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Table 1  Specific information of tubular supports

from various manufacturers
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Fig. 1 Schematic diagram of the preparation process for tubular TIF-4 glass membranes

1.3 &3 TIF-4 & & REF0 L5 I8 AR A0 ik R AE
K P78 [ A 4 55 DS Advance B X §F4R 1 5T 2
4 (XRDYXF TIF -4 Z f B 55 A T RAE %X
£ ECE Cuflt Ko #5597 (A=0. 154 nm) , HHE T VEH
JEWAE N 40 KV, IR Ry 40 mA, F945 7 FE (20)
T 5°~40°,
i COXEM - 30PLUS $# fi 85 (SEM) X%f
TIF -4 Z2 & B3 38 IS 1) SOV T B 6 A 7 R AT, 2
H R BIEE 10 KV FI 20 KV LT lin s T
KA E B RN E D R B
4= o 3 P () BRL 2 3 U o SR B B RE . K
FEE5% B T B A R 2 A =2 v s A B A i ) (e gl
SEJERHIUD L 38 A Y 20 mL/min /Y ER— 20 53]
WA SISy R E R CO./CH IRG
AR TERE RS TR e CEPZE MDD . LA 20 mL/min
AP Ll A He FEAMRES FIHREAE B E R
TN ) ARG AR (Y (Agilent 8860) #E1T
I3HT o
SRR (D) T 1 3
Ni

Pi:m D
X P R i BB mol/(m? « s+ Pa);

N B44y i B33 3%, mol/s; A J& 52 bR A UK
TR m* 5 Ap, 443 ¢ 78 B0 R W00 0 22,
Pa,

O BRGNS, R
WP ZE 4340 )i i R B sl B 2 L

Szj:% (2

AP 1P, 25y M5y j BB &, mol/
(m? « s+« Pa),

A 2 O EIR A SR 4 B BEE oy
aj :% (3
ez iy, AR ST ¢ FEIFARMIUFIE: 325 00 14 28 7R
O3B, My, a3 HREREH 53 5 AR ORI 2 2 ) 1Y

2 HR5i%

2.1 &HX TIF-4 HHEEHNHESRIE

S CARGE A AR AR b TTF - 4 35 58 5 A4 361
IR 1E SD Bk 1l £ X TIF -4 BRI,
SERFH, TIF -4 Z IR XRD Bl 5 40 1%
HR R UG R 7 8 AR — B0, I AT LA 2%t TIF -4
A T Rl KR AR RIS G S T A8 S B I T e JE
B(A 2), t SEM £ thnl F HkERE TIF-4 &
TREEFITE R A8 Ry TIF-4 B (& 3) . SR %07
PAe A S ER AR A 1 ok R K A AR 2 3R
T AT IR I LS AR A AT A
i AR RSN 252 DA T 8 B8 i ) B B At N 252
X H AT S AR . CO, B 1ER K 5. 02X10°°

mol/(m® + s+ Pa),CO,/CH, @£ R 1. 23, %
AAURBELEERE.
o a-ALO,Hfk
TIF-4 B35
*
)

R /(a.u.)

I TIF-4 % Sl
s TIF-4 554
10 20 30 40
26/(°)

K2 A TIF-4 RSB BEES R XRD KAE

Fig. 2 XRD characterizations of tubular TIF-4 membranes
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Fig. 4 Surface morphological evolution during the preparation process of tubular TIF-4 glass membrane

on GD support (a), MR support (b), TL support (¢), SD support (d) and WU support (e)
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Fig. 5 Cross-sectional morphological evolution during the preparation process of tubular TIF—4 glass membrane

on GD support (a), MR support (b), TL support (¢), SD support (d) and WU support (e)
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Fig. 9 Surface morphological evolution during the preparation process of tubular TIF-4 glass membranes
with different mass fraction of ZnO: 4% (a), 8% (b), 12% (), 16% (d) and 20% (e)
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Fig. 11 XRD patterns of tubular TIF-4 crystal (a) and TIF-4 glass (b) membranes
prepared with different concentrations of ligand solutions
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Fig. 14 Single-gas permeance (a) and the selectivity (b) of the tubular TIF-4 glass membrane
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Preparation of tubular TIF-4 glass membrane and
its CO,/CH, gas separation performance

LIU Huan, JIN Hua, LI Yanshuo
(School of Material Science and Chemical Engineering, Ningbo University, Ningbo 315211, China)

Abstract: MOF glass materials possess amorphous characteristics, good processability and unique
microporous structures, making them excellent materials for fabricating defect-free and molecular-sieving
membranes. In this study, an innovative ZnO modification technique was employed to successfully prepare
TIF-4 glass membranes on tubular supports that allow for scalable fabrication and industrial integration.
The resulting tubular TIF-4 glass membrane exhibited a CO, permeance of 1. 59X10 ° mol/(m? « s » Pa)
(4. 61 GPU) and a CO,/CH, selectivity of 52. 62 under a feed molar ratio of 15 : 85. Moreover, the
membrane maintained stable separation performance under pressure fluctuations up to 0. 5 MPa and across
a temperature range of 25~100 °C. It also showed no performance degradation over a 70 d period of long-
term storage and continuous operation, demonstrating outstanding stability in CO,/CH, separation.

Key words: TIF-4; glass membrane; tubular support; gas separation; CO, separation
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