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Research progress of membrane contactor-technology on CO, Capture
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Abstract; CO, capture and CH, recovery from biomass gas have great economic value and
environmental benefit, and they have been widely concerned in various fields. Gas-liquid membrane
contactor technology based“on hollow fiber membrane is considered a major breakthrough in the field
of CO, capture due to its high separation efficiency, low energy consumption and flexible operation.
Focusing on hollow. fiber. membrane materials, this paper reviewed detailly about the research and
development of inorganic ‘membranes, organic polymer membranes, mixed matrix membranes, and
fixed-site-carrier membranes in the past decade, and introduced the gas separation performance and
current challenges- of various hollow fiber membranes, respectively. At the same time, the main
factors ( membrane wetting, absorbent and operation conditions ) affecting CO, separation
performance of the hollow fiber membrane contactor were analyzed. This paper proposes that future
research should focus on creating new hollow fiber membranes with low-cost, high performance of
CO, separation, high stability and the development of the membranes with excellent performance for
pilot test.

Keywords : membrane contactor, membranes, bioenergy ,CO, capture, CH, purification.

2020 4E 8 A 24 HUH (Received ; August 24, 2020).

* [H 5 H g & 11 (2019YFC1906100) |, 8 BR A F8 A BHIFAUHII H (CYS18018) Al e e i KL L E B 42 (2020CDCGHJ014) B ).
Supported by : National Key Research and Development Program of China(2019YFC1906100) , Chongging Postgraduate Scientific Research
and Innovation Project( CYS18018) and the Fundamental Research Funds for the Central Universities (2020CDCGHJ014) .

« * HilBX & A Corresponding author, E-mail ; hclsjb@ 163.com



4 3] REVSVRAE B b i 4R LR < CO, Y WFIE E i 1089

Wt b AT RE RN T RE 5 R 05 Yo i, 32 e R IR A e o | - 4R BT A R IR T e ).
AR (TR AR BRI AR5 ) B AL A R SR 4 i it 8 R B e (9 BAVBE AR FH S 1T 52 38 25 472
SN AR EE RS N CH,(40%—T75%) .CO,(20%—55% ) A 40 (N, .0, H,S %)
Horr, CO, MAFTE S BEARAE ) BT R BE IR AL, I 20 HEBE IR AL & J Rt , AR B P i 46 CO,, # 4l
W) TR, B N R VR AT A 3 AR —

VR A iV 2 AR 1 LA — T 7 B A A3 B R SRR S T A W R 4y s vk B
REAEMR ., T BN BRVERTE |5 TRMEBORGEH IT 03 B AL G ORI i — AR 3 B i
“rpias SRR Al T ANIE | IR TR IS A Tl R R B 4 LR A A S SRS B IR BN T A
VRRA ST CO, S5 SR FAEARE T M BEALE AR A5 81435 B i) ok dh , V8 0 b
WSCTR A ASAAR 1 DR B2 LR 4 ——rh 28 SR R IR 2 78 | RIS AECRIF SRR EHAR SRR T 48 = Rl
MR S Ak, G T AR e HURHE B AT I (I IRIZ IR )

R MR ® CO,
.‘—. Absorbent -
e ® 0.4 Qo ° CH,
e® o °os 0,
[ )
L ]

M L)
® 00 ® % °
o'y ®
e Lol 200 00 R %e®, WAk
Mixing gas

e® ©© 00 o °o®

PY oo o000 e o
—_ IR
Absorbent

i fih 2% 2804 rh S LT HERR
Membrane contactor component Hollow fiber membrane
B 1 s s A R SR B R R

Fig.1 The diagram of hollow fiber membrane contactor and gas separation

FUR, SR Al B AR B i N AN A T2 0P AR RE L R |3 B 4524 70 B B 1405 R v 2 47
2R AR A 1 B ASSCLARE A R A 56, A 21 1 3 ARk rh as SR YRR AE CO, il 4R UG WF S 2E Jig , [R] et
e 7 IR IR R | T 2R AL S fih 4 45 AR X v 28 7 4R B A CO, AR TERE A2 IR, I X
R AR A B A I AR AT Ty [ e 1 JR B

1 ¥R S/ (Biomass gas)

AW B SR HECN H UL A S SR SRR AR S AR AR T B 3R — R AU W i Ak A e AR
TR RRA SR, OF B R A O A 3 3R 20 53 DL RS R 2R RO [T T 22 S AR RS
T K CH, AU, 36 B G025 K R 1 5B i vh i /s H e S Bk AR 2 1 fiE 02 CO, 1 70 2
R I AR K S XU AH TR s AE B S EA R B IR 7, 98 T, 1 m SHER S 58 ek be i
MIME SR T 0.7 kg JCHUBES Bk T A4 B0/, SRR 58 A MO A A 2 R A 1 AR =382 1o D A 433, 1HL
BRI SR S 19 SO, NO, KPR 5323l 20083 SEBR R AUR: , Scholes 45 FERFSE Hp & BRL, 0
T K VR AR N & A SE 4R, TR T CO, B &1, 3 CO, 43 B MR T MR AR SC BN AWM
FEEA2 b e AR AE AR ) o SR B 9 30 e | R AN A 22 B3k

2 [iKREEMIAR (Gas-liquid membrane contactor technology )
2.1 JEARE
2.1.1 ML
TCHURSE R AL 2= P BAe PR il JEAZ BE 75 | PRSPk 4 RN 5w R AF DL 3 )iz I T e i v
JER B B S ER AT SR, B S 40000 i i AR A5 8 e T B RE ) 22 R Bl S B R T TR MR A



1090 B2 53 1k 2 40 &

A BT, Tl bR 2 B TEHUE R AR A W T AN Bk 43

(1) P e e

FTF CO, 7 B 1 Pl 8 J P P e DL L 2 S A B R — SR A AR, 37 T RS T o 2 7K P ) 2 R
Sy 51 K RN, X CO, 73 B EREASH. DRt , AR o A M 90 36 I AT 114 6 7K o 8 5 Ay 3 4R P B 5
LY

FERERERE (FAS ) HROE $1 o B B IR K PR 3 D536 22— LA AR RE 9 91 (181 2) , FAS 5
e ] U e e T R b ) SR I 4 TR SR TR Bk R M, DR g B Ay e P B AR 1 i 2 T
7K. Magnone %510 (ff TSR AR o 2 £F 4 IR HEA T Ao b | 205 SR 3R U, i /K SO I 14 JEAE 8 3 R 1 €O,
WA fiE ( MEA W BAE ) K524 5.4x107° mol-m™s™" | 378 i T H B AL 5t 5 43 F 5. e Ak, 1 FH 25 96
TSR Ao ) IO A8 1T AR BB 11 1 35 AR AR . Abdulhameed 45 $2 H DA 08 4 A 3 A R R FHBF IR
Bkl i ARAS 1Al A Ol 142° B0 1R B K R Hh s 27 4R

F——F
F F F F
F——F
. . F—T—F F FF F F F
F——F F F F F F F
F——F
F——F F F F F F F
F—t—F
F——F F F F F F F
F—t—F
F—t—F F F F FF F
_— F F F F F F F F
G—ﬁ—ﬂ
c ~ Cr.r
cl—si—cl Ho—S|i —o— S|i—O—S|i—OH
OH OH OH OH OH T T 0

B2 AR i R S R e b RO A

Fig.2 The progress of silica membrane surface grafting fluoroalkyl silane reaction
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Table 1 The CO, separation performance of common organic polymer membranes

AN w4k BRI A1 P OBarer o COUMEE SEu
Polymer film types Name Conditions 2 Selectivity Selectivity Reference
25 °C 3x10° Pa (45.88+2.65) GPU 21.85 24.93 [21]
FiR PSF 35 °C .10x10°Pa 12.73 20.57 — [21]
25 °C 5%10° Pa 11.69 25.28 — [22]
25 C .10x10° Pa 10.69 27.36 — [22]
T b SR SPEEK 25 °C 2x10° Pa 25.4 37 — [23]
RN PI 25 °C 4x10° Pa 6.02 8.99 — [24]
R AR LT PDMS 20 °C \1x10° Pa (3496+160) 3.4+0.3 10.9+0.6 [25]
Rk PES Al 25 °C 2x10° Pa (53.5+2.7)GPU 1.24 3.26
A2 (597+18) GPU 0.85 1.89 [26]
A3 (1569+109) GPU 0.83 1.09

#:DCO,BBEZH(CO, permeability) .

(D) BHHFLR AR

it AR A LR A B AR PR BB 5 R 5 4 B PERB A AR B 20 [n) B BF X B AT R e
THIALR G A DLIEAL RS Y (MOPs) IRAA R T AR oo Wb Buta i | FLAR RS AT
AT R RS AR CO, R RIS 2 — BRI MOPs 5 HE (TR ) R
H9 M H BMILR A (PIMs) P L3 2.

TR G402 R WL B 1T 3R AR 7 350—450 °C ARG HE I W T T2 A% Y 25 1 B e 2R 3R 4 9178 . 2007
4E  Park 25V A T LA N 0.4—0.9 nm BYRBE ML TR B4 9 5F482 AR S AR S pL ).
BEAN R A e RS R AR SR A I & 3R L T AT AT MRt , TR AW S CO, KRG
SRS B R P RIS A B PERE Y Weo S8R T CO,/N, 2B R F 2 16 A9 #E 7 TR-PBO
BURE ZEA CO, % it Al & ik 2500 GPUJRAE TR R-A W ek, 15 32 i v T A 7 285 5 ) B
I REREA, A 7= AR w8, Tl il K PRI S ) L. TR 1, TR SR A 9 B (4 i 5 T4 B AP 4 w78 BB 0 i %
b ADBCCHRARGE T As 7 4E TR BEA I R Y

PIMs S i 4F5k & e i — 8B i AU i 1 B P SR SRR BRI 1 R G A ) B = AR B i
PR WAL 3 B g i s 2 1) [ S AL A5 40 S AR B 3R 1-— F S RESL-1-N B (PTMSP ) i FL
FR L, PTMs 58 L JEL AR X481 A8 0 B Ak | B 1o B SR T8 38 R ok B 1k 2 B 7 Budd 5 5
McKeown %5105 15 L8 PIMs 55 PTMSP ARG 3PERE , & I PIMs I ELA L PTMSP 55 =5 4 b 2% 1hi
FL(600—900 m*¢ ™" )5 H AT (229%—24% ) . [RII, >R FH & FA MLAIR SR A 455 CO, DI RERI A Rl 2%
B H EMFLR AP (TZPIMs) ] LA — 4 5 CO, B B M W se 45 SRR WY TZPIMs /Y CO,/N, 4 B 1
fig 1 Robeson |3 SRTMT, PIMs JCJF 19 4345 b4 il JLFLAR 4340 B9 , 3 G AL AR 42 R M i S e ) 7 £
FL A A FLIE o B ] T RS He R T A

BT, — S F A ks PIMs FE I ATIRR SR 54, il % TR B, 2B A 7 PIMs il TR R4
AILEFRRAE , HE— 2380 T A BEAL T SE U B TR B CO, B BTk RE MR B AR L T
oA 38 % TR-PBO B, H ] Py AH G A A5 R B R e = .
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TRA LTI (MMM ) 2 JCHLIEAARLFI AT LI AL B0 25 6 1. B0 9R BSORLIE 25 1 JC ML ik A 2]
RAEWIETh , S A T AU ARSA R T AL m B S vk et 5 | ok IR R Tk
2ERMUPERR IR SRS B RCR R FLAR T e MDD RE T otk Fn b 3R i B s A5 O A, FE CO, i s
HAT B KA R HF A MMMs 59 JEHLRT L8 3K R H il 7E 100—1000 nm , Hb R} 4%
T [vi) P 5 1o )
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7T MMMs Hr 32Dk AT 2506 B A P RE A SR ZE R i, JE 2 R SEOR), HOR 28 B 86 m 1
SEBBEIEEN M AVEREW R AT 5 2R DR ZS G, — 7 3 7 SARAE T, ) — 5 1
R Ab 2 RE PR AT LR T IR 10 L PR B K T RO 5 55, 18 54 ok 254 R 032 4 o 75 1 T 12
P B ORI AR SCMERE QN3 3 7R, T LA Y, I IS [ 28 AR 3RO} A TR 6 35 o i o HL A A g
(AR [ I 380 e X6 SR A4 ) B T Ak BT LA 0 — 2548 0 ) S AR 4 25 1 . Nawsie 251 E 85 43 T I TR
A ST A S I e RV T, 45 SRR, A . P8l (DEA) J& |, CO,/CH, 38 BE M AT CO, 1B 38 R 43l $2
T 245 3 HZ B BAAE 2—10 bar AR J) R T CO,/CH, B A CO, & i M, MK 3% I 1Y
CO,/CH, 7 B 7T 34 20.21.

TRA FE RS A Ry B S SR A3 B AR A M ) B AU 9 DA B SR X 210 (B S EURE A A HILAE 3
JOT H B A3 AT AN Y S P R Tl AR M A 2 5 e TS O R 8 e P B R DA R S B TR 1 N FH
(B PR, G far e Tl i T rp ORARRIBE R 47 53 B PR R, A5 S 30 00U A5 R % [m] isf el AR AR | AT - 2261 Rt
VR 5 0 A T i 1) B ek R —

R3IOAFZEREOR SR G I CO, o B PERE

Table 3 CO, separation performance of mixed matrix membranes with different fillers

: R JE €0,/CH COy/N
UK i BRI () WEIET Peo /el A
. Membrane ) Temperature/ 2 ek g )
Filler types Names Fill rates/% Barrer \ o References
substrates Pressure Selectivity Selectivity
. . 25C,
e SAP034-EDA PES 20 5 10.091' GPU 12.14 — [48]
2x10° Pa
25C,
SAP034 PSf 10 i 317.0 GPU 27.9 — [49]
3.48x10° Pa
APTMS- 25C
— Pk S N
=y 1713 - PES 20 ex10° bl 2.72 25.9 22 [50]
BRERRMALZ 25°Cy
SPEEK 20 1400 GPU 54 57 51
ik 110 Pa [51]
PEI @ MIL-101 25 0%
SRAYELR SPEEK 40 s 2490 71.8 80 [52]
(Cr) 1x10° Pa
NH2-MIL-53 35 C,
PI 25 9 33 — 53
(Al) 1x10° Pa [53]
A, N 27C,
A VKRR A ek ZIF-8 PS( 0.5 5 7.26 34.09 — [54]
4x10° Pa
35C,
ZIF-8 XLPEGDA 20 s 840 16.0 48.0 [55]
2x10° Pa
. N ! 30C,
fi8 JEhREM GO PES 3 : 13.26 37.88 — [56]
5x10° Pa
25C,
GO PSf 0.25 s 74.47 GPU 29.90 44.4 [57]
5x10° Pa
s , 30 C,
BRANAAE MWCNT PL-PSf 8 : 5.434 16.98 325 [58]
10x10° Pa
PDA-TiNTs ppo® 6 — 127.78 14.52 20.81 [59]

7+ : @F A (Polyphenylene Oxide).

2.1.4  [EE M

[ 7 AR (FSC) B S MR AR T LS O, kA nT i fb2E [N, e F CO, ZE 5 A% it , HAT R4
() CO,Fli S5 P RE AN FH Y 7 3R FSC A A% O, i H DAL B 00 T8 U0k e e s 0 T 2R 1 3k
e {3 B AR S 1 2 B AL F — N AR RS B ) — R R AR 25 B R AR R AR 4 4 B 43
A B RN AR A Bt A4 7= A ) 20 TR R B A SR o0 B M . e o1, 2R R 15 B3R S ) DA Al A B 4
Bl FSC AR S 7 R AR L AR B B T A B 1. Tong 251 X FSC A ZRAAR L RS WL T T 45
L, WE 3 FiR, CO, o F Al K b 5L B RE A R N, HARTEA W 80 (SD ) AL AL U (L4 (FT) L3
it FSC BT AR BB SRS F (W N, L 0,) HABE S SD &5 fF B N 45 A(CO, ) FS KRB 35l 1
SRR WA BRI HE 0 B
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Fig.3 Gas transfer mechanism of FSC membrane based on polyvinyl amine

P2 SD HLEEAI FT HLERAY 12 S VE F X8 i FSC A CO, 1% i i 2 G 8 (B2 | #di it Al S 5
P R R CO, 20 IR RESR & FT MLER A STk, DR, 76 07 FH w5 AU e A A AR el 3 o,
8 B AR 25 He 25190 %6 FSC EHEAT T CO,IMAEMNR , 45 R W , AR LEAE 2 bar (IFERHE
F1F10.2 bar B IEETT,CO,BERATIAR] 60% VA I, B ARG ] s 3oL i CO, B4 4328 Ak i H i
N AR, BB R BATEE & CO, [N 8 ) 27 R A 38 i (14 T T2 AR L AT DL — 20 4 5 FSC
R P BE. Han 2607 0 &t —Fh 2-(1-WRWE 3L ) - WU R L/ B LGSl & A FSC I % AE 65°C F
HAG 1451 GPU 4 CO, BB R ME A 165 A CO,/N, 20 B K . sk fii R4S FSC I HAG it = T 7 b 5 G
CO,FHEETERE , (R = $5 3% FSC MR BRALI: 22 G0 LA AR G T AR B e 414, AT, n o] 76 2 7 25 R 2R
B AR AR TR A 5 2 — 2D R
2.2 [BHEVEIM S

IR0 T 2 W) 240 AR IS M e R K JB ) BRI 2 — G, BEAT 3 RPas AR s iR AR
AR AR 5T & B0, AN 109% Y IR R0 BE X2 A, 709% AR A% B BE 7 A 388 0 ) Wang 25" F|H DEA 4
WGH], #E PP ORIl T CO, iYW s S 0 il 2= WA AR VB AR 2C R Y CO, 1% B i 2 i R R =R 1Y
6 155 Ak, RS S AL B A AIF 5 2 B B A W 0 1 B 4 ) T, Wang 2570 F9E & PR HR T DEA
P R AL R R TR AR 2 T O AR, F LT DEA 7K TR -5 BEAT R 22 18] il A2 50 S SO B )
BK PR AR T 5 R A Ly 457V 285890 d YK JEIISER, & BIGR 29 LS PP B S SUBAL I Ak
AT PP R R ISR LU Bk P, T4 T W - Ak -V SR AL B 5 A | FE A TR A i 0 A F 9
R EE, MEA S PVDF B2 A2 & AR RN 5 AR, 51 e 9 2 1k DA K BT Ve B0 42 | DA TG AR A1
I P i 7K 1 s

H 17 TR RN AR G AR DGR AR AT - (1) S BRI (S5 2.1 7)) 5 (2) EH AE MWl
RS2 2.3 797) 5 (3)YWE T2 450 35 FH A3k i) SO A Ut 188 DA A TR 0, S #0E F J  aok 28 0 e )
(Yong-Laplace A3X) , 23 BT EL G ; (4) XA T ORI 52 R o v T Be o A TR A B L) Ak
SRR DL R R TR TE
2.3 Wk

AW BT AR LA I 98 K 2 R B S WAE A WSO , B R 3h 28 B IR R IR B0 L S 52
B VS R A I B R AR AT 8 30 B BERARL ) WA LA 1 L i W 7 | e il 3 | R R T 5K T (IK P A B AE
DA X 18 46 8 e /N A AR 34

Pl S W A0 4% MEA \DEA TEA TETA'™ L) K2 MDEA , Hirf, MEA J2d FH 85 ) 12 B — Rz i 351 22 7k
S4TSR ] MEA VE TR COL A3 B MR, CO, % 55 38 8 185 T 3K 18.03 mol-m > h™" b, B3
SEET RS T A WU E IR IR IR A R R A Y AR A SR 4P R, DL MDEA SR 32 RIRCRI , 43 0
AFEFE A MEA | Z B35 H & fR (MEAGLY ) DL K 2 FE R SE LA #R (MEASAR) 3256 & B, BE# MEA |
MEAGLY MEASAR FHC L2852 55, CO, 1 W IS 3405 12 B0 3 384 114 R 3 (R P AR 00 5 22 A0 I 5 B0 3
B, MDEA 576 {6500 o= i He ok 3:2 B AT LASE B CO, MR- i A A 1 .
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MR T A5 G B e 7 T, R B Vs VL 46 T i (R 2 T ok 1R B 0 DA B i & 9538 ™ . Mehdipour
AT SRR S SRR 25 A 1 0 3 B T AR IR S AR AR A R K, CO, RO CO, A4 5
PERE, I 5 DEA #1725 R B TERAERMT K, CO MM CO, MK 2L T DEA.

B RAARSE HETH— R0 . Dai 2517 B [ Bmim | [ TCM ] AW, FF7E 80°C H1 20 bar (14
VEZAMF T 3RA3 T 2.5%107 mol-m™ s ) CO, f% Tt i Shen %5 X} Ho TR [FIAC H T 9 [ Bmin ] [ BF, ] +
K,CO, & B 1 CO, s &, &K B[ Bmin | [ BF, ]:K,CO, K 1:9 I}, PERERAE, 00 T H &M WIEM |
L5588 LA K Ll 20 DU i 2 S s 390 AR PR 1y vo AR, AN 3 B RS 1) Tl 1o,

2.4 TEHMEX CO, 5 B RE I RE

(1) &1

ULAER , 3 A T B COL MBI 75 3 1T 1z 56 i WELS ik, R G0 1 Tt s & 3 m =H
CO, VR JE B AL i8Rk 8l g, i 22 CO, AR 73l 2 B Lk A S 5 10 -5 WO R N, T 55 CO, Fif
EERCRY (Gao ZF P HELT 10—20 kPa Y CO, 43K N PVDF 58 2 2k [l 322 fih 2% 00 A Mk it , 45 3R & PR
CO, f& i R Bl CO, 20 FEIEA G L™ Zhang %615 i 5256 7R 15 20 A R 45 5 (B AR A &, fE a8 175
T T L2 TR T P BB AN SR T 45 R FE Y A 1) J AR 89 . 25 VRORE R 00 R B i A e o052 3
WA 2 AL, 35 S RS i 0 T 184 2% S BEL 3 50 A0 R 0 K T S A 1 A Rt ) 2 3 B30 2 375 it
IR A A SR e .

(2) MEE

L 2 5 M AR R SR TR CO, P B 2 PR R 8 v MR S B A BT 42 /= CO, Ji 4R 80 Shiirazian
SRS T 288 K A 298 K A4 MRS AN B i 2R I B B SR B TR A T N T 24 10% . LA, Wu
STV T RO R BE AR AT CO, 2 B R A% T ok 56 (D, 2 3 4 W SR B M 298 K 4 511325 K
B, CO, 53 B FNE ST 300 i 4 55 T 30% 1 40% . SR T | AES Bt rh 7 ASURET 14 in W SO R Joir s >F 1) g
FE N A 75 2225 FE A AR A | DRAIE 2 i 42 A R A Al AS PRI ok 5 2B 254 AR 4.

(3) WA

AIRURE T T 2 T R i 25 e M 18 1) B R R 2 1 GEH , CO, MR AR 43 5 A AH A A A7 ARG
YRR AT B L AR DG 3 S R Ry T AR S A CO, 7 R PN B 452 BA s T 35840 €O, R A K 55 i i)
FNE 5 S FEROR BRI, 5 AR AR S, 3 MRRE 3t 3 mT DAk 2D i AU 2 TR B | AR AL B BEL ), i o 22 7 ek
W) S CO, R, B R AERCR ™ Zhang 455 3l i3 FEIUUA X CO, AR IR I & P24 M i
M 0.28 mes™' AN E] 1.40 m- s B, CO, A ERCR T FEL 50% , G AH T M 0.015 m-s™' $2 T 5]
0.085 m-s™ i, COMIMIRCR L T 24 38% A A5 1 = B9 2, T 32 /3 A TRORH 7 8 34 ] BRI A% 3 BEL 77
CO, 1% [T Tt 55 AR S 3 B A DG, PR I, 78 SE PR vh 75 B B & (0 SO IR 3, TRIIE CO, =i
S I 1 [ b e IR R =5 C O, AT AERIUR.

(4) FEHEMMAREETE

B fil g 5 R0 CO, A 4 (A 52 ) = BRI AR RO RE L8 IS se 3 AR B FLBR A i3 N 75505
TET 94 TR TR FIE A AT B %) 5 B T, (S VTR LT 388, B AER C O, iR R 1Bl = R0 5T T gt
BEJLREXT CO, 73 B RHOR 52 , 45 5 S BRBERE JRLFE A 80 pum 3 /i1 22 200 pum , SR ( DEA) (19 CO, i 4R
ROREARL 40% JE I 58 238 FUA 00K B AT ARG in =0 1o 22 i 17 AR 42 = B2 5[] CO, IR UK #. Eslami
VIS T TR CO, AR AR IR, 25 5 2 Y B I 3000 HR 1IN E 10000 AR T, CO, di
BERHCHEIN 36% I N E 100%. Rezakazemi 55 3 13 34 1A ) 7 R0 B .75 3022516 BEFL B 3 34 Jn T
DAY/ INIEAEBE T, £ i SR BRI (9 1% J5T R 40, 4R 5 CO, 0 BSO8R Y BRALBR 3 — g 1), i 47
PR 5 BRAFBH g 2 1E ARG, il P38 n 2 S BUBAH B 138 in, CO, 43 B RCR K. BRI bt , o T AR TR 41
PR AR PERE , 720 v R S v/ NS RE JE B 55 il i PR, 3 e 3 FLIUR A R .

3 451 (Conclusion)
BB ARANE R CO R TIR EB A, HAT B R & B W 1. A fh ks AT RO 42
fl TR R A% O R R A RS R RBUIN AT BOR (BERE G, T 2 N FA Y i<
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CO, A A SCERIR 1 T AR R IR A B A K R AR IR E5IS an R « (1) H AR R A1F 5T £ 21
FETCHUREE AT HILRGE 5 5 25 o R A [0 5 AR A5 AT LA 25 DI R 5 0 P A% 0 T B BB B R SR AT 5T
)z AR AR SE T A T A b R BE— 2B A, e RAIE B A LA 23 B P BE A R
P R JAR AT R PR (2) 42 e MR e 7 IR BE  TROM AL | A A O T, D/ RS A T2 oty
P BRI TR LA B RO EE AT LA AN CO, AR AR, (3) T RAR A AR FRAE A (1 CO,
FER AR BT B MSCR LA A ot J e Y ) R4 T2 A J T 0
FIAT, MRS A R AE CO A SR B B Ay 1 Hufm,fﬂ'ﬁTﬂijﬁiﬁﬁﬁHE@ﬁm%%
BORAMLL , i 4 TR R B B - BB b B AR BT A R AT SR 45 B A S 56 2 0 A i B, 3 VD i 2
22 s RIS S R Bl - A B AR ) Tl AL TR, IR 2 A B840 T T T L K9 e S )
IR TR ) 249 P 23 21 28 [ A 25 R IR 1 1 7 ) SR BELAS , BE— PR AR A (R CO, Fli AR PR REAN i At
SRR BT v as SR DAL T 20 seit 5 T 2 B R A SR I T 1o AR i - A fh
BRI RE— BT R, b 2s SRR REA Wi de TH , A B2 CO, il 1 Tl AU ORI R, 4 5 3%
| A= ) S A 2 Y R TR

5 2% 3k ( References)

[ 1] BAENA-MORENO F M, RODRIGUEZ-GALAN M, VEGA F, et al. Review: recent adyances in hiogas purifying technologies [ J ].
International Journal of Green Energy, 2019, 16(1/2/3/4/5) ; 401-412.

[ 2] MANSOURIZADEH A. Experimental study of CO, absorption/stripping via PVDF hollow fiber membrane contactor [ J]. Chemical
Engineering Research & Design, 2012, 90(4) ; 555-562.

[3] XUYL, GOH K, WANG R, et al. A review on polymer-based membranes for gas-liquid membrane contacting processes: Current
challenges and future direction[ J]. Separation and Purification Technology, 2019, 229.115791.

[ 4] PENZA M, SURIANO D, CASSANO G et al. A case-study of microsensors for landfill air-pollution monitoring applications[ J]. Urban
Climate, 2015,14.351-369.

(5] XURE, KR, Tk FAM A i B3 PO N A E R BEHRAGE B[ ) ] B34S T, 2008, 18 (9) :65-66.
LIU C L, ZHANG X D, WANG R S. Paying attention to the utilization of the landfill gas (LFG) from the urban household garbage[ J].
Journal of Library and Information Science, 2008, 18(9) :65-66(in Chinese).

[ 6] SCHOLES C A, KENTISH S E, STEVENS G W. The effect of condensable minor components on the gas separation performance of
polymeric membranes for carbon dioxide capture[\J ]. Energy Procedia, 2009, 1. 311-317.

[ 7] ROBESON L M. The upper bound revisited[ J]. Journal of Membrane Science, 2008, 320(1/2) : 390-400.

[ 8] ZHANG Y, SUNARSO J, LIU S My et al. Current status and development of membranes for CO,/CH, separation: A review [ J].
International Journal of Greenhouse Gas Control, 2013, 12. 84-107.

[ 9] MUHAMMAD M, YEONG Y F, LAU K K, et al. Issues and challenges in the development of deca-dodecasil 3 rhombohedral membrane in
CO, capture from natural gas[ J |. Separation and Purification Reviews, 2015, 44(4) . 331-340.

[10] MAGNONE E, LEE H J, CHE J W, et al. High-performance of modified Al, O; hollow fiber membranes for CO, absorption at room
temperature[ J ]. Journal of Industrial and Engineering Chemistry, 2016, 42. 19-22.

[11] ABDULHAMEED M A, OTHMAN M H D, ISMAIL A F, et al. Carbon dioxide capture using a superhydrophobic ceramic hollow fibre
membrane for gas-liquid contacting process[ J]. Journal of Cleaner Production,2017, 140, 1731-1738.

[12] TINPS, LINH Y, ONG R C, et al. Carbon molecular sieve membranes for biofuel separation[ J]. Carbon, 2011, 49(2) : 369-375.

[13] RUNGTA M, WENZ G B, ZHANG C, et al. Carbon molecular sieve structure development and membrane performance relationships[ J].
Carbon, 2017, 115 237-248.

[14] HAIDER S, LINDBRATHEN A, LIE J A, et al. CO, separation with carbon membranes in high pressure and elevated temperature
applications[ J]. Separation and Purification Technology, 2018, 190; 177-189.

[15] ERRIR, BURZE, KBHE, 45, DBk S 2 B AR BB 58 RN 34 ——H6 T I 20 4F SCHIRSCRIE R 4T [ 1], b Tk
2016, 35(7) . 2299-2308.
QIU T R, KUANG C L, ZHENG X, et al. On the research and application trends of global gas membrane separation technology Based
on analysis of SCI articles and patents in recent 20 years[ J]. Chemical Industry and Engineering Progress, 2016, 35(7) : 2299-2308(in
Chinese) .

[16] SULEMAN M S, LAU K K, YEONG Y F. Plasticization and swelling in polymeric membranes in CO, removal from natural gas[J].
Chemical Engineering & Technology, 2016, 39(9) : 1604-1616.

[17] CHUAH C Y, GOH K, YANG Y Q, et al. Harnessing filler materials for enhancing bhiogas separation membranes[ J |. Chemical Reviews,
2018, 118(18) : 8655-8769.

(18] #hEA, MioeiE, XUPRIS, & BT BIMABE R IS CO, MFFT Bk K ke[ T]. L T3k, 2017, 36(5) ; 1880-1889.
SHUN Y W, XIE M L, LIU Q L, et al. Membrane-based carbon dioxide separation from flue gases of coal-fired power plant—current status
and developments[ J]. Chemical Industry and Engineering Progress, 2017, 36(5) : 1880-1889(in Chinese).




414

REVSVRAE B b i 4R LR < CO, Y WFIE E i 1097

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

JIN P R, HUANG C, LI Y F, et al. Fabrication of a superhydrophobic poly ( vinylidene fluoride ) hollow fibre membrane by spray
deposition[ J]. Micro & Nano Letters, 2018, 13(2) . 223-227.
LIYF, WANGL A, HUX Y, et al. Surface modification to produce superhydrophobic hollow fiber membrane contactor to avoid membrane
wetting for biogas purification under pressurized conditions[ J]. Separation and Purification Technology, 2018, 194, 222-230.
ZULHAIRUN A K, SUBRAMANIAM M N, ALIREZA S. High-flux polysulfone mixed matrix hollow fiber membrane incorporating
mesoporous titania nanotubes for gas separation[ J ]. Separation & Purification Technology, 2017, 180, 13-22.
PREGEL, KT, BRI, MALZBERRINKRE /& FER G A 5 S HXT CO,/CH, 2 EMERERT ST 1], AL BRI RE, 2017, 45
(1): 79-82.
GUO R Q, ZHANG M, LUO ] J. Fabrication of AT-MWCNT/ polysulfone containing fluorine composite membrane for CO,/CH, separation.
[J]. New Chemical Materials, 2017, 45(1) : 79-82(in Chinese).

EE R RBEEEN SO R A B COL A B PEREDISE [ D). A+ AT K%, 2015.
LV J F. Preparation of modified polyether ether ketone and application for CO, capture [ D ]. Shihezi: Shihezi University, 2015 (in
Chinese) .
X2k BH . R e T A0 A WL R A 3 0 B 1 1 4 X €O,/ CH, SR B B R BRI 5E [ D], KJE. REH T K
2, 2018.
LIU J Y. Fabrication of polyimide and covalent organic frameworks mixed matrix membranes for research of CQ,/CH, gas permeability and
selectivity[ D]. Taiyuan; Taiyuan University of Technology, 2018 (in Chinese) .
FFE, Hok, BRI, S5 mBR ARG Y/ R W B b TR A B Y ) o M AR S B R L) ] B AL AR AR
2017, 33(10) :2058-2063.
WANG Y D, XIAO Q, ZHONG Y J, et al. Preparation and gas separation properties of“melamine-phthalaldehyde porous polymer/
polydimethylsiloxane mixed matrix membrane[ J]. Acta Physico-Chimica Sinica, 2017, 33(10) :2058-2063(in Chinese).
XA REEI 23 P4 SRS B IR 48 SR T AWM D], st JERi T R%,2018.
LIU X B. Study on Preparation and coating technics of polyethersulfone gas separation hollow fiber membrane [ D ]. Beijing: Beijing
University of Chemical Technology, 2018(in Chinese) .
AU, R, 228040, A ANUEALR SO SEEEE[]. fesrat e, 2011, 23(10) :2085-2094.
XUSJ, LIANGLY, LIBY, et al. Research progress on microporous_ organie polymers[ J]. Progress In Chemistry, 2011, 23(10) ;2085-
2094 (in Chinese) .
DO Y S, LEE W H, SEONG J G, et al. Thermally rearranged-(.TR) bismaleimide-based network polymers for gas separation membranes
[J]. Chemical Communications, 2016, 52(93) . 13556-13559:
LEE J, KIM J S, KIM J F, et al. Densification-induced hollow fiber membranes using crosslinked thermally rearranged (XTR) polymer for
CO, capture[ J]. Journal of Membrane Science, 2019, 573 393-402.

YONG W F, LI F Y, XIAO Y C, et al. High performance PIM-1/Matrimid hollow fiber membranes for CO,/CH,, 0,/N, and CO,/N,
separation| J |. Journal of Membrane Science, 2013, 443. 156-169.
SEKIZKARDES A K, HAMMACHE S, HOFFMAN J'S, et al. Polymers of intrinsic microporosity chemical sorbents utilizing primary amine
appendance through acid-base and hydrogen-bonding interactions[ J]. Acs Applied Materials & Interfaces, 2019, 11(34) : 30987-30991.
BEZZU C G, CARTA M, TONKINS A, et al. A spirobifluorene-based polymer of intrinsic microporosity with improved performance for gas
separation| J |. Advanced Materials; 2012 24(44) . 5930-5933.
SWAIDAN R, GHANEM B'S, LITWILLER E, et al. Pure- and mixed-gas CO,/CH, separation properties of PIM-1 and an amidoxime-
functionalized PIM-1['J]. Journal of Membrane Science, 2014, 457 95-102.
LASSEUGUETTE E, CARTA M, BRANDANI S, et al. Effect of humidity and flue gas impurities on CO, permeation of a polymer of
intrinsic microporosity for post-combustion capture[ J ]. International Journal of Greenhouse Gas Control, 2016, 50 90-99.

BUDD P M, ELABAS E S, GHANEM B S, et al. Solution-processed, organophilic membrane derived from a polymer of intrinsic
microporosity[ J]. Advanced Materials, 2004, 16(5) : 456-459.
DAWSON R, COOPER A I, ADAMS D J. Nanoporous organic polymer networks|[ J]. Progress in Polymer Science, 2012, 37(4) .
530-563.
ALGHUNAIMI F, GHANEM B, WANG Y, et al. Synthesis and gas permeation properties of a novel thermally-rearranged polybenzoxazole
made from an intrinsically microporous hydroxyl-functionalized triptycene-based polyimide precursor[ J]. Polymer, 2017. 121 9-16.
VLT, FEAS, BT, S5 BT IAER HE S N SR e A S B IR R 1) 2 B VERERITTE (0], SUREATEL, 2018, 49(4) : 4024-4031.
JIANG X W, DONG J, ZHAO X, et al. Preparation and investigation of thermally rearranged (TR) polyimide gas separation membranes
[J]. Journal of Functional Materials, 2018, 49(4) ; 4024-4031(in Chinese) .

PARK H B, JUNG C H, LEE Y M, et al. Polymers with cavities tuned for fast selective transport of small molecules and ions[ J]. Science,
2007, 318(5848) . 254-258.
WOO K T, LEE J, DONG G, et al. Fabrication of thermally rearranged (TR) polybenzoxazole hollow fiber membranes with superior CO,/
N, separation performance[ J . Journal of Membrane Science, 2015, 490. 129-138.
LEE S, BINNS M, LEE ] H, et al. Membrane separation process for CO, capture from mixed gases using TR and XTR hollow fiber
membranes: Process modeling and experiments[ J]. Journal of Membrane Science, 2017, 541, 224-234.
DU N Y, PARK H B, ROBERTSON G P, et al. Polymer nanosieve membranes for CO,-capture applications[ J]. Nature Materials, 2011,
10(5) : 372-375.



1098 I 53 1k

pS

40 %

[43] MCKEOWN N B, BUDD P M, MSAYIB K J, et al. Polymers of intrinsic microporosity ( PIMs) ; Bridging the void between microporous
and polymeric materials[ J]. Chemistry-a European Journal, 2005, 11(9) : 2610-2620.

[44] PRASETYA N, HIMMA N F, SUTRISNA P D, et al. A Review on emerging organic-containing microporous material membranes for carbon
capture and separation[ J|. Chemical Engineering Journal, 2020, 391, 123575.

[45] LUIS P, VAN DER BRUGGEN B, VAN GERVEN T, et al. Non-dispersive absorption for CO, capture: From the laboratory to industry
[J]. Journal of Chemical Technology and Biotechnology 2011, 86(6) : 769-775.

[46] =ik, FLT9NE, BEL, 5. Cu-BTC/ LIELT Ak Z0URA S DU Al D ) 4 0 UM S B VEREL D). (L TERE, 2016, 35(12) : 3970-3975.
LI H, DU N X, YANG K, et al. Facile fabrication and gas separation properties of Cu-BTC/ethyl cellulose mixed matrix membranes[ J].
Chemical Industry and Engineering Progress, 2016, 35(12) : 3970-3975(in Chinese) .

[47] CHANG H, WANG Y, XIANG L, et al. Improved H,/CO, separation performance on mixed-linker ZIF-7 polycrystalline membranes[ J].
Chemical Engineering Science, 2018, 192 85-93.

[48] AHMAD N N R, MUKHTAR H, MOHSHIM D F, et al. Effect of different organic amino cations on SAPO-34 for PES/SAPO-34 mixed
matrix membranes toward CO,/CH, separation[ J]. Journal of Applied Polymer Science, 2016, 133(18), doi.org/10.1002/app.43387.

[49] JUNADIDI M U M, LEO C P, AHMAD A L, et al. Fluorocarbon functionalized SAPO-34 zeolite incorporated in asymmetric mixed matrix
membranes for carbon dioxide separation in wet gases[ J]. Microporous and Mesoporous Materials, 2015, 206. 23-33.

[50] LAGHAEI M, SADEGHI M, GHALEI B, et al. The role of compatibility between polymeric matrix and silane coupling agents on the
performance of mixed matrix membranes[ J]. Journal of Membrane Science, 2016, 513 20-32.

[51] XIN Q P, ZHANG Y SHI Y, et al. Tuning the performance of CO, separation membranes by incorporating multifunctional modified silica
microspheres into polymer matrix[ J]. Journal of Membrane Science, 2016, 514 73-85.

[52] XINQP, OUYANGJ Y, LIUTY, et al. Enhanced interfacial interaction and CO, separation performance of mixed matrix membrane by
incorporating polyethyleniminedecorated metal-organic frameworks[ J]. Acs Applied Materials & Interfaces, 2015, 7(2) : 1065-1077.

[53] RODENAS T, VAN DALEN M, SERRA-CRESPO P, et al. Mixed matrix membranes. based on NH,-functionalized MIL-type MOFs .
Influence of structural and operational parameters on the CO,/CH, separation performance[J]. Microporous and Mesoporous Materials,
2014, 192, 35-42.

[54] NORDIN N A HM, RACHA S M, MATSUURA T, et al. Facile modification of ZIF-8 mixed matrix membrane for CO,/CH, separation :
synthesis and preparation[ J]. Rsc Advances, 2015, 5(54) ; 43110-43120.

[55] HULQ, LIUJY, ZHU L X, et al. Highly permeable mixed matrix materials‘éomprising ZIF-8 nanoparticles in rubbery amorphous poly
(ethylene oxide) for CO, capture[ J]. Separation and Purification Technology, 2018, 205 58-65.

[56] EBRAHIMI S, MOLLAIY-BERNETI S, ASADI H, et al PVA/PES-amine-functional graphene oxide mixed matrix membranes for CO,/
CH, separation; Experimental and modeling[ J]. Chemical Engineering Research & Design, 2016, 109 . 647-656.

[57] ZAHRI K, WONG K C, GOH P S, et al. Graphene oxide/polysulfone hollow fiber mixed matrix membranes for gas separation[ J]. Rsc
Advances, 2016, 6(92) : 89130-89139.

[58] SEYED F, DEHAGHANI A H S, PIROUZFAR 'V, et al. The morphology and gas-separation performance of membranes comprising
multiwalled carbon nanotubes/polysulfone-Kapton[ J]. Journal of Applied Polymer Science, 2016. 133(34) ,doi.org/10.1002/app.43839.

[59] GIEL V, PERCHACZ M, KREDATUSOVA J, et al. Gas Transport properties of polybenzimidazole and poly ( phenylene oxide) mixed
maltrix membranes incorporated with PDA-functionalised titanate nanotubes| J]. Nanoscale Research Letters, 2017, 12.3.

[60] NASIR R, MUKHTAR H, MAN Z, et al: Mixed matrix membrane performance enhancement using alkanolamine solution[ J]. Journal of
Membrane Science, 2015, 483. 84-93.

[61] TANH JEAZET H B, STAUDT C, JANIAK C. Metal-organic frameworks in mixed-matrix membranes for gas separation[ J]. Dalton
Transactions, 2012, 41(46) :14003.

[62] SARFRAZ M, BA-SHAMMAKH M. Synergistic effect of adding graphene oxide and ZIF-301 to polysulfone to develop high performance
mixed matrix membranés for selective carbon dioxide separation from post combustion flue gas[ J]. Journal of Membrane Science, 2016,
514 35-43.

[63] ThHE, Frkde, T 58 CO, B E R T ALl A T]. AR5 H AR, 2016, 36(5) : 87-94.

WANG S Q, QIAO Z H, WANG Z. Industrialization preparation technology of fixed carrier membranes for CO, separation[ J]. Membrane
Science And Technology, 2016, 36(5) : 87-94(in Chinese).

[64] TONG Z, HO W S W. Facilitated transport membranes for CO, separation and capture[ J]. Separation Science and Technology, 2017, 52
(2): 156-167.

[65] HE X Z, FU C, HAGG M B. Membrane system design and process feasibility analysis for CO, capture from flue gas with a fixed-site-carrier
membrane[ J]. Chemical Engineering Journal, 2015, 268:1-9.

[66] HE X Z, LINDBRATHEN A, KIM T J, et al. Pilot testing on fixed-site-carrier membranes for CO, capture from flue gas[ J]. International
Journal of Greenhouse Gas Control, 2017, 64. 323-332.

[67] HANY, WUDZ, HO W S W, et al. Nanotube-reinforced facilitated transport membrane for CO,/N, separation with vacuum operation
[J]. Journal of Membrane Science, 2018, 567 261-271.

[68] ZHANG H Y, WANG R, LIANG D T, et al. Theoretical and experimental studies of membrane wetting in the membrane gas-liquid
contacting process for CO, absorption[ J]. Journal of Membrane Science, 2008, 308(1/2) . 162-170.

[69] WANG Z, FANG M X, PAN Y L, et al. Amine-based absorbents selection for CO, membrane vacuum regeneration technology by combined
absorption-desorption analysis[ J]. Chemical Engineering Science, 2013, 93. 238-249.



414

REVSVRAE B b i 4R LR < CO, Y WFIE E i 1099

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

WANG R, LID F, ZHOU C, et al. Impact of DEA solutions with and without CO, loading on porous polypropylene membranes intended for
use as contactors[ J|. Journal of Membrane Science, 2004, 229(1/2) : 147-157.

LVY X, YUXH, TUST, et al. Wetting of polypropylene hollow fiber membrane contactors[ J]. Journal of Membrane Science, 2010,
362(1-2) ; 444-452.

MANSOURIZADEH A, ISMAIL A F. Preparation and characterization of porous PVDF hollow fiber membranes for CO, absorption: Effect
of different non-solvent additives in the polymer dope[ J]. International Journal of Greenhouse Gas Control, 2011, 5(4) : 640-648.

JIN P R, HUANG C, SHEN Y D, et al. Simultaneous separation of H,S and CO, from biogas by gas liquid membrane contactor using
single and mixed absorbents[ J]. Energy &Fuels, 2017, 31(10) . 11117-11126.

ZE—R. BT PTFE has PRS0 - CO2 1% DR e e e FHIFIE [ D] HPR . B R K%, 2017.

LI'Y F. Study of CO, absorption characteristics using gas-liquid membrane absorption technology and its performance enhancement[ D ].
Chongging: Chongging University, 2018(in Chinese).

RS, SR, IR, 2. IRE M ORI AR IR I [ ] BREE AR 2020, 39(2) : 409-415.

MU A W, FAN J J, JIANG Y C, et al. CO,absorption/desorption using aqueous solution blended with mixed amine[ J]. Environmental
Chemistry, 2020, 39(2) : 409-415(in Chinese).

BT, BRI, F, . MBI RSB R €O, (1] R THR, 2012, 28(11); 196-20d

YAN S P, CHEN J A, AI P, et al. CO, removal from biogas by using membrane absorption technology[ J ] /Transactions of the Chinese
Society of Agricultural Engineering, 2012, 28(11) : 196-204(in Chinese) .

BUESE, YL, 2T, 5. A UL R R AR A R X TE A b CO, A B RPE J]. AL THERE , 2015, 34(3) . 857-862,878.
HE Q Y, CAI K, YAN S P, et al. Performance of CO, removal from biogas by using amine-based amino acid salts blended ahsorbents[ J].
Chemical Industry and Engineering Progress, 2015, 34(3) . 857-862,878(in Chinese).

MEHDIPOUR M, KARAMI M R, KESHAVARZ P, et al. Analysis of CO, separation with aqueous potassium carbonate solution in a
hollow fiber membrane contactor[ J]. Energy &Fuels, 2013, 27(4) . 2185-2193.

DAI Z, DENG L. Membrane absorption using ionic liquid for pre-combustion CO, capture at elevated pressure and temperature [ J].
International Journal of Greenhouse Gas Control, 2016,54:59-69.

SHEN Y D, HUANG, C, JIN P R, et al. CO, capture by 1-butyl methylimidazolium tetrafluoroborate-promote potassium carbonate solution
in hollow fiber membrane contactors| J]. Fresenius Environmental Bulletin, 2020, 29(7) : 5164-5171.

COZMA P, WUKOVITS W, MAMALIGA 1, et al. Modeling and simulation, of high pressure water scrubbing technology applied for biogas
upgrading[ J]. Clean Technologies and Environmental Policy, 2015, 17(2) : 373-391.

GAO H X, LIU S, GAO G, et al. Hybrid behavior and mass transfer performance for absorption of CO, into aqueous DEEA/PZ solutions in
a hollow fiber membrane contactor| J]. Separation and-Purification-Technology, 2018, 201 291-300.

LIY F, WANG L, JIN P R, et al. Removal of carbon dioxide from pressurized landfill gas by physical absorbents using a hollow fiber
membrane contactor[ J]. Chemical Engineering’and Processing-Process Intensification, 2017, 121, 149-161.

ZHANG Z E, YAN Y F, ZHANG L, et al. Theoretical study on CO, absorption from biogas by membrane contactors: Effect of operating
parameters[ J]. Industrial & Engineering Chemistry Research, 2014, 53(36) : 14075-14083.

SRTA, ZRH, FRAE, S IR CO, IRMOI S B EOR B BE R R ERIT [T ] L Tk, 2019, 38(8) : 3866-3873.
ZHANG W F, LI J, WANG Q H, et al. Review on membrane wettability of membrane CO, absorption method from coal-fired flue gas[ J].
Chemical Industry and Engineering Progress, 2019, 38(8) : 3866-3873(in Chinese).

SHIRAZIAN S, MOGHADASSL A, MORADI S, et al. Numerical simulation of mass transfer in gas-liquid hollow fiber membrane contactors
for laminar flow conditions[.J]. Simulation Modelling Practice and Theory, 2009, 17(4) . 708-718.

WU X N, WANG L, ZHANG. Z H, et al. Experimental studies on CO, absorption in immersed hollow fiber membrane contactor[ J].
Applied Mechanies and Materials, 2012, 209/211:1571-1575.

Ik, R, B BEOROE T BN R P CO, MBS SE[ ], BMRTS RSB, 2017, 39(8) : 905-910.

YUE L, CAO L, HUANG X M. Membrane absorption for CO, separation from the coal-fired flue gas[ J]. Environmental Pollution &
Control, 2017, 39(8) : 905-910(in Chinese).

ZHANG Z. Comparisons of various absorbent effects on carbon dioxide capture in membrane gas absorption (MGA) process[J]. Journal of
Natural Gas Science and Engineering, 2016, 31 589-595.

FZK, B, BT, . s R X BRSO CO, WA RUIIFSE (1], BB foE TR, 2015, 29(2)
452-457.

YAN Y F, ZHANG Z E, YAN S P, et al. Simulation on the structure effects of hollow fiber membrane on CO, removal from flue gas[ J].
Journal of Chemical Engineering of Chinese Universities, 2015, 29(2) ; 452-457(in Chinese) .

ESLAMI S, MOUSAVI S M, DANESH S, et al. Modeling and simulation of CO, removal from power plant flue gas by PG solution in a
hollow fiber membrane contactor[ J ]. Advances in Engineering Software, 2011, 42(8) ; 612-620.

REZAKAZEMI M, NIAZI Z, MIRFENDERESKI M, et al. CFD simulation of natural gas sweetening in a gas-liquid hollow-fiber membrane
contactor[ J]. Chemical Engineering Journal, 2011, 168(3) ; 1217-1226.





