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Na-A, Na-X, Na-Y& A ge}o]Bg o]2msbate] Cu?*-A, Cu?™-X, Cu*-Y§ ALelo]EE g} o|lem
FHE= A X, Yol csle] 77} 94, 89, 69%0]0 ). o] & mats}e] Q& Cult ¥ A)-&2}o] £ 400C, 300 Torr &
347 COZ AHejste Cut2 At o] 2mdt &, T 9 Y Fo 2} 3o A gajo)eo & CO, H,
5714 FAAYE 0-50T 2= 4, 0-700 Torr sk $ellA P3le] T34y A8F I} o] 2meh A,
F 5 B Fo 74§ AlgefolEd FAYTE 2ok Hes] Hrhsty] $18le] potential o] E& A3l &
AFHFE 73t vstelch Nadl AlgefolEe] A5, CO HFAAFE A Y, X$o2 asion 34
Faske 77t 441, 173, 130 mmole/gel5ith. 7t 39} Hy Fatekat wimsle] & o AY A gejolEe] CO
A o] b $-dtgch CuP~ 2 ol u#td A Eefoler RE oA F4Y CO FAYFE HooH
Al E e A X, Y3 ol thabe] 747 4.94, 1.62, 1.92 mmole/go]l 5t} Cut 2 305l ¥, 2.5 3 9] 2| Lafo] 29
FAAEL v S FdEgen, AFEES A X Y8 diste] 27 6.05, 4.04, 3.78 mmole/gol it Ho
ZE Yo Al gefel ol hal] CO9} vlawsdted 22 ofabe] Fabelglw, Cul ®i Cut o] 29 Exjol 2 &5
REz} oFskeh.

Abstract—Adsorption equilibria of CO and H; on Cu(I) ion-exchanged zeolites were studied. Zeolites Na-
A, Na-X and Na-Y were ion-exchanged first with CuCl, solution, and the Cu(Il) ions were reduced by CO
gas at 400C and 300 Torr to Cu(I). The extents of Cu(Il) exchange for A, X and Y zeolites were 94, 89
and 69%, respectively. The adsorption equilibrium characteristics of zeolites were evaluated by CO and H;
adsorption experiments at the range of 0-50C, and of 0-700 Torr. The limiting adsorption capacities of CO
on the Na-A, Cu(ID-A and Cu(I)-A were 4.41, 4.94 and 6.05 in moles/g, respectively, showing the preferen-
tial CO adsorption by Cu(I)-form over either Na- or Cu(II)-form of zeolite A. A similar trend was confirmed
with type X and Y zeolites. The limiting CO adsorption capacity of Cu(I)-A was 6.05 mmoles/g to prevail
over those of 4.04 and 3.78 mmoles/g for Cu(I)-X and Cu(I)-Y, respectively. H, adsorption capacity on these
zeolites within the above experimental ranges was generally low to be negligible compared with those of
CO. The significant difference in adsorption selectivity of Cu(I)-zeolites indicated that a mixture of these
gases could be separated easily by an adsorption system.
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Fig. 1. Schematic diagram of adsorption experiment system.

1. Cahn electro-micro-balance 9. Gas storage cell 17. Needle valve

2. Hangdown tube 10. Ball Joint 18. Gas from adsorbate gas cylinders
3. Electric furnace 11. Mercury manometer 19. Vacuum valve

4. Constant temperature bath 12, Vacuum header 20. Gas buret

5. Temperature controller 13. Oil diffusion pump 21. Sample cell

6. Cahn balance console 14. Mechanical vacuum pump 22. Mixing chamber

7. Automatic recorder 15. McLeod vacuum gauge 23. Storage bottle for pure gas

8. Sample positioner 16. Adsorbate storage cell 24. Sample port
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Fig. 2. The ion exchange isotherms for Na*-Cu’* at 313 Fig. 3. Adsorption isotherms on several zeolite at 298 K.
K.
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Fig. 4. Adsorption isotherms on several zeolite at 298 K.
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Fig. 5. Adsorption isotherms on several zeolite at 298 K.

Table 1. The limiting adsorption amount by potential

theory. (mmole/g)
Na Cu?* Cu~
CO Hz CO Hz CO HZ
A 441 041 494 0.44 6.05 0.50
X 1.30 0.08 1.62 0.19 404 0.06
Y 1.73 0.17 1.92 0.04 378 019
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Table 2. Langmuir isotherm parameters for CO gas
Na Cu?” Cu”

273K 298 K 323K 273K 298 K 323K 273K 298K 323K
A type Qn 1.729 1.875 1.862 2.109 1.861 1.677 4111 3.863 3.553
B 4.984 2,901 2.295 4.545 3.747 3.326 14.347 14.106 13.510
X type Qm 0.813 0.569 0.440 1.056 0.799 0.541 2.690 2.609 2403
B 11.430 10.999 8.768 8.286 7.806 4.564 19.530 14.984 13410
Y type Gm 0.670 0.557 0427 0.959 0.617 0.582 2.578 2462 2.348
B 3.848 2.984 2.814 3.315 3.548 2.585 14.062 12.230 11.371

Table 3. Langmuir isotherm parameters for H, gas

Na Cu?- Cu?
273K 298 K 323K 273K 298 K 323K 273K 298K 323K
A type Qn 0.234 0.208 0.150 0.239 0.134 0.104 0.277 0.154 0.104
B 4.792 1.659 0.884 8.987 1.727 0.884 6.830 1.144 0.884
X type Gm 0.066 0.028 0.014 0.111 0.075 0.062 0.044 0.028 0.014
B 3.007 1479 0.299 15.489 9.833 8.329 6.820 2578 0.948
Y type  Qm 0.112 0.075 0.062 0.054 0.028 0.015 0.111 0.075 0.062
B 15.212 14.213 9.706 7.272 2.529 0.794 15.489 14.742 9.795
V PO 2 - =] L u 3] & o o3 .
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Table 4. Ratio of sticking probability and rate constant
of desorption(a/f3 X 10'") for Langmuir constant

(B)

Na Cu®* Cu*

CO H; CO H; CO H;
A type 24976 19661 2.6933 3.2808 9.4297 2.4901
X type 7.1632 12874 4.8892 8.1114 11.2050 2.7969
Y type 22404 9.1499 2.1592 29036 8.6278 9.3598
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Fig. 6. Isosteric heats of adsorption of CO on Y type zeo-
lite.
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(2) Cut" 2 o]& we BE A Lejo]Ed Pabsl
CO 5% 458 Hyow, ﬂ?l]l’ﬂr%*~ . X, Y&l
thshe] zhzh 4.94, 1.62, 1.92 mmole/go]Slth.
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(3) Cu*® g AlgelolEx w4 sad CO
FAd S 1o, @A F3eke A X Y34 i shed
Z+zh 6.05, 4.04, 3.78 mmole/g2 2 o] Na3] A&}
o] Eq) n]sle] zhz} 1.64, 2.44, 2.05 mmole/ge}, Cu®t 3
Al&afo] Eo wv]3te] Zhz} 1.11, 2.42, 1.86 mmole/ge)
Z7H ol

(4) How BE 39 AlZelolee djs} CO% nlw
gto] wf-9- A& ofute] FAEH e, Cu®* Ex Cu’
0] -2 FEalel F <k WA igtch

# A
E AT 1919 % A ek gl pulel o) ste]
Y=l 7;1%3‘4‘4.
AR |E
B :Langmuir isotherm parameter
D : =kR2TYB,
k :Boltzmann constant
P :pressure of gas phase [kPa]
P, :saturation vapor pressure [kPa]
q, :amount of adsorption [mmole/g]
Q. :limiting amount of adsorption [mmole/g]
Qi : isosteric heat of adsorption [kcal/mole]
R :gas constant [kcal/mole K]
T :temperature of adsorption system [K]
V :amount adsorbed in volume [(STP)/g]
V, :limiting amount adsorbed in volume [(STP)/g]
aezlola EX
a :sticking probability of Langmuir isotherm [-]
B :rate constant of desorption for Langmuir isoth-
erm [atm/(g-erg/molecule)"?]
B, : affinity coefficient for potential theory
a2
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