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Dilute acetic acid solutions have been used for the leaching of free carbonates contained in
Egyptian Abu Tartur phosphate rock by their partial acidulation from the rock.. Acetic acid
is a weak organic acid, which when applied to phosphate rocks containing free carbonates
as impurities under controlled experimental conditions , can react with the calcium
carbonate impurities found in the rock accompanied by a small attack on phosphate
minerals. The effect of acid concentration, its quantity measured as a percent of the
stoichiometric amount required to react with the carbonate, and the reaction time were
studied. It was found that upon treatment of ground Abu Tartur phosphate rock with dilute
acetic acid the % P20s can be raised to 28.6% from an original value of 25.6 % P20s with a
phosphate recovery of 97.2%. These results were obtained at certain experimental
conditions , which are an acid concentration 0.9 M , an acid quantity 60% of the
stoichiometric amount , and a reaction time of 30 minutes.
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1. Introduction

Phosphate rock is one of the abundant
and most important minerals in Egypt. It is
situated in different locations, namely Nile
Valley area, Western desert, Red sea shores,
and central Sinai [1, 2]. Phosphate rock is
considered as the basic raw material upon
which several important chemical industries
are established. An example of which is
phosphatic fertilizers and detergents. Owing to
the continuous consumption of high grade
ores, depletion of such ores necessitates the
consumption of lower grade ores containing
different quantities and types of impurities [3]
such as, free carbonates, silica, iron and
aluminium oxides and so on. Certainly
impurities will impose several problems during
the different stages of dealing with the rock in
industry. Therefore, impurities should be kept
as close to a minimum in the rock prior to its
processing. Thus a concentration step is
important.
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1.1. Some methods used for the concentration
of phosphate rock containing carbonate
impurities

The basic beneficiation technology of
phosphate rock consists of two steps, the
liberation, and separation. Liberation is
usually effected by size reduction or particle
detachment to create free particles of the
desired minerals so that they can be separated
by one of the following methods: calcination
[4-6], flotation [7-12], and leaching with dilute
acids [13-18].

In this study Abu Tartur phosphate rock
containing free calcium carbonate impurities
is concentrated by leaching off the fore
mentioned impurity using dilute acetic acid
solution.

1.2. Disadvantages of calcium carbonate
impurities

The presence of free carbonates in
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phosphate rocks usually requires additional
acidulent during the manufacture of
phosphoric acid and the superphosphates by
the wet process. In addition the carbon
dioxide produced during acidulation causes
more foaming and results in the production of
smaller size gypsum crystals that may bind
the downstream phosphgypsum filters and a
low quality phosphoric acid is produced. In
addition carbon dioxide also dirts the
equipment and pollutes the atmosphere. An
antifoam can be added but if carbon dioxide
exceeds a certain limit, it will have negative
effects on the economy of the whole process
[2].

1.3. Beneficiation of phosphate rock by acid
leaching

The idea of beneficiation of phosphate ores
by acid leaching is based on the fact that the
reactivity of the different minerals in
phosphate rock towards acids are not the
same; some minerals react more rapidly than
others. This phenomenon may be used to
selectively dissolve the impurities from the
rock leaving the phosphate matrix in the solid
residue.

The rate of reaction of calcium carbonate
impurities in phosphate rock with acids is
much higher than the rate of reaction of
tricalcium phosphate. This leads to the
conclusion that under controlled conditions of
acid concentration quantity and time of
contact, the calcium carbonate can be
removed from the rock with a very small loss
in phosphate.

Not all phosphate rocks have the same
potential for upgrading their phosphate values
by acid leaching of the carbonate impurities.
This mainly depends on the particular
composition of their apatite component, where
the degree of upgrading increases with
increasing the carbonate substitution in the
apatite composition.

Advantages of leaching off the carbonate
impurities with dilute acids:

Low energy consumption: it requires less
energy than does calcinations and slaking
The utilization of waste acids: It offers a
possible way of utilizing spent acid which
otherwise would pose a disposal problem

A smaller reactor volume in the
subsequent digestion: With a  partial
acidulation step prior to the full acidulation,
most of the calcium carbonate impurities
found in the phosphate rock are removed.
Hence excessive foaming during the full
acidulation is avoided and the chemical
reaction vessels volume requirements are not
large. In this way the added construction
costs and the rigorous control of the digester
are avoided.

1.4. Acid leaching of the carbonate impurities in
phosphate rocks with dilute acetic acid

Several studies [19-24] have been carried
out for the purpose of beneficiation of
phosphate rock using dilute acetic acid. It
has been found out that acetic acid is one of
the most promising leaching agents used for
partial acidulation. The reaction between
acetic acid and calcium carbonates can be
written as follows;

CaCOs+ 2CH3COOH = Ca(CH3COO0)2+CO2+H20

The carbon dioxide is evolved as a gas
while the calcium acetate is highly soluble,
and can be removed by filtration from the
solid phosphate residue.

2. Experimental procedure

Abu Tartur phosphate rock was finely
ground until the whole sample passed through
150 um sieve. The ground phosphate rock was
thoroughly mixed so that each amount taken
as a sample to carry an experiment on it
would represent a representative sample.

The representative samples of the ground
phosphate rock were dried in an electric oven
at 110 °C for 24 hours, cooled and then stored
for further use. This phosphate rock was
analyzed for P,Os, CaO , and acid insolubles.

A 2 gram sample of this finely ground
phosphate rock was put in a 100ml. beaker
containing dilute acetic acid of known
concentration and quantity. The reaction
mixture was agitated using a mechanical
stirrer at a low speed for a predetermined
time. After which the mixture is filtered on a
sintered glass, washed several times with
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distilled water to remove any soluble
materials. The washings are added to the
filtrate. The washed solid residue was then
dried in an electric oven at 110 °C until a
constant weight is obtained. The filter cake
was analyzed for the P»Os content and the
combined filtrate and washings were analyzed
for the lost P2Os.

3. Results and discussion
3.1. Effect of acid concentration

3.1.1. Effect on the % P20s recovery

As seen in figs. 1-5 that at lower acetic
acid concentrations, there is a greater chance
for the reaction between the tricalcium
phosphate and the acetic acid leading to lower
values of P;Os recoveries, but as the
concentration of the acid increases, the
polarity of the OH bond will increase leading
in a decrease in the acid reaction with the
phosphate with a corresponding increase in
the % P»Os recovery.

3.1.2. Effect on the %P20s in the treated rock

As seen from figs. 6-10, that at lower
acetic acid concentrations, there is a greater
probability of the reaction between calcium
carbonate and the acetic acid with a result of
an increase of the P;Os grade in the treated
rock. Then as the concentration of the acetic
acid increase there is a corresponding
increase in the polarity of the OH group, the
acid will react with the calcium carbonate to a
lesser extent and hence more calcium
carbonate will remain with the solid residue
remaining after the experiment, and therefore
the P;0s grade in the treated rock will
decrease again.

3.2. Effect of acid quantity

The quantity of acetic acid used calculated
as a percent of the stoichiometric amount
required to react with calcium carbonate is
considered as the most important factor influ-
encing the acid leaching process of the
carbonate impurities.

3.2.1. Effect of acid quantity on the % P20s
recovery

As shown in figs. 1-5, the increase in the
quantity of acid added during partial
acidulation, leads to decrease in % P20Os
recovery. This can be explained as follows. As
the quantity of the acid increase, there is a
greater chance of its reaction with the
tricalcium phosphate found in the phosphate
rock leading to greater P,Os losses with a
result in the decrease in the % P20Os recovery.

This happens because the reaction of the
acid with the phosphate rock begins at the
surface of the phosphate rock particles, and
as the quantity of the acid increase it begins
to penetrate to the inner layers leading to
increased attack of acetic acid on tricalcium
phosphate, and hence more P»Os losses.

3.2.2. Effect of acid quantity on the % P20s in
the treated rock

As shown in figs. 6-10, that as the
quantity of the acid increases from 40%-60%,
there is an increase in the P;Os grade in the
treated rock. A further increase in the
quantity of the acid leads to more P,Os losses
with a corresponding decrease in the P»>Os in
the treated rock.

3.3. Effect of time of reaction

3.3. 1. Effect of reaction time on the % P20s
recovery, and on the %P20:s in the treated
rock

It can be deduced from the figs. 1-10, that
as the reaction time increase, the P,Os content
in the concentrate increase, then decrease
then increase again. This is due to the fact
that dilute acetic acid can react with the
calcium carbonate and tricalcium phosphate
in two parallel reactions, but the rate of
reaction of the dilute acetic acid with the
calcium carbonate is much more quicker than
the rate of reaction of the acid with the
tricalcium phosphate. Therefore calcium
carbonate dissolves faster in the early stages

of the reaction, and on longer contact i.e at 15

and 20 minutes the acid reacts with the

tricalcium phosphate forming monocalcium
phosphate which is soluble and can be easily
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Fig. 2. Effect of acetic acid concentration on % P20s
recovery, (time = 10 min).
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Fig. 4. Effect of acetic acid concentration on % P20s
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Fig. 10. Effect of acetic acid concentration on % P20Os in
treated rock (time = 30 min).

lost in the filtrate, which leads to a decrease in
the % P,0s grade and %P»Os recovery. But as
the contact time increase further to 30
minutes dicalcium phosphate forms (denning

phenomena) which is not soluble in the filtrate
with a corresponding decrease in the P2Os
losses which leads to the increase in the
%P20s grade in the treated rock and also an
increase in the %P;0s recovery.

4. Conclusions

Abu Tartur phosphate rock can be
beneficiated by leaching it with dilute acetic
acid. This is due to the fact that dilute acetic
acid used in leaching has the ability to react
with the calcium carbonate impurity found in
the phosphate rock while its attack on the
tricalcium phosphate is small. The calcium
acetate formed is highly soluble and can be
removed by filtration, leaving a solid residue
enriched in the phosphate.

The factors that were studied and were
found to have an effect on the leaching
process were:
1-Acid concentration
2-Reaction time
3-Quantity of the acid as a percent of the
stoichiometric amount required to react with
the carbonate.

It was found that the best conditions for
the leaching process according to this study
were an acid concentration of 0.9 M, reaction
time of 30 minutes, and an acid quantity of
60% of the stoichiometric amount required to
react with the calcium carbonate at room
temperature.
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