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Table 1  The ion exchange level by Ca’*of some zeolites
Samples Ca** exchange Samples Li* exchange Samples Ca** exchange
level (% ) level (% ) level (% )
CaNaA-1 80.8 CaNaX-1 77.6 CaLSX-1 70.0
CaNaA-2 91.3 CaNaX-2 92.0 CaLSX-2 86.9
CaNaA-3 96. 8 CaNaX-3 95.0 CaLSX-3 97.1
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Fig.1 The adsorption isotherms of N. and Ar on
CaNaA zeolites (25 °C)

1)[J—Ar, 4A; 2)O—Ar, CaNaA-1(80.8% ); 3)A—

Ar, CaNaA-2(91.3% ); 4) V—Ar, CaNaA-3(96.8% );

5)M—N., 4A; 6) @®@—N,, CaNaA-1(80.8% );7) A—

N., CaNaA-2(91.3% ); 8)V—N,, CaNaA-3(96.8% )
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Fig. 2
Ar on CaNaX zeolites (25 °C)
1)[0—Ar, 13X; 2)O—Ar, CaNaX-1(77.6% );
3) A— Ar, CaNaX-2(92.0% );
CaNaX-3(95.0% ), 5)l—N,, 13X; 6) @®—N,,
CaNaX-1(77.6% ); 7) A— N,, CaNaX-2
(92.0% ); 8) V—N,, CaNaX-3(95.0% )
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The adsorption isotherms of N, and Fig.3 The adsorption isotherms of N, and
Ar on CaLSX zeolites (25 °C)

1) [— Ar, LSX; 2) O— Ar, CalLSX-1

4) V—Ar, (70.0% ); 3)A—Ar, CaLSX-2(86.9% ); 4) V

—Ar, CaLSX-3(97.1% ); 5) l—N;, LSX; 6)
@—N,, CalLSX-1(70.0% ); 7) A—N,, CaL-
SX-2(86.9% ); 8)V—N,, CaLSX-3(97.1% )
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Table 2  The equilibrium adsorption data of some zeolites (25 C)

Samples I x2/ (mmol * g™') I o/ (mmol * g7") S1(N2/Ar)* S2(N»/Ar)®

4A 0. 390 0.127 3.20 3.07
CaNaA-1 0.430 0. 142 3.84 3.03
CaNaA-2 0.472 0. 146 4. 44 3.23
CaNaA-3 0. 601 0.170 5.63 3.54

13X 0.433 0.138 3.38 3. 14
CaNaX-1 0. 343 0. 104 5.19 3.30
CaNaX-2 0. 503 0. 099 8.45 5.08
CaNaX-3 0. 588 0. 144 6.90 4.08

LSX 0.252 0. 109 2. 44 2.31
CaLSX-1 0.721 0.163 7.70 4.42
CaLSX-2 0. 905 0.195 9.77 4. 64
CaLSX-3 1. 250 0.243 11.8 5.15

) Si(N2/Ar): N, adsorption capacity at 0. 025 MPa divided by Ar adsorption capacity at 0. 025 MPa

") 82(N2/Ar): N adsorption capacity at 0. 1MPa divided by Ar adsorption capacity at 0. 1 MPa
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through curves of Ar over CaLSX-3 zeolite
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Table 3 The difference of breakthrough time (min) of N, and Ar on different adsorbents
The difference of breakthrough time of N> and Ar

Samples 0.1 MPa 0.6 MPa 1.7 MPa 2.6 MPa

4A 0.85 6. 47 8. 60 10. 38
CaNaA-1 0. 62 5.81 8.95 9.32
CaNaA-2 0.83 5.89 6. 87 7.40
CaNaA-3 2.15 8.01 6. 24 5.90

13X 0.98 8.03 9.30 9.43
CaNaX-1 0. 88 5.77 6.21 6. 40
CaNaX-2 1. 60 5.83 7.74 7.88
CaNaX-3 1.99 6. 02 7.89 7.92
CaLSX-1 3.21 6.33 7.68 7.95
CalL.SX-2 4. 02 6.42 7.96 8. 06
CaLSX-3 8.16 9.87 10. 14 10. 29
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Table 4  The outflow value of Ar on different adsorbents at the breakthrough time of N
0.1 MPa 0.6 MPa 1.7 MPa 2.6 MPa

Samples F c/ ¢o F c/ co F ¢/ co F ¢/ co

4A 0.10 0. 157 4. 96 1. 603 3.82 1. 027 3.62 0. 795
CaNaA-1 0.12 0.121 5.79 1. 820 5.65 1. 209 2.76 0. 701
CaNaA-2 0.18 0. 289 6.72 2.163 2.82 0. 874 1.44 0.473
CaNaA-3 0.26 0. 206 9.24 2.247 2.50 0. 855 2.45 0. 664

13X 0.16 0.217 8.71 1.935 4.75 1.173 4.16 0. 844
CaNaX-1 0.21 0.312 4. 46 1. 465 2.16 0.672 1.24 0.419
CaNaX-2 0.23 0.333 4.94 1. 760 2.71 0. 839 2.38 0. 549
CaNaX-3 0.42 0. 280 9.02 2.285 4.19 1. 059 3.30 0. 704
CaLSX-1 0.57 0. 360 4.38 1. 540 2.38 0.702 1.48 0.393
CaLSX-2 1.43 0. 697 5.00 1. 568 3.38 0. 925 2.72 0. 629
CaLSX-3 9.55 2.226 14. 96 2.823 5.55 1.211 5.03 0.916

F: the outflow value of Ar §TP,mL)
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Table 5  The adsorption capacity of some zeolites under different pressures based on the breakthrough curves (mmol-g~"')
Ar N:
Samples 0.1MPa  0.6MPa  1.7MPa  2.6MPa  0.1MPa  0.6MPa 1.7 MPa 2. 6MPa
4A 0. 024 0.071 0. 130 0. 196 0. 321 1. 261 2.035 2.443
CaNaA -1 0. 026 0.076 0.212 0. 262 0. 358 1.311 2.108 2.450
CaNaA -2 0.023 0. 056 0. 196 0. 270 0. 396 1.313 1. 996 2.467
CaNaA -3 0. 031 0.061 0.227 0. 304 0. 528 1. 450 2. 064 2. 566
13X 0. 024 0. 101 0.237 0. 295 0. 343 1.635 2. 569 3.083
CaNaX-1 0.019 0. 069 0. 202 0.278 0. 295 1. 094 1. 771 2.212
CaNaX-2 0.019 0. 048 0.163 0.257 0.432 1. 121 1.711 2.079
CaNaX-3 0.023 0. 054 0. 184 0. 257 0.523 1. 290 1.914 2.282
CaLSX-1 0.032 0. 066 0.212 0. 284 0. 577 1. 201 1. 980 2.303
CalLSX-2 0. 004 0.070 0.182 0.236 0. 654 1. 209 1. 851 2.130
CalLSX-3 0. 000 0. 046 0.211 0.275 1.012 1.176 2. 406 2.778
x6 BASKEWMMASERME mmol g HIXTLL
Table 6 The contrast of adsorption capacity of gas mixture and pure gas {mmol - g )
Ar N2
Samples Pure gas Gaseous mixture Pure gas Gaseous mixture
4A 0. 025 0. 024 0. 321 0. 321
CaNaA-1 0. 027 0. 026 0. 367 0. 358
CaNaA-2 0. 028 0.023 0.410 0. 396
CaNaA-3 0.033 0.031 0. 536 0. 528
13X 0. 027 0. 024 0. 358 0. 343
CaNaX-1 0. 020 0.019 0. 305 0.295
CaNaX-2 0. 020 0.019 0. 456 0.432
CaNaX-3 0.031 0.023 0.538 0. 523
CaLSX-1 0.032 0.028 0. 654 0. 577
CalLSX-2 0. 040 0. 004 0. 850 0. 654
CaL.SX-3 0. 047 0. 000 1.179 1.012
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Adsorptive Separation of N> and Ar by some Zeolites Exchanged with Ca®**

Guan Li-Li Duan Lian-Yun Xie You-Chang

( Institute of Physical Chemistry, College of Chemistry and Molecular Engineering, Peking University, Beijing ~ 100871)

Abstract

and breakthrough curves of these zeolites were measured at 25 C. The data demonstrate that the 4A, 13X and

The 4A, 13X and LSX were ion exchanged by Ca®* in water solution, and the adsorption isotherms

LSX ion-exchanged by Ca’* have higher adsorption capacity of N than the original ones, but the adsorption
capacity of Ar for Ca®* exchanged zeolites is almost the same as that of the original ones. It is clear that these
Ca®* exchanged zeolites have better adsorption selectivity for N> than for Ar. From breakthrough curves it is
known that the zeolites have a suitable pressure for adsorption separation of N> and Ar. In the pressure range we
studied, the best pressure is about 0. 6 MPa. The adsorption capacities of N. and Ar for the gas mixtures can be
obtained from the breakthrough curves. Compared with the adsorption capacity of pure N and Ar, it can be found
that nitrogen in the mixtures has a large effect on the argon adsorption capacity of the zeolites which have higher
adsorption separation selectivity for N, and Ar.

Zeolite 4A,  Zeolite 13X,  Zeolite LSX,  Adsorption isotherm,

Keywords: Breakthrough curve
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