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Introduction [1] NIMA 501 (2003) 418-462

Motivation
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>EBICEOREASXe, RIBERMEERTEEN BB, [2,3]|BEL I PHEET

> REEEH DFEM: RnIREFRI(A)[3]%2ES SKDAENEM B D #ofE
> K= [m3/kg]l (FR:ERHRE, RTRSEM, m-B8)

m

3 m [kg] RT[day] K [m3/ke]
QM 3
Ag-7ZSM-5 [3] 8.85 X 10 10.69 3500 SKORIREER &

Ag-ETS-10 [3] 16.3 X 10-3 19.16 3400 SEWE DA ERE L 7=
W T R [4] 1.65 1.9 6.47 //////
PRRG LR [4] 26.9 10.16 4.96
GHEEN R (SK) [5,6] 18.8 16.5 379
>FITHR TIERNEEDN S WK (~kBg/m3) TEER L TUL 7=,

> BEETEEIRIE (~1mBq/m3) TH H VL RNBERE N HHER TZE NILSK, HKT
BEFFA % ERATES ~—

AR THEDIHI- L
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- BRELEZADFEH(PO fitting) & & 5T, RNBELLLDISRTEK%ERD B,

3AgFER, 20g, 3.0SLM, -90°C

1 177 k=4 | I | T : T I 1 T | T I TR | T T T T T T 1T T L}
mE "E 1 ‘ RniG B RSt 18 0 15 5 107 ; ﬂ% ;e BAGFER 20g, G1 Air 1 atm, 5.0 SLM, 110 kv, With 78.3 Bq Rn sodrce " | 10° o
~ 7 : - o> c = L E s
o2 g - , / —10° E Mé S PO fitting - &
Qé E - - . Sl M@ v (day: 8~18) | - g
i £ 10 \ — Jwr S8 T | Kk-26x100 E10° 2
T : = ) o = I - - Q
Q i b O L : =l —
EE F L/ £ _ S s e
« ' PO TGP = e iweinad . O £ | = o

& ' = - | -
- | T | RuBEEE [ et a2
100 S e —=10% - 1072 —10° &
3 ' R equilbrium =71 =0.0016 = | 3 8
E / ; ——— K:adsorption coefficient = ° = ' I 3 °
10 L o expected RT curve —=10 ¢ B { Rn concentration : i g

= o i i = 19
C R n ) 7] \* K — ~4 ; s 1
1 L &%1?‘?&( ,) G1 A|r1 atm, 3.0 SLM, -1.0 kV, with 78.3 Bq Rn source 1 10 = : Expasipdinn Concentratlbn : : 5 10
- = - Rn adsorptlon coefﬂment‘ l PT - 1 2 .
— B 1 [ | | | [ ‘ I R B [ _I -1 B -
10 ! 10 -5 11 L | | I | I ¥ 1 11 | E 4 |  ECH O Il 1 11 l N | |
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fER(m=0.020 kg, 3.0 SLM) Gl RT[day] K [m®/ke]
9 ‘ T 171 I 1T T | T T [ LI | 17T T [ T 171 | | a 3AgFER 2.65 i 0.02 573 i 4
§1 01 ............................. ] 046;“' (_7000)
s H 0 L & - 11.97 + 0.06 2563 + 14
= T 1 X
§ : o - } 3;\gFER 20§3.0SLM-7£JC° : g - 30.12 £ 0.37 6506 = 81
- = }  3AgFER 20g 3.0SLM -90C° =2
R AOF A ] srERezsswns 1 910° - 21.38 + 0.16 4618 + 35
.|Lp( E }{  8AgFER-D 20g 3.0SLM -90C . o
][ -/ expected Rn ratio i c
‘c L g — - — - Rn adsorption coefficient (K) [m’/kg] | ...9..
S ] B PERRRE-CEESLE
RIS 8 |(T0CTERES, BECHE)
SRR YN | ©  |>BASFER-BABRHLEWVER%ERLT
B ] i S RRMEAB VRN & Y EVREHES D
I o 1 >-BEIFHINAR LS
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80.3L
Rn detector

Ailr

Compressor
Refrigerator,

SE1E EMEE [

|

EIRHE (m=0.02 kg, 3.0SLM)

RT[day] K [m3/kg]

- 30.12 + 0.37 6506 + 81

R—F7:9h @1.9%102 Pa
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Ay

fm o (m = 0.020 kg, 3.0 SLM)

Baking
degrees[°C]

1-pass

RIEX & BEXDRNRELLZH > T

RnfR %3 % 71l

Baking
time[h]

21

i
I

i

second test @-90C°
third test @-92C°

I IIHHﬂ IIHHW IIIHW I

fourth test @-92C°

degree of
vacuum[Pa]

1.2Xx104
1.4 X104
4.3%X1073
4.9% 1075

Dew point[°C]

-78
-90
-92
-92

Rn removal
rate(Max)

3.14 X 1072
1.30 X 107!
9.52 X 107
1.66 X 107!
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orcl,

b,

{EEREER
adoR

ak RT[day]

3AgFER(-70°C) 2.65 = 0.02
11.97 £ 0.06
30.12 + 0.37
21.38 = 0.16

1-passitsi

K [m3/kg] I LLl Baking

573 + 4 degrees[°C]
200

2563 + 14
200

6506 + 81 300

4618 * 35 200
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>EEICEHES> ERRE-I0CCEENHE
>8AgFER-BARDLBRWERERLT

>SKDSELEMR (K=379) m12{ZL Lk

Baking
timelh]

21
25
114
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degree of
vacuum[Pa]

1.2x10¢
1.4%x10¢
4.3%x1075
4.9%x1075

Dew point[°C]

-78
-90
-92
-92

Rn removal
rate(Max)

3.14 X 1072
1.30 X 107!
9.52 X 10
1.66 X 1071

>+4> % BakingiRE (300°C) & BFRIA W E
>3[E] B 5%

> BEER AR 132 H

SANDOERBEEZTIF3(-90°CTIZITRRE)
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- SKDKEE 27 EEBDOBIANRNBFREER 2 MG £ l e
« REBBARNEEFZERVPRALEBEVES ICEADEL g "B -
o BIREMRBmM3) + AEEER(B0L, -40°C) 5 ?OM | :
- & 4 -

- JRE: 18m3/h JELE o ) il
+ BAIRE: -65°C e i
' f 5; same sx Output sir i :

-g ';: i — :

£ 4B A

<1mBg/m3®RnEEER 5 SER E

J= i e bt e g 1
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place Input air Output air Dome air Mine tunnel Mine tunnel
Warm season Cold season
RniEfE 0.08 + 0.07 28.8 = 0.07 30 - 50 2000 - 3000 100 - 300
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r i (2

. TERE: 54 Nm3/h = 1296 ij’/dfw/
- BEXURE:-7T0°C > -90°ChE SRERT B L

- X8 RniEE: 50Bq/m?3
ESMORNEE: S0Ba/m” > BAURE-90°CITIET 3 TR (ETH)
* BRSNSRnRE: ~1mBg/m > BARE-70°CTORNEEERE(O)
. M\Eﬁﬁhﬂ-ﬂaﬁﬁ > '7//\Z'C@Rnlz?fﬁﬁb:ﬂ“m(l_ﬁqﬂ)
. 277 =13 RT = In(R) - = = 59.68 day > =mE(0.3~0.7MPa) TORnBREEAE

> REFZ DELEF se1 (O
. R 7 = 3.8235 [day], RISEML: AT [day] | 2 o3 21 b OBERMARERE )

‘E’H et

- WELEXF A PDE
m [kg] =t =59.68 =2

- K=6500 m3/kg(8AgFER B) > m=11.899--- = #J12 kg

1/3scale® 4kg-18Nm3/h THERFE
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73‘%}34(0:')11 \'f [8]Applied Radiation and Isotopes 125 (2017) 185-187

RAEHEDimEKTF %

> [0 B R 3 - — 3 3 — [ - This work
>EERICHEITE R n BRERMITEE ICIERERICKTET S = 20f T Gub;;(r1955)
- Sk S S . Luetzelschwab (1994)
CEDHLNTWLWDS E “ g?k?)v:kic(é%%‘lz ))
FR-RT € 150 | : amman
> K = Koexp (555) [m*/ke] (=55) . Xl
> K,: the nature of frequency factor [m3/kg], g 1o ' I :( .
> Q : the adsorption heat [J/mol] ‘c;x 7 A oK
> R : the molar gas constant 8.314 [J/mol/K] g r N
> T : the temperature of activated charcoal [K] 0' = B

200 220 240 260 280 300 320 340 360 380

Table 1 -48°C is nearly 25 times higher than 23°C

Experiment measurement of adsorption coefficient at different temperatures.

Temperature Temperature Mass of charcoal Flow rate Breakthrotigh-time Adsorption coefficient
° K g L/min min L/g

23 181.0 8.3 150 6.9 £ 1.7
12 104 = 1.6
-2 90.4 18.0 95 189 + 3.4
—-18 14.6 28.0 27 518 +9.8
-33 15.0 325 47 102 + 12
—44 5.1 46.0 17 153 + 25
—-48 4.2 45.0 16 171 + 33
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Zeoliteb:’)b ‘f [7] https://doi.org/10.15083/0002006618
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4 > <—@‘ftﬁ#(00}/1?>(CH4)
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wn <t ™
g tlalel2|8|2|2 N\, B () 3.5
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\\ K (Ho) 8 @
\ % (Hz0)
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P K-ZETORER [alBAER

=SARERE 715 LRI

,;Em’ '§G1 §|r1 atm 72.‘0 .kV,\CF:Z.(?fienta.live),.\:Nith 7?.3 Bq Rn source 4.5 day = 108 hour
':E-ﬂll5 é‘”‘* . d Initial (by-pass PVC1) 0.200 L/min)
= X : £ Adaorpiion by PVEA with 160 Linin . s .
=] 1]\ | — . : : S .
iy = e ] I e ST S e S S, e s — s
g T SR 80.3 [L] / 1.6 [L/min] = 50 min.
= * & Pltl}'liiij:ll: ((V;.ggzc ifo%m)«we [mBa/m3] 0'836 h
102+ & Fored : Adsorption: (4.552+/- 0.018)e+03 [mBg/m3]
E + + ) Red.uctinn po\n}r.er: 233. +-1 - . §
0 Yooy e | SRR BHZ SR DAET D
e ]l T T Jf FEFEEERS ~4.5H at 1.60 L/min e P
1 ! | (SR HTLIZASTHBHTLHETDHRRE) l:tJ (=
I I I I bt T I 1 I I T
5

o 1sElapsed d;y(oinznzzfn7/31 0:002)5 0.836 / (108 + 0.836) --- ®i£
107 FG1 Air1 'fl?m, -2.0 kv, CF,=2ID(‘.erlta“.‘fE)“ with 7?.3 Bq .Hn source = 7.6 8 X 1 O _3 = 1 / 1 3 O

Adsorption by PVC1 with 0.250 Limin

FRIREPZDIITIE>TNSDE
e g3 %, WieEmid, 1/233

|HHH‘ \IHIIH‘ T T \H&

Rn concentration [mBg/m"]

102% 5 > 0&0&%’)111 ‘6
i

I i ORi(startZX=9.012F5 L) 05 RiEd 725

6 8 10 12 14 16 18 20 Ny
ua Jun 18 17:23:36 2024 Elapsed day (0 = 2022/07/31 0:00) l‘ /{%E
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0i09 MPa

e 1@ B AST.5 2. 0.1 BT
i G RIS T Y Bl

(CF,, 0.4 SLM, A-25(10g, -95C))

(82.8%).
{82

T e

)i e L

Rn concentration [mBg/m’]

-
o
L

10* e

19.6 = 0.7 Bym' (97.9%)

ey b 2t o e )

3.5

2025/3/7

a5 5.5 6 6.5
Elapsed day (0 = 2020/07/26 0:00)

) 0 25
tlapsed day (0 = 2020/07/26 0:00)

1 the Rn adsorption efficiency exper-
ng results during the bvpass and off
ns for methods (1) and (2) are shown
(1 and (&3 are the values of the fitting
Le experimental conditions are shown
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717 LR KRG
3.5/3 day = 28 hour

btk 0.4 L/min

7 R B s i ks iR -

80 [L]/ 0.4 [L/min] = 200 min.
=3.33 h

FRUBHRHI IR DHHES D
HE:

3.33 / (28 + 3.33) -—— D=
=0.106 = 1/9.4

FRARENZDOHITIZS> TS E
T 5L, W,

157 / 916 = 0.171 = 1/5.8
~ 157 / 1031 = 0.152 = 1/6.6

> 1FIEHH>TNS
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