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Predictive Thermodynamic Model for Gas Permeability of Gas Separation Membrane
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Abstract — It is of special interest in our membrane separation technology due to its low energy consumption and cost,
relatively simple equipment, low investment and operation cost, et al. Full scale utilization of such processes can be
widely utilized to the various fields. Using the difference of permeability of gas molecules between the filter layers, it is
able to separate effectually pure gases from the mixed gases. In this paper, the membranes of PDMS, y-radiated PDMS,
PTFE, PTFE-X are chosen to develop the predictive model for the separation of pure gases such as oxygen, nitrogen,
hydrogen, and other gases from mixed gases. By utilizing the thermodynamic gas properties(c, €/k) and experimental
data of gas transport characteristics for different polymer membranes, it is able to develop the predictive model equation
under the influence of temperature, pressure and polymer characteristics. Predictive model developed in this research
showed good agreement with experimental data of gas permeability characteristics for develop four different polymer
membranes. The proposed model can also be extended to the general equation for predicting the separation of gases
based on the properties of polymeric membranes.
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Table 1. Various transport models for membrane separations

1. From irreversible thermodynamics (IT)

2. Frictional model

3. Solution-diffusion model

4. Solution-diffusion-imperfection model

5. Diftusion viscous flow model

6. Finely porous model

7. Preferential sorption-capillary flow model
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Fig. 1. Schematic representation of gas transport through membrane.
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E2H A9 dlofe|e} #4413 tlo]Efi=H-2]kE polydimethylsiloxane
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Table 2. Some physical and thermodynamic data for selected gas component

Kinetic diameter L-J, Critical Temperature,

Critical Pressure,

Molecular weight, L-J Minimum

c(A) T (K) P (bar) MW (g/mol) Potential Energy, e/k (K)
H, 2.827 33.0 12.9 2.016 59.7
0, 3.467 154.6 50.4 31.999 106.7
N, 3.798 126.2 33.9 28.013 71.4
Cl, 4217 416.9 79.8 70.906 316.0
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Table 3. Optimized solubility parameter in standard PDMS membrane
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a0 A

0.16351x10"  -0.35157x10°
by by, b, b

0.48253x10*  -0.12607x10*  0.98294x10°  -0.20418x1072
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Fig. 2. Experimental and predicted solubility in standard PDMS
membrane - A.

Table 4. Optimized solubility parameter in standard PDMS membrane
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Fig. 4. Experimental and predicted diffusivity in standard PDMS
membrane - A.

Table 6. Optimized diffusivity parameter in standard PDMS membrane
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Temperature (K)

Fig. 3. Experimental and predicted solubility in standard PDMS
membrane - B.

Table 5. Optimized diffusivity parameter in standard PDMS membrane

-A
apo apy amm

021341x10*  -0.10399x10*  0.12680x10°
b by by bps

0.10555<10°  -026963x10° _ 0.21802<10' 045199102

Table 59} 211 Ao 9} 54ke] Hlu+= Fig. 4048} 7o)
LEhdtt,
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Fig. 5. Experimental and predicted diffusivity in standard PDMS
membrane - B.

Uepdr}.

4-2-3. T3} (permeability) parameter

A WA standard PDMS 22] T3] A o]Z2] optimized
parameter= Table 73} 231 A dlo]E] e} AS54e] H]aE= Fig. 6
oMo} o] vpEhdt.

Standard PDMS B}e] F3152] B l54] optimized parametere
Table 87} a1 AYvolE| e} =7ke] vl Fig. 70148} 2o
ERdTE

F WAZ y-radiated PDMS 2H¢] F352] A 52 optimized
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Table 7. Optimized permeability parameter in standard PDMS membrane

Table 9. Optimized permeability parameter in y-radiated PDMS

-A membrane - A
apg ap| ap aps apg ap| ap ap3
0.14451x10°  -0.11596x10°  0.31215x10*  -0.24849x10° 0.12280x10°  -0.10062x10°  0.27433x10°  -0.24849x10°
l31’0 bl’l l31’2 b1’3 bPO b[’l bI’Z b1’3
0.43280x10*  -0.78939x10°  0.59313x10°  -0.12548x107 0.39742x10*  -0.57619x10>  0.36446x10°  -0.74065%107
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0o O,at2bar | T (L O, at 2bar
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x N, at 2bar ,;10 1 v N, at 2bar
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Q - 84
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o~ £
é 20 - € 6
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E ~
s - S -y e 27
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T T T T T 280 300 320 340 360 380 400
280 300 320 340 360 380 400 Temperature (K)

Temperature (K)

Fig. 6. Experimental and predicted permeability in standard PDMS
membrane - A.

Table 8. Optimized permeability parameter in standard PDMS membrane
-B

ap apy ap) ap3
-0.13092x10°  0.11788x10°  -0.35082x10*  0.34547x10°

bPO bPl bPZ bP3
-0.64348x10" 0.35797x10>  -0.45200x10°>  0.17274x10>

——— Cl,at2bar
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—-.—-. H,at2bar
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v
v

N
o
1
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301 H, at 2bar

N
o
!

P (m*(STP)m/m? h bar) x 10°
3

280 300 320 340 360 380 400
Temperature (K)

Fig. 7. Experimental and predicted permeability in standard PDMS
membrane - B.

parameteri= Table 99} 731 A Hdo]E] 9} &7k Bl Fig. 8
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y-radiated PDMS =}¢] F3}5 2] B =2 optimized parameters=
Table 103} 231 A3 dlo]E] g} o|S5342] Bl Fig. 90lA 9 20|
LR
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Fig. 8. Experimental and predicted permeability in y-radiated PDMS
membrane - A.

Table 10. Optimized permeability parameter in y-radiated PDMS
membrane - B

ap apy apy ap3
-0.12212x10°  0.10984x10°  -0.32651x10°  0.32115x10°

bPO b]’l bP2 b]’3
-0.58680x 10" 0.40229x10>  -0.52190x10°  0.20251x10?

Cl, at 2bar
O, at 2bar
N, at 2bar
H, at 2bar
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O, at 2bar
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Fig. 9. Experimental and predicted permeability in y-radiated PDMS
membrane - B.
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Table 11. Optimized permeability parameter in PTFE membrane - A
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Table 13. Optimized permeability parameter in PTFE-X membrane - A

apg ap) apy apy apg apy ap) ap3
0.20634x107  -0.18807x107  0.56704x10°  -0.55948x10° 0.38876x10*  -0.30954x10*  0.81978x10°  -0.72108x10°
b[’() bPl b[’2 bPJ b[’0 bPl b[’2 b[’3
-0.10579x10°  0.39803x10°  -0.31568x10'  0.64512x107 0.14877x10*  -0.14331x10°>  0.55540x10""  -0.62262x10*
16
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Fig. 10. Experimental and predicted permeability in PTFE membrane -
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Fig. 12. Experimental and predicted permeability in PTFE-X membrane
Table 12. Optimized permeability parameter in PTFE membrane - B -A.
apy api ap ap3
-0.20899x10°  0.18923x10°  -0.56655x10°>  0.56135x10" Table 14. Optimized permeability parameter in PTFE-X membrane - B
bpg bpy bpy bps apy ap; ) ap3
-0.23546x10>  0.86286x10°>  -0.12395x10°  0.65946x 10> -0.37105x10%  0.33382x10*  -0.98812x10°  0.96515x10>
bPO bPl bm bI’3
20 -0.25089x101  0.22648x10%>  -0.29445x10°  0.12897x10?
18 1 Cl, at 2bar :
164 | 0, at 2bar ,/
S I N, at 2bar / Cl, at 2bar
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Fig. 11. Experimental and predicted permeability in PTFE membrane
-B.
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Table 15. Comparison between experimental and predicted (AAD) - A

S in standard PDMS D in standard PDMS P in standard PDMS
1.223% 3.706% 2.631%
P in y-radiated PDMS P in PTFE P in PTFE-X
2.703% 4.043% 2.719%

Table 16. Comparison between experimental and predicted (AAD) - B

S in standard PDMS D in standard PDMS P in standard PDMS
10.075% 9.378% 4.547%
P in y-radiated PDMS P in PTFE P in PTFE-X
5.990% 10.990% 4.392%
5d 2
714 ks AAkste] A Tl ARgsl] HsliM= deke 7

W S4e ‘ﬂéo}oiok SRR & AFeM= 7119 83lE, At
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= 73 71A19 2437 48y s o] &ste] AN st
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