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Q ok Ho]Q JtxE R Hlol o Wigs Aikety] 98 EElgrAl S4B 2 CO/CHET D75 AA8AL, poly-
propylene (PP) T3AMY A E7]o] A& Bttt =2l &7 5 propylene carbonate (PC)._ PP A 7M1 H&
583° &S BAI, 5 wit% PCE =3 £ 45 90° o9 AF7o] #FHUT & CO, FFAFAA PC/E &7
FrAE & F4%0.121 mmol/g) RTH =& 0.148-0.157 mmol/gd] &% Koy, uby 7)o 714 s S FrAz
**%El%} PC/% TF FrAE WS AL F LoR CO, AAE(98.0-97.8%) % CHy 5(98.5-98.3%) Hol 2. v

o2ZAM ul$ =& 7S RYFLh A PO/E EF 5419 ASde & 549 vlaste] 4% Wt vl$- o

o}%lv}. ol EET $% PC 5% @/ I wtE 57 &7 ¥ BE 9 A" S 35 7 =4S 5

CHs &4 H43 5 34 43t 2% 202 EA4dn.

Abstract: To produce renewable biomethane from biogas, the properties of physical absorbents such as water, methanol,
1-methyl-2-pyrrolidone (NMP), poly(ethylene glycol) dimethylether (PEGDME), and propylene carbonate (PC) were studied,
and PC was applied to membrane contactor systems. Among physical absorbents, PC exhibited a high contact angle of 58.3°
on polypropylene surface, and a PC/water mixture (5 wt%) increased the contact angle to 90°. Furthermore, the PC/water
mixture presented higher CO, absorption capacities (0.148-0.157 mmol/g) than that of water (0.121 mmol/g), demonstrating
a good property as an absorbent for membrane contactors. Actual operations in membrane contactors using the PC/water
mixture resulted in CO, removal of 98.0-97.8% with biomethane purities of 98.5-98.3%, presenting a strong potential for bi-
ogas treatment. However, the PC/water mixture yielded moderate improved in CO, removal and methane recovery, as com-
pared with water in the membrane contactor operation. This is originated from insufficient desorption processes to reuse ab-
sorbent and low CO; flux of the PC/water absorbent. Thus, it is requiring optimizations of membrane contactor technology
including development of absorbent and improvement of operation process.
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Fig. 1. A Schematic diagram of gas absorption instruments.
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Fig. 2. A schematic diagram of the membrane contactor
system for absorption-desorption processes.
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Table 1. Operating Parameters of Membrane Contactors

Parameter Operation values

50% CO/50% CH4

Feed gas composition

Feed gas flow rate 225 mL/min
Feed gas pressure 2.5 bar
Absorbent Water, 5% PC/water
Absorbent flow rate 450 mL/min
Absorbent pressure 3 bar
Desorption vacuum pressure 20 Torr
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W2 F7H71M A E7tA =2ekgh 2wt
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Table 2. Properties of PP Hollow Fiber Membranes

Parameter Value
Inner diameter 450 um
Outer diameter 880 um

Thickness 215 um

Porosity 57%
Mean pore size 0.03 pm
CO; Permeance 17,100 GPU
CH4 Permeance 25,200 GPU

CO,/CHs4 Selectivity 0.68

Fig. 3. SEM images of a PP hollow fiber : (a) cross-sec-
tion, (b) outer surface, and (c) inner surface.
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Table 3. Physical Properties of Absorbents[26,27]

Water Methanol NMP PEGDME PC
&O 0 g Nl
Structure H,0 CH:OH N HaC OCHs “QY
|
CHa n ©
CO. ercial - Rectisol Purisol SELEXOL Flour Solvent
absorption processes
Viscosity (cP)
at 25°C 1.0 0.545 1.7 5.8 2.5
Vapor pressure (Pa) 3,167 13,020 53.33 0.097 1133
at 20°C
Solubility of CO,
(mL/mL) 0.759 3.18 3.57 3.63 3.40
Absorption Selectivity
(CO,/CH) 23.5 13.9 14.9 26.3
Surface tension 723 22 34.4 33.5 415
(mN/m)

Contact angle (°)

99.0 N.A 35.0 17.3 58.3

3.2. PP &3Alent EHel MM Ht o 7 e FUIHE S e Ao UG 1Y

B dFdMe FHE7Y FFAEAN dYFoE U PEGDMEE 17.3°9] w& HE7ho] ZAE YL, o
AHEEE & WES NMP, PEGDME, PCE X134 319 = PP T3AM Y] ZAgAo] mfg & AR A
i, PP TFAMEE o] 83 B F7Y A48 7HeA o TH26,27]. §HHo] PCY 79 COy/CH; &3] Ae=r}
B2 ddstdt. B3 E704 CO/CHy EF7IAE 26302 7M4 =9k, PP A4 9 HEZ o] 583°%
2357 A EYFFAY F8F 8AEE CO, Y| Hnd Eobr HHEF7]Y FFAR ALl 7Med A
A A, 87 HBA, FEA, #2 HE, 28 37 o7 dddEth I8y @Y FFAEA PC HEFZ ol
og, e 2 vASA, HHEI] Y] A T vy W&o, B3 £33 pO/E EY FFAE Axs
o] QIt}. Table 3& PP FEAF/FFAl Alo]o] ASA o J&7& FIANAN(Fig. 4). PC= %ﬁ% F5A]
< Yehdle 549 25549 294 54 U PC o] 15 wt%7hA Z71he] wet AZ22 99.0°
ERith A3o] AHSH EESTAE EEY 52 &F A 71.9°74A AFE YERRT. &Y PC ?xﬂiﬂ}
CO, 714 &3=E 7M. AT we&e] A¢ =2 HEAS /A E PCE EF FFAE AHRgoz
13,020 Pad] H2 F7|¢goz s, HHZF7] €7 A PP TaAEE o] &3 B Er] Hgo] 5T A
FAAA Fo] AT F 9 T WE FFA & o7 #gdr)
Aol S HET NMPY 7 F-oll& 3.579 H2 CO, £
5 9 5333 Pag W FVIdE S 2t deY 344 3.3. ¥ PC/E &% &FH<e CO2/CHs EF 7S
mN/m¢] & FAGY| o) HF7o] Wil PP TF FAlel g 714 Ll EE HAHEFIAAM 2 A
Aebate] = 5L 2t Zo02 BT 3 de 52 AAse Wl$ T3¢ AdAITh Table 3904 &
AEEE A S EN PP FEAMY] 247 9 & T A%l 4Y FFAEA PCE BEY 52 &3&
e oA HHE79 AV TAHE B g /e As ¢ &t 28y 59 &3 PO=
4 Ao g PEGDME~ B AFdA AEE TAFFAY A4S £ PCY 43 A8 5ol 9 Cco
EYETA F 3.639 7 E& CO, 3% € 0.097 9 CH; &35 37}t 47| wiol o] thgt é_
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Table 4. Absorption Capacities and Selectivities of CO, and
CH; with Water and PC/Water Absorbents (5% and 10%)

PC Conc. CH4 CO;

(%) (mmol/g) (mmol/g) CO/CH,

0 0.028 0.121 4.4

5 0.018 0.148 8.4

10 0.010 0.157 15.2
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