

SHD and STZ: the former appears a little larger and the latter

B B

does a little smaller than unity. On account of the close
correlation between the sensitivity of ionization gauges and
ionization cross section (3], this is considered due to the
difference in the ionization cross section from that of H2'

It is seen in the table that the relative sensitivities of
the B—A gauges for hydrogen isotopes were very close to those of
the mass spectrometer except TZ' This feature indicates that the
additivity assumed for the ion current of the B—-A gauges is
valid. In addition, it is understandable if we assume that the
relative ionization cross section of a given isotope molecules

with respect to that of H_ does not change appreciably with the

2
electron energy under the conditions in the present study.

As for the lower relative sensitivity of the mass
spectrometer for T2’ Dibeler et al. have explained their results
as mass discrimination. This is considered alse true for the

. T To =
present results, because the ratio, RhF/RB (=0, 93), was alone
smaller than unity: for other isotope molecules, the ratio Rz /RE
was essentially equal to unity. The ratio, RM /RB (=0, 29>,

observed in the present study is consistent with this
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explanation.

In contrast to the jonization gauges, the relative
sensitivities of the mass spectrometer may not be applicable to
other instruments, because the magnitude of the mass
discrimination and the resolving power at which it becomes
significant are dependent on the design of the mass spectrometer
[8]. In fact, it was observed that the mass discrimination was
almost negligible upto Mse=136 for a quadrupole mass spectrometer
having parbolic rods (MSQ-500, ULVAC Co.> (9], In such an
instrument, therefore, it is expected that the mass
discrimination does not play a role in the relative sensitivities
for hydrogen isotopes. It should be mentioned, however, that the
use of a secondary electron multiplier caused a significant
change in the relative sensitivity, depending on its operating
conditions.

Figure 5 shows the calibration curve of Ceratron against the
tritium pressure [10]. In this case, the count rate was measured
by applying a potential of —-3.5 kV. It should be mentioned here
that the abscissa represents the pressure of tritium calculated

from P12 =p§2 + 1,2 PST

where P;Z and P;T are the partial
pressure of tritium species measured by the mass spectrometer
(MMBY. It is clear in the figure that the count rate of Ceratron
is proportional to the pressure of tritium in a wide range. The
sensitivity for tritium g£as was determined from the slope of the
calibration curve as P (Pa) = 2.1x1038 R (cps) [B1. This value

agrees quite well with that of channeltron reported by Malinowski
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To use the secondary electron multipliers as a tritium
pressure gauge, however, one must take account of the
contamination of them due to tritium irreversibly adsorbed on
their surfaces [6,10]. The tritium adsorbed on the multiplier
surfaces causes a certain number of count rate irrespective of
tritium pressure. The count rate due to this species is denoted
as noise level. The noise level increased with increasing
exposure to tritium and eventually the pressure measurement by
Ceratron became impossible. Similar phenomena have been observed
for channeltron and Cu~Be multipliers by Malinowski [{31. Some
part of the irreversibly adsorbed tritium was desorbed by heating
in vacuo or in air. However, we found that photon irradiation was
more effective to remove the irreversibly adsorbed tritium (107,
With use of this technique, one can use Ceratron as a pressure
gauge for tritium gas. However, a standard B-ray source will be
needed for this application, because the gain of secondary
electron multipliers changes with time and depends on the

conditions under which they are used,.

6. CONCLUSIONS

The relative sensitivities of B—A gauges and a quadrupole
mass spectrometer for hydrogen isotopes were determined. [t was
observed that those of the B—-A gauges for hydrogen isotopes are
essentially equal except HD and T2' This is considered to be
predominantly due to the difference in the ienization cross
section. There is a similar trend for the relative sensitivities

of the mass spectrometer for the isotopes. However, the
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sensitivity for T2 was appreciably smaller than that for H2,
being due to the mass discrimination.

With respect to the secondary electron multipliers, the
count rate was propoertional to tritium pressuré. However, the
irreversibly adsorbed tritium caused a considerable increase in
the noie level. With the aid of some decontaminatioen techniques
such as photon irradiation, Ceratron can be alsoc applied as a

tritium pressure gauge.

Table 1. Relative sensitivities of the mass spectrometer(Rﬁ)

and B-A gauge(Rg) for hydrogen isotopes.

Mass spectrometer(Rﬁ) Ionization gauge(Rg) R;/Rg
H, 1.00 1.00 1.00
HD 1.09 T 0.06 1.08 * 0.05 1.0l
D, 0.99 ¥ 0.03 0.99 ¥ 0.01 1.00
HT 1.06 * 0.06 1.03 F 0.04 1.03
DT 0.96 ¥ 0.04 0.97 * 0.03 0.99
T, 0.88 F 0.03 0.95 * 0.02 0.93
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Fig. 1(a) Schematic diagram of the apparatus for calibrating

QMS and B~-A gauges.

I'ig. 1(b) Schematic diagram of the apparatus for

tritium partial pressure measurement

by Ceratron.

1.

MME Mass analyzer 2. Halogen lamp

3. Ceratron 4. CA thermocouple
5.
7

. Turbomolecular pump

Zr-vV-Fe getter 6. Crycgenic pump
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No.21
Hydrogen Isotope (Tritium} Separation by Infrared Multiple-Photon

Dissociation

A.Yokoyama, K. Suzuki, G. Fujisawa, and N. Ishikawa

Division of Chemistry, Japan Atomic Energy Research Institute, Tokai,
Ibaraki, 319-11 Japan

M. Iwasaki

Institute of Atomic Energy, Kyoto University, Uji, Kyoto, 611 Japan

1. Introduction

Laser isotope separation has a greater advantage than other
methods for enriching very small concentrations of isotopes, because
a very high enrichment factor can be obtained in comparison with the
other methods. We have investigated the laser isotope separation for
the purpose of lowering tritium leakage to the environment from
nuclear facilities and obtained high tritium enrichment factor
exceeding 570 by the isotopically selective multiple-photon
dissociation of CTCls in CHCla using a CO. laser—pumped NH; laser (1),
The tritium removal from waste water based on the isotopically
selective multiple-photon dissociation of CTCl;: can be accomplished
through twoe successive processes: the tritium transfer process from
water to chloroform and the laser tritium separation process. The
results of the T/H separation by the selective infrared multiple-
photon dissociation of CTCls and the base catalyzed tritium exchange

reaction between chloroform and water are described.

2. T/H separation by the selective infrared multiple-photon

dissociation of CTCl,

When a mixture of CTCl: and CHCls: was irradiated with 816, 828,
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and 833 cm~! radiations from a CO:; laser-pumped NH; laser, CTCl;
decomposed selectively. On the other hand, the decomposition of CHC1l,
was not observed even after 10000 laser pulses irradiation. The
single-step tritium enrichment factor in photo-products produced by
one laser pulse irradiation, which was defined by the ratio of the
T/H fraction in the photo-products to that in the initial chloroform,
was found to be greater than 570 at chloroform pressure of 2 torr.
The laser fluence required for the decomposition of every CTCl;
molecule, which was called as saturation fluence, was about 28 J/cm?
at 2 torr. The saturation fluence increased with increasing
chloroform pressure as a result of energy transfer from excited CTClgs
to CHCl: within a laser pulse duration (about 1 u sec). Therefore, a
shorter pulse laser is necessary for the laser T/H separation at

higher chloroform pressure.

3. Base catalyzed tritium exchange reaction between chloroform and
water

Under the coexistence of water and chloroform phases, tritium
exchange reaction between chloroform and water proceeds predominantly

in the water phase through the following reactions:

- k -
CHCls + OH (___.Tl'“)CCla + H20 (1)
-1
_ k -
CCly + HTO—L“"T_CTCla + OH (2)
-2

The exchange rates were measured at different hydroxide-ion
concentrations, mole ratios of chloroform to water, and reaction
temperatures. Thé values of de-tritiation rate constant, k-:, and
equilibrium constant, K.q, defined by eq.(3) are summarized in Table

1.
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1{11{2 [CTClS][HzO] (3)
K = = [
°9 k- 1k-2 [CHCLl 3] [HTO]

Since the isotopic fractionation factor, which is defined by the
ratio of the T/H fraction in the chloroform to that in the water and
equals to 2Keq, is larger than unity, the tritium is enriched in the

chloroform.

References
(1) A. Yokovama, K. Suzuki, G. Fujisawa, N. Ishikawa, and M.

Iwasakil: Appl. Phys. B 38, 899 (1985).

Table 1. De-tritiation rate constant (k-:) and equilibrium constant

(Keq}.

Temp. {(°C } k.2 {(l-mole-1.5~1} Keaq
25.0 G.185 + 0.003 0.535 £ 0.006
35.1 0.580 = 0.007 0.538 =+ 0.004
39.5 0.98 .02 0.521 + 0.006

-+
o
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No,22

PROGRAM OF TRITIUM EXPERIMENTS AT THE TPL
IN JAERI

Hiroshi YOSHIDA

Tritium Engineering Loboratory .
Pepartment of Thermonuclear Fusion Research,

Naka-Fusion Research Establishment

R & D Program of Tritium Techrmoleay in JAERI

I1.

Significonce of the Tritium Technolegy Program
Establishment of tritium handling technology is ene of the
critical issues in the fusion reactor progrom in JAERI.
Japon have no technolegy as well as handling experience for
processing a large emount of tritium as the fuel in @ fusien
reacter, .

R & D progrom of tritium technelogy in JAERI have been
conducted on the philosophycal stand peint that original
end strong efforts of tritium technelogy should be evolved
without delay for the smooth ond successfull progress of

the .fuslon reactor programm in Japan.

Important Technical Issues
Essential tritium techmology to the fusion reactor are the
following;
*  Processing technology for the evaluatien and
selection of the suitcble processes for the fusion
fuel cycle, .
*  System technology integrating voriuos processes,
*  Tritium production technmelegy for initial locding,
*  Blanket moterial ond tritium recivery tecnolegy,
*  Safe hondling ond monitering,

*  Waste processing technelogy, and so om.
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Schedule in JAERI
Several steps of R & D efforts of the tritium technology
have been provided for the master plem of rext D-T burning
machine in JAERI.
STEP-I ¢ Construction of Tritium Processing Laboraotory(TPL)
The facility covers the basic engineering items such as

the tritium processing technclogy and sofe handling.

!STEP—II 1 Construction of Tritium Engineering Laboratoryl
t This facility will cover the following areas; |
| * D-T fuel gas recycling locp for the fusion fuel '
' cycle, The loop will include vacuum system,

i

| purification system, cryogenic distillation ccscade,[
i refuelling system, etc., !
[ * Blonket engineering facility for PIE of neutron I
|

[

1

I

|

|

'

I

irrodicted materiols, for thermohydraulic study of

solid breeder blanket modules, ete., l
* Tritium extroction and purification, l
* Waste processing, |

*  Safety for a large amount of tritium. l

STEP-III : Construction of a mockup D-T eirculetion
loop, which meets the design end operating
conditions of o mext D-T burning machine.
The objects of this facility are, (i) to
demonstrate the full performance of the
integrated system, and (ii} to demonstrate

the safety controll systems.

STEP-IV : Coupling the D-T mockup loop with o next

D-T burning machine.

Present Activity in JAERI™

Initistion of the STEP-I has been determined by 1980,

ond the construction of the Tritium Processing lLoboratery

has .storted at 1982, Completicn of the construction

and lisencing, ond the start of various tritium process
studies with 10 grams of T2 are scheduled to be in the latter
half of 1987.

The detailes of the TPL scheme are described in the

following view graphs.—-- the attached coples.
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V. Internctional Cocperation inm Tritium Techneolegy

{1) JAERI's Standpoint
In order to reclize the fusion rzcctor, tremendous efforts
in the budjet, monpower cnd term are neaded. Mejority
of the technelegy are those of an urknown fields of momking.
Therefore, internctiomal cooperction of this matter will
be effective ard indispensable for their successfull

execution in eagch nation,

(2} JAERI-US Cooperation

Successfull cooperation between TPL-JAERI and TSTA-LANL
has been corried out in the last six years under the
Jopan-US Fusion Technelogy Cooperation Program. Several
cooperation experimenis, that is "Testing of Small Scole
Pd-diffuser ond Ceremic Electrolysis Cell with Tritium”,
have also been performed since 1984, This collaboration
i5 now being expected o shift into a new stage bosed

on each program.

(3) JAERI-CANADA Cooperation
Cooperation progrom between TPL-JAERI and CFETP-CANADA
will start at 1784 in the level of staff and informotion
exchanges, which include the participetion of
experimental works conducted by both side institutes.
Several joint R & D projects will also be initiated in
the future.

(4) JAERI-EC Cooperatien
Information exchange for the TPL-EC cooperation has jusi

started.

3. Faocility
(1) = Schedule

* Design s 1977 -

* Construction
Building and Utilities : 1982 - 1984 (May)
Safe Handling Systems : 1983 - 1985
Experimental Apparatus : 1984

(2) Specifications
(i) Buliding Structure
* 3 Floors{ Greund Area; ldOOmz, Tetol Floor Areq; ZBOUmz)
* Reinforced Cencrete ( Withstond 300Gol Seismic Force)
* lst Floar : Glovebox Room, Detritigtion Systems Room,
Semi-hot Experiment Roem, Utility Room
* 2nd Fleor : Semi-hot Experiment Room
Basement : Waste Processing Room, Waste Storage Tank,
Raom
(ii) Tritium Haondling Copacity
* Glovebox : 2 = 3 g/Glovebox-Block
* Storoge : 10 g {moximum)
(iii) Urenium Metol{Tritium Gettering)
1 20 kg
{v) Tritium Contairment System(Thireafold Containment)

* Primary Containment @ Experimental Apparatus

Secendary Contaimment : Glaveboxes
* Tertiary Containment : Glovebox Room and

Detritigiion Systems Room
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Tritium Processing R & D Work for Fusion Fuel System

Ttem Process Method/Component

*

Fuel/Impurity Separation Hydrogen Permection through Pd—cllcy Membrane

Crycgenic Falling Liquid Film Helium Separater

* Impurity Conversion to Cotalytic Oxidation with Pd(Pt)-cotolyst Bed
Triticted Water

Fuel Cleanup * Tritium Recavery frem Woter Vopor Electrolysis with
Tritiated Woter Ceromic Electrolysis Cell
Water Vopor Reduction with Cotalytic Reducing Bed
{cotalyst: CuO,an.Crzﬁg)

Tritium Gettering Hydrogen Abserption/Desorption with
Metal Bed{U, ZrNi,Pd,etc.)

* Multi-component Hydrogen Cryogenic Distillation with Packed Column
Isotope Separation Isotope Separation Thermal Diffusion with Hot-wire and Hot-tube

Type Column

* Tritium/Material Interaction Low Energy Tritium Implontatiecn/Permection Study

Sofety (T-ion energy:l0~500cV, Tp inventory:l1~1g%ci)

*

Tritiym Removal Catalytic Oxidotion end Water Vaper Adserption
with Pd(Pt)-catalyst Bed ond Mole Sieve Bed

Progress in Tritium Processipng Loboratory Program

FY 80 Bl az a3 B4 85 a4 87 1]

" Building Dasign & Licensing Construetion

. Operotion Training &
Safety Systems Design Construction Cold Tests(Hz,Dz, CH4) Hot Run

Construction |, Experimentol Apperatus

Bosic Research & Development Final Design Construction=] Tritium Expts,

Construction-TI

* FQU
* I55(Cryogenic) :
* T-implontation ) ISSéI}f‘\;:mii )
* Accountability fTuslen
JAERT
«
Licensing _Locel Goverment [ Tokci-mursa)
for Local Govermcnt(Iborcki‘-frifecture)
Tritiom & -
i Uranivm Goverment -

* Shipping Contoiner
Tritium +

Procurement |* TZ_GGS L Overseo Investigation (USA, French CQMQL—N_PEML—p

| ! 1 ] I [ ! 1

Research & Deslgn Study, Safety Anolvsis o

— 244 —




JAERI — M 86— 189

No.23
BRIEF DESCRIPTION OF EXPERIMENTAL APPARATUS FOR

FUEL CLEANUP PROCESS

Satoshi KONISHI., Hiroshi YOSHIDA and Yuji NARUSE

Tritium Engineering Laboratory
Department of Thermonuclear Fusion Research

Japan Atomic Energy Research Institute

ABSTRACT

An experimental apparatus for the development of Fuel Cleanup
System Is5 beihg designed and fabricated at the Tritium Process
l.aboratory. The function of the system is continuous processing
of a simulated plasma exhaust and separation of hydrogen isotopes
and impurity elements in 1it, Main components are palladium
diffusers. a «c¢atalytic reactor. freezers, an electrolvsis cell
and zirconium-cobalt beds. The apparatus will be installed in a
glovebox in summer. 1987 and tests with tritium will initiate

early in 19838.
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INTRODUCTION

The Tritium Process Laboratory (TPL) at the Japan Atomic
Energy Research Institute is charged with development of
processing and safe handling technology of tritium related to a
fusion fuel cycle. The experiments on purification and recovery.
isotope separation, tritium permeation studies. analysis and
accountability. are planned to be performed with 1 gram of
tritium each. In the present paper. a prodgram and experimental
device for the study of the "Fuel Cleanup System". the process

for purification and recovery of tritium are described.

OBJECTIVES

In the primary fuel cycle of fusion reactor system, the
process of purification and recovery of tritium. that Is.
separation of hydrogen isotopes from other impurity elements are
essential. The exhaust from the core of magnetic fusion reactor
is assumed to contain various kinds of light element impurities.
and - high concentration of unburnt OCT {fuel that should be
reprocessed and recirculated. Objectives of the "Fuel Cleanup”.
where plasma exhaust is cliemically reprocessed are. (1) to supply
pure hydrogen isotopes to Isotope separation system. and
(2)exhaust impurity elements as tritium-free compounds.

Since prior techniques that have been proposed for
this purpose have some disadvantages. the activities on this

process in this laboratoryv are focused on the development of some
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new techniques and components. Some of the major components. are
developed and tested with H2 and D2 in JAERI, and tests with high
concentration of tritium have been performed at the Tritium
Systems Test Assembly in Los Alamos National Laboratory under the
US-Japan Cooperative program.

The test 1loop described in the following section will be
used for the next step of the study of these techniques at the
TPL. The objectives of this experiment are as follows:

to test the processing components with tritium,

to design, fabricate and operate a prototype system suitable-

for processing plasma exhaust,

to study the behaviors of the integrated loop, and

to establish an engineering basis of the fusion reactor

fuel systems.

PROCESS SELECTION

As shown 1in the simplified flow of the Fuel Cleanup in the
figure 1. the major components of the apparatus are, palladium
diffusers, a catalytic reactor, freezers. an electrolysis cell
anhd zirconium-cobalt beds. The letter X stands for the mixture
of hydrogen isoteopes, H, D and T in this paper. Feed stream to
the palladium diffuser is a simulated plasma exhaust contains DT
mixture and impurities of helium, water, methane and ammonia.
Hydrogen isotopes are fed from the zirconium-cobalt beds and
circulate in the system, while impurity elements are processed in

once-through flow and exhausted to the Effluent tritium Removal
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System of the TPL. Processes are selected under following

considerations.

The impurity c¢oncentration in the DT product and tritium

concentration in the exhaust impurity stream should be as low as
possible. High purity of the product is desirable for the safe
operation of cryogenic distillation column that is the primary
candidate of the isotope separation process without troubles such
as blockage in tubing. Tritium content in the exhaust should
also be minimized to -  reduce tritium loss from the system and
eventual tritium release to the environment.

Continuous processing in gas phase, low tritium inventory,
and minimum switch-over operation or replacement of components
are requirements related each other. Processes such as molecular
sieve beds, hot metal beds, freezer or condenser usually requires
batch processing and switch-over operation for regeneration.
which makes the system and its operation more complicated, and
thus increases possibility of hazards. These components also
have larger tritium inventory in the {form of liquid. solid.
compounds or sorbed water/hydrogen.

Palladium diffuser is chosen as the front-end component of
the Fuel Cleanup and separates pure hydrogen and impurities
continuously. The advantages of this process are the purity of
product and continuous separation. The impurity sStream is
processed by catalytic oxidation followed by freeze out at 160K.
This process 1is expected to minimize the tritium loss from the
outlet. Tritiated water will then be sent to the electrolysis

cell and split to streams of hydrogen and oxygen. This Process
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decomposes tritiated water vapor continuously with little tritium
inventory and generation of waste. Thus two separation
components, palladium diffuser and electrolysis cell eliminates
alternatives such as molecular sieve beds or hot metal beds which
require switch-over operations.

The selected process is featured by these advanced
components which made the system simple. Some 0of the processes
have not been proven for continuous tritium service in a loop.
This system is in contrast with the Fuel Cleanup in TSTA at LANL,
where more conservative processes are chosen to demonstrate a

fuel cvcle of fusion reactor to be proven.

SYSTEM DESCRIPTION

Schematic flow diagram of the experimental apparatus is
shown in the Fig.2. The loop consists of four subsystems; (1)Gas
feed subsystem, (2)Purification subsystem, (3)Recovery subsystem,
(4}Water decomposition subsystem.

Gas feed subsystem supplies hydrogen isotopes and impurity
for experiments. D2 and T.2 are supplied respectively from a gas
bottle and an uranium bed for initially loading. They will be
recovered by zirconium-cobalt bed for reuse. CH4’ NH3 and He are
continuously fed to the system from outside of the glovebox.
Tritiated water 1is synthesized from DT and O2 at the catalytic
reactor. The hvdrogen isotopes and these impurities are mixed to

simulate plasma exhaust and fed to the next process. Purification

subsystem. Ptium in these impurity compounds will be
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accumulated in the system. Excess hydrogen isotope gas will be
stored in the zirconium-cobalt bed 50 that the amount of hydrogen
isotopes in the loop will be kept stable.

The purification subsystem 1is composed of a palladium
diffuser and vacuum pumps. Gas mixture from the gas feed system
is separated to pure hydrogen stream and bleed stream where
impermeable impurities are concentrated. The permeated side of
the palladium membrane is evacuated to below 10 torr in order to
reduce hydrogen concentration in the bleed gas. Puré hydrogen is
pressurized and recirculated to the gas feed subsystem. Bleed is
sent to the recovery subsystem.

Bleed gas from the palladium diffuser is then processed in
the Recovery subsystem. Hydrogen isotopes X in the form of X2,
CX

and NX are oxidized to X20 at the catalytic reactor. The

4 3
reactor 1{s operated at 550°C so that conversion ratio of CX4 is
expected to be higher than 106. Twice as much oxygen as required
for oxidation is fed to the reactor from the electrolysis cell as
well as gas bottle.

Exhaust of the reactor subsequently passes through freezers
for separation of X20 and tritium-free species. The operat
temperature of 160K is the lowest temperature at which CO2 will
not be frozen out. Water vapor pressure at the outlet is

expected to be lower than 0.1 ppm. Gas from the freezer contains

N

He, CO and 02 is sent to the Effluent tritium Removal System

27 72
(ERS) of the TPL for final detritiation before release to the
environment. Trace of CX4 and X2O that failed to be processed iIn

the 1loop wiil be the dominant loss of tritium from the apparatus
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and the amount 15 expected to be less than 10 ci/y. A part of
the freezer exhaust 1is recirculated to the catalytic reactor
inlet to dilute combustible species. A molecular-sieve bed at
room temperature is a back up of the freezers.

The freezers are periodically regenerated by inert stream
and tritiated water X20 is decomposed in the Water decomposition
Subsystem. This subsystem consists of a ceramic electrolysis
cell, a small palladium diffuser and a vacuum pump. Mixture of
inert and X20 from the regenerating freezer is spiit to pure
oxygen flow and a mixture of X2 and He at the cell. Hydrogen gas
is purified by a second diffuser followed by a vacuum pump. A
part of this pure hydrogen stream is recirculated to maintain
stable flow rate in the loop and excess is sucked by zirconium-

cobalt beds. Diffuser bleed contains He, small amount of X 2and
X2O is recirculated to the catalytic reactor feed.

An example of the material balance inh the system is shown in

the table 1. Processing rate of the simulated plasma exhaust is

3 mol/h of X, and impurities up to 15%. Tritium inventory in the

2
system of lg will make DT mixture contains tens of % of T.

Gas analysis system for this experiment is shown in the
Fig.3. Three gas chromatographs are used for the seven samples
taken periodically from the loop. Thermal conductivity detector
and i{on chamber will be used. Hygrometers will measure vapor
concentration at the inlet and outlet of the diffuser, the
catalytic reactor, freezers and the electrolysis cell. An ion

chamber monitors total tritium flow to the ERS.
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The system 1is operated from the local panel. Pressures,
tlow rate and temperatures are controlled automatically with
manual set wvalues. Major valves that will control main flow of
the 1loop are operated pneumatically from the panel while minor
ones are manual. Some interlocked actions will be operated
automatically {for the off-normal cases such as loss of power or
malfunction of components.

Data will be processed and recorded by a 16 bit desk top
computer. CAMAC interface is applied to transfer thé data on the
pressure, flow rate, temperature, and status of the system to the

computer.
MAJOR COMPONENTS

(1) Palladium diffuser

Figure 4 shows the structure of the palladium diffuser for
this apparatus. The palladium tubes of 60cm long are contained in

the double stainless steel Jjacket. A couple of heater wire are
wound on the inner shell. Permeated tritium from the inner shell
is contained in the outer shell. Approximately 3 mol/h of
hydrogen 1isotopes 1is purified by this diffuser. The operation
temperature 1is 300°C and pressure at the feed and permeated side

of the membrane is 760 torr and 10 torr respectively.

(2) Electrolysis cell
Figure 5 is an example of the structure of the electrolysis

cell. In the figure, 10 zirconia tubes are contained in the
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double stainless steel Jjacket. Heater wires are wound on the
copper tubes where zirconia.tubes are inserted one by one. The
operation temperature is 600°C. Total 2.5mol/hr of gas will flow
in the <cell and 0.18 mol/hr of water will be decomposed. Cell
voltage of up to 2.0V is supplied and controclled by potentiostat

so that 1.3 V of Ir-free voltages are maintained.

(3) Zirconium-cobalt bed

The structure of the =zirconium cobalt beds for recovery.
storage and supply of hydrogen isotopes are shown in the Fig.6.
Seven sintered stainless steel filter tubes contains activated
powder of intermetallic compound ZrCo mixed with copper grains
for heat sink and placed horizentally in the copper heater block.
The capacity of each bed is approximately 200 litter of hydrogen
gas. Hydrogen gas is recovered at room temperature and released
at 400°C. Mixture of hydrogen and inert gas can be processed by

recycling operation through this bed configuration.

(4) Catalytic reactor
A catalvc reactor operated at 550°C processes palladium
diffuser bleed at flow rate of 3 mol/h. Precious metal catalyst

is loaded. Double jacket will contain the permeated tritium at

high temperature.

(5)Freezers
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Three freezers are operated alternatively to freeze out 0.18
mol/h of tritiated water continuously. Fluorocarbon will be used

for coolant.

(6)Pumps
Metal-bellows sealed o0il free pumps (reciprocating pump

and/or Scroll pump) are used for evacuation of palladium

diffuser and gas transfer.
OTHER ENGINEERING REQUIREMENTS

This apparatus requires following items in design and
fabrication for tritium service.

The apparatus should be completely leak tight. Whole
plumbing and components are tested with helium leak detector.

The piping and components are made of stainless steel or
COPPEr. Joints should be welding, VCR fittings or conflat
flanges with metal gaskets. Components operated at high
temperatures should be doubly contained in order to prevent
tritium permeation.

No organic materials can be exposed to tritium in the
apparatus except for some minor components where very low tritium
concentration is expected and will not be used often. 0Qils
should not be used in any place to avoid contamination.

Configuration of the apparatus should be carefully designed
sp that it will fit in the glovebox and manual valve operation

and maintenanée work through gloves will be easy. The apparatus
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will be operated {from outside. Remote controle and data
aquisition system is required.

Minimize tritium inventory.

SCHEDULE

The final design and fabrication of some components are
being performed. The whole apparatus will be installed in the
summer. 1887. Experiment with tritium 1is scheduld from the
beginning of 1888 after the <check out and testing without

tritium.
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— 257 —

EVFCTROLYSISCELML =77




JAERI — M 86— 189
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chamber are indicated.
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No.24
Brief Description of Experimental Apparatus for Hydrogen

Isotope Separation by Cryogenic Distillation

Toshihikeo YAMANISHT

Department of Thermonuclear Fusion Research,

Naka Research Establishment, JAERI
ABSTRACT

A design study has been performed for an éxperimental
apparatus for hydrogen isotope separation by cryogenic
distillation. The experimental apparatus handles hydrogen isotope
mixture of all six molecular species (H2, HD, HT, D2, DT and T2).
The major items in the design study are to draw a flow schematic
of the system, to determine the structures of the components

and to examine operation and control medes.
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INTRCDUCTICN

Separation of hydrogen isotopes by cryogenic distillation has
various advantages : a comparatively large processing flow rate
even with a compact scale device, high separating performance and
negligible tritium permiation owing to the cryogenic operating
temperature. Hence, it appears that cryogenic distillation is
best suited to the needs in the mainstream fuel circulation system
for fusion reaétors.

Computer simulaticon studies for hydrogen isctope distillation

columns were performed by Sherman & Bartlit(1), Wilkes(z)

Kinoshita(3)~(5). Although these studies produced much useful

and

information, the experimental data previcusly reported for the

crycgenic distillation column is limited. Additionally, detail
information is not given for the experimental condition(ﬁ)(7).

.Thus, further experimental studies are desired.

As the first stage of a research program to exploré the
characteristics of the cryogenic separation system, the author
initiated an experimental study for hydrogen/deuterium
distillation column. Some fundamental engineering data such as
the HETP, liguid holdup and pressure drop will be obtained by the
study. As the next step of the research program, a design study
has been performed for an experimental apparatus separating

hydrogen isotope mixture containing tritium. The major purpcse

of the experiment are to study separaticon characteristics of the
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column and to examine the static and dynamic behavior of the
apparatus.

The present paper gives a brief description of the above-
mentioned experimental apparatus : the flow diagram cf the
apparatus, structures of the principal components and the

operaticn and control modes are reported.

Brief Descripticn of Experimental Apparatus

The feed gases to the experimental apparatus is mixture of
protium, deuterium and tritium isctopes. Maxium amount of tritium
used for experiment is 104 Ci.

A simplified flow diagram of the experimental apparatus is
illustrated in Fig. 1. The apparatus has two distillation columns
with room tempeérature equilibrators. Each column can independently
be operated, addionally, two cascades can be tested. The
flow diagrams under the above three operation modes show bold
lines in a series of figures (Fig. 1~3}). In the all operation
modes, output streams from the columns or cascades are recycled
as seen in the figures.

Figure 4 shows a brief system diagram of the experimental
apparatus. The apparatus consists of the following system.

(i) cryocgenic distillation system
(ii) gas circulation system

(iii) gas supply and recovery system
(iv) refrigeration system

(v) sampling system

(vi) vacuum system

Functions and principal components of the above-mentioned systems

are as follows.
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(1) Cryogenic distillation system

The present system consists of two cryogenic distillation
columns and heat exchangers which refrigerate feed gases to about
20 X. The above components are set in a vacuum chamber in order

to shield against thermal radiation and conduction.

(2) Gas circulation system

The functions of the present system are to remove impurities
of the output streams from the columns or cascades and to recycle
them. The principal components of the system are four
equilibrators, two cryosorption and adsorption beds and two
circulation pumps. The system 1s equiped a recovery tank and
rupfure disks for protecticon against overpressﬁre due to loss of

refrigeration.

{3) Gas supply and recovery system

The functions of the present system are to supply hydrogen
isctope mixture to the columns and to recover the holdups within
the cryogenic distillation and gas circulation systems. The
principal components of the system are hot metal beds and a mixing

chamber.

{4) Refrigeration system
The function of the present system is to supply the
refrigeration for the two distillation columns and heat exchangers

by the helium refrigerator as shown in Fig. 4.
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(5) Sampling system

Figure 5 shows a simplified flow diagram of the present.
system. The system comprises two gaschromatographs and a liquid
nitrogen bath used feor strage of sampling gases withdrawn from
the two distillation columns. The distillation columns has eight
sampling points as shown in Fig. 4 (S1A~D, S2A~D), and five

measuring tubes are attached to a point.

(6) Vacuum system

The function of the present system is to evacuate the vaccum
chamber (10-5 Torr), the distillation columns (10-3 Torr), the
measuring tubes (10_2 Torr) and vacuum enclosure of pipe lines

for heat insulation (‘IO“5 Torr) by an turbo molecular pump.
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Design of Principal cocmpenent

Hydrogen distillation columns operate at a nominal
temperature of 20~24 K. 1In addition to the design reguirements
imposed by the cryogenic temperatures, the process gas contains
radicactive tritium which imposes an additiénal set of constraints.
As a result, all components and material of them are designed or
selected to be compatible with low temperatures and tritium
service in terms of reliability and safety. In addition, since
-the experimental apparatus is set in the glove box, design
concepts must include ease of operation and maintenance. All the
circulation pumps are deoubly contained, within the inert gas
jecket as the outer containment. All joints for piping are
either welded or flanged, and all valves and components reguiring
maintenance are installed with "VCR" fittings on all process
connections.

The design p;rameters for the principal cemponents are
presented in Table. The two distillation columns having inside
diameters of 2 and 1 cm and packed heights of 50 cm are filled
with 3 and 1.5 mm Dixon Ring, respectively. Helium
refrigerator whose capacity is about twice as much as that
required for the two columns (130 W) is selected for the
experimental apparatus.

- The basic structures of the principal components are as

follows.
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(1} Distillation column

Pigure €& shows a schematic diagram of the distilléﬁion
column. The volumes of the reboilers are designed that the
holdup within them are adequately larger than those within the
columns lost by sampling. The condensers are refrigerated by
helium streams at approximately 20 XK with the gases flowing in
tubes soldered to the exterior of the condenser. Copper fins are
used within the condensers to provide ample condensation area for

column reflux.

(2) Vacuum chamber

Figure 7 shows a schematic diagram of the vacuum chamhber.
The two columns and heat exchangers are attached to a central
suppert and this assembly wrapped with multilayer insulation.
The column assembly is enclosed within a thermal radistion shield
cooled by liquid nitrogen. The vacuum chamber hauses helium
control valves, heaters and temperature sensors wrapped with
multilayer insulation. All critical heaters and temperature

sensors located within the chamber are redundant.

(3) Gaschromatograph

Figure 8 shows a flow diagram of the gaschromatograph.
The gaschromatograph cemprises the separation column packed with
alumina coated with Mncl2 (inner diameter and length are 0.5 cm

and 200 cm, respectively), thermal conductivity detector, icn
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champer and instruments for automatic analysis. The separation
column is cooled to liquid nitrogen temperature, |

The sample gases stored in the measutring tubes are
automatically analyzed in order. The time required for analysis

of a sample is about 54 min.

Control System

The experimental apparatus provides for complete manual
control and local automatic control with manual set point.
Condenser pressures of two columns are under automatic control
varing helium temperature, and reboiler heat control is set
manually since the rates of the feed and output streams are kept

constant by mass flow controller.
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Table Design parameters for principal components

Distiliation Column No.l E Column No.2
columns T
Pressure abeut 360~1120 Torr i about 360~1120 Torr
Temperature ahout 20~ 25 K i about 20~ 25 X
Dimensions 20 mm (inner diameter) | 10 mm Cinner diameter)
(packed section) | 500 mm {packed height) i 500 mm (packed height)
Packing Dixen ring ! Dixon ringr
¢3 mm (dimension) E @ 1.5 mm (dimension)
SUS318 (material) E SUS318  (material)
Reboiler heat 100 W 130V
duty '{
I
Sampling Gaschromatograph | Thermal conductivity deteétqr
system lon Chamber 0.5 uCi ~ 50 mCi (range)
Helium Refrigeration output 240 W (at 20 K)

refrigerator

Helium pressure 2.4 aim

Circulating | Double bellows 800 N ¢ /hour (max.)

pUmp pump 225 N ¢ /hour (max.)

Helium 1X10-8 Acc/sec (one Joint)

leak rate 1X10-¢ Acc/sec (whole apparatus)
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Equilibrator

Fig. 1 Simplified flow diagram of experimental apparatus

Bold lines show flow diagram in the case where the two columns

with feedback streams are independently operated.
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D¢
3
ilibrator
bDistillation Equ
colum
»4 Bt | >4 —

Fig. 2 Flow diagram of column cascade (2)

— 271 —




JAERI — M 86 — 188

Fap T N T ST
_.___.__,T
@— & v
X I
|
|
- b
rY ]| Y
VI, v '
T Distillation M Equilibrator
i column
Fg W
Fig. 3 Flow diagram of column cascade (1)
b VALVE HELIUM REFRIGERATOR
& * RUPTURE DISK ADSORPTION BED \ ADSORPTION BED
CRYOSORPTION BED N1 CRYOSORFTION BED
CIRCULATION PUMP\ R G%D CIRCULATION PUMP
TH, RECOVERY TANK
102
=~ He
i ]
EQUILIBRATOR
el Ih‘v‘l (]
X
X2
EQUILIBRATOR |

T, | HOT METAL BED

Fig.

4 Brief system diagram of experimental apparatus
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No.25
BRIEF DESCRIPTION OF EXPERIMENTAL APPARATUS FOR

TRITIUM PERMEATION STUDIES

Kenji OKUNO, Shigeru O'HIRA., and Masahifo MISUMI

Tritium Engineering Laboratory
Department of Thermonuclear Fusion Research

Japan Atomic Energy Research Institute

abstract: An experimental apparatus for tritium permeation
study is now under development in JAERI. Major characteris-
tics of the apparatus are that (a) tritium experiment is
available;  (b) high flux of ion beam at low energy (<{1KeV)
is attainable to simulate realistic bombardment; and (c¢)
simultaneous measurement of the sputtered 1ions from the

front surface with a secondary ion mass spectrometer.
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1. Introduction

For D-T fusion reactors, a key safety 1issue 1is the
release of tritium implanted into first walls and limiters.
We are especially interested in permeation of implanted
tritium through the first walls and limiters into coolants.
Although a number of experimental and theoretical studies on
implantation-driven-permeation have been undertaken
extensively, there are considerable uncertaities in predict-
ion of +tritium permeation behavior under actual operation
conditions of the fusion rectors. In the previous experimen-
tal studies, hydrogen and deuterium ion beams were used . to
simulate the tritium bombardment on the first wall of fusion
reactors. To progress the understanding of the permeation
behavior of the implanted tritium, an advanced experimental
approach is needed, involving tritium ion bombardment on the
candidate materials of first walls.

In this situation, we have designed an experimental ap-
pParatus for tritium ton implantation-driven-permeation
studies. Since the design is now under way, a summary of

present status is briefly described here,.
2. (Overall objectives
1) To confirm the extrapolation of H/D data to T for

plasma driven permeation.

2) To assess the permeation barrier effect of coating
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materials.

3) To investigate the correlation between bulk/surface
conditions and permeation/retention behavior.

4) To confirm calculation models to predict reemission,

retention, and permeation of implanted tritium.

3. Design of experimental apparatus

3.1 Basic design requirements

Basic design requirements relating to tritium handling
are as follows.

1) The experimental hardware are to be placed in the
glovebox (4.5mbx1.2mYx1.5mM) in TPL.

2) The maximum amount of tritium permitted to use for
one batch operation is 1g9(10,000 Ci)J.

3) Vacuum plumbing must be made up of all metal
construction, and metal gasket must be used to make
vacuum seals at all connections.

4) Oil-free type vacuum pumps must be used.

5) The tritium gas exhausted from the main pump must be

recovered by use of tritium getter.

3.2 Design description

The schematic diagram of experimental apparatus designed

for implantation driven permeation experiment is illustrated

in Figure 1. The apparatus consists of (1) ion source for
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production of intense ion beam, (2) main chamber system for
ion implantation into specimen and for measurement of ex-
perimental parameters. (3) downstream system for measurement
of permeated gas through the target specimen (4) evacuation
system, and (5) tritium gas supply and recovery system.
The schematic flow diagram of the apparatus is shown in

Figure 2.
(1) Ion source

The first wall and limiter will be bombarded by a flux
of 1012 to 1017 atoms/cm?.s 0of charge exchange neutral
tritium at relatively low energies below 200 eV. To simu-
late the high flux and low energy implantation, we have
adopted the newly developed powerful hydrocgen ion source.

The 1ion source is a modification of the quartz capillary
ducPIGatron proton source developed by Isova and Inoue
(Kyushu University){ll. Conceptual drawing of the ion source
is shown in Figure 3. A dense narrow plasma is generated by
the duoplasmatron and PIG discharge mechanism(duoPIGatron}
in a quartz tube to which a strong magnetic field is appiied
along the tube axis and very high density of ion current is
obtainable from the narrow exit hole at the end of tube with
a high proton percentage as large as 80%. The extraction of
ion beam 1is achieved by an extraction grid which is posi-
tioned just downstream of the exit hole. Ilon beam energy is
varied by the extraction grid from about 20 eV to | keV

continuously. The beam energy is representative of implan-
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tation energies expected on the first wall. lon flux larger
than 0.2 mA/cm 2 for 200 ev DY and 2 mA/cm2 for 1KeV is ex-
- pected at the target.

Gases are fed to the ion source at a required rate by
use of a mass flow controller unit. Deuterium and hydrogen
gases are supplied from gas cylinders and tritium gas 1is

supplied from a metal getter through a reservoir tank.
(2) Main chamber system

The maln chamber is a vacuum vessel that contains tar-
get sample-holder assembly and various diagnostic tools to
measure experimental parameters. The cross section view of
the main chamber is shown in Figure 4. The vacuum vessel is
a type-304-ss cylindrical chamber which is about 50 cm long
and 40 cm in diameter. The ion source is connected to one
end of the cylinder. The sample-holder assembly which 1is
connected to a separate vacuum line (downstream system) is
inserted to the chamber interior.

The target sample holder is illustrated in Figure 5. The
target specimen for permeation test is a 0.1 to lmm thick
membrane disk with a diameter of 2 cm which is welded to the
support. & halogen lamp is located in the back side of the
target to heat the target specimen(<760°C), and a ther-
mocourle is attached to the support to monitor the target
temperature. The sample support is electrically isolated
from the base flange by an insulator to enable measurement

of incident ion current.
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For the purpose of in-situ analysis of front surface,
Auger Electron Spectrometer(AES) and Secondary lon Mass
Spectrometer(SIMS) are 1incorporated in the system. In
particular, measurements of the surface property by SIMS is
simultaneous with the measurements of permeating gas.

Beside the surface analyzers, a variety of analytical
tools are to be equipped with the main chamber. Nude
ionizatidn gauges are used to measure system pressure in the
high vécuum regime and pirani gauges are used for low vacuum
regime. Residual gas composition in the target chamber is
measured with a QMS head of SIMS. The ion beam current is
measured by use of a Faraday cup and the 1ion energy dis-
tribution can be measured applying retarding method. A high
speed shutter plate for stobping the ion beam is equipped at
the exit of ion source to measure the permeation response to
ion implantation.

In addition to the target holder for permeation
measurements, a sample manipulator is equipped in the main
chamber. Sample materials provided for surface analysis are
delivered to the sample manipulator by a sample transporter.
To facilitate the sample exchange, sample loading chamber is
coupled to one of the ports of the main chamber. This
sample loading chamber is isclated by a gate valve and con-
nected to the rough line of the vacuum system. By use of
this sample loading system., quick exchange of sample is
available without affecting the high wvacuum of the main

chamber.
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(3) Downstream system

In the course of permeation experiment, the back side of
the target specimen is exposed to a vacuum. A 80 1/5 (N o)
ion pump is used to maintain the vacuum of downstream line.
The measurement of the rermeating gas will be accomplished
by a quadrapole mass spectrometer(QMS) and the permeating
rate will be calibrated with a standard leak. In the series
of tritium operation., the permeating rate will be quantita-
tively determined most accurately by use of tritium

monitors.
(4) Evacuation system

To facilitate the recovery of exhausted tritium gas, a
cryopump unit ( 3600 1/s, Ho) is used to maintain the vacuum
of the main chamber. And a sputter ion pump( 80 1/s,N 5) 1is
used to Keep the downstream vacuum line at a high vacuum. A
turbomolecular pump 1is provided for rough pumping of the
whole vacuum system including the target 1loading chamber.
This turbomolecular pump is backed by the exiting vacuum
pump system (VPS) of TPL. The exhausted gas 1is to be
processed by effluent tritium recovery system (ERS).

As already stated, vacuum line 1is of all metal
construction. Metal gaskets are wused at all connections
wherever possible. And bakeable wvalves and metal bellows
valves are used wherever necessary.

A conceptual flow diagram to illustrate the system opera-
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tion mode under tritium permeation experiment is shown in

Figure 6.

(5) Tritium gas supply and recovery system

Two metal getters are to be wused to supply and to
recover tritium gas. Tritium gas released from a metal
getter into the reservoir tank will be fed to the 1ion
source at a required rate through a mass flow controller.
And the tritium gas storaged in cryopump s recovered by
another metal getter.

Plumbing is of all metal construction, and metal gasket
is used to make seals at all connections. And valves are of
all metal bellows valves.

Figure 7 shows the flow diagram of the system during

tritium recovery operation.

(6) Layvout plan

The experimental hardware of this apparatus are to be
placed in a glovebox ( 4.5mbx1.2mYx1.5m ) of TPL. Figure 8
shows the layout plan of this apparatus in the glovebox.
Control electronics to operate the apparatus are toc be
packaged into a instrument rack which is placed outside the

gloveboXx.
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4. Safety analysis

The potential of radiation hazard of this apparatus un-
der normal operation has been evaluated.

The possible radiation hazards of this apparatus will
come from the following:

i} Tritium leakages from the experimental hardware,

i1) X-ray emission due to bremsstrahlung in target
sample, and

iii) 14 MeV Neutron emission from target sample due to
D(T,n)%He reaction.

Calculated results are listed in Table 1. The maximum
tritium leakage rate to the glovebox atmosphere under normal
operation is estimated to be 2.5x1073 Ci/hr, which is lower
than the design commitment value op TPL: 0.01 Ci/hr for one
glovebox. X-ray emission vield due to bremsstrahlung is es-
timated to be 2.5x10!0 photons/sec. Fortunately, the energy
of the bremsstrahlung x-ray is so small that the chamber
structure works as a enough shield. I[f deuteron (or
trifon) is implanted onto tritium (or deuterium) containing
sample, 14 MeV neutron emission occurs through D(T,n)
nuclear reaction. This neutron production rate is roughly
estimated to be 0.36 neutrons/sec. at most. The correspond-
ing dose fate at the outer surface of main chamber 1is only
1.1x1075 mrem/hr.

Based on the above evaluations, we have confirmed that

the health and safety of workers will nhot be affected by
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operation of this apparatus.

5. Schedules

The time schedule of this R&D program is shown in
Figure 9. The f{final design activities are now underway.
The construction is going to start in the end of next

January in earnest. Installation into the glovebox will be

completed in the end of September 1887.

Reference
(11 A Isova and T Inoue, " A proton source for high-

intensity Lamb-shift-type polarized ion source "

Inst. Phys. Conf. Ser. No.b4:Chapter 7.
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Table 1. Safety analysis

1. Neutron Dose Rate from d(T,n)*He Reaction

- Total Neutron Generation Rate : 0.36 n/sec
D= flux : 0.4 nA/ce?
T in S.8S. : 9 x 10%** T/cm®
D* energy : 1 keV
Cross Section : 107® barn

- Dose Rate on the Qutside Surface of Main Chamber

1.1 x 10°% mrea/hr

2. Bremsstrahlung Radiation from Specimen
- Bremsstrahlung Yield : 2.5 x 10'° photons/sec
- Dose Rate on the Outside Surface of Main Chamber : ~0 R/hr
Gamma energy : 18§ keV
Wall Thickness : S mm

3. Tritium Transportation Rate to GB Atomosphere (Normal Condition)
- Tritium Permeatjon : 1.1 x 10-% Ci/hr
- Tritium Leakage : 2.5 x 10°%* Ci/hr

Leakage Rate of Equipment : < 10°% Acc/sec
4. Tritium Transportation Rate to GB Atomosphere (During Maintenance)

- WithoutlBaking : 0.14 Ci (During 8 hrs')
- Baking at 300 C for 24 hr : 0.0014 Ci (Buring 8 hrs')
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CLOSING REMARK

by J. L. Anderson

We have seen much progress in T2-handling since 1380

workshop.

TSTA -~ 509 T2
TPL - Constructed, T2 soon
TRIO

VoM
BEATRIX
University of Tokyo
Tokyo Institute of Technology
Permeation Studies
Tritium Plasma ExXperiment

T, Production at JAERI in 1000Ci Batches

2

Considerable work at Japan Universities
Tokyo Institute of Technology
University of Tokyo
Toyama
Osaka
Kyushu
Nagoya

Many now handling small quantities of T2
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We have made new friends and professional contacts which are
profitable for both sides.
Exchanges and Cooperation agreements between J.5. and Japan

have bheen important to both sides.

The future of T2 work is very exciting:
1. Tritium Experiments at TPL will start soon.
2. TSTA will operate fully integrated fuel loop with 1009
inventory.
3. International Blanket Experiments are underway.
4. Safety programs 1in both countries are working to assure

reasonable approaches to tritium handling are followed.

A lot of exciting work is continuing in the Blanket Area.
No clear cut choice for Breeder and Extraction System has emerged
but there are many exciting experiments underway which will help

t0 resolve this issue.

Additional Experiments must still be defined and started.

[ see nho reason to believe that tritium handling will be a
barrier to fusion development. There are many unsolved and
unresolved issues, but good scientists and engineers are making
steady progress to solve these problems.

We appreciate the hard work of the organizing committee for
this Workshop. It has been a very successful and valuable

meeting.
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The U.S. delegation 1is very appreciative of the warm and
graciocus welcome we have received from our Japanese friends and

colleagues.

"ARIGATO GOZAIMASHITA."
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