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Abstract

A novel polyimide (Pl) and multiwall carbon nanotubes (MWCNT) composited
carbon molecular sieve membrane was prepared by spin-coating technique. The
characteristics of the carbon membranes and single gas permeation properties of the
carbon molecular sieve membranes (CMSMs) pyrolyzed at 500°C were investigated.
The results indicated that modified Pl based carbon membrane with MWCNT, the
permeability increased 2~4 times with increasing the selectivity also. Further the
membranes were extensively characterized by Field Emission Scanning Electron
Microscopy (FE-SEM) for surface morphology studies. The addition of MWCNT
modifier redounds to the reduction of defect in the carbon membrane and permeation of
pure gases. The membrane is obtained in only one coating step, and it is constituted by a
thin microporous carbon film of above 3um in thickness which is supported on a
macroporous alumina substrate.
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Introduction

Carbon molecular sieve membranes (CMSMs) are very promising materials in the
field of gas separation, both in terms of separation properties (permeability and selectivity)
and stability (thermal and chemical). CMSMs produced by pyrolysis of different
polymeric materials (polyimide based, PVDC, phenolic resin, polyfurfuryl alcohol, etc)
are characterized by a very narrow micro porosity (~3-6A) which alows discrimination
between gas molecules of different size. Polymers like polyimides are excellent
precursors to obtain carbon molecular sieve films [1] and have been used extensively in
the preparation of CM SMs with different configurations, e.g. hollow fibers [2], supported
membranes [ 3-5], capillary tubes [6], and unsupported carbon flat membranes[7].

In the field of carbon membranes, it is not uncommon that a strong trade off
relationship exists between the permeability and selectivity, i.e. the permeation flux



through the carbon membranes is considerably reduced as the gas selectivity increases
because of the disordered pore structure and diffusion resistance membranes. To tackle
this challenging issue, some strategies such as the synthesis of composite membranes by
incorporating silica have been envisaged [8], but it is still far from satisfactory. To solve
this challenging task, here we proposed a simple strategy to incorporate nanotubes into
the membranes that could significantly improve the gas flux without losing the selectivity
of membranes.

The main objective of this paper isto evaluate the use of polyimide as a precursor to
prepare CMSMs. In this study we reported a preparation of CMSMs by incorporating
MWCNT into the polymeric precursor polyimide in order to improve the permeation
performance of membranes. Further the membranes performance for CO,, O, and N, gas
molecules is compared with polyimide in terms of permeability and selectivity. All these
membranes characterized by FE-SEM to evaluate the surface morphology.

2. Experiment

2.1. Preparation of PI/MWCNT carbon membrane

Porous a- alumina disks of average pore size: 0.14 um, diameter: 2.3 mm,
porosity: 40-48% were used as the membrane support. A commercially available
polyimide (PI) polymer purchased from Alfa Acer (USA) was used as a precursor in this
study. The chemical formula of polyimide (PI) isgivenin Fig. 1.
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Fig. 1. Structure of polyimide.

A small quantity of dope solution containing 15wt% of polyimide (Pl) in N-Methyl-
2-pyrolidone (NMP) was spread on the finely polished surface of alumina support by
means of the spin coating technique (spin velocity 5000 rpm, spin time ~15) , resulting in
a thin film of the polymeric layer on the support. The coated polymeric film was
immediately immersed into a coagulant bath consisting of isopropyl alcohol (IPA)-water
(1:1 ratio) at room temperature (~25°C) for approximately for 2 h. The gelled polymeric
layer was dried in air at room temperature and carbonized under vacuum by heating up to
500°C (heating rate 0.5°C /min) for 1 h. The carbonized samples were cooled slowly in
vacuum to room temperature. For preparing the PI/MWCNT mixed matrix coating
solution, 1.5 of MWCNT were dispersed in 98.5ml of NMP solvent with ultrasonic
dispersion for 2h. 1ml of this nanotube solution was mixed with required amount of 15%
Pl polymer solution in 1:25 ratio and stirred constantly for 3h at 80°C. Thus the prepared
polymer/MWCNT solution was coated on an alumina supported disks by above



procedure. The coated membranes were also kept in IPA-water bath. The membranes
obtained by above process were carbonized at the same conditions.

2.2. Gas permeation measurement

The permeation characteristics of pure gas through the carbon membranes were
measured by the slope of the downstream pressure versus time plots after steady state had
been reached using follow equation:

P dp( V- Ty-L
S dt{p,-T-Ap-A
where P is the permeability in Barrer (1 Barrer = 1x10° cm® (STP) cm/(cm?s cmHg)),
dp/dt the rate of pressure rise at the steady state, V(cm®) the downstream volume, L (cm)
the membrane thickness, Ap (cmHg) the pressure difference between the two sides, T(K)
the measurement temperature, A (cm?) the effective area of the membrane, and po and Ty
the standard pressure and temperature, respectively. The ideal separation factor of a
membrane for gas A to gas B is expressed by:
I:)A

Op/g =——
AlB
I:)B

2.3. Physical characterization of CMSM

The CMSM was characterized with scanning electron microscope (FESEM, Philips
XL30 field-emission scanning electron microscope), and N, adsorption (Micromeritics
ASAP 2010).

3. Resaults and discussion

3.1. Membrane structure

Fig. 1 shows the FE-SEM images of surface view and cross-section of CMSM
obtained by spin coating of 15% PI solution modified with/without MWCNT. Fig. 1(a)
shows the top view of the Pl-based carbon membrane. Fig. 1(b) shows the cross-section
of supported CMSM obtained after carbonization of a supported Pl film. Two different
parts can be distinguished, the carbon membrane layer and the macroporous carbon
support. This supports that the rapid coagulation of polymer prevents the infiltration of
solution into the porous alumina support, and an excellent polymeric film was achieved.
The carbon film is a thin layer having a thickness around 3-4 pum. The FE-SEM
micrograph with high amplification ratio of Fig. 1(b), see Fig. 1(c), demonstrates that the
carbon membrane is a dense film having closed pores. Therefore, even the membrane



prepared by this one coating-time method could be find many pore from the top vies, the
gases having different molecular size till can separated by molecular sieving mechanism.
SEM npicture of the surface of the PI/MWCNT membrane were shown in Fig. 1(d). The
MWCNT were difficult to see in the microscope and therefore assumed to be well

distributed.

Fig. 1. SEM microphotograp
magnification part of (b) of Pl based CMSM; (d) top view of PI/MWCNT based CMSM.

3.2. Permeation measur ements

From the results, as shown in Fig. 2, at 500 °C the gas permeability increases as the
kinetic diameter of the gas molecule decreases, from N, to CO. All these facts indicate
that the transport of gas molecules through the carbon film takes place according to a
molecular sieve mechanism. This means that the microporosity of the carbon film is very
narrow and as a consequence, it can discern between gas molecules depending on their
molecular size.
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Fig .2.Comparison of Pl and PI/ MWCNTs CMS membranes with different gas molecules sizes

In addition of MWCNTSs in Pl predicted that the transport of gases inside nanotubes
Is order of magnitude faster than in any other known materials with nanometer scale. The
rapid transport rates exist because the walls of nanotubes are much smoother than the
other materials (see Table 1). These experiments show that the carbon nanotube
membranes can have spectacularly high fluxes. In the present case Pl/nanotube CMS
membranes also increases permeability of single gas molecules rapidly compared to the
Pl based CM S membranes.

Tablel. Permselectivity values of Pl and PI/MWCNTSs of different gases

Permeability (Barrer) Selectivity
Samplecode —~5 N, COJN, OJN, CO,O,
P 22280 17266 8405 265 205 129

PIMWCNTs 866.64 694 21347 4.05 3.25 1.27

4. Conclusions

PI/MWCNT composite membranes with excellent gas separation performance were
prepared by incorporating MWCNTS into a polymer carbon matrix. The results of these
membranes were compared with PI CMS membranes. SEM images of the synthesized
membranes suggested that many pores formed on the surface to pass the different gas
molecules. Gas permeation tests were conducted with single gas molecules CO;,, O,, and
N, and the efficiency of the CMS membranes were evaluated in terms of permeability
and selectivity. The gas permeability increases after adding MWCNTS to the polymer
precursor due to the abundant micro channels brought by nantubes. Therefore the
nanotubes offered a favorable effect in increasing gas permeability by decreasing the gas
diffusion resistance



References

[1] H. Hatori, Y.Yamada, M. Shiraishi, H. Nakata, S. Y oshitomi, Carbon 30 (1992) 719.

[2] C.W.Jones, W.J.Koros, Carbon 32(1994) 1419.

[3] J.Hayashi, H.Mizuta, M.Y amamoto, K.Kusakabe, S.Morooka, Ind.Eng.Chem.Res.35
(1996) 4364.

[4] T.A.Centeno, A.B.Fuertes, Spanish patent 9 701 038, 1997.

[5] A.B.Fuertes, T.A.Centeno, J.Membrane Sci. 144 (1998) 105.

[6] K.Haraya, H.Suda, H.Y anagishita, S.Matsuda, J.Chem.Soc., Chem. Commun. (1995)
1781.

[7] H.Suda, K.Haraya, J.Chem.Phys. B101 (1997) 3988.

[8] Y.M.Park, Y.M.Lee, Adv. Mater.17 (2005) 477.

[9] A.B.Fuertes, T.A.Centeno, Micro and Meso porous materials 26(1998) 23.

Acknowledgments

The authors would like to thank the National Science Council (NSC), Taiwan, R.O.C. for
the financia support under Grant No. NSC95-2221-E-040-007.

Fia%pe

ﬂ\la F\;_;.}a)%v LEpn \wrﬁ *ﬁpgﬁ;g ©iE A p Qk%q/Tﬁﬁ,},ﬁ%ﬁﬁ
”’\’*“‘fﬁ‘*”wﬁi?‘r @ R S F WS S é’i&ﬁ P FUE R e
BB SR ELERHIFL S Rl p B R SRR
DESALINATION #7% & @ > & ¢ 37 b i ¢ -



LA RR R E o AR 2

4 e 95-2221-E-040-007-

CE RS SN OREY L SR T EES LR R TR LY T -1 SRt

LEEY IR I %%%
RIS PP LR FIREY 2 F N EAL L

¢ 3R PF T+ 8L |September 2-6, 2007; Sidfok, Hungary

PERMEA 2007

£ A MEMBRANE SCIENCE AND TECHNOLOGY CONFERENCE OF
VISEGRAD COUNTRIES

Preparation and characterization of carbon molecular sieve membrane for gas

Fhwmv AP : . :
separation application- the effects of polymeric precursor

92;4‘3 g ?“: 4’_@
B ARSI TLad fl fded B9 4 B 02007 £4 ) 2 p 3P ATESE

1 T PERMA 2007 : & %4l § & ke 3¢ €, (PERMA 2007: Membrane Science and

Technology Conference of Visegrad Countries) -

R E BT E il RO E{oR ~ 97 4~ R 2L B 5% Visegrad B 7T

Byen s 7Pt g2 - » - a8y x> 4 &%‘«ki’i B € 4o & 97% ¢

Organizers Organizing Committee Scientific Committee
Hungarian Chemical Békassy-Molnér, E. Bryjak, M. (Poland)
Society (Hungary) — Chair
Czech Society of Bélafi-Bako, K. (Hungary)
Chemical Engineers -- Co-Chair
Polish Chemical Society | Bleha, M. (Czech Republic)
Slovak Society of Bodzek, M. (Poland)
Chemical Engineers
Schlosser, S. (Slovakia)
Bryjak, M. (Poland)

R TR AT B G S L R RIEE R R R AR B d 27k
P23 ARpe Bl 2t g A0y BRI B M 2 R H R 22 2R R
Fﬂ;};—i‘—})\?%&—,@ ,;!;lp l;‘b'}”ft'*‘ 4—\115’,”3—7}5?5,?74?:'“ A ﬁmﬂx—r “/H g

ge s

AR S & 5 1R 2 Bk EJZ (water and waste water treatment ) ~ B AR g B 22
4 F & i ® (membrane reactors and bioreactors ) ~ ¥l 7 ¢ 27 35 3F % 4 s (fuel cells
and ion selective membranes ) ~ & %4 f§ % (pertraction and membrane contactors ) ~ 4 £2
LG i & 4 3 (gas and VOC separation ) ~ 4575 %44 (novel membranes) ~ i#&



5 & % WofE #5 (transport and membrane fouling) s 74w A2 5 (electromembrane
processes ) ~ 4§ & #2 5 (hybrid processes ) ~ % i% 7% (pervaporation )~ & 5.7 &L e i #

(food & beverage applications) % -+ - i i 48 » & & 757 PATRE O BRRE S G ik
FOFE NTRFHAT A RRAAM AT TS DL LGB R FL o @iE- FEN
& -
Jfgf,:}:i?d,égi?gp‘_:ré'ﬁttgi Bl ATE R LR L A 0 Tl o AR 5 R L
BEA BT A > RE e BT SRR (1)Fd F R - R B R
FAGEE £ & vy A ié*%iﬂiﬁlﬂﬂ%;(@#i% DH R i
k& -0 8

(N ﬁ.%%ﬁaﬁﬁﬂﬁd‘W@i%%%:ﬁgaﬁﬁﬁmgﬁ—
5 (4)3‘ BB F ekl £ 7 ﬁ%ﬁ%"—?#"ﬁ? NI MR e R =4
5 F 4B ’tu é RELeAmhS P o TR W TR
iE o NUfRA-P WO S R R R TG TRt 4 (1)% B & B dde © PERu -
Pt-Sn 5 (2) & B 0 45 ﬁ»; L4 > 4 Zr0Oy ~ Ce0y 5 () 7 -8 i Br & 4 chabsd »
AT AR R O Z o R eth 5 (At t ReDF A - AviE iR A2
EFR - fFhsds s COF I COx % o Flt & ffnre jde & B 40t 4t~
B Ho 5035 385 1 5 BT LR S
FHEESEE] 0 b gt 5 e g g
FORB G 1 & A Hrenid iy 1‘15 TR RATENE AT L REH
ShE R B Bk A FT T AR B R A S 6 iE -k o8
§2 WA@P’ﬂ%mm¢z@~% S A SN R VR EEE
F»Bi’é,.’*a B2 o
BEFEE R TE R VEAL R BE £ S 2 DEMET A4k B RS
B RAT 0TI IR R R R e 80 A8k A A i et £AL 0 3 FT
JE- XA ﬁ%A@RWWEQéi%A@7%J’

R T HER - A %Y 2 kG- U



