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Modeling of thermal fluidized desorption for diesel-oil contaminated soils
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“Depariment of Chentical Engineering

Kyvungwon University

ABSTRACT

Fluidized-bed thermal desorber coupled with a heat pipe was investigated for the

remediation of soil contaminated with diesel oils. Thermal gravimetric analysis by Cahn-

balance indicated that the desorption of diesel oils from the soil particles was mainly

governed by the internal diffusion at low concentration of less than 0.5 wt. % of oils in

the soil particles. In fluidized-bed experiments, increase of fluidizing gas velocity reduced

the residual oils of the contaminated soils, the increase of soil feed rate decreased

efficiency of fluidized-bed desorber. A mathematical model was developed by incorporating

Fickian diffusion kinetics into the Kunii-Levenspiel model. Simulation results showed

reasonable agreement for the performance of fluidized-bed thermal desorber.

Key words : contaminated soils, fluidized-bed, thermal desorption, diffusion,

mathematical model
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desorber coupled with a heat pipe for

remediation of contaminated soils.

Table 1. The physical properties of soils.

Properties Soil A Soil B
Avg. diameter (mm) 0.34 0.15
BET area (m?/g) 6.34 27.17
Bulk density (g/cm®) 1.32 0.89
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Fig. 2. Temperature effect on the desorption

of diesel oil from contaminated soils.
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a' 1 specific surface of solid per votume of bed, &/ @
«d, (I/cm).

A, : cross-sectional area of fluidized-bed (cn?).

Clap» ac> ae) - concentration of A in the bubbles, cloud

and wake, and emulsions, respectively
(g/em?).

C,, « concentration of A in the entering gas stream (g/cm’).

C, : mean concentration of A in solid particles (g/cn?).

De : effective diffusivity (cn/sec).

db : bubble diameter (cm).

dp : equivalent diameter of particle (cm).

1 soil feed rate (g/sec).

k, : mass transfer coefficient between the wet solid
surtace and the neighboring void space.

(K,). = overall rate constant for mass transfer (g/em-

sec).

L, : height of a bubbling fluidized bed (cm).

r, + diffusion-controlled drying rate (g/g-sec).

R, : radius of particle (cm).

u, + superficial fluid velocity through a bed of solid

(cmy/sec).

u, - velocity of a bubble rising through a bed

(cnvsec).

u,, - superficial velocity at minimum fluidization

mi
(cmy/sec).

u, : terminal velocity of a falling particle (cnvsec).

V, ¢ volume flow rate of fluidizing gas (em¥sec).

W : mass of gas or liquid contained or adsorbed in
unit mass of dry solids (&/g-dry solid).

W, ¢ initial mass of gas or liquid contained or

adsorbed in unit mass of dry solids (g/g-dry

solid).

W, : mass of gas or liquid contained or adsorbed in
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unit mass of dry solids at infinite time (g/g-dry
solid).
W, : total weight of solid in the fluidized bed(g).

X, * degree of desorbed fraction.

Greeks

Y o o+ dimenstonless ratios of solids dispersed in
bubbles, clouds and emulsions respectively
to the total volume of bubbles in the bed
(dimensionless)

0 : fraction of fluidized bed consisting of bubbles.

g, . void fraction in a bed at minimum fluidizing

mt
conditions.
€, : porosity of the solid.
O, + density of tluidized-bed at minimum tluidizing
conditions (gen?).
@ . : sphericity of a particle.

T @ retention time (sec).
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