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Membrane gas separation is based on the difference in the permeation of the gas molecules 

driven by the pressure gradient imposed between upstream and downstream streams. Except 

the pressure, the permeation of membrane also varies from the temperature, flow rate, and 

membrane area. This leads to the difference in the selective performance of the membrane.  

The permeability of different gases components was calculated as the permeate flux through 

the effective area of the membrane under its partial pressure. And the selectivity was 

calculated by the ratio of the permeance with different components. According to the pore 
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sizes in membrane materials, the gas transport process is described by four kinds of 

mechanism: Convective/Poiseuille Flow [69], Knudsen Diffusion [70], Molecular Sieving 

[71], and Solution-Diffusion [72]. These four mechanisms were expressed by in Figure 1-5. 

The detailed explanation as follows. 

Figure 1-5. Gas separation mechanism using membrane. 
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Table 2-3 Preparation condition of ZIF-8/6FDA-TrMPD MMMs 
No. Filler source Wf (wt%) f (vol%)

N 0 0 

M1 Mechanochemical 20 26 

M2 Mechanochemical 30 38 

C1 Commercial 20 26 

C2 Commercial 30 38 

Notes:
(1) -TrMPD membrane. It is the T0 membrane presented in Chapter 4. 

(2) f f volume fraction in the polymer matrix, 

respectively. 
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 and dispersed well in the polymer matrix of the C1 membranes, as shown in Figure 

2-6d.
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Membrane l 

( m)

P (barrer) D (10 10 cm2/s) S [cm3(STP)/ (cm3 cm Hg)] (P) (D) (S) 

C3H6 C3H8 C3H6 C3H8 C3H6 C3H8

N 20 12 0.9 22 2 0.6 0.5 14 12 1 

M1 96 20 1.1 41 (12) 0.5 (0.1) 18 (3) (6) 

C1 37 24 1.4 42 3 0.6 0.5 17 13 1 

Pure ZIF-8 210 2.5 160 2 1.3 1.5 84 94 1 
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Membrane l ( m) P (barrer) D ( 10 10 cm2/s) S [cm3(STP)/ (cm3 cmHg)] (P) (D) (S) 

C3H6 C3H8 C3H6 C3H8 C3H6 C3H8

N 20 19 3 112 15 0.2 0.2 7 7 1 

M1 96 26 2 146 12 0.2 0.2 11 12 1 

C1 37 28 3 171 15 0.2 0.2 11 11 1 

Pure ZIF-8 256 4.2 800 10 0.3 0.4 61 80 1 

                                             (2-6)  
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                                                  (2-7) 

where EP, P0, T, and R are the activation energy, pre exponential factor, absolute 

temperature, and universal gas constant, respectively. Table 2-6 lists the EP values of 

C3H6 and C3H8 in the neat membrane, M1, and C1 membranes. The activation energy 

data in the pure ZIF-8 membrane was obtained from the study by Hara et al. . 

Table 2-6 Activation energies for C3H6 and C3H8 permeation.
Membrane C3H6 (kJ/mol) C3H8 (kJ/mol)

Neat polymer (N) 8 15 

MMM (M1) 4 12 

MMM (C1) 4 10 

Pure ZIF-8  3 8 
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P = kDDD + (2-8) 
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