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Abstract—For a low-grade clay from Hadong and Sancheong area, experiments have been made on the
extraction of aluminum from the clay by hydrochloric acid. The effects of various variables such as reaction
temperature, reaction time, hydrochloric acid concentration and pretreatment temperature of the clay on
the extraction yield of aluminum were investigated experimentally. A mathematical model is proposed, which
can predict the extraction yield of aluminum for varying reaction conditions. The results predicted by the
model showed good agreement with experimental data.
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Table 1. Chemical composition of clay, wt%
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Aleg. Si 02 FEZOg MnO Ca0

NaZO TlOz PzOs Kzo HzO

38.26 4450 148 0.02 0.86

0.33 0.20 0.09 1.55 11.92
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Fig. 1. Particle size distribution of the clay.
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Fig. 2. Schematic drawing of the experimental apparatus.
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Fig. 3. Effect of preheating temperature of the clay on
the extraction yield of aluminum.
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Fig. 4. X-ray diffraction analysis for various preheating
temperatures.
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Fig. 5. Effect of reaction time on the extraction yield of
aluminum for two different preheating temperature.
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Fig. 6. Effect of reaction temperature on the extraction
yield of aluminum.
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Fig. 7. Surface area of the clay particles vs. extraction
yield of aluminum.
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a : ratio of instantaneous reaction surface to ini-
tial reaction surface area

A :ratio of instantaneous BET surface area to
initial BET surface area

Cy : concentration of hydrogen ion in the clay par-
ticle [gmol/cm®]

Cy  : concentration of hydrogen ion in the bulk lig-
uid-phase [gmol/cm®]

(C4?; :initial concentration of hydrogen ion in the
bulk liquid-phase [gmol/cm®]

D, : effective diffusivity of hydrogen ion [cm?/sec]

f : fraction of aluminum dissolved

k : reaction rate constant [//sec]

m : constant in Eq. (3)

M, :total moles of alumina initially present in one
batch of clay sample [gmol]

My  :molecular weight of alumina [g/gmol]

Na  :moles of alumina dissolved per unit time
[gmol/sec]

Ny :moles of hydrogen ion consumed per unit
time by Eq. (1) [gmol/sec]

r : radial distance from the center of clay particle
Lem]

T : consumption rate of hydrogen in Egq. (1)
[gmol/cm®/sec]

R : radius of clay particle [cm]

t : reaction time [sec]

A : volume of hydrochloric acid solution in one
batch [cm®]

W : weight of alumina in one batch of clay sample
[g]

Jeloj& 2Xt

o : dimensionless group defined by Eq. (3)

5128 H30A MdS 19924 8

10.

11

: dimensionless variable
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