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Characterization of Fission Products in Hull

Kenya Saito¥ Yasuo Tominaga®®
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Noboru 0i% Shinji EKashibegs

Terumitsu Nomata®  Aitsuhire Qhuchi¥p
Abstract

In order to obtain basic data on the high Lemperature behavior of radio=
active fission products and *3%] labeled cesium iodide, the heating experiments
and therme-chromatography were performed in the oxidizing atmosphere {air) by
using BWR spent fuel c¢laddings, Results of their volatilities were as follows:

(1) Five of radio—active nuclides (®9Co, 1°®PRu-Rh, 1258b, 124(Cs and *3*7(Cs-Ba)
were observed from the speni fuel claddings rinsed in a boiling nitric acid
solution for eight hours,

{2} The amount of gaseous ®°Co and 1253b species were negligible small in the

~range of 150 ~ 11007,

(3} The amount of gaseous fission products (2°®Ru-Rh, *34(Cs and 127Cs-Ba) seemed
to increase with the heating temperature above ~5(0T,

{4} The amount of gaseous iodide species seemed to increase steeply with the
temperature above ~§{0T,

Resulis of their deposition temperature measurements were as follows:

{1} Gaseous species of 1°°Ru-Rh deposited at the ~330T (~64%) and ~620T (~28%)
thermo—chromatographic zone,

(2) Gaseous species of *37(Cs—Ba deposited at the ~620T zone {(~80%) and ~290T
zone (~8%).

{3} Gaseous species of cesium iodide deposited at the ~610C zone {~27%) and
below ~160C zone {~60%).

Work performed by Toshiba Corporation under coniract with Power Reactor and
Huclear Fuel Development Corporation,
PNC Liaison: Shigeyoshi Kawamura
Oarai Engineering Center, Wasie Management Section
# : Toshiba Corporation, Nuclear Energy Group
#%: Nippon Nuclear Fuel Development Co,, Ltd,



S 1
gy s~ 9
0.1 QEZRAE  eerereesnneeroeesere e et et e e e 2
VIR 2 00 ) s L R 9
VI 1 o0 355 2 1 = A 8
2.4 SBEERTFE Z T T R creerereersiere et 10
2.5 SIS ITEESEERERODZRPE  ovreeevrreererseersnemseee it ie it e s s bt st e e 10
2.6 B EEFMEREROIZEPE  cweeeerrmerrrmeesesiriessmre e e e et s e e e 17
. EREREEELES B UFHRES  ceeereerreeenerneenieren e 19
3.1 BB OREGREE e et 19
3.2 WM OSHTBITENE oo s 27
3.2 ENLI L DEMTEITISME  «-vveererrsremssesssrrrmreresirasrsrrs e snseaeenas 27
3.2.9 BRI bt T ADOTRITBITENE  c-rrerrorrreerrssmesrineesieiaaias A1
3.3 FRBTIEERE DI TEEEIEIE  coveeeereremsreesirnsiei e s re st s s s s s 44
3.3.1 AN LSBT LA IETHERERE  -veereeeesseressnssemeriecrtneesennneenns A4
3.3.2 B THEIR G P fPAz L BT A  veeereeeeeasnenneesnnee e st e et s st e a e 49
B OO U U O R 59
FEF YRR weverrerenvrecererasreeeerartaeroeeee s raa e e aaaa bt e e e e e e e e be e e ae s e e eae s 53



Fig.
- Fig.
Fig.2.
Fig.
Fig.2.
Fig.2.
Fig.
Fig.2.
Fig.
Fig.2.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.3
Fig.3
Fig.
Fig.
_Fig.

L T T N XA )
L=

3.10
3.1

List of Figures

Diamond Wheel Cutter in NFD Hot Cetll

Outer Appearance of Specimens

Rinsing of Cladding Specimens in Boilling Nitric Acid
Schematic Diagram of Heating Device

Temperature Stability of Electric Furpace

Schematic Diagram of Thermo-chromatographic Device
Temperature Distribution in Thermo-chromatographic Device
Heating Test for Radioactive Fission Products '
Heating Test for Iodine-131 Radioactive Tracer

Thermo-chromatographic Experiment

Gamma-ray Spectfa of Cladding Specimen (A) (Before Rinsing}
Gamma-ray Spectra 6f Cladding Specimen (B) (Before Rinsing)
Gamma-ray Spectra of Cladding Specimen (A) {After Rinsing)
Gamma-ray Spectra of Cladding Specimen (B) (After Rinsing)

Amount of 2¥(s-Ba on/in Cladding

Retained Fraction of '*Ru-Rh Activity versus Elapsed Time at 1100°C
Retained Fraction of *7Cs-Ba Activity versus Elapsed Time at 1100°C
Retained Fraction of Radioactive Iodide versus Elapsed Time
Thermo-chromatograph of %Ru-Rh and *(Cs-Ba

Proportional ity between ™4Cs and Cs-Ba Fractions

Thermo-chromatograph of ='[-labeled lodide



List of Tables

fable.2. 1 Test Parameters for Radioactive Fission Products

Table.2. 2 Test Parameters for lodine-131 Tracer

Table.3. 1 Radioactivities of Irradiated Cltadding Specimens
Table.3. 2 Retained Fraction of Radioactive Nuciides at 150°C(Specimen-B)
Table.3. 3 Retained Fraction of Radioactive Nuclides at 300°C(Specimen-8)
Table.3. 4 Retained Fraction of Radioactive Nuclides at 500°C(Specimen-A)
Table.3. 5 Retained Fraction of Radioactive Nuclides at 500°C{Specimen-B)
Table.3. & "Retained Fraction of Radioactive Nuclides at 750°C(Specimen-A)
Table.3. 7 Retained Fraction of Radioactive Nuclides at 750°C(Specimen-B)
Table.3. 8 Retained Fraction of Radioactive Nuclides at 900°C{Specimen-A)
Tablte.3. 9 Retained Fraction of Radioactive Nuclides at 900°C(Specimen-B)
Table.3.1¢ Retained Fraction of Radioactive Nuclides at 1100 (Specimen-A)
Tabie.3.11 Retained Fraction of Radicactive Muclides at 1100°C (Specimen-B)
Table.3.12 Release Fraction of Radioactive Nuclides versus Test Temperature
Table.3.13 Retained Fraction of Radioactive Nuclides versus Test Temperature
Table.3.14 Thermo-chromatograph of Radioactive Nuclides

Table.3.15 Thermo-chromatographic Results of Radioactive Iodide



1. %

i

EEEREREOEMETRICBWIRET 2 RGHERERY (NIV) OLEFHRAEE
HEDHBICHT-> T WEHNR LT BRNVOERD S HIFARCE T 5 BHEF PEES
DRHBZHLPITILEFDS.

BAFERAFREEEEONREICIICCOZ ETERMHEL TS 5y P, ZILEEE
PIZRE X7 Cs-Ba % X ERHEE L 32 IEDHFBEINS . 3L EHFEFARTMNAES
BWEICIZ®Ru-Rh B LU Cs-Ba L X & XFBERHFREL THERNRFVHEESINS, ZF
HAEREEE T SRS RT TLEY 5 L LEDIRENTENE L TARE TSN
DREBHIZERET 0. BEENARTEFOBHERIRFOREI R ZDNEZERETS.

AFEL. BAEBWRERAFREBETICB T EELRMHGEEEBREZIANDS Lz,
H I PMEZ RBICE S L o BARFERFBAREE O/ #BAEFHR (Z25) &

THERL TEERHESREOSHEBATREZHANLCLOTHS.



2.1

2.2

2. A&

L5

HERCE L BETMIIS N A0, -2THD . BWRERAF T2 70 (A#)
BIXUATA 7N (BR) B LLRFEREFRESE, o FRHLLRSH ) >
ZIRHAE (ER 1) TH5S.

AR RS 0 TR S e o (AR 1460/ TU S A& . 10
EWH) LR L ARKBEATH L. BRI HERNET S TR S ieiED
iR (BMEERIS0GHd /I M . SERH) LRI LCHEBRTHE. B
- N LURFHEHERMEEETPSORBREDUL. Fig. 2. WRINFDFEy k
FREHROTT L VRIICRBE LS A YEY REA —IL - v P — (FE:#50.8m )
kDI, BRAMOSIBEREIIFI2.2 ERTEBITH S,

W O H T
BREAERONEN 2 BET 27201, NFDRy b 7 KHEROLELLAT
dw b 7L — RBEF R E - (FEH00cC ) FHOTERHOBELE LT
ofe. BRBABMOKRIL. Fig.2.3 2RTEBYTHE. BEMEBORMEE. T
B0 L L,
| O FRIRE : #IN-HNO,

o W E: WS (39 104C)

o B [: 8E
2B BMEONRICEANE NF Dk y b 7 KERO% 1Sl Bkl 2
EBYESBTLE Ar L T e VWM 0 X SR HERRER £ B ERICRE LS e
Hr ARG FOR =2k > TR - FLA, WERHSRL L REMEREI .
8000, °%7r-Nb , 9SRu-Rh , B4Cs, ¥ CsBE LT Ce-Pr & GEETHS. LIrL.
70N EEGHETH B, T (e-Pr 1 E0H Y TRREEINS VW
i, FRENBHTE Lo,



Fig.2. 1 Diamond Wheel Cutter in NFD Hot Cell



(B) 4 Cycle Irradiated Specimens( ~30GWd/tU)

Fig.2. 2 Quter Appearance of Specimens
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Fig.2. 3 Rinsing of Cladding Specimens in Boilling Nitric Acid
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Fig.2. 4 Schematic Diagram of Heating Device
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Fig.2. 6 Schematic Diagram of Thermo-chromatographic Device
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Table.2. 1 Test Parameters for Radicactive Fission Products

Fo MR (nin)

sEEE) | 15] 30 45| 60 | 90| 120 180] 240] 300 380 | 420
150 /= | /8| ~/=| =8| == 4| s8] 1= /-] -1 | -/-
300 /= /4| /| 8| == 4| s8] -1-| /=] /-] /-
500 =/~ | 8/8) =/-| /% | ~/~| el e/8]| 0/-| 8/-] 0= | /-
750 /8| &%) -/8] /81 /8] w8 a/8] /8] 8/8| /8| /0
900 6/8! 4/8) 0/8| 0/ | /0] 8/0) 4/8) 4/8| /8| /8] -/-

1100 —/8| 8/8] /% /0| -/8] 4/8] 8/8| S/0| 8/8] 4/8 | /-
B ) 24 INEEAL/ AT LI NEERAL
Table.2. 2 Test Parameters for Iodine-131 Tracer
M4 MAEER (nin)

REBER(C)| 1] 2| 3 4| 5] 15]30]45(60 7590120150180
150 -l -l -j-le|sle|s|-|9e]ls]|-]%
300 Lol -l -l e ele| o) -1els]els
500 il -l -l el el sj el -ls{al -4
800 -l -l -l -l el sl e ol 8] 68! -|-

750 L=l -l - -l el el -] -] --]-T-
1100 ¢ ¢ 8| 8| 8 - - | - - -|-]-]-
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Table. 3. 1

Radiocactivities of Irradiated Cladding Specimens

BOHERER (Ci/t Zry) i #
HE

GOCO 125Sb lDSRu_Rh 13403 13?Cs_Ba
FIIE 115~165 263~274 15~ 20 51~103 667~1398 2494 2 )
AM 1 46Hd/tU
R PR LIS 33~ 53 261~271 14~ 17 29~ 28 206~ 359 | EHEE
$mm 345~397 616~663 50~ 66 67~ 91 0~ 521 494 D
B# 3 0GHd/tU
BB IR S 97~106 | 612~648 50~ 61 Bd~ 73 392~ 422 B

R IESOREEE | 97~ 13 98~ 99 85~100 927~ 96 26~ 96

(%)




REGHATARE LTO 270s-ba ORSULRITHROBESRIEE (Ci/t Iry)
2 AEF—5 1 L HICFi0. 3.5 (GRT, BEM (A) ORBEEEBNENY, Sl
HEE SRR LT DI EIRL v N ERARD b EREBSTERNE LT
I ADNEBETARIMICETL . BEVBLC L > THEMORTEPERELIZESE
25N, EERH (B) ORMEELBRE S S HEEERE L TWEWeD
CHBENEREAOL LY ABTRL %S . BRMEIC L > T *>70s-Ba HuTEE
13T LB TS N B RBEOL XA TH B,

B (A) BXU (B) OARENENTOERGFPIVE ( 2°1) B%
A AR Rk > CHEL 2 L 25 . BILRR (~%meg 291/t Iry)
PFTH-72.



TRANSPORTED AMOUNT OF CESIUM-137 (Ci/t « Zry)
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3.2 B OSBRI R
3.2.1 HLHLOSHEBITHE

wEtH (A) 274043 (B) RATRELAY Y Z7HRER (1) 2NEERF
(R icn/sec ) O¥IFEIR C—EBRIMEAL | SREREEE & MASEZ /3T X —
2 ¥ L BaoRatit B ofM BT E 2 RAM OB Ly 5 RIE - FHEL
F-iEELE Table 3.2 ~Table 3. 1CZRZFRRT. SALARDPLLHLDPL &L
3 LRI S REBTEESIIE-> &Y LoV, 22T, MABR TR
 EERESBIURNI vy TR (A-AER T TBIETNAYRZ FI8=)
BT LR R % 4 Y oA b MY Tk THIE LR 2
Table 3.12iZ5R9 |

Tt AR OO Con ST I3 BRI B 1100°C ( 685R) (2B W T 1 HIREITR
HENTWEY, TRIEERBICLBEMEBTCIRLZ<RBADPLOBREZ T v
KORBLEL HNB,

REHE GRS ShD SR ATIASBHEIEN 1100°C ( 6BFR) 2BV 2T LR
BHENTVED, ZORHBITERY 0.2~0. 4DRETH > THEW,

B R Ru-Rh DEMABITIZHBEER 500~1100CHBETED Sh T
BY ., BMBEESE< L BICORTEMBITREIAS 2 ERPFEO5NE.

RGPS 058 LU 0s-Ba b FIRRICHBRE S 500CEEic7 3 & S
BAAHED SN, CRu-Rh & FRIC BRI E SRS S0 D,
RGHEERERESRU-Rh O MEEER (391100°C) (BT 2 BESEDBEEZLIXFig.
3.6 IR EBNTH Y . BMIFRE & 227 DIKGTERIEY B R0 2 Wi B 45,
HERMOBVIEFRE L LTEO SR o7, S EHESECs-8a o
BB (W1100C) 0BT 3 RERERBERIFI0.3.7 FTEBNTHY.
"%Ru-Rh ¥ E— %R L7,

—27—



Table.3. 2 Retained Fraction of Radiocactive Nuclides at 150°C{Specimen-B)

2585 sb-125 | Ru-106 | Cs-134 | ©€s-137 | Ce-144 | Co-60
{(nin) o
0 100 100 100 100 ND 100
30 99 99 103 99 | ND 103
60 99 101 102 99 ND 100
120 101 o 102 100 HD 100
180 99 108 100 100 D 98
22 (HAX) #1.5%| +£11% +3.6%5| 1.3 — +3.2%

(%) AABRBRITOKSHEREEZEEL (1005 LTRFRLIL,



Table.3. 3 Retained Fraction of Radiocactive Nuclides at 300°C(Specimen-B)

4258 B S$b-125 | Ru-106 | Cs-134 | €s-137 | Ce-144 | Co-60
{nin)
0 100 100 100 100 D 100
30 102 91 104 101 W 98
60 100 92 102 102 ND 99
120 100 96 101 101 ND 98
180 99 103 101 102 N 99
B2 (HAX) £1.5%] +12% +£3.6%| +1.3%] — +3.3%
(%) BB ORSESEE L ZE(00)E LTERLY,




Table.3. 4 Retained Fraction of Radioactive Nuclides at 500°C{Specimen-A)

58 1 5] $b-125 | Ru-106 | Cs-134 | Cs-137 | Ce-144 | Co-60
{min)
0 100 100 100 100 KD 100
30 100 77 99 100 % 160
60 101 134 98 ! 100 kD 99
120 102 94 98 101 ND 100
180 99 87 99 99 ND 99
240 100 96 102 100 ND 100
300 100 105 103 99 ND 101
360 100 89 9% 100 ND 101
| (HAX) | £2.4% | +36% £5.9% | +1.3% | —— | 429

(6%) AEBRREWORSEEES ZEEO00%)E LTHRRLL,



Table.3. 5 Retained Fraction of Radiocactive Nuclides at 500°C{Specimen-B)

% 0 S$b-125 | Ru-106 | Cs-134 | Cs-137 | Ce-144 | Co-60
{min)

0 100 100 100 100 ND 100

30 99 103 103 99 ND 99

60 101 99 99 100 ND 8

120 100 102 103 100 ND 100

180 99 100 101 100 ND 100
=23 (MAX) £1.5%|  +£11% £3.6%] =1.3%| — +3.3%
(%) nARBFERITOMRSEZREREZEENR) E LTHRTFLL.




Table.3. 6 Retained Fraction of Radioactive Nuclides at 750°C(Specimen-A)

R Sb-125 | Ru-106 | Cs-134 | C€s-137 | Ce-144 | Co-50
{min)

0 100 100 100 100 N |7 100
30 101 101 97 100 ND 99
60 100 85 99 100 ND 103

120 101 115 99 100 KD 100
180 99 95 95 100 HD 98
240 100 110 191 100 ND 99
300 101 89 98 101 MDD | 102
360 101 88 100 100 ND 101
2 (HAX) +2.35] +32% +6.1%| +1.3%| — +4.7%

(16%) MAXBEEWORFESRESFERE00%)E LTRFLLE,



Table.3. 7 Retained Fraction of Radioactive Nuclides at 750°C(Specimen-B)

BEERE Sh-12% Ru-106 'Cs-1-34 Cs-137 Ce-144 Co-60
(min)
O 100 100 140 100 ND 10¢
15 102 29 98 99 ND 162
30 102 85 a7 99 ND 102
45 100 107 95 99 ND 101
60 102 100 .99 100 ND 99
S0 102 110 95 100 ND 102
120 102 98 96 99 ND 100
1890 101 102 96 99 ND 100
240 101 98 96 99 ND 141
300 99 101 97 98 ND 102
360 100 88 96 98 ND 99
420 100 93 a7 96 KD 100
B2 (HAX) +2.2% = 17% +5.3% =1.9% —_— +4.9%

(fh%) IRARBREWRATOBRSHELRREZHIE(000) L LTRRLA.




Table.3. 8 Retained Fraction of Radioactive Nuclides at 900 °C(Specimen-A)

FZEEE $h-125 Ru-106 Cs-134 £s5-137 Ce-144 Co-60
{min)

0 100 100 ‘ 100 - 100 ND 100

15 103 87 102 98 ND 105

30 101 79 101 97 ND 104

45 98 77 92 a5 ND 99

60 102 65 99 95 ND 105

120 97 5;8 94 92 ND 102

180 101 116 90 94 ND 106

240 102 95 99 a7 ND 107
22 (HAX) +3.2% + 46% +8.9% +2.0% E— +6.3%
(%) ISREE T O RS R E 2 (100%) L LTRRLL,




Table.3. 9 Retained Fraction of Radioactive Nuclides at 900°C(Specimen-B)

£ 18 B $b-125 | Ru-106 | ©€s-134 | Cs-137 | Ce-144 | Co-60
{min)
0 100 100 100 100 ND 100
15 99 84, 102 97 ND 102
3 0. 100 82 100 96 ND 101
45 97 77 98 97 ND 104
60 98 100 97 95 ND 102
90 98 75 99 95 ND 103
120 97 78 94 95 ND 104
180 98 74 96 94 ND 103
240 99 80 96 95 ND 102
300 95 M 92 92 ND 99
360 98 63 95 93 D 102
2 (MAX) +2.7% |  +22% +6.6%| +3.2%| — +£5.5%
(tE%) NERBRBHOKMEREBRELZEIE00R)E LTRFRLA.




Table.3.10 Retained Fraction of Radicactive Nuclides at 1100°C (Specimen-A)

2385 $b-125 | Ru-106 | Cs-134 | Cs-137 | Ce-144 | Co-60

{min)

0 100 100 100 100 ND 100

30 101 105 88 94 ND 97

60 102 99 91 93 ND 102
120 101 86 96 91 i 101
180 102 101 88 91 ND 100
240 101 7 88 90 ND 100
300 101 95 90 90 ND 103
360 103 97 88 89 ND 99
2 (HAX) +2.5%  +34% +6.0%| :£1.4%| — +5.2%
(fe%) InFESBRERORSHEEERZEAE005) : LTFRRLL,




Table.3.11 Retained Fraction of Radioactive Nuclides at 1100°C (Specimen-B)

BB $b-125 | Ru-106 | Cs-134 | Cs-137 | ce-144 | Co-60
(min)
0 100 100 100 100 HD 100
15 100 100 97 94 ND 98
30 101 104 94 90 XD 96
45 102 89 93 89 ND 102
60 102 106 94 89 ND 97
90 101 82 91 87 ND 97
120 101 86 88 86 ND 99
180 101 90 89 85 80 97
240 102 70 87 84 ND 97
300 100 14 89 83 ND 98
360 100 70 %1 84 ND 98
2 (MAX) +2.185| +w% | +£15% | x1.9%x| — +4.4%
(185) MEARBREBRNORHEESESZERE00NE LTHRRELE,




Tahle.3.12 Release fraction of Radiocactive Nuclides versus Test Temperature

7 B M o

® B % # s M ¥ T =B ( % )
e mE | B sb-125 | Ru-106 | Cs-134 | €s-137 | ce-144 | Co-60
500°C ghr ND 0.57 0.08 0.17 ND <0.02
(40%) (40%) (7%)
A
750°C | 6hr ND 5.9 0.22 0.18 ND <0.02
(20%) (30%) (6%)
300°C 4hr ND 4.0 1.6 1.5 N | <0.04
(20%) (20%) (3%)
H .
1100°C 8hr 0,22 20 8.4 8.5 nD <0.06
(40%) (20%) (5%) (2%)
150°C 3he ND <0.05 | =0.01 |=0. 004 ND <0.02
300°C 3hr ND <005 | =0.01 | =0 004 ND <0.02
B
500°C 3hr ND 0,06 | <0.01 | <0. 004 ND <0.02
(40%)
750°C 7hr ND 4.7 0.17 0.13 ND <0.02
(8%) (20%) (8%)
v
900°C ghr nD 6.9 3.1 2.9 ND | <0.02
(13%) (6%) (3%)
1100c | Bhr 0.4 28 14.3 14.1 ND 0.03
(20%) (10%) (3%) (1%) (30%)

() BAEII3 o TRIRL.
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3.2 BTEEET b S ADSAIBTE

RLG2 b IEA L HEHES T R L — 0 5T L7 T EET 7Lk o7 A
R RIBBIrY-2 WOEE A L CEREE LA boX MBS (EE I/
sec ) OIBEET—EREE L L . SRR L BSEE T X - P L L
A0 T DRMBTR & 2 ORI HUSE - FELLREE Table
3. 138 L UFFig.3.8 ITRT,

SEVBIED S00CLITOBAICIE™ [ EE3 Vbt 7 ADSMBITRIT IS
B SR L CE< b (KURE) Thb, REBEA TH0CHLED
152 L C RIS E R 2 B SMICAT L . 2 OB TR BRI SR
B A LM< KB, BB, P UERT 7Lk S AOFMBATRILG
2 bt s A (Cs]) O (R 621C) FEETRMICELTS &5 cBbhE,
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Table.3.13 Retained Fraction of Radioactive Nuclides versus Test Temperature

HBREEMNOKMEIOREESE (%)
o nae:fE :
(min) 150C| 300°C| 500°C| 600°T| 75 C| 1100 C
0 100 100 100 100 100 100
1 1.8
2 ' 0. 89
3 . 0.35
4 0.16
5 0.25
15 101 100 - 96 56 9.45 | ——
30 100 98 %6 35 0.26 | ——
45 100 100 94 17 0.33 | ———
60 99 99 93 5.8
75 3.5
90 100 98 H 1.6
120 99 100 88 0. 81
150 — 98
180 98 98 85




! ] [ T [ | I [ | | [
10 —8—0—8—8 8 8 o
B \ O:180°C B
O\ A :300¢T
_ S 500 T
10— \ O 800 ¢ T
~ O V750 °%C _
| \ 0 1100%T —
i O\ Z
Cn
10— \ —
— QL Z
— \V m, p, (Cs1)= 621T .
\V4 b, p. (Cs1}=1280¢
]
gl | 1 1 | I ! L ! | |
O 60 120 180
ZwE ( min )
Fig.3. 8 Retained Fraction of Radioactive lodide versus Elapsed Time



3.3 B R OREERE
3.3.1 FENI LTS LSRR

A (B) oMLY Xy 7REAF ( 24 ) 2/ABEESFOHRER (3
11008 C) TH MEBNI LMLz, ENLH oSBT LIRS tEERE (&
FoRE) 3O OF X (HEEF.6en/sec DZER) L RICEEAHEMTE 707 MEIZ
WAL . ZNFhOEABCEFOEE S (B0 L 2 HRSICHY ) EHEE
CBWIEHELTHETEESZ o0,

SMEERFORGEREITMEARBER TEYIONRETH 80CETRARCKT
DT, ZORDERERHEREBOSHEBTRIILTITHE LFESR
%, —h. 7av B OVTIMBRBR TERHOSEIIERESEL0s |
FEM ZNBWTS S ICHNERE THBZERE THHAIS ¢, 707 M
FNZ BT 5 BEEEEOFWMEEL. BH0mDHBHIY X -5 B LU
Ge{int)-SSD MM L T HEEPIEHES AR P X -2 i2 L > TiFn7,
RNV LSBT LA REEEED 7 o MEMEIREEZ B CTable 3.14
fmv.

Rk 2. 1 Wi CHRES R REHERED 5 5 °°CoB L U»She) 2RIz >WT
B2 bPERPSEBE IR D -7 (S ConSERB TR0 1%, 8bn&HH
BirEE<0.1%) . .

WSRu-Rh HSEBITE (HEEEH1100°C, MBS AR, @1, 6en/
seC ) 133941%, B0sH LU Cs-Ba DRMEBTEIIHSY (SABTEE R
EL2) THB.

SAEICTAT L2 ®Ru-Rh B X UF°7Cs-Ba it BBl RILFi0.3.9 &
FRTEBYTHY . EMIZIEVIZHEULAAFFERRERL TS, MEER
FNOEEMBTS T ICR-Rh  (#7%) B XUCs-Ba (39538 ) BHBELT
W5, ARBRENESONBERIIAMAKEBRIC BT IR E 2 ERICT 2
& . #92.9%0"%Ru-Rh B X U248 ¥ Cs-Ba TH D . SHEBT LAERESR
B O (#9620 ~ T00C) (B LALLEI 605,



Table.3.14 Thermo-chromatograph of Radioactive Nuclides

BEXE"? wm E*? BRI EE (%) *2
(cm) (C) soCo 125gh 106Ry-Rh 137(3-Ba
AEMEEE | 620~700 ND*4 ND*s 7.0 53.90
0~ 4 620 ND ND 8.5 23.0
i~ 8 850 ND ND 6.6 11.0
8~12 660 ND ND 4.4 2.1
12~16 625 ND ND 1.8 0.1
16~20 600 ND ND 1.4 0.1
20~24 550 ND ND 1.8 0.1
24~28 480 ND ND 2.1 0.2
28~32 430 ND ND 2.9 0.5
32~36 380 ND ND 16.0 1.1
36~40 330 ND ND 28.0 1.4
40~44 290 ND ND 14.0 1.6
44~48 230 ND ND 3.5 1.5
48~52 190 ND ND 0.5 1.3
52~56 140 ND ND 0.4 1.0
56~60 120 ND ND 0.5 0.9
60~64 100 ND ND 0.8 0.6
HHIM T K74 71 AEE ND ND — —
TAHYAIFH- R.T ND ND — —
HE) 1. JORMEAORRSELSTIEHTETLE,
* 2. BlERRBPRFEICBFIEBETRRFLL,
* 3. [REBPTREFHEECLTHRRELL,
4. WHEEBR (3 0.1%LT) 2x%kxr L7,
5. BHEEBR (8 0,1%LT) 2R7R L2,
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7 MEEICBIT 55 Cs-Ba DB L FRI 25 IO NFHHBTI I,
el & (#9620 ~660 ‘C, ©—- 7 HulEEHGC20 C) [IXFHEBTED
F3TE, RO H T (#9140 ~380 C, ©— 78ulBEH290 C) ITIZREH
TRDIIOED(s-Ba BENEFRUWHELTWDE, 72 MERIZBITA20sB X
U7Cs-Ba MATHEDBIERER (FAHE) 3Fig. 3. 10ICRd X S icERBIEGRICH
Bl t, E<H-FBHERLTWEI LIRS,

LLEDRGERRD 5 . MOCCTRAMBAT L/ Ru-Rh 1249330 CEAPLET S
WERRICA964%, 7 9 MEALME (620 °C) 12#928% FFLTW5E, —F.
TOCTRMFBIT LA Cs-Ba 37 vre FEATIMENE (#9620 °C) 125990%,290
Cehihl §HREVREBICHIELTWE,

BRI L v b5 IR S LB T % RO RIGEER 7 S v LA HAF T
BTy (FZE, U (U | V%) HE30VETHRRITZE (1, )
PEwESATWE?®

BERL y bRDE 7 ADEBRE L TL, BERTF Vv LPEWSEE
{ZI2Cs 0B X UCs M0 & LT, FHRBREF Iy VP EWEECIZIEEREY
TAELTHEETS & BNENEREPLRESINTWEY Y,

MEINL v b EWEE L OETEBANEMCRLEEL Shb It 74
(CS)PBEINLHLHEP Y, ZOMEHEECEAFLLBHEINEEP
HROCEBRICOWCEMICRFTIATNEG?,

REZDHEHRIZV TR OBRALEFERIIC ST 2 B EEEORABT T
IZRDBLDTH LY | WEEIITEHEEA AFMR (Ar) BT 3 5HBIHE
HEAEL. REEOFER L FETERBOEBEEZHRATETETHS,



9705 — Bl E AR (%)

100

'50 ..

U R R | ['F[I'l'] e jl_llli. I ) I_[Illl]-.. LT T

I "[' l" "l ";Z:fl?'i I

5

BresHaTRED N E (26)

10

Fig.3.10  Proportionality between ®4Cs and 97(s-Ba Fractions



3.3.2 B IEZHKI eI TL

RIBEPSHBALLEEARS T R —poJBL02 T EEI L7 A
BEHEZIry-2 BUR - FATEREE L2 LR NEESFOWSER (35 900+
5 °C. w1 6en/sec ) THY WFMUI LB LA, KEBT LRSI v E
DERBIIAEA AL RICBEFRFE 70 MECHAL., IVEERBICE
HOBRBEREFICBWCENHE LThBETEEI 605,

70 MEWFFIZET 52 1 REEOSTEEIZ. BH50nansiiia Yy X~
ZELUGe{int)-S8D ZHHIL THLENHEEY Y TRARZ X —F Itk -
T, 70 MEMAMICBITA2REEI7EH (U ]) OHHMESE (S
MBTEZEMEL L) 28l TTable 315K UFig. 3. 1l 2h ZhuRd,

BT OSMBTE (HBEEN 900C, MEABSEH 250) 135H57% L 7Rk
NP7 DS WEERL:, PRESFORERETHEE (B 730~900 C) {2
BSHEBATRDI6E, 70 MEALES (8 570~650 C) KIISHBTED
#13%, S HIC{REMAR (39 570~650 C, B — 7 dulBER 610C) I ERHEB
TEDK2 DHIHANFL TS, B, 707 hrE2EEL TN v 7R T
EIR S 2 T IESHBITROHIN THb,

7 L(Cs]) DELEIZF RICP THBZZEHS, 70T NEALN
% (39 570~650 COWMBERE) (T{fa& LA™ | METEEDLFIBEEIICS] 2% 2 &
nb,



Tabie.3.15 Thermo-chromatographic Results of Radioactive lodide

AEXE? wOE? 1] fhFEe
(cm) (C) (%)
-5~-10 900 3.0
0~-5 730 2.7
0~ 5 570 2.0
5~10 650 1.2
10~15 670 0.8
15~20 850 5.9
20~25 610 15.0
25~30 570 6.3
30~35 510 1.8
35~40 459 0.4
40~45 380 2.0
45~50 300 5.7
50~55 230 7.8
55~60 160 10. 0
A FI{T4ABE 35. 4

&) 1. JushbrEAOZEELTAEE TR L.
* 2. AEXEPRFlcBiFsBETEHRRLE.
* 3. [AMHBETELFHECLTCERRLE,
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il

EZFEHFREOBLETRICBWIRAET 2 REHERZEY (VL) OLBEEH
FRFEZED B ITHTe > T, PENRE L L RNVOERD 3 HIZARZ BT 55K
HF PEBZEDORILEHZHLPICTEILEPDH S,

AR HGEES LR IERI eI va o0 T . ARFEHARFT
HEREEE (3 150~1100C) BIUIMEER (BX THE) 2159 X-FLLTR
BT (ERE. RERES) 23X UTOREREL,

(B EZROBKFERFRESEEE GeiidlE 8~108) (Zid. BatEER

& LT%Co, ™Ru-Rh . 258b, BCs kU Cs-Ba DS KESBIAS AL, #HHR

HFP (308 XU Cs-Ba) DIMENRETERIIEFRHNICERFET L EmME

wL7z,

(2)FBEBE 150~1100CHEHEHT. *°CoB LI BShDSRHEBTIIFR RO o7
yrle ¥ AR
(3)%Ru, PG5 L UCs-Ba o) 3 AL S00CH bSEBAEREL | TR

BRTREIEEO LR L HIZERPIIZLL S,

(4)2 T EZIT 77 L0380 00CHroREBTHFEEL 2D . ZoRHBT

RIZEED LA EHICZRIZSZ LS.

ENNHORFHEES LU TEZE I 77 Al oWT ., ZREBOLRER
BiEY—% - 709brT57 4 X THAXR DTORREEEL. |
(1)1%Ru-Rh DOZERBOWFRIEIL. # 330°C (F642) B XU 620°C (#928%)
24T HB, ,
(2)=7Cs-Ba DEFBAOWHKBEII. 5 620°C (#H90%) B LT 290°C (§98%)
25FRTH 5.
B)F I BRI L7 LADERBOWEEEIL. # 610°C (9270 B L UB
160°CH 5 (F960%)D 24 FFThH 5.
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