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Preparation of coconut shell-based carbon molecular sieves for air separation by

pressure swing adsorption
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ABSTRACT A novel process for preparation of a carbon molecular sieve ( CMS) was proposed. With coconut shell char as a carbon
precursor and phenol formaldehyde resin ( PF) as a binder the process consists of a series of stages i.e. forming carbonization
activation with steam and two-step chemical vapor deposition with benzene as a carbon source. The CMS has been used as an adsor—
bent in pressure swing adsorption ( PSA) of air for N, production. The evaluation method of CMS based on PSA was developed by in—
troducing a couple of analysis items including the amount of the effluent desorption gas in PSA and the O, concentration in it. In this
way the development of the effective volume and size of the micropores of CMS during the preparation stages could be followed and
controlled on purpose. The coconut shell-based CMS prepared by this method has a superior compressive strength and a comparable
PSA performance to those commercial CMSs.
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~ Table 1 Proximate and ultimate analyses of the coconut shells
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Fig.1 Process diagram for CMS preparation
1.7 mm 10 °C *min ™' 500 C 0. 6 MPa 0. 1MPa
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; GE—MG
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( 10 pm 95% )
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Table 2 Circulation mode of PSA
132
1.5 mm 1 ~4 mm
~ ~ A
. 220 g B
5~15C*min~" 780 ~ 860 °C
30 ~ 120 min; 150 ~160 g
830 C
; 140 ~ 150 ¢ 2.1
770 C
. N,
200 mL*min ™' 4 ~8re
min . N,
100 C ’
1.3 3  CMS—J.CMS—G2
( CMS—PF)
JW—BK112
YHKC—2A 3.0~3.3mm
10
65 ~75 g. . CMS—J CMS—G
950 mL*min ™' 140 ~ 150 mL*min "'
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Table 3 Comparison of compressive strength among different CMSs

/ /N
mm 1 2 3 4 5 6 7 8 9 10 IN

CMS—G 1.28 31.0 52.8 28.0 39.9 50.5 51.5 43.5 54.0 41.5 30.2 42.3

CMS—]J 1.50 23.9 38.4 37.9 40.9 19.5 33.6 32.3 15.9 28.9 33.8 30.5

CMS—PF 1.24 56.7 55.1 54.9 58.1 61.4 30. 6 34.9 41.6 42.5 41.6 47.17

( )
15
0.6 ~0. 8 nm
10 °C *min ™" 820 C
30 min.
2.3
10 °C *min ™' 820 C
2 30 min
Fig.2 Schematic diagram of the two-column PSA unit 830 °C
5 ( 4
) R
CMS— 500
PF mLemin " 90 min
40 ~60 N.
1500 mL*min ™'
2.2 240 min
2.4
4 N N N,/0,
( Sper) ( ) )

(Vi) ~ (V) (D)

; . 830 C
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Table 4 Variation of pore structure during carbonization
/ / / / / / /
(Cemin~") < min (m’+g™") (em’eg™!) (em’eg™!) nm
10 500 30 36 0. 005 0.024 —
5 820 30 268 0.116 0.173 0. 60
10 820 30 274 0.118 0.178 0. 60
15 820 30 313 0.132 0. 189 0.62
10 780 30 293 0.129 0.179 0.79
10 800 30 279 0.121 0.179 0. 60
10 820 30 274 0.118 0.178 0. 60
10 840 30 240 0. 101 0. 160 0.59
10 860 30 226 0. 093 0. 146 0. 60
10 800 30 279 0. 121 0.179 0.62
10 800 60 279 0.121 0.179 0.63
10 800 90 267 0.115 0.172 0.59
10 800 120 263 0.113 0.170 0. 60
5
Table 5 Variation of pore structure during activation
/ / / / /
(mLemin~") min " (m?eg™) (em’eg™!) (em’eg™!) e
500 90 6.9 514 0.222 0.265 83.4
1500 90 14.1 615 0.278 0.336 82.7
500 240 15.7 669 0. 291 0.354 82.2
500 mL*min ' 90 min 6
. Table 6 Effect of one-step deposition time on air separation capability of
6 CMSs
. 770 C ; N,
200 ml*min "' 18.0%. I e 0,
( 0) % 1% /L
0 0 79.2 >65 21.3 4.48
: 30 0. 88 79.8 >65 21.6 4.41
N, . 0, . ( 5 60 372 87.6 >65 23.1 4.88
) N, 90 5.27 96.0 62 33.1 5.26
90 min 100 5.47 91.7 13 52.7 1.40
120 5.74 81.5 11 23.7 0.16
0, N,
0, /N, 90 min
0 ~90 min N, 770 C
0, 200 mL*min ™' 10.0% .
7. 0 ~60
0, min N,
30
120 min min N,
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Table 7  Effect of two-step deposition time on air separation capability of
CMSs
N, 0,
/min ! !
% s /% /s /L )
0 96.0 62 33.1 13 5.25 8 30 min
20 9.8 52 35.3 13 4.97 ( CMS—PF) CMS=J - CMS—=G
30 98.2 40 37.2 14 4.81
60 97.0 23 42.0 20 3.07
0, N,
0,
6.6mLeg™'
0,/N,
30 min
8
Table 8 Comparison of air separation capability among different CMSs
0,
N, / / ; ; N,
1% L s 1%
1% /s L (mL-g™")
CMS—J 99.35 8.1 20 47.17 18 2.99 4.1 30. 1
CMS—G 98. 00 6.9 16 59.0 27 2.04 2.8 29.2
CMS—PF 98. 20 9.3 40 37.2 14 4.81 6.6 22.4
3 N
(1)
I Ouyang SB XuSP ZhangJJ etal. Study on N,/CH, adsorp—
. tion property in the adsorbents. Chem Ind Eng Prog 2014 33
' (10) : 2546
( . N,/CH,
2014 33(10): 2546)
( 2) 2 Reid CR Thomas K M. Adsorption of gases on a carbon molecu—
N lar sieve used for air separation: Linear adsorptives as probes for
0, kinetic selectivity. Langmuir 1999 15(9) : 3206
3 Huang Q L Sundaram S M Farooq S. Revisiting transport of ga—
ses in the micropores of carbon molecular sieves. Langmuir
2003 19(2): 393
( 3) ° 4 Cavenati S Grande C A Rodrigues A E. Separation of methane
and nitrogen by adsorption on carbon molecular sieve. Sep Sci
820 °C 10 °C *min ' Technol 2005 40(13): 2721
30 min,; 830 C 500 mL*min ™' 5 SeoDJ GouZC Fujita H etal. Simple fabrication of molecu—
90 min; 770 °C lar sieving carbon for biogas upgrading via a temperature controlled
18. 0% 90 min carbonization of Phyllostachys pubescens. Renew Energy 2016
. 86: 693
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