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Abstract. A bench work study was carried out to investigate the use of
kaolinitic clay containing 29.4% Al,O; extremely abundant in Saudi
Arabia for the production of pure alumina by calcination at 700°C for
lh (recommended by previous investigators) then leached by
hydrochloric acid.

The effects of leaching temperature (25°C to boiling
temperature), period of activation (10-150 minutes), acid
concentration (1M — 6M), particle size (-8 to —200 standard Tyler
screen mesh), acid to clay weight ratio (4:1 to 15 :1ml acid/gm clay)
on alumina extraction were investigated.

The recommended leaching conditions are: 6 molar for acid
concentration at boiling conditions under reflux, one hour for
leaching time, —100 mesh standard Tyler screens for particle size of
calcined clay and 10 ml acid/gm clay for acid to clay weight ratio.
Leaching this local clay sample under these conditions resulted in
32% alumina extraction.

Local kaolinitic clay were calcined at temperatures varying
between 400°C and 800°C at different calcination periods (5 to 120
minutes). The calcined clay was then leached with 3M HCI acid under
the above-recommended leaching conditions. The optimum
calcination conditions were 600°C and 1 hour for calcination
temperature and time period, respectively. The corresponding alumina
extraction from local clay sample is about 63%.

Keywords: Alumina extraction, Hydrochloric acid leaching, kaolinitic
clay, Calcination.
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1. Introduction

The raw material for manufacture of alumina, i.e. ‘bauxite’ has been
discovered in the Kingdom of Saudi Arabia only in limited amounts. It is
natural to look for the production of this important material through other
available resources of raw materials that contain high alumina and low
iron oxide content. One of the numerous aluminous raw materials
distributed on a large scale in the Kingdom’s land that contains a high
percentage of aluminum oxide and low percentage of impurities is the
kaolinitic clays. It is thought as a suitable substitute for bauxite from
which alumina of high purity can be obtained.

Several sintering and acid-extraction processes have been
investigated for the production of alumina from kaolin and other clays.
The French Pechiney-Ugine Kuhlmann process treats clays and shales
with concentrated sulfuric acid. Hydrochloric acid is added during the
crystallization step to form aluminum chloride which crystallizes readily.
Much raw material must be handled in the process, because the clays and
shales have lower alumina content than bauxite!'!" Other methods involve
the treatment of clays with different mineral acids or the continuous

electrolysis of aluminum chloride!”.

It is reported in the literature that some of the more important
advantages of using hydrochloric acid over other acids for leaching
alumina are the ease of filtration of slurries, the ease of iron removal and
the insolubility of titanium dioxide, which is present in many clays. The
most serious problem connected with the use of hydrochloric acid is the
severe corrosion; however, the development of corrosion resistant
plastics and rubbers partially solved this problem so that the corrosion is
no longer a prohibitive factor’®. Both hydrochloric and sulfuric acids
extract approximately the same quantity of alumina from each ton of
clay*7). It has been reported also that the silica residue is easily separated
from the chloride solution, which filters rapidly, and a number of
procedures have been proposed for eliminating iron from aluminum
chloride solution® .

Bakr and El-Abd described in several papers the extraction of
alumina from Egyptian kaolin by hydrochloric acid leaching[lo’ )
Optimum conditions have been worked out in respect of the variables
involved such as fineness of kaolin, period and temperature of
calcination, concentration of hydrochloric acid, acid to clay ratio and
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period and temperature of extraction. The production of a crude alumina
from clay was also investigated on a pilot plant scale!?. Weston
described in several patents!'® the production of a purified alumina-silica
product and substantially pure aluminum chloride from iron-containing
bauxites, bauxitic clays, kaolinitic clays and mixtures thereof. The
substantially iron free alumina-silica products were made by mixing the
previous raw materials, agglomeration, calcining the mixture at
approximately 650-900°C and subjecting the calcined material to
differential chlorination stages to produce a substantially iron-free
product. The optimization of the crystallization process and concentration
of impurities was controlled by AICl; concentration in the feed solution,
HCI gas flow rate, temperature and concentration of phosphorus and
magnesium in the feed solution. Shanks!'*! reported later that
improvements were made by decreasing the initial leaching acid
concentration from 25 to 20%, decreasing the leaching time 1 to 2 hour
to 15 to 30 min eliminating the solvent extraction step for iron removal
and eliminating the step to recover the aluminum content of the bleed-
stream circuit.

Ozdemir and Cetisli""” studied the extraction kinetics of alunite in
sulfuric acid and hydrochloric acid in a batch reactor. The effects of
reaction temperature, acid concentration, particle size, calcination
temperature, calcinations time and acid/Al,O; molar ratio on the
extraction process were investigated. The calcination temperature was the
most important parameter affecting the extraction process followed by
reaction temperature. Other work reported in the literature on the
extraction of alumina from clay by hydrochloric acid treatment include
the work of Ziegenbalg et al.l'"> ') Poppleton and Sawyer!'® Eisele ez
al' 2" and Shanks, et al.'*!).

The aim of this paper is to investigate the possible manufacture of
alumina from local Saudi clays, which are extremely abundant in the
Kingdom, rather from the much scarcer bauxite. A bench scale study will
be carried out to investigate the extraction of alumina from local clay by
calcination and hydrochloric acid leaching of alumina. The effects of
leaching temperature, period of activation, acid concentration, particle
size acid to clay weight ratio and temperature and duration of calcination
on alumina extraction were investigated to recommend the most suitable
conditions.
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2. Materials and Method
2.1 Materials

The clay sample selected for investigation was a kaolinitic clay
obtained from Riyadh area (N: 24° 00°36™", E = 47° 44" 03™).

The chemical composition of the clay sample is given in Table 1.
The analysis of local clay was done at the Chemical & Materials
Engineering Department, College of Eng., KAU™,

Table 1. Chemical composition of the local kaolinitic clay.

Compound Natural local clay (%)
Si0, 47.25
AlLO, 29.4
Fe, O, 2.87
TiO, 1.17
MgO 0.35
CaO 0.59
K,0 0.17
Na,0 2.11
MnO <0.05
SO, <0.05
O <0.05
L.O.L 16.02

2. 2 Methods
2.2.1 Grinding

The average size of the diameter of the raw local clay sample was
about 2 to 3 inches. The clay sample was ground using a ball mill to —149
pm (100 mesh). The ground clay sample was placed on the sieve, and
then mechanically shacked for 5 min. The oversize was further ground
followed by sieving on the same sieve. The procedures were repeated till
the entire clay sample passed through the sieve.
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2.2.2 Calcination Experiments

Ground clay sample passing 100 mesh was subjected to calcination. A
muffle furnace (Carbolyte) with a maximum temperature of 1200°C was
used. The heating is carried out at 700°C for 1 h to activate the clay before
acid treatment, which is reported in some previous work to be the
recommended conditions for activation of local Saudi kaolinitic clays** >,

2.2.3. Acid Leaching Experiments

Five grams of the calcined clay sample passing 100 mesh were
leached using 3M hydrochloric acid for different periods of time (10-150
min) and at different leaching temperatures (25°C to boiling temperature)
using a constant temperature shaking water bath at a fixed shaking rate of
160 cycles/min and using boiling under reflux. By the end of leaching,
the resulting slurry was filtered to separate undissolved materials, washed
three times with 10 ml portions of distilled water. The filtrate and
washings were continued to a constant volume of 250 ml in a volumetric
flask. The resulting solutions were diluted, analyzed for aluminum ion
using solar MS Atomic Absorption Spectrophotometer'®’.

The effects of leaching period, leaching temperature, and acid
concentration on alumina extraction were investigated.

3. Results and Discussion
3.1 Effect of Extraction Time and Leaching Temperature

The effects of leaching time and temperature on the yield of alumina
extracted from —100 mesh clay sample calcined at 700°C for one hour
using 3M hydrochloric acid under different leaching temperatures
ranging from 25°C to boiling under reflux at fixed acid to clay weight
ratio of 10 are shown in Fig. 1. The figure shows that the percent of
extraction of alumina from the clay is approximately constant after one
hour at all leaching temperatures. Also, It shows that a relatively large
increase in the percentage extraction of aluminum oxide is observed with
increasing leaching temperature from 25°C to boiling temperature.
Therefore, a reaction time and temperature were selected to be one hour
and boiling temperature, respectively.
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Fig. 1. Effect of leaching time and temperature on alumina extraction at acid to clay weight
ratio of 1.

3.2 Effect of Acid Concentration

Results on the effect of varying acid concentrations from 1M to 6M
on dissolution of alumina are illustrated in Fig. 2. It indicates that
although alumina extraction increases with increasing acid concentration
up to a value of 3M, the percent of alumina extracted using an acid
concentration of 6M, however, decreases below that obtained at 3M acid
concentration. It is expected that the diffusion rates of AI"™" ions from
the solid to the solution increase as the concentration and diffusion of
hydronium ion rise, a maximum is reached at concentration of 3 M HCI.
The extraction rate at 6M HCI decreases. This may be due to the kaolin
structure collapsing at this concentration or may be due that A" species
blocking H" diffusion. Similar behavior was also observed in other
studies!'® 2241,

Maximum alumina extraction observed from this specific local clay
was still in the range of 31-32%.

3.3 Effect of Acid to Clay Weight Ratio

Results on the effect of varying acid to clay weight ratio on
dissolution of alumina are illustrated in Fig. 3.
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Fig. 2. Effect of leaching time and acid concentration on extraction on Al,O; extraction at
acid to clay ratio weight ratio of 10 and boiling temperature.
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Fig. 3. Effect of acid to clay weight ratio on alumina extraction at different acid
concentrations.
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The data presented indicate that increasing acid to clay weight ratio
from 4 : 1 to 8 : 1 increases the percentage of alumina extraction under
the same calcination and leaching conditions, followed by a slight
increase in the percentage of alumina extraction with increasing acid to
clay ratio to 10 : 1, and approximately no change in the percentage of
alumina extraction at higher ratios up to 15 : 1.

3.4 Effect of Particle Size of Calcined Clay

Figure 4 shows the effect of grain size of clay sample on the
percentage of aluminum oxides extraction. All samples were calcined at
fixed temperature of 700°C for a fixed period of one hour. Then the
calcined samples were leached by 3M HCI using acid to clay weight ratio
of 10 : 1 for one hour at boiling conditions under reflux and varying the
mesh number of the clay sample over a wide range between —8 and —200
standard Tyler screen mesh. Figure 4 indicates that grinding the clay
samples beyond —65 mesh has no significant effect on the extraction of
alumina from the local clay sample. Therefore, a grain size of —100
Taylor mesh was selected for further work.
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Fig. 4. Effect of particle size of calcined clay on alumina extraction using 3M HCI.



Extraction of Alumina from Local Clays by Hydrochloric Acid Process 37

3.5 Effect of Temperature and Period of Clay Calcination

To investigate the effect of calcination temperature and time on the
extraction of alumina, clay samples were calcined at different
temperatures ranging from 400 to 800°C, each for different periods of
time ranging from 5 to 120 minutes before leaching these —100 mesh
calcined clay samples for 1 our under reflux. Figure 5 shows that the
calcination temperature appears to be the most important parameter
affecting alumina extraction. Below a calcination temperature of 450°C
represent a negligible extraction zone exist. An active zone exists
between 500 and 600°C and another inert zone exists after about 650°C.
The alumina extraction yields increase from 17.02% to 62.94% over the
range of 400 to 600°C for a calcination period of 60 min. The decrease in
extraction beyond a calcination temperature of 600°C may be attributed
to a total dehydration of clay samples at 600°C and to the solid phase
transformation of alumina beyond 600°C. For this reason, the extraction
yield of alumina continued to increase up to 600°C after which, the yield
decreases. Similar behavior was also observed in previous studies!'> ** 7).
These data also indicate that in the temperature range up to 650°C,
alumina extraction yield increases with increasing calcination time,
whereas, at calcination temperatures higher than 650°C, the alumina
extraction yield decrease with increasing calcination time. This may be
attributed to a partial sintering of clay subjected to larger periods of
calcination at higher calcination temperatures. Therefore, the data shows
that a calcination temperature of 600°C for 1 h gives the optimum
conditions for alumina extraction from Ilocal clay samples. The
corresponding alumina extraction is 62.94%. Similar results were
observed by Ting!*¥.

4. Conclusion

Approximately 62.9% of alumina present in a local Saudi clay can
be extracted by calcination followed by a leaching step using
hydrochloric acid. The recommended extraction procedure is ‘a’ first
step calcination at 600°C for a period of one hour, followed by a leaching
step of the calcined clay after grinding and sizing to a 100 standard
Taylor screen. Leaching should be carried out using 3M solution of HCl
at boiling conditions under total reflux for a period of one hour using a
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: 1 liquid to solid weight ratio. Leaching this local clay sample under

theses conditions result in 62.94% extraction of alumina.
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Fig. 5. Effect of temperature and period of clay calcination on alumina extraction using

3M HCL
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