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1. General Considera;ions

At consideratiog of INTOR's tritium Syétem, there are three major
design criteria, the minimum tritium inveﬁtofy in the system, the ¥eliable
safety and the minimum cost. |

The tritium inventory in the tritium system is véry important since
it defines procurement, safety, cost of INTOR. 1In sessioﬁ 2 of INTOR
Workshop, there is rather scattered results reporteﬂ by the dffferent
communities, and therefore more careful estimations are'perf6rﬁed to
estimate more accurate inventory. 7

The total tritium breeding ratio estimated about 0.6 in the céée of
INTOR without divertors and about 0.4 in the case of with divertors}. The
processing system of tritium from the blanket is not discussed here.but it
can be refered from Ref.(l). -

Tritium inventdry is estimated for the cancept of INTOR with divertors.
The schematic outline of tritium system ié'sh6Wn in Fig.l. Thus cryogenic
distrillation is adopted to hydrogen isotope separation unit and thé multi=-
stage countercurrent freeze-out unit followed Ey falling liquid film

helium/hydrogen isotopes separation is chosen for the purification unit.

(1) Fusion Reactor System Lab., First Preliminary Design of an Experimehtal

Fusion Reactor, JAERI-M 7300 (1977) (in Japanese)’
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Tritium Inventory

The tritium ﬁnventory in fuel'circulation system is about 9,9 kg

including the storage of 2.2 kg for one month consumption.-

The tritium inventory was estimated by the following conditions.

a) The experiment is continuocusly executed through one month (72 shots/5hr),

b)

c)

d)

e)

f)

g)

h)

i)

and the following three months is spent on maintaining the machine.
The same pattefn is rgpeated three times during one year.

The extra vacuum system is also equipped. They are operated alter-
nately for 12 hours; while one system is operated, the otﬁer is
regenérated.

The length of time required for equilibration of the purification
unit and the hydrogen isotope separation unit is assumed to be
negligible in comparison with three months.

The amount of tritium in plasma exhaust is approximately 13 g/shot,
and that consumed in the chamber is approximately 0.21 g/shot,

The input tank has a capacity for the amount of the exhausted gas
for one day. |

The ionization effectiveness of NBI is 7 %, and deuterium gas
exhausted from the cryosorption system of NBI is recycled to the
cryogenic isotope separation system because the gas may contain
tritium and protium,

The amount of tritium initially stored in the fuel mixer and the
fuel injector is equivalent to the aﬁount required for one hour.
Tritium is stored in the form of uranium hydride (T, storage and DT
storage), and the-type of the fuel injection selected is gas puffing.

Tritium decay is not taken into account.
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The inventory of fuel circulaticn system components cother than storage

is estimated as follows;

High Vacuum System 2260
Input Tank 2260
Fuel Purification System . 20
Hydrogen Isotope Separation System 3000
Fuel Mixer and Fuel Injector 190
Sum 7730 g

As is shown above, the minimum inventory of tritium system (for the
units except the tritium storage) required for the machine is approximately
6.2 kg.

If incomplete regeneration for less than 12 hours is acceptable, the
inventory in the high vacuum system and the input tank can be reduced by
the factor of reduction of regeneration time.

Feed rate for the purification unit is estimated as follows;

T 5.2 x 107% g/sec
D 3.5 x 107? g/sec
He 1.1 x 107? g/sec

Other Tmpurities =8 x 1077 g/sec

The kinds of impurities and the level of :atom fractiom t of each
element are estimated as follows;
He 0.8 % H 1% C 1%

N 0.1 % 0 0.6 %

Their chemical forms could be He, Hp, CD»T», NDTz, ND:T, DTO, etc.
Tritium is stored in the form of uranium hydride for safety. Tritium
inventory for storage for one month consumption by D-T burning is about

2.2 kg.
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‘Thus, the inventory of tritium in fuel circulation system is estimated

as 9. g kg.

1.2 Gas Puffing

Gas puffing system will be employed as fueling method at Japanese
concept of INTOR.

JAERI has experiences of gas puffing at JFT-2 experiments (2). On
this basis, the gas injection system of JT-60 has been designed {(3y. It is
summarized in Table 1 and the sygtem ocutline is shown in Fig. 2

The total puffing rate of INTOR will be at the order of 1022 particles/sec
of D and T and this corresponds to the order of 10% torr.2/sec.  Thus, the
gas injection system INTOR will be proven at JT-60 experiments except about
tritium handling. Total gas injection amount at INTOR will be naturally

enlarged comparing with JT-60 system.

' (2) Kodama, K., et al. "Gas Injeétion at JFT-2", Internal report {1977)

{in Japanese)

(3) Kodama, K., et al. "Design of Gas Injection System of JT-60G",

Internal report (1978}).
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*#%% Functions of Valves

The valve FMV is the fast magnetic valve which can control f£illing
pressure of fuel or impurity content. To the vacuum vessel, the valves of
FMV-H and FMV-L can supply gas of 6-60 Torr.% and 0.7-7 Torr.% respectively
within 5 msec. Their time reproducibility is less than *0.05 msec and
supply reproducibility is iess than 5 Z.

PEV is the piezoelectric valve with four functions of supply. They
are slow control of inifial pressure, plasma density control, plasma termi-
nation and impurity injection. They are controlled by feedback or pre-
programing. PEV's action time is less than 5 msec from full close to full
open. The plasma control of JT-60 is controlled by feedback. The total
response time is required to be less than 20 msec. Less than 5 msec in
20 msec is for plasma density diagnostics, less than 10 msec for data
processing to feedback.parameters and less than 5 msec for gas reach plasma
surface from valves. These periods of time can be reduced by further
investigation within few years. Supply amount during automatic.density
control can be adjusted with the accuracy less than *10 Z, but this de&ia—

tion will be reduced to a few percent in near future.
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1.3 Recovery of Tritium from the Blanket
1) Liquid Li is easy to react with tritium to form hydrides (LiB), which

are relatively stable compounds, and it is less easy to release
tritium from hydrides than from lithium oxide (Lizo). A solid state
_blanket system has certain advantages congerning

1. breeding.ratio

2. reactor structure

3. safety

4, maintenance

5. tritium inventory

Lithium aluminate (Li»Al204)} has much lower lithium density than Li:0
in spite of its high melting point.

Diffusion coefficient of tritium in Li;Al;04 seems to be smaller than
that in Li20, and there is much larger tritium inventory in Li2Al:204

than in Li»0.

2) A continuous method of tritium extraction may be available in a Liz0
blanket because of high diffusion ceoefficient of tritium in Li-O.
In a2 LizAl,0, blanket the above method will be critical because of
low diffusion coefficient of_tritium in LiyAl;04. Efficiency of
tritium extraction in a Li»0 blanket will be more excellent than in

a LiAl;0, blanket.

3)7 The chemical form of tritium released from Li;0 is almost tritiated
water in addition to a small amount of tritiated hydrogen and tritiated
hydrﬁcarbons such as tritiated methane. The presence of methane in
the fuel supply is undesirable because it can plug the still needed

for hydrogen isotope separation.
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4) TFrom Liz0, tritium is easily released. Therefore, lithium compound

materials will be contaminated only by structural materials.

1.4 Analysis

For the analysis of tritium no serious problems is anticipated. Each
system for the measurement of radioactivity, specific activity (isotopic
ratic}, chemical analysis such as distribution of chemical species, impurity
check and etc., has to be accomplished,

Both mass spectrometry (MSL and gas chromatography (GC) are useful
for tritium gas analysis. It is not necessarily practical to choose only
one of them, because the respective method has advantages and disadvantages.

There are six isotopic molecules in hydrogen gases — H,, D», T2, HD,
HT, and DT — and those species are equilibrated under the definit condi-
tion. If we want to measure the change in composition of unequilibrated
gases, the use of M5 is necessary. One of the advantages of MS is a high
speed scanning. On the contrary, the use of GC is advantageous in order
to analyze gases with high level tritium, beéause contamination of the
equipment is expected to be limited.

In the following we are described characteristics and problems concerned
with MS and GC:

1} Mass Spectrometry (MS)

0f many types of mass spectrometers available, a quadrupole mass
spectrometer fQ—pole) is considered to be useful for tritium gas ahalysis.
Although the resolving power of Q-pole is not so high as that of magnetic
sector type, it is possible to distinguish doublet or triplet peaks of
isotopic hydrogen.molecules by changing the ionization energy between 5
and 50 V. Even in a high fesolution mass spectrométer, separation of

+ + . .
‘He' from T is far beyond the practical matter, because the theoretical
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resolution between beth the species is calculated to be 150000.

A Q-pole is véry compact, so that it can be equipped with fuel
circulation systems at anywhere desired. 1In addition, an availability of
continuous sampling method for MS makes it possible to control the system
on line.

One of the serious problems involved in MS is contamination of the
equipment, such as ion sources, detectors, and vacuum chambers, through
analyses of high-level tritium gases. In order to overcome the problem,
we need vltra high vacuum systems (UHV, ~10710 Torr), which can be baked
enough at the temperature above 250 °C. The structure of ion sources
should be so simple as to be decontaminated easily. As for ion detectors,
the use of Faraday cup is better than that of electron multipliers, in

those regards.

2} Gas Chromatography (GC)

By.means of gas chromatography, one can separate *He completely, in
addition to the separation of all iscotopic hydreogen molecules. The separa-
tion or analysis of tritium gases is performed with deactivated alumina
columns cooled at liquid nitrogen temperature, while other species such as
methane and water are analyzed at the temperature higher than room tem-
perature., Hence, this method requires more time than the analysis with
M5, In GC, however, contamination due to tritium is restricted to the
column and some other limited parts in the equipment, so that one can
énalyze gases containing tritium in high leyel} Insteadrof a ;ontinuous
sampling, a periodical sampling method is necessary for GC.

Radio gas chromatogréph, which is gas chromatograph equipped with
radiation detector such as ionization chamber or proportional counter, is

a conventional tritium analyzing system.
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1.5 Protection

In order to INTOR to be acceptable, tritium release from the system
is prevented according to radiocactivity protection recommendation where
maximum permissible concentratioﬁ of air and water is noted.

i) Maximum permissible concentrations

concentration in air concentration in water
(uCi/em?) (uCi/cm®)
controlled area —s -
X
(48 hours/week) 3 10 7.5 x 10
off-site* , _ ,
(3 month average) Z2 x 10 3 x 10

* These values are applied at release points on average as first
step for control.

1.6 National Tritium Test Facility in Japan

R & D programs for tritium technology for fusion include the following
major research areas to fulfill the requirements of tritium fuel cycle in
fusion reactor: tritium fuel recovery and circulation, blanket engineering,
tritium waste disposal, routine/accident containment and c¢leanup, etc.
These programs are primarily scheduled for major program, Plasma Engineering
Test Facility (PETF), and will be carried cut in two phases as described
below.

First phase of R & D consists of performance tests of semi scale
individual components of the tritium fuel cycle system such as containment,
purification, isotope separation, etc. These tests will be conducted at
relatively $mall amount of tritium level in the Tritium Process Laboratory,
to be constructed in FY 1980—82, supplemented by a small scale cold loop
test for the fuel cycle of PETF,

Second phase consists of a demonstration of small scale but overail
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tritium fuel cycle which includes.tritium production, tritium waste disposal,
development of blahket engineering and hot loop for tiritium fuel cycle for
PETF. The experiments will be conducted in the Tritium Engineering Test
Laboratory, to be constructed in FY 1983-84,

The main line of R & D programs described above is to be conducted
in JAERI, They are supplemented by basic research programs in other
national laboratories and universities in Japan.

To provide tritium system for INTOR, R and D of two main systems has
to be performed. One is a fuel circulation system and the other is a clean
up system during tritium handling. A fuel circulation system consists of
following subsystems such as, high powered vacuum exhaust, purification and
recovery of hydrogen isotopes from plasma exhaust gas, tritium and deuterium
separation and protium removal from hydrogen isotope mixture, storage, and
effluent tritium gas recovery. To assure each performance and reliability
in long term operation, a cold and a hot tritiuﬁ test facilities are planned
to install respectively. In a cold facility we will test overall processes
related to fuel circulation system and simulate each parameter of fuel
circulation and provide consistency among subsystems, maintenability,
reliability and stability of whole system. In second phase we will study
following subjects by constructing hot loop.

(1) Simulation test of fuel circulation system.

(2) Development and test production of tritium handling components.

(3) Development of tritium removal system for envirommental and area
protection and its performance test and evaluation in routine and
éccidental tritium release,

(4) Acquisition of scale up factor.

(5) Assurance of long term reliability of each component of fuel

circulation system.

(6) Demonstration of safe operaticn technique in simulated level of

tritium handling.
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2. Bibliographical survey and Estimation of Tritium Inventory
According to the annex of session 2 summary of INTOR Workshop (home
tasks for the September meeting), some of the bibliographical survey are

performed. The results are described in the questionnaire's order.

2.1 Physical and Chemical Properties of Hydrogen Isotopes
There is no typical data on the 'Vapor pressure, Rates of exchange
reaction between hydrogen isotopes, Thermodynamic data upon ortho-para

transformations, and enthalpy of, hydrogen isotopes and water species'.

2.2 Permeation and diffusion of H, D, T through metals

In this summary permeation constants and diffusion coefficient of
hydrogen in candidated metals for INTOR and some alternatives are
selectively tabdlated. Given permeation data.at low partial pressure
of particularly ﬁeavy hvdrogen isotopeé seemed to be limited.

In Table 2 and 3 permeation daga of hydrogen in stainless steel which
is a primary structural metal of INTOR and hydrogen permeability of some
refractory metal alloys are respectively shown. Fig.3 éhows a pressure
dependence of tritium gas permeation through stainless steel 304, permeaticn
mechénism seemed to be significantly changed at low pressure. Diffusion
coefficient and permeation constants of hydrogen in Mo metal are listed

in Table 4. The number of data are scarce in Mo, successive investigations

are necessary.
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2,3 Safety report upon tritium storage

stipped’

2.4 Evaluation of tritium resources external teo fission reactor facilities
In Japan there is one fuel reprocessing plant whose capacity is 210

t/y. The tritium is diluted by ordinary water because PUREX process is

adopted. The estimated amount of tritium treated is 8-16 g/v in full

scale operation,

2.5 Isotopic effects between gas and sclid hydrogen

no comment

2.6 Decomposition rate of the gaseous impurities on uranium or

titanium beds
1. Experimental investigations were undertaken to determine the effect
of time, temperature and methane (CHy)-hydrogen(H,) ratio on the formation
of uranium cabide by the reaction of finely.powdered uranium with a

(4). The temperature range of 650 °C to

gaseous mixture of CHy and H;
850 °C was selected and various reaction times were utilized with various
CH,~H, ratios. Total cabon contents (combined cabon and free carbon)

formed by the decomposition of the CHy, vs. reaction temperature, reaction

time and CHy-H; ratioc were determined as shown in Figs.4-11,

2. Reactions of finely powdered uranium with hydrocarbons, such as

CH,, CzHy, C3Hs, and CuHpo,

nU + CuH, = UC + mH,

(5)

were studied by Sano, Imoto, and Takada in the temperature range of

100-900 °C. - The pressure change (normalized) due to the reaction was
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observed as a function of temperature. The reactivity of propane and

butane seems to be}higher than that of methane.

3. Uranium beds are equipped in Tritiuﬁ Extraction System (TREX) of the
JAERI in order to remove impurities from crude products of tritium gas.
Methane and H;0 were cbserved to decompose on U;turnings. The percent
decomposition determined by means of gaschromatography is shown in Fig.12

(6)

as a function of temperature .

‘References

(4) T. Takahashi and T. Kikuchi ; unpublished data

(5) T. Sano, S. Imoto and Y. Takada ; J. At. Energy Soc. Japan.
2 (1960) 41 |

(6) M. Tanase ; unpublished data
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2.7 Thermodynamic studies of the candidate lithium compounds for the
blanket
1. Study of starting materials (7)
The heat capacity and thermal decqmposition of Li,0, were investigated
by adiabatic scanning calorimetry to establish economical preparation
method of Li,0 pellets, The heat capacity equation obtained by the least

squares method was given by,
cp = 59,665 + 52.123 x 107°T + 5.0848 x 107 °T"?(J/mol*K)

as shown in Fig.13. The smoothed heat capacities and the thermodynamié
functions including entropy, enthalpy and Gibbs free energy function were
obtained by the least squares method as shown in Table 5. The decomposi-
tion was observed to be endothermic above 570 °K and enthalpy of the
thermal decomposition was determined to he 25.8 kJ/mol. Studies of the
thermal decomposition are now in progress for the starting materials such

as Li»(C0Q3; and LiOH.

2. Heat Capacity of Li0 (8)

The heat capacity of Li;0 was measured in the temperature range
306 ~ 1,073 °K using an adiabatic scanning calorimeter, and any heat
capacity anomalies such as phase transition were not observed as shown in
Fig.l4.. The heat capacity equation obtained by the least squares method

was given by,

'cp = 75.24 4+ 9.55 x 107%T 4 25.05 x 107 T ?(J/mol+K)

The smoothed heat capacities and the thermodynamic functions including

entropy, enthalpy and Gibbs free energy function were obtained by the

least squares method as shown in Table 6,



JAERI-M 8512

| 3. Vapor pressure of Li,0 (9)

The equilibrium vapor pressures over solid Li,0 have been measured
mass-spectrometrically using platinum, molybdenum and tantalum Knudsen
cells in the temperature range of 1,300-1,700 °K as shown in Fig.l15.

From the gaseous equilibria obtained in platinum Knudsen cells the heats
of formation and the atomization energies of LiO(g), Li,0(g)}, Lii0(g) and

Li;03(g) were determined.

4. Thermodynamic stability of oxides in lithium-metal-oxgen systems

(binary oxides) (10)

Equilibrium thermodynamics is an extremely powerful tool for describ-
ing and predicting the chemical behavior of materials at high temperatures.
Generally the thermodynamic stability of a pure compound can be expressed
in terms of the free energy of formation when individual elements react
chemically to form that compound. This criterion, however, may be
necessary but nof sufficient to describe the stability of a compound in
an external environment. A better criterion is to consider the free energy
of reaction of all possible elements in the environment with the compound.

The Gibbs free energy, AG; of a chemical reaction is related to the

mass action constant, K, by the equation
AG = AG® + RTLnK , (1)

where AG® is the standard Gibbs free energy change of the reacticn at tem-
perature T (in Kelvin), and R is the gas constant. The mass action
constant, K, is the ratio of the activities of the reaction products and

reactants. For example, for a reaction

kA + 1B~ mC + oD,

K-= (ag . ag) / (ai . aé) . (2)
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For gaseous species in a constant pressure system, the activities may be
taken as equal to Egspective partial pressures. When AG < 0 for a reaction,
that reaction occurs spontaneocusly; when AG > 0, the reverse reaction is
possible; and when AG = 0, the chemical reaction is at equilibrium. Thus,
at equilibrium, AG = 0 and K = Kp, the equilibrium constant at constant

pressure, and Eq.l can now be written as
AG® = - RTInK, (3)

The values of AG® for a reaction at different temperatures are obtained
from the corresponding values for the reactants and products through the

relation

AG® (reaction) = I AGS - I AGS (&)
products reactants
where AG; is the standard Gibbs free energy of formation of the products
and reactants. The thermodynamic analysis presented in this chapter was
carried out using Eqs.l-4 for various reactions.

The intrinsic stability of a pure compound can be expressed in terms
of the free energy of formation when the individual elements chemically
react to form that compound. A comparison of the intrinsic stability of
Li;0 with those of binary oxides of metals of interest is a first step in
evaluating the thermodynamic compatibility of Liz0 with the metals.

The general equilibrium between a metal and thg oxide in stable

equilibrium may be represented as
™ + y0p = MXOy (5)

If the metal and oxide phases are of substantially fixed composition, the

equilibrium constant is
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K= | (6)
P pY
Q2

where PO2 is the equilibrium oxygen pressure in Eq.5. This constant may
be obtained from AG® for the reaction above by Eq.3. In order to compare
the relative stability of the oxides it is desirable that all equations be
reduced to a common form such as y = 1 in the above, i.e., that each equa-
tion involves the same number of oxygen atoms. If, for example, we wish

to know whether some metal(M) will reduce Li;0 to lithium, we consider the

equations for Li,0 and the oxide of the metal,

4L1 + 02 = 2Li50 AG® (A) | (N

and
M+ 02 = M 02 AG® (B) (8)

It will be noted that the same coefficient of 0 must appear in each
equation in order that this term may cancel by direct subtraction. In the

present case, we obtain

2Li,0 + xM = MXOZ + 4Li

AG® = AG®(B) - AG®(A) (9)

Expressing AG°(A) and AG®(B) in terms of Pq (A) and Py (B), the pressures
2 2

of oxygen corresponding to the two equilibria,
AG® = RT [1nP, (B) - 1nP_ (A)] (10)
2 2

It is seen that the reaction will proceed spontaneously (and to completion
in the absence of solid solution) in the forward direction if AG® is
negative, i.e., 1if POZ(A) > POZ(B)’ thus illustréting that, in comparing
the relative stability of oxides, reactions containing the same number of

molecules of 0; are most conveniently considered.



JAERI-M 8512

Figure 16 shows AG® = RTlnP02 as a function of temperature for forma-
tion of several ox%des of interest. It is seen from the foregoing paragraph
that the relative stability of the oxideslmay be found by cemparing values
of AG® at any teﬁperature, the oxide with the 1owef AG® being the stable
one in the presence of both pure metallic phases. It will be noted that
at low temperature the partial pressure of 0; will be very low; this does
not at all detract from the use of the above method of comparing thermo-
dynaﬁic stability. However, it may be well happen that at low temperature
the rate of a reaction is so slow that the stable oxide will not form at
any appreciable rate from the unstable.

Metals of primary interest in this work are iron, nickel, chromium,
and molybdenum, which are major constituents of heat resistant iron- and
nickel-base alloys. Figure 16 shows that all the binary oxides of ironm,
nickel and chromium are less stable than Li;0, i.e., the standard free
energy change for reaction of the type of Eq.5-9 is positive for all the
metals at temperatures under consideration. Such is also the case with

molybdenum and most of other metals.

References
(7) T. Tanifuji and 8. Nasu ; J, Nucl. Mater. in press.
(8) T. Tanifuji, K. Shiozawa and S. Nasu ; J. Nucl. Mater. 78 (1978) 422
(9) H. Kudo, C.H. Chu and H.R. Ihle ; J. Nucl, Mater. 78 (1978) 380

(10) H. Takeshita ; Dissertation, Osaka University, 1979
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Table 5 Thermodynamic functions of Li:0: at

selected temperatures

TEMP Cp ST_S:‘B 8 HT“HZB g '(GT'H29 5)/T
K J/K*mol J/K*mol J/mol J/K*mol
300 80.95 0.465 149.7 56.49
320 81.31 5.359 1772 56.68
340 81.79 10.02 3402 57.15
360 82.35 14.47 5044 57.84
380 82.99 18.74 6697 - 58,70
400 83.69 22.84 8364 59.69
420 84 .44 26.80 10045 60.78
440 85.23 30.61 11742 61.96
460 86.04 34.31 13455 63.20
480 86 .89 37.89 15184 64.50
500 87.76 41.37 16931 65.83
520 88.65 44.75 18695 67.20
540 89.55 48.05 20477 68.60
560 90.48 - 51.26 22277 70.01

* = 56.484 (J/K'mol) from JANAF Table

SZSB
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Table 6
of lithium oxide at selected temperatures’
Temp. Cp ST_sta Hp=H,4q4 '(GI“Hzga)/T
(K) (J/K mol) (J/K mol) (J/mol) (J/K mol)
300 50.39 0.311 92.88 37.89
320 53.96 3.680 1137 38.02
340 56.95 7.044 2247 38.32
360 59.49 10.37 3412 38.78
380 61.67 13.65 4625 39.37
400 63.56 16.86 5877 40,06
420 65.22 20.00 7166 40,83
440 66.68 23.07 8485 41 .68
460 67.98 26.07 9832 42 .58
480 69.14 28.98 11203 43.53
500 70.20 31.83 12597 44,52
520 71.15 34.60 14010 45,55
540 72.02 37.30 15442 46 .60
560 72.83 39.94 16891 47.66
580 73.57 42.50 18355 48.75
600 74.25 45,01 19833 49 .85
620 74,89 47 .46 21325 50.95
640 75.49 49,84 22829 52.06
660 76.06 52.18 24344 53.10
6380 76 .59 54,45 25871 54,30
700 77.10 56.68 - 27408 55.42
720 77.57 58.86 28954 56.54
740 78.03 60.99 30510 57.65
760 78.47 63.08 32075 58.76
780 78.89 65.12 33649 59 .87
800 79.29 67.12 35231 60.98
820 79.68 69.09 36821 62.07
840 80.05 71.01 38417 63.17
860 80.41 72.90 40023 64,25
880 80.76 74.75 41634 65.33
900 81.11 76.57 43253 66 .40
320 Bl.44 78.36 44879 67,47
940 81.76 80.11 46511 68.52
960 82.08 81.84 48149 69.57
980 82.39 83.53 49794 70.61
1000 82.69 85.20 51444 71.65
1020 82.99 86.84 53101 72.67
1040 83.28 88.45 54764 73.69
1060 83.56 90.04 56432 74.70
1080 83.84 g1.61 58106 75.70
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2.3 Detailed Review of Extraction Method of Tritium from Blanket

1. Tritium Release due to a diffusion process (11,12,13,14)

Tritium release due to a diffusion process from neutron-irradiated

Lip0 pellets and powdefs was investigated using the pest irradiation

annealing method. Fig.l7 shows the data corresponding te each working

temperature of the isochronal treatment which represent the relsase

spectra. Fig.1l8 shows the total fractions of tritium release curves of
the condensible form and the noncondensible forms (Hy;~T and CH,-T) from
the pellets with various densities. Fig.l9 shows the ratio of the total

HZQT release to the corresponding CHy-T release after heating up to about

600 °C. The following results were obtained from Figs.17~19.

(i) Tritium was almost completely released under vacuum from the pellets
of 72.7, 77.7, 81.5 and 88.5 theoretical density after heating up about
900 °K, and the release curves were similar to those obtained for the
powders. Those for the pellets seem to shift to a little higher side in
comparison with those for the powders. By contrast, tritium was incom-
pletely released under vacuum from the peilets of 91.5 % theoretical
density after heating up to 9OQ °K, and abouf 19 %Z of tritium still
remained in the pellet. This suggests that pore sizes and pore distribu-
tion in the pellet may play a role in the tritium release.

(ii) Tritium released from the pellets of 72.7, 77.7, 8l.4 and 88.5 %
theoretical density was almost completely (95.1 te 98.0 %) in the con-
densible form. Although the chemical state of the condensible form has
not been identified yet, if tritium produced by the ELi(n,a)3H reaction
was present as LiOT in the specimens, tritiated water would follow the
dehydration of LiOH consuming the stored energy from neutron-irradiated
1i,0., Tritiated water may be also formed by the reaction of the tritium

with moisture. It is, however, not clear whether the tritium is oxidized
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by the reaction cited above, by the exchange reaction with moisture, or
by a combination of the two mechanisms.

(iii) A few percent of tritium was released in the non-condensible form
from all the pellets, in which Hz-T, CH,-T, and Cy~hydrocarbons such as
ethylene and acetylence labeled with tritium were observed. This release
behavior was also similar to that obtained for the powders. It is well
known that Li,O is easy to pick up moisture and carbon dioxide from the
air at room temperature. In fact, mass signals of Hy, CHy and CO in the
gas chromatograph show the presence of hydrogen and carbon in the pellets.
In addition, proton backscattering experiments on Li»0 showed that carbon
atoms were distributed over the surface of the pellet, énd not homogene-
ously in the pellet as shown in Fig.20. Since the pellets are covered
with carbons {the chemical form of the carbons is not identified) the
CHy,-T seemed to be formed by the reaction of tritium with the carbon
at the surface of the pellets,

(iv) The ratio of the total fractions of Hp-T release to those of the
CH,-T for the pellet with 91.5 % theoretical density was abruptly larger

than those for the pellets with lower densities.

2. Tritium release due to a recoil process (15,16)

Tritium release due to a recoil process from sintered Li.0 pellets
was investigated, and a linear relationship between thermal neutron
fluence and the number of tritium atoms ejected from the pellets was
observed as shown in Fig.2l. The range of 2.7.MeV tritium in Li,0 was
also determined on the basis of the cosine model, and was compared with
the theoretical value (36.& um), which was calculated on the basis cf the
Bragg rule as shown in Fig.22.

Tritium release from Li»Q single crystals due to a recoil process
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during neutron irradiation was also investigated. The linear relatiomship
between the number of tritium atoms ejected from Lip0 and the °Li(n,n)’H
reaction density was observed up to about 1 X 102" reactions/m3 and the
linearity was deviated above this reaction density. From this linear
relationship, the recoil range of 2.7 MeV triton in Li,0 single crystals
was determined to be 38.4 £ 2.3 um and was discussed in terms of the cal-

culated value of 36.7 um (Fig.23).
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2.9 Tritium inventory of Isotope Separation System
2.9.1 CryogenictDistillation
Cryogenic system of INTOR consists of four columns as shown in Fig.24.
The feed flow comes from the purification system and neutral beam injector.
The input data for designing the system are defined as follows;
INPUT DATA
1) Molar flow rate of hydrogen isotope mixture (H, D, T} from the
purification system is 32.5 g-mol/hr and their atomic fraction is
(0.01, 0.495, 0.495)
2) Molar flow rate of D from NBI is 87.5 g-mol/hr and 0.4 % of H and
0.1 £ of T are contained in the flow.
3) The concentration of tritium in the waste is reduced as low as
possible to minimize the release of tritium to the environment
4) The concentration of D in D; storage system is higher than 99.96 %
and equals to that of NBI.
5) The concentration of tritium in'Tz storage system is higher than
99 %.
6) D and T mixture free from H is obtained as a sum of the top product

of column 3 and the bottom product of column 4.

A preliminary analysis for estimating tritium inventory in the system
is made by multi-variable Newton Raphson method using tridiagonal matrix.

The assumed distillation parameters are as follows:

N Ng D B R T
Colum (1) 70 35 9.75 22.75 30 -
w(2) 70 50 1.3 95.75 500 -
W (3) 60 30 14.75 8.0 15 -
o (4) 60 30 93.0 2.95 15 -
Equilibrator - - - - - 25°C
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where

N : Total nuﬁber of stages

Np @ Stage number at the Feed pointl

D : Top product rate (g-mol/hr)

B : Bottom product rate (g/mol/hr)

R : Reflux ratio

T : Temperature

The concentration profiles of objective components of liquid phase'in
each column are illustrated in Fig.25 to Fig.28. Material balance of
whole system is shown in Fig.29.

Assuming HETP of cryogenic column is 5 cm and vapor velocity in the

column is 15 cm/sec, the approximate column dimension could be estimated

as
QC H d
Columm (1) 90.8 3.5 3.7
wo (2) 188 3.5 5.3
no (3 76.7 3.0 3.3
w (&) 442 3.0 8.2
where
-QC : Condenser‘load (W)
H : Colummn height (M)
d : Colum inner diameter (cm)

Using Dickson ring as the packed material, liquid held up could be

estimated as follows.
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ColumrLOld—up Ht Hy He
(1) 73 69 10,5
(2) 163 158 17.5
(3) 55 57 7.2
(4) 349 356 | 30

where

Hy : Hold-up in Condenser (g-mol)

Hy : Hold-up in Reboiler (g-mol)

H. : Hold-up in Column {g-mol)

The liquid hold up in the reboiler and condenser is assumed to be
equivalent amount of reflux and evaporation for 15 min respectively.

By this estimation tritium inventory in the system is obtained as

folliows.

Column Tritium Inventory
(1) 339 g
o 7.8 g E
(3) - 538 g |
E (4) 563 g %

Total  Tritium Inventery = 1448 g
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2,9.2 Water Distillation

Hydrogen isoEope separation is the most impeortant process in a
fuel circulation system in INTOR, because the selection of the method
have a significant influence upon the amount of the tritium inventory
and the scale of the isotope separation system, safetry, reliability
complexity and etc. The cryogenic distillation is selected as hydrogen
isotope separation method in INTOR. While intrinsic problems included
in the cryogenic system has to be developped to demonstrate this
technology. These are 1) the protection of plugging by freezing of
condensible materials, 2) necessity of supply of large amount of liquid
helium, 3) the prevention of explosion at the loss of liguid helium.

Water distillation is known as a proven method for heavy water
enrichment and if this mgthod is adopted, following advantages will
be expected, that is, 1) simplification of fuel purification, tritium
recovery and auxiliary systems, 2) improvement of the safety and
reliability. On the other hand the separation column will be much
greater than that of cryogenic system, therefore, the tritium inventory
of water distillation system will be considerably increased.

In water distillation system the feed is a mixture of the.flow
from the purification and that from the NBI systems. The input data
for designing the system are defined as follows;

1) Molar flow rate of hydrogen isotope mixture (H, D, T) from the
purification system is 32.5 g-mol/hr and their atomic fraction is

(0.01, 0.495, 0.495).
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2) Molar flow rate of D from NBI is 87 5 g-mol/hr and 0.4% of H and
0,17 of T are contained in the flow.’

3} The concentration of tritium in the waste is reduced as low as
possible to minimize the release of tritium to the environment.

4 D and T mixture free from H is obtained as a bottom preduct of
colum 2.

5) 1Isotope exchange reaction in liquid phase is taken into consideraticn

(equilibrium constants between two kinds of hydrogen isotopes equal

to 4).
6) The temperature at the reboiler is assumed to be 60°C, and the
pressure drop in the column is o, ] Torr/HETP.

A preliminary analysis for estimating tritium inventory in the
system is carried out by Lewis-Matheson method. The assumed distillation
parameters are as follows;

N Ng D B R
Column (1) 445 195  0.675 119.33 70

where

N Total number of stages

N_ Stage number at the feed point

D Top product rate (g-mol/hr)

B Bottom product rate (g-mol/hr)

R Reflux ratio

The concentration profile of each component of liquid phase in
each column are illustrated in Fig. 30.

Assuming HETP of the water distillation column is 10 cm and F

factor is expected to be 2, the approximate column dimension could be
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estimated, where Berl Saddles is used as a packed material.
Qur present conclusion is

(1) In column ! the hydrogen can be removed as much as 99%. The
tritium inventory of columm 1 is approximately 20 kg(as TZO)
except that of reboiler and of condenser.

(2) In column 2 the solution satisfying the specification of INTOR

has not been cbtained vyet.



