Korean Chem. Eng. Res., Vol. 48, No. 5, October, 2010, pp. 660-667

Z2|0|0|=E S3AL U= O[Z¢t N,/SF, ==17IA 22[0 2t 47

oA EdTd
305-343 tiA] 3 s 712
T AW |sdigta stekeelat
(20109 49 20 A5, 20106 8¢ 164 AE)

Study on the Separation of N,/SF, Mixture Gas Using Polyimide Hollow Fiber Membrane

Dae-Hoon Kim, Guang-Lim Kim*, Hang-Dae Jo, Jong-Soo Park and Hyung-Keun Lee’

Korea Institute of Energy Research, 71-2 Jang-dong, Yuseong-gu, Dae-jeon 305-343, Korea
*Department of Chemical Engineering, Yanbian University of Science & Technology, China
(Received 20 April 2010, accepted 16 August 2010)

o OF
i =

Aol EA}; 2hE o] &sto] 6ul] 2R S 7HE & AT AEATE 2 S8 (sulfur hexafluoride,
SF)2] 3ol #8 A2 AASIgint, B AAR oln|= AU S| Matrimid 5218 25 752 Aol W& o] &4}
o] TIAF FElE Axsta, ¥H AE 78 T RE5S Az AxE SIAF 92 ARFARN Y 9Es =
so] o 3ol Al MelZa) A0 sHF-E o]FojX vt T2E RIS 2] Z|AIR Y 5 El
< $lste] 29 be Wiglel upE N, SF & 7[AFTE AAlsieler, -5 271e] wEhA] 0.78~1.36 GPUS] N,
FIE 9} 2.44-5.082] N,/SF AEEE LEPIQIT) Alzd 282 E9714) 2el4% B28 915191 10 vol.% SF, &
55 ZH= Ny/SFy ER7IAIE o] g3to] 1=, o8, retentate -2 EEIste] AAst$ oM, A3 Fale] oev) &
= 571 2 retentate -5 Aol wERA] 348 7k Fofl SF wiis S7HEO] AL 37.5 vol.%E LERH WHA 3
TE2 AEe AES YeRgloH, sdst 259 dElolA retentate 15 5710l WERA SF S5 TAEE W

7 5g0] F7180] Al 89%2) 858 eIt

Abstract — In this research polyimide, Matrimid 5218, hollow fiber membrane was used to recover sulfur hexafluo-
ride(SF) which is one of the six greenhouse gases from N,/SF, mixture gas. Fibers were spun from using dry-wet phase
inversion method. The module was manufactured by fabricating fibers after surface coating with silicone elastomer. The
scanning electron microscopy(SEM) studies showed that the produced fibers typically had an asymmetric structure; a
dense top layer supported by a sponge-like substructure. The developed module had a permeance of 0.78-1.36 GPU for
N, with N,/SF selectivity of 2.44-5.08 at various pressure and temperature. For recovery of SF,, a membrane module
and 10 vol.% SF¢ from N,/SF¢ mixture gas was used. The effects of various operating condition such as pressure, tem-
perature, and retentate side flow rate were tested. When pressure and temperature were increased and retentate flow rate
was decreased, the SF purity in recovered gas was increased up to 37.5 vol.% with decreasing recovery ratio. When
retentate flow rate was increased pressure and temperature was decreased, the SF recovery ratio in retentate side was
increased up to 89% with decreasing the SF, purity in retentate side.
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Fig. 1. Schematic diagram of N,/SF,; mixture gas separation using
polymeric membrane module.
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Fig. 2. Schematic diagram of hollow fiber spinning process.
a. Dope reservoir g. Chiller
b. Inner coagulant reservoir h. Spinneret
c. Gear pump i. 1% coagulation bath
d. HPLC pump j. 2" coagulation bath

e. Water bath k. Tension meter
f. Line filter 1. Winder
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Table 1. Fabrication conditions of hollow fiber membrane V: calibrated permeate volume (em?)
Dope composition A: effective area (cm?)
Matrimid 5218 26 wt.% t: permeate time (sec)
NMP 60 wt.%
Ethanol 14 wt.% -
= — : Fabgl 71A)2) A ) Felte] ©el 7)alE BakalA 57
Coagulation bath composition . A
Air gap Tom Sk 7} 71719 Tk vl E Aol =, Z1A jell tigh 714 9] A
Internal coagulant water/NMP : 5/95 wt.% I:‘1]L“:—(()‘1'/j‘fE 2 ()9} #ol gl
Out lant T t
1'1 er'coagu an ' ap wa e'r o, =P,/P, )
Injection rate of dope solution 3.0 ml/min

Injection rate of internal coagulant 1.0 ml/min 23714 2= 10 vol.% SF TEE 7= N,/SF TS
Winding-up speed 10 m/min Ao, o]t 1%, 9, retentate % Male] nFE W)
Coagulation bath temperature 15°C o PELITE LEZALS 1] 428k 989 o] 93le] RET T
789 R HHol o] Folrl F AL AN AP ¢
B220]| 2A|7F EoF 9] HAAF) T ol Z A o] falo] Wzf 2JollX] retentate - H3FE fJ8to] $ 9 2247](back pressure
A7) 2ol g g AR & 2o o AEE fAE regulator)g ©]&3I3IT} & A7 &%, 98, retentate -F-gol| U]
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g8j0] uho] 93 wulo] A2l T F PE(module)? AFEl]  SFHA171(SF6-1000, predicta, USAYE 018511 5125 Ssi3irt.
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Table 2. Experimental conditions for mixture gas separation
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T AP skt Experimental conditions

TR 71A19) s A (1)% o]-83to] HeRiltt. Controled retentate flow rate

20/50/100 /200 cc/min

2
_ V(STP) Feed pressure 3/5/7/10 kgf/cm
P= A(Ap)t (D Temperature 25/35/45°C
N,/SF¢ mixture gas composition
&17]A], P: permeance [GPU] (cm*(STP)/cm?-sec-cmHg) N, 89.7 vol.%
Ap: pressure difference (cmHg) SFe 10.3 vol.%

Feed gas temp. ind.

Fig. 3. Experimental apparatus with single module.
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Fig. 4. SEM photos of fabricating membrane.
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Fig. 6. Arrhenius plot of N, and SF, at 10 kgf/cmz.
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Fig. 10. Stage cut and total feed gas flow rate according to tempera-
ture and retentate flow rate at 10 kgf/cmz.
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Fig. 11. Permeance and separation factor according to temperature
and retentate flow rate at 10 kgf/cmz.
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Fig. 12. SF; purity in retentate side and recovery ratio according to

temperature and retentate flow rate at 10 kgf/cmz.
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