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Abstract

The authors have reported that the oxidation of tritium is considerably accelerated
by irradiating a mixture gas of HT(H:)-O; with UV-photons, and this UV-stimulated
HT oxidation is mainly due to the formation of intermediates such as ozone and acti-
vated oxygen species. This suggests that the oxidation will be much more enhanced in
the presence of excess ozone in the reaction system.

To examine this possibility, effects of the excess ozone on the UV-stimulated
HT oxidation was experimentally studied on the one hand, and reaction mechanisms
were investigated by developing a computer simulation program applicable to the three-
component system of HT(H:)-0:-O;. The formation rate of HTO was measured for
gasmixtures consisting of 0.(75.5 Torr), 0s(0.5-2% of O:), H.(0.1-3% of O:) and
HT(H./HT=12000).

The experiments showed considerable enhancement of the HTO production rate in

the presence of excess ozone by UV-photons from a low pressure mercury lamp(5W).
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The time course of the reaction was reproduced quite well by computer simulation,

indicating that the assumed reaction mechanism is valid. This is also supported by
observations that computer simulation reproduced the experimentally observed depen-
dence of ozone decomposition rate on ozone and hydrogen pressures under the UV-irradi-
ation. Those results showed that UV-stimulated HT oxidation was accelerated by about
14000times in the presence of excess ozone. It strongly suggests that the UV-stimulated
oxidation in the presence of excess ozone will be applicable to tritium handling systems

as a non-catalytic tritium removal method.
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Table 1 List of 33 elementary reactions used for computer simulation.

Elementary Reaction Rate Constant Ref.
R1 O +hy - 0(CD) + O, *
R2 Os +hy — OCP) + O: *
R3 H:0. + hv —- HO + HO *
R4 O: + M - OCP) + O, + M 7.7x10"%exp(~12100/T) (12)
R5 OCP) + 0. + M =0, + M 6.3x107°" an
R6 OCP) + Os - 0, + O: 8.0 107 2exp(—2060/T) (11)
R7 OCP) + OCP)+ M — O, + M 2.8x107**exp(710/T) (13)
R8 OU'D) + M - 0CP) + M 3.2Xx10" ' 'exp(67/T) 10)
R9 OC'D) + Oy - 0, + OCP) + OC*P) 1.2X107'° an
R10 O('D) + Os - O, + O 1.2X10-'° an
R11 O('D) + H. —-HO +H 1.1x10°'° an
R12 OC*P) + H, —-HO +H 9.0x10-'® an
R13 O('D) + H.O —-HO + HO 2.2X107'° an
R14 O('D) + H.0 — H, + Oq 2.3X107'2 an
R15 OC°P) + HO . —= 0O, + H 2.3X107 texp(110/T) an
R16 OC*P) + HO, - HO + 0. 2.9%10" " 'exp(200/T) Qaun
R17 OCP) + H:0. - HO  + HO. 1.4x107 *exp(—2000/T) (11)
R18 H + HO. - H, + 0. 6.7Xx107'* 1
R19H + HO. - HO  + HO 6.4x10""" an
R20 H + HO. - H,0 + 0CP) 3.0x10°'? an
R21 H + 0. +M —HO. + M 5.9x10732 an
R22 H + O3 — HO + O: 1.4X10""exp(—480/T) (10)
R23 H + Os - HO., + OCP) 4.2X10"V*exp(—480/T) (10)
R24 HO + H. - H. O +H 7.7X10" ' 2exp(—2100/T) (11)
R25 HO + HO - H,0 + 0OCP) 1.8x107'? an
R26 HO +HO +M—->H:0. +M 6.9x10°%" (1D
R27 HO + HO, - H,. 0 + O 7.0x10°"" 1D
R28 HO + H.0. - H,0 + HO. 2.9%x107 " 2exp(—160/T) (11)
R29 HO + Os - HO, + O. 1.9x107 * 2exp(—1000/T) (A1)
R30 HO: + HO: — H,0: + Oq 2.2x10"*exp(600/T) an
R31 HO. + O3 — HO + Oq + Oq 1.4X10"*exp(—600/T) QD
R32 HO + H +M—-H.O +M 2.5X1073! 14)
R33 H + H + M — H. + M 2.6X10732 QF:))

's™! for two-

The unit of rate constant is s™' for one-body reactions, cm® molecule”
body reactions and cm® molecule™® s™* for three-body reactions.

*Estimated by the present authors.
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T & KA O KB Table 2 List of rate equations used for computer simulation.
ENANEE- 4% (R I

fc[ 6 3 - *L (i {ﬁ i ® i Reaction Type Rate Equation
Differential Type Integral Type
XB2bDTHBH, H dx
A - X w=k[a] x= a{l exp(kt)}
MR TIRTORIE .
R R B & 5 R I o)
15 R85 AEAE AYAL - X e w=a(1-2zr)
AEAIE, BRRIE A+A+M - X+M %zk[a]’[m] x= a(l a“mH)
TRERSY O RG] & dr b
- . ATATM - X g~ lallt] x:a[l_ a—bexplkt(b—a)} ]
wiHgsh, BRicz
A+B S X4M E )l x=a[1—-———-i’:—b—~——]
no b)%ﬁ XNADT dt a—bexp{ktm(b—a)}

| BB T RO K AB; Reactant, M; Third Body, X; Product
[E\EPFEﬁ {zk D (ﬁ %E ) 'é fal, [6); Reactant Concentarion, [m]; Third Body Concentration,
x; Product Concentration,

REBEHICEELTY k; Rate Constant, £; Unit Time
eGP EEOR L b

bECRBbLONE I EITR B,
ECATEBORIERTERGTEEREICERNCoRK G, ot h, #hic
e WS 2 ORRISTEGENICHB L TWw<, TofBsnRKIGFREESEDHERIE
TEOELIHBSINIPRIEISICB T 2HERFOKILCHKESR (0D, I TRNIGEE
ERD EEEHE (T, RIGMEORE) tXRshdsEIoh3, 27T, &
DY Ialb—varyTRELBREDEZHEAL K,

@ GAREMBEOKNEFICFEIE LLFUSY (O, EORRIEHSEHE
£ 2 IGHRE) 20T, CORBPHELON TV 2 ERIGEEOTE O HEE
REHOTHHEERZHEL, 2hFNodEHERDPEERIGCHEL N 3K
DOYEEITD .

2. 2. RALEREOEEFME

FeEE L TORIGHEEEFMT 570D icid, Tablel iIW/RT &5 MHEEK DM,
FALFRIE (R1I~R3) OBEEAZRLBTAERLOB VL, Fhicd, RIBRICHB I
BREBETFH (10, RICEOXBRNNEE (6) XKUEE (N.) , RIGOBFINEK (¢)
THIBLENH B,

RIiSFRicftB s n a2 6B FHE, AP EBEACC PV AF3 S5 b gk () # ) v o %R
AEHOWTRIE L, CORR, RIERCHBINIEETH (1,) 34.13x10'2
quanta ecm™*s™' TH » fz, F o, NHRNBEEKR B TFIEE YL 55]H L, Table3
HIA L RINHER B TFINEERT,
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INSOEDS, it Table 3 Absorption cross sections and quantum yields for

?}i[{“}% (X) %JZ{—FOJ 03 and H:0.

IO REb -, EER Species ¢(253.7nm) Reaction Quantum Yield

THWIOLE, b, K 0: 111x107'"[0s +hy—>0CD)+ O, 0.88

KBS v 7h o0kt 0O; +hv—=0CP)+ 0. 0.12
H:0: 7.24x107*°|H:0:+ hy—>HO + HO 1.00

95% 53253.Tnm T & 5 o
AYEa=FYial—Ya Yy TRIOERDATHIAERIGHEZZ LREL 2, XE
FORBENORINE (1 avs) I, Lambert-Beer®#EAlic X DT LS IcRE S » 72,

T=1,{1—exp (- oN.L) } (1)

o | RIBR~NRINENLERETH [quanta em 3s™']
1o ‘ RIBR~MEB IO RBE TR [quanta cm~3s™ ]

o RIBrERE [molecule™! cm?]
No ! RE2RNTIPHEOEE [molecule cm™* ]
L RiGHBoE:x [cm]

iz, WRTHEONBENRMERERXOBTINE» SHNERb D OREERIERE %
PFToRKick ki,

X=1 abs¢ At (2)
X CBAEES 2D ONFERIGE  [molecule cm™? ]
¢ ETINE [molecule quanta™']
At BAAFERERE [s]
3. £ &

3. 1. EARERUMES

by F 9 Al R (New England NuclearttB) (37Zr-V-Fe¥' v ¥ —ICRB S b D% H
Alte COM)FOLATRAIBKRKESNRTCHERLTCHDH, ' T.=98: 1 TH5, BK
FHR (BFREAETERR) BZeNiy v RS b0 LI, BEHN X
(ETRAETERE) BELFas—v—7 FEMETERE, 5A) »5 2288
SHTHHA LI, AV vy R IEHEKEBEROL /v HAEEE (LB~ 70 708D 2 H
WTHEXEI,

F Uy F o oaKIE, WiEY vFL—% — (Amersham #1%8, ACS-I) Z{#HL, #kiks v
FLr—vavhvvsy— (Alokatt®, LB-1) THIEL . v v BERENASOCE
(BHESERE, UV-160) THIE L/ NI FU LT ZARUBKZETN R R F v+ ¥V 5 v R
</ A—% (MKSHE, ~35 o v122A) ZHOTRIEL 7z, HABRBEH I3 5 WEKE

46



MY F U L OBRARHERILIE

K77 (EM7 2 b =7 AED % {#
HLU7,

3. 2 HEHAERRUEREFIE
(1) B[R U A ZEA

Fig. 2 BEER KR UBKZ A X, F Y F o
LN ZBAZBORBRTH 5, HERIE
N TE LD Pl 2L, BESEEK
BILF AR v 7T 1 X107 °Torrg THER T 3,
MY F O LT AKRCBKEN RBARIG Y
WZTE XD EFMERL, Fv/°v 5 R
Y/ A—SEFRALTY Yy s -D25 Y F
U LA AR CEEIKFE A R % RIG £ VI 53 B
T 5B, Zr-V-Felr' v # —12430°C, Zr-Ni¥" v
7 —13180°CTH W,

Fig. 2 @4V v A RBARKETH 5, &
Vv dEESED, e THIERE (10ppm
T BEDSOTWE, TD, FA
EHLA Y v RETA YV VAR (EH
K AEBE LB L, £V v R
HICRIBEATREAV VLT 2 BERER
ASFAF—FH O, TOF VS F A —
BRRERTOHHET 2D THY, £/
YEREIBEAANAOREBE LI, T
IhsBoht A iE, N4V T
CxBLBZET, KGN, EHY vIx—
ROA Y AR A @R S S RIGE VT
Ehhzd, 20K, KibevHo4 /) Vg
BURERICRL2ETRATNREZHREIE S,
Fh, COEFIIV) UyOEBRELTERE
HZ2%50em* 3 H L THL, Ki, Kib®
NHD ST CRUNVIDERL, v )
v ORBIEL T, KIBEVNOLEAET60Torr
ICHB L%, G LVADNLT a 4B
Ud, RBIT, N4 2507 CRBE,

Fig. 1. Schematic view of the experimental
apparatus.
1: Rotary Pump
2: Mercury Diffusion Pump
3: Cold Trap
4: lTonization Vacuum Guage
5: Capacitance Manometer
6: Zr-V-Fe Gettr absorbed HT
T: Zr-Ni Getter absorbed H,
8: Reaction Cell
A~L: Valves

Fig. 2. The system for ozone production
and introduction to the reaction cell.
1: O: Cylinder
2: Drying Agent (Molecular Sieve)
3: Ozonizer
4: Reaction Cell
5: Buffer (50cm®)
6: Catalyst Bed (Activated Carbon)
7: Mercury Manometer
8: Syringe (100cm®)
9. Catalyst Bed (Activated Carbon)
A~F, a and c: Valves
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%1.0TorrdE A4 %5, @Fig. 2 DEFEBR*HOVT, CHICA VYV v 288 BE N X %2 760Torr¥
AT 2, @ N7 e BHOVTBAKEELE N ) FILHTREBAET 5, @AV TdERHVWTA
SUNBEET A ERBET D, COEE, A+BEE CHOEIENTOTorr2l b % oo
CHOLTREBEHERTATHCHNAL AV VLBRET A IEEBHTKESNRLBEESN
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4. BRLEEE

4. 1, AVvE1—9L2alL—Y3VvDELH

A ONREEICK T B4 v BEKFHEROKZBEREEERBRIICKRD, o0
EBRERT Y Iav—va VEREHERL, SEfER L3 v Ea-s v iab—va v
Ta s ADRGMEERE L,

(1) AV vONMREEICNT B4V v EBEKENE

BABRBHEIT-> 1 BALERBHOBERIISVWT, 2V vOSBERICRIZTA Y v &
BOEEBLFN, BEE AV v OLHFE%2T75.5Torr (2.45X10 *molecule en?®) , £/ v %]
REZ05%~2%0HHTELS S, EBHOEED A/ v EBEDZALI340,0008 i 1
- TO00M T EICHIE Lo F/, HARBS 12000 x 8[E{TV, ZOHME, +vV Vi
BOEACHEL 2o DFERETabled ICRT, T, TORICODVTY I alb—va
vEEBROFEREFg 4R T, ERER, viav -y VERKCEARLEER T2
TERED AV Y ORRBEENEL L EEBRON B,

FEBEF DS, &V v ORREENEBRRI Y Iav—va volgictr vy v BE O
QIR LTco CHRIECHAONIEELTH 5, HL, ERITKRD SN EHE 1L
Yialb—¥avORBFRICH U THMEHEVEREG -, CORRELTRUTDOT &
BEZOND, YIal—¥ayOEEIZiETablel DRA~RID 4 >DEKIGED A b 1
TWb, DEEOMEL, RIKURIO = 2 VF—IRINAMO B s 0 FIc iR % 2
EEBbN B, TEXAF-BIEKCBUSRTOBESTOMICRKIGEBROBEENS 5,

Table 4 Dependence of O; decomposition

X = 15¢ ULAAAS RAAAE RAARS RAARE RASAS RAALS T T
rate on the concentration of O, 2 r
S 3 UV Irradiation 7
Os Concentration Decomposition Rate Condition® 3 - E
(10* *molecule cm *) (10° molecule cm s ') ED ' 3
° 3
1.73 3.05 - § :
2.49 5.23 - o 10F .
.2 /‘ ]
3.02 9.82 - 'g Experiment ___,o,—-—’o'_
3.74 126 - N o5\ E
4.08 16.2 - S F Simuma \ 3
’ ’ 5 fmulation UV Non- irradiation
1.80 617 O I’ 3 B
@]
2.08 750 O 5 L. | ! 1 L I L 1 1 L
o 16 16.5 17
2.33 800
03 Concentration , log(N/molecule cm™?)
2.17 1020 O
3.56 1330 O Fig. 4. Comparison of the Os concentration
416 1630 o dependence of the Os decomposition

rate between computer simulation

*) Open circles mean the UV-irradiation. and observations.
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BEOENPREVESCINIES THBRCEHET 2HELKEBAIOMBIEIRD B
NTIBV, L LENS, BROENWNSOWESICIERE~NEETIHRELRE N
5o EBEICY I al—va YTMAEKRELTEE4YV VORBEEIEL B EHBHLES
Nice, FAOY 2L —-Y s YTRERIOYHREAE G > TH LT = 30+ —RIUK T BE
FDHELTVE, 2F0, SEDOEREY I ab—Ya VEORMEOTHLRIES» D
BEHMESENTVAREREEL OGNS,

—4, BREOA+ Vv O @R, ERNICEA Y VEEOCLMURICKEL, ¥
L=V a v T4/ YEBEOLUMRICIKT T AEENPE LN, mME T KL 7,

TIT, EREEMSY I — v s VERICHLUTHISMEEFIEELS B o, TOBE
DY 3Ialb—¥aricidTablel DRI, R2, R3I~RIOMfEbNL TR, TORKIBICHL
CNTVAEEEREIZNTNER AR BIL L - TRDONKETHEELE2EET
5LMEOEBEIBD TR —BHLTVWEEEL %,
(2) # Vv aBEE T B KREBEKEE
FARENREERNROA V v BERE T RETKRBEEOLE LA, £V v
1.5% (3.68x10'°molecule em™*) &L ERFET5.5Torr (2.48X10'%) i20.1~4 BDKFE %
BmMLLIERSOEED 4/ v EBE 1340,00000 i # - T600M & Wil L 1o, BARE
31208 x 8 [alfTv, ZOEE, 4V VvBEBEOZLERIE L o T OHHE % Table5 TR
To Fhvialb—vs VEEBLERERE2GLECFig. 5 KR, ERERRT Y 1 2
L—va YEBROVLWThOEARZRHET 2 &k ->T, &V v ORREEHH1,0008%
FELEHEENB T ENPLLTD b,

FEBEEED AV Y ONHREE R, ERAICIIAREBEDOSKICKEL, YIalb—va

14

=N

Table 5 Dependence of Os decomposition 15.0 : : : :
rate on the concentration of H,. g UV Irradiation
S 140 | ]
L. . 9 Simulation 1/ _o-""
H: Concentration Decomposition Rate Condition” ° 13.0 N o o
-~ ) - S T ]
(10" *molecule cm™*) (10'° molecule cm™*s™') _§° -t
25.8 1.14 - 2 120 ] f ]
; Experiment
51.3 1.51 - = 110 | ]
77.4 1.78 _ :'5 Experiment
< —F 5" ]
10.0 —F —
99.0 2.52 - g ~F
S
2.47 200 @] 3 90 F Simulation / 1
Qm UV Non- irradiation
7.33 368 O S 50 ) ! ) .
12.4 470 O 15.0 15.5 16.0 16.5 17.0 17.5
24.6 700 O H, Concentration , log(N/molecule em )
445 1020 O . . .
Fig. 5. Comparison of the H. concentration
74.7 1210 O

dependence of the Os decomposition
*) Open circles mean the UV-irradiation. rate between computer simulation
and observations.

50



B F Y A OEINRFEERILSIL

YTHOBRIKFE LTco TITHAMERBAKICIE, DT OLLBHENH 5B KKRBEIK
FOEMEBBO TR —HL TV 5,
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KT ARERME O NI, ¥ a b — v a VEERRERERICH T8 12 - 12,
PlE, ), QTHONAEEBRERRUI VY E2—F—YIab—va YERIE, XEE
HOBEEHEZZOFEAVTVAEZL2ERET AL, MERBBD TR —HLTVLS &
EA S, Hb, BE—A VvV —KERICEABRBHET > LBADI VY E2—-9 - 1 a
V=¥ 3 YIIEBORIERE FSICHBTETVLE LERTE 3,
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