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Fig. 1 Schematic diagram of N; selective membrane (a) and CH, selective membrane (b)
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Table 2 Comparison of N, /CH, separation performance of polyimide (PI) membranes

LRI

N, &i% % /Barrer

CH, %1% %/Barrer N, /CH, %+t

6FDA-TFMB/DABAR
6FDA/6FCDA - SBI™*
6FDA-DABA/PP=%

6.70
14.9
1. 04

4. 30 1. 56
12.0 1. 24
0. 742 1. 40

;0)6 *‘;” VoV

F,C

m

FC_CH

COOH-

6FDA-TFMB/DABA

6FDA/6FCDA-SBI

O HO
0 CE, 0
AL C
o) O
ﬁ—OH x

(eRaXe

ORORE,
S 2C)

6FDA-DABA/PP

Kl 2 SR REATRHG 21254

Fig. 2 Molecular structure of polyimide membrane materials
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I SRS E MR & R R G T 7E TR-PBO
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AT IRR I FLAR 4 A s iE A ESC BB (600 °C)
bl i AR B INIR , LA M i — 2D . R 8085
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Table 3 Comparison of N, /CH, separation performance of TR membranes

TR & N, %% /Barrer CH, B%3 /Barrer N, /CH, &£tk
6FDA-bisAPAF R A5 0.127 0.033 3.8
6FDA-bisAPAF TR Jjl1] 0. 380 0. 145 2.6
6FDA-HTB TR Y 15. 4 8.2 1.9
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PERERE HRIIB 1775 7% 18 1k T B0 38 2
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I7 il # HH AC Bk PIM -1 i€, 7E 35 °C (100 kPa T,
TG PIM-1 8 N, 8% 200 46 Barrer, CH,
BiEZRKCH 6 Barrer, N, /CH, BHEVER S ZE 7.7,
SR MR T B B B sl 4 A AR
LRI AT EA M T No 237 1L i - [R]fxf CH, #9
B B SR R RELRR - AT 7R3 3 1 S et 2 (]
ST EAL
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TR, £ 4 44T PIM K N, /CH, 435
TEREXTLE .
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Table 4 Comparison of N, /CH, separation performance

of PIM membranes

N, &%/ CH, &%/ N,/CH,

PIM i Barrer Barrer e
BTB-PIM f! 112 16 7.0
PIM-EA-TB jjl*s) 340 270 1. 26
2ZHk PIM- 1 Jii-) 46 6 7.7
2.2 FHLER

S HURA P L W A7 50107 B e 37 Ui
B 2R S R AR AT TE LR AE AR M Al AR Pk
PUBGHR B FRA B D0 45 5 2 A B L, Xt
Mo s A TCHL AR R R P07 (B A5 T AT RE O RR A
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2.2.1 o TR

A O s DR L AR AT 9 O e o S P R R
W #E Ny /CH, SR 4385 77 1 2R B0 R S5 M e
A7 5307 B A L 435 4 2 L B PR R I A 0 o X
SEEE F B 1 2R 0 L LS  BE RS XTSRS
THATRE B % 2 L 78 N, I CH, 194> T30 J12
BER2ESEW/NALH 0. 016 nm) AR TR A
53V B 38 2o FLAR RS A 2 1 BN N, 43
Tt
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Table 5 Comparison of N, /CH, separation performance

of inorganic zeolite molecular sieve membranes

N. BiER/ CH, B&ESR/ N./CH,

W 43 GPU GPU R
SSZ-1308] 2 547.3 187.9 13.5
AIPO-18 3076.0 809. 5 3.8
ETS-45 57.6 1. 069 53.9

2.2.2 RO

143 -9 5 CCMISMs ) [R] H i 45 14 TG 52 T Bk 1k
FLEEH A AR R 7R B A ) B A
HATREN WS . 5650701 iR fL
AN, CMSMs 1 73 & AL & SR AT T i i A
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R TR AR A FLAR S0 A o ARG/ N N 4 TR
Seid b CH, 4 A R BER .

Zhang %507 D)5 B WV i R i IR 4R, 28 800 ~
1000 °C Ny AR &M ## il #5 CMSM., R4 %
G ISt TR XoF P ) Bl FL 85 W) RN SR o i P RE R 5
Wiy, 25 R, Bt At T B T B A P LR S 4%
AT BEAE AL T, A AR RN AR W 1 5
7 35 C 8 FF T 5,900 C iy CMSM X N,
B 2800 5. 23 Barrer, CH, B 2500 2. 91
Barrer, %t i N, /CH, P AH #7352 1. 805 78
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Table 6 Comparison of N,/CH, separation
performance of CMSMs

N, BiE#/ CH, Bi#E%R/ N./CH,

CMSM Barrer Barrer et
PR CMSME 5. 23 2.91 1. 80
IyBR b CMSME 6. 10 3.05 2.00
2.2.3 4 ERAE
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Table 7 Comparison of N, /CH, separation performance of two-dimensional layered membranes

N, Bi#%/GPU

CH, B&%/GPU N, /CH, et

=N
Fi% 4k Cr—MXene fii" —
Witk Cr—MXene (5 mg Cr)lP™ 344
154k Cr—MXene (7. 5 mg Cr)P™ 352

- 1.98
25.0 13.76
31.8 11. 07

2.3 BEERE
— TR A 3 R I (MMMs) DL 2 FLIE R 4y

A A HLRE Y i e Bl & — 38 B9 D05 AT
PR AR BIPERESS W UL AL
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Table 8 Comparison of gas separation performance of MMMs

MMMs N, BifR CH, BiE#% N, /CH, #e#:
HOF-21/6FDA-DAM! ) 5.13 GPU 0.25 GPU 20. 52
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Research progress on N,/CH, gas separation membranes
based on N,-preferential permeation

WEI Yuchang , WANG Jinming , WANG Zhi

(Chemical Engineering Research Center, Tianjin Key Laboratory of Membrane Science
and Desalination Technology, State Key Laboratory of Chemical Engineering and
Low-Carbon Technology, Collaborative Innovation Center of Chemical Science
and Engineering (Tianjin), School of Chemical Engineering and Technology,
Tianjin University, Tianjin 300350, China)

Abstract: With the accelerated development and utilization of unconventional natural gas resources, the
demand for nitrogen removal and methane purification is increasingly urgent. Compared with traditional
chemical methods such as cryogenic separation and pressure swing adsorption, gas separation membrane
technology has the advantages of low energy consumption, operational flexibility, and is considered an
important technical pathway for efficient nitrogen removal from natural gas. This review firstly introduces
the significance and common methods of nitrogen removal and methane purification for unconventional
natural gas, and then systematically summarizes the research progress of N,/CH, gas separation
membranes based on N,-preferential permeation, covering the structural characteristics, fabrication
methods and representative performances of polymer membranes, inorganic membranes (zeolite molecular
sieve membranes, carbon molecular sieve membranes and two-dimensional layered membranes), as well as
mixed matrix membranes. Finally, it highlights the key challenges that remain in industrial applications,
including the development of new membrane materials, improvement of membrane structure and
performance stability, optimization of module integration, and further proposes future development
directions while outlining the application prospects of membrane technology in the field of N, /CH, separa-
tion.

Key words: unconventional natural gas; nitrogen; methane; separation membrane
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