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Table 1 Comparison of CO, separation performance between some MMMs based on MOFs

n CO: BiERE CO; /N, €O, /CH, - e
i . ) W 514 22 Sk
(barrer) VEPEM: e

PIM-1/Mg-MOF-74(20 % (wt)) 21000 — 19. 1 2bar 25°C [15]
6FDA-Durene/IL-HKUST (20 % (wt)) 1101. 6 27.1 29. 3 2bar 25°C [17]
SEBS/ZIF-8-M(30 % (wt)) 454. 6 12.0 5.4 760torr 35°C [18]
PIM-1/UiO-66(20 % (wt)) 6981 13.0 9.3 4bar 25°C [19]
PIM-1/NH,-UiO-66(5% (wt)) 2952 26. 9 27.0 4bar 25°C [19]
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Yok E (MWNTs), CNTs fERILTEM B C B 2 G MR BT 38 85 . TR A SR B mT LA SR A
CNTs (14 5 3 £ 1 2R G 9 26 o0 1) 32 438 A D0 5 B0 38 1 4
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WIFIEEES 1110 CO, BRI A E] Matrimid 5218 JEA R . i TR LR B K mE (PVD B 3/ CNTs 3£
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Table 2 Comparison of CO, separation performance between some MMMs based on GO

CO, BiBARK CO;/N; CO,/CH,

Jis ’ i ) Wk 4 1 5% Sk
(barrer) o £ 8 £ 1

Pebax-PEG-PEI-GO-10 1330 45 120 2bar 35°C [29]
Pebax-GO-g-PEP(2. 0% (wt)) 110 42 — 25°C [30]
Pebax/1% (wt) GO-DA-Zn%*t 137.9 — 28. 8 2bar 30°C [31]
ImGO 0. 8/PEBAX 64 90. 3 — 8bar 25°C [32]
SPEEK/GO-DA-Cys-8 wet 1247. 6 114.5 81.8 1. 5bar 25°C [33]
GO-HMDI/PI(4 % (wt) GO) 251.13 37.59 — 10bar 30°C [34]
GO-TDI/PI(4 % (wt) GO) 322.95 45. 81 — 10bar 30°C [34]
PIM-1/g-C3N, (1. 0) 10,528 13.8 8.3 2bar 30°C [35]
PIM-1/g-CsN, (2. 0) 5221 18.6 11.5 2bar 30°C [35]

Sun SR HI R Bt 9 MWINTs 1SR W0 % J5 47 2R & il sl MMMs, i F #2386 f R 36 1 77 78
MWNTs &[5 WP SR 3 5m 0AH BAE . X AR CO, /N, F1 CO,/CH, MR B E R . Saeed
R MWNTs 5% 258 (PVA) il i, MMMs, JE0F55 T pH X B8 BE 4 5% i FL ok ik A 40 8 B
EBIT— M HU E

J T IE R A AR S B 0 T B AN A E AR BT T AR 4N oK B AN T B A Ak
HE AR AT B4 3 ek L It Zalhairan A55 f HTT A )T S0 A0 B 98 KA i 4 1 SRR vh A 2F A TR A 5
Jo P, G B R R T T SR T ARG ) R . R CONTs (3R 38 5 10 S 23 5 Pk IH%%

3.

®3 ETONTsHRASERER CO, SEMREILEE

Table 3 Comparison of CO, separation performance between some MMMs based on CNTs

" CO, BB R B CO2 /N, CO,/CH, ‘

e : ‘ Wi 2% B 3k

(barrer) P k£

P10CN1G25 1408 15 — 0. 7bar 35°C [37]
Pebax-NIPAM-5 % (wt)CNTs 567 70 35 2bar 25°C [38]
PI+3% (wt)acid-treated MWNTs 9. 06 37.74 24. 49 0. 1bar 15°C [40]
Zn-PVI@CNT 12 — 70 2bar 30°C [41]
PVI@CNT 83 — 51 2bar 30°C [41]
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Figure 3 The diffusion of CO, molecules in the molecular sieve channels'"
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Figure 4 Four kinds of zeolites which are in favor of gas separation
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Sanaeepur 25028 Co® ™ 22 e ) NaY 47 51 A B B2 27 4k K (CA) I LB BUB ) MMM, 25 5t
BRI T4l CA il CA/NaY B, CO, /N, fYBIAEEZ A —E 4R H . Jusoh %004 T 43 0 J00RL ik
A B R B B (6FDA-durene) Pl % MMMs, 78 1% (wt) fi Zi i CO, 91835 & 5k 843. 6 barrer,
CO,/CH, WyBAEEREPER 19. 1, & Tai R G YW, [t o B s i ht CO, #Akfe I, #B53 Clk
T T MMMs 8 bk B ERes] T3 4 .,

F4 EFHFHROBREEREN CO, EMELER

Table 4 Comparison of CO, separation performance between some MMMs based on zeolite

JiE CO: BB FH(barrer)  CO;/Np gk#E CO./CH, it #dE Mt A1 27 30k
ATP/Pebax 104 84 — 10bar 35°C [45]
NaX/Pebax 32.3 98 — 3bar 25°C [46]
5A/Matrimid 31 — 45. 81 1bar 40°C [47]

NaY/Matrimid 17.52 — 43.3 2bar 35°C [48]
TS-1/Matrimid 7.9 — 114. 5 8bar 35°C [49]

NaY/CA 3.28 29.9 — 4bar 25°C [50]
T/6FDA-durene 843. 6 — 37.59 3. 5bar 30°C [51]
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Recent Advances of Mixed Matrix Membranes in CO, Separation

FENG Yu-xuan” , GENG Kang, CAO Kai-peng
(School of Chemistry and Chemical Engineering , University of Chinese Academy of Science, Beijing 100049, China)

Abstract:In the field of gas separation membranes, the performance of polymeric membranes undergoes a trade-off
limitation between permeability and selectivity, defined as Robeson upper bound. Mixed matrix membranes (MMMs) can
combine the advantages of different materials to develop new membrane materials which have the potential to break through
the Robeson upper bound. Research into extended materials, such as metal organic frameworks (MOFs), zeolites,
graphene oxide (GO), carbon nanotubes (CNTs) and their analogues, has blossomed over the last decade. In this context,
they have also been identified as promising filler components to prepare MMMs with high CO, separation performance. But
there still are two problems, aggregation and poor dispersion of fillers, in their applications. Thus. this review focuses on
the solutions to the two problems concisely based on recent researches. Recent advances and future development of the
mixed matrix membranes, based on MOFs, carbon nano-materials and zeolites, in CO, separation were summarized.

Key words: Mixed matrix membranes; CO, separation; Metal organic frameworks; Carbon nano-materials; Zeolites
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