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Abstract: Membrane separation technology is one of the most potential high-efficiency carbon capture technologies, with
advantages such as relatively low cost, no phase transition during separation, continuous operation, and high energy efficien-
cy. Mixed matrix membranes organically combine polymers and inorganic fillers to exert a synergistic enhancement effect,

which greatly improves the gas separation efficiency, and

R EEE: 2022-09-22 EEEE: 2023-04-12 thus has been widely studied and applied. Halloysite
HSE . [F5% A KR4 I H (51704030, 51804242) ; nanotubes (HNTSs) are natural clay minerals with a special

hollow nanotube-like structure, which have the advantages

P B SR Bp BRI AT SR BE B 20 (2022IM- 144,
2023-JC-YB=357) 5 RACKSETHARSE A RS LT inorganic fillers. Incorporation of modified HNTs into poly-
FEBIH (300104240916) ;2 g R HE AT 55 3% mer matrix is expected to lead to higher permeability and/or
LG4 BEBHIUH (300102313108) 5 KA AH AL selectivity of membranes, and improve long-term stability,
Y Zrit-RI%E BT H (S202210710252, X202210710589) mechanical properties, and thermal stability of membranes.

of excellent performance and low price compared with other
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methods and gas separation comprehensive performance of
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HNTs/polymer mixed matrix membranes. The application
status and future development direction of HNTs/polymer
mixed matrix membranes in the field of natural gas and flue
DOI: 10.7502/j. issn. 1674-3962. 202209028 gas decarbonization are summarized. This review has guid-
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ing significance for promoting the industrialization process of HNTs/polymer mixed matrix membranes.

Key words: halloysite nanotubes; polymer; mixed matrix membranes; functional modification; gas separation; separation

performance
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Fig. 1  Structure illustration of ideal mixed matrix membranes!*]
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Table 1 Comparison of CO,/CH, separation performance of halloysite nanotubes (HNTSs)/polymer mixed matrix membranes
Separation performance
Mixed matrix HNTs  Thickness/ co
Support 2 €0,/CH, Ref.
membranes content ,w/ % pm T/°C P/MPa  Atmosphere Permeability/ .
Selectivity
Barrer

AEAPTMS-HNTs/Polyetherimide ~ Polyetherimide 1 150~175 25 1.5 CO,/CH, 0.8 86 [28]
HNTS—Pebax—1657/P0lyetherlm— Pebax—1§57./ o 25 0.4 CO,/CH, 3.25 GPU 0 129]
ide Polyetherimide
HNTs/PSf Psf 1 — 25 0.2 CO,/CH, 0.76 GPU 15.83 [30]
HNTs/Pebax-1657 Pebax-1657 2 50~60 25 0.4 CO,/CH, 101.23 — [31]
AEAPTMS-HNTs/Pebax-1657 Pebax-1657 1.5 50~60 25 0.4 CO,/CH, 105 29 [32]
NaOH modified-HNTs/ Pebax- 1657 Pebax-1657 10 — 35 0.5 C0,/CH, 144.4 27.2 [33]
alkali etched-HNTs/6FDA-durene 6FDA-durene 10 20~40 25 0.2 CO,/CH, 807.7 27.8 [34]
APTES-HNTs/PSf PSt 1 — 25 0.2  CO,/CH, _ 10.158  [35]
H,S0, etched-HNTs/Pebax-1657 Pebax-1657 — 50~80 30 0.2 CO,/CH, 89 18 [36]
HCI etched-HNTs/Pebax-1657 Pebax-1657 — 50~80 30 0.2 CO,/CH, 102 15 [36]

4.2.1.2 43# CO/N,

Murali 2577 5% F B2z ( PANT ) 182 35 J5 B9 HNTs /£ 6
HLICRL, DL PSEAESR A W L o il 45 TR A3 S, 25 53k
B, 7£0.5 MPa (551FF, 738 1% 00t HNTs (A 14
SEPERERAE, CO, BBEHAEN 46.5 GPU, CO,/N, ik
PePEN 27,3, Wang 2508 84 PANI &) HNTs 039 7%
AL SR BEBERR (SPEEK) & 1o B, 43 9 1k R ) il 45 2R
WK 4 iR, 7625 °CH0.1 MPa, IRESSMHET, M#
0. 9%k HNTs BB CO, BB R B CO,/N, BE&E
5391 1250 Barrer F1 82; 44T, M EtERE S
BAESEMHTHEANK, CO, BiERBN 1260 Barrer,
S ERRE N 87, AR MK U5 B T X — 4
R, Dong %06 PSS Btk HNTs Fl &Lk B8 Ak 47 584
PRG ) ZH #£7F Pebax-1657

(porous reduced graphene oxide,

o FHERTIRETRIESSIHE TR Co, /& tEre,
i, K& HNTs/PRG Fis LL 3N, CO, BiE R4
BHAR, (A AR B S B KE el D B
A HNTs/PRG it bR 7.5, JETE 30 CF10.3 MPa,
TIRES LM, HAE CO,/N, S 0k £k 5 w5 Al ik

118, [FEF CO, 5% Z A E] 124 Barrer; 55— 51, Xt
THEIERL, €O, B & R B ML 500% , HIHA AL

PR T kL, Zhang 461K PSS Bt B9 HNTS %
AZ| Pebax-1657 H1, FF-LA PSEAE RS2 # B0 & T IR &%
JHE, A TIRIRG AT Co, s tkag, 4558
FH, 7£0.3 MPa FIT&LIIEMAMH T, IRAB SR
RIGAEE TR, (A B MEAR 2B R T . 2 s i
BARR, 5T BRAMME, BB RE, HikFEk
WA
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Fig. 4 CO,/N, separation performance of PANI-HNTs/SPEEK mixed matrix membranes !
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CO,/N, FEFEVESN MR B 1319% F1 74% . Guo 5 W5 T
LA Ui0-66 5 HNTs fE 8 & G HOkE, K H 40 #L3) Pebax-
1657 SRl s IR A S, 25K, W Co, B &
BB AR B Ui0-66-HNTs Ay 17 28 12 1 289 o i
BERTF, fE 25 CH1 0.5 MPa 9 & 1FF, 24 Ui0-66-
HNTs K350 20%0F, B CO, BiE R %A 119. 08
Barrer, CO,/N, #E#MEH 76. 26,
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Table 2 Comparison of CO,/N, separation performance of halloysite nanotubes (HNTs)/polymer mixed matrix membranes

HNTs

Mixed matrix

Thickness/

Separation performance

Co,

branes Support i /o C0,/CH,  Ref.
membranes content, w/%  pm T/°C P/MPa  Atmosphere Permeability/ ..
Selectivity
Barrer
PANI-HNTs/PSf PSt 1 — 25 0.5 CO,/N, 46.5 GPU 27.3 [37]
PANI-HNTs/SPEEK SPEEK 0.9 30~45 25 0.1 CO,/N, 1250 82 [38]
PSS-HNTs-PRG/Pebax-1657 Pebax-1657 0.15 54 30 0.3 CO,/N, 124 118 [40]
PSS-HNTs/Pebax-1657/PSf Pebax-1657/PSt 0.1 — 25 0.3 CO,/N, 80 GPU 245 [41]
GO-HNTs/Pebax-1657 Pebax-1657 0.05 80~ 100 30 0.2 CO,/N, 244 71 [42]
UIO-66-HNTs/Pebax-1657 Pebax-1657 20 75~90 25 0.5 CO,/N, 119. 08 76.26 [43]
DA-PEI-HNTs/Pebax-1657 Pebax-1657 2 — 25 0.2 CO,/N, 111 — [44]
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YEE A THIERE, #% ATE Pebax-1657 KFH, 7E 0.1 MPa
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4.2.3 R
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F1E 350 CZe 47, Habibi 2517 L Pebax-1657 S H 4 ¥t
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4.2.4 HhFHsk
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PSEIRA IR, JFH 4 T 12 tEae, &KW, 1%
HINTSs 7% 12 (9 ) 45300 ) 2 PR B AR Ll 2B T — s A8
16, PLPisREE M 7.99 $E T E 8.09 MPa, 5 & M
231.95 #£F+ = 246.78 MPa, i KM 45.06 £ &
46.78 N, Wizl fii K &M 16.70% T FEZE 14.80%, Wang
A1 £ 7 PANI-HNTs/SPEEK TR 4 35 J5 [ - I3 17 s
B J12pERE, S5 R R IARE A BobE HNTs 28 M 0. 3%3%
JNE 0. 9%, BEAGPTHLE B A SR 435I A 50. 48 MPa
1 0. 88 GPa /N3 72. 39 MPa 1 1. 35 GPa,
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