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Fig.1 Schematic diagram of principle of the combined process
of vacuum and temperature swing adsorption (VTSA)
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Fig.2 Experimental set-up for CO, capture by the combined VTSA process
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Fig.4 Typical breakthrough curve and temperature curves from the packed bed with 13X-APG zeolite for CO, capture
from the modeling flue gas of 15% CO, and 85% N, with 2.212 L/min flow rate at 30 °C, and 133x10° Pa
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Fig.5 CO, concentration in effluent stream and flow rate of

product gas during both adsorption and desorption
steps when capturing CO, from the modeling flue

gas in a packed bed with 13X-APG zeolite
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Table I Operation conditions for CO, capture from the flue gas by
conventional VSA, TSA and combined VTSA processes
Parameter VSA process TSA process VTSA process
Feed flowrate of CO, (L/min) 0.332
Feed flowrate of N, (L/min) 1.88
Adsorption pressure (x10° Pa) 133
Adsorption temperature (C) 30
Adsorption time Reaching to 30% of the adsorbate concentration in the feed
Desorption temperature ('C) - 150 90 110 130 150
Desorption pressure (x10° Pa) 101 3
Purge flowrate of N, (L/min) 0.15
Purge time (s) 120
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Fig.6 Typical pressure, temperature and CO, effluent concentration in VSA, TSA and VTSA processes to capture CO, from the
flue gas (Desorption conditions are 3x10° Pa, 30 ‘C in VSA, 101x10° Pa, 150 °C in TSA, and 3x10° Pa, 150 C in VTSA)
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Fig.7 Comparison of CO, recovery rate (7jr co,), CO purity (7pco,)
in product gas, 77g .45, and CO, productivity per cycle (QOco,)

among VSA, TSA, and combined VTSA processes with
different desorption conditions (VSA: 3%x10° Pa, 30°C;
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Fig.8 Comparison of CO, recovery rate in each
desorption step among VSA, TSA and
combined VTSA processes for CO, capture
from the flue gas in a packed bed with
13X-APG zeolite (Desorption conditions
were the same as Fig.7)
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Table 2 Comparison between experimental results done of this work and that reported in literatures
for CO, capture of post-combustion by VSA, TSA and VTSA processes

Adsorption—desorption,  Adsorption—desorption,  Recovery rate Purity of CO,

Process Adsorbent veo, (%, @) b (x 10° Pa) T(C of COy (%) %)
VSA!"! (One bed three steps) 13X 12 118/4 30 60.4 72
VSA!"! (One bed three steps) 13X 112 118/3 30 78.5 69
VSA!' (Three beds six steps) 13X 8~15 130/5~6 40 60~80 82~83
VSAU'Y (Three beds nine steps) 13X 8~15 130/5~6 40 60~70 90~95
VSA!"” (Three beds six steps)  Activated carbon 13 200/10 30 55 99
TSA"! (Indirect heating) 13X 10 101 15/110 56 Near 100
VSA (This work) 13X-APG 15 133/3 30 81.3 743
TSA (This work) 13X-APG 15 133/101 30/150 712 90.3
VTSA (This work) 13X-APG 15 133/3 30/90 97.2 91.9
VTSA (This work) 13X-APG 15 133/3 30/150 99.0 90.5
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(3) K FH AR TR B 120, W AR PR A 5 4 150
C, 5EASAR R T 2L, IR 7R P2 R ] 4
CO, [, 77 A o™ i CO, 4R, 1
R LA T 2K

OHIAWI T 2%, HAES RN 3x10° Pa,
A NGB ELE 90~150 CHulH, WP 2L HIE 97%,
CO, [MICZIh 98%, 1= fhHt CO, it M 1.8 mol/kg, CO,
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Capture of CO; from Flue Gases by a Combined Process of Vacuum and
Temperature Swing Adsorption Using 13X-APG Zeolite

LIANG Hui, LIU Zhen, WANG Lu, LIPing, YU Jian-guo

(State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: The combined process of vacuum and temperature swing adsorption (VTSA) was developed to capture CO, from the flue
gases using 13X-APG zeolite, in which a five-step cyclic adsorption—desorption procedure was involved. The regeneration efficiency of
adsorbents, the recovery rate of CO, from the flue gas, CO, purity in product gas and productivity of product gas were measured for CO,
capture from the flue gas at ambient pressure and room temperature. The experimental results were compared with those obtained by
both conventional vacuum swing adsorption (VSA) process and temperature swing adsorption (TSA) process. In the VTSA process, the
adsorbents could be regenerated better at the milder vacuum pressure (3x10° Pa) with the heating help (110~150 °C), an excellent capture
efficiency could be reached, with 97% regeneration efficiency of adsorbents, 98% of CO, recovery rate, 90% of CO, purity in product
gas, and 1.8 mol/kg of productivity of CO, in product gas, where the productivity double the result captured by the VSA process.

Key words: CO, capture; CO, mitigation; vacuum swing adsorption; temperature swing adsorption; combined vacuum and temperature

swing adsorption



