Appl. Chem. Eng., Vol. 33, No. 5, October 2022, 488-495
https://doi.org/10.14478/ace.2022.1092 Arti

cle

JiA E5 U HATHR SMEQ EAEXINC HE Y S8

ety §&steta ety ity AR REdATA
(20221 9€ 79 A<, 2022 99 269 A, 2022 92 27U A )

Adsorption and Separation Processes

* ok T

Seo Gyeong Jeong®, Seongmin Ha* and Young-Seak Lee

**Institute of Carbon Fusion Technology, Chungnam National University, Daejeon 34134, Republic of Korea
(Received September 7, 2022; Revised September 26, 2022; Accepted September 27, 2022)

74 Basl BARAATE FEe wolgeh #A 7] 3S 74
R R L ECE wpo] b2 EA) 9 Felo] AgE I Ak BaEAA)
e AZe 27] 9 EeAel whek 295, olel @ BaRAAlY vH 7] F Aol flete] WS o
A% BT F 9t BV EY0] 9e A 5 ek o] A PF AW AR AA A% A /15 2
2 Aolshzu] A 5 glon), 1 A% Wk theksly) Wl olel tiak A3} Aok ueby, £ S0
b BH 0 RO BHRAS GARAAE AL Astel ol A BYE 33, HEIEA
ERAY B g% 71T Ao} IEES FHOE dFuA B

2askae) 95 9 RelE A% o

Abstract
Activated carbon (AC) and carbon molecular sieve (CMS) have attracted attention as porous materials for recovery and sepa-
ration of greenhouse gases. The carbon molecular sieve having uniform pores is used for collecting and separating gases be-
cause it may selectively adsorb a specific gas. The size and uniformity of pores determine the performance of the CMS,
and chemical vapor deposition (CVD) is widely used to coat the surface with a predetermined thickness in order to control
the CMS's micropores. This CVD method can be used to control the size of pores in CMS manufacturing, but it must be
optimized because of its various experimental variables. Therefore, in order to produce AC and CMS for gas adsorption and
separation, this review focuses on various activation processes and pore control technologies by CVD and surface treatment.
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Figure 1. Schematic diagram of pressure swing adsorption system[47].
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Figure 2. Schematic diagram of gas separation and adsorption of CMS.
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Table 1. Comparison of Adsorbents Used in PSA Process
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Figure 3. Schematic diagram of physical activation and chemical
activation.
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Surface area (mz/g) Surface diameter (A)

CMS 0.9~1.1 0.55~0.65
AC 0.6~1.0 0.35~0.6
Zeolite 0.9~1.3 0.6~0.75

0.5 100~500 4~7
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Figure 4. Schematic diagram of thermal CVD.
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Table 2. Comparison of Deposition Conditions and Surface Properties of CMS
Pore control material Deposition condition V. (cm’/g) Analysis content (Increased) Separation coefficient Ref.
benzene 727 °C, 60 min - - 2.2 (CO,/CHy) [43]
methane 850 °C, 30 min 0.608 CO, adsorption - [43]
toluene 800 °C, 2~60 min - CH, adsorption - [44]
benzene 800 °C, 2 min - CO; adsorption, CO,/CH, adsorption ratio - [44]
benzene 700 °C, 150 min - CO, adsorption, CO,/CH, selectivity CO,/CH,4 Selectivity 919.6 [30]
benzene 800 °C, 10 min - CO,/CHs, O2/N; Kinetic selectivity Cgiﬁ?4Kﬁz?éiCseslii?\t/ii\t]}irtyl 12 6 [27]
methane 800 °C, 30 min 0.4607 Total pore volume - [46]
methane 800 °C, 70 min 0.2815 - CO,/H; selectivity [31]
methane 800 °C, 70 min 0.1186 CO,/CH,4 selectivity CO,/CH,4 selectivity 20.8 [31]
methane 800 °C, 70 min 0.00885 CO,/CH,4 selectivity - [31]
methane 800 °C, 70min 0.00043 CO,/CH,4 selectivity - [31]
benzene 800 °C, 20 min - - 0.92(CO,/CHy) [32]
benzene 800 °C. 30 min 0412 Micropore volume, CO,/CH, Kinetic selectivity 16 3]

CO,/CH, adsorption ratio

0,/N; Kinetic selectivity 7.06

Appl. Chem. Eng., Vol. 33, No. 5, 2022



492

Table 3. Surface Characteristics of CMS according to CVD Deposition Temperature and Amount of CsHs Injection

. ) 3 Uptake value (cm3/g) at 60 s Seo
Sample Sger (m/g) Vi (cm’/g)
0, N, CO, CH,4 0y/N, CO,/CH4
A250 1104 0.4067 12.43 11.74 29.8 9.11 1.06 3.27
C600 932 0.381 11.42 5.1 27.13 4.07 2.24 6.66
C700 847 0.394 11.42 2.46 24.03 2.04 4.52 11.8
C800 704 0.412 9.17 1.3 20.52 1.28 7.06 16
C900 621 0.294 3.82 1.13 11.69 1.01 3.39 11.55
C800/10 752 0.408 10.32 1.62 22.73 1.51 6.37 15.03
C800/20 734 0.41 9.75 1.44 21.32 1.38 6.77 15.42
C800/30 704 0.412 9.17 1.3 20.52 1.28 7.06 16
C800/40 681 0.412 8.84 1.26 19.36 1.21 7.02 16
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Table 4. Gas Adsorption and Separation Capacity of Element-doped CMS
Analysis content
Method Element Ref.
Increase Decrease
Impregnation Ni H, adsorption BET SSA [38]
Impregnation Ca CO,, CH4, N, O, gas adsorption, CO,/CHy4 uptake ratio CO,/N, uptake ratio [39]
Impregnation Mg CO,, CH4, N;, O, gas adsorption, CO,/CH,4 uptake ratio COo/N, uptake ratio [39]
Impregnation Cu CO,, CH4, N3, O, gas adsorption, CO,/CH4, CO/N, uptake ratio - [39]
Impregnation Co CO,, CH4, N;, O, gas adsorption, CO,/CHy4 uptake ratio COo/N, uptake ratio [39]
Impregnation Ni CO,, CH4, N, O, gas adsorption, CO,/CH,4 uptake ratio COy/N, uptake ratio [39]
Plasma CH, CH., N, gas adsorption, BET SSA Pore volume [41]
Plasma N2 CH., N, gas adsorption, BET SSA Pore volume [41]
Oxyfluorination F,, O, CO, adsorption - [40]
Sgek 2, vkl e, R, UAL £33 98] 1% 5.4 B
o% wHEo] oprt £ FHA H, WEE 7 WAL B2ATA
2 sk sedEAe ekl INE £ F Rt 85| LAVLAR A AT Y 2 BARAR FHLa 9l
AT A BT AAE AT T daE EAT Sad A} 7he gekst LAVEAE Belska T 3l A EE &2
AL Co, F&FH] F7IeIl o, FLES =33 F 6021t 315t AR dAEAA 9] el tigt deAde] Frketa Qlvk e '
715 as AEE g B A9 COy/CHy F&M]= 400 014, 04N, 2B Q) AZ TR W) theksle] Az 39 o] olg Y
o FAE 02 7P 2 FHE AR A7) 95 W ek waRAAE A8 Aol
M. Hemmat 5[40]& B5obi ol Fet2 X8 Egsto] A TN, CVD 5 WS AHg el 7139 718 Aels] 1%
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FHge pasiglot Favol SR 2g7150] FH A 9w wefalor & Aol Tl
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