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Preparation and CH,/N, separation performance of high permeability

supported SBS membrane

XU Jingkai, GAO Qian, XIAO Wei' , ZHANG Denghua, ZHANG Hui, ZHANG Liujie

(College of Petroleum and Chemical Engineering, Liaoning Petrochemical University, Fushun 113001, China)

Abstract: Polystyrene-polybutadiene-polystyrene (SBS) block resin has a unique structure in which soft and hard

segments are combined with each other, and gas molecules can be separated by extrusion. In this study, a series of

x-SB

S/tetrahydrofuran (THF) resin solutions were used to prepare the corresponding SMS-x separation mem-

branes with porous a-Al,0; ceramics tubes as the carrier. FTIR, XRD, SEM and other characterization test results

show that the SBS resin can be well combined with the carrier, and the thickness of the separation membrane is less

than

50 pm. The gas test shows that the SMS-20 separation membrane has the best CH,/N, gas selectivity () in the

pressure range of 0.05-0.3 MPa. At 0.1 MPa, o(CH,/N,) =3.81, and the molar flux of CH, is 1.41x10° mol-m2.s™"-Pa™".

At 0.

3 MPa, the CH, molar flux of SMS-10 is the largest, which can reach 3.47x107° mol-m*s™".Pa’". In addition, the

test of different proportions of mixed gas verifies that the separation membrane prepared in this paper can also be

competent for the corresponding separation work. All the separation membranes prepared in this paper can stably

separate gas for up to 7 days at a pressure difference of 0.1 MPa, and have good performance stability. Therefore, the

porous a-Al,0O5 substrate SBS separation membrane can have both excellent permeation flux and gas selectivity,

and provide a favorable choice for the enrichment of coal-bed methane CH,.

Keywords: separation membrane; block polymer; supporting; permeation flux; CH,/N, selectivity
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Fig.1 Schematic diagram of molecular chain segment

structure of polystyrene-polybutadiene-polystyrene (SBS) resin
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&1 4% x-SBS/THF & MA S LB
Table1 Proportion of components of four
x-SBS/THF solutions

. Mass SBS THF
Solution . Membrane
fraction/wt% mass/g volume/mL
5-SBS/THF 5 4.68 100 -
10-SBS/THF 10 9.89 100 SMS-10
15-SBS/THF 15 15.71 100 SMS-15
20-SBS/THF 20 22.25 100 SMS-20

Note: THF—Tetrahydrofuran.
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Table 2 Dissolution coefficient and permeability coefficient of different separation membranes

Sample Dcw, /(10° cm®s™) Dn, /(10° cm*s™) S cH, /[cm*(STP)-(cm®atm)™] SN, /[cm*(STP)-(cm™atm)™]
SMS-10 35.32 9.71 0.98
SMS-15 34.98 9.65 1.01
SMS-20 35.25 9.69 0.99

Notes: D— Diffusivity coefficient; S—Solubility coefficient; STP—Standard temperature and pressure.
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Table 3 Performance comparison between this study and related literature reports

Membrane material P(CH,)/Barrer P(N,)/Barrer a(CH,/N,) Operational condition Ref.

31 9.8 3.16 25C, pure gas
Pebax® . pures [4]

37 13 2.85 35°C, pure gas

43.5 15.8 2.75 25C, pure gas
SBS/Pebax’ o bures (4]

61.4 26.8 2.29 35°C, pure gas

37 12.5 2.96 257, pure gas, 1 atm
SBS Lopures (7]

50 16 3.13 35, pure gas, 1 atm

440 140 3.14 25C, pure gas
SBS/PDMS-co-PHMS rpures [19]
510 170 3.00 35C, pure gas

Matrimid® 310 180 1.72 25°C, pure gas [24]
PI 0.0042° 0.0087° 0.48 25°C, pure gas [25]
PIM-1 310 180 1.70 257C, pure gas [26]

14.1° 3.71° 3.81 25°C, pure gas, 0.1 MPa
SBS/a-Al,O X .

/0-ALOs 34.7° 11.21° 2.87 25°C, pure gas, 0.3 MPa This work

Notes: 1Barrer=10" cm® (STP).cm-:cm™s'.cm Hg; 1atm=0.1MPa; a: GPU [10° m’cm™s’.cm Hg']; b: Permeation flux

[10° mol-m™2s”.Pa']; SBS—Poly (styrene-b-butadiene-b-styrene); Pebax’—Trade name of poly(ether-block-amide); PDMS-co-
PHMS—Trimethylsilyl terminated poly(dimethylsiloxane-co-methylhydrosiloxane); Matrimid°—Trade name of polyimide (PI); PIM-1is a
novel polymer of intrinsic microporosity; STP—Standard temperature and pressure; —Gas selectivity; P—Permeation flux.
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