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Permselective Performance
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Abstract: Plate supported carbon membranes were prepared by precursor of 1, 4-bis(4-amino-2-trifluoromethylp-
henoxy) benzene-1, 2, 3, 4-cyclobutanetetracar-boxylic dianhydride type polyimide modified with zeolite ZSM-5,
through the processes of spin-coating and pyrolysis. Thermal stability of precursor, surface functional groups, micro-
structure, morphology, and separation performance of membranes were characterized by the techniques of thermo-
gravimetric analysis, infrared spectroscopy, X-ray diffraction, scanning electron microscope, and gas permeation,
respectively. Effects of incorporating amount of ZSM-5 and pyrolysis temperature on structure and gas separation
performance of carbon membranes were investigated. Results show that thermal stability and carbon residue of pre-
cursor are reduced by ZSM-5 modification. Simultaneously, the microstructure of carbon membranes becomes more
compact. Incorporation of zeolite remarkably increases the gas permeability of carbon membranes. In addition, the
gas permeability first decreases then increases with increased incorporation of ZSM-5. As the pyrolysis temperature

elevating, both permeability and selectivity of as-obtained carbon membranes decrease. The separation performance
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performance of hybrid carbon membranes prepared at pyrolysis temperature of 650°C is by far the Robeson’s upper

bound for H,/N, system.
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Fig.1 Thermal analysis curves of precursors
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Fig. 2 Infrared spectra of samples
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Fig. 3 XRD patterns of different samples

(a) Precursor membranes; (b) Hybrid carbon membranes; (c) Influence
of pyrolysis temperature
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Fig. 4 SEM images of carbon membranes

(a) CMZ-0-650; (b) CMZ-0.1wt%-650; (c) CMZ-0.3wt%-650;
(d) CMZ-0.5wt%-650
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Table 1 Data of gas separation performance of carbon membranes

Permeability /Barrer * Selectivity
Sample codes
H, CO, N, H,/N, H,/CO,
CMZ-0-650 47.2 41.9 3.6 13.1 1.1
CMZ-0.1wt%-650 1474.6 324.6 15.7 93.9 4.6
CMZ-0.1wt%-750 119.4 48.2 4.1 29.1 2.5
CMZ-0.1wt%-850 51.8 37.9 2.7 19.1 1.4
CMZ-0.3wt%-650 776.6 96.5 11.0 70.5 8.0
CMZ-0.5wt%-650 1029.1 102.3 15.3 67.2 10.0
[22] 628.0 302.0 38.6 16.2 2.1
[23] 298.1 106.8 48.9 6.1 2.8
[22] 308.0 -- -- 2.0 --
Note: * 1 Barrer=1x10"%cm*(STP) * cm/(cm® * s * cm Hg)=7.5x10"cm*(STP) * cm/(cm” * s * kPa)
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Fig. 5 Schematic of the effect of zeolite content on the per-
meability for hybrid carbon membranes

(a) Low content; (b) Moderate content; (c) High content

XS AR IR NS B S 75 7

fop /// """" /////

L/ Commercially attractive region

ke Dy %
" 7 o

CMZ-0.1wi%% IR NG
CMZ-0.1wt%-830

CMZ-0-650 = *
® Pl-based CMs in ref. ®
A Pi-based CMs in ref.
¢ Pl-based CMs in ref. A

1000

100

Selectivity for H, / N,

I iiaanl bt gl A g aiaal fdiiiial A gaaaal

1 10 100 1000 10000
Gas permeability of H, / Barrer

K6 kB Ho/N, 52 P Robeson
Fig. 6 Robeson’s plot of carbon membranes for the separation
performance of Hy/N,

BTERE B SR IR, R AT RO GE TR BN T
MBIEMES Hy/Nyy Hy/COp EFEME, Wom thH A

IGCC 5k} e vt 55 7y 1098 7E N FH AT 52 .
3 %t

LL ZSM-5 B4 454451 . 6FAPB-CBDA %Y
TR0 e R BT IR AR, 28 T v v i B il £ T SCHE R
JBE o WA RS I NAE R AR T )38 T S 2 A A TR
(US7 S7AINBUBER Mﬂﬁjﬁﬁ?ﬁ B A ) 5 AR
PERE . BEAE ZSM-5 SN, IEMBIEMN LS
B PR A TG B HVIAREL S 1 T, b%ﬂ%
BB SERE G, AN 0.1wt%,
AR A 650°C I, ) Hy (335 YE y 1474.6 Barrer,
PEPEPE L B 93.9(Ho/N,) 5 4.6(H,/CO,).

2% 3k

[1] ABEDINI R, OMIDKHAH M, DOROSTI F. Hydrogen separation
and purification with poly (4-methyl-1-pentyne)/MIL 53 mixed
matrix membrane based on reverse selectivity. Int. J. Hydrogen
Energ., 2014, 39(15): 7897-7909.

[2] ESCOLASTICO S, SOLIS C, SERRA J M. Hydrogen separation
and stability study of ceramic membranes based on the system
Nd(5)LnWO(12). Int. J. Hydrogen Energ., 2011, 36(18):
11946-11954.

[3] LEWIS A E, ZHAO H B, SYED H, ef al. PdAu and PdAuAg
composite membranes for hydrogen separation from synthetic water-
gas shift streams containing hydrogen sulfide. J. Membr: Sci., 2014,
465: 167-176.

[4] YUN S, OYAMA S T. Correlations in palladium membranes for

hydrogen separation: a review. J. Membr. Sci.,

28-45.

2011, 375(1/2):

[5] SALLEH W N W, ISMAIL A F, MATSUURA T, et al. Precursor

selection and process conditions in the preparation of carbon



262

E LM OB )

#3145

[10]

(1]

[12]

[13]

[14]

[15]

[16]

membrane for gas separation: a review. Sep. Purif. Rev., 2011,
40(4): 261-311.

SAUFI S M, ISMAIL A F. Fabrication of carbon membranes for
gas separation—a review. Carbon, 2004, 42(2): 241-259.

ISMAIL A F, DAVID LI B. A review on the latest development of

carbon membranes for gas separation. J. Membr. Sci., 2001, 193(1):

1-18.

CHEUNG O, HEDIN N. Zeolites and related sorbents with narrow
pores for CO, separation from flue gas. RSC Adv., 2014, 4(28):
14480-14494.

PAUL D R. Creating new types of carbon-based membranes. Sci-
ence, 2012, 335(6067): 413-414.

TIN P S, XIAO Y, CHUNG T S. Polyimide - carbonized mem-
branes for gas separation: structural, composition, and morpho-
logical control of precursors. Sep. Purif Rev., 2006, 35(4):
285-318.

ZHANG X, HU H, ZHU Y, et al. Carbon molecular sieve mem-
branes derived from phenol formaldehyde novolac resin blended
with poly(ethylene glycol). J. Membr. Sci., 2007, 289(1/2): 86-91.
KABURAGI Y, HISHIYAMA Y, OKA H, et al. Growth of iron
clusters and change of magnetic property with carbonization of
aromatic polyimide film containing iron complex. Carbon, 2001,
39(4): 593-603.

ZHANG X, LIU H, WANG T, et al. Modification of carbon mem-
branes and preparation of carbon—zeolite composite membranes
with zeolite growth. Carbon, 2006, 44(3): 501-507.

TEIXEIRA M, RODRIGUES S C, CAMPO M, et al. Boehmite-
phenolic resin carbon molecular sieve membranes— per-
meation and adsorption studies. Chem. Eng. Res. Des., 2014,
92(11): 2668-2680.

ZHANG B, WANG T, WU Y, ef al. Preparation and gas permea-
tion of composite carbon membranes from poly(phthalazinone
ether sulfone ketone). Sep. Purif. Technol., 2008, 60(3): 259-263.
ZHANG B, SHI Y, WU Y, ef al. Preparation and characterization

of supported ordered nanoporous carbon membranes for gas sepa-

[17]

[18]

[19]

[20]

[21]

[22]

[26]

ration. J. Appl. Polym. Sci., 2014, 131(4): 2136-2146.

LI'Y, CHUNG T S. Exploratory development of dual-layer carbon—
zeolite nanocomposite hollow fiber membranes with high per-
formance for oxygen enrichment and natural gas separation.
Micropor. Mesopor. Mat., 2008, 113(1/2/3): 315-324.

ZHANG B, SHI Y, WU Y H, et al. Towards the preparation of or-
dered mesoporous carbon/carbon composite membranes for gas
separation. Sep. Sci. Technol., 2014, 49(2): 171-178.

LUA A C, SHEN Y. Preparation and characterization of polyimide—
silica composite membranes and their derived carbon-silica com-
posite membranes for gas separation. Chem. Eng. J., 2013, 220:
441-451.

ZHANG B, WU Y, LU Y, et al. Preparation and characterization
of carbon and carbon/zeolite membranes from ODPA—-ODA type
polyetherimide. J. Membr. Sci., 2015, 474: 114—-121.

MA X L, LIN B K, WEI X T, et al. Gamma-alumina supported
carbon molecular sieve membrane for propylene/propane
separation. Ind. Eng. Chem. Res., 2013, 52(11): 4297-4305.

ITTA AK, TSENG H H, WEY M Y. Effect of dry/wet-phase inver-
sion method on fabricating polyetherimide-derived CMS mem-
brane for Ho/N, separation. Int. J. Hydrogen Energ., 2010, 35(4):
1650-1658.

TSENG H H, SHIU P T, LIN Y S. Effect of mesoporous silica
modification on the structure of hybrid carbon membrane for hy-
drogen separation. Int. J. Hydrogen Energ., 2011, 36(23):
15352-15363.

TIN P S, CHUNG T S, JIANG L, ef al. Carbon—zeolite composite
membranes for gas separation. Carbon, 2005, 43(9): 2025-2027.
LIU Q, WANG T, GUO H, et al. Controlled synthesis of high per-
formance carbon/zeolite T composite membrane materials for gas
separation. Micropor. Mesopor. Mat., 2009, 120(3): 460-466.
WANG T, ZHANG B, QIU J, et al. Effects of sulfone/ketone in
poly(phthalazinone ether sulfone ketone) on the gas permeation of
their derived carbon membranes. J. Membr. Sci., 2009, 330(1/2):
319-325.



