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>\ SUPOT KRISTARNIN : ADSORPTION OF N-BGTANE GAS ON ZEOLITES AND FUNDA-
/ MENTAL ADSORPTION UNIT DESIGN. THESIS ADVISOR : ASSOC. PROF. WIWUT
TANTHAPANICHAKOON, Ph.D. 98 PP. :

Gas chromatographic techniques were used to study the adsorption of
n-butane on NaY and Offretite/Erionite zeolites. The adsorption equilibrium
constants were measure at T = 100-200°C for NaY zeolite and at T = 200-250°C
for Offretite/Erionite 2eolite. Particle sizes used are 0.169, 0.212, and
0.279 mm. Under experimental conditions, the particle size and the flow rate
have no effect on the adsorption equilibrium constant. The adsorption
ability of Offretite/Erionite zeolite is better than NaY zeolite. The
adsorption equilibrium constant increases with increasing column temperature.
The heats of adsorption for NaY and Offretite/Erionite zeolites were found to
be 9.01 and 9.98 kcal/mol.K respectively. Furthermore, the results also
showed that the axial dispersion seemed to be independent of the flow rate
and particle size. Therefore, it is concluded that molecular diffusion is
the major factor for axial dispersion phenomena under measurements. The
external tortuosity factors were calculated of 3.17 and 3.95 for NaY and
Offretite/Erionite zeolites respectively. The main macropore diffusivity for

" both zeolites is due to the Knudsen diffusion. The approximate order of the

crystal diffusivity for both zeolites were found to be 10-1° cm2/s which
characterises the crystal diffusion as the activated process. The overall
rate of adsorption was studied in terms of the overall effective rate
coefficient. At constant temperature, the overall effective rate coefficient
increases with increasing particle size. The flow rate increases the
turbulent mixing in axial dispersion term and this results to an increase of
the overall effective rate coefficient. 1In addition, the overall rate
coefficient also increases with temperature which is caused by the increase
of the overall mass transfer of the adsorbent particle. At the same
temperature,the overall mass transfer of NaY zeolte is higher than
Offretite/Erionite zeolite.

In designing the fundamental adsorption unit for LPG separation, the
experiments were carried out for propane and n-butane gases by NaY zeolite to
find the condition which gave the satisfied resolution between two peaks. The
satisfied condition was found to be T = 75°C and flow rate = 24.5 cm®/min
which gave the value of Ras > 1. The column length for LPG separation was
approximated to be 17.28 cm, i.d. = 3.34 mm, and packed with NaY zeolite of
particle size = 0.212 mm. The design data provide useful approximate
guidance concerning the optimal choice of operating parameters for LPG
separation.
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NOMENCLATURES

A : surface area of adsorbent

b : Langmuir equilibrium constant

b, : pre-exponential factor in b = b,exp(- AH/RT)

(o ; sorbate concentration in fluid phase(3), sorbate
concentration in macropores(4)

(& : sorbate concentration in bulk phase

D ¢ diffusivity

D, : pre-exponential factor in D = Dgexp(-E/RT)

De intracrystalline diffusivity

B, : effective diffusivity

Dy : Knudsen diffusivity

Dy, : axial dispersion coefficient

Dy, : molecular diffusivity

Dp : pore diffusivity; macropore diffusivity (based on free
pore area)

Dg : surface diffusivity

E : diffusional activation energy

G : molar Gibbs free energy of adsorbed phases

H : HETP for a chromatographic column

AH : heat of adsorption

AH, : limiting heat of adsorption at low coverage

AHg isosteric heat of adsorption

k : Boltzmann constant(3), overall effective mass transfer

coefficient (6)

X1
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xii

adsorption and desorption rate constants

external fluid film mass transfer coefficient

overall effective rate coefficient

dimensionless Henry's adsorption equilibrium constant

K, exp(- AHy/RT), sorption equilibrium constant based on
sorbate coﬁcentration in a zeolite crystal (dimensionless)
equilibrium constant based on sorbate concentration in

a pellet of sieve (dimensionless)

length of chromatographic column

molecular weight of diffusiné_species

number of moles adsorbed

number of theoretical plates in chromatographic system
total pressure

sorbate partial pressure

saturated vapor pressure

saturated vapor pressure of liqui& sorbate
sorbate concentration(3), local sorbate concentration
in a zeolite crystal (4)

average sorbate concentration for a crystal
saturated limit, monolaygr coverage

sorbate concentration averaged over a pellet
average macropore radius

radial coordinate for zeolite crystal

radius of zeolite crystal

gas constant, radial coordinate for pellet
adsorbent pellet radius

molar entropy

time



xiii

Loty : mean retention times of component A and B

T : absolute temperature

U : molar internal energy

v :  amount adsorbed in volume(3), interstitial fluid velocity(4)
v : volume 7

Vi : molar volume of sorbate

W : volume fraction of zeolite crystals to total solid material

in a pellet

W : adsorbate volume above the surface

X : coordinate

Z : distance measured from bed inlet

GREEK LETTERS

Y1 Y2 : constants in equation (7.2)

3(t) : pulse function
¢ : adsorption potential energy field over surface
€ : voidage of adsorbent bed, Lennard~Jones force constant
¢ : porosity of adsorbent particle
e : fractional coverage
6 : void fraction of pellet
B : viscosity, chemical potential, first moment of response peak
7 : spreading pressure
P : density of adsorbent
a? : second moment of response peak
6,,0, : collision diameter from the Lennard-Jones potentials
o : standard deviation of injection peak
04505 : standard deviation of response peaks for component A and B
- : tortuosity

Q : function of e /kT
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