81

BIBLIOGRAPHY

Kucera, E., "Contribution to the Theory of Chromatography :
Linear Non-Equilibrium Elution Chromatography,"

J. chromatogr., 19, 237-248, 1965.

Masamune, S., and J.M. Smith, "Adscrption Rate Studies -
Interaction of Diffusion and Surface Processes,"”

Amer. Inst. Chem. Eng. J., 11(1), 34-40, 1965.

Schneider, P., and J.M. Smith, "Adsorption Rate Constants from

Chromatography," Amer. Inst. Chem. Eng. J., 14(5),

162-11%, /1968 .
Ma, Y.H., and C. Macel, "Diffusion Studies of CO», NO, NOy, and
505 on Molecular Sieve Zeolites by Gas Chromatography,"

Amer. Inst. Chem. Eng. J., 18(6), 1148-1153, 1972.

Hashimoto, N., and J.M. Smith, "Macropore Diffusion in Molecular

Sieve Pellets by Chromatography,” Ind. Eng. Chem., Fund.,

22(3), 353-359. 19%%.
Garg, D.R., and D.M. Ruthven, "The Performance of Molecular Sieve
Adsorption Columns : Systems with Micropore Diffusion

Control," Chem. Eng. Sei., 29, 571-581, 1974.

Shah, D.B., and D.M. Ruthven, "Measurement of Zeolitic Diffusivities
and Equilibrium Isotherms by Chromatography," Amer. Inst.

Chem. Eng. J.,°'23(6), 804-809, 1977.

Gangwal, S.K., R.R. Hudgins, and P.L. Silveston, "Conditions
Needed for Satisfactory Measurement of Mass Transfer
Coefficients, internal Diffusivity and Adsorption Rate

Constants," Can. J. Chem. Eng., 56, 554-557, 1978.




9. Gangwal, S.K., et al., "Reliability and Limitations of Pulse
Chromatography in Evaluating Properties of Flow Systems,”

Can. J. Chem. Eng., 57, 609-620, 1979.

10 Ruthven, D.M., and R. Kumar, "An Experimental Study of Single-
Component and Binary Adsorption Equilibria by a

Chromatographic- Method,” Ind. Eng. Chem., Fund., 19(1),

271-32,, 1980.
i Gangwal, S.K., et al., "Reliability and Limitations of Pulse
Chromatography in Evaluating Properties of Flow Systems,"

Can. J. Chem. Eng., 58, 33-37, 1980.

1 9 Hsu, L.K.P., and H.W. Haynes, Jr., "Effective Diffusivity by
the Gas Chromatography Technique : Analysis and
Application to Measurements of Diffusion of Various

Hydrocarbons in Zeolite NaY,” Amer. Inst. Chem. Eng. J.,

27¢1), 81-98===1984=
13 Chiang, et al., "The Determination of Zeolite Crystal Diffusivity

by Gas Chromatography - II. Experimental,"™ Chem. Eng. Sci.,

32(10), 1461-1468, 1984.
14. Fu, Chen-Chen, M.S.P. Ramesh, and H.¥. Haynes, Jr., "Analvsis
of Gas Chromatography Pulse Dispersion Data for the

System N-Butane/Zeolite NaY," Amer. Inst. Chem. Eng. J.,

32(11), 1848-1857, 1986.
15, Choudhary, V.R., and K.R. Srinivasan, "Sorption of Benzene in
H-ZSM-5 at Catalytic Conditioms Using ‘Gas Chromatographic

Sorption/Desorption Technique," Chem. Eng. Sci:, 42(2),

382-385, 1987,

16. Yang, R.T., Gas Separation by Adsorption Processes, Butterworths,

Boston, 1987.



17

18.

19.,

20.

21.

225

23.

24,

83

Ruthven, D.M., Principles of Adsorption and Adsorption processes,

John Wiley & Sons, New York, 1984.

Hirchfelder, J.0., C.F. Curtiss, and R.B. Bird, Molecular Theorv

of Gases and Liquids, John Wilev & Sons, 1954.

Satterfield, C.N., Mass Transfer in Heterogeneous Catalysis,

MIT Press, Cambridge, Mass., 1970.

Barrer, R.M., Zeolites and Clay Minerals as Adsorbents and

Molecular Sieve, Academic Press, London, 1978.

Karger, J., W. Pfeifer, and ¥W. Heink, "NMR Diffusion Studies

in Zeolites," Sixth International Conference on Zeolites

Reno, Nevada, 1983.

Breck, D.W., Zeolite Molecular Sieves, John Wiley & Sons,

New York, 1974.

Conder, J.R., and C.L. Young, Phvsicochemical Measurement bv

Gas Chromatography, Jdohn Wiley &'Sons, 1984.

Chiang, A.S., A.G. Dixon, and Y.H. Ma, "The Determination of
Zeolite Crystal Diffusivity by Gas Chromatography - I.

Theoretical," Chem. Eng. Sci., 32(10), 1451-1459, 1984.

Ruthven, D.M., and R. Kumar, "A Chromatographic Study of the
Diffusion of Ny, CHy, and Binary CHy-Ny Mixtures in 4A

Molecular Sieve," Can. J. Chem. Eng., 57, 342-348, 1979.

Schneider, P., "Accuracy of Chromatographic Moments - Effect of

Peak Treatment and Approximations,” Chem. Eng. Sci.,

43(b), 125611255, 1987,



APPENDIX A

84

The calibration curve for n-butane gas was obtained from the

Shimadzu gas chromatograph model 9-APF

condition:
Inj/Det temperature : 150°C
Column temperature : 100°C
Carrier gas : He

Flow rate 20 cc/min

(FID)

using the following



PEAK AREA ( X 10%)

] T e
2 3 4
ZMOLE. OF n- C4H:‘O
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APPENDIX B

As an illustration, an example of calculation of
experimental data obtained for Offretite/Erionite zeolite column at

T = 250°C  1is carried. out as follow. The specification of the

columm is shown.

particle size, Rp 0.212 mm (or 50/60 mesh)

column length, L = 11.97 cm
interparticle porosity, ¢ = 0.424
intraparticie porosity, # = 0.3702

The zeolite column is subjected to pulse input signal of n-
butane in the helium carrier stream. An example of chromatographic
response, at flow rate 1.29 em/s, 1is detected at the end of the

column by FID and shown below.

n’
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The response peak is divided into smaller slice area and the
integrals are evaluated numerically according to equation (4.13) and

(4.14) to obtained the first and second moment results.

the first moment, g 477.62 sec

the second moment, o2 7899.62 sec?

At the same temperature, the pulse injection is done at

various flow rates and the results are shown.

flow rate K o
(cm/s) (sec) (sec?)
0.72 823,84 36645.12
0.83 639.83 18212.00
1.09 507.29 9943.74
1.29 477.62 7899.62
2.15 298.70 2706.74

The results can be used to calculated the adsorption
equilibrium constant for a particle, Kp, from equation (6.1) by
plotting ( n _.é.)/(_;L;) versus (L/v) . The plot of the data

v I—¢
below are shown in Fig. 6.3 .
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(sec) (sec)
16.517 594.39
14.37 460.53
10.96 365.45
9.23 344.88
5.51 215.84
K,, (obtained from the slope)' = 34.65

P

From equation (4.18), the adsorption equilibrium constant
for a crystal can be calculated from K,  Because there is no
binder in =zeolite particle, w is then equal to 1. The adsorption

constant for a crystal is calculated to be 54.43 .
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