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Abstract
This study investigates the effect of addition of functionalized carbon nanotubes (CNTs) using beta cyclodextrin (β-CD) in polyimide (PI) mixed matrix membrane (MMMs) for gas separation. The synergistic combinations of organic polymers for separation applications with inorganic substances such as single-walled carbon nanotubes (SWNTs) have resulted in a new class of membrane material called mixed matrix membrane for the gas separation. However, weak interfacial interaction between CNT and polymer are major problem for the CNTs based MMMs. Therefore, functionalization of CNTs with β-CD is proposed as inorganic filler in MMMs. The mixed matrix membrane will be characterized by scanning electron microscopy, Fourier Transform Infrared Spectroscopy and Thermogravimetric analysis. Pure gases of carbon dioxide and methane will be applied for the gas performance testing. The permeability and selectivity of the gases will be evaluated. Functionalization of CNTs by using β-CD would be produced a better performance of the MMMs due to a better interaction between CNTs and polymer. 
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Abstrak
Kajian ini menyiasat kesan penambahan beta cyclodextrin (β-CD) modifikasi karbon nanotiub (CNTs) dalam poliimide (PI) campuran matriks membran (MMMs) untuk pemisahan gas. Gabungan sinergi polimer organik untuk aplikasi pemisahan dengan bahan tak organik seperti karbon nanotiub berdinding tunggal (SWNTs) telah menyebabkan kelas baru bahan membran yang dipanggil campuran matriks membran untuk pemisahan gas. Walau bagaimanapun, permukaan interaksi di antara CNT dan polimer yang lemah menjadi masalah untuk MMMs berasaskan CNTs. Oleh itu, modifikasi CNTs dengan β-CD telah dicadangkan sebagai pengisi tidak organik dalam MMMs. Kemudian, membran tersebut dicirikan oleh pengimbasan mikroskop elektron, Spektroskopi Inframerah dan Termogravimetrik analisis. Gas tulen karbon dioksida dan metana akan digunakan dalam kajian ini. Prestasi pemisahan gas, kebolehtelapan dan keupayaan pememilihan akan dikaji. Modifikasi CNTs dengan menggunakan β-CD akan menghasilkan prestasi yang lebih baik untuk MMMs disebabkan oleh interaksi yang lebih baik di antara CNTs dan polimer. 

Kata Kunci: Karbon nanotiub berdinding tunggal (SWNTs), Poliimide, campuran matriks membran, pemisahan berasaskan membran, Beta cyclodextrin (β-CD)
1.0 INTRODUCTION
With rapidly competitive in carbon dioxide capture in order to mitigate global warming, gas separation polymeric membranes is reasonable approach in tackling this issue driven by their remarkable potential and unique properties [1]. A number of advantages, including high stability and efficiency, lower energy requirements and also ease of operation are offered by membrane separation. 
	Generally, the permeation and selectivity are the two common basic performance characteristics of a membrane. In a broader context of definition, the permeability is the ability of the permeates to pass through a membrane meanwhile the ratio of permeability of the more permeable component to that of the less permeable is known as selectivity of the membrane [2]. The successful application of membranes in an identified gas separation process, in both lab and industrial scale, greatly depends upon the selection of membrane materials with the appropriate chemical, mechanical and permeation properties. However, despite the ability to produce robust, large area membranes at relatively low cost is hindered by their intrinsic permeability and selectivity limitations [3]. To improve polymeric membrane performance, a considerable research effort has focused on the addition of inorganic as fillers. These so called mixed matrix membrane in which combine useful molecular sieving properties of inorganic molecular sieves with the desirable mechanical and processing properties of polymers.
	Mixed matrix membranes (MMM) are normally defined as the incorporation of solid (dispersed) phase into a continuous polymer matrix [4]. The choice of the polymer, inorganic phase and filler particle loading are some of the important parameters affecting the morphology and performance of MMM. They are promising candidate to achieve higher selectivity, permeability, or both relative to the existing polymeric membranes, resulting from the addition of the inorganic particles with their inherent superior separation characteristics [5].
	Recently, alternative nano-structured materials such as carbon nanotubes (CNTs) has also found their excellent sieving characteristic in the fabricating of MMM since their discovery in 1991 [6]. Simulations predicting the diffusivity properties of simple gases in CNTs show that these materials may be suitable filler in a polymer matrix to make MMMs.
	However some problems arise with the use of CNTs. The dispersion of CNT in a polymer matrix is difficult due to its strong van der Waals interactions [7]. Another issue is the weak interfacial interaction between CNT and polymer [8]. The effective use of CNTs in composite applications depends on the ability to disperse the CNTs uniformly through the matrix [2]. These problems may affect the performance of gas separation. Thus, chemical functionalization provides a solution to overcome these problems. 
	In this study, single walled carbon nanotubes (SWNTs) are functionalized using beta cyclodextrin (β-CD). The unfunctionalized CNTs and different loadings of functionalized and are added to polyimide to form SWCNT based polyimide MMMs. The performance of gas separation for these MMMs is study.


2.0	EXPERIMENTAL
2.1 	Reagents and solutions
Pure methane and carbon dioxide gases are applied for the testing. Polyimide (PI), N-Methyl-2-pyrrolidone (NMP), unfunctionalized carbon nanotubes (CNTs), functionalized carbon nanotubes (f-CNTs), and methanol are used for dope preparation. Beta cyclodextrin (β-CD) are used to functionalized CNTs.

2.2	Membrane and Inorganic Fillers Characterization
2.2.1    Field emission scanning electron microscopy (FESEM) and scanning electron microscopy (SEM)
SEM is an instrument used to magnify the sample to greater extent, hence the morphology and structure of the membrane can be determined. 

2.2.2    Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transform infrared (FTIR) spectroscopy is a measurement technique for collecting infrared spectra at room temperature in a range from 500 to 4000 cm-1. FTIR spectrometer is used to identify the presence of functional groups in the functionalized carbon nanotubes.

2.2.4	Thermo gravimetric analysis (TGA) 
Thermogravimetric Analysis (TGA) is a type of testing that is performed on samples to determine changes in weight in relation to change in temperature. TGA could be used to measured thermal stability of the membrane. 

2.3 	Experimental procedure
2.3.1	Functionalization of SWNT
The SWNTs are functionalized using beta cyclodextrin (β-CD) to improve the compatibility between CNTs and commercial PI. SWNTs are dispersed in β-CD with mixtures in weight ratio 30:1, 20:1, and 10:1 of β-CD to SWNTs. The mixtures are grown with a known amount of ethanol until homogenous powder is achieved. Next, the mixtures are mix through a ball milling process.

2.3.2	Preparation of Dope Solution
In this study, the polymer solution consists of 25 wt % polymer (PI), 75 wt% NMP and 0.5 wt % CNTs in the total solid content. First of all, inorganic fillers are dispersed into small amounts of solvent and sonicated for 30 min. At the same time, a known amount of PI is added to the NMP slowly under agitation and followed by the addition of inorganic fillers that have been sonicated. All the solution will be made in a round bottom reaction vessel stirred by motor driven stirrer for 2 days until the polymeric solution become homogeneous. The bottle is placed in an ultrasonic water bath to remove the bubbles from the solution prior to the membrane casting. Another dope solution would be prepared with the use of β-CD functionalized CNTs as inorganic fillers and step above is repeated. 

2.3.3	Flat sheet casting technique
The casting process begins by placing a clean glass plate on the trolley. About 10 ml of dope solution will be placed on the glass plate. The glass plate support trolley would move forward and went under casting knife drive by pneumatic controlled system to form a flat sheet asymmetric membrane. The thin film of membrane would be removed from the glass plate by immersing in the water at an ambient temperature for 24 hours and followed by methanol for 3 hours. Then, the film will be dried in atmosphere for 1 day before stored in a sealed plastic bag prior testing.


2.3.4	Membrane Coating
Membrane is immersed inside silicone rubber for 3 minutes. After that, membranes are cured in an oven at 50ºC. The purpose of coating is to minimize the effect of defect sites on the selectivity of membrane.

2.3.5    Gas Permeability Measurement
The gas permeation properties of the mixed matrix membrane are measured using variable-pressure constant-volume method with a pre-calibrated permeation cell described elsewhere [9]. The gas permeability measurement for the pure gas is performed at 35ºC with pressure up to 10 bar and measured three times for each membrane sample. Pure CH4 and CO2 are used as the test gases.


3.0	EXPECTED RESULTS AND DISCUSSION
3.1	Study on Morphology structure of CNTs-MMMs and β-CD Functionalized CNTs-MMMs
SEM is used to characterize the morphology of the membrane. Figure 3.1 shows the micrographs of the cross section a) CNT-MMM and b) functionalized CNT-MMM with β-CD. Figure 3.1 a) show non-uniform finger-like structures and large pore holes. This can be attributed to the incomplete dispersion of the MWNTs within the polymer matrix due to stronger interactions between the CNTs bundles. Figure 3.1 b) show regular finger-like structures are observed with improved distribution and dispersion of the functionalized CNTs in the polymer matrix [1]. In this study by using SWNTs-MMM with different functionalized CNTs are expected to get a uniform finger like structure in increasing amount of CNTs loadings. 
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Figure 3.2: Cross section morphologies of (a) CNT-MMM, (b) functionalized CNT-MMM with β-CD [1]

3.2	Gas Separation Properties of MMM
Figure 3.2 shows the selectivity of the Selectivity for CO2/CH4 gases for MMM with different CNTs loadings. It is show that the functionalized CNT by using β-CD give the highest selectivity compare to PI/CNT. In this study, it is expected that the additional of nominal amount loadings of f-CNTs will increase the selectivity of the MMM. 
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Figure 3.2: Selectivity for CO2/CH4 gases for MMM with different f-CNTs loadings [1]


4.0	CONCLUSION
The addition of functionalized carbon nanotubes using beta-cyclodextrin can be improve the solubility and homogenous dispersion of CNTs in the MMM. It is expected that the different additional of functionalized CNTs loadings can be form uniform finger-like structures which have facilitated the fast gas transport through the polymer matrix. It may also be concluded that the f-SWNTs also offered favorable effects towards increasing gas permeability by enhancing the diffusion and adsorption of CO2 in the polymer matrix. The presence of nanotubes channels have resulted in more than 100% improved selectivity for the MMM. Hence the addition of f-SWNTs can be seen to enhance the permeability without compromising on the selectivity of MMM.
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