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Study on enrichment of ventilation air methane by microwave-assisted ion

exchange modification of ZSM-5 zeolite
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Abstract: Coal mine ventilation air methane is currently the largest source of industrial methane emissions. In the
context of the dual-carbon goals, to conduct studies on ventilation air methane separation and enrichment
technologies becomes an urgent task for China. Given the advantages of ZSM-5 zeolite molecular sieve materials
such as high specific surface area, uniform pore channels, and homogeneous surface potential, this study employs
the microwave-assisted method to rapidly modify the ZSM-5 zeolite through ion exchange. By adjusting the surface
adsorption potential and pore size of the zeolite cavities, the enrichment performance of ventilation air methane is
enhanced. The study reveals that the Na' ions in ZSM-5 zeolite possess relatively low electronegativity, which is
unfavorable for CH, adsorption. The introduction of divalent alkaline earth metal ions (such as Mg”™, Ca*", Sr*",
or Ba’") via ion exchange can make the pore size closer to the kinetic diameter of CH,. The Sr-modified adsorbent
(ZSM-5-Sr-0. 10 ) exhibits the best adsorption and enrichment performance, capable of increasing methane
concentration from 0. 38% to 0. 97 % ., making it a highly potential adsorbent for ventilation air methane enrichment.
Key words: ventilation air methane enrichment; ZSM-5 zeolite; ion exchange; microwave-assisted method; alkaline

earth metals

|
Y 7% B #9:2025-05-08
EETH : INARE BAREREE I H (ZR2024MB150) 5 i 22 4 T4 A 23 BRI 5T H (023 AHT702062A)
EZEB N0 & (1981—) B INVEFEdE A AL, 2N FE R AR TAE.
28 M C1976—) B Il RIAE N R WL FEAE R TS AR SCH AR
E-mail: liangpeng202@ hotmail. com



VE RS OR R B T A i ot ZSME5 4y T 0 A 2 UL Y « 87

)7 S (coalbed methane, CBMD J& —Fft Wi [} 76 45 )23 m 9 K AR A FEH e (CHL D Yk BE (IR R 43850 19 = IR
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Fig. 1 Breakthrough curves of ion exchange modified ZSM-5 by microwave-assisted method

2.2 R BB RETE MY

R T T O T 1 T 58 4 e B P A 6 = XURC A B R BB I L 4> BIAE R F) 0.1.0.2.0. 4
0.6 MPa ¥ #F 47 W BRPE RE VAN, S0 25 A8 [ B8 -3¢ 48 O M 1) ZSM-5 43— Ui B 2 W i B 512 56 445 S CBCHE hy
CH, WA HEO R 1 FroR. BEE R I 03K, o0 B PR R RS 3 . % T 34T 0 6 B 55 96 i %) CH, AR T 43
BRCR GZ R IR RAE 0. 6 MPa FEIUH LS00 CH, We4ithfe. LUK BEE T35 7 UM X He L 76 A ]
GIBE T Mg™" AR Bk B T A2 5 21 ZSM-5-Mg-0. 10 BEK: H ke BE 0. 38 %6 1Y JFURH S e 45 &2
0. 92 % . 35 8 11t K VA Vo B B8 T3S M 2 1) ZSM-5-WB-Mg-0. 10 14 0. 61 % W 4 PEBE . 75 £h 7% W vk B AR [ 9 4%
T .4 A+ 48 B F Mg® ™ .Ca® .Sr”" \Ba® 1, Sr” KSR SR B S AEMEBE L 7E 0. 6 MPa Jilt i W BfE I L 25
JUR B 08 25 47 R A TR M 4 2 0. 97 %0, [A) I AE BEAR 1Y i 1 R (0. 4 MPa) , BB RS 45 22 0. 8700,
XoF VR MR B (R S WA AT T AR ST BR VA VR R A v st AR B A B AR 4 R IR . ZSM-5-Sr-0. 05 Fll ZSM-5-Sr-
0. 15 3 5 AT LK B S 4 22 0. 81670 0. 84 %0 . EVMACSRE L It 1 85+ S 4 il PR 19 ZSM-5 43 - T % T =
DEC I o 5 LA — e 3, 8 0k B 1% in e W JBE B A L BE S B R A MR B CHL, (MR 4, A M B AT ik 3
0.97% (CH, ¥ ).
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Table 1 Single-stage adsorption and desorption experiment results of ion

exchange modified ZSM-5 by microwave-assisted method %

M wn onn e e e

ea/ea st zsws S e ele Beodo S0 Seos
0.1 B 0.25 0.30 0.38 0.39 0.39 0. 38 0.37 0. 36
02 5 — Ut 0. 37 0.34 0.29 0.27 0.22 0.33 0.33 0.32
. B 0.43 0.47 0.50 0.58 0.54 0. 66 0.57 0.61
5 — Wl R 0.35 0.28 0.27 0.24 0.16 0.26 0.27 0.27
0.4 YR 0.41 0.38 0.36 0.36 0.33 0.44 0.34 0.43
Hos 0.46 0.54 0.77 0. 84 0.87 0. 89 0.68 0.57
55—t & 0.32 0.30 0.25 0.25 0.10 0.22 0.22 0.27
0.6 5 0.38 0.39 0.27 0.27 0.20 0. 31 0. 34 0. 34
5 =t R 0.42 0. 40 0.42 0.39 0.39 0.42 0.57 0.48
HA 0.48 0.61 0.92 0.93 0.97 0.96 0.81 0. 84
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Fig. 3 XRD patterns of ion exchange modified

ZSM-5 by microwave-assisted method
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Table 2 Metal element content and ion exchange degree of ion exchange modified zeolite ZSM-5 %
o . ZSM-5-WB- ZSM-5- ZSM-5- ZSM-5- ZSM-5- ZSM-5- ZSM-5-
TR T
Mg-0. 10 Mg-0. 10 Ca-0. 10 Sr-0. 10 Ba-0. 10 Sr-0. 05 Sr-0. 15
i o 453 J 0 R S5 4 0.052 7 0.070 3 0.101 3 0.215 9 0.357 7 0.202 0 0.205 2
BT 75.10 94.73 94. 87 96. 60 86. 45 82.03 82. 14
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oKL 3K AT BB 5 R A3 0 A2 7 o R e A HLB AR R
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45

2.6 FHSHM
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& 5Cd) AT UL o 28 5 (00 1 B T A8 e U Pk S5 - ZSM-5-Sr-0. 10 T3 A % A8 W1 b A8 Ak o i 1A 68 4 L 45 5 e, s 428 4
i R &R B A UK AR ATI S 200~300 nom, 3K TADHLRE J32 2K U039, 158 BH B 5 A2 8 3ok 72 01 R I8 i Ak 3R
T 58 BV PR IS B ZSM-5 AT AR 435 04 i i FL AL
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Fig. 6 N, adsorption and desorption isotherms and pore size distribution of ion exchange
modified ZSM-5 by microwave-assisted method
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Table 3 Pore structure parameters of the samples
FE S per/ (m?* /) S../(m"/g) S../(m"/® V,/(em®/g) V./(ecm®/g)
ZSM-5 318.28 227.43 90. 85 0.177 0.122
ZSM-5-Mg-0. 10 438.19 243.17 195.02 0.195 0.099
ZSM-5-Ca-0. 10 408. 25 242. 26 165. 98 0.182 0.098
ZSM-5-Sr-0. 10 404.70 243.03 161.67 0. 185 0. 090
ZSM-5-Ba-0. 10 397.63 242.28 155.35 0.183 0.097
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