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Challenge of zeolite membranes in separating CO, from flue gas: Advances in

research on binding forces between zeolite and carriers
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(School of Chemical and Environmental Engineering ,China University of Mining and Technology—Beijing , Bejjing 100083, China )

Abstract: One of the primary sources of carbon emissions is CO,, which may be separated from flue gas in power plants using zeo-
lite membranes with different pore sizes. This technique is crucial for achieving carbon neutralization and lowering carbon emissions.
The connection between the zeolite and the carrier is not strong when zeolite membranes are used to segregate flue gas in high—temperature
and high — pressure gas conditions. It can easily cause the membrane layer to rupture or peel off the carrier during the flue gas
separation,, making large—scale zeolite membrane separation difficult. The binding modes between zeolites and carriers and the characteris-
tics of the binding force were reviewed, and the methods for quantitatively characterizing the binding force were summarized. The results
show that the all-silica Decadodecasil 3R (DD3R) zeolite, which has pore diameters between CO,/N, molecules, may form strong cova-
lent solid connections with the ceramic carrier that has been treated with acid, producing a zeolite membrane that is tightly attached. Even
in the presence of steam, the membrane efficiently separates CO,/N, from flue gas. Traditional experimental methods (such as ultrasonica-
tion, scratching, and indentation) cannot provide detailed data when examining the bonding at the interface between the carrier, zeolite,
and modifier. However, molecular simulation can compensate for these shortcomings by simulating and quantifying the bonding at the ma-
terial’s interface at the atomic scale, offering a robust theoretical foundation for selecting the best carrier modification technique.
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Table 1 Pore structure and film formation of small zeolite

[27]
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Table 2 Types of binding forces between common zeolites and ceramics
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YEFETE AR A AT BE L PMMA 22 98 i 22 U5

LA UL RS R R - Z A AT B A
BP0 T (3R 3) MR T S 2k B T R A
HAEHALE, S FRAE SRR S A& B
FEE S, O TR R A I T

®3 STFRUMAEBESHWKNMHHEIHR

Table 3 Research of molecular dynamics simulation interface binding force

Bt ®R

1% 45 SCHR

Materials Studio Ni/SiCp/Al

Materials Studio
BEER 2} TR (PVA )/ B ZSM - 5/Ti0,/
A

COMPASS

ZSM-5/7 BB (CTS) /A ¥ ZSM-5/3  UFF

FIEEIR)Z S SiCp/Al B4 A, 74 [65]
FAYAH EAE FHRE N 108.4 kJ/mol ,

573 K i}, ZSM-5 L) b iy 14 A BcrE 2 [71]
oS R
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Bt ®R

J1% N SCHk

Material Studio ZSM - 5/ — S AL Bk ZSM - 5/Ti0,/f 9% |
ZSM - 5/ Bl W2 & 5 s ( PVA) /4 52
ZSM-5/7RAH(CTS) /f1 5%

Materials Studio HREF 2 BRI R AR

GROMACS 4.6.5 T ILNIE TR T G (PMMA ) /8 R

TR LR (PVA) /5

i H 1 WU T ZSM-5 ZER TR Ti0, \PVA ,CTS 2 [72]

PEFIBCHE B A 738, TiO, W23 T 2
PR TEAT ZSM -5 s £ 6] f4) A0 EL AR

COMPASS n = Si0, VT A2 38 8 5 9% R 25 4 8] Y [73]
C—O—Sifb2HEfE I & 5 PP SE 1A 4 F 4
[P B 45 7E FE, 52 & b R St im0 45 &

AE4R T 27.22%
PMMA , PVA W 2 MR G WTE A S 3R Y R K [74]

JH GAFF J135 PVA/ASRENAZ T PMMA/ £ 9%

ik A3 H

CLAYFF }13%

4 HERREZE

AR L) co, EEHRZ —, A
JEEAE S — R0 W 04 CO, o B HAR HA T i) v
HISE, LT AR CO, 0 BT LR fige 228 A il
SRR ISHE H AR A R X, kA 5 kg
BRI, JHAE T kA S AR Z 2 G K
R IR X A i RAFE S G 158 55 1 O ik
FFUAgh RS Rl % DD3R 3 A7 I3 B 0 <
CO, M2 A FIRERESEA T8 .

1) DD3R A PR = AR i L3 RS RE X 437 INoy
T CO,5K4F N, & ph kL B A & i T it 32
PE UG FE SR FLEE#4 , R DD3R i
A1 EAE P A T A O T B A o,
DD3R 7 5, 1 i R Ak B AT 7 Pl 8 2 AR 5 3 o 1)
T LR E LM Bl 2, A B TR R R IR S 0k A Y
AR, R ERe A B, AN AE SR
A e KPR R AR 2 FERF R 28004 kA A
WCHE R A I 45 G i TR R R R B dE . T
BHLREA RUTVR AN X SO I | 78 I 7 ROBE AR Ak
PSS AR B0 IR AT R AR, DT A 0 2 I 0 21
PRy AR R A

2) 55 AR BCPE B A EL R A P T A kA
IS8 00T 8 S AR 32 A R Ak B ) 1 A0 A R T
2 A AR X B N . WS B E , e B
T kA B RS 1, AT S Lol ] A, FRAIR
R AR XA SR R T kA B A T, AR
FTROALA: =, AN, DD3R b A7 B AE 4 B M < b
CO, N HA WS, 078 B T RIS ALFLA0L
m CH,/C,H sy B Aaifb, DL E Tl N ek 7K e
GO R, X LE R DD3R A [
T AR TR AR, BRI A SRS S

VAR A it — 20 B o e A 8 0 L 3 322 308 Pl 2 R
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