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Abstract

It has been reported in the previous paper that UV-photon irradiation significantly
enhances the oxidation of tritium gas (HT) in an oxygen atmosphere. To understand
the mechanisms of this effect, we studied the pressure dependence of this reaction. The
oxidation rate was determined by measuring the amount of tritiated water formed as
a function of irradiation time by use of a conventional liquid scintillation counter.

It was found that the oxidation rate increased linearly with oxygen pressure in the
range from 0 ~ 160 Torr under a constant hydrogen pressure of 0.7 Torr : namely, the
reaction obeys the first order kinetics with respect to oxygen. This indicates that
excited oxygen atoms, O(°*P), formed with UV-photon irradiation play an important
role for the enhancement of the oxidation.

Hydrogen pressure dependence was examined with varying hydrogen pressure in
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the range from 0 ~ 5.5 Torr under a constant oxygen pressure of 160 Torr. In this case,
the amount of tritium used was kept constant. It was observed that the formation rate
of tritiated water decreased with the increase in hydrogen pressure: the rate was
approximately proportional to {[HT]/[H.]}"?. Based on those observations, plausible
mechanisms of the photon-induced oxidation of tritium gas in an oxygen atmosphere

are discussed along with need for further systematic studies.
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1. ROTARY PUMP 7. SAMPLING VIAL
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Fig. 3. Apparatus for determining tritium gas and tritiated water in reaction vessel.
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Fig. 4. Apparatus for UV irradiation. .
1. UV CHAMBER 4, REACTION VESSEL
2. HIGH-PRESSURE MERCURY LAMP 5. CIRCULATING WATER PUMP
3. COOLING TUBE 6. CONDENSER TUBE

78



MU FUAFTADOBILIRRITTENMNROBE

BFTHY, TOBEDOEMOILL b)) F Y AKEREROEBALTHE LELT,
DOH» o EBRT —y BRET A I L Lizg M, 7J<£E7 v 7L RVEHE ORI, ¥’J12cm
ThHY, EIGEENE, —ELD S Lz,

1.8 B

Fig. SHBREKERORINC BT, BHEMBRL TH o8R8 ) F
Y LKBEOELERT, 58, JORCRLLERE, JTERMROBEOELEH
FELTho, MEVHEShRL S, BREEORVOBBEOER L Y F 7 AKBEZE

BRI T3, $7:, TOEROMESIE L) 77 AKERERLRT LOTH
D, N F Y AKDEREERBEEDORIE ZA X\, Table i3 SRS 0 48K 2
TR E LS00 FNTNOREA N Y %WAKE&EE% i & bbf’ LbDTH 3,

20 — 1 1 T 1§ 50 - I T //
— / i = .
£ o & <uof //9 -
Z O B / 7 = :
I'c:)“" B / v_ é E o)
< 2 0~ =530k -
r x B o / 3 (S
Z T10k 3o
P i / . / € x 20 /o =
-4 ;D / a - o
S // 2 1o S i
= / / g/A/A = o
/ é — Q I 1
Ay 4 \ 0 50 100 150 200
0 8 16 24 32 40 48 02 PRESSURE (Torr)
UV IRRADIATION TIME (hr)
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Table 3. Reactions and rate constants.

Reaction

Rate Constant#

Reference

R1

R2

R3

R4

R5

R6

R7

R8

R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30

O +hv
Os +hv
Os +hvy
H202+hv

O (°P) +02+M

O (*P) +0s:
O (*P) +OH
O (°*F) +HO:.
O (®(P) +H20:
O (*P) +H.
20 (°P) +M
0:+0 ('D)
0Os+H
0;+0H

03 +HO:

O ('D) +H20
O ('D) +H-
O (‘D) +M
OH+H+M
OH+HO:
OH+H20:
OH+H.

20H
20H+M
H+0:+M
H+HO:
H+HO:
H+HO:
2HO-
H+H+M

- 20 (*P)
— 0240 ('D)
— 0240 (3P)
-~ 20H

- 0:+M

—~ 20,

— H+O0:2

— O:+OH

— OH+HO:
- H+OH

- 0:4M

- 20

—~ OH+0:
— HO:+0:
— OH+20:
— 20H

— H+OH

- O (*P)+M
— H:0+M
— H20+0:
- H:0+HO:
— He:O+H

— H.0+0 (*P)
— H:0:+M
— HO:+M

— Hz+0:

— H.0+40
—~ 20H

— He0:+0:
— He+M

NOW A 00BN = = NN NN R R =N WN e

1X1032%exp (510/T)
9%x10'"exp (—2300/T)

. 2x10M

.0%X10Vexp (=500/T)
.. 8X10'2exp (—2125,/T)
. 0X10 ' T-exp (—4480/T)
. 8X10%*exp (710/T)
.ox10°M

2X10%exp (—562T)
6%X10'2exp (-1000/T)
0%X10"exp (—1250/T)

. 3x10°'®

. 9%x10°'®

.0X10"'exp (107/T)

. 5x10°%

.0x10°

.7X10""exp (-910/T)
. 8%x10'2exp (-2020.T)

0x10"exp (~-550/T)
2xX10*2exp (900,/T)
1X10*exp (290/T)
2X10''exp (—350/T)
3X10'"exp (—500/T)

. 2X10Mexp (-950/T)
.0%X10'exp (-500/T)
. 6X107%

11
9
11
9
10
10
10
11
10
11
11
12
10
10
10
11
11
10
12
10
11
9
9
10
10
13
11
13
13
12

«The units of rate constants are s-! for one-body reactions, cw®-molecule™'-s™¥ for twe-body reactions,

and cr®-molecule2-s7' for therr-body reactions.
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R22- 2 OT +H. 3, HO+ T
R22- 3 OH +HT - HTO+H
R22— 4 OH +HT =, H.0+ T
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ERIGED M) F 7 LAKOERERIZRD &5 2ET 5,

d[HTO]

1t :ﬁks [OT] [Hz]+yks [OH] [HT] .................................... (1)
d[OH]
d t = kz [O(ap)] [Hz]+a’k3 [O(ap)] [HT]“k4 [OH] [Hz]
—yks [OH] [HT]-(1-%) ke [OH] [HT]
= [0CP)] (K. [H:)+aks [HT])— [OH] (ki [H:]+ ks [HTD =0
................................. 2
d[OT]
Tz(l—a)ks[O(SP)] [HT]1-8ks[OT] [H.]—-(1—-8) ks[OT] [He]
=(1—a)ks [O(SP)] [HT]—ks [OT] [H2]:0 ............. eeeeeas (3)
dfo¢p)]

=2k, [0.]—k: [OCP)] [H.]

—ak; [OCP)] [HT]—(1—-a)ks [OCP)] [HT]
=2k1 [02]_ [O(ap)] (kz [H2]+K3 [HT]):O """""""" (4)
2), BFRUvWRL b, [OH] & [OT] dRATEII B,

2k, [Oz] (k. [H2]+a’k3 [HT])

[OH]=— 0 s (5)
(k. [H2]+ ks [HTD (k. [H2]+ ke [HTD

2(1—a)KiK; [02] [HT]
[OT]I ................................................ (6)
ks [Hz] (k. [H2]+ks [HT)]

GEUMEORZORCRATZ L, b F7LAKRDEREER,
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d[HTO] — 2K, [04] [HT] ( B(1l—a)ks
ke [H:2)+ ks [HT]
+ yke(k: [H:]+aKs [HT])
(k2 [H2)+ks [HT]) (ks [HoJ+ ks [HT])
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K:=Ks, Ki=Ks=Ksk %2, 72, a=0=y=1/2 L{RET %, & 512, [H]>[HT]
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T =ZK [02] ([HT]/[Hz]) B P (8)
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