= ehd 513 A] A20-8(A8 ), 1011~1019, 2011
Journal of the Environmental Sciences

http://dx.doi.org/10.5322/JES.2011.20.8.1011

o34 £euhg o4 HH 9 Bio-gas BAL EF
|5 - HyE - U™H

A Study on the Optimal Conditions of the Biogas Sorting
by Using the Polysulfone Membrane

Seung—Won Lee, Chang—Hoon Jeong”, Jung—Kwon Kim*

Department of Environmental Engineering, Dong-Eui University, Busan 614-714, Korea
YcoA F&T co.,Ltd, Busan 614-714, Korea
(Manuscript received 9 May, 2011; revised 13 June, 2011; accepted 21 July, 2011)

Abstract

The objective of this research is to evaluate optimal conditions of permeability and selectivity on the polysulfone
membrane for efficiency of separation of CH4 by checking four factors which are temperature, pressure, gas compositions
and gas flow rates. When higher pressure was applied at the input, lower efficiency of recovery of CH4 and higher efficiency
of separation of CH4 were shown. It has the tendency to show lower efficiency of recovery of CH4 and higher efficiency of
separation of CHy at the output as higher temperature at input. The lower flow rates make higher efficiency of recovery of
CHy4 and lower efficiency of separation of CHs. Finally, over 90% efficiency for CHs separation and recovery conditions are
temperature (-5 C), pressure (8 bar), gas composition rate (6:4) (CH4:CO,) and gas flow rate (5 ¢/min). These conditions
make higher separation and recovery efficiency such as 90.1% and 92.1%, respectively.
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Fig. 1. Schematic diagram of experimental equipment.
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Table 1. Experimental conditions
Items Contents

Gas mixing rate CH4:C0O,(4:6,5:5,6:4)

Temperature -5C~55C

Pressure 4bar, 6bar, 8bar

Flow rate 3, 5,10 ¢/min
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Fig. 3. The results of recovery efficiency at MFM,.

20] YEpdH AT 6bar2] 79 5Tof|A| CHyt2| R
& 92.0%2} 69.0%9] 3482 UEho], 34E0]
90%0lli= S PR A|HE 2 2704 71 oA Q1 A
© & Yehgth
312 {25 //min

S5 ¢/min, CHy ¥ CO,29] Z5H|7}4:6Y w9
2= Qrg sl o CHy 2|88 9 CH,y 38
< Fig. 4 9 5] Ytk MEM,of| 4] 2] CHsE 2]
BEL dbaroflA] 2o thgh W= 65.1~
78.6%, 6bar= 77.9~92.2%, 8bar= 81.9~95.3%=
o] Ad,E AUyl Zobd CHye|ag 4]
EolA= S HEIW ST ®3F 3l95-2 4bare]
X 74.7~97.7%, 6bar= 55.3~97.4%, 8bar= 33.4~
94.2% % HA] 3 £ /min 2713} FARSHA o] a4
5 FHer}EobA Sggo] 2 A& d 4= Al

2 At A MEM, oA A7 @tk 2ol 24
Bl HEO 8bar 25C YU 91.8%9] CHsE-2| &8t
68.9% 3]a5-0] 71 o] A9l 27 0 & et T

©-5%C  Os5%C  A25%C —35C  HKsS50C
100 -
x A
— 80 4 & <
= A <
=
=] <
& o0
=
g
2 a0
=3
3
5 20 A
o
4 6 8

Pressure(bar)

Fig. 4. Tendency of separation efficiency at gas concentration
ratio of CH4:CO» 4:6 and gas flow rate of 5 ¢ /min.
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Fig. 7. The results of recovery efficiency at MFM,.
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Table 2. The results of CH4 separation efficiency according to
the temperature and pressure at gas flow ratio

CH4:CO2 4:6
(unit : %)
Flow rate Temperature( C)
(4/min) -5 5 25 35 55
4bar 795 81.8 85.6 87.1 88.7
3 6bar  89.0 92.0 93.7 94.2 -
8bar  92.7 94.1 95.4 - -
4bar  65.1 71.0 73.7 76.2 78.6
5 6bar 779 83.5 86.0 88.5 92.2
8bar  81.9 88.5 91.8 94.0 95.3
4bar  54.1 56.8 58.4 60.1 62.7
10 6bar 643 66.3 71.1 73.1 75.3
8bar  71.5 73.9 78.5 79.1 83.6

Table 3. The results of CH4 recovery efficiency under
different experimental conditions at gas flow
ratio CH4:CO, 4:6

(unit : %)

Flow rate Temperature( C)

(4 /min) -5 5 25 35 55
4bar 92.8 88.6 71.3 65.3 29.6

3 6bar 74.2 69.0 46.9 47.1 -
8bar 61.8 54.9 39.8 - -
4bar 97.7 96.4 95.8 87.6 74.7

5 6bar 97.4 87.7 81.7 70.8 55.3
8bar 94.2 84.1 68.9 51.7 334
4bar 98.7 98.0 96.4 94.7 87.8

10 6bar 96.5 96.1 92.4 89.5 73.4
8bar 96.5 96.1 90.3 89.0 58.5
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Fig. 9. The results of recovery efficiency at MFM,.
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Fig. 12. Tendency of separation efficiency at gas concentration
ratio of CH4:CO; 5:5 and gas flow rate of 10 ¢ /min.
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Fig. 13. The results of recovery efficiency at MFMa.
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Table 4. The results of CH,4 separation efficiency according
to the temperature and pressure at gas flow ratio
CH4ZC02 5:5

(unit : %)

Flow rate Temperature( C)

(£ /min) -5 5 25 35 55
4bar 82.3 85.3 87.2 87.7 93.2

3 6bar 89.7 91.6 94.5 94.9 -
8bar 93.6 95.0 95.9 97.6 -
4bar 72.1 73.3 77.9 80.7 84.6

5 6bar 82.9 83.6 88.3 88.8 92.9
8bar 86.4 89.7 91.9 95.3 95.3
4bar 63.2 65.6 66.8 69.6 71.3

10  6bar 71.3 73.0 75.8 77.3 79.8
8bar 76.9 78.3 81.3 84.1 87.2

Table 5. The results of CH4 recovery efficiency under
different experimental conditions at gas flow

ratio CH4:CO, 5:5
(unit : %)

Flow rate Temperature( C)

(4 /min) -5 5 25 35 55
4bar 93.3 85.3 75.6 70.2 31.1

3 6bar 83.7 73.3 50.4 50.6 -
8bar 68.6 69.7 44.8 32.5 -
4bar 98.1 96.7 96.6 87.2 74.4

5  6bar 96.2 93.6 84.8 78.1 40.9
8bar 933 86.1 77.2 61.0 343
4bar 98.6 98.4 97.5 96.0 89.8

10 6bar 97.0 96.4 94.0 91.2 76.6
8bar 95.4 94.0 91.1 85.8 76.7
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Fig. 19. The results of recovery efficiency at MFMa.
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Table 6. The results of CH,4 separation efficiency according
to the temperature and pressure at gas flow ratio

CH4:CO,6:4
(unit : %)
Flow rate Temperature( C)
(£ /min) -5 5 25 35 55
4bar 85.1 86.4 87.9 90.9 95.2
3 6bar 89.7 91.9 84.5 95.4 -
8bar 94.0 94.7 97.1 97.5 -
4bar 78.7 78.7 83.4 85.0 87.0
5  6bar 85.0 86.7 90.1 92.1 95.3
8bar 90.1 91.1 93.7 95.2 97.2
4bar 70.9 72.9 73.8 75.1 78.0
10 6bar 77.0 78.7 80.9 81.5 84.4
8bar 81.9 83.0 85.3 85.0 88.4

Table 7. The results of CH4 recovery efficiency under
different experimental conditions at gas flow
ratio CH4:CO, 6:4

(unit : %)
Flow rate Temperature( C)
(4 /min) -5 5 25 35 55
4bar 89.8 86.4 83.0 70.7 37.0
3 6bar 84.7 81.7 63.0 53.0 -
8bar 73.1 73.7 53.9 48.8 -
4bar 99.7 99.6 89.0 87.8 75.4
5 6bar 96.3 95.4 84.1 81.1 54.0
8bar 90.1 82.0 78.1 69.8 35.6
4bar 98.1 98.4 95.9 95.1 89.7
10 6bar 97.5 98.4 94.4 92.4 87.2
8bar 96.9 95.5 88.1 82.1 78.1
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