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Abstract—Hydrogen diffusion in Cs-A zeolite during temperature programmed decapsulation is studied.
Fitting of experimental responses by the method of least squares is proposed for estimation of the diffusivity.
Although a mathematical treatment provided a simple equation[Eq. (14)], which is analogous to the well
known equation for temperature programmed desorption, for estimating the diffusivity, responses calculated
with the diffusivity from Eq. (14) deviated significantly from experimental responses. The method of fitting
allowed simultaneous estimation of the diffusivities into a-cage and B-cage, and the diffusivity of hydrogen
into a-cage were more than one hundred times larger than that into B-cage.
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1. Pressure snubber 10. Peak broadening column
2. High-pressure dryer  11. Multiloop part

3. Shut-off valve 12. Thermal conductivity
4,9. Metering valve 13. Mass flow controller

5. Pressure transducer 14. Low-pressure dryer
6,7. Three-way ball valve 15. Cylinder regulator
8. Zeolite

Fig. 2. Experimental apparatus.
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Table 1. f1eating rate a vs. temperature at response max-

imum T,
a(C/sec) Ty a(T) T A
0.05 220.8 0.0619 146
0.1 240 0.0677 1.39
0.1 239.5 0.0664 140
0.15 248.2 0.0620 1.46
0.20 255.7 0.0617 147
0.20 255.5 0.0613 1.47
0.25 2644 0.0678 1.39
0.30 265.9 0.0596 1.50
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Fig. 5. Comparison of experiment and calculation with dif-
fusivity estimated from fitting. Numbers denote
heating rate (C/sec). a-cage decapsulation.
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Table 2. a-cage diffusivity determined from fitting
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Table 3. B-cage diffusivity determined from fitting

a(T/sec) D../R2(sec™ 1) E.(kcal/mole) a(C/sec) D;/R2(sec™ 1) E;(kcal/mole)

03 296 14.31 0.1 0.963 13.00

0.2 339 14.54 0.15 2.85 14.89

0.1 230 14.27 0.2 330 14.85
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Fig. 7. Fitting of simultaneous decapsulation of o-cage and B-cage.
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Table 4. a- and B-cage diffusivities and a-cage encapsulation fractions

Pressure a v Ds/R.? E, Dso/R;? E,
(atm) (t/sec) ‘ (sec™) (kcal/mole) (sec™) (kcal/mole)
100.5 0.15 0.548 367 14.71 0.983 1323
100.3 0.20 0.555 287 14.36 0.793 12.99

88.5 0.10 0.546 306 14.67 0.961 13.18
59.7 0.20 0485 295 14.46 0.962 13.37
40.9 0.15 0.435 303 14.51 0.897 13.27
30.2 0.15 0.362 305 14.55 1.448 13.99
3.0 0.15 0.146 279 15.18 0.466 13.15
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Fig. 8. Arrhenius plot of diffusivities into a-cage and B- Fig. 9. Encapsulation capacity versus encapsulation pres-

cage. sure at 350C.
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HYEH 1 ck

D./R,?=309 exp( — 14.54 Kcal/RT) (24)
Dy/R,2=0.857 exp( — 13.14 Kcal/RT) (25)

w3t ojAbe) Azl 7} cagentell sl A1l A (19),
(20 = & d=slx 3ok

F2:9) AAeke. A4 TPDeIA dojzi= TCD &
oo "Wy 25 RuE 43S d9 TCD wHxe
v 2 RE AikEck E£3F obq oAl VE o] 43]e
7} cageol|] HAHE kS A4k  9low o5 Fig 9el
vhebligieh o17] 4] #{AFeke zeolite A& 1 goll A=
20 oF2 EF2A(0T, 1718 o8 #aksle] Yehy
ek 371te] A5 Aslue o o] AHdog
A FZ¥= 7 ok

a-cage *7AeF(ml STP/g-zeolite):
0.065+0.0979 P(atm)

B-cage A& ek (ml STP/g-zeolite):
3.82+40.04116 P(atm)

a-cage MAEe] 7§ giHo] 002 I3l we}
AAek JA] 008 HITslw 37]ke] A¥AE 2 1
atell ] doixl Al =)o} 2k &b glok 22i1} B-cage
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e Sold FulE Jeplln i)k H 37449
$5 nw B-cage AT T AAeA wlolir
2o] yhol Aol wle} 4] 0o HdchE AL o
gleh 3+ 607)9t olstell = B-cage HAEFo] a-
cage ¥ Aek W} wolaltli= 7 = Heolgt FHto|r)
ol FAa¥-2te) A Ate]o] g AF-E Fale] 44
T+ ezl oAz

o

4y o ox ¥

5.4 £

Seyeln AT AEHE SLEE ast FEF F
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NOMENCLATURE
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A :defined in Eq. (13)

C :dimensionless concentration (c/c,)

D :diffusivity [cm?/sec]

D, :preexponential factor of diffusivity [cm?/sec]
E :activation energy of diffusion [cal/mole]
g(t) : normalized decapsulation rate [sec™!]

P :pressure [atm]

R :gas constant [1.987 cal/mole °K]

R, :radius of zeolite crystal [cm]

T :temperature[ °K]

Ty :temperature at maximum g(t) [°K]

V. :volume fraction of gas encapsulated in «-cage
Subscripts

a :a-cage

b  :B-cage

REFERENCES

1. Sesny, W.]. and Shaffer, L. H.: U.S. Pat., 3,316,691
(1967).

2. Barrer, R. M. and Vaughan, D. E. W.: Surface Sci,
14, 77(1969).

3. Barrer, R. M. and Vaughan, D. E. W.: Trans. Fara-
day Soc, 67, 2129(1971).

4, Barrer, R.M. and Vaughan, D.E.W.:J Phys.
Chem. Solids, 32, 731(1971).

5. Fraenkel, D.:J Chem. Soc. Faraday Trans., 77,
2041(1981).

6. Fraenkel, D., Ittah, B. and Levy, M.: /. Chem. Soc.,
Chem. Commun., 1391(1984).

7. Fraenkel, D.:.J. Chem. Soc. Faraday Trans., 77,
2029(1981).

8. Kim, D. H.: AICKE ], 35, 343(1989).

9. Cvetanovic, R.J. and Anemomiya, Y.: Catal. Rev.,
6, 21(1972).

10. Chan, Y. and Anderson, R. B.:J of Catal, 50, 319
(1977).

11. Paryjczak, T.: “Gas Chromatography in Adsorption
and Catalysis™, John Wiley and Sons, p. 186-199
(1986).

12. FgE, =¥E, A5d, A5
(1991).

13. Breck, D.: “Zeolite Molecular Sieves”, John Wiley
and Sons, New York, NY(1974).

14. Kuester, J. and Mize, J.: “Optimization Techniques
with Fortran”, McGraw-Hill(1973).

. s}abpal, 29, 407



