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Abstract 

The present study investigated the fabrication of polysulfone (PSU) gas separation membranes using 

various solvents and methods. Membranes were prepared via the dry-wet method and dry casting. 

Following the dry casting method, two different solvents such as N-methyl-2-pyrrolidone (NMP) and 

dimethylformamide (DMF), were utilized. DMF resulted in membranes with higher permeability. The 

membrane fabricated by PSU (20 wt%) and DMF (80 wt%) through dry casting provided optimal results 

in terms of permeability and selectivity. The carbon dioxide permeability of this membrane was 3.63 

barrer with the carbon dioxide/methane selectivity of 18.25. The mentioned membrane also accounts 

for the best selectivity among the membranes prepared by dry-wet and dry casting methods. 
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1 Introduction 

Conventional methods for separating carbon dioxide from methane include chemical conversion 

to other compounds, adsorption on solids, and absorption in liquid solvents [1]. These processes 

consume a lot of energy, require significant investment, and take considerable space [1]. The 

separation of gasses using the membrane process is an alternative option that is cost-effective in 

energy consumption [2]. However, to compete with conventional technologies, it is necessary to 

develop membranes and modules that can process large gas volumes. In other words, to reduce 

the size and number of membrane modules, high carbon dioxide permeability is expected from 

the membrane and the process itself [2]. Despite many advances in this field, the need for suitable 

materials to make high permeability membranes is still evident. 

Membranes used to separate carbon dioxide mixed with methane are usually made of glassy 

polymers, such as polysulfone (PSU) [3-7], poly(vinyl chloride) (PVC) [8-10], cellulose acetate (CA) 

[11-19], poly(ether sulfone) (PES) [20-23], polyimide [24-27], and polycarbonate [28, 29], because 

of the high selectivity of carbon dioxide compared to methane in these membranes. Regardless of 

mechanical strength, chemical resistance and durability are essential criteria for selecting 

membranes in the gas separation process [30]. 

In general, two types of PSU membranes are used to separate carbon dioxide and methane, 

including dense and asymmetric membranes. Three dry, wet, and dry-wet methods are applied to 
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make dense and asymmetric membranes. In the dry method, the polymer solution is cast on a 

suitable plate, and the solvent is allowed to evaporate. PSU membrane fabricated by dry methods 

has a dense structure. In the wet method, the composition of the polymer solution is similar to the 

dry method. Before precipitation of the polymer layer in the non-solvent bath, solvent evaporation 

is performed to concentrate the outer part of the polymer layer. These membranes are often so 

defective that they cannot be used in gas separation without post-processing. One of the most 

popular membrane processing methods in this field is the use of a coating layer. In the dry-wet 

method, two solvents are used: a more volatile solvent and a less volatile solvent, which show 

different tendencies towards non-solvent. First, the polymer film is evaporated by convective flow 

and then immersed in the coagulation bath [31]. 

A review of previous research shows that to make gas separation PSU membranes with an 

asymmetric structure, including an ultra-thin and flawless selective layer, it is necessary to induce 

the convective evaporation of solvent [31]. According to these studies, two solvents, 

dimethylacetamide (DMAC) and N-methyl-2-pyrrolidone (NMP), can be used as the less volatile 

solvents in this regard. However, most gas separation articles have used DMAC [32, 33]. In these 

articles, the best results have been obtained using PSU, DMAC, tetrahydrofuran (THF), and 

ethanol with a composition of 22, 31.8, 31.8, and 14.4 wt%, respectively [31, 34]. Pesek and Koros 

[35] used DMAC and NMP as the less volatile solvents, THF as the volatile solvent, and ethanol 

as non-solvent to fabricate the PAU membranes used in gas separation. After casting, the solution 

was subjected to convective evaporation, after which the resulting film was immersed in a water 

bath. The researchers reported that if NMP was used instead of DMAC, optimal results would be 

obtained at different concentrations of the components. The difference in the performance of 

DMAC and NMP solvents is because NMP is a stronger solvent for PSU than DMAC, and 

therefore more ethanol is needed to bring the solution to the biphasic boundary. 

The influence of solvents on the properties of PSU gas separation membranes was studied before; 

however, none of the previous studies investigated the effect of different procedures for the 

fabrication of such membranes. In the present study, PSU membranes were fabricated through 

the dry-wet method and dry casting. The effect of the membrane fabrication method and the 

solvents was studied by examining the morphology of membranes and their performance in gas 

permeation experiments. 

 

2 Materials and methods 

2.1 Materials 

Polysulfone (PSU) and N-methyl-2-pyrrolidone (NMP) were obtained from BASF and Daejung, 

respectively. Dimethylformamide (DMF), dimethylacetamide (DMAC), tetrahydrofuran (THF), 

and ethanol (Eth) were purchased from Merck. Carbon dioxide and methane were provided by 

Khorakyan Oxygen CO. 

 

2.2 Membrane preparation 

To prepare the polymer solutions, the desired amount of polymer was added to the pure solvent 

or a specific combination of solvent/non-solvent. The solution was then stirred for 18 hours at 

30 °C on a magnetic stirrer. The resulting homogeneous solution was kept stagnant for 20 minutes 

to prevent defect formation in the membrane. Dry-wet and dry methods were used to make the 

membranes. 
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2.2.1 Dry-wet method 

A literature review shows that DMAC was used to form most gas separation membranes through 

the dry-wet method [32, 33]. The best results were obtained using solutions consisting of PSU, 

DMAC, THF, and ethanol with a composition of 22, 31.8, 31.8, and 14.4 wt%, respectively [31, 

34]. However, solution preparation based on the mentioned composition led to the coagulation of 

the polymer solution. According to the observations, during the solution preparation process, the 

solution consisting of polymer, DMAC, and THF was completely homogeneous, but when adding 

ethanol and increasing the ethanol concentration to more than 14% by weight, the solution was 

coagulated. Therefore, solution composition was changed to 22, 32, 32, and 14% by weight for 

PSU, DMAC, THF, and ethanol. After casting the solution at 250 µm, the nitrogen flow passed 

above the solution for 1 minute, and when the solution became cloudy, the mirror with the solution 

on it was immersed in a water bath at 25 °C. The resulting membrane had a very low permeability 

at 2.02 GPU and 0.91 GPU for CO2 and CH4, respectively, and a very low CO2/CH4 selectivity at 

2.22. Changes in pressure and duration of nitrogen flow had little effect on improving results. 

In the continuation of the membrane fabrication process, NMP was used as the non-volatile 

solvent. Previous studies have shown that if NMP is used instead of DMAC, it is necessary to 

increase the concentration of ethanol because NMP is a stronger solvent for PSU and therefore 

requires more ethanol as the non-solvent to bring it to the two-phase boundary [35]. Accordingly, 

the best composition of the polymer solution was reported as 22, 29, 29, and 20% by weight for 

PSU, NMP, THF, and ethanol, respectively [35]. However, the addition of more than 16% by 

weight of ethanol resulted in the coagulation of the solution. Therefore, the ethanol concentration 

was not increased to more than this amount. Table 1 shows the fabrication conditions of two 

selected samples made using NMP. 

Location of Table 1 

 

2.2.2 Dry casting 

In this method, after preparing the polymer solution, the solution was cast, and the resulting 

polymer layer was first placed in an oven at 65 °C for 24 hours to precipitate the polymer. The 

residual solvent was then evaporated in a vacuum oven at 70 °C for 4 hours. 

Fabrication of PSU membranes by dry casting was conducted by two procedures. In the first 

method, 10 g of PSU solution in 10% by weight was prepared. Due to the low viscosity of this 

solution, it was not possible to cast it with a film applicator, and therefore the solution was poured 

into a petri dish. In the second method, a solution with a PSU concentration of 20% by weight 

was prepared and cast at 250 µm thickness. In both methods, two types of solvents, NMP and 

DMF, were used to determine the appropriate solvent. Table 2 shows the fabrication conditions 

of some of the best membrane samples prepared by dry casting. 

Location of Table 2 

 

2.3 Investigation of membrane morphology 

The cross-sectional morphology of PSU membranes was examined by scanning electron 

microscopy (LEO 1450 VP, made in Germany). Prior to imaging, the specimens were coated with 

a gold-palladium sputter coater (SC7620, UK). For cross-sectional imaging, the samples were 

fractured in liquid nitrogen before coating. 
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2.4 Gas separation experiments 

The permeability of pure CH4 and CO2 gases at ambient temperature and the constant pressure of 

8 bar was investigated by a device designed and constructed for this purpose. The PSU membranes 

were cut as needed and placed inside a membrane cell with an effective surface area of 15.3 cm2. 

After establishing the gas flow at the desired pressure, the permeate flow was measured by a bubble 

flowmeter. 

Membrane permeability for each gas was calculated by the following equation [36]:  

𝑃i =
Qi

∆PiA
           (1) 

In this regard, Qi is the volumetric flow rate of gas i (cm3/s) at standard temperature and pressure, 

∆Pi is the pressure difference between the two sides of the membrane (cmHg), and A is the 

effective membrane area (cm2). The permeability of each gas was reported in terms of barrer (one 

barrer is 10-10 cm3 (STP).cm/(cm.s.cmHg)). 

The ideal selectivity of pure gas (αij) was calculated using the following equation [36]: 

α𝑖𝑗 =
Pi

Pj
           (2) 

Experiments were performed first with CH4 and then with CO2 for all membranes. In each 

experiment, membrane permeability was recorded at 30-minute intervals until a constant value was 

reached. It should be noted that the experiments were repeated three times for each membrane 

code, and the average results were reported. 

 

3 Results and discussion 

3.1 Dry-wet method 

As stated in section 2, using DMAC as the solvent did not lead to acceptable membrane 

performance. Table 3 shows the pure gas permeability test results for two selected samples made 

using NMP as the solvent. As shown in Table 1, both membranes were fabricated by convective 

evaporation and then precipitation in a water bath. Regarding Table 2, the Dry-wet-1 membrane 

cast at 250 µm provided very low CO2 permeability but showed acceptable selectivity. In order to 

improve the flux, different durations and different flow rates of nitrogen flow were investigated, 

but the results did not improve. Membrane fabrication at a lower thickness (Dry-wet-2) resulted 

in a significant improvement in flux, but on the other hand, membrane selectivity was severely 

reduced. Fig. 1 shows the SEM image of the Dry-wet-2 membrane. It is clear that this membrane 

consists of a dense layer on a porous support. The support cavities start at the bottom and end in 

several macropores at the top, and finally, the dense selective layer is seen on top of the support. 

The cross-sectional image of this membrane is expected to provide a high flux due to its relatively 

thin selective layer and porous support and a high selectivity due to the dense structure of the 

selective layer. However, it is possible that there were defects in the selective layer that led to a 

decrease in membrane selectivity. According to the results, the membranes prepared by the dry-

wet method by neither DMAC nor NMP provided acceptable results. 

Location of Table 3 

Location of Fig. 1 
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3.2 Dry casting 

PSU membranes were fabricated by dry casting in two ways and by two types of solvents. Table 4 

shows the results of gas permeability tests for the membrane samples prepared by dry casting. A 

comparison of membranes prepared at two polymer concentrations of 10 and 20% by weight 

(comparison of Dry-1 with Dry-2 and Dry-3 with Dry-4 in Table 4) shows that the solution at a 

lower concentration led to a membrane with lower permeability. It is due to the presence of more 

solvent, which requires longer evaporation to precipitate the polymer. As a result, precipitation is 

slower at lower concentrations, and the density of the polymer chains increases. On the other 

hand, the use of DMF in comparison with NMP (comparison of Dry-1 with Dry-3 and Dry-2 with 

Dry-4 in Table 4) shows that DMF resulted in membranes with higher permeability which can be 

due to its faster evaporation (boiling point: 153 °C) compared to NMP (boiling point: 202 °C), 

faster precipitation of the polymer and consequently less density of the polymer chains. 

Location of Table 4 

Location of Fig. 2 

According to the results of Table 4, the Dry- 4 membrane provided the optimal results in terms 

of permeability and selectivity. A comparison of Table 4 with Table 3 also shows that the Dry-4 

membrane accounts for the best selectivity among the membranes prepared by both dry-wet and 

dry methods. Fig. 2 shows a cross-sectional SEM image of the Dry-4 membrane and indicates a 

very dense structure. 

 

4 Conclusion 

PSU membranes were fabricated using various solvents and methods and were examined in gas 

permeability experiments. Two different methods, including the dry-wet method and dry casting, 

were investigated. Using DMAC as the less volatile solvent in the dry-wet method did not lead to 

acceptable membrane performance. Using NMP as the less volatile solvent, the membrane cast at 

250 µm provided very low CO2 permeability but showed acceptable carbon dioxide/methane 

selectivity. Membrane fabrication at a lower thickness resulted in a significant improvement in flux, 

but on the other hand, membrane selectivity was severely reduced. Therefore, the membranes 

prepared by the dry-wet method by neither DMAC nor NMP provided acceptable results. NMP 

and DMF were applied as two different solvents using the dry casting method, while DMF resulted 

in membranes with higher permeability. The membrane fabricated by PSU (20 wt%) and DMF 

(80 wt%) through dry casting provided the optimal results in terms of permeability (3.63 barrer) 

and carbon dioxide/methane selectivity (18.25). 

 

References 

[1] Stern SA, Krishnakumar B, Charati SG, Amato WS, Friedman AA, and Fuess DJ, Performance of a 

bench-scale membrane pilot plant for the upgrading of biogas in a wastewater treatment plant. Journal of 

Membrane Science, 1998. 151(1): p. 63-74. 

[2] Park HB, Graphene-based membranes – a new opportunity for CO2 separation. Carbon Management, 2014. 

5(3): p. 251-253. 

[3] Sasikumar B, Bisht S, Arthanareeswaran G, Ismail A, and Othman M, Performance of polysulfone hollow 

fiber membranes encompassing ZIF-8, SiO2/ZIF-8, and amine-modified SiO2/ZIF-8 nanofillers for 

CO2/CH4 and CO2/N2 gas separation. Separation and Purification Technology, 2021. 264: p. 

118471. 



Mohammad Reza Khoshchehre et al.  

Comparing Different Methods of Fabricating Polysulfone Membranes for CO2/CH4 Separation 

 

 
 

493 Tob Regul Sci.™ 2022;8(1): 488-496 

[4] Anbealagan LD, Ng TYS, Chew TL, et al., Modified Zeolite/Polysulfone Mixed Matrix Membrane for 

Enhanced CO2/CH4 Separation. Membranes, 2021. 11(8): p. 630. 

[5] Almuhtaseb RM, Awadallah-F A, Al-Muhtaseb SA, and Khraisheh M, Influence of Casting Solvents on 

CO2/CH4 Separation Using Polysulfone Membranes. Membranes, 2021. 11(4): p. 286. 

[6] Ch'ng CWM, Yeong YF, Jusoh N, Suhaimi NH, and Lai LS, High performance membranes containing 

zeolitic imidazolate framework-8 and polysulfone for CO2 removal from CH4. Journal of Chemical 

Technology & Biotechnology, 2022. 97(4): p. 995-1005. 

[7] Omrani H, Naser I, and rafiezadeh M, Preparation and characterization of a novel polysulfone (PS) mixed 

matrix membrane modified with a SAPO-34 nanofiller for CO2/CH4 gaseous mixture separation. Iranian 

Journal of Chemistry and Chemical Engineering (IJCCE), 2021: p. -. 

[8] Raj K and Sunarti A. Preliminary Fractional Factorial Design (FFD) study using incorporation of Graphene 

Oxide in PVC in mixed matrix membrane to enhance CO2/CH4 separation. in IOP Conference Series: 

Materials Science and Engineering. 2019. IOP Publishing. 

[9] Mohammadi M, Rajabi Z, Moghadassi A, and Hoseyni SM, Preparing and Characterizing PVC/ZnO 

Nanoparticle Mixed Matrix Membranes for CO2/N2, CO2/CH4, and N2/CH4 Gas Separation. Journal 

of Petroleum Research, 2013. 23(75): p. 89-101. 

[10] Rajabi Z, Moghadassi A, Mohammadi M, and Hosseini SM, Fabrication of PVC/CA-based Mixed 

Matrix Membranes Filled with Multiwalled Carbon Nanotubes for CO2, CH4, and N2 Gases Separation. 

Journal of Petroleum Research, 2015. 25(83): p. 149-158. 

[11] Pak S-H, Jeon Y-W, Shin M-S, and Koh HC, Preparation of cellulose acetate hollow-fiber membranes for 

CO2/CH4 separation. Environmental Engineering Science, 2016. 33(1): p. 17-24. 

[12] Mubashir M, Yeong YF, Lau KK, and Chew TL, Effect of spinning conditions on the fabrication of cellulose 

acetate hollow fiber membrane for CO2 separation from N2 and CH4. Polymer Testing, 2019. 73: p. 1-11. 

[13] Shakeel I, Hussain A, and Farrukh S, Effect analysis of nickel ferrite (NiFe2O4) and titanium dioxide 

(TiO2) nanoparticles on CH4/CO2 gas permeation properties of cellulose acetate based mixed matrix membranes. 

Journal of Polymers and the Environment, 2019. 27(7): p. 1449-1464. 

[14] Raza A, Farrukh S, Hussain A, Khan I, Othman MHD, and Ahsan M, Performance Analysis of Blended 

Membranes of Cellulose Acetate with Variable Degree of Acetylation for CO2/CH4 Separation. Membranes, 

2021. 11(4): p. 245. 

[15] Esser T, Wolf T, Schubert T, et al., CO2/CH4 and He/N2 Separation Properties and Water Permeability 

Valuation of Mixed Matrix MWCNTs-Based Cellulose Acetate Flat Sheet Membranes: A Study of the 

Optimization of the Filler Material Dispersion Method. Nanomaterials, 2021. 11(2): p. 280. 

[16] Fouda A, Matsuura T, and Lui A, Permeation of Gas Mixtures in Cellulose Acetate Membranes Practical 

Approach to Predict the Permeation Rate Co2/Ch4 Mixture. Separation Science and Technology, 1988. 

23(12-13): p. 2175-2190. 

[17] Sriwasut K, Rirksomboon T, and Kulprathipanja S. Mixed Matrix Membranes for CO2/Ch4 Seperation: 

Plasticization Study on Cellulose Acetate. in The 2005 Annual Meeting. 2005. 

[18] Mubashir M, Yeong Y, Chew T, and Lau K, Effect of Take-up Speed on the Fabrication of Cellulose Acetate 

Hollow Fibre Membrane in CO2 Separation from N2 and CH4. Journal of Applied Membrane Science 

& Technology, 2018. 22(2). 

[19] Schell W, Cellulose acetate membranes for CO2/CH4 separation. ACS Div. Fuel Chem. Preprints, 1975. 

20: p. 253. 

[20] Yousef S, Šereika J, Tonkonogovas A, Hashem T, and Mohamed A, CO2/CH4, CO2/N2 and 

CO2/H2 selectivity performance of PES membranes under high pressure and temperature for biogas upgrading 

systems. Environmental Technology & Innovation, 2021. 21: p. 101339. 

[21] Shabani F, Aroon MA, Matsuura T, and Farhadi R, CO2/CH4 separation properties of PES mixed 

matrix membranes containing Fullerene-MWCNTs hybrids. Separation and Purification Technology, 

2021. 277: p. 119636. 



Mohammad Reza Khoshchehre et al.  

Comparing Different Methods of Fabricating Polysulfone Membranes for CO2/CH4 Separation 

 

 
 

494 Tob Regul Sci.™ 2022;8(1): 488-496 

[22] Omrani H, Naser I, and Rafie Zadeh M, Experimental and numerical study of CO2/CH4 separation using 

SAPO-34/PES hollow fiber membrane. Iran. J. Chem. Chem. Eng. Research Article Vol, 2021. 40(3). 

[23] Ahmad M, Mohshim D, Nasir R, Mannan H, and Mukhtar H. Effect of solvents on the morphology and 

performance of Polyethersulfone (PES) polymeric membranes material for CO2/CH4 separation. in IOP 

Conference Series: Materials Science and Engineering. 2018. IOP Publishing. 

[24] Nemestóthy N, Bakonyi P, Lajtai-Szabó P, and Bélafi-Bakó K, The Impact of Various Natural Gas 

Contaminant Exposures on CO2/CH4 Separation by a Polyimide Membrane. Membranes, 2020. 10(11): p. 

324. 

[25] Liu J, Liu M, and Lu J, Fabrication of polyimide and covalent organic frameworks mixed matrix membranes by 

in situ polymerization for preliminary exploration of CO2/CH4 separation. High Performance Polymers, 

2019. 31(6): p. 671-678. 

[26] Neyertz S and Brown D, Single-and mixed-gas sorption in large-scale molecular models of glassy bulk polymers. 

Competitive sorption of a binary CH4/N2 and a ternary CH4/N2/CO2 mixture in a polyimide membrane. 

Journal of Membrane Science, 2020. 614: p. 118478. 

[27] Ahmad MZ, Synthesis and characterization of polyimide-based mixed matrix membranes for CO2/CH4 

separation. Mohd Zamidi Ahmad, 2018. 

[28] Iqbal M, Man Z, Mukhtar H, and Dutta BK, Solvent effect on morphology and CO2/CH4 separation 

performance of asymmetric polycarbonate membranes. Journal of Membrane Science, 2008. 318(1-2): p. 167-

175. 

[29] Shafie SNA, Man Z, and Idris A. Development of polycarbonate-silica matrix membrane for CO2/CH4 

separation. in AIP Conference Proceedings. 2017. AIP Publishing LLC. 

[30] Harasimowicz M, Orluk P, Zakrzewska-Trznadel G, and Chmielewski AG, Application of polyimide 

membranes for biogas purification and enrichment. Journal of Hazardous Materials, 2007. 144(3): p. 698-

702. 

[31] Julian H and Wenten I, Polysulfone Membranes for CO2/CH4 Separation: State of the Art. IOSR Journal 

of Engineering, 2012. 2: p. 484-495. 

[32] Ismail AF and Lai PY, Development of defect-free asymmetric polysulfone membranes for gas separation using 

response surface methodology. Separation and Purification Technology, 2004. 40(2): p. 191-207. 

[33] Ismail AF and Lai PY, Effects of phase inversion and rheological factors on formation of defect-free and ultrathin-

skinned asymmetric polysulfone membranes for gas separation. Separation and Purification Technology, 

2003. 33(2): p. 127-143. 

[34] Ismail AF, Ng BC, and Abdul Rahman WAW, Effects of shear rate and forced convection residence time on 

asymmetric polysulfone membranes structure and gas separation performance. Separation and Purification 

Technology, 2003. 33(3): p. 255-272. 

[35] Pesek SC and Koros WJ, Aqueous quenched asymmetric polysulfone membranes prepared by dry/wet phase 

separation. Journal of Membrane Science, 1993. 81(1): p. 71-88. 

[36] Xin Q, Li Z, Li C, et al., Enhancing the CO2 separation performance of composite membranes by the 

incorporation of amino acid-functionalized graphene oxide. Journal of Materials Chemistry A, 2015. 3(12): 

p. 6629-6641. 



Mohammad Reza Khoshchehre et al.  

Comparing Different Methods of Fabricating Polysulfone Membranes for CO2/CH4 Separation 

 

 
 

495 Tob Regul Sci.™ 2022;8(1): 488-496 

Table 1 Membrane fabrication conditions through the dry-wet method using NMP as the solvent 

Membrane 

code 

Composition of the casting 

solution (wt%) 

Fabrication procedure 

PSU NMP THF Eth 

Dry-wet-1 22 31 31 16 Casting at 250 µm, 1 min convective 

evaporation, immersion in the water bath 

Dry-wet-2 22 31 31 16 Casting at 200 µm, 1 min convective 

evaporation, immersion in the water bath 

 

Table 2 Membrane fabrication conditions through dry casting 

Membrane 

code 

Composition of the casting 

solution (wt%) 

Fabrication procedure 

PSU NMP DMF 

Dry-1 10 90 - 10 g of solution was poured into a petri dish, 

placed in an oven at 65 °C for 24 hours, and then 

in a vacuum oven at 70 °C for 4 hours. 

Dry-2 20 80 - The solution was cast at 250 µm, placed in an oven 

at 65 °C for 24 hours, and then in a vacuum oven 

at 70 °C for 4 hours. 

Dry-3 10 - 90 10 g of solution was poured into a petri dish, 

placed in an oven at 65 °C for 24 hours, and then 

in a vacuum oven at 70 °C for 4 hours. 

Dry-4 20 - 80 The solution was cast at 250 µm, placed in an oven 

at 65 °C for 24 hours, and then in a vacuum oven 

at 70 °C for 4 hours. 

 

Table 3 Gas permeation results using membranes fabricated by the dry-wet method 

Membrane code CO2P 

(barrer) 
CH4P 

(barrer) 

PCO2/PCH4 

Dry-wet-1 0.78 0.06 12.93 

Dry-wet-2 15.97 7.41 2.15 

 

Table 4 Gas permeation results using membranes fabricated by dry casting 

Membrane code CO2P 

(barrer) 
CH4P 

(barrer) 

PCO2/PCH4 

Dry-1 0.30 0.02 16.05 

Dry-2 0.90 0.05 17.07 

Dry-3 1.56 0.09 16.88 

Dry-4 3.63 0.199 18.25 
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Fig. 1 Cross-sectional SEM image of the Dry-wet-2 membrane: (a) total section and (b) top 

section 

 

 
Fig. 2 Cross-sectional SEM image of the Dry-4 membrane 

(a) (b) 


