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Abstract — Material balance for the reactant in a fixed-bed adsorption-reaction system is formulated to give
a quasilinear partial differential equation of first-order. The equation is then solved analytically by applying
the method of characteristics and the theory of mathematical shock. Freundlich isotherm is adopted for the
equilibrium relationship whereas the reaction considered takes place in the fluid phase, being of first-order
and irreversible. From the adsorption system without reaction the system behavoir is investigated when the
adsorbate feed concentration undergoes a change of a step, a square wave, or an impulse. Concerning the
adsorption-reaction system, it is assumed that only the reactant is adsorbable and the system behavoir is
analyzed when the reactant feed concentration undergoes a change of a step or a square wave. The result
shows that the reactant conversion is improved while partial separation between the reactant and the product

is accomplished.
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Fig. 2. Physical plane portrait of the solution
and concentration profiles for a step

change in the feed concentration.
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NOMENCLATURE

b : Parameter contained, in ,Frcundlich iso -
therm

C, Concentration of species ¢ in the fluid
phase (mole/liter)

k Reaction rate constant (min!)

L Length of the fixed-bed (cm)

M Magnityde of inlet pulse

m Parameter contained in Freundlich iso-
therm

n, Concentration of species : in the solid
phase (mole/liter)

r Reaction rate

s : Parameter running along the charac-
teristics

t : Actual time
Interstitial velocity of fluid (cm/min)

b Dimensionless distance (= z/L)

318t Dst M23T M55 198541 10

ol &7
z Axial distance from inlet (cm)
Greek Letters
i} Reaction number of first order reaction
( =Lk/u)
n Intercept on the r-axis
€ Void fraction of the fixed-bed
T Dimensionless time (=ut/L)
v Volume ratio of solid phase to fluid phase
(=(1-€)/e)
ag Characteristic direction (=dr/dx)
Subscript
A,B: Components A and B, respectively
i Component i
1 Left-hand side of a shock
o Constant value or coordinates of intersec-
tion
r Right-hand side of a shock
s Shock
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