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ABSTRACT
The present invention relates to a process for the preparation of solutions of alumi-
num salts, characterized in that an alurmninate of an alkali metal and/or alkaline

earth metal is dissolved in an acid sclution for the formation-of-a solution
which 1s used as such or is diluted to a suitable concentration,
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The following statement is a full description of this
invention including the best method of performing it known to
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DESCRIPTION
Technical field

The present invention relates to a process for purifying

water.

The object of the present invention is to obtain a rational
and cost efficient process for purifying water, involving the

use of certain aluminates and inorganic acid materials.

Background of the invention

In purification of water, different types of aqueous solutions of metal salts, such as
aluminum sulphate, aluminum chloride, ferri chloride, and the similar are used. The
basic polysaits of aluminum chloride and aluminum sulphate or mixed aluminum-
ferri chloride are in this case particularly efiective and of interest. Common to all
processes for the manufacture of such solutions are that they all require high tem-
peratures and concentrated acids in order to have the dissolution and reaction with
the minerals, which are the source of the metal salts, to run with a reasonable
speed. Due 1o these process parameters all equipment has to be made of corrosion
resistant materials, as well as the equipment materials shall all be able to resist
high pressures in those cases an elevated pressure is used to spaed up the pro-
cess.

Further the process capacity of the plants is imited due te the fact that the reaction
time is long, two hours being the shortest time, and is hereby due fer the more
simple products, such as aluminum sulphate and aluminnum chloride. More
advanced products, such &s the basic salt solutions require a longer time and e.g.,
polyaluminum chloride-sulphate requires 6 hrs at 160°C ‘o be produced.

There Is thus a well grounded demand for obtaining better processes which can
increase and cost-reduce the production of such aluminum and ferri salt solutions,
in particular since the world community today requires increased. water purification
of economically weak nations and communities as well,
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Description of the present invention

In accordance with the invention, there is provided a process
for purifying water comprising the steps of forming a
solution from an aluminate and an acid in the absence of any
oxidant, wherein the aluminate iz selected from the group
consisting of calcium aluminate and magnesium aluminate and

the acid is selected from the group consisting of an
inorganic acid, including residual acids, and aluminum
chloride, whereby a solution of a basic polyaluminium salt is

‘formed; and subseguently treating impure water with the
solution.
As starting material for the present process,solid alkali aluminates, such as portland
cement like minerals of the type CIMENT FONDU, calcium-aluminum-iron-titanium-
silicate cemant, can be used. These cement types having high aluminum contents
are commercially available and the production thereof is well known. See for
example The Chemistry of Cement and Concrete by F.M. Lea, E. Arnold (Publi-
shers) Ltd. 3rd ed. pp 480-527. These ¢cements contain typically 30 to 75 % of
Alo(Q3. They are produced by heating aluminum containing minerals, such as bau-
xite and aluminum hydroxide with calcium carbenate, whereby carbon dioxice is
released and the cement is formed. This is then ground to a fine powder for further
use. These types of cement are usually used for applications which shall resist high

temperatures.

It has now turned out that these cements dissolve immediately in diluted acids,
such as 10-15 % hydrochieric acid in an extremely short time, and that the com-
pounds obtained have the same properties as those prepared in a conventional
way. Thus a cement fondu comprising 40 % Ai2QO3 dissolves in 15 % hydrochleric
acid within § minutes without any addition of heat and at atmospheric pressure,
whereby a mixed pelyaluminum chleride, a so called PAX, having 75 % Dbasicity is
obtained. Furthermare, the product showed improved properties In flocculating
tests, which properties were superior to the properies of conventionally produced

procucts of polyaluminum chiaride having the same basicity.

Solid aluminates, such as cement fondu or sintered aluminates can be produced
using different starting alkali metals or alkaline earth metals, such as calcium,
magnesium, and sodium. The aluminates can be produced by sintering or melting
a mixture of alumium hydroxide and suitable salts of caleium, magneéium and
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sodium, Hereby the oxides or carbonates are preferably used. Other methods for
the production of alkali aluminates are known, as well.

The present invention is not restricted to the use of ciment fondu, but other solid
aluminates preduced in a different way can be used in the same way.

Example 1

A calcium aluminate cement obtained from LaFarge Fondu International, 157, Av.
Charles de Gaulle, F-82521 Neuilly-sur-Seine, France was used for dissolution.
The cement had a typical composition as follows:

Al2Q3 50 %

Ca0 40 %

FesCq4 17 %

25 grammes of this cement was mixed with 100 g of 16 % hydrochloric acid having
a temperature of 10°C. After about 5 min. the reaction had ceased. The solution
now contained a polyaluminum-ferri chloride having

4.95 % Al

1.7 %Fe

Basicity 65 %.

Example 2

For the preparation of a calcium aluminate, alumium hydroxide was mixed with
calcium oxide or calcium carbonate in a molar ratio of 0.30 to 2.0:1 of
calcium:aluminum, whereupon sintering was carried out at 1000 to 1400°C for 0.5
to 2.5 hrs. Sintering can be carried out at a temperature of 700 to 1900°C, whereby
the time for completing the sintering is changed ccrrespondingly.

Di.ssolution of sintered aluminate

10 g of calcium aluminate having a mol ratio Ca:Al of 1.0:1 were mixed with 37 g of
37 % hydrochloric acid whereby a complete dissolution was obtained within 5 min,
The dissolution provided a polyaluminum solution having an Al content of 5.5 %
and a molar ratio OH/Al = 1.5, i.e. a basicity of 50%.

10 g of calcium aluminate having the molar ratio Ca:Al 0.5:1 were mixed with 38 g

3




of 37 % hydrochloric acid, which provided a polyaluminum selution having an Al
content of 6.3 and a molar ratio OH/Al = 1.19, i.e. a basicity of 40%.

Example 3

5 Calcium and magnesium aluminates, respectively can be produced in different
ways. Thereby one can add aluminum hydrexide and a salt of calcium or magne-
sium to sodium hydroxide, whereupon the mixture is boiled for 1 to 6 hrs. The
aluminate formed precipitates and is fiitered off. Alternatively, a calcium salt or
magnesium salt can be added to a hot or cold sodium aluminate solution whereby

10 an aluminate of calcium or magnesium precipitates which can be filtered off. In both
cases thers is an excess of aluminum present in the solution.

Dissolution of aluminate produced according to a wet methed

10 g of calcium aiuminate having a molar ratio Ca:Al = 1.5 were dissoived In 25 g of
15 37 % hydrochloric acid which provided a pelyaluminum solution having an alumi-

num content of 4.4 % and a molar ratic OH/Al = 1.6, i.e. a basicity of 53%.

For the dissolution of solid aluminates different incrganic acids can be used, such
as HC!, HNO3, H2804, in order to provide different coagulants, i.e. flocculating

: 20 agents for the purification of e.q. sewage water. But also an aluminum chloride
solution, which is acidic, can be used for the preparation of the aluminum solutions
from the aluminate, whereby it is obtained that the aluminum content and the
basicity can be further increased. The efficiency of a coagulant is dependent of the
basicity of the solution. The desire to reach high contents of aluminum is mostly

.+:*. 25 dependent on transport economical reasons.

cerens By means of the present invention acids having lower concentrations than usual
can be used, which is of importance as such acids are consicerably more safer to
handle, produce considerably smaller impact on the environment at the dissolution
30 and furthermore they have a much lower price. Thus residual acids fram the
- pickling of metal objects can be used. Hereby such acids very often contains iron
and aluminum which means that these residual products can be reclaimed. Today
such acids are commercially completely unprofitable and be obtained for a small
cost as no use for these acids is at hand and as they are a waste problem for the
35 industry.




For the precipitation of impurities in the purification of

3

water, solutions having a concentration of 1 to 2 % of Al are

used.
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The claims defining the invention are as follows:

1. A process for purifying water comprising the steps of
forming a solution from an aluminate and an acid in the
absence of any oxidant, wherein the aluminate is selected
from the group consisting of calcium aluminate and
magnesium aluminate and the acid is selected from the group
consisting of an inorganic acid, including residual acids,
and aluminum chloride, whereby a solution of a basic
polyaluminium salt is formed; and subsequently treating

impure water with the solution.

2. The process of claim 1 wherein the aluminate is

comprised in a cement.

3. The process of claim 1 wherein the aluminate has a

ratio of alkali/Al greater that 0.3.

4, The process of claim 1 wherein the aluminate is

prepared according to a wet process.

5. The process of claim 1 wherein the acid is an inorganic

acid.

6. The process of claim 1 wherein the acid is a residual

acid.

7. The process of claim 1 wherein the acid is at least 10%

HCI.

8. The process of claim 1 wherein the acid is an acidic

golution of aluminum salt.

9. The process of claim 1 wherein the solution is formed

without the addition of heat.

1¢. The process of claim 1 wherein the solution is formed

at atmospheric pressure.




11. The process of c¢laim 1, substantially as hereinbefore
described with reference to any one of the practical

Examples.

12, Purified water when obtalned by the process of any one

5 of claims 1 to 11.
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