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Abstract: Radioactive Xe isotopes are located at the heavy mass peaks of the fission mass distribution
curves of 2°U and #*Pu, with the characteristics of high fission yields and moderate half-life times, which
have important application value in environmental radiation monitoring, international nuclear arms control
and other nuclear event monitoring. The accuracy and reliability of nuclear data of radioactive Xe isotopes
are valuable for its application, but there is often interference of radioactive Kr isotopes when measuring
radioactive Xe isotopes. At present, cryogenic distillation is the main method for separating inert gas Xe

and Kr in industry; however it is expensive and requires complex engineering control, which is not suitable
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for the preparation of nuclear data measuring gas sources. The adsorption separation method has been
widely used in the separation and purification of various gas mixtures because of its maturity and low
energy consumption. In order to prepare high activity Xe source for the measurement, the separation of low
concentration Xe and Kr on CF-1450 activated carbon at room temperature and atmospheric pressure was
studied. The pore structure characterized by N, adsorption-desorption isotherm at =196 ‘C shows that the
BET specific surface area of CF-1450 activated carbon is 1680 m?%g and the dominant pore size
distribution is smaller than 2 nm. The capacity of CF-1450 activated carbon for separating Xe and Kr was
evaluated by static adsorption and dynamic adsorption-desorption methods. The Xe and Kr henry
coefficients of CF-1450 activated carbon at 25 C are 0.21 mmol/(g-kPa) and 0.02 mmol/(g-kPa),
respectively. The henry selectivity factor of Xe/Kr on CF-1450 activated carbon is 10.5, which is in
agreement with the IAST selectivity(10.6, y(Xe) : (Kr)=50 : 50) under the same conditions. The zero-
point isosteric heats of Xe and Kr on CF-1450 activated carbon are 35.7 kJ/mol and 13.9 kJ/mol,
respectively. Based on the dynamic separation capacity of low concentration Xe and Kr on CF-1450

activated carbon, an attractive procedure was proposed and showed good performance for preparing high

a6k

activity Xe source. The recovery of Xe is 79% and the decontamination factor of Kr is 195.
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tional theory, NLDFT) 115545 % .

13 BEZENREITE

o e A 5 v 0 B RS A5 R i FE 0 °C
125 °C R Xe(Kr) W 45 i 2, B i 0 3 i 76
200 'C EAS Ak 12 he

2 ) ZR BT LA SR S A 1 B 70 R B 22 1)
FVE JTT B BE 251 % 25 °C Y Xe(Kr) W i 45 3 28 1%
JEF 43 (Xe 58 3 BBl oA 0~ 10 kPa, Kr 38 75 FEl 4
0~20kPa, T [A]) {5 A 4 =X (1) Fir s A9 XAV 45 Langmuir
W B 25 L 2% 7 R EA T LA
Skt gkt

o g, Xe(Kr) A9 & 2 B &, mmol/g; g,,, Hl

s

G N IS 5B 10 0 R 25 W% B i, mmol/g; &, 1
ky 9 3E M ZR L, 1/kPa; p 2 Xe(Kr) (1[5 58, kPa.
4 Xe(Kr) i 38 # T 0 kPa I, 15 %) CF-1450 1
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h = G ki + qm ko (2)
A h o Xe(Kr) 19 7 F] & %1, mmol/(g-kPa).

Xe Ml Kr & Fl| %049 o AE B A Xe/Kr = H]
Bk, BT (D) BLE S8, 16 A R
B B35 (TAST) 29, f 28 (3) 7158 CF-1450 {i ¥ 7% 1)
Xe/Kr IAST W 35 £ 1 .

S:Ch/f]z (3)
i/y2

Ao SO Xe/Kr W fif e #5145 g, F g, 23 51 %) R
W A5 1 Xe F Kr W E i, mmol/g; y, Fl y, 43
B Xe FI Kr 7EIR & AR Y BE IR 43800 A TAE
Xe/Kr IAST W% B 356 B P 7€ p(Xe) = p(Kr)=50 : 50 1
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Ab, 7E 075, 1.41 nm F1 1.77 nm &b 77 76 w258 B Y
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Fig. 1 N, adsorption-desorption isotherms(a), pore size distribution and pore volume(b) for CF-1450 activated carbon
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Table 1 Pore structure parameters of porous materials
R TR L LR A BILE WALFLES T LR
B " o T 2% 3k
Sper/(m*+g™) Sicro/ (Mg Vi(em®-g™") Viniero (g ") d,/nm
TP 5 CF-1450 1680 12289 0.690" 0.593" 1.85 A TAE
WtERZZ12-16 1169 9582 0.493% 0.376% [21]
TG PERBI30 881 0.440% 2.26 [22]
Wesy Fii601 1055 0.466Y 2.14 [22]
A TDX-01 845 0.442% 2.09 [12]
53 FIfINK-1 285 2257 0.282? 0.112? 4,01 [23]
FILXY-1 504 4302 0.287% 0.200% 2.28 [23]
F: 1) SRAINLDFT;
2) R t-ploti%;
3) RAR
4) & Horvath-Kawazoei:
—a- Xe, 0 C - )
6 () o Ke 0 C LT (1) 0351 (o)
~ 5t +Xe,25°c“_____,.-r""" s ‘/,,- 030
* -¥ Kr,25 C [T -
2 at > e [ o 2 025
g A g [ g2 020
E 37 £ [ £ I
= = 041 < 015
mg 2 M e [ 1 g 0107 J
= 1 SevrTW = 02| n 25 CHHH I m 25 CSE
= L B | e B005 e
0t 0.0 f 0.00 |
0 20 40 60 80 100 0 2 4 6 8 10 0 4 8 12 16 20
JE5#/kPa JE5#/kPa JE5/kPa
(b)——¢m=0.123 18 mmol/g, k;=0.818 98/kPa, ¢,,,=3.05097 mmol/g, k,=0.036 96/kPa, 1*=0.999 67;

(¢)——,n=0.006 86 mmol/g, k,=0.16994/kPa, ¢,,,=3.101 11 mmol/g, k,=0.006 09/kPa, 1°=0.999 99

B2 CF-1450 7 P 5¢ 19 Xe #1 Kr B TRZR (a) | KR X A9 Xe(b) F Kr(c) BV 5 Langmuir W B 45 R 28 400 &
Fig. 2 Sorption isotherms(a) of Xe and Kr, fitted isotherms of Xe(b) and Kr(c) of single component adsorption isotherms

for CF-1450 activated carbon at 25 ‘C and low pressure by dual site Langmuir equation

A 1 ) Xe W BB A Xe/Kr W2 e #82E, g1 1 ]
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Kr 7§31 112 42 (0.36 nm) B 5 Sy 33 30T, i L)
CF-1450 76 P J5e G A e B2 1) Xe LA 488 i 1O 0 25 %
W i F7 HLELA %5 5 Y Xe/Kr #0250 ff e vk .
XU i Langmuir W% fff 45 iR 4R 45 & X (3) 15 T
25 °C., y(Xe) : y(Kr)=50 : 50 F1 5%~ 0.1 kPa I Y
Xe/Kr TAST W Fff ¥E B %, 1H3 45 s F &I 3. W
& 3 W] 4401, % T B9 Xe/Kr TAST W i 7 £ 14 1 {8
910.6, 5445 5 Xe/Kr 5 F e FEE— 2

K FH 4k H 7 B2 X CF-1450 1% #E5¢ 0 °C 125 C
T Xe(Ke) {0 W BB #E 17306, 25 ROR T &1 4.
B BLE T S B A K (S)E 1T 545 3 Xe Ml Kr
1) S5 R BB, TR EE SRR TR S, RS ml A
CF-1450 T PE A0 Xe F 2 1 55 B B 35.7 kd/mol,
5 BT HE o 09 B B K Xe FF A A fE W B ARy

12
11
Bl H-E-E-N--E--E-0-E-0-E-E-E-E-E-E-E-E-E
s
#)
= 10 |
=
[_4
n
= 9
8 L
0.00 0.02 0.04 0.06 0.08 0.10
JEi#/kPa
(Xe) : y(Kr)=50 : 50
3 25°C B CF-1450 i M 5 AR & X
B Xe/Kr TAST W B i 5 1
Fig. 3 IAST Xe/Kr selectivity for CF-1450 activated

carbon at 25 ‘C and low pressure

4 JB A VLA 441 B T (Co squarate, 43.6 kJ/mol) 21,
AN, CF-1450 1% P 5 % Xe Fl Kr (Y% ph 25 5 0% B
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Fig. 4 Fitted isotherms of Xe (a) and Kr (b) by Virial equation for CF-1450 activated carbon at low pressure
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Xe, ®—Kr

5 CF-1450 15 P 5 R MW B2 T A Xe T Kr 25 22k TR B 44
Fig. 5 Isosteric heats of adsorption for Xe and Kr

at low uptakes in CF-1450 activated carbon

HAH 2% 21.8 kJ/mol, X WAL IE T CF-1450 T M Jie X
R B Xe T Kr ELA 55 85 19 Xe/Kr w45 W B B
2.3 ENAIERAE CF-1450 iE MR 5 BRK E Xe A Kr
2.3.1 CF-1450 {if 1 i 2l 25 W B 53 85 Ik B2 Xe F11
Kr 7852 bR AE M ARIE Xe SARRE S B 81K,
Y Xe W27 15 W BIHRE I (c/ey S 0.02) 4 452 1 ik A 1
B o BTLL, JF R T 7R Xe 535 4548 T CF-1450 1% 14
W B 25 W B 43 B AR TR Xe M K BBFSE . 93 b,
3 Ao 2 R I B 3 S R 9 5 X Xe Bl Kr B A4S
W i o3 B PERE S . T 6 SN R IR E R T AN [R] i
FEBE I 3 3 T 19 Xe F Kr 75 CF-1450 15 P 5% 1 F
FEE R EEgE 2k, ol LAE S R RE BRI T Xe
F 35 I (8] 34 0K T Kr 835 15 6], BT LA CF-1450 37 4
7 0] W) A W B 43 B Xe-Kr YR A S Y Xe 1 K,
Kifi & 1t FE BE 9 3 M 15 mL/min 34 /il & 50 mL/min

1.0 F
0.8

0.6 k=

cley

04} |

02 F i

0.0

0 10 20 30 40 50 60
I [6]/(min-g ™)

H—Prf?ﬂ] H: m, o—15mL/min; A, A—25 mL/min;

. ®—35mL/min; 0. e—50 mL/min

S0 HUHE 5 R Xe, 250 B S50 Kr
Bl 6 IR R AR EE Xe Al Kr £ CF-1450 i M %
W B AT b 0 2 35 1t 2%
Fig. 6 Breakthrough curves of CF-1450 activated carbon column
under Xe-Kr mixture gas at 25 C and 100 kPa

B, Xe 1 %% 3% B B 4K Kk 14.84, 1013, 7.81 min/g
F15.83 min/g, AH N AY Kr 2385 B 18] 3 4K YRk /) o
T3 A, o af 4 Bl A TR IR I A A 1S K AR A
BE B 32 PR A 24 R I Ao o 4 K B, 4 [ B
[F] P9 25 4 B 2 SR 4 E A IX 3805 CF-1450
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Fig. 7 Dynamic adsorption capacity of Xe and Kr, and Xe/Kr
dynamic adsorption selectivity for Xe penetration at dif-

ferent sampling flow rates
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Fig. 9 Desorption curves for Xe(a) and Kr(b) at different purge flow rates



238 Al o7 5 U Ao #46%:
2 Xe Al Kr BB il £ 10 2 5
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