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Measurement of the Iodine Species in Nitric Acid Solution
under the Irradiation of vy -ray

Seigo OKAGAWA, Hitoshi NAGALI, Hitoshi ABE® and Shinsuke TASHIRO*
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Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 16, 2003)

To study the release mechanism of iodine from the dissolver solution in the
nuclear fuel reprocessing plants to the atmosphere at criticality accidents, the
characteristics of redox of iodine species in various solutions must be examined. In the
present work, the effect of y-ray irradiation on the redox reaction was examined in the
nitric acid solution of 1M and 3M. The present work also deal with formation of
organic species of iodine by y-ray irradiation.

Without irradiation, most of iodine in 1M nitric acid solutions were exist in the
form of I;".  In 3M nitric acid solutions, iodine was oxidized to I,. When the solutions
were irradiated by y-ray with exposure of more than 4 C/kg, I was disappeared
regardless of nitric acid concentration. At exposure of 120 C/kg, iodine was oxidized
to 103 At exposure of 4800 C/kg, iodine was exist in the form of 103 in 1M nitric
acid solution. On the other hand, iodine in 3M nitric acid solution was reduced to I, at
the same exposure. In the irradiated solution, nitrous acid was found, which would be
produced from nitric acid by y-ray irradiation.

The formation of organic species of iodine by y-ray irradiation was not detected
under the conditions selected in the present work.

Keywords : Iodine, Redox, v -ray, Nitric Acid, Fuel Reprocessing Plant, Source Term,
Volatility, Organic Iodine
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1. I XE®IZ

B ALERRE R DRIRE % TRIR R THR 5 R (B X I TR RHARE ) TRRA S RA
L8810, HORMEME S EAE A~ S FL, 2~y PRABAT LT & PRE
N5, JERTit NUCEF (Nuclear Fuel Cycle Safety Engineering Facility) ¢ TRACY
GCRIEEREBRER) #EHA LT, FOBREROBRAESERICRIT 5RO —R
& U CHEHEE OBATIC BT 5 FERER 21T > TV D, '

EERAERAEE LEBAERIIBHENS THA I BEHEERED 5 b, REBLT
INRICHE L 5 AAREEORE VR L LTIRBEEI v RRB T oS, IURD
(p2fE L L. ERMEZETIERI VESHTIRI TR Offt, FERMEDI Y
A A (DRI IEMA A 10), ZIVRAA V(L) REDAF L bIFET D,

KR T I YRR TR L., 3 URBEHEFERBICL > TRE SRR D,
I U ROFEHEL. BRTFOBREKIC L > TREECRIOREEZRIT S, FURD
BB TE R B R T RF D — oI iL, MEEDREER v MOBKRRR ENE X
b, I3 UROKERNE LADOBENBIL, e kMO T THIRP O3 URERF
FEESFREL., BB THEEZHALIT I ENEEE D,

TAVERREER 31T B TSRS NTEBE IR E & F (T4 5 mol/dm® (M) D3 U HRDELET
BB L CiE. ERNERIC X B 3 URA T ORMEEE (V| BB XD 3 UREEA
T OBTRIGEE 2 | BUEEAEEREAERO 3 UREE O | WY T =Ll
iC L5 I vROREEL O FoBENRH D, T, BRFEFEEELHRE L7z pH 2.0 ~
9.0 DFPAIZIIT B 3 TEICHT AHHBOBRYESVLTHHE © shTnd, L
LB TR CER S5 & 5 RMBRERFTO I UREETH T 5 v RO
BORKHRIZOVTIERE SNLTVRY, £ I TABE T, ¥ 3 M OMBERESR
Haxsl LT, 9 vROMBEEICT BB TFELFAER L. RIRHEICH
+5 y BBHSREEZTARD 7DD ¢ BBHER, S OICHEI YROAEREIXNTD
y BRI ORI A D FREIT -T2,

2.1 EBEE

R IR OTER L O “Coy MBH L 3 VEEOSBRIEIC ST OND, B1ICE

B & EEOREZ R LT,

Co v FRERIS4EE ' Atomic Energy of Canada Limited, Radiochemical Company i
model GC 220, FRAHHREE : 120 C/(kg'h) (K2BH)

R A 5 200 e, T AR (] 3EH)
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HERYE T U ESBEER RS, BEAR. 0.1 MNaOH 5 v 7 (28,
BRI BRI~ 7 R T b)
EREERLEH A RSy 7 THERLE, (43R)
HzRr o< 757 MARYEFRRL nodel G-3800
558EH 5 I DOPSRIREE T A b, BT ARE : 80 C
AFvra< b5 7: DIONEX #t8! model 2000i/SP
55BEH 5 A HPIC-ASI,
VABIETR : 4.5 X107 MREET R U T ATAIR E 2X 107 °M [REEKF T
MY U ABROIRE K
HORBERIESERE  MCA: ORTEC-NORLND #84 model 5600
Nal ¥:H%% ; BICRON #84 model 2MW2/2
LR EEBORHBESIC 7o — AR EE LT, VA7 uv T 7RE
VA A s TS 7hbEH LR 2EA L, 1 OSREEZRIE LT,
BB, KD OEMNEEEEX, (A7 a~ 77 (O8N T A% HPIC-AS10, BRH
BIBEKEEE L) ZHVWTRIE LT,

2.2 A
g L A(CsT) (RUEE - 99. 9%) i3 1 #RAASE, £ OfUIFERELFEH LT
B P L LTI, T RY A NaP DR (XY VT 7 ) — BOHEEREE
319 MBq/cn®) Z &R L CTHEMA LT,

2.3 EBRKE

3 vRIL. FOERMES CIAMRRHC 9% REEN T IX10°M BREORE CTHETDH L
EbNTWa, A4 7o b2l L PHAROER. 3 VRBE 1X10°M UATT
T ABRA A s L LTHERALIURBBEEL 22 Ebhote, Lkdio
T. EBROBE® Lif 370123 URBE 1 X107 2 BAT,

2.3.1 y#HKBHER
v BERBHERIT. UTORETITV, 3 vREFERESZRAE LT,
LavREE 1><1(_)‘4 M

RYPRYR BE ‘1M, 3M
B R . ~ 6 FFH
HERRRE -t/-1

KB OFAM T, AT EZAT T R IHK EFTEDOWHBEREIZET 2 BORMK
ENZ. KIZ CsIRIKR © & R L—RBO Na®'1 FREMZ A< # LT, FrEDRHEAT
CHEBL, 0%, 3 vREOLSERELITV I URBEFERISZRAE LIz, 2B, A
B ORI EBREGFELERE T DEIAToT,
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v BB ERIT, LUFORMETy MOBKEEH & 3 0 FEFERGOBRERE LT,

29 oRBE (1X107*M

TERETR D1 M 3M

y RREBEHRER D~ 40 FERA PREERE  © ~ 4800 C/kg
MRS OB 0 ~ 72 KR

EERIRE =R

SO TR R IRE B & FRRICITV, A8 “Coy MIBHTEEITRA LREHE
M%ﬁﬁﬁ%%%bto&£\$ﬂ®%@m¥&%ﬁ%ﬁﬁ¢éﬁuﬁoto’

% 7= v BB % O O 3 U REOLEHEORMEL BT 572D, 20 1
L 04 WEME y AR LA e B 72 BRIE L. oMo 3 o REFERIEGOR
LA RIE L, 5. BEERESRIT 120 ¢/ (ke'h) THY ., t SHORKIIRKHRE
2t C/kg £72%,

2.3.3 v BRI X 5EHI Y ROERK
ﬁ%aviﬁﬁ%ﬁw\u?w%ﬁﬁvﬁwﬁ%ﬁﬁaa7%@#&%@@%%%@
EL,

g URBEE 1X10MM
EEETR : 3 M
y BRIREIRER 2 ~ 20 2o MREEE © 4~40 C/ke
WINL-G88 :© 1X10° M EEEE

30% Y B kU 7 F L (TBP)

100 ppm RFH o BLUfE R T~
ERIRE . EiR

S ORI T, RNARICHMAK, CsIEHE, b L—REO N1 BB L OHFRY %
AR, RS v ESEEERICERY 17, ~Y 7 A% 100 cn’/min T 1REERL TR
Wi A (FXe) DBV L &FT o 281, PTEOMBREICET 5 BEORMBEMR T,
v GRS ERRT. B °0Coy MIRAHERICIRA LA & FTERHRA L7,

k. REORMIERFMEEET HEIAToT.

2.4 IAURMONMERS I UCER

3 wREONEER L CERREIR 1108 Lz, REHAR 10 on’ 2580 — MIRY
REOIMELRESLNZ 1 HHHRE 5 T2, Wz 8 L7255 —ER CREEITV
IUREOI L. 1, & “FoOMmoI TRE FHHIET 7Y, “ZoMioa yRE
LI T 10 10, A0 S ORETHY . S URTHD L OBEFI T L H D,
SR TH S, ZOMMELRBICEARET ) 52K 1g BEEZMX, J<k-
CANERE L. HONEEREEE T Y Oz AEL. SURREY L L X
®m®3ﬁ$@”®@%ﬁkbfﬁﬁTéoé&mulm%i%&be¢AﬁW%m
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X T15MRE 5 L, [, 235, MWELRFERPOKZEEBERELEE, 1 OHH
RBEEREL. WEREFTD “Tofho s vRE 2EEBTH, 20 “Zofioa vk
B OEERRERE L L ‘2003 vRE ORAEOEERRENLELSIK Z LT,
I, DEEZEHTHMY,

I, & “Fohoa oRE” 2HHLZEOKBO—-HE A+ 70w 75 TIZEA
LT, KEPIZE-7- T, LBIW 10, 258EH819 5, =2 L. LT 4 HPIC-
AS1) 2R LGS 10, & Iid, RICRERE TR Lsd, ZoFETROBTE
THZEIATERNST,

ZZ T, K5IZRT Castleman @ HOHFEIZ L > T, R—KHEFO 10, 2ERL., A
Frraw v T T7TOD 10,8 Iy ORHOERBEENLZD 10, 0BEZELIKZET
I, DEERHT,

WIS URERERTIE. EROFERELTTIANI, REARSEA - -RNERS
BRI R SBEERICIY )., &MEA~Y Y A% 100 cn’/min T 1RREBERL. &
BPOFRS YR ZEBOHT, ZOBR I, O—EKERNP ORI~ D, L 2AEI Y
REDHETHEDIKBET NI OANT v TRV R NT v 7 ORMCERIT TRET
5, a—NVFRF7 o AIIARE ORBOLERMEL, ThE VR a<w T T70R
FhEASICEHRT 5, E— MHTR60 CITBL, FI OREZTR I u< /'S5
WCEA L THBS vREBA L. 70— 28T 5 U ORBEEERRIE L.

KL RV AN o AATHE LT LIIdBERZ Nal &80, ERELZ L) md(
TIRRIZAKEEALT Y U ARBRO—EBZ R LEHEERIEEREIC L > T ¥ 0oy &%
HELEET 5,

BRPOF/ 3 VERBEOFEEHE T, BRI =23 vRETHBILTDZ &
T, ADERELELTERLE,

3. BEBIUEBE

3.1 v BRI KRR

y BRARBREREREE 1IOTT, v RKRBHERIT. WMEBREN 3 M Lot T
i, EEAEDI TR T, O CIRIRTICHEE L, SO ik, MEREREA 3 M
DEA T HIBEAME 30 HRILIAT I, 76 L0 01T 5 2 & 2 8% T 5,
ZRUCK UCHEBEIBEEDS | MOBAIL. Iy 20 L ~OBLA R~ 12T L, AEBETRINE
6 REREIME LT 78%08 I, Thotz,

Fm, FEREREEDS 3 M O TSR T 5 & 10, OAERSRD b,

3.2 yBURKNER '
y BRI 28 3 UREHEERE LXK 2 L 6 12, E-BHREORIKE R
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RRE L. kR0 3 o REFEERE ORMELZRAIE LR ER 3 ITTRT,

WEEEEEAS 1 M DS, I UROBLIIRBHERICHATI HICHET L, FREKHRRE
30 43411 10, DEIBTLN 100%& 720 . & HIZHEAREE L T 3 v RREOEISIZIIE
ERE SR D o, FAUCKE UTREBEIREED 3 M OXEBRTIL. B 5 B % TIdmisg
PEEE ] M OBA LV bHRVEE T3 UROBUAET L, 10, OFIEIIRE 10 20ORR
T 8%, 20 SSOBEETIHF 100%E R oTe, L LEHARMA X LIRS 25 &I
10, A6 L ~OBITENET L, RS 40 B ORER TIL, 1R 95%23 L & LTIFET S Z
LRbhot, . BREOBEKT TO3 URBFERE L. BH 20 SMOFR T,
HBERAEE LT 10, OTFIERAEH 2%, ETHE L QW A0 LT, A 24
DR TITRIHEIEEZ AT I, 25 9%l EE 5D T3, 2%y REHERICL
T IR &b o Tz,

v BRIBENC X B 3 v RORBGEITEEN IO KR R & 2 EHBROZEN K E
WeEZBND, YREIEEE 3 M Ty HERE 5 BFRILIED 10, 220 L,~DBRITHRZH~
BT,y IR T 2 EANMRE R A RE L, BRER 7 07T, B
R ORGE & & bICRIRP O EMEIEM L., ZOREIRKN | BETeI vRRED
# 20 I b2 BT b o, FHRRIREE, RUNEFHOBINE & BIZAERT 5 RO
BIAZL - TI0, OBENETLELDEEZ LN,

SEOHEMNS . BAFNIEDI VROFEBEHET D LROLI THDLEXLN
%, DSBS X > T3 UENER L, BERET I'— 10,1c2%, ZORRTIE
3 UROKESNERPICEE D, BRI R SV HBE O —E 23 /0% L CHE
FEAARR L. B2 1210, LiZRo TR~ S b0 EBEX B,

I I EDOEEN~DH LiADRBEERN L DBVWHLEZEETAEE. BRPTHI v
RREOBBMENEERRIEL 25, v RN, RBHOTHORETH, HEREN3 M
OEIREMETIE., I VR EMENEE L TH OERM% T a v R/ RN EITER
HWRETHD I, & UCRIRPICEET S —F, MEBREN 1 M UTThiuE, 3 URIIHFE
BERMREE U CRIRTICIEE L, b, v BRENOFECED LT BIROMBEIRE
MRRKRD D I T ROBRMEICKRE S RET S, MBEBEMEVEEITIE., vHRERRL
FBEThHh->Th, FEREOCFROFERIEDNEL 2D,

3.3 yBBHICL A8 VROER

ERER AR AT, vBROBK T T, AEBECHEBMOSRIC L > TERSND
AT o#EE LTI HEAFAERE LSS EOEBREMSFTIEE Vb A FTHRH S
niamol-, ZOERAE LT, SEOERTIIER L-RBEEREAVWED, £RS
Nz 3 HEAFAREN y BRI L > THRIN-AIREERE X DD,
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2 10, — LiZeo7, vBRBNTTO, 3UvROEERFERT, HBEE 1 M T
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®1 REHEBRER

£A9FREE: 1 x10* M

HBEE: 1M

RS A T H B (%)
(min) 1~ I, l, 10, T OO
Ao %iE
30 ND 97.0 2.3 0.6 0.1
60 ND 95. 1 4.2 0.6 0.1
120 ND 91.7 8.0 0.2 0.1
240 ND 84. 4 15.0 0.5 0.1
360 ND 77.9 21.6 0.4 0.1
HESRE : 3M
4238 B B T B B (%)
(min) I~ Iy I, 10, OO
AoF%TE
30 ND 0.0 96. 6 0.9 2.5
60 ND 1.8 93.3 1.4 3.5
120 ND 6.4 89. 6 2.3 1.7
240 ND 9.0 87.2 4.2 3.6
360 ND 7.8 88. 1 3.2 0.9
*ND : B EhT
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£2 AVFREICHT LS r REHOEE
2AVKRRE: 1 <107 M

HEERE : 1M

B SRS B O O OB (%)
(min) |- Iy i, 10, T 00
A FRE
5 ND ND 62.7 19.0 18.3
10 ND ND 45.8 43.8 10. 4
20 ND ND 13.3 82.6 4.1
30 ND ND 0.1 99.7 0.2
60 ND ND 0.2 99.8 0.0
300 ND ND 0.3 99.6 0.1
960 ND ND 1.4 98.5 0.1
1440 ND ND 0.3 99.6 0.1
2400 ND ND 0.5 99. 4 0.1
HEEBE : 3M
e B OE #H R (%)
(min) - Iy l, m_%wmw
Ao %RE
2 ND ND 74.9 12.5 12.6
5 ND ND 46. 4 42.6 11.0
10 ND ND 15.4 78.2 6. 4
20 ND ND 0.1 99.8 0.1
60 ND ND 0.1 99.9 0.0
120 ND ND 0.1 99.8 0.1
300 ND ND 0.1 99.7 0.2
960 ND ND 44.7 54.1 1.2
1440 ND ND 67.7 | 31.0 1.3
2400 ND ND 94.7 3.7 1.6
*ND : B EhT
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£33 rHEBEHEZEOIDRERFLEIL
£AYFEE 1 x10* M
HESRE : 3 M
BEETA%EME] : 2 Omin

A E & R (%)

> Poliadr|
(min) I I, l, [0, TOHO
AOFRIE
0 ND ND 0.1 99.8 0.1
1440 ND ND 2.1 97.6 0.3
2880 ND ND 4.5 94.9 0.6
4320 ND ND 7.9 91.8 0.6
BRSTE%R : 1 440 min
B F B R (%)
e olicdt)
(min) |- [y [, 10, OO
AUFE
0 ND ND 67.7 31.0 1.3
1440 ND ND 93.3 4.8 1.
2880 ND ND 93.8 4.3 1.9
4320 ND ND 95.5 2.4 2.1

*ND : ST
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F4 rREFCIIARIVEERREER

£AYFEE . 1 xX10° M
HEERE: 3 M

HHgiE L
p:| > %
T E & %(°;®m®
(min) - - -
min | Iy 1, 10, 3o %iE CH31
2 ND ND 67.2 30.3 2.5 ND
5 ND ND 40.9 | 58.4 0.7 ND
10 ND ND 15.9 | 83.8 0.3 ND
20 ND ND 0.5 | 99.2 0.3 ND
EHHEIE . 1 x10°° MEFER
U %
AR 1B E & %(°;®m®
(min) - Iy 1, | 107 CH3!
IH¥E
2 ND ND 60. 8 37.1 2.1 ND
5 ND ND 35.8 | 63.0 1.2 ND
10 ND ND 7.6 | 91.2 1.2 ND
20 ND ND 0.3 98.6 1.1 ND
A8 : 30%TBP-n KT 4> 100 ppm
B E B OB (%
ey L °;®@®
(min) - ly I 10, CH3|
. A RiE
2 ND ND 73.6 | 18.8 7.6 ND
5 ND ND 50.1 45. 0 4.9 ND
10 ND ND 18.7 | 78.2 3.1 ND
20 ND ND 0.5 | 96.4 3.1 ND
A8 : 30%TBP-n KT H 8RB R
M OE O£ OB (%)
FR 4T B d °%®m®
(min) [~ ly l, 10, CH31
Iy EE
2 ND ND 78.7 18.8 7.5 ND
5 ND ND 50.4 | 36.6 13.0 ND
10 ND ND 19.2 71.7 9.1 ND
20 ND ND 0.3 | 98.2 1.5 ND
*ND : B hd
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[vﬁ%%%iﬁ] y BB 8
SBIAHR D FHEL BRI 0D
tﬁﬁ E| 7%&52%&)

[ B (GERefhx } [ﬁ%& (it & ] JRHI ISR

=75 Aa) =A75Ra) \L

l He 5% |—9 R I vROBH L
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E S R m %, B, B | min, h, d 10 = 2 % E
7 B0 7354 kg i QO SO I 0] ~ ¥ P
B ] » s Yy v b |l L 107} 7 7 T
& wl7T v T A b vt 10° | ¥ # G
BAERE (7 v o€ v K ELELE | eV ¢+ A M
moH R v | mol BRI | u ol B B
# glrn v 7 7 cd 100 ~ 27 ¢ h
¥ W fl|5 v v rad 1 eV=1.60218x 107'°J 00| 7 #| da
I A|RTIVTY| st 1u=1.66054x 10" kg 0| ¥ v 4
107? € v F c
) ) 107° | 13 ) m
%3 BEHOBHE 6 SHTEL ) R
F4 SIEEICYEMIC s
e B 10 + / n
g w |as|2YEE He x5 Bk P S
& 4 B~ s V| Hz s k4 R & g 107 7 x4 b f
7 =Z—a-btv| N m-kg/s’ AVTZ bO—2L A 107" 7 k a
£ h o, B h|» 2 B o Pa N/m’ I — v b ]
rin¥F-dH BB |V 2 - | J N-m N - vz bar (&)
%, BEHER|7 » +| W Js # W Gal 1. #1- 513 [EMBELR] 35 R B
TSR, BEls — o | C A.s * a0y - Ci BER&R 1985 ERITIck 3, 72751, 1 eV
oL B BB/ AE v bV WA 2 R HLU 1 uDfliid CODATA O 1986 (iR
# ® ¥ ®R|7 r 7 F| F | CV 5 K rad flick -1
E 4 O Hi|A - 4| Q| va L 4| rem o
B B A AV 2. RAWWIIEBE, /o b, T-n, ~0%
B glw = — S| Wb | V.s 1 A=0.1nm=10""m —bEEFNTOIHAFEORLDOTL
M ® % K|y 2z 3| T Wb/m? 1 b=100 fm?=10-2° m’ ZTREBLI,
" . oo . .
1 v ‘y 75 ; o I ) H Wb/A | bar—0.1 MPa=10°Pa 3. bari3, JISTRHEBDENEADTH
tov vy ARE | evyyRE] T | Gal=1cm/s?=10-*m/s? BB K 20N F T — KBRS AT
¥ winw — 4 | Im cd-sr al=lcm/s = m/s P
i Z 2 1Ci=3.7x10""Bq °
B 7 x| lm/m - . 4 ECHBEFLHATE bar, barn Bk
% " g~ 27 L | B & 1R=2.58x10"*C/kg ) :
N a DO U TMEDRS ) mmHg 2 %200 5 71
B X & #®/|7 v 1| Gy J/kg lrad=1cGy=10"Gy CRARTLA
H# R % B|vy-~ab| S J/kg 1rem=1cSv=10"?Sv °
% B &
71| N(=10°dyn) kef Ibf [£ | MPa(=10 bar) kgf/cm’® atm mmHg(Torr)| 1bf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 J|  0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ E 1Pa-s(N.s/m?)=10P(# 7 X)(g/(cm-s)) 1.33322 x 10™* | 1.35951 x 10°* | 1.31579 x 10~? 1 1.93368 x 1072
BHE 1m%/s=10'St(R + — 7 ) (cm?/s) 6.89476 x 107° | 7.03070 x 10°? | 6.80460 x 10~? 51.7149 1
x| J(=10"erg) kgfem kW:*h cal GHEH) Btu ft « 1bf eV 1 cal = 4.18605 J (3t &)
3
;;_ 1 0.101972 2.77778 x 1077 0.238889 9.47813 x 10°* 0.737562 6.24150 x 10 =4.184J (BAL¥)
1 9.80665 1 2.72407 x 107 2.34270 9.29487 x 10°* 7.23301 6.12082x 10" =4.1855J (15°C)
g 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%* =4.1868 J (HBA KR
- 4.18605 0.426858 | 1.16279 x 10°¢ 1 3.96759 x 107 3.08747 261272x 10" Hgik | PpS (LK)
B 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 107 =75 kef-m/s
1.35582 0.138255 | 3.76616 x 10”7 0.323890 1.28506 x 107° 1 8.46233x 10'® = 735.499 W
160218 x 10" '* | 1.63377 x 10°2°1 4.45050 x 1072¢| 3.82743 x 1072 | 151857 x 10°%%| 1.18171 x 10~ ? 1
ivd Bq Ci g Gy rad 121 C/kg R 8 Sv rem
o i 5 it
1 2.70270 x 107" & 1 100 8 1 3876 % 1 100
#E i 8 g
3.7 x 10% 1 0.01 1 258 x 107* 1 0.01 1

(86 4F 12 A 26 HHE)
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