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 Gas separation enhanced a main manufacturing request of membrane technology just 

through the past 20 years, but the analysis of gas separation essentially started already. 

For specific gas separation, carbon membrane offer an improvement in permeability 
and selectivity, due to the excellent separation may be achieved even between gases 

with almost similar molecular size. Carbon membranes produced from the 

carbonization of polymeric materials have been reported as an effective process for gas 
separation due to its ability to separate a gas mixture at any desired temperatures, up to 

temperature where carbon membrane begins to deteriorate. In this study, tubular 

supported carbon membrane was prepared using Matrimid 5218 as polymeric 
precursor. The polymer solution was coated on the surface of ceramic tubes by using 

dip-coating method. In order to produce a high performance of carbon membrane, the 

composition different during the carbon membrane fabrication was studied. The 
polymer tubular membrane was then carbonized under Argon atmosphere at different 

composition of 5wt%, 10wt%, 13wt%, 15wt%, and 18wt%. Pure gas permeation tests 

were performed using CO2 and N2 at room temperature with pressure 8 bars. Based on 
the results, the highest CO2/ N2 selectivity of 79.69 was obtained for carbon membrane 

prepared with 15wt% polymer composition. In fact, a carbon membrane with 

composition of 15%wt of Matrimid has higher density compared with others. It shows 
that the polymer chains formed has increased the packing density of the membranes.  
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INTRODUCTION 
 

 Membrane technology, on the other hands, has 

emerged as preferable separation techniques with 

wide range applications such as medical applications 

(hemodialysis and drug delivery), gas separation 

(acid gas removal, air purification, nitrogen 

enrichment) and water treatment (desalination, 

reverse osmosis, wastewater treatment). For gas 

separation, the permeability and selectivity are the 

most basic properties of a membrane that need to be 

considered. High permeation flux and high 

selectivity are essential requirements for a successful 

membrane (Chatzidaki E. K.2007). Compared to 

conventional gas separation processes, membranes 

offer simplicity in operation that can be fitted easily 

onto the power plant without requiring complicated 

integration, no chemicals requirement, and space 

efficient since regeneration is unnecessary (Salleh 

and Ismail, 2012).  

 Membrane technology for gas separation can be 

classified as polymeric and inorganic membrane. For 

polymeric membrane, although its applicability was 

first restricted by low permeability, the advent of 

highly permeable asymmetric membrane introduced 

by Loeb and Sourirajan in 1960s has highlights its 

true potential. Since then, polymeric membrane has 

been applicable for various gas separations. 

Compared to inorganic membrane, polymeric 

membrane offers ease process ability since it can be 

mold into different configuration, robust materials, 

and self-supported membrane. A significant growth 
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in development of membrane technologies related to 

the separation of gaseous species since it is highly 

beneficial (Hosseini and Chung, 2009). However, the 

polymeric membrane is bounded by the trade-off 

limits between permeability and selectivity 

introduced by Robeson; where highly permeable 

membrane commonly accompanied by poor gas pair 

selectivity and vice versa. Since then, focused on 

surpassing the Robeson upper bound became the 

main benchmark for majority of researchers. 

Polymeric membrane is among well-developed 

technologies  

 Ongoing research on polymeric membrane has 

focused on either developing new membrane 

materials or improving the existing membrane. 

Among different approaches have being conducted; 

development of carbon membrane is one of the 

promising materials. Carbon membrane is resulted 

from carbonization of polymeric precursor. During 

carbonization, the benzene ring and other functional 

group presence in the polymeric precursor and 

resulted amorphous materials consisting of 

disordered sp2 hybridized condensed hexagonal 

sheets with pores formed from packing imperfections 

which serves an idealized pore structure. Carbon 

membrane separation developments has become one 

of the great tools, which have undergoes a rapid 

grow thing since the past few years. Because of their 

unique characteristics, the carbon membranes are 

used in place of polymer membranes; among which 

mention can be made of their mechanical strength, 

high thermal and chemical resistance, long life, 

higher pore volume, the simultaneous diffusion and 

chemical reaction. Carbon membrane has been 

proved to demonstrate higher selectivity than 

polymeric membrane especially in the separation of 

similar gas molecules such as O2/N2, CO2/CH4 and 

CO2/N2 (Koresh and Soffer, 1987; Jones and Koros, 

1992 and Tanihara et al., 1999). Interestingly, this 

higher selectivity was achieved without sacrificed its  

permeability or productivity (Jones and Koros, 

1994). 

 Despite its prevalence, carbon membrane 

suffered from brittle structure and requires a stable 

support. While majority of studies has focused on 

carbon membrane development using flat substrate, 

tubular supported carbon membranes rarely draw the 

same attraction. Compared to flat substrate, tubular 

substrates are mechanically stronger against a 

compressing pressure than flat substrates and provide 

higher membrane area per unit module volume is 

superior to flat substrate. Since development of 

tubular supported carbon membrane is relatively new 

approaches, it is important to identify the ideal 

precursor concentration that would resulted in high 

performance tubular carbon membrane. Hence, this 

study aims to develop tubular supported carbon 

membrane for CO2/N2 separation using different 

polymer precursor concentration. In this study, 

Matrimid 5218 was selected as the precursor due to 

its tremendous thermal, chemical and mechanical 

stabilities. In addition, carbon membrane derived 

from Matrimid 5218 has been widely investigated 

and considered as preferable precursor. .  

 

2.0 Experimental: 

2.1 Materials:  

 Matrimid 5218 was selected as a polymer 

precursor. It was dried overnight at 80 oC to remove 

any moisture. N-methyl-2-pyrrolidone (NMP) that 

purchased from Merck (Germany) is used as a 

solvent.  

 

2.2 Carbon Membrane preparation: 

 Polymer precursor solution was prepared by 

dissolving different composition of 5wt%, 10wt%, 

13wt%, 15wt%, and 18wt%. Matrimid 5218 in NMP 

for 7 hours with mechanical stirring. The mixture 

was sonicated to remove all bubbles from the 

solution. Supported polymer membranes were 

prepared by dip-coating tubular ceramic support 

(6cm in length, 13mm outer radii) into the polymeric 

solution for 15 minutes. The supported membranes 

undergo aging at 80°C for 24 hours. The membranes 

were then immersed with methanol for 2 hours 

before placed at 100°C for 24 hours inside oven to 

allow slow removal of the solvent. The supported 

membranes were placed in the centre of the Carbolite 

horizontal tubular furnace to undergo carbonization 

process. The carbonization process was performed at 

temperature of 850°C under Argon gas (200ml/min). 

The heating rate of 2°C /min was applied throughout 

the process. After completing each heating cycle, 

membranes were cooled naturally to room 

temperature. The detailed carbonization protocol is 

illustrated in Fig 1. The nomenclature of the resultant 

carbon tubular membranes is given in the form of 

CM-Carbonization Temperature.  

 

2.3 Gas Permeation Measurement:  

 The performance of the membrane can be 

characterized into two important parameters which 

are permeance and selectivity. The carbon tubular 

membranes were tested in pure gas permeation 

system. The 6 cm carbon tubular membrane was 

placed inside the membrane module. A tubular 

stainless steel module of 14 cm in length was used to 

contain the carbon tubular membrane. The membrane 

was fitted with rubber O-rings to allow the 

membrane to be housed in the module without 

leakages. Pure gas CO2 and N2 were fed into the 

module at a trans membrane pressure of 8 bars. The 

permeance, P/l (GPU) and selectivity, α of the 

membranes.  

were calculated using equations below:  

 

Permeance, P: 

           (1) 
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Selectivity, α: 

            (2) 

where P/l is the permeance of the membrane, Qi is 

the volumetric flow rate of gas i at standard 

temperature and pressure (cm
3
 (STP/s), p is the 

pressure difference between the feed side and the 

permeation side of the membrane (cmHg), A is the 

membrane surface area (cm
2
), n is the number of 

fibers in the module, D is an outer diameter of the 

membrane (cm) and l is an effective length of the 

membrane (cm). 

 

 
 

Fig. 1: Carbonization protocol. 

 

RESULT AND DISCUSSION 
 

 The carbonization process was performed by 

heating the Matrimid-based polymeric membrane 

under Argon flow from room temperature to the final 

carbonization temperature with different polymer 

composition. The permeances at the resulted 

membranes were measured using gas permeation test 

apparatus at 8 bars and room temperature (Table 1). 

 
Table 1: Gas Permeation Properties of the Matrimid/NMP –Based Carbon Tubular Membrane. 

 
 

 From table 1, it was observed that the prepared 

carbon membrane showing high CO2 permeability 

and CO2/N2 selectivity even only 5wt% of precursor 

used. This performance is resulted from the 

micropores presence within the carbon membrane 

that allowing smaller molecule (kinetic diameter of 

CO2 is 3.3Å) to permeate easily across the membrane 

while discriminating larger molecule (kinetic 

diameter of N2 is 3.6Å), or better known as 

molecular sieving effect. The molecular sieving 

effect, commonly reported as separation mechanism 

in carbon membrane, is resulted from the breakage of 

benzene ring and other functional group and creates 

bimodal rigid pore distribution. Hence, the resulted 

membrane shows high CO2 permeance and CO2/N2 

selectivity.  

 It was also observed that the gas permeation 

across the carbon membrane is highly dependent on 

precursor concentration. Up to 15wt% precursor 

concentration, the CO2 and N2 permeation showing 

systematically increasing and began to diminish at 

18wt%. Moreover, the CO2 permeance precedes N2 

with different magnitude. The increasing trend 

suggested that the micropores formation and the 

carbon structure of the carbon membrane become 

rigid, compact and some of the pores might change 

into closed pores during the carbonization process. 

With the expected of high concentration of polymer 

solution, it will induce the higher porosity. 

Polyimides are known to exhibit high permselectivity 

for various gas pairs, especially for CO2/N2 

(Bersema, J.N. et.al., 2004) and high chemical 

resistance, thermal stability and mechanical strength. 

Many researchers reported polyimide of Matrimid 

5218 as one of the best material choices for 

membrane based CO2 /CH4 and CO2/N2 separation, 

due to its attractive combination of gas 

permselectivity and permeability.  

 Further increased the polymer composition 

(18wt%) has diminished the permeance of all gases. 

This phenomenon often related to structure 

compaction occurred and entanglement of polymer 

chain when polymer composition exceeding the ideal 

composition. Consequently, poor structural 

arrangements have induced higher mass transport 

resistance and hinder the permeation of all tested 
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gases. In addition, significant reduction of CO2 

permeance (24%) compared to N2 (11%) further 

suggest the severe structural arrangement for at 

macroscopic level at 18wt% polymer composition 

and leads to lesser CO2/N2 selectivity.  

 

4.0 Conclusion: 

 The result shows that Matrimid 5218 is a good 

candidate for carbon membranes preparation. It is 

indicated that the gas separation properties of 

Matrimid-based carbon tubular membranes are 

depends on the polymer composition. The results 

reveal that an excellent CO2/N2 separation of 79.69 

with CO2 permeance of 287.36 was obtained for 

carbon membranes that have polymer composition of 

15wt% Matrimid 5218 under Argon gas 

environment. In fact, this study shows that carbon 

membranes that carbonized is highly dependent on 

precursor concentration and investigating the ideal 

concentration is crucial. 
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