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Abstract—Encapsulation characteristics of cation-exchanged zeolite A as hydrogen and methane storage
media by means of intracrystalline encapsulation was investigated. The storage efficiency of K*, Rb* and
Cs* ion-exchanged zeolite A was measured in terms of Vi, (Vy, and VCH4), the maximum capacity for fuel
gas under a difined set of conditions. Cs™ containing zeolite A seems to be the best one for the encapsulation
of hydrogen and methane gas molecules with most efficient control of 8-ring window opening, while K-A
and Rb-A show leakage of H, at ambient conditions. Encapsulation capacity is proportional to encapsulaion
pressure and encapsulated gas molecules lose their degrees of freedom as pure gas molecules within limited
volume of zeolitic cavities. With more than three Cs* ions per unit cell, energy barrier for the window
opening increases drastically resulting in decrease of encapsulation capacity due to the decrease in the diffu-
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sion rate of the molecules through the zeolite channel. Cs,Naj,—,-A with 3.02>>x>2.3 shows the encapsulation
capacity of a-cage higer than that of B-cage by about 5 times(5.3 and 5.0 times for H, and CH,, respec-

tively).
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Fig. 1. Two dimensional diagram of framework, primary
building units, cavities, cations sites(l, II, and III),
and locations of monopositive blocking cations on
site-II in synthetic zeolite A.
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Fig. 2. Ion-exchange isotherms of zeolite A at 98T with
0.4 N cationic solution. Ms represents molar ratio
of the blocking cations to Na* ions in the ion-ex-
change solution with two competing cations and
Mx does the number of blocking cations introduc-
ed per unit cell of ion-exchanged zeolite A.
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Fig. 3. Encapsulation time(t;) dependence of Vi, at var-
ious encapsulation temperature(Te) for Cs,;-A.
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Fig. 4. Pressure dependence(Pr, encapsulation pressure)
of Vu, for Nap-A, Cs,0-A, Cs;s-A, Csy7-A, and
Cs; A at encapsulation conditions of 623 K(Tx)
and 15 min(t).
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Table 1. Possible relationship between void fraction(V,,
ml/g-zeolite) of the zeolite and the constants
derived from Freundrich type isotherms

Zeolite a b? R? Vi 100(a—V))/a

Na;z-A 0.0735 0.810 0.996 0.0405¢ 424

CsNaj;-A  0.0610 0.853 0.993 0.0405¢ 336

CspsNags-A 0.3819 0.804 0999 0.2501° 345

Csz7Nags-A 03543 0.804 0.999 0.2501° 294

Cs3/Nagz-A 0.2459% 0.860 0.999 0.222" 9.72

?From least-square fitting with data in Fig. 4(VH2=aP").

® Regression coefficient.

“Calculated void fraction(mL/g-zeolite).

4 (Vp/Viue)/Diey = (150 R3/1861 4%)/1.99, where V,, Vs, Vi

and D,, represent volume of a and [B-cage, unit cell,

and density of zeolite A, respectively.

L (Vot+Vp) Vo) /Dy = { (7764 150) /1861} /1.99.

/ A value close to the crystallographically calculated void

fraction.

£ A value close to the void fraction reported in literatures.

H{0.7Vy+0.3(Va+ V) }/ Ve 1/D.e=[{0.7X 776+ 0.3 X

(776+150)}/18611/1.99.
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wj e} gk& 71xlch Table 1o Bl A4 o) & A<}
A &efo)E A2 Wl H-A & 2ol AA 7L Q.okE o] glow,
A7 (a—Vp/a2] ke AR 4 Fol /1A 249
265 (degree of freedom)E Yozl 20 Bg
olg} 7% 4 <lrh

Table 1¢] A3t2 & o] AAH 27189 AHf-27})
Nap-Aol| 4] CsNaj-AZ, & Cs*o]2 & 7|7} 8-ringoll
wl$)g o 2 s 4] < 9% 7HAad the(42.4%¢l 4 33.6%)
2, 8-ringe] A9 o} # wj7}A}(CsysNags-A) W37}
g} 2efh 4 A Cstolo] B-cageZ = Hol we}
(Cs37Nagz-A) 5ol AL e F2e FA3] 3
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ool Tglef ulE Cs* % Natol]2 o= blockd co}E
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Az} oL $EAo] Natol2Hch ¥ Cs*ol
29 ©9lo g 213 6-ring FF-& blocksh= Na* o]-22]
AE g 254 A “ﬂ—'i‘ 12} &5 53, p-
cageoll Cs*ol20] Eo{7} A%, o]& sodalited] 7 #
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NOMENCLATURE

X :X in MxNalz—xSilehzOm

P: :encapsulation pressure [atm]

Ty :encapsulation temperature [K]

t: :encapsulation time [min]

Vi, :volume(mL) of encapsulated H. at STP/g-zeo-
lite

Ven, : volume(mL) of encapsulated CH, at STP/g-zeo-
lite
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