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Preliminary study on the effectiveness of three separation and enrichment

methods for gaseous "“C effluent
ZHANG Yanbiao, WANG Chuangao, GUO Luzhen, WU Mengmeng, PANG Hongchao, LUO Zhiping, CHEN Ling
China Institute of Atomic Energy, Beijing 102413 China

Abstract: Objective  To investigate the separation efficiency of three physical separation methods for gaseous '“C,
namely membrane separation, adsorption separation, and low-temperature separation, to screen for the optimal separation
method, and to provide a reference for the separation and enrichment of '*CO, in online monitoring of '“C. Methods  The
experimental plan was designed, and three devices were constructed for separation and purification experiments. The purity,
recovery rate, and separation time of CO, separated by the three methods were analyzed. Results ~ All the three methods
achieved the separation of CO,. Under certain conditions, 20 mL of sample gas was obtained. The separation time of mem-
brane separation method was 0.5 hour, CO, gas with a sample purity of 0.048 6%-0.048 8% VOL was obtained, and the re-
covery rate was only 2.5%—12.7%. The separation time of MOF material adsorption separation method was 24—30 hours,
CO, gas with a sample purity of 20.2%—47.5%VOL was obtained, and the recovery rate was 57.3%—63.2%. The separation
time of low-temperature separation method was 3 hours, CO, gas with a sample purity of 96.0%—99.8% VOL was obtained,
and the recovery rate was 81.5%—92.5%. Conclusion  The purity and recovery rate of CO, with low-temperature separa-
tion method were higher compared to membrane separation method and MOF material adsorption separation method. The
separation time of low-temperature separation method was moderate. The low-temperature separation method can provide a
reference for the enrichment technology of *C in the rapid measurement of gaseous "“C effluent.
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Figure 1 Schematic diagram of *C separation and sampling device for gaseous effluent
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Figure 2 CO, membrane separation device
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Figure 3 Schematic diagram of CO, dynamic adsorption/de-
sorption device
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R1 AFERERMBOELAT 7 BEIEX CO, K7 B (P=0.5 MPa)
Table 1 Efficiency of CO, separation by membrane under different concentration factors at 0.5 MPa
U 1 COL K fppm
5 BEBE /(L/min) P AR/ (L/min) PRSI

1# 2 3#
1 112 0.7 15 475 471 470
2 247 0.82 30 465 468 459
3 32 0.8 40 456 456 457
4 9.8 0.98 10 456 457 457
5 5.1 1.65 3 488 486 488

B 1 )5, A ERAIREMGECR T, TR

Hd CO, W JE Bt KA 488 ppm, A K ik < 1 CO,
FERIW i, 5> B A3 21 CO, Al FE UK.
22 BAMHyBHR AEREROQSCFKMET, LS g
NbOFFIVE-1-N kIR Hil ¥i , 7E 100 SCCM [ /& 4k
He #4741, I#E 130°C 354k 3 h, 2R 5 < H N
e, R EE7E 100 SCCM I =2l He TR 37 26 A T R4 [
2R, 4l He WY1 % 150 SCCM (1) T )&
JE 45 %5 5. (CO, & & 41 400 ppm) i3E S 18, H1 GC7860
AARTE BT O CO, WP, HYA 0 M S 3R R
2 W Bt A4 R 7 28 1T — BRI 2 CO,, NDOFFIVE-1-
N A EHE B 4R CO, U HEIE 100%, 1 F 1 7 b
2 O B AR ARG R 22 F 4 b 2 P R A ) A7 VR i
ARG, fREW e G BEAT S A AR o 72 [RIRE 25 1 R 3k
1758 RO S R, JE 22 5 IR #3 NbOFFIVE-1-
N X} CO, [ Il 5 W Fff & WL %% 2, NbOFFIVE-1-N X}
CO, 115 R P 25 & 1T IA 0.68 mmol/g.

# 2 5g NbOFFIVE-1-N #EL%F CO, [Hilfi W b =
Table 2 Critical CO, adsorption capacity of 5 g NbOFFIVE-1-N

material
F5 W CO,fAAYmL W Bt B/ (mmol/g)
1 78.76 0.68
2 73.12 0.63
3 76.03 0.66
4 68.44 0.59
5 69.52 0.60

78 %0 (25°C) 54, ¥ 5 %F i) NbOFFIVE-1-
N W% Bt A RLE 100 SCCM F 46 He fR47 2644 T ik
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i & 7 7] %1, NbOFFIVE-1-Ni # B i# 0 25 h

IR 5E 4, HE D CO, IREATI A 29 2.1 ppm, #7 E5E
AR, T A A] . APES S A B A ISR 0]
PSR R CO, W ATIL 47.5%VOL.

30 000

—=— [0 CO, HeE
25000 f

E

£20000 -
]
¥ 15000 [

10 000 |

H T co,
o L

5000 -

r

ob

6 5 1.0 1‘5 2‘0 2.5
Fsf (] /h
7 HIOCO, IREDEHA
Figure 7 Time course of CO, concentration at the outlet
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Figure 8 Test of CO, low-temperature separation and purifica-
tion device under different temperature conditions
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Table 3 Comparison of separation efficiency of three separation methods for enriching 20 mL sample at 25 °C

SYE g iaihey T4 B )/ FER A (%) e (%)
o3 5 18.0 SLPM 0.5 0.0486~-0.0488VOL 25~127
MR 4 ik 18.0 SLPM 24~30 20.2~47.5VOL 57.3~63.2
G 7 B9 18.0 SLPM 3 96.0~99.8VOL 81.5~92.5
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