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Performance of Zeolite Scavenge Column in Xe Monitoring System

WANG Qian, WANG Hong-xia, LI Wei, BIAN Zhi-shang
Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621900, China

Abstract: In order to improve the performance of zeolite scavenge column, its ability of
removal of humidity and carbon dioxide was studied by both static and dynamic approaches.
The experimental results show that various factors, including the column length and diame-
ter, the mass of zeolite, the content of water in air, the temperature rise during adsorption,
and the activation effectiveness all effect the performance of zeolite column in scavenging
humanity and carbon dioxide. Based on these results and previous experience, an optimized
design of the zeolite column is made for use in xenon monitoring system.
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Table 1 Column used in the dynamic experiment
No. $/mm L/mm V/mL m(4A M. S) /g

1 28 X1 225 120 80

2 39X1 225 240 160

3 54 X1 225 480 310

4 54 X1 450 955 630

5 13X1 225 21 14

1.2.3 K EDISWH M 413 mm X1 mm,
K L=225 mm WA T3 A 14 g 4A M. S, Rk
FH 10202 795 i ik J5 % s 4 0l 4 il R 24 2 250,
450,900 mL/min"F 5 B It 5 21 25 0 B S5 5

Schematic diagram of setup for dynamic experiment
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Table 2 Experiment results of static adsorption
TAK B4 CO;, H 3 (Total
Q(H,0)/ Q(CO2)/
m(4A M. S)/g (Amount of H,0)/ volume of CO;)/ 7(CO, )/ %
(mge+g D) (mL g™
mg ml

2.1 0 12. 9 0 6.0 98
55 12.0 26 4.7 86
125 9.3 59 2.6 64
250 13.1 113V 1.2 23
4.4 0 21.8 0 4.9 99
55 20.9 13 4.7 99
125 20.9 29 4.1 88
250 20. 7 55 3.7 81

TE(Note) : 1) W BFF-#F 20 min P €8 35 (06 I 21 A o A 7K 08 5 20

min J& A K/ TR IR . A S g 7 A I R P AR

) 3] S AH K 6 (Water peak is detected within 20 min by GC and become less than the detection limit afterwords. No water peak is de-

tected in other experiments)

—0 n
0 20 40 60 80 100 120 140 160 180
t/min

B2 CO, 25 W B 5k 15 W82 R A ] 2% £l ol 22 1

7.
o 6f * "~
o
.5t
-
ERl
=3
8 5 //0——0_‘
o ././'/.*'_.

0 50 100 150 200 250

t/ min
Fig. 2

Dependence of static adsorption amount upon time

€@ —JG/K (Without water) ,m(4A M. S) =4. 39 g; O——J/K (Without water) ,m(4A M. S)=2.13 g;

A m(H;0) =250 mg,m(4A M.S)=4.39 g;
O
O m(H,O0)=55mg,m(4A M. S)=4.39 g; \

(2) #7575 4AAM.S L8R 1.5 L 55
(20 °C, KA IE 70%) 1 H, O 5@ 1 W B &
B b B CO, W B 25 B R 40 F 90%; B 58
4A M. SH] g & W FE LB 6 L 2520 C, KA
B 700 H iy H, O, BE A, CO, W BE 25 B R K
R 2T B

(3) 4A M. S W [ff 7K &8 K F 100 mg/g K,
H, O 1) 0 B39 B2 B 1 e o o 6 0 B 25 BR /K 29 5
20 min ) I ;

(4) TEMBEBR K g IRl i, CO, By £ BRF 5 41
T AR 5% o 7O B R, CO, 1 1 AR
A S A7 B ) K 7 A B ) P B e 4A ML S &
Bk CO, MRCEA T NI

m(H,O) =250 mg,m(4A M. S)=2.13 g;

m(H,O) =125 mg,m(4A M. S)=4.39 g; @ — m(H,0) =125 mg.m(4A M. S)=2.13 g;

m(H;O0) =55 mg,m(4A M. S)=2.13¢g
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Table 3 Experiment results of wiping of CO, at high flow condition

B - )
RHEHE ‘
(Breakthrough m(4A M. S)/ Q./ pP(H0)/ Q(H, OV / 101 (CO2) /
(Sampling rate) / 7(CO) /%
volume) / g (Leg™ b kPa (mge+g b (L«L1H
(L min ")
(Leg™
0. 35~0. 45 80 6.2 20. 3 1. 80 82 4. 54 19.1
30. 6 1. 54 71 4.50 24.3
35.2 1. 97 89 4.53 14.0
160 5.9 20.7 1. 90 82 4. 83 21.1
31. 2 1. 87 80 4.58 23.4
36. 1 1. 87 80 4.58 18.0
310 5.7 20. 3 1. 90 80 4. 83 27.8
31.0 1.43 60 4. 50 36. 3
39. 8 1. 36 56 4.72 16.5

1 (Note) : 1) CO» 3% F 1 F1 W% B 75 & 15 1) 1% 7K £ ( Amount of adsorbed water when adsorption of CO, is saturated)

4 WA GEEAFERAR ST CO, £ L

Table 4 Comparison of CO, removal efficiency at same {lux, different humidities and column diameters

R B 78 # (Sampling rate) / mldA M. $)/g o(H, 00 /kPa 101 (CO,) / KCODD /%
(L + min™1) (L«L™YH
20 80 1. 80 4. 54 19. 1
160 1. 90 4.83 21.1
310 1.90 4. 83 27.8
630 2.17 5.03 34.7
30 80 1. 54 4. 50 24.3
160 1.87 4.58 23.4
310 1. 43 4.50 36.3
630 2.16 5. 39 32. 6
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Fig. 3 Breakthrough curves of CO, from 4A M. S column under different flow rates
(a): 80 g 4A M. S; @—20. 3 L/min,ll—30. 6 L/min, A—35. 2 L/min
(b): 160 g 4A M. S; ¢—20. 7 L/min.l—31. 2 L/min, A—36. 7 L/min
HoAtls JUAN AR (4 28 15 il 42 258l (Breakthrough curves for other columns are similar)
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Fig. 4 Breakthrough curves of CO, at 20. 3 L./min,
different humidities and column diameters
@ —80g4A M. S, 5(CO;)=19.1%;
O—160 g 4A M. S, 5(COz)=21.1%;
A — 310 g 1A M. S, 4(CO,)=27.8Y%;
BM—630g 4A M. S, 5(CO,)=34.7%
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Table 5 CO, removal percentage at low flux condition
A FERE R T 10 (COz) /
_ FiB R =5 (Rising . 1
R AR " (L+L™H
(Breakthrough Q./ p(H20)/ Q(H, OV / temperature V(C()Z)/
(Sampling rate)/
volume) / (Leg kPa (mg+g 1) of pole e (i %
(mL ¢ min~ 1) A e 1A
(L+g™H surface) / I (Peak
°C (Background)
value)
900 0.7 4.2 2.50 75 11. 8 5.39 5.82 26.9
450 1.4 4.9 2.96 101 20.5 4. 40 6. 81 9.4
250 2.8 5.6 2. 84 115 13.2 3.91 9. 95 13.9

¥ (Note) : 1) COq 15 4 F1 0% BfF 25 12 15 19 W% 7K 5 ( Amount of adsorbed water when adsorption of CO; is saturated)
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MK AR E p(H, 0)=>>0. 6 kPa B} ,4A M. S 7E 150 °C
9 2 B K B 24 3946 ~5 %6 s FE/NTF 300 °C il T
B A/NT 1% B K

ORI & 25 S HLO Ry B A% R I & ok
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Fig. 5 Breakthrough curves of CO; at low flux
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Fig. 6 Dependence of column temperature
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on sampling volume
N &R (Inside temperature) ,
6B O o R TEBEAE 1T 3~4 em AR EAA T O
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SRR BE (Outside temperature) , i & I 45 5 35 75 4% S 2 4k
(The outside temperature is taken at a point
on the outside surface of zeolite column) ;

& —80g4AMS,H—160g 4A M. S

6 I TIRMOK IR T A
Table 6 Elevation in temperature caused

by adsorption of water in zeolite columnt’}

RH/ % W T+ (Rising RH/% i F+ (Rising
temperature) /°C temperature) /°C
10 50 50 122
20 68 60 137
30 86 70 144
40 104 80 149
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Fig. 7 Breakthrough curves of CO,
from 630 g and 310 g columns
630 g 40 L/min: 7£ 300 ‘C &AM PE(<1 L/min)
W1k 4 h, FEAE 300 CHhias TG 4L 4 h(630 g 40 L/min:
activated for 4 h at 300 °C while purged with N,
at flow rate below 1 L./min, then activated again
for 4 h at 300 °C under vacuum) ;

630 g 20. 5 L/min.: 7€ 200 ‘C A WYL (<1 L/min)
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activated for 2 h at 200 °C while purged with N,
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