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The chemical studies of tritium have been continued for 25 years at the laboratory
of physical chemistry Toyama university, since the first supply of trittum from AERE
in 1956. The initial study on tritium was to establish the measurement of #ray of tritium
by the modification of 2= counter. Then the isotope effect of tritium for the desorption
from nickel powder was investigated at —183°C and 120°C. The study was then followed
by the elucidation of the reactivity of adéorbed hydrogen on nickel for the hydrogenation
reaction of ethylene adapting the differential isotope kinetic method.

The simultaneous measurement of tritium and radioactive carbon C was investi-
gated by means of a gas proportional counter using the energy spectrum of these iso-
topes. A mixture of tritium and 4C-carbon dioxide was used as the sample. Two
types of counter tubes of different diameter sizes and two kinds of filling gas, methane
and buthane, were used. It was advantageous for the distinction between the energy
spectrum of tritium and 4C that maximum range of the Arays of tritium was shorter
than the diameter of the counter tube. The amounts of both isotopes in the mixed
gas could be determined with an error of 5 %, when methane was used as the filling
gas and within 3 % when buthane was used.

The effect of the e-particle irradiation on the adsorption of tritium on nickel plate
and on nickel film prepared by evaporation was investigated. The change in the
amount of adsorbed tritium was detected by means of autoradiography. The irradia-
tion of e-particles increased in the case of the nickel plate, but decreased in the case
of the evaporated film. These reasults were interpreted in terms of the change in

the active sites made of lattice imperfections. The similar studies were carried out on



copper, nickel, and copper-nickel alloys employing massive metals and evaporated films
formed on glass. The results showed that not only the amount of adsorption of tri-
tium but also the reactivity of the adsorbed tritium for ethylene were strongly influen-
ced by the irradiation of e-particles, especially in the range of alloy composition.

The effects of lattice imperfections produced by ®Li(n,a)*H reaction upon the cata-
lytic activities in the hydrogenation reaction of ethylene on powdered copper, nickel,
and copper-nickel alloys, which had previously been doped with lithium and irradiated
with thermal neutrons were investigated. In addition, the amount of tritium taken
from these powder was measured by placing it in contact with normal hydrogen and
raising temperature of the powder. The irradiation of neutrons increased the activi-
ties of nickel and copper-nickel by 3~4 times, but did not affected the activity of copper.
The dependence of the amount of tritium upon the composition of the powder was
very similar to that of the catalytic activity, suggesting that the diffusion of tritium
from the interior is the rate-determing step.

The behavior of tritium produced by ¢Li(n, e)*H reaction in the catalytic hydroge-
nation of ethylene was investigated by autoradiography using copper, nickel and copper-
nickel alloy plates. These plates were preliminarily covered with lithium by evapo-
ration and irradiated with neutrons. The autoradiographs given by the stripping-film
method indicated that the grain boundaries which were not used in the catalytic reac-
tion exibited a much stronger radioactivity due to the tritium than did the grain; on
the other hand, these which were used in the catalytic reaction behaved in just the
opposite way. The electron-microscope autoradiographs indicated that tritium accu-
mulated preferentially on the step edges of the slip-band of the crystal.  The electron
micrographs indicated numerous micro-holes which would correspond “depleted zone”,
an unstable intermediate stage in the formation of displacement spikes and thermal
spikes.

The chemical behavior of dissolved tritium in iron, copper, and iron-copper sheets
in the Fischer-Tropsch reaction was investigated. The amount of preadsorbed tritium
on the surface of iron and iron-copper sheets markedly increased, about 10 times, due
to the addition of carbon monoxide to the surface.  The dissolution of tritium in these
sheets prevented by preadsorbed carbon monoxide.

The ability of trapping of tritium by silica and alumina which were preliminarily
doped with lithium and irradiated with thermal neutrons and the removal of tritium from
these materials by the reaction with ethylene were investigated. Tritium formed in

alumina was not liberated by the elevation of temperature to 350°C. Tritium in silica
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was very slightly liberated at above 250°C. Tritium in silica was removed in the form
of tritiated ethane at 300C and that in alumina at 100C. The doping of 10% nickel
to alumina and silica promoted the liberation of tritium gas and the formation of tri-
tiated compounds.

The enrichment of tritium in water by means of the reaction of tritiated water
with Raney-Ni alloy was investigated. Tritiated water was contacted with the alloy
in the presence of sodium hydroxide, then the temperature was stepwisely raised to
1000C. It was found that the concentration of tritium in hydrogen gas released from
the sample was very low at the temperature range from 20°C to 300°C, and that hydro-

gen gas containes 6 times higher level tritium was generated at about 600°C.
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Fig.l Changes of cpm of gas desorbed at Fig.2 Changes of cpm of gas desorbed at
—183 C. The catalyst was reduced 120°C. The catalyst was reduced at
at 200 C. 200C.
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Fig.3 Construction of gas-proportional co-
unter tubes: (I) Counter tube, C-I);
(ID Counter tube, C-(I).
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Fig.7 The dependence of the temperature of tritium taken out and the catalytic
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amount of tritium taken out: (1) Ni-Li, O, amount of tritium; e, catalytic
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Table 1 The Amount of Tritium Obtained by the Contact of Hydrogen,
Ethylene, or the Mixture of Ethylene and Hydrogen

Amount Contact| Amount

Gas Order of | of gas, | Temp, | time, of °H,

Series | admitted contact | cc(STP) T hr cpm
1 Ha 1 2.76 140 2 1.26 X 107
2 2.80 f40 2 2.16 X 106
3 2.80 140 2 1.23 X 108
4 13.30 140 2 7.77 X 10°
2 C2Hs 1 22.50 145 2 1.02 X 10°
2 2.44 142 2 2.96 X 104
3 2.44 138 2 2.90 X 10*
3 C2Hs+H2 1 2.60 140 2 7.70 X 108
2 2.30 145 2 7.10 X 10°
3 242 140 2 1.90 X 10°
4 2.46 140 2 2.39 X 108

V BRFYFILOMHE

Fe R Fe & Cud@&tRk% 260°C TT- 7 X L HFMBEM T I T A ARE L 72 b Dl
NE~NLBERL TRAT 5, ZO%HACO ZEBMEAET UL, TIFREICHER) L TEZ
2T %, WEREBL 7L nE2LICCORBAESI D &, T-7RAEBAEL TH COICHE
TNREBNEHEL L\, FEOBBICOWTINLNEMEZ LDHNHE2 THBLY

Table 2 Amount of tritium on the surface of each

sheet
sheet adsorbed species |counting rate (log N)
A) 3H 3.62
e B) *H, CO 4.55
C) CO, *H 4.15
A) *H 4.36
AlOs3/Fe B) SH, CO 130
A) *H 3.56
Fe-Cu 3 451
(99:1) B) °H, €O s
C) CO, H :
A) 3H 3.85
Al:O3/Fe-Cu B) °H. CO 453

(A) T-hydrogen only was adsorbed.
(B) CO was adsorded after T-hydrogen was adsorbed.
(C) T-hydrogen was adsorbed after CO was adsorbed.
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p%, EFFEMSEC L 2BEE TR L I ICHEHENI0A DEBAHBAEL Td,
#1i3 Brinkman @ “depleted zone” 2 oG a2 b nEFEZ L b,

L 100pm
Fig.9 The section of nickel sheet which was Fig.10 The metallurgical microphotograph
prepared by the deposition of 96% of the section of nickel sheet after
L1 the electrolytic polishing.

A) Autoradiograph.
B) Metallurgical microphtograph.

Fig.11 The electron micrograph of the sur-
face of nickel sheet after SLi(n, «)*H

reaction occured.
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Fig.12 Autoradiographs of tritium on nickel
sheet.
a) Before the reaction with ethylene.
b) After the reaction with ethylene.
¢) Metallugical microphotograph of
the surface of nickel.

Fig.13 The electron-microscope autoradio-
graph of tritium obtained from ni-
ckel sheet.
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Tabl 3 Evolution of tritium gas during
run in gas phase (X10% dpm)

Temp.('C) 20 | 100 | 200 | 300 | 330 | 360
Silica 0 0 50 200 O 0
Ni/silica 0 0 0 0 0 0
Alumina 0 0 0 01 0 0
Ni/alumina | 0 0 0 0| 0 0

%, NiDFIEEZT D CHe BL U DEFI~DRBRITHIRET 2,
KEEEE THRHBELCLBH SN He DB —O0T L RIET 24 5 RICTEI NS & I,
—ERHRIIE T- P AR EALNTL LT Th 2,
—OH+T — —OT+H (1)
2H — Ho (2)
H:+—0T —> —OH+HT (3)
L2512360°C £ THREL THT-TRAOBEY L7 Z LIS T 2%+ 2 BfE
NDRERSBHDZELRTRT S, THIERHICL 2SR EBE L DEENMZ X LY,
FLWEELZRESITERENZZ & 2RT,
U ENERD & EFRDTH SO0 b, AlOsic LIfEI UL E N2 &, Mg
NETRTNAY > 2BMEETINICRITTED, SOBENIIFRETEEAL 7 4 >~
DATHREZ NS EFERL D 5,

VIL b YFo L0

T-72AERHETBHEL L TRIEMORMARIC L2 HE»H 25, T-k2ER
BHET2HRIZOWTRII LA L BELZ ALV EB8EKNER & Al ¥ D441z NaOH ki
BERETHET TS & Al E BB L TERRBOBSD TKRE W (#100m/g) BKH T
b, ZOWNDELZRIGIFRRN L Itk B,

2A1+ 2NaOH + 2H20 = 2NaAlOz + 3H;
BOBIZ & » THEL 5 KFENKRBFIIEBPICHERL, BT IHHBEINDE, 2k e
%2 T 2 &4 NaOH KBRP TT 2L, EBNICHERL2HE TS b, KIBHEB T He
DR TR Te i E L LTHEBEN S,
BF14iZNi—AL (1 1 1) 22V T OB THMHIE T- KOBWEETL Twb, EEL0CE
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Fig.14 Concentration of tritium released
from Ni-Al by heating, after the ex-
tension with tritiated water.
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