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Purification of CH, from CH,/CO, Mixture Using Carbon-based Adsorbents
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Abstract: The removal of CO, from a CO,/CH, mixture using commercial carbon-based adsorbents was
researched at ambient temperature (259C) under low pressure (0.2 MPa). The performance in
separating CO, from its mixture with CH, using carbon-based adsorbents was compared with 13X
molecular sieve. The results indicated carbon molecular sieve could separate the mixture well but its
selectivity was lower than 13X molecular sieve. However, carbon molecular sieve could be well
regenerated, which was much better than 13X molecular sieve. These results suggested that carbon-based

molecular sieve might be more suitable than zeolites for CO, removal from biogas in a pressure swing

adsorption cycle.
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Fig.1 Schematic diagram of adsorption setup
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Fig.2  Breakthrough curve of CH, and CO, passing

carbon molecular sieve
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CH, F1 CO, 7€ B3 mg {71 L= i) 27 3% Bsf 1] 41
F2 ATLLAE AR [ CH, 5 CO, W%k
FERER N FE TR AR SR 2 AR Al e B 40 B 4%
WA MR F % 2 AR B8R 2 B AR
A AR TG, (R IR B AN AN 13X 43 F i
2.3 WHFIBEMHRIGE R R B E RS
2.3.1 1ER R EAEMR

Kl 4a Ji&: CH, 7ERRS T A1 13X 401 L A9 i
BRFZE, o LU H CH, 763X 2 Fhi B350 #5851t
B, 76 A 0Pk 1.5 min 2 5 #B AT LA 5¢ 45, CH,
FERR 53T 0 58 B 10 B AR B4 B0 T 13X 4 F

&2 CH, 71 CO, 7E & WM _EHY ZF FE R (8]
Tab.2 Breakthrough times of CH, and CO,

passing each adsorbent

CH, 2575 I )/ min CO, 275 I )/ min

g G R A T R AR T S A R m N
5% 5.95% 5% =95%
e/ 2.0 2.7 3.3 10.5
T ¥ Vi 1.5 4.1 7.9 20.0
13X 43 Fiifi 1.5 4.1 20.0 34.0

i, IRk 2> 70Xt CH, AW K T 13X 21
i, &l 4b J2& CO, FEMmRST T 13X 40 b (4 i
B2k, AT LI 1 €O, 78 2 W BRI b 5 B 1] 48
KT CH, AR, B 2 R FI%F COo, A BiAE
FH#R L CH, 3ARZ X2 ixX 2 A B 5] a8 A 2505
2 CH,#1 CO, W H, J34h,CO, TE 2 Fip 5 |
R R 18 A U AR AR o BT, R B s [ A e R 25 5
AR AT 22 3: 25 min PPYE W IR H O B 2%
A CO, Kl , M 13X 43 F i 83 25 min #PPERT, £
AT 2. 9% 2247, 64 36 min W% KR H
CO, Krth K AR ECR 1. 5% 247, Ui CO, 1E
13X 430 58 B B e - 0 FR) e 8% R 750 ) -8
AR 23 1R T A T

o«
<

7
£ 6 — BT e 8 - Oy I
=25 — 13X4) [fi = 6 —~ 3XB
&4 N
3 = 4
=) =

=2
1
] 5 10 15 20 25 0 5 10 15 20 25 30 35 40
I I}/ min HJ 8]/ min
(a)
K4 IR £k
Fig.4 Desorption curves
(a) CH, (b) CO,
2.3.2  fHEEERE

B 5 Rf o il 2ead 3 WA A9 1% o, mT
DL sy 0 ES 1 W (o FH 210565 3 W fdi H, CH,
F1CO, MY ZE I B # B A W b A A8 4k, R Bl s
AT IR 53 1 W B 3% P 50 4 P AR BIRE
1 100% , 1 2 i T il B as 2, Co, 7E 13X 4
i EARATC L SE A, AR LA 70% A4,
VBB 730 0 FAE ML T 13X 3+, o+
VR IR B 3R P AE AR RE /N T 13X 0 F

/0y o (R U LAY RS YD Sk (11 N= R 7 0 /355 1<
FRAPERROC T 13X 4310, B P 13X 43 F i 5
CO, W53 a4 77 LeAie 73— 0o i L 5 0 b
5 RKZHSr T2 0] FOZTE s B i co, 5
13X 4rF i bR 7 &A= B B DL AR, iR A D CO,



%55 3]

Mg 45 BRIFENZ 4R 4L CH,/CO,IRAS P CH, IBFFT

157

5 13X 73T s on sl B SRS i A R AL ss
MRS o DA IR BRI R B L B A
A AR BN, T A A 2 WS R I W RS 70 ) P2 AR
5y, DRIt DA R ) P A P 4 £ 3 2% 1 e o b R
I 590 B T B 2 s I B v AT U IR R,
I, NI R X CH, T CO, 1% 43 85 1k 5 Jy Tl =%
JE, T RIBR S T AN A 13X 43R, BIFAE SR Ak
310 LA R W B P T L 3 e 4 ol o T 200k

5 CO, WIS, 1XJ7 R A fr it — D RR
3 #ig

(1) Bhas 7> Bl 4 2R R W, £k 73 1 0 L
CH, 5 CO, {RATREM L Ur b7 5, UL IR 3+ 0
A BN 1R A B W RR R, (HUBR 53 5 X CH,
55 CO, HYMLFEREPEAN N 13X 43, U6 W VE it
et FH B 73107 A i 2 T 2055 ZN s AF 5, B s e
IrFRiR CH, 5 CO, R EFEIE i 2 R i

PR R, BGHE T T RERF L L T4 CH,

R,
::‘%ﬁfggﬁ%% (2) WA IR B e W] R S AR T, i
g —— 3y HFCH 4 %7 3 £k Ve v AN TR >
e R USRI T e
o —— 1K " 25 2k
g10n ——WHoAE) | COL B2 ) YA 1 SLAY 43 AN Y Il
5o SRS e mo o e FEb RS RE TRE
> AR PRI, 332 DR RS 750 o A P Jo DR R 7 A i
0 5 1|() 1I5 zlo 2I5 5 Co, %%E"J’f@ﬁﬁﬁ’]‘?(%ﬁ%%ﬁﬁ%o MIX T
M 18]/ min E y ﬁ N E‘ i s % " RE Eﬁ” | E‘
s RASALERA T L 5E I I B 2 i Fﬁfﬁu AR Eﬁ;'J !
AR e VA= a
Fig.5 Breakthrough curves of CH, and CO, passing LG ’EL A 22 I BT e PV 0 W A
arb lecular si Al
carbon molecular sieve
s % X w
1 Alonso-Vicario A, José R Ochoa-Gémez, Gil-Rio S, et al. Purification and upgrading of biogas by pressure swing adsorption on

10

synthetic and natural zeolites[ J]. Microporous and Mesoporous Materials,2010,134(1 ~3) ;100 ~ 107.

Simone Cavenati, Carlos A Grande, Alirio E Rodrigues. Separation of CH,/C0O,/N, mixtures by layered pressure swing adsorption
for upgrade of natural gas[J]. Chemical Engineering Science,2006,61(12) :3 893 ~3 906.

Marco Tagliabue, David Farrusseng, Susana Valencia, et al. Natural gas treating by selective adsorption: material science and
chemical engineering interplay[ J]. Chemical Engineering Journal ,2009,155(3) :553 ~566.

Tania Montanari, Guido Busca. On the mechanism of adsorption and separation of CO, on LTA zeolites: an IR investigation[ J].
Vibrational Spectroscopy, 2008, 46(1) .45 ~51.

Kot aie , 22309 I, CH,/CO, AT CH, MAR R B3R A5 [ )] . Al WA 2= ,2013,44(3) . 119 ~ 123.
Yang Haiyan, Li Wenzhe, Zhang Hongqiong. Purification of CH, from CH,/CO, mixture by pressure swing adsorption[ ] ].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(3) ;119 ~123. (in Chinese)

Donni Adinata, Wan Mohd Ashri Wan Daud, Mohd Kheireddine Aroua. Production of carbon molecular sieves from palm shell
based activated carbon by pore sizes modification with benzene for methane selective separation[ J]. Fuel Processing Technology,
2007, 88(6) :599 ~605.

Moreira R F P M, José H J, Rodrigues A E. Modification of pore size in activated carbon by polymer deposition and its effects on
molecular sieve selectivity[ J]. Carbon, 2001, 39(15) : 2269 ~2 276.

Abdul Rahman Mohamed, Maedeh Mohammadi,
lignocellulosic biomass: a review[ J]. Renewable and Sustainable Energy Reviews, 2010, 14(6): 1591 ~1 599.

Ghasem Najafpour Darzi. Preparation of carbon molecular sieve from
Mekala Bikshapathi, Ashish Sharma, Ashutosh Sharma, et al. Preparation of carbon molecular sieves from carbon micro and
nanofibers for sequestration of CO, original research article[ J]. Chemical Engineering Research and Design, 2011, 89 (9) .
1737 ~1746.
Seho Cho, Hye-Ryeon Yu, Ki-Dong Kim, et al.
oxyfluorinated carbon molecular sieves[ J]. Chemical Engineering Journal, 2012, 211 ~212(15) :89 ~96.

Surface characteristics and carbon dioxide capture characteristics of



