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Abstract 

As environmental consciousness is urge throughout the world to reduce the emission of carbon dioxide (CO2) gas, researcher 

has been working on a way to separate the gas and store them where they belong. CO2 presence in atmosphere will coat the 

earth and trap amount of heat and further cause climate change. In this study, a mixed matrix membrane (MMM) will be 

produced in order to separate CO2 gas from emitted to the atmosphere. The MMM is produced by the combination of 

polyvinylidene fluoride (PVDF) and Zeolite via dry/wet phase inversion technique. The invention of this MMM is expected to 

improve the separation performance of pure PVDF membrane. PVDF is introduced with an inorganic filler, Zeolite with ratio 

of N-Methyl-2-pyrrolidone (NMP) (solvent): PVDF: Zeolite 80:10:10, 80:15:5, and 80:5:15 in order to achieve the desired 

selectivity and permeability which will be tested on CO2/N2 gas separation. From the performance view, the MMM with 

composition 80:15:5 are the most suitable to separate the two gases compared to pure PVDF membrane as the permeance of 

CO2 and N2 were recorded at 17631.41 GPU and 2041.30 GPU respectively at 0.5 atm. The result also unbeatable when the 

pressure was increased up to 1 atm, the permeance of CO2 and N2 are 13370.49 GPU and 4558.12 GPU respectively. These 

high performance samples are prove by the SEM image of the surface morphology itself. The pore diameter ranges of 0.58µm-

1µm are the result of pore disruption by the zeolite nanoparticles. 
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1. Introduction 

Nowadays environmental issue is the top most concern in 

industries. Being one of the main greenhouse gases, CO2 still 

can be treat by remove it from the atmosphere and store it 

deep in the oceans and the soil surround by the roots of many 

plants. CO2 is a colorless, odorless gas that is naturally 

emitted from the earth’s surface, industry, as well as through 

the human function, respiration, and the plant function, 

photosynthesis. The major contribution of around 72% 

compared to methane as much as 18% and followed by the 

nitrous oxide 9% has addressing the emission of CO2 gas to 

this environmental problem. Carroll, et al. 2014 in their 

studies mention that the CO2 is captured and separate from 

other gaseous and pumped at a release site 12 m below the 

seafloor into unconsolidated sediments and 350 m offshore 

via a borehole connected to land (1). 

In industries, the emission of CO2 is through the combustion 

of fossil fuel such as coal, oil and natural gas. CO2 is capture 

from the flue gas and will be passed through a series of 

membrane in order to separate it from N2, SO2 and nitrogen 

oxide. The separation occurs based on the different molecular 

size of the gas compositions that are passed through the 

membrane pores. The membrane systems possess many 

advantages such as small footprint, low capital and operating 

costs, being environmentally friendly, and exhibiting good 

process flexibility (2). 

Polymeric membranes lead the membrane separation industry 
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market because they are very competitive in performance and 

economics. A polymer has to have appropriate characteristics 

for the intended application. Polymer based membrane have 

several advantages including: low capital cost, low energy 

requirements, higher mechanical resistance compared to 

inorganic membranes, ease of operation and appropriate 

ability to be prepared into commercially modules (3, 4). 

Many membrane polymers are grafted, custom-modified, or 

produced as copolymers to improve their properties. 

Organic–inorganic hybrids, so-called ‘mixed matrix’, 

materials comprising highly selective rigid phases, such as 

zeolites, dispersed in a continuous polymeric matrix are 

leading candidates for challenging membrane applications 

(5). Polymer such as PVDF is often chosen for membrane 

material. PVDF membranes are widely used in 

microfiltration, ultrafiltration, and nanofiltration processes 

due to their excellent chemical resistance, good thermal and 

mechanical properties (6). In other to improve the membrane 

separation, an inorganic particles, zeolite is induced into the 

PVDF matrix. 

The combination of ease processing of PVDF polymeric 

membrane and molecular sieves properties of zeolite with the 

excellent gas separation is called mixed-matrix PVDF/Zeolite 

membranes. Gases are transported through both the 

polymeric and inorganic phases of the membrane (7). The 

zeolite particle act as molecular sieves, disrupt the PVDF 

structure thus increasing the permeance. At low to 

intermediate loading of the inorganic phase, molecular 

transport occurs through diffusion across the polymeric 

matrix and through the inorganic particles while at high 

inorganic loading the transport will primarily pass through 

the inorganic phase. 

In this study, the MMM will be produced via dry/wet phase 

inversion technique by taking PVDF as a base membrane 

with zeolite as a filler and NMP as a solvent according to 

ratio of 80:10:10, 80:15:5, and 80:5:15. The produced flat 

sheet MMM will be characterize physically and chemically 

by using Scanning Electron Microscopy (SEM) and Fourier 

Transform Infrared Spectroscopy (FTIR) devices and will 

further test the performance by single gas permeation device.  

2. Materials and Methods 

2.1. Materials 

Pallet of analytical grade Polyvinylidene fluoride (PVDF) 

with 177°C melting temperature was purchased from Sigma 

Aldrich. The inorganic filler material, zeolite 4Å with 

particle size of 8-12 mesh and biotech grade N-Methyl-2-

pyrrolidone, NMP with 99.5% purity which also bought from 

Sigma Aldrich. The NMP boiling point is 202°C. There are 

two gases used, pure CO2 and N2 which will be used for gas 

permeation. PVDF and zeolite was dried at 50°C for at least 

24 hours before the dope preparation. 

2.2. Sample Preparation 

The dope solution was prepared by combining the PVDF 

solution and the zeolite particles. The PVDF was dissolved in 

NMP and stirred at 170°C for about 5 hours until all the 

pallets dissolved. Zeolite has been added to the PVDF 

solution according to the ratio given in the Table 1 and the 

mixture was continuously stirred 2 to 3 hours to ensure its 

homogeneity. Afterwards, the stirring will be stop and the gas 

bubbles in the dope are release by leaving the solution at 

50°C for at least 72 hours (8). 

Table 1. MMM samples composition. 

PVDF (wt%) Zeolite (wt%) NMP (wt%) 

20 0 80 
10 10 80 
15 5 80 
5 15 80 

2.3. Dry/Wet Phase Inversion 

In this method, the casted membrane is left to vaporize for a 

moment before it is immerse into a nonsolvent (water) 

medium. The membrane structure is formed by the phase 

separation between solvent (NMP) and nonsolvent (water) 

component and it helps in vaporization process and polymer 

clotting (9).  

3. Results and Discussion 

3.1. Chemical Characterization by FTIR 

Figure 1 (a), (b), (c) and (d) show the spectra wavelength of 

the analysed sample with different ratio of components. All 

four sample exhibit the same functional group which is the 

presence of PVDF. As reported by Yun Peng et. al., the band 

of 1176, 1179, 1177, and 1172 cm-1 assigned to the vibration 

of α-PVDF while the band of 1272, 1273, and 1271 cm-1 are 

assigned to the vibration of β-PVDF (10). The peaks that 

represent the zeolite particles in the membrane pointed 

around 980 cm-1 which is said to be the vibration of the atom. 

The internal T-O vibrations of the zeolite sample will be 

around 970.39, 721.82 and 461cm-1. 

The peak also illustrated the wavelength in between the range 

of 2850-3000 cm-1, which the sample shows the stretching 

vibration of C-H in the alkanes class. The peaks around 1400 

cm-1 indicate that there is a strong α-CH2 bending for 

aldehyde and ketones class. The presence of Fluoride (F), 

were noticed by the rose of the graph in range of 1785-1815 

cm-1 by a strong stretching vibrations. As discussed earlier, 

the PVDF has been spotted at 1170 cm-1. 
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Figure 1. The spectra wavelength of the different composition of mixed matrix membrane, ratio of NMP: PVDF: zeolite. (a) 80:20:0; (b) 80:18:2; (c) 80: 15:5; 

80: 10:10. 
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3.2. Physical Characterization by SEM 

Figure 2 and Figure 3 show the surface morphology of the 

cross section of the MMM analysed by SEM. Figure 2 (a) 

and Figure 3 (a) are the same membrane sample prepared 

with 20% PVDF with no zeolite added has clearly showed 

that there is a different surface morphology compared to the 

others. The surface with finger-like structure and consistent 

pores diameter across the membrane can be clearly seen from 

this composition in Fig. 3a. The other three membranes has 

been mixed in combination of 10% PVDF, 10% zeolite 

(Figure 2 (b), Figure 3 (b)), 15% PVDF, 5% zeolite (Figure 2 

(c), Figure 3 (c)) and 18% PVDF, 2% zeolite (Figure 2 (d), 

Figure 3 (d)). The surface morphology of these three 

membranes have been disrupt with addition of zeolite. 

Inconsistency in pore shape with an improvement of pore 

diameter can be seen in Figure 3 (b), Figure 3 (c), and Figure 

3(d). Generally, from the cross sectional view the pore 

diameter is the one of the noticeable changes in addition of 

zeolite nanoparticles. As been said earlier, the pure PVDF 

membranes have the average of equally pore size throughout 

the membrane. Figure 3 shows the 1000x magnification of 

the membranes samples. Porosity of the pure PVDF 

membrane are shaped as finger like layer with pore diameter 

of 2.7µm-3.1µm. finger-like structure are mostly due to a 

faster coagulation rate of NMP as solvent and water as non-

solvent (11).  

This range of pore size is still unacceptable as the CO2 and 

N2 particles diameter was said to be around 3.3x10-4 µm and 

3.6x10-4 µm respectively. The large pore diameter will loosen 

both CO2 and N2 during gas permeation test thus the 

selectivity of CO2 will decrease.  

 
Figure 2. The 50 x Magnification of Mixed Matrix Membrane Cross Sectional View, (a) 80:20:0, (b) 80:10:10, (c) 80:15:05. (d) 80:18:02. 
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Figure 3. The 1000 x Magnification of Mixed Matrix Membrane Cross Sectional View, (a) 80:20:0, (b) 80:10:10, (c) 80:15:05. (d) 80:18:02. 

The addition of 10% zeolite to 10% PVDF has disrupted the 

matrix of the pure PVDF membranes. Referring to Figure 

3(b), the distribution of zeolite particles is unbalanced. 

Furthermore, this MMM showed many cavities which were 

formed by the cleavage of particles during sample 

preparation and the voids between the zeolite particles to 

the polymer chains were present and the size of the voids 

increased with increasing content of zeolite. These voids 

were highly dependent on the percent weight content of 

inorganic fillers and the polymer (12). The zeolite particles 

tend to group one to another around the bottom surface of 

the membrane and create pores with diameter of 1.8µm-

2.5µm. The large amount of zeolite practically are not 

helping in creating the desired small pore diameter same 

goes to the membrane with 18% PVDF and 2% zeolite in 

Figure 3 (d). Hesamoddin et. al,. once said that the 

increased amount of polymer content in the solution, leads 

to higher solution viscosity and weaker homogenous 

dispersion of particles, resulting in thicker membrane with 

lower permeance (13). The zeolite particles in this 

combination were observed to be well distributing across 

the pore of the membrane resulting in a quite small pore 

diameter which is 1.6µm-2.1µm. 

Figure 3 (c) shows the distribution of zeolite particles in 

combination of 15% PVDF with 5% zeolite. Among this 

three samples this combination of PVDF and Zeolite are 

perfect with an average pore diameter of 0.58µm-1µm. The 

homogeneity of the solution also can be seen with the 

polymeric structure that hold the zeolite particles in shape 

altogether without separating the zeolite particles apart. The 

zeolite particles not only disrupt the PVDF matrix but 

creating perfect pores among them. 

3.3. The Membrane Performance 

To study the performance of the mixed matrix membrane 

produced a single gas permeation test has been carried out. 

The test was conducted by allowing CO2 and N2 gas passed 

through the membrane at different pressure. The pressure was 

manipulated at 0.5, 0.75 and 1 bar. Time was taken when the 

gas bubbles inside the gas permeation device reach 10ml. At 

first a pure PVDF (80:20:00) membrane was used in this test 

so that the different of the performance can be seen compared 

to the other three MMM produced and then the test was 

repeated for the other membrane samples.  

The permeance (P/Ɩ) for both gases was calculated by using 

Eq. (1) and expressed in GPU [1GPU = 1x10-6 

cm3(STP)/(cm2.s.cmHg)]. 
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where Ɩ is the thickness of membrane in cm, V indicates the 

volume (cm3) displaced in time t(s), A is the effective 

membrane area (cm2) and ∆P is the transmembrane pressure 

(cmHg).  

Ideal selectivity (α) is represented by the ratio between the 

permeabilities of permeate A and permeate B, as shown in 

Eq. (2). 
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��
	                                 (2) 

Table 2 shows the result of the single gas permeation test 

which the data has been utilized to calculate the selectivity of 

CO2/N2. The greatest permeance for CO2 at lowest pressure, 

0.5 bar achieved by using membrane D which is 21392.77 

GPU followed by membrane C, A and B by 17631.41 GPU, 

11460.41 GPU and 8534.35 GPU respectively. At highest 

pressure 1 bar, the trend of CO2 permeance started high by 

using membrane C with 13370.48 GPU followed by 

membrane D, A and B by 10989.44 GPU, 6316.76 GPU and 

5609.99 GPU respectively. The result obtain from this test 

was plotted in Figure 4 (a), 4 (b), 4 (c) and 4 (d) with 

different membrane compositions. As was expected, the gas 

permeance sequences were in accordance with the order of 

gas molecule diameters, CO2 > N2 (14).  

Table 2. The Performance of the Mixed Matrix Membrane. 

NMP:PVDF:

ZEOLITE 

Pressure, 

Bar 

P, N2 

(GPU) 

P, CO2 

(GPU) 

Selectivity  

CO2 / N2 

80:20:00 
A 

0.5 7751.00 11460.41 1.47 

0.75 6043.15 7923.25 1.31 

1 5348.19 6316.76 1.18 

80:18:02 
B 

0.5 7162.76 8534.35 1.19 

0.75 5750.74 6522.18 1.13 

1 5142.49 5609.99 1.09 

80:15:05 
C 

0.5 2041.29 17631.41 8.63 

0.75 2476.01 16206.64 6.54 

1 4558.12 13370.48 2.93 

80:10:10 
D 

0.5 12247.77 21392.77 1.74 

0.75 8696.25 15065.33 1.73 

1 7162.76 10989.44 1.53 

 

 
Figure 4. The permeance (GPU) vs Pressure (bar) (a) 80:20:0, (b) 80:18:02, (c) 80:15:05, (d) 80:10:10. 

All four membranes exhibit the same results. The permeance 

of CO2 will decrease when there is a force of pressure 

applied to the membrane. This is because of the high 

pressures that force the gas through the membrane. Same 

goes to the N2 permeation, high pressure will decrease the 

permeance of the gas. The result is a bit different for 

membrane C, the permeance of N2 increased at high pressure. 

Membrane C with composition of 80:15:05 was the suitable 

membrane to separate the CO2 and N2 gases compared to the 

rest of the membranes. Figure 5 shows the performance of 

this membrane as the selectivity is 8.63 at 0.5 bar, 6.54 at 

0.75 bar and 2.93 at 1 bar. This result was supported by the 

smallest pore diameter of this membrane which around 

0.58µm-1µm.  

 
Figure 5. The selectivity vs pressure for all membrane samples. 
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4. Conclusion 

The MMM of PVDF/zeolite for CO2/N2 separation has 

showed a significant improve to the pure PVDF membrane. 

From the FTIR result the noticeable PVDF appearance for all 

membrane sample are around 1170 cm-1. The presence of 

zeolite is detected by spectra wavelength of 980 cm-1 which 

is said to be the vibration of the atom. From the performance 

view, the MMM with composition 80:15:5 are the most 

suitable to separate the two gases as the permeance of CO2 

and N2 were recorded at 17631.41 GPU and 2041.29 GPU 

respectively at 0.5 atm. The result also unbeatable when the 

pressure was increased up to 1 atm, the permeance of CO2 

and N2 are 13370.48 GPU and 4558.12 GPU respectively. 

These high performance samples are proving by the SEM 

image of the surface morphology itself. The pore diameter 

ranges of 0.58µm-1µm are the result of pore disruption by 

the zeolite nanoparticles. 
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