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Abstract: In order to screen the materials for quick separation of Kr and Xe, the dynamic
adsorption and desorption capability of different carbon molecular sieves (CMS) for Kr and
Xe were studied, and the influence of pressure, gas flow, temperature and other factors on
the dynamic adsorption coefficient and desorption of Kr and Xe were discussed. The results
show that the adsorption capacity of Aladdin TDX-01 to Xe is the greatest, followed by
Guangfu TDX-01. At low temperature, the dynamic adsorption coefficient of Aladdin
TDX-01 to Kr is greater than that of Guangfu TDX-01. The adsorption capacity of Aladdin
TDX-01 carbon molecular sieve for Xe and Kr increases with the increase of pressure, but
decreases with the increase of carrier gas flow rate, and the dynamic adsorption coefficient
decreases with the increase of temperature; the desorption time of Kr and Xe is shortened

with the increase of flow rate of nitrogen and temperature. The dynamic penetration adsorp-
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tion coefficient of Xe on Aladdin TDX-01 carbon molecular sieve is 1 283 ml./g at 25 °C and
100 kPa, while that for Kr is 474 mL/g at —50 ‘C and 100 kPa.
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Fig. 1 Schematic diagram of dynamic adsorption experimental setup



5 BRALAE S B O L R AR 3l A B A B B A fE

399

R A R A 1 DB A S 9RO R 8 o
A B T 8 T 1 1R 4 FF ] B JH D 90 S W
BAF S ) 5 B 3 ~4 min Fl GC-MS 2 G A6 0 %
R AR Y Xe (Ko B

LR o W o 3 I 1 < A P L )
T K Xe 0 AW A 0 A A I i 44 22 B it
T R 30 min. PE AR 3 44 e Al AR
i S AUFT RIS I 2 B 4, AT A AR
R s BE BT 18] 5B 1~2 min ] GC-MS &
GEAG IR B PR UG AR K Xe 19K

7
1 R AR 2 IR . 3 AT,
4—4% 1, 5 W ML . 6 i A% Al

7——GC-MS it R 55, 8—H LA
P2 J R 52 5 o 2 1A
Fig.2 Schematic diagram

of desorption experimental setup

1.3 ZWAHE

13,1 WA POl pRAE SR A4l 7 2 3 B
(SEMD | FL 43 7 AR sk 43 0 19 T 350 1 L 485
F AT RAE

1.3.2 WERHAE Al & R WA EE 2 0K 3 Rk
A3 F 0 B T #6. 35 mm X 150 mm [ U B4
rh R S AT A B B L B 43T 0 A e L P
W 19 ity 1 o A B . A N P R
JBCE 30 min, KA IR R I, WS
FTH A k228 A N, L 76 200 °C Hroin #4935 b
6 h, R J5 S AT AR L 15 A P HE 5 R 300 PaiF 56
PR D o A JFE P 7 0l v TR N B 1k S A
FE I W B 58 B T Ah B

1.3.3 Kr.Xe WMHS5 ik 7E— % R E.
FES Wi . 2 R Gl s 2 4R BB & O.
CO, H,O J5.Kr.Xe 8 2| T 91 5 & 4 R 5 <IE
#EA U T B A, K A Xe W BE T 4 9 320 8 9
W fi4E , GC-MS £ 3~4 min M — X # 0 Kr.Xe
WP . AR R 2 ) Kr 5 Xe 1) 20 25 W% J
HEE

1.3.4  Kr.Xe BEF 9250 J7 2 50 B 52 56 i 56 #
W AT A — R A5 TS R BT 35 3 4 R, Xe 119 2 B A
7E 100 kPa.100 mL/min.25 C F K[} 40 min ik
F4f A1 Kr W B A F 100 kPa, 40 mL/min,
—65 C N WBE 40 min 3k 2400 AT, R W B £ Y
W B A 7 0 A o A FE — o B9 IR E R T i
&7 N T N, 4, GC-MS 4 1~2 min JI| — ¥
H Kr.Xe ¥ B AR 45 00 1 55040, 25 Kr 50 Xe 19
JI5E B it £k
1.3.5 Kr. Xe#EMITHE Z3% Kr5 Xely
N O E R B B0 B o 1014 X100
8. 6> 10 M) gz e B SR Kr 5 Xe 1y
e I FE a5 GC-MS iy I 45 11 0 1ag FRBC 8 0 17
HaE.AXWmT.

C(Xe) = 8.6 X10°%A(Xe) /A, (Xe) (D)

C(Kr) =1.14 X 10 *A(Kr) /A, (Kr) (2)
Hrp:C(Xe) \C(Kr) , ¥ i 1 Xe Kr (¥, mol/
mol; A(Xe) A (Kr), GC-MS Jll & ¥ i 7 Xe.Kr
I T FH 5 A, (Xe) LA, (Kr) , GC-MS il £ 25 5, h
Xe Kr iy mfL .
1.3.6 Kr.XeghSWMHREMIHHHE H& &
WS (Co) W B 5T 1) AR A — 5 A% 10T 3 3 Wi B
AR 00 2 2 6 A R o O 1 ) A R Y vk
JEh C. L Bh C/Co Xf i [R] R 18, B AT A5 3] 322 W ff
X 52 B I 1) 20 25 W B 2 i 4. i A R
SR W B A 0S4 v R T £ e I B ] 14 78
KFR. HC/Co 4335 TF 550,50 %0 F 95 Vo i
JNF P W B6E s () Ay 25 375 B (] 25 2 37 B[R] R R0
RhF ESF (] JT %F 107 ) 2l 285 W BEE 2R KR 0 il Oy B 2 2 i
UV IR S R QY R eI BN i LS
FABC BRARFE UL A TTAE oh B i 2l 25 R &R
B R 2 2 2R E W R TR AR

K, = Ft,./m (3)

A Ko S 3E W R % mL/g; 803 Ot
BHEO W mL/ min (BR#0) 5 ¢, 5 ZF 335 B [H] , min;
s TR B SR Y L g

2 #R5R

2.1 WHMFANFERRMILEHRIE

KA T W8 (SEMD X 3 R ik 2 1
i (R T8 5 64T A L IR 8 &= AL X 2okt
(EDX) X i 43 1 0 09 20 g ok 47 43 B &5 s F
B 3— 5. RAESE R W& TS T
R MRS FLAFIFLAR 25 -5 T35 1.



400 WAL 5 TR AL H434%:
0.084¢
(b) TEE w/% ANHE
C 100.0 0.0
0.06
0.04+4
0.02A
O-OO'JMM' T T T T 1
0 5 10 15 20 25 30 35 40
E/keV
K 3 Aladdin TDX-01 §4rF 5% SEM &% () J EDX 3£ & (b)
Fig. 3 SEM image(a) and EDX element analysis(b) of Aladdin TDX-01 CMS
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Table 1 Pore structure parameters of CMSs
Tk 3 F i Sper/(m? < g7 b Stangmuir/ (m? « g7 1) fLZ&/(mL « g~ 1) XL A2 /nm
Aladdin TDX-01 845. 3 1226.7 0. 442 2.09
Y& TDX-01 843. 6 1 265.6 0. 467 2.21
Y& TDX-02 796. 1 1 308.2 0.465 2.33
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Fig. 6 Breakthrough curves of Xe on three CMSs
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Fig. 12 Effect of N, flow rate on desorption time of Xe
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Fig. 13 Effect of N, flow rate on desorption time of Kr
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Fig. 14 Relationship between

desorption time and N, flow rate
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Fig. 16 Effect of temperature on desorption of Kr

(2) 6 W% B TR R D AR AR 82 A S it 1 38 K
RS W B 1 KL K, Xe 78 Aladdin TDX-01
e ¥ b P9 VR B R 0 15 5 B R EE B v T
FH N i et 38 s S8 B T 95 B 0 32 7 B A1

(3) JFURH I 1 T 2h 25 2 385 WL 2R B0 52 )
ANK s LB ) T L Bl A R WM R EOE TR
. Aladdin TDX-01 4> F i 7E 25 °C .100 kPa
FAF X Xe BB ST BEW M R 1 283 mL/g.
£ —50 C.100 kPa Z& M4 F X Kr 9 3 & % 5 W%
MR %CHh 474 mL/g,

SEHK:

[1] Yusa H, Kikuchi M, Tsuchiya H, et al. Application
of cryogenic distillation to krypton-85 recovery[ J].
Nucl Eng Des, 1977, 41(3); 437-441,

(2]

[3]

(4]

[6]

[7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Waite T H, Greene M R. Operation of the decon-
tamination facility at the Idaho Chemical Processing
Plant[J]. Trans Am Nucl Soc, 1991, 23(12). 76-77.
Stein L. Removal of xenon and radon {rom contami-
nated atmospheres with dioxygenyl hexafluoroanti-
monate, O,SbFs[J]. Nature, 1973, 243 (5401):
30-32.

Thallapally P K, Feng X, Zong Z, et al. Kr/Xe
separation over a chabazite zeolite membrane[ J]. J
Am Chem Soc, 2016, 138(31): 9791-9794.

Nitta W, Sanada T, Isogai K, et al. Atmospheric
¥ Kr and ' Xe activity concentrations at locations
across Japan following the Fukushima Dai-ichi Nu-
clear Power Plant accident[J]. J Nucl Sci Technol,
2014, 51(5) . 712-719.

TRFNG, A RO, A i B i O T A% R I A
ARIMIL ALt « 6B Toll th ikt . 2006 : 131-133.
Hazazi K, Ma X, Wang Y, et al. Ultra-selective
carbon molecular sieve membranes for natural gas
separations based on a carbon-rich intrinsically
microporous polyimide precursor[J]. J Membr Sci,
2019, 585: 1-9.

IR ISR B AR LAl [M. AL 50 52 8% ol AR
#£,2006:52-54.

St R, B WE, E H . T PR R Ke, Xe
gL, @ 4 B dram iR, 1990, 6 : 33-36.

Kwon Y H, Kiang C, Benjamin E, et al. Krypton-
xenon separation properties of SAPO-34 zeolite ma-
terials and membranes[J]. AIChE J, 2017, 63:
761-769.

iR S o) B N Al I R /3 i N RS D A
FIBTFEHE )], Z R T, 2015,41(1) : 9-11.
BT Wk 43— 08 0 o LR SR A AR LD 0. L
KA CHAABHERRD . 2001,22(2) - 80-82.

W& . £ Lk W o B CO, Rt LT
K E .2018(3) :17-20.

Kerry F G. Industrial gas handbook: gas separation
and purification| M]. CRC Press, 2007 334-335.
XUTHRE 284 1 X5 L 55 00 AL 22 AL A RHE A M A
Xe/Kr 43 g ey i L], M4 HS 4, 2017(19) :54-62.
Thallapally P K, Grate ] W, Motkuri R K. Facile
xenon capture and release at room temperature using
a metal-organic framework: a comparison with acti-
vated charcoal[J]. Chem Commun, 2012, 48(3).
347-349.

RO L A % BR L R SR TR T M R R B 4y T
O b Y Sl AR B PE RELT DL A% Ak 2 5 U A 2% L 2010,
32(10):274-279.





