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SUMMARY

I. Project Title

Development of the Reuse Technology for Radioactive Waste
from Nuclear Fuel Cycle - Development of the Off-gas
Treatment Technology

II. Objective and Importance of the Project

i?{adjoactive off-gases, which are Kr/Xe as noble gases, iodine, C-14
and Ru/Cs as semi-volatile gases and Clz as an acidic gas, are
generated from the DUPIC process, the Fission Moly, nuclide
transmutation process, nuclear fuel cycle process and the next
generation storage process. In order to protect an environment and
workers from these off-gases, which have highly hazardous effects on
the human body and induce the corrosion of nuclear facilities, all these
off-gases have to be removed under an acceptable level of
concentration. For this purpose, it is necessary to develop the most
efficient treatment technology, it should be also cost effective,
considering a removal performance, waste recycling and safety of

disposal.

II1. Scope and Contents of the Project

-~ Analyzing treatment technologies for noble gases and semi-volatile
gases generated from nuclear fuel cycle, and selection of the optimal

process considering a recycling and safety of disposal.
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- Evaluation of the adsorption capacity of methyl iodine on AgX
(silver-impregnated 13X) and AgS (silver-impregnated silica gel) at
the temperature of 80~300C, and comparison with the adsorption
performance and capacity of activated carbon.

- Investigation of COz removal capacity using soda lime, activated
carbon and 13X, and identification of the effect of relative humidity.
~ Characterization of the preparation method of granular calcium

hydroxide as a COz removal sorbent using oyster shelis.

- Co'mparison of the adsorption capacities of Kr on the natural or
synthetic zeolite and the activated carbon at high concentration, and
analysis of the effect of humidity on the water adsorption of
natural-zeolite.

~ Performance of the principal experiments for recycling of activated

| carbon through the desorption and re-impregnation process of
TEDA/KI-impregnated carbon as a removal sorbent for organic

radioiodines.

IV. Results and Proposal for Further study and Applications

- From the accomplishment of the analysis of treatment technologies
for Kr/Xe, radioiodines, C-14 and Ru/Cs, the followiﬁg sorbent materials
for eéch off-gases are practically applicable, respectively: the
silver-impregnated inorganic adsorbent for radioiodines at high
temperature; Ba(OH); - 8H20 or Ca(OH): for CO2; the mixed metal oxide
materials (BaCOs-Fez03, BaCO3-TiO,, etc.) or Y2Ru207 using yttria for

Ru; the pollucite source materials for Cs removals.
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- From the comparison of adsorption capacities of methyl iodine on
AgX, AgS and activated carbon, the adsorption capacity increased with
increasing temperature, specifically as an order of AgX) AgS) activated
carbon at 150C.

- CO2 removal capacity of soda lime was much higher than that of
activated carbon or 13X; the removal rate increased with increasing
RH(relative humidity); the optimal BD(bed depth) should be about 12
Cm at RH=85%; the suggestion of a preparation method of
granular-type Ca(OH); as a sorbent material using oyster shells.

- From the comparison of Kr removal cépacities of natural or
synthetic zeolite and activated carbon, Kr removal capacity of activated
carbon was generally low; those maginitudes were not clearly
discernible between 5A and 13X; that of natural zeolite pretreated with
acid or neutral-salt was not greatly improved.

- From the desorption of TEDA/KI impregnated carbon in fluidized
bed at '200°C for about 120 minutes, the desorption rate of TEDA was
about 80%; it showed a high extraction rate of KI using acetonitrile
solvent; the radioiodine removal efficiency “of re-impregnated carbon
was 99.6%(the reference value: 97%); its physical properties were

satisfied with the test level; consequently, the practical possibility of

recycling of waste impregnated—-carbon has been proved.
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uletA B AT A E molecular sieve 13X ¢} silica geldll & H&HAZ

FAIZAFZAE Azt WEdee=9 AAET 2 HAAHeHx

R, SHFF wE g 2= BE FHF vjw3 Y

o EF meolH AT WBAE AAYSS EASAT

A 2A IAFAA 9T AN xE AAANE

WAL e = AAETAL, AHRFHAR] AFAE 2 ALSF
AR o] Aol A BAE T ol WE B AZd dhste] e AT &
PE o ot

AARET AL Ao eEe] TAAE ABRY, ALLHA
BAEE g e o= ¥ LAYFHE Bluy s FHEe] g1
wAFEe] Aol 7hsstui14] WAAFEAAL(LOCA)TH 22 FUA
TA QAZA BAEHE 2e=29 WEwE D A% iliE ol 7X

ozl 7kl As7E Aok 9= NRC Reg. Guide 1.3 2 14[15] ¢
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WASH-1400[16]14 2R % vl e 7MGAFRe AndAy AF o oi
He BAdse =0 HAF D O FAFHE AFRd, ‘=4 2R
H 82=9 50%7t HEHW, 2 F9 50%c . A&7 Hd FAREHT
(plate-out) U™ A 50%c FAEL3ted 2 F9 8%7F €480 e o
T, 5% EXAEo|H 10%E f7189= e Bofm stgy. 2y
el TFAXNES /ML 282 E7 vF YAHER ol & gFE AA
g Aoz 27T Yoy, TMIALL o] Fo #AFH ulo] 25}
A HEY 22=F HULE(FE WELLE, CH, DI RS
dr82=F aFolgon HOF M2 82E=3FE2 AU

gdA AFFFo] 7IdNA Y28 =0 FUISFER wESt 4T
Zol frle=7 AAEL} Burgerol ostH &3]F WA radiolysisoll
)% alkyl radical® 8252 Wgd osjA $7129=7F yH@tT 3
QTH2LL Alkyl radical® Hud dAze) 2AsE 2% of, FFE
Al AFEE F7] 2oy ZE Y FEAE AE-E Dioctyl Phthalate (DOP)
FE AAd"Ech 7P dd FHe {182 E=% CH, Ild olR2
=9} AF(45x10° mol/L)S) wEgo] whgsted YA EafzA
=

Paselys-2 CH, Io] o E&, 31348 £4-& &3 oo} 2
CH, 18] #HYut&L AgstAcd o2 EEHY L A2oM MA3 =
Exidasy

CH,+1, & CHI+ HI ey

EE Parslys CH, Id digt dAbde]l d3g AR EY A

radiolysis®}t photolysis®] F 7IXE thE3F =4 radiolysisel] g 3



= 473l gol AYEgoy thRE A AsE ZAE Rolg

Tang ¥ Castleman € ¥7] F4 CH, 1 8 ®a&=e 3719 2
7] CH, 18] ¥Xo gt A& T2 JeEdd{19~201. F7 FdA
CH, 19 ¥%7} 10°~10"° mol CH, I/l-air ¥® 5 x 10° Rad 8 ZFo] 9] &

factor 10 AEZ ZAHT £ = CH, I 23l Adst=E 842 JEH
Wt
Egh A8 EE FEAGAAM iR BsS sl ofzfe wb

LA BodFE= ube}l ZHo] hypoiodous acidE I F7)/F7F9
HOIY &A= 1968 Kellersol 9air HE=2 7HHEAed a1 o)%=2
B ATFASol22~26] FHEAV] stolM 2o =3REE Y&
L+ H,0 & HOI+H"I™ 2)
HOIZEF 0599 ®Wlxd 20 %z71E 25 glgddE BF3a 714 3§

EASEA U™ AT AU F7] Fol TAGEAY R} 2

==
AA Foh Ty HOZF w714l ol EAdns ZHAL 242 A
ste B ¥vEEo] €A vt Keller5o 43l ost¥ HOIZF AA =

= A 24 oM 2959 $E7 10° M, pHE 10, 283 90T
o] &2 oA JdvH27). =3 Kabat5e HOIY £E43 f#HAES
ZHE AT E AAsEA 28]

oo AAY FHEAAHAA LTAHE WAL E 9 O IFFES A
Asted AMgEE FEAE ZA S4AY vELAR FEEHI B4
ZAoe HFALAT # HAEAGOE A /T £ glod vg
A FZAZE Zeolite, Silica—gel, Alumina- silicagel o 2 (Pb)olu} &

(Ag)& HFH U FHu 2 g A&



2 AYe vRLgYY @ oA T nAERA A o5 8=
o FRHE4L 2ot ok S4B TU BYHL(F)AA okze
ALl A z3 AFS AMESEon I YAEEE ASTM 2862[29]9
TASe] 8-12 meshE 50%, 12-16 meshE 50% ztzt E3ato] AL&3s$d

t}. =3+ Molecular Sieve 13X % silica geloll AgNO:E H2A|A £(Ag)

F¥ol 242 4wtds L 0wt HA AT R FAATAFHAES A
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1 ed8 TAFAAY Az 2 B4 SHEA
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g A&7 e NUREG/CR-1599(1983)0 uwhah =354 1 TH30]. &
da AaglAae A A7 AL 6-16 meshE sievingstil 30 mesh ©]
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)
)
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(a) AgX

(b)AgS

Fig. 1. SEM photomicrographs for AgX and AgS after Ag impregnated.
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Fig. 2 EDAX spectrum for AgX and AgS after Ag impregnated.

(b) AgS(20 wt%)
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7}. SEM-EDAX Z3 #4

13X 2 AgstAs Az dto] Az 2HA 77 ZRAAe mwH
B4 2 & FHFe AdiAd ¥ug 93te] SEM % EDAX 4%
gatart. 28 19 ()t 13Xl &8 20winE HFAI FHAA(AgX)Y
SEM Atzleln] (he Ae7lAd && U FA%E HAH3I A 2(AgS)

ali

o

o) SEM Atxle|tt. ol By diel o] AgXel ¢ HHE Ag
clusters T oA BRE A Fko} AgS o A9 Z2 Hj&& ol X
R de)7tAe] EHo| stk 54 Ag clusterZt #EF AT
174e] 232 & uf 13Xl HEd Age vA7IE3WHe Na 28 K 9]
23 o] 2uFo] Hof HAHE oz AAHY HeFAL VlFHEV Ag
7} ol AAEe Zog AAXT od oiF 2r} FYUI BEado] g F =
clx AzhEcl, oY 27 EDAX 7]7]1E ol &sted 20wt% AgX ¢ AgSel
FHAdRS B2M3 Aalolth EDAXS 7171 474 mlA7lswe HE7
e B4o] Ao Brr5se EHozRE & 5~10AF 59 Zo|7tA g
4ol 7tsstrh
a3 29 (a),(b)E AgX9 AgSe EAMAINE 747 HolFTm glov, 1

Yol 4 B upo} Zo] Agd AHEHY] F

ox
—o
b
0
s
o
T
(=
32
2
[lo

o] WHAEASTE FAT F UMW, & o|2EFe Al vlumzE A
L2.9] atomic %E HW AgXe A 1277%Z UEINE AgSe 73-1—\_
1219% 2 F 7kA] A1zt 719 Hls$ atomic%E YEIATE 20wi% 2]
L HAge HARA(AgNO; €4) AFA] S H7y 9o ZAES

JlEo 2 Aaa zkold, EDAX EMAI7) o2k @A Uelhd olge o
A e wle} o] EDAX 2471719l ®AZ dstel yepd Az A4
Zfe] olale] Auz B u 13X AelAAL olgelel AxH & W

) ERA] AzE A9 Addel A A
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Table 1 WAIM 9= AAEL nAEZA] a7 EA

Adsorbent Silver Zeolite | Silver Silica-gel
) Base Carbon
Properties (AgX) (AgS)
. Activated -
Support Material MS 13X Silica—gel
Carbon

Pore Size(A) 15.3 8~9 100

Impregnated Material - Ag AgNQO;

Silver contents(wt2s) 0 4, 20 4, 20
2. 4893A

B AT AL 28X HHE U] Zlestd, 2P FA=

a3 3o Jdehid=d, T8 EAS vk} Zo] AFAX = IA di8
2= 2 viedgeos BAAAA FRFIFXA, FFF g1 GCE o &
2P E FARC Ao B8] RE APWAL Bl 225 Raa
# =(plate-out) 5402 I3t44(31] 8. 2=9] &4o] A4 F7 glem=z
o] 2 HA3B}E7] 8] Pyrex glassE A3 T3 WEQ Q= o WA}
719 275 YL AAH GCR T3+ T GCE AAUYE F9
&2 eeexryl 595 ul#E EF Heating TapeE £31 &%

22718 ol&3te] WrIHoz V1Y, 0TE 25E FARAS. F&HF
FHFEE 7= F&FF AT AA=" Thermocoupled ©] &3l =
Astgn FF2=L WEAZ 18mm, A¥FA7E 22mm, Zo°] 700mm<]
Pyrex Columng AH&3t3ich. F23& TG R 2%

al
em Eol2 WS F Leo=Es Tawuly] do WL AXFY)

=1 A
Atk B QATOA $AF FAUY Wre) P TR Erse] &

¥t MYacE JASESE 2347 A% GC ¥H2AT ARPA
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AW AV A -
[ Mixing baffle
! vent |
Humidifier NEEE
1 -, . € Adsorber
iy CH, |
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- - Jaket type
Ao -~ || | fumace
NOJ |Air| |AIr| |Air o R
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JE (8 DO B S B I
l » Analysis

system

Fig. 3. Experimental Schematics for Adsorption of CH, I, I, and NOx gasf
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Table 2 @20 = BAE 8 A4 £32 2 GC ¥z
!Experimental Parameters Operating Conditions{ Remarks
Process Flow rate ( //min ) 4.0
Superficial Velocity (cm/sec) 26
Bed Depth (cm) 30 ~ 6.0
Input Concentration ( #0!/ min ) 3.0x10™ ~ 6.0x10™ CH; I
Gas Temperature(C) 30
Bed Temperature(C) 30 ~ 300

Process air
Relative Humidity(9%) Dry
AHE
GC Analysis Conditions
- Capillary Column Material GS-Q
- Detector PDD
- Carrier Gas(He) Flow( m//min )| 6
- Oven Temperature(C) 140
- Detector Temperature(C) 160
- Auto Sampler Volume( m! ) 1.0
- Sampling Interval(min) 5
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28 =E AAsted FHEY Aol E7HeEE AT U
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Fig. 4. Effect of bed temperature to CHal adsorption on base carbon.

(Co = 6 x 10™ mol/l, bed depth = 3 cm)
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dul, 2Pl BE wie} Zo| 13XET 2¥F Ao E(AgK)Y] W
22= AANTel o $5Ee BAD, FFF = Fohgel wte
WEeo=9 Fasel S/ AES & & Ytk ol WHA =Y &4
g3 B2 FFedw R 2 AgXe Widee=r) sarEg ety o
ol F239 &%, MRy} SIS S shibg $271 FUleho]
A5 Fhe AL RAo2 Bon TR 150 Tolde exodAe
Ao dgyt =22 dgkth

F&o] &0z AP zeolite’dol A WAL 2= FAV|TE 4F
3 AoHA ARAAT AgXet Le=7re Azago] thslAE Wilhelm
3211 ofa A Butrt g, obAAA Fol AFE WAL =9
F2A)7E gyl YA %on Thomas 5ol o) Aleta whgL o
&3 2933l

RI + AgX « Agl +C.H, 3)

AgXE 100°C o439 exolA Fae #F A& vebdin CHi
of W AgXe FA L G Hla HA 208 o] w2 viHe] st
AL Zgeel vl 208 o] F TIboly IIAME H|ALAolA 80 =
FHol IFS HE ¥R FouE ASFHAS o gAY w7 A A ol
AHskE Aol ALH gt

O 62 AgSE ol&3sle WEL =9 AARNFTE 25l o

ZAF AU, AgS A & HHSA] FL silica gel B & A=A

it

ot

=

AgSel H&AH AgNO;= MEL =29 whdsdle g 22 284
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Fig. 6. The breakthrough curve of CHsl on AgS(20 wt%)

(Co = 6 x 10™ mol/l, bed depth = 3cm)
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Q! silver iodide® A3t}
AgNOy(g) + R—Kg) — (NO;RI— Ag)(s) — RNOy(g) + Agl(s) 4)
q714 HAFWAHEQ silver nitrates} Agl v €3 =7 33 o]Hol.
=3 150 CollM HA FRAANSS BPsd o) S99 Wikhelm
ol AAF AFARSE FAE ARE D& T QA4 WilhelmS
AgSe] B EHHI 71F&0] 110~185 m/g, 700~980 mi/g A= 3}
Rom, AgSE Al&3le CH; 1€ axpdola AAHOZ AAs7 i3]
AME 20~40° CollA FF71A FUEErt 70% AEZE A7sieob 3t}
2’9t 1% FAAY mRe) £ Ao $2¢ Har] A T
B71AE 7HE3te b AISFHAR o|4AE9 8= YA dsAE
A oA 257 150°C Sz SFRTH34L
Wilhelm2 AgS-& AlE-EAF o] §AIHY FAu7|Ad AHE-3A S
A% I, % CHs 19 AAZE A7g Zart dolwta Busigies,

2 FANANA T EAsE 47 BEEo g A dFo 2 A3

Oft

o]

i

o] AgNOs7l Ag:0 2 AH#EH7] HEQA o2 Yegd. IyU NO»-F
718 H/AA Ag—‘ﬂ g Aoz FAWIIAAMY H AEe
AAZ & J&2 NOZt AgS9] 7159 FdstA #A&ddes RS
o wEM AR AMEFAE o] ZAEAA SHEE 7 dFE A
Adt7l fsl NOxg& X gste &3zui7lA F AgS TEHE 22=% A
AT 5 A go=+ FAMIA A ASd dXd 82= FEHA 9
3l A= A oz diA U

150 ColA FEZARL o, 13XEe 2o HA5A FAe Aoz <
kel fEdgeoxs ZXsE= WA silica geld A$E w7 EE HHE
80x9 Faol A AU F&E RAFIL Yo o)A L 13X A&
AgeGo]EE FASHE Nask 71 o]2ngg 37 o
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U AgRths HEEHOT. o] e FoleEe) 29=
w9 % 3% gol A7 ¥ 4 ud, ® 130 UEY wieh o] NaXrt

Table 3 Adsorption limits for metal-exchanged zeolites at 150 C[33].
Iodine Loading (mg I/ g-bed®)

Adsorbent Saturated Physorbed Chemisorbed
NaX 369 334 30
AgX 349 135 214
PbX 179 153 26
CdX 374 329 45

“*: based on dry weights of 0.61 g/cm’® for NaX, 0.71 g/cm’ for CdX, 0.85 g/cm’
for AgX, and 0.85 g/cm® for PhX

Table 4 Comparison of CHsl loading capacities on various adsorbent

at 150TC
Adsorbent LoadmngC(Z)aogamty at Relative Capacity
Base Carbon 5 1.0
AgX(20 wt%) 103 20.6
AGS(20 wt%) 16 32
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Fig. 7. The breakthrough curve of CHjzl on various adsorbents

(Co = 6 x 10™ mol/l, bed depth = 3cm)
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H 3 & CO: Mzl 7[=

A14d A A

Eg &Y Kr-85 [-1299) dlx3iAl C-14% A HAA wl¢ o
FotA HASE WA #@Foltt, C-14v RHE7IVF 5730 o2 uf¢
o o3 ML WESIA(HY 0156 MeV), AEA W2 F571 44 @
AuEz <dAe ddErt adn & 5 Jon, C-147F FH ez wEd
ZF e HAME AF APEY vusted BY I ARV AR §A

()

o

1]

Tt tdAd 2 BARSEZHANAN C-147F HEHE AL dASE R
S Fosith 9agedse] S CANDU 424 73 ge %ol
HCOu7b @Al Em AlgEdd s e HEdts DUPIC EA4olY Alg3alg
g ol &A= <F 330 ppm BEL CO7t TAETH35~38].

CO8l AMAYHL A AFLAd o7 F, 1A 2232 WG ¢
@ A7 R R FA dY AAR TEY 5 glon
4e Adshr] AsiAe it TR EHRLRE, &Y
2 G G ARA FHYAA TSl ok BTk,

gt B Aolae olAMZA ALE CO, AATAN g 54 2L A
A5E aEln nA4stE FAAY AEA FA st Aoz 1
2% 23t 1A FRAS o8 FHo /MY AAE Aoz e b
Vg %ol AbgElE A FAAMZA AT P ALTF)E [3X 81
soda lime& ©]&3 CO:9 AAM TS A% v L™ soda limeoll <]

% Cop AAN Fo BAVFA 3o 2L AUSEY FFL 2Bl

ol
ki
A
o

Ao 3ARAE 4] AT 71z dolHE YAUNUT ohey H
A7)EQA 2oAE 422 el CO, ANE WSEAL AzsY] A% 7|
£54% BA5A,
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A 23 M"COe AN 2 AP

1. “CO; ¢ ¥4

AAHA M FAHE C-145 A FLE FAEAARG, =
“N(n,p)“C ; ®C(n, 7 )“C; "C(n, @)*C ol &3t A€t 1,000 MW(e) ¥
A2 F 40,000 MW(e) AFREAR o] FAIHolA LAt C-149 A%
TAET o o & F 5o A

Table 5. Predicted carbon-14 release in the absence of control from
1000 MW(e)/yr reactors and 40,000 MW(e)/yr reprocessing

plants[35]
Nuclear Release' rate in TBq/yr
- Atmospheric Surface water
facility
release release
1,000 MW(e) BWR 0.37 3.7%x10™
Nuclear Reactor PWR 0.26 3.7x10™
HWR 741
MAGNOX 0.37
AGR 0.37
HTR 0.04
FBR 0.04
40,000 MW(e) Fuel LWR 185
Reprocessing Plant HTR 133
FBR 814

EF C-14% F2 ddz 3 A5%, dA29 LA YA £
Ao o FFe A2 FEo] we YSEE F 69 FIHAT
“C 3} PCo e AT FHALdEERE FA UOS zircaloyeld &

=
L ZHREEZ EAsted, ol ¢AHF Ak 2 FHe] =
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3] A1 ¢l 2H(isotopic dilution factor)s ¢k 50~100 =7 =}

Table 6. Calculated C-14 production rates for different reactor types(35]

C-14 Production in GBq/(GW(e)-y)
MAG-
Source] BWR | PWR | HWR AGR| HTR | FBR
NOX
Around
N-14 | 002 0.18 0.18 0.02 0 0.18 37
Dressure | 13 |250x10°/296x10°(1.11x10%| 222 | 222 |250%107°|1.85%10°
vessel
N-14 | 222 296 925 270 | 263 | 0.74 0.74
Coolant | O-17 | 189 229 6,480 407 | 37 0 |74x10°
Fission| 22.2 222 22.2 22 |185| 185 185
C-13 | 001 0.01 0.03 003 | 001 [206%107] 3.7%10™
Fuel | N-14 | 281 289 962 4810 | 481 | 115 74
0-17 | 163 167 481 37 |122| =92 111
ul C-13 | o001 0.02 0.02 001 | 002 37x10°
u
. N-14 | 629 740 1260 | 1,300 |1,180 296
cladding | 17 | (55 0.74 1.11 011 | 001 0.01
| c13 ] 055 4070 |1300] 1,180
Graphite
: N-14 6,660 |2180| 2,000
moderator | ,_,; 074 |003| 003
Total
production| All 1,300 148 | 10100 | 18500 |5590| 3370 555
rate -

LWR Al&F8dss #A2xzse  AIROX(Atomic International
Reduction Oxidation) 332 2F3H4007C) 2 FA(600T) wHgS ®HE3H
4 U0, RS ERIAIE o, of FAIN A7 TR} A 2 &
AWAZIAZE 2ASHA =W, wi71H A= fRHAAMCME 258 1A
NA AlEETHASY FRAPYFT L EF wEHYn JMASE Aol JF
BaAolt, 5d WAHm A4xE7F 33,000 MWD/ MTUQ PWR Hds
67%%+ 27,500 MWD/MTU d4%¢ BWR A3 33%S AIROX 3AH S
2 A 4§ TAHEE C-14%L 034 g/MTo] "o AIROXFH I &
AbgE DUPICEAF B9 5 AtstaAdoa] BAEE C-14¢9 42 1.883%x107

Fl

br

l’>
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g/t AE] Re7 a1y

o} oH36].

ol

11 glon dea e AR oA Aard Al

AAg 27 5% 35%

PWR AHEF i g HT Ad4E 44,000 MWD/MTU
AbEFHAs Y|k i 5 d

DUPIC 5742 A8 &% :5 kg UOybatch

- 37l 4 15 {/min

|

2. C-149) 24 Hy
C-14% 4xEZdLe] AAAANYG dAz7t &42 Z ¥R oyt
AMEFEAE AR D AAEFAAR o|F FAHAA LA w7 Al
T OEE COe dH=2 EAse Aoz nuEx AvH3738l 22y 4
F AsdAME AR EAste diAE FE COY FHE EAste
Aoz BuET Yo39]. F AAg Ul 27| EcE2 EAF=(PWR
g AFAZ 34 g-moleZ A ¢ 100 ppm)Ad E7HA] E 35t djFEe
it AAR W wsna(FulelE) EE CO9 HEZ EAstn COY
AR = JAo 2 Wiy 2F XY= zircaloy J]i 3 gkgste ZrC
e Zr0:E2 FAESF o Basinh A& 5 W e free gas
% CO ®E C-149) #3ol ww ISP Axe @AW, ©F  HB
Robinson 2 QA2dA FAlE ddg #HAo

i

401'
i)
(‘ -Q

2HE 4" VAE AFE
I Al(mass spectrometer)E Ab&ste] A3 Zi B 49 Nyt AEH
At ZFEZAE ol gdtd NARHE A N2 ¢ COE +&35H7] ¥

£7]1 Wi HEY AL dRrEc] Coxxn 78T A+ 7IAWe COo9

Fe Bt FFY 25~3%0] APHRL ole AdRYol E7lel EAste
BEol golth ARZ QA AW C-149) FFHEe] 71422 o] 53t
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o] CO° Pz AT 7l 28 of Fe LA 01 o8 2R
o2 FARAG. ALFAAE o|&3AN dAEs} gaF Y C-14=
HREE CO, Y82 $EH0, C-14% CO FH2 EAdE 2L 1~2%
AEold wisir BAGX FATT B sAHB9~41]. 33 GWdA-U
(2850 GJ/kg U)el B AAEE A ASFRAR 59 Wuye BFF
C-14 %<& 90 GBa/tU ©l$ 1, ol BEd F ©A4sEe o 01 %
of E3aTh ALFTAAE o] 22 IF LZE W ATAAN C-14= o
7te] COSt Qo) 2 CO, Be)2 TANT C-148] ¥ CO, kgD 09
Ci C-142 4 CO»2} 0.08%7F “CO,0|tH40,41]. o]} BAHoM BH, AA
2ulel Easte C-14¢) s5d YEle F2 COoAW saoz
A B71Fe] Aast wMesie] 4REEC] COE AVHT 1 F YL
CO2 HE=Z &A= Aoz AAAL.

C-149] Ag BAHAAN H®, ALFAAE o|FTRFE &3)2 w7 A
A A% Be kel C-140] wAEY. 7Y gl R wiel o] wirA
AgFAY Kr, Xe A @A Aol C-14& AAsH, C-14& 922 CO,
wE AEAge] walss Huaz EART. AT dslFae )
Asurg (g mx AstTe Zu)el gste] CO2 ABAA AADT
BCO, ¢ BCO.EHE "CO, 3994 22 BaE oy TANY =
2 CO2 AASS AHAZL Bart Ao ALFAAE o] 2T A )
7AWl C-140] Wk Tl Qom CO, 71H FE WeE 10-300
ppm AEo]T, 1L WZAR(HTGR) AAEe ALFAAE o] &A%
CO7} ol BAHT,

r{m

of

0

O

137

=
=

fie

rr

A3 A “CO. o AYrE BFEA

HCOE AAZ7 st e ZleEe] ALHINT AEH gon,



Stack

1

Kr and Xe Removal

1

CO, Removal

1

H,O Removal

1

Catalytic Reduction

1

Catalytic Oxidation

1

Todine Removal

1

Aerosol Removal

1

Dissolver Off-gas

e alaaala
NN A N N N NG AN

Fig. 8. The flow sheet of Off-gas treatment in LWR fuel
reprocessing facility.
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-~ 243 @A ol EH FF B dHeEE Ae A 2E9E
& 2 (Flurocarbon) €9 34 2 KALC &34,

- 133 9A ol BAHEHY EH FF E dHEHE A
A A&go] E(molecular sieve)ol ¥ FA,

- A3 GA ol AALAE AL FEFguEA I ITAH

Double- alkali &#,

FFol 1 32t % A% JA-nA W st} CO, & A
2AHNLF Qo I d2A CaOH): Tt Ba(OH), +5&& AHg3l
o CO, s Berrg A AASY o TR vEd; AANCE WP

wastth. 28y CO, ¥=7F ¥2 49 double-alkali 3483 Ca(OH).

St Ba(OH), 298 4% e 2ud ¥4 Agste 2o fas

e
uies
ot
(n
k-
i
=
tu
ol
-
il
oft
o
s
OH
E

‘%‘LH—’] KI Xe-"]' Coz 'é‘ ]

Aste AL 2 aFdst YFH 43FPez AgEH gon o J&



< U2 9 EdoA B AFE FH3HHAL~45].

U5 Oak Ridgest SLAAMNTE TR 58, TFE % AAES
2 FAo FA4H dewq CO; AAZE] AR, Kr-CO, EHEZH
B CO, & AAF wat Kr-8591 ¢Jste] CO, nAS; WM E] 2dH
o H7IE AH&o] ¢ EFeA "o

AgeolEd & FHg o]&3te] CO, & AAS e $4L ddde
2 HFE3 71&IH35, 46~48]. 13X ALolEr YF 71F2Z7)7F Inm
BE2A dutH o2 CO, AA ERHol, AHsA FHAE A3}
A 100 ol & AATE & 7 Ao ©Hol Kr-859 FaHL
CO, FFZHAoNA ALY nlvsA Jdeba(46], Ao CO, 9 &
A4FE AZTgolEe FH, 2%, FAAY I, FE HE &5 =W
1AW e & ol wEt A, drtdos FAFEE 05 wt¥% ol4dol
o AlgEolEY AL &g H @ 29, EEA47]A purge B ©]44e

NeET EFTHA S

5

N

2. % 432 (Metal hydroxide) 1A ¢ CO, 7| AukS-o] 213 AA
el B CO; s=7F w2 wj7]d el CO, € 7]A-2Al whg
of &8t AAL nAZE7] YaME the 71ES WHEsteof 3ot
- W& T FAZRANN HAsiojofp ol k
- €98t FFBATE CO, AAN oM HHsook 3o,
- RbZol] ozte] AdE Edol €A 9 sEA dxdge] A Ao
F71-AEe aF=2HE HEsfejok gt

- BEEE RIETt 2W WHEEY o)&E&e AN AT AAEEMW

J



%) FASELE A7) FERAFE A F oHA FES NS AHA
A2go A CO, & AASE dH 7FF FHYSA ALE3E= Ascarite(A @
Aol NaQOH7} *38

(i
o
=
r
t“‘
';11
o}
%
U‘I
&2

rlr
nR

o A=} %

7
Soda lime(NaOH-Ca(OH), €%%E) &2 baralyme(Ca(OH);-Ba(OH);
EFE)S AT HE CO, AAESL v$ =2 Aoz <¢dHA Ydb
3~55). AT MAFe) A9 Na,CO; AAHEQ L3)=7F A Hu Fxb

9 A WSEY ol§go] e wWiel stk E 7elA RE whsh go
Fa

I~

g, 2EEFY vEEAES £330 wlg Hon £ XA &3
qHo 2EEF 2 ulF FASEL & 478 EFSES FASEN g2
Al A2dA 38 ez &A1t hE&8 w95 (Coordination number)

= 13"]' 801 E]' U:}E]'H Sr(OH)z‘SHZOQ} Ba(OH)z' 8H_209’] 751'?‘ ’%‘ %C’ﬂ
o]ste] HEg-Eo] IREHE AL FAHA ¥on, dwrx o=z Sr(OH), &

52 n e BaOH). #5382 FQ8o2 47 22 + Aok

=

3 gAd 239 E Ry H|E Pilling-Bedworth(PB)H] gto 2 u] i slo]
I 8ol =83 th40,41,49]. PB ¥|7t 129 Avde AL AbA- 3 FE o
avdeE A ety 139 AE AL AAHEe tdFge] AxdE AL
Jugttt. old@ BAS Wolu: Aee mAY A>aih(synerg
effects) Sl W3 & 9

PBHI7} 2@ 44E 9 #

47 (sintering)e]l ¥old 73 $-olr}. vk

do] dojyzm WAHA N2 REEEo|
Z9do. ¥ 8% 7122 E 9, LiOHHO, Sr(OH), - 8H;0, Ba(OH),.H.0
¢} Ba(OH), - 8,07t s&iit-g-o] H™sttd® CO, A A tiste] &ax <l
Edolgtn & 4 dvh. 2glm Ba(OH), - 8H,07t Ba(OH).. H.0RY9 o
g3 Hol Ca(OH).e PB ®v]7} 1182 Jelues AL FilHdo) am w

H
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$% ABgo] Wk AYARY X HT Yok

Table 7. Solubility and decomposition properties of Group I(alkali
metal) and Group II(alkaline earth) carbonates at low COg
partial pressures

Properties Molal solubility Decomposition
Materials 25 100°C Temperature(C)
Group I carbonates
Li>CO3 0.18 0.10 1310
Na;COs 2.80 4.26 -
8.10 441 -
KuCOs3
19.48 - 740
RbZCO.'i 800 _ 610
CSzCO;;
Group II arbonates
MgCO3 0.00126" - 350
CaCOs 0.00013 0.000375 825
0.00044 1340
SrCO4 0.000075
0.000124 0.00032 1450
BaCQOj3

a : Cold water

7} vbg $4FsE(Barium hydroxide)o] & # A

ORNLo A 7gs FH o2 Ba(OH), - 8H,O0E 2AF MUzl 3
st ok whEA e osted CO, & AlATH40,41,56,571.

Ba(OH), - 8H,0(s) + CO,(g) — BaCOj(s) +9H,0(g or £) (5)
o] FAE AHEStH A2 AAgxzzedA 330 ppme CO, & AlA3 S 100
ppb7tA BEE W& & gow, ddRHoz A Y FYFEE
ppt(parts-per-trillion) &E71%x] =g& 4 ot

Ba(OH), 8t2& #3129 Axo ug Zrge] B2y 2571 &3
F3Eel ol FFE FUdel golNER 389 FuHe] wa Alxd

o

gt 2 Qak F99 ZAs £E12 23
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H71E HEA W A E2Fo] A

Table 8. Molar volume relationships among some possible carbon
dioxide adsorbents

Formula Density |{Molar Volume |Pilling-Bedworth
Substance "Weight (g/cm?) (cm*/mol) Ratio
LiOH 23.95 1.43 16.75 1.07
LiOH.H,O 41.96 151 27.79 0.64
Li,COs 73.89 2.07 35.70
it b
NaOH 40.01 2.13 18.78 1.47 1.13
106.00 251 42.25 114
Na,CO; ’
124.02 2.25 55.12
NazCOs.Hz0 58.34 2.39 24.41 L8
Mg(OH), 84.33 3.04 27.77
MgCO; 74.10 2.34 31.63 0.29
Ca(OH), 100.09 2.71 36.92
265.76 1.90 139.87 031
CaCQO; '
14763 370 39.90 0.86
Sr(OH:8H0 | 31548 2.10 144.73
SrCO;4 189.48 3.65 51.8
Ba(OH)..8H.0 197.35 4.43 44.47
Ba(OH)2.1H:0
BaCQO;

a : Na;CO:.H.O, b @ Na,COs

ORNLo| A= Ba(OH); - 8H0& AF&3te CO, =7F 48%$F 88 Vol
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% ZHAN HFEMEE 1 7~21 cm/sec) LE(22~42T), FUEE
(0~80%) 18l ¥H&Z9 Eo|7} 30~50cm&E ¥EstHA CO, AA A g
& S ATE6], 2o FPRsE HeABLo] FobRol w AA
Z7ret A FuEErt F7hetaE FASA ARew =T FUolr B9
$5 dehbd GPAT AALEH 29 B8 AV BF ¥4 v

woh F97IAe BUEETE 55609014 A 27 £AA FE

32

O

7 YEgE d I olfe IFAYL BeEEe B A4S A7) WE
oz YT F HFEAU 71FAM B BEAB FFol LAy

F3pitgol oAl Yetvdn AZAst AAA Hol vgede B EHH o

S o2 BaCO:2 AEA| WbEEol ZAX T F3bE o] AHIFE7E 7
Ada & £ Qv a2y 99 ZAAGEH(EE £ JEE X7 Fuld
A BHE AP E2E A S F AFIEEAA dEHASE %‘0.1‘411 &
=0, olzst Az HE A7 AUFEI 55~60% oY A &
A4 7IAW CO, & AAM3] FolAY 27| &HA T"r*—l’b% M A B

W ZolA UdEhtbE FE3eE 2242 F U

olael Wee FeHoz A sd, Ba(OH), - SHLOE AH43+9 CO,
AAS 71€L bench®t FLFE FEZ AFH v glow, AAZE
W ED(HEEEE 100 ppb7tA] AAAR) WSEe] o] ggo] wow
(REgo] 9% ol4) A A4 ZANN £Hol et 2 Y £E7
Aol AUEET 60%018Y A G ZA dedEZ F97]4 ]
HE2 60% o|3t2 mAstaio} ghe}.

]

Z+45 AF3}E (Calcium hydroxide) &4

+

Ontario Hydro €%l &gt 7jgd FAHS=Z Ca(OH)E TAZF
A3kl T HES-2A o) o5t CO.E A7 $eH39,58,59]
Ca(OH)y(s) +CO, (g) — CaCOs(s) +H,0(g or 2) (6)
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Ao A" MgES AA A7I7F 05~237pxmd Ca(OH), =A
SHeHA AzdAc. FERsted UE AAZE AF Z3, Ba(OH): -
8H:O0 83 FAHAl ¥ o] F& ¥§ wtyFel dold A o

gg vAe Aoz Yeud S} ¥3 AUFES} FHE5E 0ok
St sEugel oa) AMHRL #E AANCZEE CaCO, A Eo| 7
Aol Hze WweEo =BHED wgd AA FARAY, FE7} 2
A4 MSEEE ALY BAPES B o] 2A AE BAR A
Az gol Gopun T AU BAB $5E& 7lER e o 297
=% oz 4

BnEAB8]. 714 A&EE7F 33 cm/secol F o7l 8 cm, LFE
Ao £EA4E 100 min(1.7 sHEH 5% &

£ 66wt%7F ¥-&stA] &2 AdEHfen Hd AL Hwtkid =
FF 54E& AR CalOH): o &% CO, 9 AANELE 7AY & 7]
FWel ito] F xgo] ol W&o JEgE We AR HEAS
F AG[59]. =3I 5% FF FH{AEAA w¥HE FZON(LUB, Length
equivalent of Unreacted Bed)® % =eoldle F#eAT 714 {59 &
2 X8 £ A9 LUBE 71AE=7F 33 cm/secell A 13.3 cm/secE
Z7}tgo]| wEt 0.8 cmolAl 34 cmE F7bstgien, Ca(OH), ¢ ®SE
o] §&3 F ol/LUBY ATAAE 2% 9o =AU 1A Re
ulel Zro] 5% & FHHAAM ¥ ES o]&E&LE XA ZHAA F ZHo
7t bl wiek A el A2 en, Hd o] &8 8% Ath

—_—

3. Double-Alkali 374

Double-alkaliz A& F TAZ FAEHO U A GdA= CO, 7}
NaOH &8¢ B3] FE8an o &0 Ca(OH), =+ Ba(OH), &

delel PHale AF AMEE ABYL FAMe 2 wgAe vle
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Fig. 9. Ca(OH), utilization as a function of bed height to LUB(length
of unused bed) ratio for the Ca(OH), process.
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I 2o
Stepl @ CO3+H,0 — H3CO3+2NaOH —Na,CO3+ H40 (7
Step2 : Na,CO3+ Ca(OH), — 2NaOH + CaCO; 8)

SAE Y geert g 2] gFd 2 dAldA AdR CaCO; =
BaCOse= A9 2% FAdY A HA f§E SAFNAN Fd=HT A
& AAFERE M2 wtdHEgor HEYT Holladaye 7IAsE7F o
330 ppmo 2 B& AL 7|-4 EFAD vAe 714e AFo] w¢ =
g FAReT CO, 557t 1% ol4d AT F Mo Axge=z

AT HRTHE0. 71A #Fol 20~30 kg/hr(FTFE0E 812

m/hrol A& =F 35~525 cm/secoll sHFE)oln HAfFZo] 150 4L /hr,

2 bardl Z70A SARE FRZ 243 2HE EAE HF

AA EAFEE 15~1.7 M NaOHA . myt s3AoA Ca(OH). & HE

AlA AZEAE Adste v wm2A Uegen, AFHo=2 HE7
AE NEHeR] ugEo] 24azko| el AT}

CO, 7} &9 AgHolEE AQAs7] s = thermal swing3d &
23714 purge WHE EFsIA AHgste o oW LAHE CO, 719
F57F 3600 ppmAEY 2S¢ 71AE 30C2 Y43t double-alkali &3
of FUgh NaOH #AFEE 15~17 N6 wtX¥)2 & F$ AAZEL

(o7

)

% o} %Z71AU CO, $EE 15 pom oHE AAY 5 Jom(A
ATE 24001444) olwl RwEgEQ] o] &&L 62%7A 7Hssith. A&
HE NaCOs= wurzo A ##Fe]l Ca(OH), ¢ <k 1A HBEx FEF s
90%A = NaOHE AFEth mure] By F 247 5% °2r9 NaCOrg

Fote AME NaOH $4& F9BE ol gshel AABTh NaOHE
$EE 6wi%E WE7] 95t NaOH &¢ #7hsim A48 gode ¢
wr ARRaE AeBED CaCO: &9 AWEL AT ARL sl

N
r[o
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Pz 2 wifjo] AlMES A,

ZAdBHAN 2Y, A&y AAHANA CalOH), Boe © ol
3] Ba(OH), £ diAlste Zeol 98 7kA {F& FHeo] Utk Ba(OH),
= £33 x7F AA hydroxyl ©1& =71 F71sHAl 9 o84 Na,CO:%
o} whgAeol o FUstA "k E§ BaCO:e $3l=7F @3 D=7 A7)
ol BaCO; FHMEZRH AAE AA LA 27t &olstA doh

4. &ZE EFE FAEE £ E o] &3 CO, AA

=
rE
BN
2
2
®
2
O
Z
_l

r

o
2
O
)

sejelsh CO, 7t AEse] dg
Asqel date] Be AT £

gAnel~63]l. & IHY EFHE Ee FdFAME 05~30

fi
By
1P
2
[
of
o
ox
e
filo
2
o
4>
32
i

AP

zd A Ca(OH), €8]& o]&3tdq ¥ = CO, 9 AAEZES AT 2
2

3 CO, o AAZEE WG ERo 043 IVEE AU ALY B
g0l o FoE A% FAYL F AN CaCO YHEY AFSEE
Que 27 gobdel W 7% 71A féol BobAW Fastanh

CO; TE7F ¥ & 3%(0.033% < 3% COolE 4¥& Fdsde dH, &
bz AAol 273 cm(164 <& Ruoln 7|AEES Mg(OH), ¢
Ca(OH), 1 M <@g, Ba(OH), <@g 04¢ 0.75M, 1 M NaOH %%‘
B 27 HEAY BE CO, AAELS £3E An, Ca(OH), &8
(pH=125)8 A}4& 2% Bt NaOH(x”) pH=14)% Ba(OH), (pH=13.6)
g AHET BT AAEE o BT o Ao BYH AXE A

&3t Patch S0l 3% Aok 7o G vH64)

5. CO, AE FHA H7Ee HEIE
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= 57,0008 ¢ AdA=EE WAL HFE A2 e HIE

HE
)
iy
filo
»
op
o
£
o
ok
i)
L
v}
o
)
M
tlo
ki
i)
ot
£
e
£
O
iR
SN
rr
)
-

otk Zg R AEERF, utF vHEL SEst vl Rom2(25THA
0.000075 ~ 0.00013 gmol/ £) CO. < 7] AEA W HFF 2|1
FoH oz 850CT~1450Ce 2N desiact o =3
Y E wd3 EFst] A EFY. Double-alkali®t ¢Ze]l Eg% &
TAozRE TAH YHEL AHNEY TFe HF ‘%E—fﬂﬁﬂi =
.

Ca(OH). =+ Ba(OH), - 8H,0 °|&sAHo=2HE APse 1A @G

W H7|2 HIAE 29 4 Jon Z AUsHE $Fe2 dE2e o
AstE 22 drojule] Mok = ohE W O 2 bitumen EE TEAY ] B

42 A4ETe DASHEAS ALs R THA.

ARz AR ATEE AAGY AN 5H AATERAN A
A whAlA QR I oo e FAE P HE s} AYBe
s AEER FFIor @tk “CO, AABH Kr AAEAY A v

of A& S, FEF Krol(8, »#E) CO, AA 2 1338 3HE F

(&

oL,

2}stA "ot Kr-857F CO, AA T84 EZEHH FZ Uibsd s
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Gaol A7) wFEol| o]zld 71 &L Low Specific Activity(LSA) 71 &
E e 5 Ao

AMEW S CaCOs&t BaCO:ol A7) &% AF AL Wol FRFHAE
kX9 PNC2| Scheele®t Burger 97 ZA3ol <3lHH[65] A|AE of=z
o] THol WE SEE2AFL A Foo Hgted B¢ $EEET IR
oM Sxol Blste] 85%RHE ZAadtAtta 3tk &EHul CO, 7t
Sl AE BE F5H°l F2 AA 3 bicarbonateo] =] FAdol st
o &£ o AXA A FAR AEE FHE FrE 93to
bicarbonate®| 4@ #o] TIHEZ ZAZEUY TASFAFHLZA HC-A]
AE w2 AA4L F7He

ALEF AT o] GAIM Y SalxERE dAse wirlAY dFAA K
&2 14m¥/min¢| ¥, 24 7S 3208 2 AT B¢ CO, 2o AzF ¢4 F
£ 32 MT (metric ton)7Heth AlMIE o] CaCOF 0wt% Q& A$ A
AR ARMES e 137 m*¥ 30 MT7t Bt} BaCOz2l A$-+ 246
m’ I 59 MT7}F ®Bth. 9% vol. 71&F(Trevorrows 718)& 7138 A%
BaCOs9l CaCOsoll 3 F=v+ S 45m*(O8MT) 36.2m*(746MT)e] =
tl. Evans5-2& NRC x|gdeo= 1980de] o8 7t 1A 3 Wge o
AEE s om Hrir|Ee dedd, AL, 34, A &3

FEUFoIAT. SAHEW BaCOsst CaCOE 282 Yo HEst
AL 681 TUES HFE 7IFsd ey, FAUEW BaCOMNULHE

AN A Hee 8 IJNEEZM ¢ 58 ZHE Boln ATH(55]

)

o

7€

oS’l

I

rlr

L 24 F2A9) 54 R CO, B BA

& AT E COE AAste W dEAoz AMgEHE A FHAT
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ZAde A& olE(13X) € Soda lime(Ca(OH), @ NaOHel £3HE)e A
S 45 vasget. Agd AHgE ERFAA TS (F)AAE
ol A AALE AF, 13XE Aldrich el A AFd F&A|, Soda limee &
Junsei AllA AZF AES 5T A E 1A Atk 2719 A 7R
2H FRAAS GG 13Xe AP AHEE] Aol 9A sty =)
£ 8~16 mesh?l 4ATE I FHTE AHL 100 CTo IF Az
BolA dzxde F2E& AASINLeH dxd FAAT &7ld 4E3t9
B#eE e 28y Soda limed F&HAA gt E3=EBE 8~16 mesh
2 Bt dAAEstA i AAgstTh ol Al JbA FE&Ae e

A 54 % 9 AeEs

ke

oL
olr

Table 9. Physical properties of A/C, 13X and soda lime

2 =
Zad =X the) get A (El‘;/}}:)]—‘ Soda lime
kg/m® | 880 1,450 -

Particle density
Total pore volume | m7kg | 296x10°* | 460x10% | 1.30x10°

Micropore volume | m%/kg 1.14x10™ 421x10™ -
Av. pore radius (A) 17.8 11.6 246
Langmuir surface | m¥%kg | 6.45x10° 1.29x10° 2.8x10*
Micropore area m¥kg | 2.72x10° | 7.68 x10° -
Av. particle radius | ;| 77x10 | 425x10% | 7.7x10

2 AgedA 7IAZZ2GEIGDIH(GOE °l§&F CO: 584 ¢ 13
% Age] AR COr 7IAle ZEAF AN A= 1.02 volwet 985
vol% ZEZIAE AHESIAT GA 71ed8F BAA dF 3 biel o)
B Ao m3 FHLZRE FAHEE CO; =€ o 1000 ppmeo)
stolzz we FEHLANANE COz #4]0] 7tsstodof st wats & 10
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of ANF ZANA GCE ol&# ¥E BA AYS FASNAE d, B4
Ast B Aol s HA 20 ppmAA FEEA ] 7H5E A0E U
om COp =S A% BAZHL 27 109 EAE uish 2ot

Table 10. GC conditions for analyzing CO2 gas

A % e9 | Ad % AY 2d
Detector - TCD
Packed with Heyesep Q
Column -
80~100 mesh
Oven <% T 70
Detector =% T 160
He Gas Flow ml/min 20

2. AABFAA CO, AARF 47
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Fig. 12. Breakthrough curves for CO, removal by soda lime,
A/C, MS 13X at R.H.=15%(Co=4000 ppm)
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Fig. 15. Breakthrough curves of CO, removal by soda
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Table 12 Summary of experimental conditions and results for CO;

removal by activated carbon, 13X and soda lime at R.H=15%

Experimental conditions Results
Input conc. of & & A 5 5
Cov gastomm | TIER | 10 ;ﬂig) %jjl} %r:ig)
84 Soda lime 5 4.70
315 Soda lime 5 476
580 Soda lime 5 477
580 Soda lime 10 9.62
580 Soda lime 15 14.33
550 Soda lime 20 18.97
550 Soda lime 30 283
580 A/C, 13X 30 30.07~30.1
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Fig. 17. Effect of relative humidity on CO, removal by

soda lime at bed depth of 4cm and input
conc. of 580ppm
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H 4 & Kr/lXe M2l ZI=

A1A A A

Krit Xew 9x8 2349 Ay 32225 E drl2 Hede o
A Z1IA 2 o] ZIAES g eR
EHYE ZAHA &7 g FH oo & el A4 53¢ #HS
HR7E e FXel69]E AANE &7 R HAAFE AXE FS 7
252, g8 PA ZAE T3 2 @5 g3 ARET HFHo=
7] Fed HEH7] g F2 MprE 2 AR 71AE YRR 7
Al & o zEiv 10899 REIE ZEE Krl69,7012 A #4vt
o] F oA F7] wiEe] 100d o] 7|FEr A A A - #F st
oF @k WA, FAFY Kt Xedl

—

il

e
flo
g
ol
)
o
fru
ofi
ko
(o
Mo
2
fru

om, ol ZIAHAVIEESE €3ty AT YHoEH AT

e Zigolth. A ZYe JtAE SUE AgstE TR T

Brookhaven National Laboratory (BNL)[71]elAl A& A<tdE F dA:=
o= {72~78]13% ZL[79~82]& TAHLoE WAL FHo|RE FE7IX AF
3 gtk 44 T stak FEgol: go] An AAIA $57 &
vjo]x vk whALM O] ofF) EajEo] o L B4 B AA"EY

BEE 19700 o] YR Toshibal83~86]¢k ™= [87~89] A F2 AT
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97k 9n 22 BEE FHol dolux gor te
£ AHgEA go} W AN WHoE HIT AT Uyl Fx Yok
=g 2 ANE B g

A AT G gtk FRE o

Be sl DAL ASHT AT

process°ﬂ/\1 FE2He ZIAAEELS e ol4tsietigt &

Xeg 53t 2™, Pruex processoll = thr#el F7] 389 Krd Xedt
22 A 71AE SR ZIAEHEE WEstn o mEkA, A3
e FAAE AYste AR B2 T893 Aot & AFA 2184
T AggolEs ARFFEY FHdta e Foldd we ggsty 4z
o0& FXEAN JdYdE zted.

HAE 71 AAE A% FEAzE g4l ¥
oA AFHold $ou90~92] FA ABFo| Atk sl 3}
Aol Aol merz AE Ee FAS ’
7bed, HtF ez AAT FUIFHAZA ALHOETL AT 4ol
53 o

Charles® molecular sieve S5AE Ag-38te} 234 A29& 53] CO O
Kr 3425 #3839 31[93] Matsuokal[94]+= 5A9 3A¢ 2% W& Kre
A5G dsl AFstdt F3E B9 YA J1AH 9 AA Ewt oly
gt AZefolEe] MHAY FHAELS ol 8% KriEgel #3] Pence[95]E
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2zvlEadRE e g3t o AzmEaduEe BYS FIse
1A Yl 329 FAA e} 47] g FHHS RAEE o]

? Aoz FAA B /AT HFEEE Ao BE27] 9

o2 B4a7 ASTHolE 13X, 5A FF Aol E Clinoptiloltie?] &5
A3 AL ATt Qo x=F, o)L AR TYUHE Fol29
FF ol B DR ALPgolEY S-S o] &3 A} g

1. &3 o8

aAd o8 e,

9, 7|A &S (atoms)E LA¢S R

flo

VA7 mA HESA W A AR
Mg w37t dgsvd, Zad ¥
E7IAVHE ) A FEH dETi(
EFao e T g7} gk
(1 Zws F2g Exatols] A7} o]5E o] AgE ol &Alold
ol AAFAZ AFAE HAEH

(@ Bgws Yol 93 Aoz ¥4 FrAE W} G

N

2}

=1/

E{O{l

ool
8

=

als

3}8tE 2o o & silver-iodine Z3¥to] dojul= silver mordenitecl] €] g

iodine F&o] Utk EFA FFH9 F o silver mordeniteol]

Krypton® &F#oltk 2822 1A tiat +& 3L Fg AHS i
gt molecular sieve®] A%, F&H A& v & FZHAY pore
sizedl Ze A7IEA “sieving” @Il o8 FHAHJA FZo] 7FF3Y. Kr
3 Xed EZA7IAEA setAd FRAEG GEHI 2% Wt rizhgl



F2F Z1AEA vF] BALEEY AFET EE AEEZIH(48)7)
&= Z BxrL UHA €1 F
25| do| AT FHdY WaE 4G = 4H - T4Se 3 Fof

Barrer® Coughlan (1968)= ZAHEA} CO¢ H|=ZA4 24 Kre &3
Bol W# clinoptiloliteo ZRE ZA9 Yol Lol WS AAE
el tial TR AgedolEY HME AASE AHEHA oA
glebdrt AEeA AU &, ZE AP A& EE Krol o
3 ZAEetA g

FEE FHA Fao] g0z A3l Kr#t Xed &l 43S €

ATt wWFA 7IA BEH FE7 E€FE FHA A Krd X

!

2L o ZolAd. Cardiled} Bellamys = oig 4&S A&

Jm

-
n:loll
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23 70cc(NTP)/gme F&ZAFE F390H97l. 28y Underhill#
Moellere 25CEZANA F7lol g Kro] F2AASF7E Adss 5% A
% 22cc(NTP)/gm, 95%2] A-$ 72cc(NTP)/gme] < F3H5 o8l
Lean Burn A2 #7]7}A2We] NOxE AA37) 3 AlLgo]lE Zn)
of s ATt on A wir|rtzed FHstn e el g NOx &
=

Ao F5E FARUFHE TU SV/ANE Ao AN s THIOL

3. Al&eolES FA
Ageto) Ex (Si-0) 4BAS (Al-O) 4BAZL 428 FH3te 3349
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A&TgolEx A2A TF F9 SV/AIMC wet 39 A5F&o] 2A
2 e & SVAIRIZY 1~5 ¥ E Ze ASgolEs 79 Jsgo
- st 5AERA FEE FYEE Y AFRAR 249 O¥Y)
SVAIRIE Eold Ha 3] &g o] FafA I Si/AIRIZL 20 o142 A
SHOEE ERG Rl AgHo] FA L33 A4S UEd
o AlZSelEE tEd Z2A EAomE 22 379 7FE MR Y
of o] 71 T ‘A A F E2AE VT A AH B
d A7 Rez EHste AvE /Ao olF ol&steq EFTIANA
715 Wl 012 5 e AV Aoz EHstn 2HIH. f9 2

e SHER ALPlEL ol TYA, FRA, BAA, Eo), FAASS

B AgdA AlgE HAAL8o)E Clinoptiloliter® 1.91-291gm/cid 9}
2= 1.7-1.89 H|F, 35-459 HEE Zown o2 uH/FYHL
100Me/100gmin, 71§ 3271 5A%t FAFSER Si/AlY H|7F dEF 458 Z#
o 3T TS o] HAASHo|E NF FHE FHERALS
140l YelY Aok 13XE 74A9 7157 1-159 SV/AIME ZEed BAE
45A % 7133718 Zt3 Si/ALS H7F d=F 1AEEN TE ALelolES
3 ste] 3 @t ol woh
2. BAASHO|EY At - FAE - €ZFHAE

AZeolEL MA e ¢, g5 Agd we 7xHd LS $3
A71 A&l EWe EA3ts o EZE AASY] AT Aoz FARSL

2} AA717] A3 AHE|d EFHA 9

lol

e
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be 292 gigoz gaue
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o Z Wol AR HE I ATH101].

Table 14 HdA2aolES 33E F4]

Vent

hygrameter
ser{sor

st A 318t 71% 2&(%)
Silica dioxide SiO2 66.50%
Aluminum
AlO 14.70%
trioxide(Alumina) s ?
Ferric trioxide FeaOs 1.68%
Magnesium oxide MgO 1.25%
Calcium oxide CaO 1.82%
Sodium oxide Naz0 1.90%
Postassium oxide K20 3.256%
Phosphoric anhydride P20s 0.04%
Water of crystallization HaO(+) 8.04%
Massflow controlier
o B e B
locoooo
Sutged tube
o
e
%a ot
g g iy
a =¥
1 = | = g
-8 - g o §'
A 2
L —\ng Mixed bed
G.C
Fig. 20. 9AE &2 A" A



/1 8~16meshe] AAALEHIEE BE FTHRTEZ AAT ¥, 105CY
ovenoll 24A1ZbE< AEAIZG, - FAE - dZEAMEE A Ind/ ¢ 9]
NaCl, HCl, NaOHE& ZZt &3¢ % &9 503 1go] HAASHo|EE
batch process& 3| 24A11E<¢H ESolET. AMElE AIAASHOIEE
THTE AT F, 150T ovenol] 24A4ZHE<H AZAAT. AZES 50T
2 #FAHE vaccum ovenoll AZFeTt, @4 FHEIE AJdA &S| E
TAAGAE N g FAEHLES Byl 93 1LIN-HCI2 AHd dAdAee

Agdol B Zdel o8 dFnurt §&2He EAE o83ty 7139
Mstet 2548 2 g sk AF7A LEHR ALTolEY Y
FUFHH2 A9 sx9 2%, Az, 289 A”F g Wyez
g =]ol gttt Chem and Smith: Mordenite?] B¢FaE3tE 38 538TC
293 AAHFE F3 S/AL HZE 100014 e2 ES SI/Al Hldlx
mordenite FZ7} A HEE -4 TH102].

B AT E dAAESoEY 2L FuESE A e 22 4%
AHS MEste] R PstP et 94, 8~16meshe] AAASTolEW o] F
AL AANZIYE BE SHRTZ ARTF 105C 226 2442 Az
O Az¥ RAALHBIEE 50T LN HCIO 2 65T TLE0 55
M. gdFojEstd AAALTHNEE FFHRFA AATE F, 106C 22
o 24A1ZF AZAZDY. A8 E 50CE2 FAHE= vaccum ovenoll A gt

A8 AAR L} =S 1IN-HCll o8] go2rFst
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Kr3t Xes EA437] 98] TCD(Thermal Conductivity Detector)E& Zte
Shimadzu GC-14& AF&3tHth GCo Z¥ S 60~80mesh® Molecular
Sieve 5AZ &A" Ao =2 1/8in OD, 2m LengthE AM&slgth GCY
HE AMEstz] A 280Co a2elA 24A2bE AAEE sta, Kedd
Xe9l peak’} XA 3E retention timed 7t HEE o] FA A9 £
ZHo Folgt £xE HAS AT o|lFAY st FEH 2=t ¥
Avg zrghe] Zolrt |UE #ow peaksb WHEA Y23 peakel Zo] F
BRI o] 54 7hae §%3 227t RAV Zye] Folrt ZW peak’/t =

Al Yo Zo] Yol aejug Z47pe 218 HAAHS| ZH3bofort

ol
GCe olFdE AAZE o|43H AL peake HAEHA Zevh Kre Z
Hol e 2u9l ST AME retention timeo] 27| wjFo] L A|7lo

Z3A o) 7tEsitk 22y Xedt 22 A% 7 retention timel 2 ZHo 2

Calibration Technique @ E%71A¢ s MFCE %31 AAEY
TCDZ ZRAth £F7A9 sxo uwet TCDE 53 2R ¥ peak?

= Krel peak areag A3t EAISHH A3 2o] AT E2A5S

Eapate) e EQIAS EE o AFAL e AdE & ok
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757l 918 Byl &% 280CE 24A7k0l carrier gasE F3d Az
gt TCDY F ZRel 15kg/aid] AAE o|5doZ FFF thd, peak
time¥} ©& peake] FEo| o|FolAA FEF AY, FAR, HE7Y &
=& HAE3 AAQ. E HAPoAME Kres A8 93] 0T #H,
50Ce FUR, dE71€ 80CE 23U, of o, AFH HEV]9 2=+
20~50CHE Aol7F vAl AAg. GC Base lineol 443 w712 ()
ef 2~3A1%F) carrier gas® ¥ Rt MFC(Mass-Flow Controller) & %

3l Z4 71AY FHFS AN ke FEE BF3 -] EFo] o F
o272 Fe R dH. base lineo] ¥AstE Efo] A3 o|FojAH
Zy 71A19  retention timeS & &H auto-sampler® load timed}
injection timeg A3TE EAFPHojA =HF Kro peak timed 4o

load time< 3% injection timed 1¥ o2 AFFth TAZ ol dE

(o3

128e AA37] 98] TAZE F7E purgingAl 7= FA9l, by-pass
2 EFVNAE EeiRdlo] €A% FE9 peak’t £ o] HEA g
T35 20cmell d|Fete 4 FEHAY FAE WE AAZFA E2F £
AL FFTH. 1ASFE TXS EFVA= GCY ZES THF TCDE

538 A9 =A 9 peak area™ Kr9 calibration curve®E 3] 395

e

hygrometer senserd|A] o]&olzith T 79 71&71& £3 F7)9 S+
zAste] Aty Fxod #EG olf sigFvld FFHE IV gGE &
dE F3 sm2& /Y KF el 14/min7t HEE FA TR
by-passE& T3} FZF o] o|Fo|x7] Mol £7] £XF hygrometer senser
£ 33 2A%E B4 Az 78 uFFe| TFAG FAA2 FA

o},

o

F Fold $EE 2T F/E TIS AL BE $EE 57

o

_78_



Al 448 2943 2 1F

AdAALtolES] Kr ERsde umstr] 98 a3 13X, 5A9)

:‘I:
grom 4549 718¢ 2 5AU 7T5AL ZHe 13Xe KrEAEAd s
abol 7t g1,

A eaol e clinoptilolite] 71 Z271E 5A9 A&t 28y A
AMegolEx 5AE Zel Si/Ale] H7F Bom AANLE $F @
2olEste 713 WAL & o 1 2% FAGY 2LEnEE
Ae AuA e g WAz E EHEHL 8y 9% Bogh 1
Y 2204 B ulel gol, EHAY AHee] wWE Kre] FH5He) W
= 23X @uY AFAA A7" AR 2LToEdel me Faro
s Aado] Sssitin weat 28y, A AL
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8l 20%, 50%, 0% s%xd W& 24 F3A Y FI5
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a9 237 24% 20% SEolAe
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Fig. 21. Breakthrough curves of Kr on activated carbon, 5A 13X
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Kr conc. in effluent (ppm)
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Fig. 22. Breakthrough curves of Kr on
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Ratio of Humidity

Fig. 23. Breakthrough curves of water vapor on activated carbon,

1.2
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zeolite at R.H.=20%.
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1.2

Ratio of Humidity

NZ-dry
NZ-water
NaCl-NZ
De-Al-NaCI-NZ
NaCl-De-Al-NZ
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® b O« OO
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Fig. 24. Effect of surface modification of natural zeolite on
breakthrough curves of water vapor at R.H.=20%.

- 83 -



1.2

JJ
>’ ®e
B e
' 4 °
ww e
vvw °
ovvv m
OQQWV °
.
Mo > rer
* '3
* e " »
% o B
o°
A“AA .
& o
4 ﬁ_oﬂ%
‘44 $a- o
) S50, "o
MA *0 *, Pog
L 3 * e, "og
e Ao& *e
¥,
°
o o © <

Aipruny jo oney

150

A/C

4  NaOH-NZ
HCI-NZ
5A

v 13X

50%

100
Time (min)
~ 84 -

50
with various adsorbents at R.H.

Fig. 25. Comparison of breakthrough curves of water vapor
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Fig. 26. Effect of surface modification of natural zeolite on
breakthrough curves of water vapor at R.H.=50%.
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Ratio of Humidity

Fig. 27. Comparison of breakthrough curves of water vapor
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M 5 & RHE/ME XMelZls

AFFANLEST FHd Age 3T dF(semivolatile nuclides)
HEF24, 3ghikg 2 $8 71Ae 24 - &% Tl wet VA, dA, 2
Ao Fez vedo 58 HA2F7FAH NAAIE EAstE PRy,
Yits 52 A5n AEGAPEY o|AES WSS Ed, 3T 4
g2 ZRo] dojues ¢ FH, & AAEA, WA L AT 2

Z G e A2 dEA A0[103,104]. =
A ALgEF AAB ] Asy/EY TAF LS A WrIAF Fo
AFd 3L FHE/MAed THL FA ZIAAZE M el o

]
=
&

uy)
ol
ofy
to
ot
S
>
0]
-0,
o,
i

A2d FHE Agrle @

FHEY Art AAstn F2d FAZ dFHE olfe FHwol A
3d uw 22 YAVtE HAHRUO, RuOz, RuOs 59 28tEE0] ¥4 =
=, o] FollA 7 tlEAH FFEL RulOy &), &4 A dA &4
(complex salt)S 2E9o] 3I7MX] W oz = 347 2&d7] yiEoloh, =
¢ FeElE AA3E FolA RuO, RuOy, RuOs, RuOs Tol HEAS e
£, monoxide RuO?l 2% < 1,900 K (¢F 1,630T) oldellA EA8}7]
& AR E of BEF disf A & AH105].

53 2ol WA EAY W YA fJ2EE Aste] HIIAA
Paulel Belo] AeAs DHS(depositto] TAY + Atk AT oA
AH2e 2o PANATH TR @ 4P 25 WAL
9

Aol & 43g nE F ATH106] £, TALAIES] 23T
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Az, oiF Sol F4- 5287 49 AL
29N7T, FLsE RuOsE W71 2AA7E 5 874999 90
a9l

Table 15 Comparisons of Characteristics of Ru Removal Processes

Wet Trapping Dry Filtering
Processes Condenser, Physical Catalytic
Scrubber, etc. Adsorption Decomposition
- Temp. limit: about | « Trapping mat’l: | + Trapping mat’l:
60~80TC silica gel or ferric oxide or
- Tube-inside: easily| molecular sieves| mixed metal
corrosive and - Rxn.: reversible | oxide
decontaminated by | - Favored by low |+ Rxn.:
radionuclides temp. (less than| irreversible
- Major operational 1007C) - Favored by
Characteri problem: plugging |- Desorption can high temp.
—stics of the packing and| be achieved by (greater than
maintenance bed sparging 3007C)
- High efficiency | - High thermal
at low temp. stability
- High efficiency
at high temp.
FaEe FHEASEL] FE5E dAS7] dsted EFAQ] S5 2%
Tuj 2, Thermal gradient tube) ¥ &F24, 384 a2y § B2 A7t
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FP o] $o107~109]. E 1594 BEo] FHF AlAE= Condenser,
Scrubber T2 FA4E3 W 8 - 383 FAY T AHAA L
o] At 53] & dAFLdA AFHIKY FEHE EZIAZR olEotE A
&% pyrochloro 7%9 YRuwO:3 2FAEES Li029 ZF+ 1,400TC
7tA) 9] nAME dHog ¢t TIHAZ AFHETH110]

FHE AAE AT FHA(Ee THAEA ZHF & 2WL2 O3

W

2. AA, TF5(EE trapping capacity)e] #oF 3. F, A AZE ]
Zolok o, 4, L3lolA €3 A AM(thermal stability)S RX| 8ok

o
£

8dx=3(25T, 60% RH., AFAL 03x)dA dejstdo] dxHAE
AFAFTAA AHEE F AE oFF EFHHA RuOse FFHAZ LxH

Ul
(111], &l 78 37159 RuOss Ag7tRA%d 42 A4 IH

o %

2 IAEY, I 588 98% ooz Ueyt.

ol

2 FHANA gAstes FHE AEE9 ol Davison Grade 40
Silica gel& AH&3te] old dig X T& ZAstAEUI[112], olde] 23
S=E W71Ae oleH(AExANAME 80C Hoh It EE) B o

2 2R HAXRo|Y, 1 oo 2xdAMe ALAT el F7473]
Fasteg AAEHA 2= wgt Ayt gdsiA veg ¢ Ao
weta A 2(F 80C AX)Aw Agtde] ofF F& AL 713 £

Aolu, 100T oldelMes 4 dARS GAsts FHFE THAZ AE
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¥ Ru0:® & JAT 4 de A2 UEROY, I o]4de 2%
A diFEe] A LIATHIL =5 AAsEe BS 200~550To A=
°F 99.5% ©]49 ®& AALES UeY, BB AT Ao 5
st 23y X9 FHl, & FHwH A Atold FHE 3l EF T
£ 23152 A& mechanism¢] THEA Gton EDEHE o FeOzol
et 48 7SI Al Hadtte vl i

zo] HAA AL ALt stAhR ) wWiZIA 2R Y AeHE FHES Al
Astzl A& @A EFS @AAEEQ] BaCOs% Fe:03 TiOz, MnO: 59
FE&AEE e EdEC] AAHATR110] ©1E F BaCOs-FeO35 450~
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Fig. 28. Schematic diagram for desorption experiment
using fluidized bed.
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Y35, 249 399 T3 AA

FAEG

—
of

1.1 AIR FLOW
1.121 AIR FLOW CAPACITY : 0~1,733CFM
1.1.Z AIR FLOW CONTROLLER
MODEL : TTM-109-3-GN-AI
RANGE : 0~1,733CFM
INPUT : 4-20mA
CONTROL OUTPUT : 0-10V
TRANSFER OUTPUT : 4-20mA
1.1.3 AIR VELOCITY TRANSMITTER
MODEL : 640
RANGE : 0-3,000 FPM
OUTPUT : 4-20mA
114 AIR DUCT SIZE
0.857611548F T (261.49)
1.1.5 AIR VOLUME
Q= A-V = 1733CFM

1.2 FILTER AP TEST
1.2.1 FILTER AP RANGE : 0-76.2MMH20

1.22 FILTER AP INDICATOR
MODEL : TRM-006-3-Al
RANGE : 0-76.2MMH20
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INPUT : 4-20mA
TRANSFER OUTPUT : 4-20mA
1.2.3 DIFFERENTIAL PRESSURE TRANSMITTER
MODEL : 605-3
RANGE : 0-76.2MMH-:0
OUTPUT : 4-20mA

1.3 TEMP & HUMID CONTROL

1.3.1 TEMP & HUMID RANGE
TEMP : 0~100T
HUMID @ 0~100%

1.3.2 TEMP & HUMID CONTROLLER
MODEL : TTM-109-3-IN-Al
RANGE TEMP : 0~100C
RANGE HUMID : 0~100%
CONTROL INPUT TEMP : 4-20mA
CONTROL INPUT HUMID : 4-20mA
TRANSFER OUTPUT TEMP : 4-20mA
TRANSFER OUTPUT HUMID : 4-20mA

1.4 POWER, AIR, WATER
1.41 MAIN POWER
AC 220V 39 100AMPER
(380KWH, MAX LOAD)
1.42 AIR
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7TKg/Cm*G
1.4.3 WATER

252/ HR 0.3Kg/Cm’G ~3Kg/Cm’G

15 AIR HEATER
MODEL : “U” TYPE TUBE HEATER
CAPACITY : 39220V 20KWH
MAT'L : SUS TUBE + Ni-Cr WIRE
Q'TY : 12EA (220V 1,667TW)

16 STEAM BOILER
MODEL : S5-15

CAPACITY : 39 220V 15KWH 24Kg/HR

—
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314 B8 2=xzAEA e £ &3 (100T £20%)

321 FAe] MAIN SWICHE “ON"3tx, “dA4A"S} “AFA"E 24
ok o] o) b 220VE10% olulel defor stm AFE “0”
£ A A|sto o) g

322 AIR FLOWSY AHE ‘RUN'A2YXNE B3 $E/2 715AA
A §Fo] 8% w7x] WARM-UP &l

323 A {3 FAHY 2%, 5 2EE 29X E “ON"3H.

324 €%, $%7 ¢tF =W TEST FILTERE #3382 FILTERS Al

33 A A

331 25, % 29X & “OFF"st2 1087 §A 35t =

SR EIN

Bh

71

L84

v

332 10& ¥ AWHE “STOP"s:2 POWER £91X& “OFF” 3ttt
4. F9| AHg
51 ZAe 4 A2L fAst1 A7HA FPAL stojo s}
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o
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AL

2R | FACO), deu( ), _ SH¥E | BINFF AT R IA
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AAE AgX(13Xel] 23 3), AgS(2E Ao &3 2)9 AFPH3FH e
2-Azs 80 ~ 300C 2=HHAdAM videes FHAESS Hristn B4 8%
7 Bl w3tk =¥ Soda lime B A, 13Xl & CO: AALSE Hrtstn Aos
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