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Abstract— The dynamic behavior of fixed-bed adsorption-reaction system has been represented by a pair of
quasilinear partial differential equations of first order and analyzed by using the method of characteristics and in-
troducing the theory of mathematical shock. It was assumed that a first order, irreversible reaction occurs in the fluid
phase and adsorption of both the reactant and product follows the Freundlich isotherm. The system response was
determined for a step change as well as for a square wave change in the reactant feed concentration. Methy) formate
was hydrolyzed through a charcoal bed at room temperature to measure the breakthrough curves for methyl formate
and methanol, respectively, when the reactant feed concentration underwent a step change and a square wave
change. The experimental curves were in good agreement with those predicted by the theoretical analysis. This
might be considered as an evidence for the validity of the method of analysis employed in this study. It is expected
that the results for the square wave input would be useful for the design and operation of chromatographic reactors.
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NOMENCLATURE

b . Parameter contained in Freundlich iso-
therm (mole/liter) ™

¢ : Concentration in the fluid phase (mole/
liter)

Ke : Equilibrium constant

k Reaction rate constant (min™!)

L Length of the fixed-bed

M Magnitude of the inlet pulse

m Intensity of adsorption

n Concentration in the solid phase (mole/
liter)

r Reaction rate (mole/liter min)

t Actual time (min)

u : Interstitial velocity of the reaction
mixture (cm/min)

x : Dimensionless distance (=z/L)

z . Axial distance from inlet (cm)

Greek Letters

p 1 Dimensionless parameter defined by
Eq.(7)

v - Relative adsorptivity

n Intercept on the 7 - axis

P Void fraction of the fixed-bed

T Dimensionless time (=ut/L)

v Volume ratio between the solid phase and




Freundlich &% 54| & u=

e

the fluid phase (=(1— ¢)/ ¢)
Subseript

AB: Component A and B, respectively

i : Component i
1 : Left-hand side of a shock
o : Constant value or coordinate of inter-
section
r : Right-hand side of a shock
s : Shock
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