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SUMMARY

The degradation of the Pd catalyst by iodine poisoning in a
C0,-C0-0, system (similar to the burner off-gas system of the
HTR reprocessing) is reported.

The modes of the catalytic reaction without iodine were mea-
sured, changing the specific velocity of the feed gas and also
the beginning temperature of the catalytic reaction. Iodine
vapor is prepared by mixing a Nal solution into a NHyFe(S04) 2
- H,S0, solution. Three cold runs with stable iodine were
performed by increasing the iodine amount added from about

10 to 20 ppm. It was found that the degradation of the
catalyst happens originally on the surface bed and then it
develops from the surface bed to the bottom one by the iodine
poisoning. There is a good linearity between iodine concen-
tration of the feed gas and the temperature decrease by iodine
poisoning. It was also found that the recovery of the original
activity of the poisoned catalyst by the thermal decomposition
method is more difficult when the extent of poisoning becomes
bigger than 10 ppm. It will start tracer test soon.

The generation mode of krypton-85, iodine-129 and carbon-14
from the chopper and the dissolver of WAK reprocessing plant,
the distribution of iodine0129 in WAK reprocessing plant,

the development status of krypton and iodine recovery from the
off-gas of a fuel reprocessing plant in Kernforschungszentrum

Rarlsruhe (KFK) are also summarized.
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1. F

a—Y » e RFNHRH  Kernforschungsanlage Julich (KFA) MK KFBEY YA
BRETA 7V OHEER LY 2—ThHD, T VAR PBERYRERFAVR (15 MWe ;
He # A OEE 950 °C) #1967 Db BBL T ), REOERAFANERO NABAER
{GERSE X JUP ITER (Juelicher P I lotanlage f i r Thorium Element Reprocessing . ik
maE 2 K /BA) R 1976 £ X ) BBHFTH B, SHK IO JUPITER D~ F A7 HAFOH
# AEREE AKUT- T (Die Anlage zur Abtrevnnung von Aerosolen, Krypton und Tritum
. CO, BUNEE, MEHENION/h) REARBEFTCHDI, TLBEEAS 7V RAPTOFA BRI
REREBEKRYOSEP-I %1 (HLEEE) BRRTCHL, COMBREN 2OFHERED
LZLEFMBEEIR TD, (1)~(4) (FMEIE 2H/AT5,.)

PUYABBRBERE, /5774 b ThO,~ U0 B K%M TONME NS4 0F 4 » ﬂ
HoKCBRA—F I LRy b@éﬂb/ﬁ}?ﬁﬁ(@ﬁm, U-235.1%, Th—232. 19,
HER 2007, Duplex PyC) THH, AVR K34 20000 AREH IR T35, ZoORBEZE
60M8/H CTAVREIDEESH, JUPITER ©7 — A G 180 %I £ 2 R ICHEA S hiftes
BEORER > <— I A THRSREDLIK 757 74 b A= 5 (REETHR ) TRMO, Kk b
#3750~800 °C CRLIBHEBEEIN , /5771 LR COp Lh VA7 HRAB~KMIhB, BokE
EBA ALK, WML CThorex A3 (13M HNO;~01M Al (NO;)y —0.05M HF) i
FEBERIN(03k BEEB/KMH), BEAZ7/IRITA D VEEREBEA 7 IRB~KHERSE, &t
BEBRBFOU, ThZI*V—t b 5—ICX BEHEMMBE (EL L T30% Vol TBP n—
dodecane % FUA L # Acid Thorex process) (& D FP» & A8, HMMahz, ( JUPITER
D7 EtRTOy 78AXY75 AEFig2-288)

2T, HTRAMBREA 7 $ 2 BOEH XOEIRIYE - Tk JUPITER © Head End D458
BRLEIDA—F—F T HABICBEA 7 HRAD2ORYRHIALIL B, T b b, LWRBRY
BE (Purex process ) # 7 A AFOFHRBEPRDBERIHRO 2 V7 b ARA4 2y b7
Y rDBRCRANBIVEBOBARAOAKEMEL 5 52, shicdL HTR REBEAE D
BRBA7 HRACBEAERA—F 4 7 HAREBEATH AL CEELRED (A—F 47 HRDAL
FHEBECO, 90%—CO 10%, BHEA7HRDTHIEIN, 80% -0, 20%Thsd, ) AR
CEBBCRETHREr—85 D AREREZRYERTS th‘ﬁﬁ)ﬁﬁé*‘o, THALERIEIRTE L
MEORAAERT 5+ ACABT BHHEERETTH B,

RN F A 7 HRAROFH AR 7oA (AKUT -1 ) Tk, BESEDCO, BHHEBEE (-25~25
°C, Max100 bar) TDCO. & 0, & DEEFGRHILT 5» COM Pd MERIEE CH AR
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—F, ChODOMBIEA7AAPLEERIBEOIVRC L IBBLEL CAMEREBLHL
THEREN DB, BEA 7 HRAKR(N:—0.%) OBELC >0 TRRCETOMRRBEY H 5,
FTrbB, A7 HARO Y RBER0L ppm M ELESE 05% Pd SEMBOBESLLIN
HBLLAAMBEFOBERRRZLIVB/ESI R TE D (5], XMBE~D 2 7RO Loading
BR10m,/ ¢ B2 5k 05%PdaAMEs X 013% Pt SHMBOKENSLIhB T
ik p—rAr— B (KFK) OR.V. Ammon EL L Y BEZN T30, X, 23 vRD
Loading &2 0.2m3/ ¢ DB4& 0.5% RuBAMEMKEETHIL RV, 05% Pd SHABEE
RELENDE ERBROBER—ESC L D FMBREENTUD (12), ~A—F 47 H 2K
(CO0,—CO) DBEX>WTEAF7 HAPOa v RBEF2 ppm T Pt MENEL {HS
RBEWITAYADOESLTA LARFH=YY =7 ) v /8 (INEL) OB FHBRE 45 %
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EREBO7u—v— R Fig, l-1K, BEEONE% Fig. 1-2 L RDT, TBHEO
HH% Table 1-1 KWRT, Fr—7 Ky 2 ARPONEBY Fig, 1 -3 KRT, /28— 7K v
2 ANBONBE Fig. 1 -4 WRT, #7 W ARBHAERLREITHXONEY Fig. 1-5
w%?a%ﬁ%ﬁ;ﬂa&ﬁvz$v—ﬂoﬁ§=yru—wxxwﬁﬁﬁﬁ%@ﬂﬁ%me
1-6 CWiRTe VRV~ 77 -DRHABAERONE %R Fig. 1.—7 CRT. CORRERB I
ROMEBEERT %,

1) EREZEBEIAHRFE 29RO a T4 A2 P ERELTHILDTEDIRF /v T Ky 7 R
ﬁmﬂ%én,:—»Ffzb%aviv;$v+4a77ﬂﬂ—ﬁ—o&ﬁﬁﬁz&f%o
$EB - BEEI2TE&BRTtHD, /0 —T Ky 7 ARNDIVES 2 F L =R, 4 7F 4 <
PRUBOEE XK, Wb b TFHE - MEREE - T722-FLXhbOBEEROY
—ZU—}i2 1.8 X107 mol.f/sx (He 7457 #—IC &5 EHMH) TH ot

2) VRV =5~ LENH, Fe (80,),-H.80, BHOBEL *+ ) ¥~ H R D
BHCLIVAEEDOIVREREZRDIFRATH D, a— FFAMRACIAFZABav R
2F V=Nt r—F—FRIHCREEROLOPFER I,

) MBARGHRCEPIMBATE AR, KB bv—F—FTX AORMBEREGE L, K
EﬁyfﬂﬂmiDfn—7ﬁ971%#6%&%&%@&Lﬁ%ﬁ@ﬁ%tkﬁf%6%&‘
BETH S,

4) BMERGZEOAOHNSICHOMCBADR HHEI v Ry~ 75 -~ R A RE EH
HsvRBRBEZ7 1+ F—AC6120 BFETAERTVWBH, 2OV 75 -2 FOWMBREMTT
7422 Y34 bORECL VBBECEREPLMYIZ T LRy 7 A0 CLDEE Y F L
—v;yﬂﬁyﬂ—ﬁmﬁféaﬁkﬁﬁf&bo

5) MERIGH M ORICHD bR RERRBEAFHBOY > T 54 v ok, HKifks
O ROMLBREROY » 75— ( LERHES VRY > 77 — LA —iEx L CA—#53 )
REAT bRz, o

6) TRt AREEFDO Ny Fxy FITL, TuatRFT7HABEHAOEAS 75 + <y b { AC
6120 RFETAZHA TV ) BNREBEENTEY, ¥4 7F+ > t EBBASRILI4 v 2
Vad Y DBRECIVERLEAGLrODREITRLIBEETH 5,

N 7a =Ky 2 ARB~OA » FSBERBLFra -7 4V AR/ r—T Ky 7R
AcBBIhE,
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Table 1.—1.

FEHSE DO ML E

NAMES

SPECIFICATIONS

Iodine generator

1) For cold test:

500 ml glass flask with 50 ml scolution dropper- 
2.) For tracer test:
500 ml metal vessel with the solution dropper and the liquid changer

Catalyser pre-heater

34 mm g x 400 mm, Stainless steel tube witﬁ a tape neater (600 W)

Catalytic reactor

34 mm ¢ x 400 mm, Stainless steel tube with‘a tape heater {600W).

The volume of the packed catalyst is variable.
The cha;qgteristic of the catalyst: KCE 1422 made by Kali-Chemie,

_Eﬁgelhérd Katalysatoren GmbH, Pd content 0.15%/g of Alz03, pellets of

" 3 mm diameter.

After-cooler

25 mm # x 480 mm: Pyrex glass cooler by water

safety bed

40 mm ¢ x 100 mm, Stainless steel vessel. Packed iodine filter (AC 6120) - B0g,

The quick joint is attached to the upper part cf the safety bed.

Iodine sampler

8 mm ¢ x 31 mm, Stainless steel tube. Packed iodine filter (AC 6120) 1.0g,
The quick joint is attached to both sides of the iodine sampler.

0Oz Analyser

Paramagnetic type oxygen analyser Type OA 137 made by SERVOMEX, measurable
range 0 - 1, 2.5, 5, 10, 25% 02 (5 stages) ' ' '

y-ray counter

Single channel scintillation counter with 3 inch Nal crystall, made by Berthold

Temperature recorders

Temperature recorder with 6 pens. PHILIPS Transkomp. 122, etc.
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EEEM S Table 1-2 WRd, FRLEFRE X UCRBIFO/LHME S Table 1 -3 R

To

Table 1—2 £ B &£ &

NAME ' OPERATING CONDITION

Feed gas Chemical composition (Average)

CO, 92.4
Co 5.0
(0P 2.6
(I 0.1 - 20 ppm)

oe

-]

(2 - 6 %)

1)

Specific velocity (throughput)

5000 - 15,000 2/h per 1 of the
catalyst

Catalytic reactor Bed height (Bed volume)
80mm (72.6mf) or 115mm (104.4mg)

The beginning temperature of the
catalytic reaction (TS)
135°C - 385°C |

Iodine generator Bath temperature 30 - 50°C

Flow rate of the iodine carrier
gas (CO,)
0 - 7.2%1 4/h




Table 1-3 HRXEHEO{ELFWHE

Chemical purity of the feed gas and reagents

NAMES CHEMICAL PURITY

Impurity Max.
O, 39 ppm, Nz 321 ppm

oL

Feed gas and I COy 99.5
carrier gas co 99.0 % Hp 3000 ppm, O2 1000 ppm

N, 6000 ppm, CH4 250 ppm
O3 99.5 %

Air -
Span gas to check COoy + 10.3 % O3
02 concentration made by Messer Griesheim
in COy gas
Chemical reagents Nal 250 g (for analysis)

NH4Fe(SO4)2 . 12 HyO 1 kg (for analysis)

made by E. Merck AG, Darmstadt




RIECEBRHFEOFHEER<Z, ¥ TENL T2 a9 vERSIELBD LD, avEYzRL—
FPHDNH; Fe (80,),~H,80, BUROUBENFTEHELI A Ic< > b re — FOIREBE
LB 5, — 5, MERGERD # ARES L CTENEEL 7 5 RICTHES L O
RIGBOMAE — 22 WHITHLLLICCO: # A% H 15 RMBLKT 5. MERGHED L - &
c THOBESHBH— i) »pOFfEOMERIGRHAEE (Ts) cBZLLb, I5LHE
@ﬁﬁmak5&%%%%%§L1003;wm%ﬁﬁb,coacm&¢>%ﬁﬁmexﬂ
—YRERT D, RIEROBBIEEERESA TFEBECHZELL-L (HIBEK), svEy
2 AV—FACNal BEHERMTHLIvEBERELHBDD, FIEPHKETC2VERF+ U ¥
—HZA{CO:) BBRTHZLLEY, 24274 —FHR(C0,+CO+0,) KFEED 3 Y
REBRMT %, TOH, MERICEADHBERESEOBERIS L UBRE0. BEOHAD
B BT 5, |

MBERICEBBTAVXDI b—ERavRY Y 77— KBRLCavEEHBELES
BhicI-131 OHHEEREENal (T1) v>Fr—vsravy2—CHETH, st&K
IOEMLE SV RBEXRD D, BERIGEONBCRIavEY > 72 —DRHERE
DHBIC L Y MEERAK ISy 73hicavREYRD B,

23 IVROBPE
SV REROBMBELERXIVEY A L—2DREKEFL Table 1—-4 % L O Fig. 1

—8ORWIZHE), H50°C 2BLHLEBRAIENBALED S, BELLI v RERY
Fr I VY- HRCHFRL CHBERIEELCZ 1 — FEhaH 2P0 a v EBERavREYz 4L
—F-OBRELHARBF v+ VY- HRXOfECarbr—-1T&D, FERTCHEETHavE
BEZI1I~20pm t B CEBEROTCIVEY =3 v— 2DRET 30X 50°C cREL
o . '

FYRBIDAFHELEL T, KETTONaIBROBIK LD av RERLFTH 2 2E
BLTeVEBEREAF LI, —CRECAEIRH HEX—BETHo LR, 20O HER
BERAFEICOFRELERCLILERHEYETAIRAW DD, —F, NHiFe (80,40, —
HS0.BHOBEARTNE (B 100°C), TOBERPLNal 2B TL TIP3 LERBRC3IvE
AREABREELI S (10), ZFIZCHFRERTAEREDOHFEEZREL R,

NH,Fe (S04); 70 EFEH200m¢, B B 30ms, K20ns, 5t 250l DRAERICNa L
207 $EHEBWS0nL LBTL TP5 L ROMILETRIGIC X b T, BBE L, BKX 1759
{Eﬁﬁﬁ YBREEL S B,



oNat +2 1" +2NH +2Fe3t+458027 = I,+2Net+2Nm T +2Fe?T+4580,27
H' _ |
Lo LB PR A a v EYz AL — 20BRESY * ) Y— HROHBLEF T,

VAl ARECEREER~OMEESCL D REI VRERAZEL (Rio T B, FE
BCRRBEIVERII-13]1 Prv—YDONaIlBRER~ODEMEBER ITavE + 7 » S CHE
SR HHERE OREEC L VERBENS, ‘ |

Table 1—4 BEHKIVDEOEKERE

Vapor pressure of solid iodine (9)

O o - o (o] (o] o

Temp (°C)| O 10°  15° 20 25 30 35 K° 5% s0°

SFHE 0.032 -~ 0.131 - .0.311 0.169 0.699 1.027. 1..!-91{ 2.146
Bl 5 & 0.030 - 0.131 - 0.305 0.469 0.699 1.025 1.498 2,15k
P! 0.01 ~ 0,06 - - 0.25 - - 0.60 - 1.16 = 2.35

Temp  (°c)| 55° 58.1° 60°  65° 66.3° 70° 15°  8°  85°  8¢°

Bt HEE .3.050 - 4,285 5.962 - -8.210 11.19 15.171 20.21 =
# 5= 1 3.069 ~  h.285 "5.962 - 8.196 11.21 15.09  20.21 -
pr - - k2 - - 835 - 159 - . -
" - b9 - 6.05 6.25 - 11.5 15.15 - 21,25
Temp (°0)f 90°  92°  95° 96.8° 100° 102.7° 105.7° 110° 113.8°
B fE 26.78 =, 3520 - = - = - .-
& 26.78 - 35.26 - . - - - - -
P’ 21.0 » - - - 47.5 - - M5 -
" - 296 - 37.8 - '50.65 59.85 - 8T.0
Hote:

BHEE Caleulated value by G.P. Baxer and M.R. Grose

log P = -106.393 + 46.611 log T ~ 0.031677 T

(P...mm Hg, T...absolute temperature)

v

#l & & Observed value by G.P. Baxter, C.H. Hickey and
W.Ch. Holmes (0-145 °C), end also by
G.P. Baxter, M.R. Grose (50-95 °¢)

P! Observed value by K. Steizner, G. Niederschulte

P" Observed value by W. Ramsay, S. Young



Vapour pressure of solid iodine [mm Hgl
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3. HFER X rE=®

3.1 REI U ERMO FRHER

FTRAMEA M 80, RN PEBR V2.6 e DAERICE CHE 10 ppm DIV ETH T 1
P REBAEEAEESV=15000 b TEEL, BEOLILRENC ORREECREL
S O RABERRBRAS A — AR RET BRI, UTOFERBLEMHL ko s,
LAMBIIPAETHEERO01I5% /¢ AlO5, REH 3mm's ORRRME (HEIR x> S rn b 1)
Th B

HEL0ppm PREIVHEE 7 4 — FAXCHEML TP &, Fig. 1-9 CRL LIFICHEEF
EALC LB L AR > b REHEE (T,, MESRET 10m) 2%« cETL TS, —H,
At~y PHRIEEE (T, BEEET 45m) RRLAYELRVWAEREIVREM] BH
BLEETOREETHIBD bRk, ik, Fig. 1-10CRLEBLEEIVER 7 4 — F A
REFML TH LBRE 0y bBAKEMLE, SHCEEIVERDT 4 — FEBLETHET,
BIVCREO BR—CLliolk, TRECORXBTEMEL TR2HL T, RSHELETT 25
T, XEFLEALBEO, 3ETHI LA (Fig. 1-98R ),

ERHORRARORCERTE D, Thbb, MEE~<s PEEHID 7 — FHRBE
BMEnkavBECLDHLINTHE, BaCHE~> b NBKELIEEL THL bOL
BN B, HILL MG MEERE RS OC— R OMBR CEEL SR TER Y, Li
B TEDOHMBBORESRIL TH <o X, BBEEE LS TOFERRIGD CO 2 H
%, Lo THREO, bBML TP, Ll 8 v ROMRME B ik 3 il SRERE B3 T 0 Bk
DEFERDOC, T, REBBO, IWERTHLI—CEHEL D, ki, HEBMESER> b T
B—BHUEDCOLEIMBERIERCERVOT, BMCOFRE 74— FLTHHBICT, A
HENRBEGFECTERLS D, TyBRETL TP —F, EBERBESEy bTi2BMCO
HRESBMBEIBELS 50T, TR ERLT <, (BEO0, DBPS 2 ORGEBMAG 5.)

COFRERERIN, COERERCLME~N Y FOFLIRTO BTN —BBEI A
RBETEGL Iy REM BHBCEETRIL T HI L 2ELDL L, MESy F AB~O
FUOERKRY X b FECIEET 51 b i, ~» F EBOBELWETHBER 55, 5
BOMBERIELES Td<y bEBEBTHL Ny ESBRELHETEHMELL TV
EDT, REDERTE Ny b % 35mB< Lice X, I 9 RERMEDBBRIEGD S 4 —
YEREBELCHE, avERNMROLTR ERET S LIV HoERRAXER MDD
550T, Rea vRERMOa—r FFR IEERHL .
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EDFAPCEMBESy FE115m, E< PER 1044 e OMBERGEEZEAL, 7
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SV=5000h"' DHED N2 —>
Ts=180~385°C & DEE#% Fig. 1-12 LRDHT,

SV=15000h" DBF/ DA 2 — >
Ts=180~360 °C & D4R % Fig. 113 LRHT,

SV=10,000 " DHFAD S £ — >
Ts=135~3-40°C L OBEEY Fig, 1-14 KARH T,

THRSDEERLD, SV=5000h"TClR7 s+ — FHARAOEEFRERE LT VB CO LALE
Ry PREBCCHEL I THCREIR, T, B2EEEELLD To=T.=2Ts OBEKRL
A (Fig, 1-12), 2 ZAMNS8V=15000h"" TL7 4+ — FHROEEEFERNE DT
COR M~y P REBCRRBRBECETHESy PEHCRET S, Ld>TTs #*
BHBELED, To<T: <Ts& SV=5000h" OHELXFMEK LD (Fig. 1-13 ),
IRIEHL SV=10,000h" OBACEMES >y F AORESHIXIGES— Ty =T, =Ty &
KBz Edbhrolk (Fig, 1-14), Licdtis THMENy FROBESFRIRFHE—mOIE,
IVERRMa— A FIRIIBLCIVERIDEMIN LT, HICHL T ER V2775
Y FEZRL D %, X TayREMO2—» FFRA MISV=10,000h"! TS5 LK
L e

X, SVHELK DL 100%0O COMBREYFRT S KR Ts ¥ LRI R TRORIERD
4, SV=15000h" OBE, Ts & L TRE250°CHRRBTHBC L Bbdr ok (Fig. 1
—12~14), | .

Ts L ABRIEHEOHAy P BE (TMaX) OB KX Fig, 1-15 KR L BRI EREBRS
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3.3
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g v RORME* T LA bMBEto A 2—2RBLL, X, 2 vHETHLEN

Lo MBSBEENR, IVEVF L—20FERICHER 5 HEAK I UHILBRED TR
ji‘E‘:KOL"C HE L,

3.3.

1 ZEIVREMC X HEESLDAE -
wOEHETEEIBEO Rm EEHL -,
fll B R oy bRy PE11E5BLIVNy PEH 104408
74— FHRAMRM ; 5% CO+2.6% 0, 27 CO, # =
mjuat?ﬁ%;ﬁ%awi%é,m,wmm(%%)
74— FHREEHE ; SV=10,000h"
Run—1 26 AR FHMa v KBS 9, 10, 19 ppm ~e B hic, 7aH, TOa—A FF
zrfml-wlfv—%—%ﬁﬁL&woﬁﬁﬁmﬁmav%%mﬂﬁﬁéumokﬁ,
SVEVzAV—2—OBREL IV EORRERBR I Yz Fv—£—F+ I ¥ —HF 2
EPLITOE EE IR,
Run—1, 2 K8 L3 KT 2 a v ERMBEORy FREMEYLY T ThFig. 1-19, 203
Y21 RHT,

1) 2hbOFig, ¥ EET2L, WIfNORmIKEWVWTE 3 VEORMEAEE T T8
DREIZBLLAETT2R T, BIUT, BOBEX T, MOoThiBriciZETLRVWZ LHD
BB, CHITIVECEHMBELEENRRy  EETrLBEEILLERDT, 5IGERE
maoREXEMNML T & T, (Fig. 1-208R)72% SHICREHICE Ty (Fig. 1-21Z2F)0
Balc AL DD, TRBBEOHLA RN VR L Y AERES» SMEPRE IO K
BHMBETHCE CTHAFELLZ LETRD T,

2) ZRn DT, DEBLE B ThbL a v ERMDBRELIETTHH, BREM
CE—EDOTPHEEL S SBEEERRAEE RS T, MERIGHEASEO > FRE (Ts) 2
LREERO~Ny MEERYRL T v REEC L5~y  BERSEERZHEHML, TOEL S
v RBE L OBGL Fig. 1-22C 5T, COEIY 3 v REBE 9~19ppm OFHETEHE
EoMCIESNTLAERES BT LERD T, ik, FHATCET9ppm XD BE V3 ¥
EREBECSOVCIREHETERr o, BEAFLALT AY PO INEL ©PHE8®ER
LniZ, 0.5ppm TH PtARBESHILSh (Table 1-5 8H) (), 2ppm TEEL < H1L 2
nRatuvw3i, B
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Table 1—5 LEETRETH5COBRIEECRIETBEHO, 0B
Effect of Excess 0y on CO conversion

in the presence of Iz(d)[7]

Run # ppm I, Total Excess 0, (%) $ Conv.
02 (%) . .

1 0.5 100

2 . . 83

3 . 88

4 0 93

5 . 95

(a) All runs were conducted at 873 K (600°C) using 1.0% O, in COj;;
0.5% 0, is 100% of stoichiometric.

250
) Note:
N A: Run-1 {Fig.1-19}
o B: Run-2 {Fig.1-20)
E " 200 l C: Run-3 (Fig.1-21)
2
©
o
o 150
=
o
2
=100+
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< 50 /7
@ ' V4
3 a
xy
g A
j= 1 ' v T T
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Iodine concentration of the feed gas {ppm)
CFig 1-2 J4—EHRHOIVRBELIVERBL LBy FRERSEE OBE



3)AZHRPADIVERMOELHE, Fig, 1-21 KRL RNy FEHOBRE Ta,
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HRIL, BE~NO 3 vERBC I VABRLAREL b DD a v ERMPLEBC > b
ID—H0 2 v BB LD BBO B BEERL 0L EL LD, BEEXE
FRavthoERK L VHBEEEOHBNE LR a v REMPLERCRy tK LD 2
VLD —-HARS B L TR KRB EESEEL A D LEFEL TV B8, FERE
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% CO0+05%0,+985%C0, D7 4 — FHRWK I, 20 ppmEFEML, 500°C ¢ Pt fiklk s
Flhze, $UBBEOCESBEBROBIT LG oo A- Y2 BFAHBEC IV EGHRa v E
EREHLADOD, XREFEL I5@EHF A& vl ElEhar ok bt b
DEBELELDO A B =R 2k a2 VEWERBRL DV SBREFHTHDHLEERL TV 5,)

4)&x,ﬁ%ozﬂﬁoﬁmuRMrfx;wzm%vtm%b&hf,Rmﬁamxm
ToLBHON, TOECERIMMESy PEBT KRBT L25LEREMITL TV5 K
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&Eﬁm%ﬁtﬁﬁog@%Mﬁﬁﬁmufwém%unmm)ot@iifmﬁﬂozﬁ
MCHTH5BRESFHADVAFR Y AREVDT, RENy FGEEFELLEBEEFLCDWTH
HRLEBEL TRZBLENSH 5,
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B B5HE2HIL, AEHBBTO A4 T F 20— F2BRILLIDOTIDOHER
DV THE L Tz,

B Run—1 THIIRBEOEEY BEREL T2 5 & Fig, 1-25 KR LA T,
LTy=Ts;L78%, CHhOEDHEHERXFig. 1-190 3 v REMPLEOEBECHIEL T3,
COHBMBICH 450°T DR x N 2RMBRL THE~RSE L3 vELYRESR, %
DRICHMBEEEXAEL L ZHFig. 1-26 CRLERECBE T, aTy=Ts &l oke &
NITEBEIZ OMBBRLAER X Ve EEL ICEEEREL A Z L 2RO T, K Run —
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Table 2--1

KFAOBEZTOY 5 A

Research Programme and Objectives of KFA

Research Objectives
in the Federal
Republic of Germany

—

Ensuring
Future Supplies
of Energy

'

Developing
New
Technologies

Improving
Living
and
Working
Conditions

Increasing
Scientific
Efficiency

Main Fields
of Research

HIGH-
TEMPERATURE
REACTOR

ENERGY
TECHNOLOGY

NUCLEAR FUSION

RESEARCH +
TECHNOLOGY FOR

HEALTH
ENVIRONMENT

SUBSTANCE
CHARBCTERISTICS
+
MATERIAL
RESEARCH

Projects, Programmes
and Special Subjects

Prototype
Plant for Nuclear Process Heat

HTR for Electricity Generation
HTR Fuel Cycle
HTR Basic Research and THTR-300

— Nuclear Safety
- Gas—cooled Breeder Reactors
— Long~Distance Energy Transport

— Non—Nuclear Energy Research
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Table 2—3 WAK B&BA 7HR O K (26]

Composition of the WAK dissolver off-gas

Gas throughput

100 Nm®/h + 20%

Carrier gas

Air

Relative moisture

100%

Aerosol content
Krypton, totél
Kxr-85

Xenon, total
Todine, total
I-129.

Other Halogens
Nitrose

Organic residues

Phosphorus

approx. 1 g/m® liquid aerosol

14.25 ¢/dissolution of 140 kg fuel
2000 Ci/dissolution of 140 kg fuel
135.78 £/dissoiution of 140 kg fuel
415 g/dissolution of 140 kg fﬁel
0.061 Ci/dissolution of 140 kg fuel
36 g/dissolution of 140 kg fuel
4800 4/dissolution of 140 kg fuel

2 g/h

0.3 g/h
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Tablie 2—4 BHEABEPEERBISI-129EE (29)

BREryr~—v %8B BEEPREZEZE T AHI—129 %
FH -y 7 Min. Max. Average
KWOlL.” 15
0.05 0.54 0.20
26,000MWD,~t
KRB, 76
0.017 0.036 0.027
17,6 0 0MWD. /'t
KWO V.72
0.27 0.93 0.60
39000MWD, "t
Table 2—5 WAKBEPDIa UFEHK (29]
&
gvEIYFR—F
Min. Ma x. Average
= OB 4 = R 21 97 74
H O® oy = R 2 5 4 23
S - AR 0.04 14 2

(s AEAIEME)
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Fig. 2—28 ADAMO @ 5 (32)
ADAMO-VERSUCHSANLAGE ZUR ADSORPTION-VON COz; UND H:O
AN MOLEKULARSIEBEN
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KRETA-VERSUCHSANLAGE ZUR ENTWICKLUNG UND OPTIMIERUNG DER
KRYPTON-ENTFERNUNG DURCH TIEFTEMPERATUR-REKTIFIKATION
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physik und Filtertechnik ) (MM B LAMARSASD D, J. G. WilhelmZH.[>
CKEFAREFH LVBFLABTHOA 7 HxahOoxzTe S r - 3y ROERBMEREEH A
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b, BICREA+ 74+ AgX CKECTIH) tEKKEILLa v REREEEZETHAC
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v REREWMOEL DI LTWn5S [28), (39] [40),

19794 L b 25 EMITHbA OV WAKERA 7 2 F (NO;BREHORA) KAC61207 4
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Kg 2B L, coffMoI-1290DFE~10" tBOCEEEEZRLA (Fig.2—39&R)
%%, SAP Marcoule OWEMRA4 7 # 2 % (NO, BIER) KWAK EERAES #5 = b %E
EHRRAICHA S NOBIRELAC6120/H,7 s » % — 03 v RERGEE T HBHRE L 42RT,
74 E—OFBIvE (1-131)  FERHE9992HBLFRELRLALES (Table 2—
65MR) (403) BARMSLNO; REEO 3 v RERMF S LUEBA 7 # 2 FONOx BEK
B AHEEIA VS, —BRIECNO,BIREODFE~50¢:H26h b0 CEEOF~2ldav &Y
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COBREFFICIEPASSART :HiEhd=2—a VOx 7y« s v REEBARAAABy b 75>
PARERINL19TSELOHEEF THSH, PASSARTO* v+ *¥ 7 4{d50~250m*/hT,
14001,y OBMBTHOBHEA 7 #AMB7 5> tKHIELAT o L 24 707 5> + Th 5
(563), CO7>53 ¥ ,O7u2R70—¥Y— 1+ %Fig.2—40 RT, 3vEBR7 145 —F
OHEDITFig.2—41 CRLABICHGE 7 q 4+ 22— —1P ) o2 (50cmdX69cm) TESRN
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[64),3%bb7 412~ rRO7 1 22—~ RPFRBEOR 7 v— > CH £ AHNO 2000 £ &
Mr7 s CBLEL, ENVHRO7 2% L, RIC2v— >y THELARB 2t 2»~EVXTORRE
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#Fig.2—43 €, 3 vHE7 1 r 2 - BRRERROKE I VRWHONE* Fig.2—44 [TRT
[39l,
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off-gas of the Karlsruhe Reprocessing Plant (WAK)
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Activity profile of '**l in AC 6120 samplers upstream
ond downstream of the dissolver off-gas filter of WAK



Table 2—8

BRA IJHZXDO IR =M C40)

ACB120/H, 74 L# — Ik B SAP Marcoule @

Removal of iodine from dissolver off-gas of SAP Marcoule by

use of AC 6120/H;

Bed depth:

Temperature of off-gas test bed: 150°C, residence time: 1.6 s.

35 cm,

Concentration of iodine in dissolver off-gas, averaged over

period of dissolution: ~ 4.5 g/m?

Position
127 of
loadin off- | spiking | teSt bed )
No time g s O? feeg relative $1T-removal
) golume solution| F© NO - efficiency
adsorption
[h] [m?] [g] column (%]
1 2 3 44 .5 downstream 99.998
LR
2 7 (9.0)) 10.5 42 upstream 99,9992
3 6.5 (15.5) 9.75 52 upstrean 99,994
4 6.25(21.75) 9.4 0 downstreamnm 99.995
5 8.5 12.75 52 downstream 99.96
6 8.5 (17.0) 12,75 52 downstream 99,994
7 | 6.75(23.75)| 10.1 52 upstream 99.999
8 7.0 (30.75)] 10.5 52 downstream 99.994

*} bracketed wvalues:

cumulative loading time

loading periods.

of successive
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Passatiodine filters,components V+V,removal of

gaseous iodine compounds nz2939%
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Fig. 2—=4 PASSARTO I X b&/SL—&— ( &4 )
CATRTANT— (HA)BWoSKE 39)

Filter housings of mist eliminator {left) and
two dodine sorption filters (right)

Fig. 2—44 PASSARTOAYZ 74 Ly B4 E
HBRiEA— Y vSEIDMLEES
ERE=0ES (39)

Filter hoysings of iodine sorption filters, one cartridge
Toaded (right)



Bl LRI BREEIhiczvRIZERs vt L7148 —RIKBEHZ L L
BOMEBERL 10KgAg /GWe YT LEELADR W ETERcED LSS, (41 ],

TV ROBBERIGELCOWTHEWVRXTINO, BERTL2I300INOE R TtHEST 4
FThAgNOs ERIGL B KX hAglOy BRERFTAOTAH-S—F—rZRIEELTHE

AgNO;+I: = AgIl+INOs (1}
.

INO;iNOz-i-%Og-l-E I (2)

2 INO:s +AgNO; — AgIOs+ 3NO, +—; I, (3

6AgNO; +3T:—>4AgI+2Ag10,+6NO, (4)

WA CEDPAgl 3 XU AgI O BERIN B30 EK.C.Patil etal HBRELTWB[58],
Al iZ~200°C 2T, AglO; 33 00°CE CRERILSMTHAOT~y PRED200°
PF2bdt¥FREINAIVHEBRELRy P PRERINDLI0LEELLNDES T,

Fig.2—45 CAgiR7AEEMER (Norit RKJI—1) & Ag BE> WV #5 2 (Ag—KTB, Ag—
KTC) O3 v £HEMB LR T (561, (57), ZOML p Ag—KTC (ZH300°C K 3 3 BEE
AR LTIRBERE~2X107"BLBIT—EETHHZ LB b, PASSARTCIX
Nal B DONH Fe(80) ,~H. SOBHIC L BEMibT I, #HEILERL TN 5 (42], REKF
KT PASSART KL b==y t RRS IVERE 7 4+ 2 - ORI ABRBEERR S R
Ahtwnwd, hoOoXBERZKRBIODOE Nuclear Air Cieaning Conference
TELLIBREINLIOLBHING,

[z%&1 PASSARTOEH( 1400t/ /yBRET S FEXIE) (53]

F YT 4 80~250N=,h
B 7 AR Air

NO. 5%

I. 0.3kg/h

I—131 ~10mCi
RH 50~10%

Bed Size 5 0cmgd X 6 9em
AC6120/H, 135£ HTA
‘Bed temp. Max 150TC
Bed press. 0.1~1.1 bar
F. V. 11.3~35m/ s
Stay time 6~2 sec
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1) . Desorption verschiedener Adsorber bei hdheren
Temperaturen.



o vy ZERICES 55 %72 b CILAC6120,/H, & AgX O35 v RREMEO LB
2+ PAC61200 3 v ERE EEZ A2NOx O0EBEE, EHMERLASSOBREBERIES K
(WbWwhbAging) CHE LWL TWD[401(55I(561(601(61]1,

AgX L AC6120 QRISHEET = M ERICLNIET 3 v EAREELAgX OFRBA TN BHTS
LABEROMARRE Humid Air, 5%NO0:, 150°C, Load 181gl: OHFACE6120/
H, ¥ 95%T»20ICH LAgX@jiﬁ%35%VC%“io<m& (Table 2—7, 8[401%F X T¥
Fig.2—46 BB (55, chid 7« r 2 — MRS - EBREROE Y (AgXid~38%Ag g,
AC6120/H, 3~ 12%Ag g 8BRI)CEA30LitEING, ROMEIEACE1200
a2 EAgXOW L3 EELACRF VARTEELE Y ) »ORRLEFABBITEZ DR TN D,

NO,BEIC X 5Ag—KTBOCH:s I (CHs I Load 1.5mg) EBMEE Fig.2-47 KRT,
NO: 1 #OBEODFIE26X10° T3 50KHL10%OBODFIE3.7x10° &&ETFTDF oBS
MEBH LK (56), Humid Air O TOAC6120/H,lCk 31, (181g load) OBEK
BHODF &5 SN0, 0BE~10°TH b, NO: BEIEERELHBESLE LT LibBb.
(401, LovL~v b BEEKAS & NOxORIGI L 2HNOy O ERED kT 272649 15 0°CIKC
BEINCTALECLCEETALBEH5H, L 100°CHUTZ SIEHNO OERICL Y~y b
B LB AR BEAH D D, BlA 7 Hx R LU <y en 7 A2FC2 0 HYUEEAL
#AC61207 47 2—OCH, Il ZBMBE TN TN Fig.2—48F LT 491T/RT (401,

o] e S 205%@%#7ﬁz%fﬁ%é'ﬂfc%®viDF H~10°% THLHOI~Ny
Tt 7 HARO S OEDF~10 LB TE R, XLLEAFOLO% 25%N0: FH Air T21hr
BEBELTPD LN v e s 7 AROBFELTODF 21~10' KA ELTWnDE, ThZEREA
7ﬁzEPK@NOMVE&“&ﬂ(m(&ﬁgﬁﬁvﬁ%ﬂﬁﬁ*@ﬁﬁﬁL,ﬁ ZEELAEETNRTWE WO L,
Ny e AF T HAPCENOBEETNTARENIOO 0% VOFERBAEEN T DD T*é o) lfc.
NO: BEBEEC LV SAGMY ICL 2 BEEIREINLLELLND, L2 LAEAEDL Fig. 2—
A8BIVRETHRIENOBRBER L PREEC Ry £ A4 7 HAR7 4 r 8 —OTLOERERPEEZ
NBbGTLRCER 7 H2FE7 422 —TEDF 2317 2 BETFT LCH HEFNCES 7 4
RPN, REEENL L BEENRETLLEEL HANETHDH, INELOBE TS AgZ =
BENOMWEEEFHREINLTWNAE(59], |

BHEA 7 A2yttt 7 H AP TRIAB Aging LABaoF— 2 @3B EAEREINT
A, BICNaX THIME L7 Afr ICX 9400 AMAging L7 —4 % Fig.2— 501,
ERERFAirict VAg—KTC (AC6120 Lt A—HEDRTH %, ) Xk h#H560HM
Aging LicF—2% Fig, 2—5 1IR3 (601(61), ThbHORL H@N~<y PR ERLSHEEIN
AERMADELOO10cm~<y b TiHAgX® LU Ag—KTOC thABREFLBERERT C &P
bhnB, Ag—KTB~Co—60 D7 #% 8.6x10°Rad BE LA (25%N0: BHAIr, 15090



Table 2—7

Grain size of iodine sorption material :

AC 6120/H,Ic & 3 3™ =& %= 88 (40)

Removal of iodine by an AC 6120/H; test bed of proposed bed
depth for a large reprocessing plant. '

Sweep gas: humid air

dew point of humid air

sweep gas continued for an additional :

mixed with

: 30°C, preconditioning:

5% NOa, 150°C

1 - 2 mm

loading period

: 1 mCi

131I

4 h, Loading 18.1 g I,

date for accumulated bed depth

data for single

section of test bed

Reacted | Ag
% of total {31 removal Iz No. of Io amount reacted in
bed depth | efficiency loading | test bed| loading| of Ag % of Ag
f%] [mg] section [mg] [mg] inventory
. 6.6 16.9 1960 1. 1960 1670 94,2
13.1 2l.8 3940 2. 1980 1680 95.0
19.7 32.7 5910 3. 1270 1680 94.6
26.3 43.4 7850 4, 1940 1640 92.8
32.9 54.1 9790 5. 1240 1650 92.9
39.5 64.7 11720 6. 1930 1640 92.5
46.0 75.2 13610 7. 1890 1610 90.8
52.6 85,2 15420 8. 1810 1540 87.1
59.2 91.2 16500 9, 1080 917 51.7
65.8 95.5 17276 10. 776 660 32.2
72.3 %8.3 17785 11. 509 433 24.4
8.9 99,7 18035 12. - 250 213 12.0
85.5 99,9901 18091 13. 56 48 2.7
92.1 99,9990 18093 14. 2 2 0.1
100.0 99,9997 18094 i5. 1 -

1

—100—




Table 2—8

Grain size of iodine sorption material :

BEFSAMICEBIAIFEEREHEEEC40]

Removal of iodine by a test bed out of molecular sieve type CT

Nuclear.
sweep gas:

dew point humid air

sweep gas continued for an additional

mixed with

:+ 30°C, preconditioning:

1 - 2mm

loading period

4 h, Loading: 18.1 g I
1.57 mei 3!z

Proposed bed depth for a large reprocesgsing plant,
humid air + 5% NOa», 150°C

20 h,
4 h

date for accumulated bed depth

data for single

section of test bed

. Reacted Ag

% of totall| '3'1 removal Is No. of I, amount reacted in

bed depth | efficiency loading | test bed| loading | of Ag % of Ag

. [21 [mg} section [mgl Imgl inventory

6.6 21.6 3909 1. 3909 3323 35.2
13.1 44.0 7972 2. 4063 3454 36.5
19.7 63.6 11518 3. 3546 3014 32.0
26.3 81.0 14657 4, 3139 2668 28,2
32.9 93.6 16949 5. 2292 1948 20.6
39.5 99.6 18028 6. 1079 917 9.7
46.0 99.9994 18100 7. 72 6l 0.6
52.6 %) >99,999 - 8. - - -
59.2 x) >99.999 - 9. - - -

%) below detection limit

—101—
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Penetration of CHsl through Ag-KTB as a
function of the NO2 concentration in air

Ag-KTB 86mg Ag/g-KTB
FV 25em/s
CHsl 1.9 mg/g-Ag-KTB
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PENETRATION OF CHs3 1311 IN %
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Penetration of AC6120 test beds by CHs '3
after use in dissolver off gas.
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Penetration of AC6120 test beds by CH3!3l|

after use in vessel off-gas and after regeneration
with NO2. (at 150°C. 25cm/s. dew point 30C)
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CHs 13t REMOVAL EFFICIENCY IN % (30C. 70% R.H.)
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CHs 31l PENETRATION IN % (30C. 70% R.H.)
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FLOW (m’/hl 209 278 346 369 56 1296 |i6! {174 178 114 278
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Process flow diagram for icdine recovery from dissolver off~gas

action:



2.3 KFA, KFEBMAOBEBRCEEFOEIR Ky —8 5 FEENFREORR

BEHRTIE197 6 FORERFNEOHTEVCEZED ORI & FEMLS CBIL Physikalisch-

Technische Bundesansalt (P T B) 23X AT 5L & #HIHE(L ZNtco . — %, Kr —85 DKM

AHECEIFEL2RALRSKEHHBHEZEAS SKORERLID~10° Ci/y &7

PTBIXNUKEM GmbHOME L+ AREARERKr—8 sRIBFBMEROBITE L A # —
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Table2—9

Kr—85 KA Uy —DiEK (68)

Main data of the Kr—85 Pressure cylinder

Krypton Q0 b volume 50 1
Kr-85 ~ 6,8 % pressure max. 200 bar
ienon < 15- % temperaturs max. 200°C
Mitrogen 0,4 % radicactivity 1,3‘10‘68q
(3,4°10%c1)
Argon 0,08 & neat production 5§34 W
-8 3
Oxygen 1 ppo leak rate 16- "bar en”/s
(107%a 1/s)
water i ppm surface dose rate ‘l,lili"louremlh
COE 1 ppm
221660 4 ar, ouflet v v X —REREEES
' : 8204k 2 0%&EH
(4 1F/FE)
o s
i inlef
7 2630 crane
| sforage
shalls
20
0{}' dsiribu-
‘ tion chamber
2 _-640 _
23m
L B H
(30.5m X23m X23m )
Fig.2—53 PTBTHEPOBERNKr—85FEMEHRL68)
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Table 2—10 Kr—85 @ RERGRRHOHENL (69)

Characteristics of containers

effective volume (m®) 0.01 0.05 0.1
85Kr content (TBg) 4000 20000 40000
heat output (W) 175 875 1750
average gas temperature (°C) 100 200 300
resulting pressure (bar) 140 170 210
equilibrium temp. inner wall (°C) 67 103 129
equilibriuvm temp. outer wall (°C) 34 78 96
int. radius inner sphere (m) 0.14 0.23 0.29
ext. radius inner sphere (m) 0.19 0.30 0.37
int. radius outer sphere (m) 0.20} 0.31 0.38
ext. radius outer sphere (m) 0.34 0.44 0.51
weight inner container (Mg) 0.2 0.5 0.8
weight outer container (Mg) 1.0 1.8 2.6
{weight assembly (Mg) 1.3 2.5 3.7
rubidium formed (g) 275 1375 2750

#, Kr-85 SHEA4000~4000TBq,NEHETAETH 1 4 0~21 0 barDIBAL D TKRK
BOMBELCREOHELToT\% (Table2—108R), &k, 197 2F0HERE
BHREHHIEH (v vy FrERIRIY, TAEARLIVABL LERBINLE VSRR
FMRIEM O L~ BB OBERESAB SR Ti ), Kr —8 5 DWERECELD
Kr —8 5 PHFIBMECS Ins0 830 KEL, TAEATCORFILELL D, BEHE
Lt O EBHR L —BELL DL DEALNEDTKr —8 5 DEHBEOERIIE LT
A3

2.4 # =
F2BETHLIBALABN A vECEHT HLWR REBAEA 7 #1XFPO2 )7 b e LF
3y ROBRTRHRKORAR T bAEOFA LS L Table 2—1 1 KR T,
Br4vECrd2BBRRE Moy 75 POBRFREVWIRDLLE LEDHE LIBER
—OREAT - VW23 00LBEACHALIHEBAR, a—r V40 y b 75> bRBICE
M OohZHERRHMCELHLTCNE, brEOBSEER v e 2 +XEHLHEA LA
OBEO A - HSHMEE 1R VERT B OTPNC ME CERRE - TERREFL WL
LEBECHBEAT— 22542y } 75 OEBRREBELZBT—25%AFLTWE,
YA YRETEARAROED F R OANEOREERELEDL I ETRNWICEE LR ok, B
MAYETIOREO2 )7 YERA ey by b CEREZEALE LI CE D, REE
JUVEBRET ~ s OMERTEME M4 v BUSA» ORFENTE2HLP N CA~—REREIL A
ZEBD L, MEHMK ST H2EMFROXTBRAEOEHBRNINSE—BERE T HHRICHT Lo
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