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Radiochemical Studies of Iodine, Tritium and Neptunium

Masakatsu SAEKT*

Department of Materials Science
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(Received February 9, 2004)

In this review, experimental results on studies of radioactive iodine, tritium
and neptunium are summarized from various experimental results which the
author studied in JAERI.

On studies of radioactive iodine, firstly, in experiments which was simulated
the reprocess of spent nuclear fuels, the following results were described such
as the composition of radioactive organic iodides, the relationship between the
yield of organic iodides and reaction temperatures or variation of acids, the
relationship between the yield of organic iodides and chemical forms of iodine,
the source of carbon for organic iodides. Then, from these experimental
results, the process establishing the formation mechanism of organic iodides
was fully described. On the basis of the formation mechanism, followings
were also discussed on possibilities for the formation of organic iodides under
nuclear reactor accidents, and the upper limit of the amount of organic iodides
under the atmosphere of HTTR.

On studies of tritium, three topics were concisely described on the isotopic
composition of tritium gases which were commercially available, the chemical
forms of tritium in various materials and the diffusivity of tritium in them, the
sorption and desorption behaviors of tritium on surfaces of various materials.

On the experimental results of neptunium chemistry, firstly, the relationship
between the structure of neptunium compound and the 23"Np Mossbauer
isomer shift was discussed.  For neptunium(V) compounds, a good correlation
was found between the isomer shifts and the mean bond length of Np-all
oxygen coordinated, however for neptunium(VI) compounds, better correlation
was found between the isomer shifts and the bond length of Np-O in the
neptunyl(VI) groups. Furthermore, the experimental results were described
on neptunyl(VI) hydroxides in which some of them were new compounds.

Keywords : Radioactive Iodine, Radioactive Organic lodides, Formation
Mechanism, Nuclear Reactor Accidents, Tritium, Diffusivity, Sorption and
Desorption, Neptunium, 27Np Méssbauer Spectroscopy, - Neptunyl(VI)
Hydroxides
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Fig. 1 Experimental apparatus for organic iodides formation during nuclear
fuel reprocessing
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Fig. 2 Radio gas chromatograph for detection of organic iodides
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Fig. 4 Typical radio-gas chromatogram of organic iodides

MMNSBHSNEED I MHEEHI TV EOERZIIHERBREEICL D REER
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BATHZEIC LN TERBEABIZENL, 7.3M TEREUEADL, 36 M
TOEREIIIEEIZDELELRD, £, ERENSEMMEICE T 2RME G HEBIEEIC
FORRLS, EREOREEALEFARNSZOIC Fig. 7 WHoE T Oy bLEE
RZRT, TOHEIZ30DH20DEREDELZRLTWS, 14.5 M iEEE T3,
ARERIRICHEBRNREOZ S UBREFICEA L, 2 BRDBEOEREIZ2ED
5 %LLFTH B, ZHUTH LT 12.7M LUF OEEE TO AR IINT N HEAE

(BE—7) Z;RrL. TOMEBESCKEZIIIWREEICLVERS, HREEDOHEAD &
EDITMAMITEARL. 10.9M B THRAK 4 %/30min &72o577, 9.1 MU T T
WSHEBEEOREDEEDICE—VEBEK<L RS, 12.7 MBEBETOE—27 OFEID
40~50 3 TH AN, 10.9~7.3 M iEEETIL 70~80 &BEZL<lao Tz, EDEER
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BEICBWTS, US4 BEERTNIETOTH D Z AL,

Table 2  Yield of methyl iodide from varibus acidic solutions

1317 ; ;
Acid Concentration CH31311 I ggglskah 131T in reactor
HNOs 109 M 7.5 % 24 % 65 %
H2SO4 18 M <0.03 % 9.5 % 90.5 %
H:SO0,4 I9M <0.01 % 30 % 70 %
HCI1O4 5.3 M <0.01 % 17 % 83 %
HCl 10.1 M <0.01 % 5% 95 %
HCl1 8.6 M <0.01 % <1% >99 %
HCl 5.8 M <0.01 % <1% >99 %
HNOs;+HCl | 3.2M+76M <0.01 % 1% 99 %
HNOs;+ HCl | 27M+6.5M <0.01 % 1% 99 %
HNOs3+HCl | 95M+29M <0.01 % 3% 97 %
12
I»--@ﬁ
i0
8 Lrm.
o &
s 6
wt
e
@
4 |
e am
7 e @l
i i - i !
5 20 ® T40 60 80 00 120
Temperature {(°C)
Fig. 5 Temperature dependence on yield of organic iodides
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Table 3 IR THEDORIGEEBABIOTIVAY hSw T ITBF L 1811 %
KUz, BRDS<BHEITVENERT ADITBHEEZH WSS TR, HEE
BENI~IOM OHETH D, 7.3M LT TIIHEEREBEOEAD & & BITHRFHER
BAUROERESEAD L., Mk (HNOs 0.0 M) TIEHEMEE#EI 7 RITER
L2, X 512 Table 3 DFERIIRIGE TRICBW TNV DOED B RT )V A
URIwTABITLTWEZEERL TS . BHFEIZTIM OBEENEHEL,
60 %ITEL 7=,

THWVHY RTw T 1 ZHESHRTSZEICLORETIZTIVAYU RSy T
792 18311 ORI EFANZ, TORE, 9.1, 73 MOEETIVAU I T
NOBITEIRRICHBEZRNEDREL, FORIIBRLIZBITL ., LHEEICET S,
14.5 M DBEIL 20 B ETOBTRIZIEFEICTRKEVD, 20 7 LUBOBITEITDT
MTH5. 3.6 MOFEDTIVAY BTy TANOBTEIZIEEITNE L, 3EHZ
BETHEALTOEMNT S0, 6 FFEBEBLEZRTHH 1% EEOBITETH
7zo

1al 9.1 M e
o
124 G)/
/ 10.9 M
10 4 © O"“"GWGM
. g/
8 12.7 M
— e @ —
-~ @
- 6
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E; 7'33,.,—»-0
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Fig. 6 Integrated yields of organic iodides as a function of reaction time
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Fig. 7 Differential yields of organic iodides as a function of reaction time

Table 3 Distribution of 1311 after reaction in HNOs of various concentrations

Concentration of | Yield of organic 131] in alkali 131] 1n reaction
HNO; (M) - iodides (%) traps (%) . vessel (%)
14.5 1.18+0.15 39 = 8 60 = 9
12.7 80 = 1.7 28 = 10 64 + 10
10.9 10.7 = 3.5 24 £ 9 65 + 12
9.1 14.1 = 3.0 46 = 13 40 + 10
7.3 54 £ 1.7 60 £ 26 35 = 13
5.4 51 = 3.0 39 = 17 56 = 20
3.6 0.13 £ 0.12 10 = 4 89 + 2
0.0 (Water) <0.01 9+ 9 91 £ 9
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2. 3. 5 GHEETTOERMK 31 D{LERE(L

RIGICRAWz 181 O(EERISBRBEVWEIRE I"THD ., HERTMETS
ZEITED, BNBIREBICEBILEIND DD EEZ 5N, HBERY THEENE
ZENDBHERIEIT. 10 () (BFREAZSTFRITER)., 105 BLUP 10 F
TH DB OBL 1N 5E 2 TI0, N TEBRREEIZ DN,

SEHAR 11] 2 IBRHEE T 2 BRI, #9100 CITMELL 7= O 1811 D%
%E@ﬁ%ﬁKiD%Né&%%ﬁ<ﬁKhuﬂﬁbfmtoitﬁ JN—27 1
IRTTT 42X BMOER 10, 13BHEERU T THo/z. LIRS T,
BEVAMR P CEEA BIIE T 05 10 T L INS LRI N s 0, B EE#E
AUENEDLFEENSERT Z2MIMFEFEI U REREEZH S L THEE
WWEELR I ETH D,

WA T FA R E OBIENE E A B =12, KIS OREEEIEIR O —30 % Rk
O HU 18] 0L OB Z2 EEMEIC X DFENRZ, 14,5, 9.1, 7.3, 3.6 M DX
IRREEFR D, EOWBBEICBNTD KGHAE, BEREINICREZO T71dXD
EWELIKEE (10 (o). BEFREZEZSTFRITR) ITEBIEIN. DIgKHE &I

SICEEILIZEfT U7z, 10 1R & EHI2HEMT 20, ZOHEEIIHEBEEN
BWEEREWN, 145 M TIiX 1 FFRELAINIZ 105713 50 %zt Z. 2 R TR
BWICHET 5, 9.1 BLXU 7.3 M TIRELAMET 572D 103 ~OBEILEEI
INEL T2, ZTOEBRBBRIZOZONT, ©o< D EVEIZET S, LHICET S
FTOEMIIKN SRR TH D, 36 MOEDITEISHIZEWEEBBETIE, 100)F
T@@ﬁmﬁwﬁ\m{®iﬁﬁﬁ<\5%@%?%40%HTT§DEOZCT

57- 181 OALFEEOBL DR &, Fig. 6 BER 7 IRLAEKEEEEKIVRD
é&%ﬁ%wﬁbf% AT RAERBRIT 10 () X213 105~ D AR R
EEBE-HLEW, LHL. ZILHY Ty TAOBITREEN D> < DT, D
BITEDZWI1IBINTIM TIHAEHIVEDERED L. BHIATVERDER
EIATEOBGARBIZHSMIERL TS,

2. 3. 6 IAURHEENKEEERI VRERIIKTITEE

CNETRNRTELZERZIITNTEEE I ZANTT 226D TH S, 1E
DODRIEHZDIHFEAL TS 18] OEIEHK 1072 )N TH S, L > T, HEEE
CRBPSMRIEERETH D, 1811 OWIRICHEEE LT Nal2l 22X TRISZT
W, SRR D RERICRIETTZEZR KR ZE Table 4 ITRT

Table 4 Effect of addition of 127]-carrier on distribution of 1311

s Other . Reaction
131
Mole of iodine CHst31] ‘odides-131[* Alkali traps vessel

181] (1.5x10712) | 7.5+3.56% 3.2+x15% 24 £ 9% 65 = 12%

131] (1.5x10712)
+ +%%§% +fﬁgfy 97 + 7% 2.9+1.5%
1277 (2x 1076) | ~ - ?

*Total amount of CH2CHI, CoHsI, n-CsH<7I and n-C4Hsl
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wTBTTBEREDTH S, ’ .
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B ARBEIC K> TR U RAEE#IDZONERTH 5,
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107 BIVOEEERNT S &, MENEE#RIYEOEREBIIEHEA TR RE
o lBBIC<BERTH 107412725, LW T ERAEOERMITHR HE
AUEROHHNIGHELED EEZ NS,

BHAEE# IV ROERENKMITEPTHOE BN LRTICLOFREND
2, BRI VERRICBINEDBBIENEDLDT/NEL RSO THD, HAKER
X OERFAEIVREZEDELERITEIRDL TWB EEFEZ 5NN,
FISIZERLAEZIVEROBIIHL T, BUIBLIR L] 2802 FMIAYEOERE -
270y RLEOMNFig. 9 THD (O, HFPARKIGERDTICELEIATED
ZHBEZRL. OBXURARFNFN B IZDOWTHEBIYEDERE S KA
FOIATVEDODEERL TS, 2AEIATVEOEREBIIIVHEBEARME L DI
M50, HEOHMEN 1076 BILEBA D EA#KIATEOHMEITR 107 2F)L
THEERBIZARD, ZNL EZEAEEMLUR WL, Tabb, BEE#HIvED
ERERIVRBEEORME EBIZEDT 20, 2FRIATROERBIIEMNT 5,
772U, 1076 B)LEA EOHEEEZRML THAEREBIT TN N8 I safnfEic
ELTLED, ZORRIBIVHEEKGL TEHITIRZRMART D THEEE] R
BI50, I"OBLICEZVETZBRED I 2%, FEIATERRRGICHINSH
RISEBENS KM 0 EEZHND,

LML Fig. 9 ORRICENE., 2FBIVFRERRE, KbEEboeay
REHBIBEMU 2T VRORBEMTHEHNORVWERL TR, BEITEDERR
OREMBEFIFEELTIATEORME EBIT THEE OBENRREL TSI &
WZEBHDTH S,

2. 3. 7 WMEAMEERIVEEZEADHHER

BARERY E L TET ZHEET T BNRFEERI VR L2 57201013.
BT ARENLETH S, MBAEKRTTH, ARICERIVENEHRIVRCARS
DI ERBENLETH S, Z<OHE. BHEEFEIVENENRTERT S
DI, Bt I o ZNEREND D WIEZNIEWIRETH D, KBEORKIGHET
THHHEBEZENT 2 I ERFEEICODTNL V. AR TIIEREEL TNV D
NOFREME ZRRE Uz,

2. 3. 7. 1 & (COs2™) 14>

TEBERFRIL RDEENICEET A RBIEYTHO., HEEEHI T HEE
A& DRI DWTE < OMEREND S, LA L, FIVHEEOBEMEICD
WTE S FEmITRH I N TN, EBERRELESYNSERLEMMNEL, 51T
AVHRERBUTEEITENERT 2EBRIIEECEVENEEZ SND, A
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Fig. 8 Effect of 127]-addition on the yield of radioactive organic iodides
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Fig. 9 Effect of 127]-addition on the yield of total organic iodides
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10 DLIBED UWCBATEIZ 1 %A D 0.01%Z2# A5 Z 37, 90 G ZET-
PRI AR TW5 1UC T 0.001% L FTH, YILAU FIv T 2Bk
DS ITHEINL UC DEIZ0.08 %L T TH oz, (RINEWIZ 18I Z2KNLTH
FERDFERNES Nz,) RIGERF D COs2 1 A VI3IEFEICERE O S 512, CO,
ELUTEMIZBITL. 7V AY by TIRRINEIND /2D, IBRPO CO2™ 14 >
WEBIRE /2> TWAAEEEIIIER TN I W, TNEHRT H71-DITKROERELT
277,

0.02 M OFEMSE Nal /KIEHR 0.5 ml & 14C TEFH L 7= 0.02 M NaxCOs 7KIER
0.5 ml ZMEEE 3ml CIBS LB ET o7/, BILIEHEIML TWisy,) 2.3.6 DFER
L0 (Fig. 9 ZOEIREBTTHREZTZAEN 1070 BILOFHIATRNER
THETTHD, BEFO CO2 A A NEREIC/R>TWA ETHE, FRLE
14C D T ETEEIZEY 50 Ci/mol (38.7x1010Bg/mo) TH VD, MEER N T v TICHE
SNDEHIATEFITEK 105 dpm LA LD UC BEEND LHZEIND, KK
TEED UC DRHEHRES >F1L—2al v =X DBIELEZ 4 BOER
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HEIZ, WINnd 120dpm UTFTHo7z. L7N-o T, ZOFERIILOHERES
FLTBO. REDOBEEKITERILCO2 1A DEBRINDDTIIR W EHEm
N5,

2. 3. 7. 2 xtusr .

FAMNNEL AT T 2 2HBICART SRICOARIVRPERT DI &
ZHREL TV 90N, AW 5 2 &EIEHK 600 ppm DRFEZZATBD., I
SORFBVEBFEE 2> THHEREDEZL S5ND, —F UC lKBRKRICIEL
B, TH2ERDETDIRIKFBEZRET S LA NTNWS, LAL,
UCs & RUSARICEH ML 72 B E AT EE# I U RERBOBEMTEA N7, #IZ
NBOPMERNH SNz, U £721E UC, ZHRMT % & NO BXU NO: DFEAE,
T EDRDBRIBEOK TENEL, BMICHEOEREZEENICHET S Z
ERRETH L0, RTINS ORBEELZLERFETIIRNWEHERTE D,

2. 3. 7. 3 AHELAEY

RINEBICIIEEDIC L BAEREG T-OICHLOEERIIS - 20, BEY
DIBAZFTZEIRLST I LIRS TH S, 131 OEBEERDFS, —EO KNI
THRIZI0OLZENVEETHY, ZOBIH L TAEYOELZEHL > 2BEICE
TABZEIRETH S, Lo T, MBEBORHYDEAICLD., KISIEIKE
SEEINDZIENBZLNS, LM LEBEICBAOEBLEMESLEBIINAD I
WWEDRANTORBERETEZEHMETH D, HEXIRX, KINERICELZ DN
IR (Ci~Cy) ZHRMT B EERYOHAIE, WA ZHIVRYBICERN:
DHERTEIITED, WTHOEAICHHIVARCBOT IV EES DAY
DORBNZFL BEINT B, ZIUIHINRFIINEORREICID, XKKXDLDITE
FTRBRTNFINIDANEAVRLEDORBICEEZHDTHS S,

RCOOH + 1811  heat R131I (organic iodide) + COs 1)

FETIAEHIVRIIEMETEICEI L TV, S VBBLUOAY S VB ER
MTNEMETETIVFIVEEEES21-CsHL B K Wn-CsHAL DAz, CH3CI=CHa.
CHs;CH=CHI ICHM T DR 2 b DERYMNHERI N, 51T, InHE
RN REB—REBHEOTBIC E D720 CHsl, CoHsl & KiRFEHKOIATT IV F
IR T BREEMER D D, LML, TOLDAREREK 1] ORICBWTIIEIC
WARVEEEZRMU RS THORNEAEIUENERT 2-DICRN & ARy &
OHBEZBEMICER TSI EIITERN,

RIGEBICATFHEEEMA D & BEEE#I T ROEREIL Fig. 8 ITRL
EEDWTEEITNE /25, ZNEZRBL THRFAEE#ITEEAREDOIETE TR
WREZEIED, ZORICHNEVBERMLUTEDL D BERYDSHNESND
MEFAR-, ZOHEEEEMEMAZWED ., CHsl~n-CHol ORI Y
FZOERBIIEEICDE . DNV ARVBEITRORSEZEERTANDL I ENTED,
181] 2 & A72 001 M Nal /KIZH 3 ml #7081 ml KBS L. BAHEEE 3 ml
EMATRIGET> - (MEBEEET109M TH3), RSICHERL-IERSED
UEROEIZ 10BN THD., Fig. 8, 9 OFERICINITLE# I Y EE LB/
BIZEL TW3B, $ER%Z Table 5 12717,
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Table 5 Yields of organic iodides from solutions containing various carboxylic
acids in the presence of 10 mole 1271 (Yields shown in %)

Additive CH3131T | CoH5131T | i- CsHA131T | n- C3HA131] | CH13111

None 0.05 <0.001 <0.001 <0.001 <0.001
HCO:H 0.001 | <0.001 <0.001 <0.001 0.35
CHsCO:H 0.27 <0.001 <0.001 <0.001 4.3
C2H5CO2H 0.014 0.32 <0.001 <0.001 3.4
(CH3)2CHCO2H | 0.11 0.003 0.13 <0.001 0.16
CH3(CH2)2CO2H | 0.034 0.002 <0.001 0.24 4.4

ERYIEIMATZANEBERUTIVFINEEZS DIV TH SN, M
CH3131] % CoHs1811 FEDEMRPERA SN, Fic1 YV T778 (CHs):CHCOH)
DERIMZED . D2V DED CHs31I AN i- CsHAIT & EHITERL TR, A
ROBO CHs NN TIVRERGT AABEENHDZEERLTWVWS, 35
12, BEBE (CH3CO:H). 7O EA B (CoHsCOsH). E&EE (CH3(CH2)2CO2H)

ZFOWRMIEXD, CHBII DINENIEEICE S BBN, TOEKEREEL T,
- CHg- + 1 —  « CHgJl 2)
«CHoI + 1 —  CHzI 3)

“L@ﬁr@%iBWM%WTﬁWT/@@ﬁ@ﬁmﬂﬂED@b<i9f®%
;&ET DTM%

2. 4 WHEEHI T EOERERE

INETHRESINTWARRICK UL, BEREEHI UV RERITIERSEHAICLD
ZDEET BN, WTHNOBEITHERMIL CH1B81L THY. KRWT CoHs131I AN
ZNENWHHBHEEZFESTVWDE, AERTHRELZBEEE#IDROTZER YD
F/= CHs131 I TH D, LAF CoHs131I, n- CaH7181, n- C4Hg1311 DJIEIZ 2 sk & 134
95 (Table 1 R, ZINSEERVIINTNHEHERSFTHD., Eonli
R DONRITIEFITENE WS RFERDH 5,

—RIZEFF THWSNDERENIKREY. RIEVFORMY ZEATNS,
b?‘;ﬁfofi‘*/\%fiﬁ} WCEBROTETHKE REOKINTL O, BHEYNET,

WEASRERMOITVRECL T H A I U RERRT 5 rlfeitid®E
Kbﬂ% LML, T OEZ S SICHEERNMENOHESINSERITRE
REIL. ERICEHEZRINSEBELDEANICARL, /2 BREICE B >A#E
DROBDRE. WHBEDREEZZ D & BREMER TOERIIFEAL EBHEERSETH
A5, Fir, EREIARE, ERIVECAEEYEORINCIDE#IVEERET
LGRS KICHEORE, K BEEDKEEHENSBHTELTHA D,
SHARISNICEEL T, L HI AL EY & ORMETIVERBRICE > TER
THENTWS, BREIHNEICE DRI EHEE#I TR0 X 5 £ /G, BE
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IRYAMRBRE, WEMHHERE, HAWEBEOEREETHA D LHEFEINS,
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%m%(ﬂmm5)K&Dk%<§mﬁéﬁ\#vU7~ﬁX@ﬁﬁ(«U@A\
TINTdr, BFE), MEFICEEEINT., BRYSCERAWESS 2&FE K
JRiEEE LU THERMETETL. SHETORIGIZ ié%ﬁmmém&%mbﬁéo

AEBFERIL. MHEEE I TEOERIZBA Y T > OBEFEBEICES KT
1375 <, EHEA 8] OEBBEROMEBIC L > THEL D I EERL TR, MER
DERMDADNEELTNAZERENS, ERBEGIBERBDEEZ LGNS,

FRMZHAWS 181 OLZBIERBEWEGIRE I-TH 2. HEP THRT S
L1057 ICETEB{EE NS, Naldll QKRR EZEE EESMAL TS, BEAEEH
BATRIZAERLEZWOT, ITOFETIIAEEIATVERZERET, I"'05 103 F
T@mémémfhﬂ@?%TMﬁﬁﬁ%a@%ﬁi&?%%@&%KEﬁ%o

SRR 1] | IREERAIR T TN L 23854, EFEICEREOS Bz (EFIRER
WBAFIRITE) FTBILINS, ;mVﬁLTM%ﬁﬁ%SW%wéﬁg Ml
145 MIEBR OB S ERENVTNOMAEZE> THD (Fig. 7). ITOB{LEER
mmﬁﬁﬁiawbmmmo_MMK®i9E£%#b%%DHbm% MR
131] 2B ICRET A & 50 %L EO T I ICELEND Z &80 o Tna,
H L. ITMNEEEITENERL TWBE ETNIE., 2L SREIC L = EHEAE
18] Z2HANWTKINZT AR, FOEREL 1/2 L FIC/is139Ths, LhL., E
BREEIT7IVAVBRRICHEELRE B8] ZHANVTRESE-EREEREEGENRN
Tﬂﬁb\ﬁwﬁﬁﬁﬁﬁ%ﬁﬁT%oto:h%@%%m‘FMﬁﬁaﬁiiﬁ

WEEBEEL TWANWI &2 RL TS,

—F. BMAEHEE#HITDENIEAEERL 2L BoERE TORIGARH O 1811
12 80 %L <M I037 278> TIN5, EIEET TIT I0s N5 LD EWNERILIREEA
ODELIZ—RICETLRWVWEEZEZ SN I ENS, 1055 I HITEWEE{LIREE
NOBLBESBNEEEIVEERICIIT S L TWAWnEEHRING, 256D
FERERITONBD ZDDEBERN SHSHEEE I U FART 10 (R FREZED
FIRITE) NS 10 NOELBREEEZICERL TWLEHDEEZEZ LS,

1) FHERAWETTTO 10 RN S 103 IREE «@@kﬁ?@ﬁ%@ﬁ%aﬁiwi
Bk & FkR. EERRBEICRWNMEEEEZRT,
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BEIETHIRISEZEF-HLTWS,

IV VBIEETO IVREN S 105 IRENDOBELICDOWTIZEEM I <A S
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b7 AR BIFRICBT 2 T P HIVERRIE EFER. ROKDITETT 5.
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—F., AHEEICEL TIL 2.8.7 TR L D12, REE 2 oRIb™T T N3EH
B2/ 0B, LML, BELEMIEL DNV D BRMOERETHS Mk
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BT DEEDOEEMOBEANIBINZNEEZ NS, o T, AEITUHE
DORIGEBIT, UTOL S ICHRLES.

FHREREINGRIISEN BHEAMY (RH) THO., MEBEOMBICEID ITTIXI0
WEEILEINDE (K 9. —F., BEAH®DIT. CIX0HEBORICEZDHEL.
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RH hot HNOy  CHs  + R 10)
CH; + [0 —p CHsl 10

BEEAERIVROERBOMEBIBEKERIL. ZoBEICINE., RIE101Z
LA EHAMD DO REEIHBERENBWIEAFEZEZ 5NN, KK 9 DH
ENEHBEETIIETESRD, AFIC PR IVAY NSy FABIFLTLE
SN, THICEBRRES TERBTEBEINTLED., ZOEEE L TIENE
W BELUTHHRBETH D, 510, ERBEOEEKENE (Fig. 5) 1&. Kk 9.
10 DEEMNMIB TILEWZD E U THANETH S, ZOHEIL. NUTLADR
DOCEREFYy VT —HAELTHEATSEERITEOERENEL <FD
T3 (EBRERZ Table 6 1I2R9) Z &0, HHEZRMT 2 EAERENEDTS T
EMBBEMITEND, 206, BEOHRMEITIHINA IR Dy —THHE
Z2NRIS 10 DAFIVT D HINEZHERLTLED 2O TH O, HEOFMIE R 11
DIMFREIND 72D, EHEAERIVEROENRDTDEL THBARETH 5.
REBENEEAMY TH D AREMEIL. Table 6 IZRL7Z, MWEEZREL THWS &
BHAVENENEDSTEHZE, B, Fig 9 IRLAKBRTHRNEZLSIT, K
IRROAVRBEEZELTH L, GEEMTAERIVEEAREBOREMBEREZRT Z
EMEBTFIND,

BE> T, MEMEEHIA T REREZIHTDDITE, IPHINVAIR Dy —%
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HEZREICHRNT S & H2VWERERAHYOOHEEZMHET 5720, 70 CTLL
T TEBEIZBMRT S I LTI VERTETH 5.

Table 6 Effect of purification of HNO3s and change in the flushing gas on the
yield of organic iodides

Nitric acid Conc. HNOg Distilled HNOg3 Conc. HNOs
Flushing gas He He Oq
Total yield of 2.2 + 0.8% 1.1+ 06% | 0.18 = 0.03%
organic iodides

2. 5 JRFPPERRICRITAE#ITEERDORRENE

FERERTIE. BERMYOBSRIZED AFIVT DHIVNEEIN, B3I D
FEORBRETL > TNWD Z EAHEAL 722, BEHEDRICE > THAFIVLT VIV
AR T B RIREENE W, EHAK 181] 2 1072 M BRESTEMBIAKIZ. MEOE:
B (CH3COOH) Z&HMmL. ZHIR T Te0Co #EIZL D 2.25x108 R(1R = 2.58x104
Ckg ETRE LZHEEORHAEAEEKI TRERES. Table 7I1TRT 9,

THEETSIR Z ML /2B BICHRS & ARERDR WD, BEERMEICHAIL T
B A I ENERLTWS, Fig. 5 IZRLEL DT, MEBEKRD THEEI Y
Fl2 60 CUTTIRERLARN, /o T, vHRBHICEID2EHITVEDERIT. M
SRR L O AFIVSDHINNET B EERLTNS,

Table 7 Yield of CH3!3I with addition of CH3COOH to HNOj3s solution under

7 —ray field
Concentration of CH3COOH Percentage yield of CH3!311
2 % 2.2x107! %
1 % 1.3x 1071 %
107! % 3.4x1072 %
1072 % 1.2x1072 %
None 6.0x 1073 %

ZORERIE, FFFEMEITEMARNIC RS I U RNRE S NG, K
WNEEHRIUENERTLARENENVWI EZ2RBLTNS, §7abb, AFILT
DAL BEERNONA 2 b, BREEME (X 12 TERR EXRBLE H
KT RIBAFINVENGB S NEE LR LD OFEYNHSHRELUERT D
AREENDH U, EIT Csl EUTHE SNSRI TR, KOBERDHE (RIS
13) BERMICLD D ETERITERL (B 14) SNHEHZEANLNETH D,
FEFFERRFICRT D, HHEEHRIVRERRBRANCLVERLELTHS D,
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R(organic substance) Radiation, CHs + R’ 12)

H-O Radiation, OH, H, H20: etc. 13)
I" (Cs) + OH——» OH™ + I 14)
I + CHs ——p»  CHsl 15)

INETIEI > ZEHFITS, BHEERIVRNER I N TSN, Crystal
River-3 LN TMI-3 WTHNDFFICH., HEITVEOERIIFNERZID 2,
SHBRBBDERBEDHFNENI ENHFEINT NS BHEHEDMBICIDAFIVS
PANERFIRITVEDORBENMRLZICHEMT 2720 L BEIND,

2. 6 EFFERRICBIBZTIVINERBTS2EHITRERD
I He:

TNWNDEEELTETLIVROEFHIDONTRINETEEAEHEN
Ton T, ZITEEESENMT > EMFEERE C<EHRICE LD,
GBI S Bz 132Te 24 OFHKITICHET 5 & BEEEHITE
DERDRD 5Nz, Table 8ITRT KD, TOERBIRIFHIUIEL > TERLYE
T BETICREL THOERBITIIBENRBO SNsho7z. LML, ERH TR
TOERBIIRFME EDITHD LTz, 1811 ZHWTIES 72 Cutsll NSRRI HE
DEBIATVRUNERLIZN STz, TINS5 DHERIT. LTOXIITLUTHHAT S Z
ERHRS, Tab5, RRFRISHEZR LOEEAMBTH D, 132Te O BEESD
FVVERNTES BIENATOF -V 2 —RICKORESNZE TN, £OF
MR L AFIVI DIV EERL, ECEND O 820 ERIS U THEEI Y E
E72%, ZEIFTIIREANBRILE NS0, 132Te BLOAEEAMY & BITEL
BIZBBONEREREICHEELER<ZD,. EREMETT 5,

- EROBARBE<FIOERERICEHISAT S 2 ENHRE 0, TORROBESE
LIFIZRY . JRR—4 DFBEICRE L ZRBZHWTOERBERTH S 7, EHED
LIS TEEER T — AICANZ U0 XLy b 4 HTH D, FEFIFER
REET. 25U OBADRICLDHOHEIKD, R SNSERERSRERD D
B ZFANS I EZ2BNICLEDDOTH >, AVHRIL U0 LD SN,
LBNEEICTL— 7O ML, ZTO—ENEBHAREEND, IUEKE 181
1] PR LIFIEF CBE 2R L2 12LdH S DT RS BB 2R U,
Rz IEicid 8L o 7)b—7 & 1320 OZEENIRE < B2 D, 182 O HEITIEM
Lic, BRITVEORHEICZOERITIEETHD, BIOI)—TTIdEERY, ¢
b ERERENEVWEEOAVHASMNIES, BIERIEEDT LN, B2l 0F
WAV RERBIIFELFOAINEL /2o 7z, 134 TIIEHEDOFHRISEEHZRL 1=

FREDHERZEEITLD., Table 9I1TRT . ENSHSNREDIT, AHIATVE
BERTIFEEPIEN D TR<EERICDEMRT 2, RICEDRRZR EHEIE) <D
WTEBRLTHD, RBE U0 ZE TR THALZESICE, AERITRZERR
THIENHALNERS>TND, He [P TRETDERBITRK 14% TH > 727,
BRRKJURT TIERHRFLU T TH o 72 9, it TREFETERICHIESINOTND
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D, ITROBAEESIHINTHDEEZEZS5ND, {£>T. IOHEITHPEDEE
KEWAEL TOWDHERAMYNRKBREEADONZLETHS D,

Table 8 Yields of radioactive methyl iodides under various conditions

. Yield of CH31321

Todine source Atmosphere Pressure or CH5131]
CH4 1.01x105 Pa 0.13 = 0.04 %
He 1.01 x10% Pa 0.12 = 0.04 %

132T, tal

e on Cu meta Olefins 6.65x10¢ Pa | 0.13 = 0.03%
Vacuum ca.0.133 Pa 0.15 =+ 0.056%

Cu1sip Vacuum ca.0.133 Pa < 0.005%

Table 9 Fractional desorption rate of iodine isotopes

. During steady-state operation During reactor scram
Nuclide - - : .
Organic Inorganic Organic Inorganic
181] (4.2+0.9)x104 | (4.2+0.9)x104 | (7.83+0.4)x10% | (3.5+1.6)x10* |
182] (2.6+£1.2)x10 | (4.8+0.6)x104 | (3.84+2.0)x10'3 ND

Fractional desorption rate = (Atoms released per hour)/(Atoms plated-out)
ND : Not detected

PLERAR7ZEEIZEDE, JRR—4 DFBEICHE L /BB THEINZEH#KI Y

ROERBEEBIIERXNIZ, Fig. 10ITRTELIICRLEDTHAI, Thabb, &
&%mlxhﬁﬂﬁ< i ATECTIVIIN T L—RT7 7 RLTHO, MIEED
BMmEbESICHEL ENTICE-> TS, S5 EFFEEEFICIIE 108R/
h (108 Gy/h) DOfEE#EICH 105 R/ h (103Gy/h) @ ¥EBNEET 5. o
T EEPICIENE 16 WX TAFINTDHIIVEELD, £ ToIATERMEICHE
WIS 17T BEN 18 FICEDAEEITRVERT S, LML, JRR—4 E1H
3 EERETOEOKE 1613V IC<<ARD, FIC—EERLEZA#HITERED
SRS 19 BIET T35, KK 17T BLP19NHEES L TS B BN 18] TIIH
BIEERBORTIZ LIFICTERN, —F, BRLIIDODWTIRAEZ TR 20 5
LU 21 DBERICHES R M 182l OB D TWB - T B FIFE LR,
SRS 19 DFEDIC <725 EARBISICHEMT 5 2 &2k 5,

ZDEDIT132Te 2R HT 5 1321 IZIIRFE OBHARBD 5N 5. BHFFICZ DR
BMNICERGFREEZSIEEIT I EEFRVWTHADETFERLDS, LML, &
BTFIVINDIEEE E B gwwwnéﬁﬁfﬁ#ﬁﬁh@ﬁbﬁm“%w1iTC
HBEBZEZTNWD,

2. 7 HTTREHZICIBITAE#MITEELERD LR

FHEITROERBEECEENICEL Tld, B/KFELES, BT RE LRI E
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LTEL OMENRINTWD, HAFREETH, ®XBEHAHHE (AGR) 12D
WTE < OBFZEDN 1960 ERICHESN TN S,

—ray dose rate
ca. 108 R/hr Iodine isotopes plated out

(During reactor operatitn) Organic impurities
ca. 105 R/hr

(Under reactor scfam)

R(organic substance on surface) Radiation CHs + R’ 16)

During reactor operation in gaseous phase and/or surface

1B]  + CH; ——p  CHaBII 17)
182] + CHy —p CH3» 18)
CHs'®l or CHs'%2] Radiation '1Tor 31 + CHs 19)

On surface
132Te B—ray, 1321 (+ CHy) 20)

132] + CH3 —» CH;313? 21)

Fig. 10. Formation mechanisms of organic iodides from 132Te

LML, WTENOHESFEEENERZ->TBD, AU T LEZRLMILEFERSH
TOERERIZIZEAEE N, HTTR T | KEHAMEL TANY T AT A EZHN
THO, 2D I REAMOEENGW-OFKIADRITER LUE ., (RICERLE
ELTHBEHIZHBLTLED EFRHEINB, LML, FODIKECERRZHERL
TWb70, B#IVEEZERTIREZORBIZZ N, - T, BHEEKITED
FiiZED, EORAEHIAVRICEBRINSID, ERLEZEEIATRIIEDOLSIT
EENT AN DWTERICHILL 7=,

BT HREIM IR U7 CsI 2R L. Nal®sl 235 L2B%,. #i He BLUY

WWEEEREEZRMUZFHSFPTMEL., I TEOEREEF B L OERE

DR FREFEENZDOWTERL., ROLSREREE,

(1) HTTR SEKICBNTH., I TRITERIHMICERT2E8HK S 0

WEDKBTERT B, _

@)ﬁ%ﬂ@%ﬁ%ﬁ%37$ﬂ@xﬁ+@ B OMERTUESLHICEI DK

<L, T+ mBULE T ISERRIIIER IR 25,
BV ERLZERITRIL. GHMAY T LOBRRICE VRS IIHHEINS,
(4) BEBIVWKRIZDEBEAZ. WINBEERIVZOEREZIHIT S,
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(5) R LUZEHEI TR 400 COEBKRICLVTLRIZHMEIN. 90 CTTH
70 BLAERDEIND,
PLEO#EIZ, HTTR O@EEEEZRFICIIENEBNICE#HIUENEE LER
WZ &, BLUOEBHERRRIC, BWEBANOE#HI TRORHIZIEREICHKR
WTHAI ZEZRLTWS,
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3. MUFULOHELERIDIZ
3. 1 WEEOHW

BMUFTL CBRT B IRDEIVFVERIES D+T) OBRETH
%, LInU, BFEHEOKRORMAETH DEREDE ., TkE L TAEADH
DIAENG V., BRIGFHEARELL, ERESNDETIC, BREAOKHZH
REIZIR D BT 2720, T QAR - BRSO RN R, &5 WITR G IFEE
MEICERESNLGEL OMELEDLENMEERICET 2 E#T -y 2EFMT 5
DENRD D, T I, [HEEHME2ESE 1 IREICBNT, LEOXI DI BB AN 6
BT — 5 2ERTDDICEBL AR ROMEZZ LD,

3. 2 ERIEME

3. 2. 1 ZERIERLENIFIA

TIX2DODHETEF L. BLIETHROTZAIRT TH D, 3.7 GBq (ICHMN
HIRAT > TIWVCHAINTWEHDEHEMEE Uiz, HAR T 2EZES A >
2k, He £7213 Do HATHERL. BB EOREWIRE (W 15~60
TBa/mol) TEEV T > hIw FICRINL TEIEL., HEIZEUHR 200 Clzhnzt
L. REREEEEBENGHTHELTROHBLERLRE 19, i AEIE. 3He £
el Ey—47y FELUTHW, WRAETFF (JRR-4%%) THREH L. 3He(n, pT
HBHNWIL 6Liln, T KETERTHAEBENUFULZ HBFANBEBASFLE W,
sHe(n, p)T KIS THERT AR FULDE T RIILF 13192 keV TH D,
6Liln, QT KENSD MY FITLADIRILF—132.736 MeV TH D, XKPkMUF
T LADRRL. FIZE A BEEEP TR, BIEN 1.9 um THOEEDN 39 um
Thd 1, ‘

3. 2. 2 hMUFILODM

2.3.2 THRAREERBEOSOFH I /ORI ST EBAMFESLTAHY
7o BLIAVHEOHE LR, MHBIWENE 7 0 - MO LB EE X370
—ROBBFEZ AW 10, £z, HARBMUFULELTHRESNSRITINE
UTzBAb8 s 5 LZ2@m LK (HTO) TR, /K (HTO $5WiE DTO) &LT
BESNBRMIZOEE, ALK Ty TEEZHEEMY P00 T LI
WEBRKICIEMHRL T, RK 2FL—a A0 —TERL, -

3. 3 RO NYFILAADHEBRBEORYFILEHTAT
> FIVET & OAENEH

Fd, WIRERER To A Z 2 L. DFEic P8 L 72 HT, HTO BL U CHsT
PIAMZ DT & CoHsT 2#H3 5 & i, 37 GBg (1 C) BALTHEEA L ZidkH
D TLEEILT0—80 %ITBEZ/LNWT EEZBHEMNI LT, Table 1012, 3EEDH
FAT TIWVADD 37T GBq Te HAED Uiz, KERMAEDOHEKRERT 12,

ENSHSN LD, BKE (H) REAKE D) "2 ROVEFENTNS, B
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KBOFEEE, ATAT > T IVHOMERGNCEBRMBLEI N TNWRNWI EEZRLT
B, BRI T OBHBERETEATSIHDEEZ OGNS, X510, HREHENK
To HADASTWEHT AT T INNEEIZIE, TzﬁX’El@%fﬁ2mPa F THRE
LB THREB, HAEDH 10 WEEL TWBE I E, BIOEREY > V%
FEOEEHRET S E, B9 35kBq O TWEEML HTO O THEET 2 Z &8
SMITIRo7218, £z, XA Lw I AHTAEKEAND T OE (EB I I
2815 DT H AKX DR, HIAAND T ORSEEBICIL, BEICEGFET H/KEEE
EDORMEINEERHICERE L, H I ADOEE LEET AMMLICO FIROE E
HIEENIYHERED 2BRANHEEE2RNWELE W, {LZ2EEITEHD B
MBEIUNE WBRICEDEEIND I EE, HIAREOARST AT L A,
TIVI 2 LREL %DBT%%E L7z 15.16),

Table 10 Composition of “Carrier-free T2” in glass ampoule

Composition Sample A Sample B Sample C
Ho 0.58 £ 0.05 2.83 £ 0.73 1.63 = 0.13
HD 0.28 = 0.01 0.25 = 0.04 0.22 = 0.01
HT 11.19 = 043 22.66 £ 2.79 18.07 = 0.61
D» 0.044 = 0.007 0.007 = 0.001 0.010 £ 0.001
DT 3.7 = 0.62 1.41 = 0.21 1.69 = 0.12
Ts 84.15 = 0.49 72.85 = 3.52 7837 = 0.61

3. 4 MUFULOWEFTOFERE SJLEEEE)

HNDOBNRERETICH BAENEE IR F—T FREFELFEESEERT
5, TOEHIEEICEREICS W, BROFETFRIICESEBEEEHFOT
OYLEUREOMITIIE 5 N HENRD 51, BENEE & B2 T ZEMH T THE
LI <25, ZHUIREME R CTOHRBAEICREERAR TR I > TS &ERE
TEHEROEDICHHATES, A5, BEROFETRABEGEIIRFRRETFOREERRH
NOBEHLUNETHD ., TOHRBHNEELEDHIC, REEOERBENAE <25
<. T 0)?;“%51@%'6855@?5«%%tﬂémtm%ﬁ% 3. T OB ZEHET S
2, BT RIVF—IIRELRRD, LEREIS/NE <25 17, 7 IFELE
I CVD EBIC K D IRE L =B M D Bz 2 NRRE R W, BEAEOKRE 8N
%ﬁ%mﬂiTﬁ#ﬁb SWIZ E2HRL, ERRETIVEEIETS I &0k
7. Table 11 12, FAMERIIEELE (BEAME) REOHEEEZDOHFTO T
@é%@#%&i&@tw>#ﬁﬁﬁn(ﬁumm%>,k@;a TERBEIND,

D =1n(Do) x exp(Q/RT) 22)
—H. BIFINF—T OtI 3y I AFTOILBITEAIAMEIHFAZEALZ T

WZHAEEICEWD, BT TIZZOARKIIRD 5NRh o /- 1119, #Eidiz
T SLERENEOBWITENEETIES, LR F—TIEINns0xER L
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FHEEWRT DO THLEFERLE, £I T, KEEEKFE/ P HhTOEIX
V=T DILFFRISZEFRIAL T, ZORADIUAEZ RSz, TORER, mITRIF
—T IRy bV =D S 1. BRI T I3 Z OFEBMA TERE S 2R T
DI ENALNTIR-T 0, ERFEREHERIEOLENS, Ky b —2DK
ESEHEE3—4nm, TOFEMIK 10 UBEETHS EfERLE. LML, T
SULPTEENRD 5NBN-H =D, BEORENE T I v AITHEL.,
SDEKREHTEI > TLEI LD THHAREDEL NS, I T, F1HRE
faim e FONRICED, T OB L OBEBEEE 2R/ Z0, (LFEEERRB LY
BECROBIEONWTNNMEET E2NRETDICES A W,

Table 11 Behavior of tritium in pyrolytic carbons

Retention of Frequency Activation
Pyrolytic carbon | Anisotropy* - factor (Do) energy (Q)
(cm?/s) (kJ/mol)
Highly oriented >1.78 155 = 1.8% | —(4.8 = 0.8 261 + 8
— ¥
Randomly 1.07 0.7 + 0.1% (174 + 105 + 9
oriented 1.0)

*Bacon Anisotropy Factor, BAF:See G. E. Bacon, J. Appl. Chem., 6(1956)477.

**Retaining amount of T in % after heated T-injected carbon samples up to
1,350 C.

BIZZORZHLSNITHED, ARHIA (Si02) 1280 keVOD D' (A%
FHRAH, TOEENZEF 20, BALZDNWEBMPTODEZERLTNVWSEZ
EZEFT-IRBIBICE DR L, BRENZ OD EB LW Si0 FIZ AR HYy & L
THETS OH EOBKBITR TS ERROEEZHBR L EEIA HENITH L
<HEU7 OD EOAFNUR LENW ENgho/z, 2 D'EEDOIESHEEICEK
D, BNENZ ORI F—EENEEINDIEZDTHAD, Rl H B
FUOD ETOEKEHEEZR, ESREIEICEZDAND Z LIk, BB DB
IHBRRZ FICHH L TWB Z EHENMNI - 2 2D,

Li—Al &3, T OKEEERY—7 vy hELTERAINS, LHL. £BF
O T OIEEEIZ—RICKEVDT, =7y bS5 ORENREINSE, T2
T, Li—Al B&FTO T QOILBRERZEIE Lz, ZO/ER. ) 200 ppm @ Li
INT OIEEREZE, i AlFOELID 1 iU ETIF2 2 &, BIOIEEREIT L
BELHICHEINE LB TITE, BICHEHOEE LT RN F—IZREL B> TT
SZERRWELRE 22, £/, FHEFERHNLUE Li—Al @25 E AR ME

(5Cmin) §2 & . TIIEZRECE—VE2BEREINS, ZOE—7EED.
Li—Al5€F 0 L BEORKICH LEREENS L Z 2 RNn/EL, &% TT
WL SALEHEEERAZEBRASIER L TWS EfERLE, B, &P TH
720 D8RS (TIEBEX 5 ppm TR 16 %) WNoFIK (Te £ HT) &L THEEL
TWABZEZHALENI L. Li—AlG€FPOTEEE., BN/ FIRT OM
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SHE% Table 12 ICRT 2, Li—Al §@F D TERENZOLSREEETHHITH
D5, TR T OEMENSVNOE, EFR TI3HERL S < ERRITES
HTHBLMOTE LI OHEFERREZREITED THDEEZALNS,
—%. WMEEZRETHETRE L/ LiF #2133 T 0Lk & RHESHO
FBEZ. ESR #HIE BB (DNOs) BEADBEHFERICHEEINS T OL¥ERD
WEHEASDOETHAN, BEHEZRTO T OfEwiE. T WD, T+ (TF £
721X LiOT), To, HT BLU T D 5 DTH AN, HNEER Y=Y TRE LI
2T 5, 350 CTIE 95 LA LN T &L TERET BN, LDERICKRSEH
DRzl U, fERICIIBHERIZKDTO) & LB T 2, #HENS
DT ORHIE350 CLLETT NREEIXHBEBICHABIND ZEBHLNITR -T2,
Fz. EFFRETRN L LiF OEMBRBARANOBMFRICRHEINS AR T
ATV S W TFRNBEREEEZR L. BT, RIMEARY MIVFO 2225
em TOE—ZL, BB E L TEENS OH & (3578 cm™!) D 60Co 1##
WX D HEHRE S REE DB, 72— VI KB EERBLOFEMA S 7 ME
NHERELE—HTHIENS, OTKRETZDLDTH S EfEHLIE 29,

Table 12 Detected relative amount of molecular hydrogens, T2 and HT, in
Li-Al alloys irradiated with neutron

Concentration of T (ppm) Ty (%) HT (%)
(5.24+1.3) x 100 76 + 2.3 ' 89 + 22
(2.6£0.6) x 100 58 + 1.7 2.2 + 0.6
(5.1£0.7)x 1071 40 + 2.8 6.2 + 2.0
(2.4£0.2) x 1071 2.7 £ 0.8 36 + 1.5
(7.2+4.8)x 1072 2.0 £ 1.8 42 + 3.0
(1.4+0.2) x 1072 1.0 = 0.6 1.9 = 0.9
(4.4+0.9)x 1074 0.2 £ 0.1 1.6 £ 04

3. 5 KNUFYLAOWERTCTOWRE - Billkss)

BO®ED T OEDEM. H5NWEEBEED T Z2AWnSHE0E M oONn,
EEREE., HERREDHERDLZDORIMEOHENNLEIZR S EEZ. LT O
211077,

9. BRSFREOTFEEBEM THD 316 A7 > L AHWAD T DINEHE %
ARz, HAR T BDAF 2V AMEEBANER, BRHINBZERIEIEITK
(HTO) THholz., ZHUL. THRAT > L AMMEEICER I N TWSHE LR IES,
WEINTNBBRRERIDT B0 EZEZ NS, EMEEHNE<LS L. HTO
DOFTHRHENDSIE—EME 8 1015, cm?) IZELLN, HT OB TR S
N5 T EITHEMEFRICEF L THEINL /2. T OIS REZ FiE MBS TR R,
MR EHABROEENORRIREND L EXDD o7, B 1ITHTO &L
THHBET 2D TH D RECRNAOBRICEEFRICEET S 02714 > EOHE
EIZED, OT A A DRETNEL TS, TORSITENET D 90 $REZE
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HD, REIWEET 28 EOHEND B, HREOEME (LT FIVF—IT 27 kd/mol
Tholz., B2, 2NEED 5 WEEZ DA TROFEREMRICHE (20
kd/mol) MEL TWBMHTH 2, H31I2%EREE LD, BETFRICHEEEL THR
WRITLTWABEY 7T RIS L > THRIESINTB D, BHEEICIE 55 kd/mol
DIEHE TR F—2NEE L, B4 ORDITERD 4% T, FEOZ v 7 VN
BELTWBY A MIHIEZNTBD, 970 K DA EFTIE L T NI HEE L/ Whig
BMCINELTNWS 29, DL EDOEREZ Table 13 IZF TR 2520,

—H. AT VA T ICXAHREFEROBEZBRIC, RELAEIZELS T O
IENHIZNREFR-, B OLEN D T L EEEEOBETEE AW S RERLAEIC
0. TOWREEZ 1L EBMBILESLZEEZRWELE, LML, 142 AN
WA Ty F U FECIVDEEHUEZTD ENEBIZZEL#EMLEZ, NE T OF
EREICETAHRICEDE, REBRLEATF DLV ABOBREEERN L,
EHBEHWA2HNAEREAREICLD, EEHINELTNVWS T BEBICBRES
NHMN, RIRITEBALTWD T BBRETERN, HREHE-HBEEEZHWT, B
R 2BINNICERET 2 &, FHICHRNEL TWD T I3BRETERVLN, R
FRIWELTND T BEERECHRETER, ZOMESEREEICED. AF2
VZASOBEREZME (02 um) LERET., 1L/ 100 BEEETHERESEHEODO T
BRRYT B I EINHEETH B 27,

Table 13 Desorption behavior of tritium from surface of type 316 stainless

steel
\ Peak Activation Estimated site Relative
Name of energy of .\
. temperature of X of tritium amount
- fraction d tion (K) desorption trapped (%)
esorption (kJ/mol) app 0
Molecularly
HT-1 430 20 adsorbed on 5
surface
HTO 540 27 Surface 02~ 89
Carbide
HT-2 750 55 (such as 2
MoCy)
HT-3 970 nghg’g than | g face Ni 4

fit5, FEX OWFEHERN S TN DA AH O T 1L HTO ITEH I N2,
BEERKANCHEINREREINSION R TH D Z 06, BEREERNCHT
%5 HTO OHEBRCHEREEZFARKO LI RERZ2E~, ELlFa5—32—7
(MS) 5A. 13X, YU AFIBIEET IV FIZd 5 HTO OREREZEH
NI-FER, 30 CUUTF T 2.7x103 pa BEDKREZ2ESUSELKICBIT2RESEDL.
SURATFIREET IV FTOHNMS L0ENTWS, LML, MS 5A DERAK
ERBOREAREHITHEEN/NELS, BENELLRSIES> T, MS 5A OWEH




JAERI—Review 2004—011
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SURATIVIE 200 T2l it d 29 lEKE, 200 CLLETHRAICHBET 2
L EREKEFT D, HTO X NS OREKEDRPARSZR S THRESI LD,
ESEEEFICHESINZ HTO X, BETRORICL D KBTI AZRET SN, £0D
HENTO GEIL, fAKICBITBKERED GENS TFRINDEIDENIKRE
Molz, TS U RTINSO RIVFE—BENTL D, WEKDODHEK I Z
572HTHO, KFE (HT) OREEZERATERITILICKD, BEEEFUA
TINVOEREKEBEBEIREBODEADEETH S I 2 RNE LT, ARG ES
N, T OECHERICE > THERINA, BT, MS A ITKEI N/ HTO O
BRORIC LD HT BAEBEFANZ, HT BI3H O BEHRB L N 60Co g D d
BETH, HKOBMEBOENS FHEINDIDKREL, RZVMS 5D RV
F—BENERINE, LML, MSDBEEIE. JUAFIVOBEEERD, B
DS RO D v K B0 MRITERT HT BAEEITIZ N - 72 29,
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4. RV AOBRSHEF RS
4. 1 BFEOHM

TIFZTL (Ae) oa—L > s (Lr) ETO 15 TRISBHRLTT I F
JA REREIND, ZNSIE5f BFNIEKEZEINTW RFITH DD, A8
TRNERRZENTWS T2 ) A REQEBEELRTN. 72 F /1 ROBERE
DEMISMHEZRT, AL, 7209 /1 RICBITATENEDLTERB(LIRIES
LTH3MmZEED, +3MHUNDERZEDZEITIENTHID., FVF /A RT
RO RELZBRIREN+2HNE +6 METIEIETH D, KERD TEREIZ
BETEDRILREDZL ., 1T =T 7F /1 R TIEZFOEmIERN,

RRIZ, 2O L3, ERBERRIFICEEINSYAF—T7F )1 Kot
TOHEMENL . 7D 8"Np OEEHIE 2.14 x 108 FELIEBICEVND T, HR
B IV TIREERINTBD., ERLEOIHRERED 1 D&l TS,
TV T LA N S+T MOBCIRENTETH D, L b+s MNELET, K
IR F Tl NpOst O OREED DIz, BT E+1 D01 > 2Bk T 2, &
DRTIVEZT LT AU T AN+ H D NWI+3 HOEFMIRENETH D . K
BERP CIIIEBCRE LB WEE TH D HERESER > TBO . EEWUIELSL
EBPEHITRELETH S,

HBARICBT ST VF )1 RILEOEBCFNEBIZZ. oS>, ML
KRENTHED.,. BUI BRI DODWTIRIEEAETRDN TV, FIUIEY
TORENETATIILETHD, MBHNEFENTH DD RFENE L., +507
22 AW RIIRERZAFRTERUN TIIIT0WIZ W2 TH S5, UL, Eifk
SIEEDESBHZEDAEETH 5770, EHLED V) — T TIE. LEHZWHE &
WOBDTIF A ROAZANT T AR ZITD Z &1L,

TOF A RTBROHTAAINT THENMER NSO, BEFEESIEC YD
I (Th) "5 F2UTA (Cm) ETOTILED DN, FHEDWIAN AFEREEMN
ED ERBANEDS 500 EERN LR, ZOEBT—ROBIE
ETEBWICAZINT 7 5 ERATREREAS DRI, 24Am 2HIEIC L. 287Np
ZRIRICT H5E &, 22Pu ZIEIC L, 238U 2RIIKICT BIBSICES NS 2
EWNGMMo Tz,

AZANT T 3HER 5f EFOBEBTREECHEYMBSEZFARZDICHEL TS
T, 2XEOSDREHEDSDIN, 77 F /1 R{bEWZEHR> L TERICE
MTHD, bbb, O EE2HAVSIERESITTHO, HE2eBHOBER A
WANZEIZIROED ZENHES, QA ANT 7 BT EMENE % NE
ELRWR, BN S OLEMmaRki:. B TRORBERIETHH 0., Bl EE
2TV W O—T Ry 7 AFOERIZHEL TS, @B EHABICED., £<
DIEREBD ZENHEKS, QBEHABRMSHB 2RO EL., BICAMBERLE
FMHANAETH S, ELO/FENKRTH 5,

F TV MIRERMAEE B 2720, b EHFMO R 28N 13BN E
WHEBHIZ RS, AIEEE AW ETD CENERETH B, £, 2TV
DDAZNT T RFEEAZXNT 7% 28TNp DHEE L X ZINT T 1 OFENRE <
REBRMAE T N (57Fe TIIRIBOD 50 5. 119Sn T 125 TH 228, BNp T
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£ 1000 IZHET B) 2R, LEHNRBEOENEFICHEIIKB®REINS, £
NP X —FRIHFRAIT, 287TNp A ZAND 7 HENB IR I N TWEN, B
FETIEHIKESNZMEEE TITRONTWAIZEER W, Lihrd, Jove % 0i%
5 b EaMB LUEBINALNDIRICDNTIE., EETFT—IRRELTVWS &
BRTBD, T—FNHRLLUERTIEZVWI EERLTWS, £/2, BETH
Krot Z 3DICXDFH L WER TV 2 MEEW OB R EBEIZ DWW TREN /2 S 1kt
TTHED, AZANT T HHFHHEORHIIIEND ZRETNWS,

Z T, BFEEDHIZICERUIAEEHMTONT, BTNp AANT T 5HEET
Bl BEES 7 FORKREICET 2R E. 6 MOKBIER Y ZIIVEOSKRB X
EREEICETAEREE LD,

4. 2 2TNp AANT T4

2E”I\Ip )< X/\\‘j 7%%@{@ﬁ 241Am 433 yTr
L7325 21Am DEEK % Fig. 11
IZRT, oFREBIZK D 24Am O

85.2 %7\ 237Np D 2 FfCrEAL
NBEEL,. IHIZFD 94 BNRE /iecay
EREABE TS, ZOLE complex

BHEND BB AANTT ¥ 12.8 %
WERD, ZO rBROTFIIVFE 0.8 ns /
—N 59.5keV & BB Wz,  [=T2—

A ZINTT T 5h R DK Bk BRI 259 73 %
MEL, BB IORIBEE b g(
WREREED TICRR gy {752 o v BOg%
AL RS R LA T = 7200 5494 | 6%
CEBBN. o TRBRERS T =0 BkeV (1)
WA T NREETRE o L |
AR AT AT v hELE 237Np 2.14 x 106 yr

&9 3, Fig. 1212 7— RHIZt

v NUEERBIOS A4 RY

W MIAZANDT 7 B HEBDOE Fig. 11 Decay scheme of 241Am
BHAZRT,

BHEARDOAD DHEEITIE T

RKOBBDHETHDN., Q/Qe = 1 THAHEDITHEMNT LT 5 EREEL TEHHE
IND, £z, NERBOADH2BEITIIHRBEN 16 KERD, /i, = 1T
HBHD 16 BERRELTHEIENS., MALDENH/ITIET T Ly bTHO,
WA H55EI1TIE. IERFRR 16 BERE72 5, Fig. 13 ICINFETHESI NIRRT Y
ZUMEEY OB LIRS BEAE T T NOBRERT, MR T ¥ —F1 2Bt
TRLUEAEEWE, EFENGK - BELEZHDTH 5,

4. 3 BMEHEI T NERTYVTAMEEYMOREE

EEHHEW Fig. 13 THLMRE DT, —FBRENEBNTWERTY 2T LS HD
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L& aE R ZED =, 5TV 2 LMEEYID A ZINT 7 AR ML
KAl BEAREEICRS, b, OFBEEE TRKERBIDHEERTHD. QK
BEANY T LABRELRLS THHRKEHNZEDNS2DHD, QI 2 HEDRGIREEZRTD
D, QHESNIC2EEOXR TV T LAY A NRFEETHIEERTHD, THD

33)

o

ZDEDW, 5 MR TV T LMEEMDAZNT T ARYT MIVEBIET D I &I
L0, ZOERMEKRS T bOMEIIZ. (LEYTFOXTY ZU LB D OB FEE IR
RTB2RBERNED L2 RWE LR, TEAMALEYOREERT T NEEIZ-20
mm/s fHEDIEF I NEGERICEF L, SEMLEYDEIIE-15.8 72 5-10.8 mm/s
DEO—FEDEBICESR TS, TOMEEZRHETAIZEICED, H<hrsHEoNT
WIS EENRIZITHD > TWRBRWEEYIZH LTS, FilBEREES &N
Hiskrz, FIZI3, BB 2 7Y IOV (VM OR Y 2O LB D OBEEE. 7EMLOE
D&, SENMDEAD 2H A MNEET S I & 89%, BMERIGAEWKE LR T Y =
NVHFDOXT YT ABDISHEN BB TEMTHD I EETHD 3, I5HIT, -
0.6 M OREEERIR Z VY, BRI Y ZIV(ISEER 7 Bl fidE 2, =7
WVZIVVDIZEE R SEIMHEE AR L TWA I EE2RWE L7z 4149,

Laser calibrator

Driving system
= (Wissel GmbH, MSII)

Fig. 12 Mobssbauer driving system for 237Np with cryostat
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NpO,O0OCCeH5-4H,0-2
K(NpO,)CO4
NpQ,QOCCH;-H,02
(NPO,)o(NO3)o*5H,0-2
Frozen solution
(NpO2)>(NO3)o=5H,0-1
(NDO?)?(OOC)2C6H4 ® 4H2_O7
(NpO-)OH - xH-O

v
Np(V),CN=7

Np(V),CN=6 Ba,MnNpO;

NpFs

Isomer Shift
(mm/s) P
Np(V),CN=8 NpBry /- NalpRbTICy
——-NpCls /g NpgFs;
A

aNp(PO.), ‘if@“ﬁg@%oz
“——--BaNpOs N’Q(OH)4'8H20

(NpO,) C,0,4H+2H,0

CaNpO4, N pOgFg
NpOQCO3

- NpO,(OH),

CSNpO4

BaNp,O;-xH,0

CSgN p05 P
RbsNpOsz”

Np(VIil) LisNpOg

NasNpOg
Ba,NaNpOg

¢ Li;NpO;

Rb(NpO,)(NO3);-6H,0
- NpO,(OH),
NpO,)(NO3)2:xH,O  NpOo(acac)y(py)

2(NpO,),V7204
DO?CQO4 -3H,0

Np(V1)

. K3N p02F5

BaNpO
KoNpO, P

BagMNpOG

NpFe (M=Co,Fe,Ni,Cu,Mn)

[Co(NH;3)6]INpO4(OH)--2H,0

Fig. 13 Isomer shifts of neptunium compounds
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BENH LI R o T AIEEMIZ OV TiE, Np-O DEHFEAERIIZT L TE
MEYT7 MR T oy bR L, Fig 14 IDRLEL S5, 6ffilbEHDT—4
WZDOWTILT 7V AOHEENIROGEICHO - - T AEBEREZHLNMNZ LTV
80 (Fif-/ixF — X &M%z T Fig. 14 TEIZR L) 2B, S5MIZ OV TH R
HOO, HOENHEERDDZ ERFICRWEERE 3, (IFOXTV =T A
5 bAoA Ui, FTIRE L EEH EAME LTV S, (NpO22(NO3): -
5H20 (CN=8)i%, fEBED 2 2OH A bD I b, X7V =v AR Y OBEFRN 8 &
MNDLDTHD,)

-10
N compounds
p(v) p 4 Y
-20 | 1 6
% 2 NpO.CO
E| B-NpO,(OH); 1 3
Np02C204 '3H20
g o & e
2 |
E o KN
-50 | @ -NpO2(OH),
‘A{“ Np(V1) compound.
.60 . WA AR SR SN ST S ST SN IR

0.2 0205 021 0215 022 0225 023 023 024

Mean bond length (am)

1:NpO2(02CCH20H) « H20, 2:(NpO2)2(CeH4(CO0)2) « 4H20, 3: NpO2(02CH) * H20,
4: (NpO2)2(CsH204) + 4H20, 5: NpO2)2(NOs)2 + 5H20 (CN=8), 8: (NHJ)(NpOHOOCH)2

Fig. 14 Relationship between isomer shifts and mean bond length of Np-O in
compounds

UL, 6ffix7Y =7 MEABTONTEICE S DILEWEAR L, A R
N T AR MORIEZEITo7-5ER, Fig. 14 TEIR L2 X 5 ICHREEBERE RE
TRETEARVNE BN BT —F B Ebhiz,

BB LN RERD 128 -NpOA0H): 1, BHEAET 7 H-50 52 5-60 mm/s D
MICH2LEWHLRRIC, X7V =V LAY OBFEEILI6 THY . BONITKHR
BLEDLEDEEBRY, o -NpO2AOH): ix, ZDOREOEEFRITILAMER LT,
BEIEMEEL L TWVWAZERHALMAIR-TEY  EEHRESN TV EEEY
WELTWS, UL, NpO2CeO4s* SHO WX ER2HLERY, X7 V=U L
Y OBRRME T O{EEYTHY ., 7TV ADTNA—TORE LIZFEEN LT
IFhTna,
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IHIIT, IS OMFOBIET, #HEEIHL TWz NpOCOs DEET — 13
BEINTNS B ERESMIRD, ZOLEYMD Np-O EiEkEE&HERT. K
WRHITRUEEDARNKELSBHLZMNBETH D ZEHHSMNI R, €D
T, 6 LEHEIZDNTIE, Tx OB-FH-RBIERDOEL EZ2NITTH0IC
. Np-O OEEESIEBELN O 6 ML EMEREZERTHHZREEEZRRIX
ETHHIEZRL TN,

RV MEEYNE, Sl 6 flibVbB 2T VR CIF yl g s
EWET2) 2EABHRELTEATBD, 1FIF 180 ETEREL T3 0=Np=0 O
2DODEFE CUF yl BREEAKT ) 3REEOEMTFICEXTIEREITEN, &
26RO LEMITRBNT, 4 5meER & 6 FMmskRTId, 6 FmgER OGN yl B
RIZ 10 %A BR TV T ALAITIENWT ERNGhoTwb,

BUARS T NERTVIULE yl BREOEBOBREERZIKLEZSED R
BTHAD, THUIERBNWHEZHREZERTH D, Dunlap A 1976 FITEN 4
DOEIER (7 v HBEMLEMEEDDESETH DN, 7y BEACEDIRE
<HNTVD : BIRBR) ZHVEREL TWS 0F0H 208, TORIOKRIHRIZ
SIHRDINTVEDATHEEL TV, INFETHEINTVS yIEEEED
5lBL 6 M{LEMITDONWTHEALEHERE Fig. 15 IZRT, (R TYZTLG
MDA LZETIE. FICiRRLAedmERIE L Tn5S,)

IS (mm/s)

¢
-15
.‘ Np(V) compounds
-25
-35 \13\2 -
i b
§ ? 5 Np(VID) compounds
é i 3
-55 g
| A (AN
‘ :
-65 | ‘
0.16 0.17 0.18 0.19 0.2 0.21

Np-O length in NpO, group (nm)

1:NpO2COs, 2 a—NpO2(OH)z, 3 : NaNpO2(C2Hs02)s, 4 : NpO2(NOs)2 + 6H20,
5: B—NpO20OH)s, 6,7 : BaNpOs, 8 : KeaNpOs, 9: B—Np2NpO4

Fig. 15 Relationship between isomer shifts and bond length of Np-O in
NpOg+or 2+ group of compounds
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6D yl #BiEE L TWaHLEamT, BEESNFLICHEEL 8280, FIFE
FRIZE->TWWB, LML, SMEEHMIOVTIE, Fig. UITRLERXRTVZTA
D DB R & DG EEBEO A PHENIR N, 2 7Y 27 AD 5 HB L6 il
Tyl BEIZZTEEND D, MICHENRTIEEICR Yo AKICEWED, &

Table 14 Neptunium compounds synthesized in our study and their
Méssbauer parameters

Isomer H e2qQ Measured
Compound shift (,f,gf‘ ( 1(1]1 /9 temp. Ref.
(mm/s)* mmss X
NpO2(OOCH) - HoO | —18.9(1) | 555(1) | 88.5(6) 4.3 34)
NpO2(OOCH:0H) - H:0 | —19.02) | (550) ** | 96.0(8) 5.3 34)
(NpO2)2(CsH204) - 4H20 | —18.6(1) | 506(1) 85.5(6) 4.6 34)
(N p02)2[2$§002)2] "1 —-19.1(1) | 495(5) 75(2) 11 34)
NHsNpO2(OOCH)-, —15.8(6) | (550) ** | 108(2) 5.3 34)
Npoz(c};ii?lo) O 194 | 525 | 83712 | 5.3 33)
NPOZ(CPéife(_)zO) VO 15000 | s0) | 83719 | 53 33)
Npoz(cﬁl'sli’t%f)l()) "0 o5 | 4812) | 78.9(24) 45 33)
N p02(06§§t2%® “4H0 1 _08@®) | 1102 | 78.1(30) 4.5 33)
NpO20H - xH,0 —20.6(1) | 510(2) | 80.5(10) 6 34)
[NpOz(I\égz)_]i PO 170 | 5110 | 86.5(9) 11 41)
[Npogaxé?ti_]; PO 13000 | 5040 | 81.80) 11 41)
Np'(f)2+ 0.6 MHNOs | 17 0y | 5390) | 10000) 10 41)
rozen solution
NpO2**in 0.6 MHNO3 | _ g7 (4 - - 11 42)
frozen solution
NpOs(C204) « 3H20 —46.8(5) | (300) ** | 174(3) 10 43)
NH4[NpO2(NOs)s] —36.2(3) | 291(2) 242(2) 4.5 44)
K[NpO2(NOs)s] —36.1(3) | 289(2) 241(2) 45 44)
Rb[NpO2(NO3)s] —36.5(2) | 291(2) 243(2) 4.5 44)
NpO2(CsH702)2(CsHsN) | —389.9(9) | 220(2) 193(3) 11 45)
NpO2(C10HsN2)(NOs)o | —37.8(6) | 289(2) 199(3) 11 45)

*Isomer shift with respect to NpAls.
**The value of Hegr was fixed at this value.
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EEICBEE L TWD 5f BT OEBEINED, BEET 7 NE2REMTS 6s ETIZ
BROLESEEL TVWDHIEEZRLTWVWDS, (RTVZULOES, BUETOE
BENDEDT 2 EEBERS T MR KRESRZFAREIICBEFT S, 5f BEOETEE
N & 6s BIBICH T HERIRNKELARD, BNETOEFEEIARES. €
DOFRERBEMEART 7 MEITHEMT 5,)

5 ML S OARBES R < 72DV, 5 BTN 2 EEEL. 6 LETDES I
DETOHE LD, NpOrEDOBRUADKES RE®ICENL LZHE) | %3’51
LTWB )TN, é::f’*a‘c’fﬂéﬁf HRmMEMITIISGDEZAEN,

Dunlap IZEHRD K D12, 7 v RENMALEHDERKRE S FRNZHAN TS ER
ELT,. 7vEHRD %ﬁfgleiﬁﬁ\#r% WREWZDTHSDEFHHL TW5S 36, 5[,
ZREPEN LB, DFFVEX (ROF2-24TFF ) EUD TV
7 ANVD (Fig. 18 1 TI& NpOglacac)py EREER) . DWW THHEIEZTTH . ZD
{LEHDRMERT 7 MEW, F2ICE S NN 500 AN S, %f@‘
K[UEHEITBRITHENRSD ENR D /NI WD T, EREMIZIE Dunlap OFBAICH > T
Wa, LML, INETHEIN TS 7y REMIEEWOBREERT T Hﬁ%i &
DTHFLZERIT, BEERS T MEIKIZSDEMNAKEL, Dunlap DA% BHHE
W9 BT &R N ST,

%%é%ﬁ%%@ﬁﬁé%éé&b\E%@ﬁﬁ%?7%ﬁ%ﬂ%b\%@@§
EAALEMIT D WTIRWEFIZHZ DKL T 5 2 EMB SN/ > 12BN, 238
LEHMTHORDILE, BREEECIDHANAENENEERETLOTETDH D,

Table 14 17, EEZENER L, 2"Np AZNT T AT MV ERELE, £2TO
MA%t%®%ZA@7A7% HEEEDTRT (6fik 7Y = LOKELY)
WZBE L TIKRETD Table 17 ICE EDTRT),

D 4.3 HIRDELDICEHTES, STV MeEMDEMEERS T B
W RV AR DICEN T BEEE & O AR & ORI OB NEET
B, —H., 6flix TV LMEEHOREMEARS T NI R TV ZIVED Np-O BB
EHWHBE RS> TWD I ENBH SN 7‘;9 7o BRIV TLITEDSLI DD
5f BT, FIXTVDINEOBEEOHEEICEEL TWBEDEEZLNS,

4. 4 6TV LADKERLY)

6T > DKRBAYIOEE, UT BRI UOs BEET 5720, NI
IZIX U0z » nH0 DEITHESNTNBHDNE NS, LnL., IN6DILEY
RN DT DD T —F 05, 7T ZIVEENEET S ZENHSNIR- T
BU W, KBTI ZINVDEOREEEHNWEIRETH D, 6fic VT LD
KEEALMNCBEL TH. KEBILX Y ZIVVDEIOREEZANWBERETH 5,

B UALHF R TEINDIMENNSNWARERRERTHRAIL. 2R LTINS,
KEEAL™ 5 ZI)L(VDIZZ QBB TH U |, Table 15 IZRT & DT DS OFE RN
HEINTWDB, —F., KEBILXx 7Y ZI)V(VDIZBEL TIE. B—NpO2«(OH): &—F&
HO—/KED 2 BINHESNTNEDATH - .

U5 DERORERRIIT T ZIVVDOBEICERT S ENnSFHNH 5, Tabb5,
U023, BEIEEETIZ U0+ TH 50, 7)1{7’3 DHEEE /5 & U022 &b
MNRDH DD TH5 39, AEOEEEZRT TV ZIINVDIZHEREFEFL TRE
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IRV, COEIBERNS, USVERULIBERRD 6 iz 7Y = LK
BRALY OBRRZIRD Tz,

FIERIET T 5 U (UO00H): - HoONE, 7 > EZ 7K &AW pH3.5 LI F
T AEBEBEV L EEETHIENMEETNT NS 9, LNL, F2EZT
KOEDIEHBHRNT VAU TR, FO0—T Ry 7 AFTOpH 3> ho—)Lid
REETHD, EUDCTHRADIEIC L, £, FO0—T Ry 7 A4 CEBRTEE
1RUTCHRT, HRABETHEEZBLT520, BEREDEKEIZE Y 222
ABE—IKERER Lz, RAERRICBETHHOTHD. THEEKH 100 CT
SEFHMEAT 2 &, oBUEKKEEILYI( o~ UOAOH)IZ BT B Z & BB L 7=,

CHUIRL T, RV ZULRTIIERERSLET T, EEICEEEOE N, B
BBOKE (B~ NpO(OMDMNER L 72, RIGIEEZ 70CIKFITEY I 2MA 5
& BT RRO—IKENFE LN, ZOEROMBICELD., CNETHEEINT
WRINo 7z oBKBRIE R 7Y )W (VD EKE 2182 Z Eatsk= 9, UL, 75
CDRERIRD 130 CETMRATILEND - /=,

Table 15 Various uranyl(VI) hydroxides

Uranyl(VI) Crystal system Synthesis Reference
a— UO(0OH): Orthorhombic | ~vdrothermally 37,38)
or heating of (I)
B8—U02(0H), Orthorhombic Hydrothermally 37,46)
UO05(0OH)s - HoO (I) | Orthorhombic pH < 35 40)

UO02(0OH); - ‘ .

1/3HN; « 2/3H,0 Orthorhombic 3.5< pH < 4 40)
UOz(OH)z ® 7 < pH and

1/2HN; - 2H,0 | exagomal |y e < o3 40
UO2(0OH); 7 < pH and

2/3HN; * 1/8H20 Hexagonal HN3/UOz+ < 34 40)

Table 15 IZ/R L2 K D12, MDKEEILD T Z)L(VD—KIEILZ, L0EWPH FT
BREINTWVWS, &0 pH 2 EIF52010013,. K0BWTILH Y RBETH D,
BBt A MMAT YO ABEE U THROAEND Z 2T 5720, BA 2 &
D—FE/NSWLIOH ZBIR L7z, TOHR, NHFRRO—KENESNE, 7ILH
UaT U EZTVICEZASE, PROANHRRICETZ—KENESNE, LAL,
ZOEWTIEY VBT MNEETNTVWB I EN, AT —HEErHWTERTS
ZEITK DRI NI 49,

COEIITLTHLENKBIESRTY ZIV(VDZE, Table 16 IZE EHTRT,

"ToONALEY DS REE L, BRRICL VRN, FOKRE, [EIEKIE
( B—NpO2(OH)2) & #1H &% —/KHE (NpO2(OH); » HoO)Z DWW THBICHR NS, B
—NpOz(OH)2 13 350°C 138 TIE # Np2Os ICEH S N5 28, #1558 %R —7KE1E 130C
LT oY EAKIE( @a—NpO2(OH)DIZZE(L L. 300CHHRE TREICHEEL =%,
Np2Os IZEHE X 77 46.48), ‘
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6T S E BRI ATNANADETEML TWDA, BEIE KA
( BNpO2 0L T Z > DHEEDEDITRBITHERL TH BIANEELL RN
8743), F /2, oBUEEIKIE( o NpO(O))IKIBEB NS EFEGR I N TNWRNT &
SLANIFEL THBLSEBEENDH S, fHRRABIVASNHFRRO—AKEICEHAL TS, U
5 DM DK OEENBEZ IR BIETTH AN, U5 U ICELTHRS
7R AT I AT O N TR,

INEDEEYD 28TNp AZANT T ANRYT MVERIE LR E, Table 17 12
R, FEEKEOEEIL. XY ULBVBREMTHD., BEEAI T NI
-46.2mm/s. TURBFHZUIEEICAE < 193mm/s THH 7, B TFIENKEWN
EVHEERIL, RV DINEEZREL TWSZEEZHSNMNIRLTWS, £k,
FERFELE () 13 0.16 EASILXTYZTLEADDORBHEIINZOENWI &%
RLU TS 4648),

Table 16  Various neptunyl(VI) hydroxides

Neptunyl (VI) Crystal system Synthesis Notes

a— NpO2(OH): Orthorhombic Heating of (I) up Found in our

to 130 C study. Ref. 46)
Heating with
B~ NpO2(OH), Orthorhombic pyridine at New method
o - Ref. 48)
100 C

NpO2(OH): « H20 . Heating with Found in our
(D Orthorhombic pyridine at 70 C study. Ref. 48)

Heating with Found in our

NpO2(OH): * H20 Hexagonal LiOH at 70 °C | study. Ref. 48)

NpO2(OH);
xHN3 * yH20 Hexagonal
x+y=1

Heating with Found in our
NH4OH at 70 C | study. Ref. 48)

B EAIEDOEEIL, XYV U LADEDEBEE SEMOBREETH D, —KE
DREEITHH S IR o TWRWD, oI EKIEDRIREEDORMIC/KZIBATIRET
HADERBEIND, aBIEKIEDOAAINT T AR "IV E—KEDARYT NLD
BLIZZDEZNELWI EZRBLTWS, FIEKEOIEFFERIT/NZI N,
BREIOKNET R TV ZINVEOMNBD LD ThHdEEZSND,

CZOFOBEMILLTOEBDTH S, 1) B LEKEBRIEXTYZINEVDDD B,
B-NpO(OH): IAMIFLEMTH V. BFNpOOH) DERAIESFHFETH S,
2) AR5 DDILEWITIE T, (0=Np=0)2*D 3% 7YV ZI)VEABEHKRZED, 61
FTI T LDKBIEH THD ZEN, AZANT T AR MUins bRB I Nz,
3) INETIRAWELR., U5 )V (VDKELY &3 7Y =)L (VDKEE L2
THETH S, 49 ZICHNEZSEBERITHEENRERO—DEEZLS5ND, 5) 6
MDT T > &R TY 2T LMEEYDEREMFIIHIPITE R > TH O, Rl EAKEE
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OB T IEEIV S REXTVZULARTHESED,

Table 17 237Np Mossbauer parameters of neptunyl(VI) hydroxides#6:48)

Isomer shift e2qQ Temperature
Compound mm/s* mm/s K K
a— NpO2(OH), —40.2 £ 0.1 | 170 = 1 | 0.44 *+ 0.01 4.5
B— NpO2(OH)s —46.2 + 0.1 | 193 + 1|0.16 = 0.01 4.8
NpO2(OH)s - H20
— + + + 0.
Orthorhombic 399 £ 0.1 | 179 £ 1 {0.69 0.01 11
NpOx(OH)o “ HoO |y 4 4 01 | 149 + 1 | 059 + 0.01 11
Hexagonal
NpO2(OH); -
xHN3s - yH20 —446 + 0.1 | 168 = 1 |0.65 £ 0.01 4.6
x+y=1)
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