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WO 2007/057521 PCT/F12006/050503

Method for removing substances from aqueous solution

Field of the invention

The present invention relates to methods and the use of compositions for remov-
ing substances from aqueous solution wherein the pH of said solution is raised
from acidic to basic. More particularly the present invention relates to removal of
metals and heavy metals from waste waters.

Background of the invention

The contamination of water, such as waste waters or natural waters (groundwater
or surface water) has become a major concern in many countries. Several water
treatment processes and methods are employed to remove certain types of sub-
stances contaminating the water. Generally water treatment is important in several
industrial processes where water contaminating substances, such as metals or
heavy metals, are produced. One example of such contaminant is copper which is
produced e.g. in processes of preparing printed circuit boards. In such process
complex waste containing complex forming agents and other organic compounds,
such as solvents, inks, developing solutions, amines, surfactants etc. together with
heavy metals, such as copper or lead, are produced. Such waste is toxic and diffi-
cult to process.

Several methods for treating water to remove contaminants are known, such as
treatment with coagulants or flocculants.

Certain methods comprise steps of adjusting the pH of the water or the solution to
be treated. In the first step the pH of the solution is acidic (or it is adjusted to be
acidic) and in the subsequent step the pH is raised to basic area. If there are com-
plexed substances to be removed, they are displaced in the acidic solution by
added ferric ions and precipitated in the step of raising the pH. Generally in these
methods ferric ions are used to aid the removal of desired substances from the so-
lution.

GB 2 292 378 A discloses a method for treating an effluent containing both com-
plexing agents and potentially toxic heavy metals, said method comprising the
steps of adjusting the pH of the effluent to below 4, and adding ferric ions to a mo-
lar concentration greater than that of all other heavy metals present in the effluent;
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then leaving the effluent for a period long enough for displacement by ferric ions of
other heavy metals from complexes to occur; then raising the pH to at least 10;
and then separating any precipitates from the treated effluent. In the examples the
method is used for removing copper and nickel.

US 4 802 993 discloses a method of treating liquid wastes containing heavy metal
chelate compounds. The pH of liquid waste is adjusted to 4 or less, adding at least
one heavy metal ion, such as Fe3* or Fe?*, adjusting pH to 9 or more with base
containing Ca?* and flocculating to precipitate the resulting heavy metal hydroxides
by using flocculant and then separating them. It is specifically stated that if the pH
value is less than 9, chelates of heavy metals other than copper may remain or
copper chelate is formed again to reduce the heavy metal and COD removal rates.

US 6 238 571 discloses a similar method wherein a source of ferric ions and a
source of ferrous ions is introduced into the solution and the pH is adjusted to a
value greater than about 10. In said reaction wide range of ferrites with varied
properties are formed, such as (FeCu)O-Fe,O5; when copper is treated.

There is still need for simple, economical and efficient methods and materials for
water treatment to remove or recover substances from aqueous solutions. Further,
the corrosion problems related to the use of certain compounds should be
avoided. Also the recovery of the precipitate formed should be easy.

It is an object of the present invention to provide methods which are efficient when
compared to methods using compositions containing only Fe3* or Fe3* and Fe?* to
remove substances from solutions by methods where the pH of the solution is
raised from acidic to basic as described herein. It is also an object of the present
invention to provide such methods which are substantially non-corrosive and
which do not necessarily require such high pH's as generally are used.

Summary of the invention

The present invention is based on the discovery that a composition containing Fe3*
and Mg?* as sulfates is efficient for removing substances, such as metals or heavy
metals, from aqueous solution by methods where the pH of the solution is raised
from acidic to basic.

Such compositions and methods for preparing thereof by mixing Fe3* with Mg?* in
an agueous solution are described herein.
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One aspect of the present invention provides a method for removing substances
from aqueous solution having pH below 3 comprising raising the pH to range of
5.5-12. Composition described above is added to the solution to settle said sub-
stances. Generally pH's as high as 12 or even over 10 are not required when Mg2*
is used together with Fe3*. pH of 9 or less is enough and this saves chemicals
needed for the adjustment of the pH.

Another aspect of the present invention provides the use of said composition for
removing substances from aqueous solution with said method.

The solution to be treated with the composition or by the method of the invention
comprises substances, such as heavy metals or other contaminants or impurities.
The substances may be in the form of a complex with any complex forming agent.
Preferably said substances are 2-valent metal ions. Examples of said substances
are Cu, Ni, Zn, Co and Pb.

Detailed description of the invention

The present invention provides a method for removing substances from aqueous
solution having low pH, preferably below 3, said method comprising raising the pH
to the range of 5.5-12, wherein the composition described herein containing Fe3*
and Mg?* as sulfates is added to the solution before raising the pH, to settle said
substances. Generally the pH is raised to pH 9 at maximum, the range of 5.5-9
being preferred and range of 7.5-9 is more preferred.

Said Fe3* and Mg2* are substantially present as sulfates. The benefit of the sul-
fate-based coagulant solution is that it causes significantly less corrosion problems
compared to e.g. chloride-based solution. It was also surprisingly discovered that
the removal of the insoluble precipitate is also faster and easier when sulfate-
based composition is used. As the precipitate is usually separated mechanically,
for example by filtering, the precipitate formed when using sulfate-based composi-
tion is more dry after the separation and therefore less waste will be formed.

"Aqueous solution" as used herein refers to any solution containing water. Pref-
erably said aqueous solution is any solution containing sufficient amount of water
phase to be used in the current invention. Said aqueous solution may be for ex-
ample water, groundwater, waste water, industrial water, sludge or solids suspen-
sion, pulp suspension or any other suitable aqueous solution. One specific non-
limiting example of said solution is a waste water from electronics industry contain-
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ing complexed copper, such as the waste water from processes of preparing
printed circuit boards.

In the beginning the pH of the solution must be low. In one embodiment of the
method the pH of the aqueous solution has been adjusted to below 3. In still an-
other embodiment said composition is added to adjust the pH to below 3. Since
the composition itself is acidic it may be sufficient to add the composition to the
aqueous solution to adjust the pH. In this case the step of separately adjusting the
pH can be omitted. If this is not sufficient, the pH may be adjusted using any suit-
able acidic agent, such as sulfuric acid. The pH used in the beginning is generally
in the range of 0.8-2.2.

In still another embodiment said composition is added before the pH is adjusted to
below 3. In still another embodiment said composition is added after the pH is ad-
justed to below 3. It is preferred to add the composition to solution already having
the pH below 3 to ensure the most efficient function of the composition. Subse-
quent raising of the pH then leads to the precipitation of iron and impurities. The
pH may be raised using any suitable basic agent, such as NaOH, sodium carbon-
ate or sodium aluminate.

The residence times generally used are in the range of 5-60 minutes at the pH be-
low 3 and 5-60 minutes at the higher pH.

In one embodiment said method further comprises the step of adding flocculating
polymer to the solution having the pH in the range of 5.5-12. In industrial scale the
use of flocculating polymer may be especially advantageous to speed up the pre-
cipitation in large tanks used. Said flocculating polymer may be anionic poly-
acrylamide, cationic polyacrylamide, non-ionic polyacrylamide or combinations
thereof or any other suitable polymer. A person skilled in the art can define the
amounts of flocculants to be used. Generally flocculating polymer may be added
e.g. in amounts ranging from 0.4 to 5 ml/l of 0.2% polymer solution.

The substances to be removed or recovered from the aqueous solution refer to
any suitable substances present in said solution. Such substances may be harmful
or beneficial substances, for example contaminants, reaction products or by-
products. Non-limiting examples of said substances are elements and compounds
thereof, such as inorganic compounds, organometallic compounds, organic com-
pounds, metals and heavy metals in their different oxidation states and the like. In
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one embodiment of the present invention said substances comprise Cu, Ni, Zn, Co
or Pb or combinations thereof.

Said substances may have been complexed with a complex forming agent, such
as monoethanolamine, ethylenediamine, diethylenetriamine, or any other complex-
ing agent capable of complexing 2-valent metal ions, such as EDTA. Said com-
plexes may have been formed e.g. in industrial processes or the like as described
above.

Coagulation is the destabilization of colloidal particles brought about by the addi-
tion of a chemical reagent known as a coagulant. Fine particles in a suspension
collide with each other and stick together. Usually the particles are brought near to
each other by Brownian motion or by flow (Water Treatment Handbook, Vol 1 and
Vol 2, 1991, Degremont). Generally coagulant is an inorganic (anion/cation) or or-
ganic (polyelectrolyte) chemical, which neutralizes the negative or positive surface
charge (destabilization) of the impurities, such as colloidal particles. As used
herein "coagulant" refers to the composition containing Fe3* and Mg?* as de-
scribed below.

The molar ratio of Fe3* to Mg?* may be in the range of 0.5-4.0. In one embodiment
said ratio is in the range of 0.5-2. In still one embodiment said ratio is in the range
of 0.5-1 .2. Generally the composition is acidic in aqueous solution and it has less
than 2% (w/w) of free H,SO,. Also, the molar ratio of OH to Fe in aqueous solution
is generally less than 0.15. To keep the composition stabile this ratio should be
close to zero. The composition may be provided for use as solid or as agqueous so-
lution.

The amount of composition to be used may vary depending on the concentrations
of the substances to be removed. For example to water containing 10-30 mg/l of
copper and 2-5 mg of nickel about 1-5 kg/m3 of the composition of the invention
may be used. A person skilled in the art can define the suitable amounts and con-
centrations of the compositions.

Generally the composition to be used may contain Fe3* in the range of 1-7%
(w/w), preferably 3-7% (w/w) and more preferably 5-7% (w/w). The concentration
of Mg2* may be in the range of 1-3% (w/w), preferably 2-3% (w/w) and more pref-
erably 2-2.5 % (w/w). Said ranges are examples of economically reasonable con-
centrations, but technically e.g. more dilute concentrations may work as well. Pref-
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erably the ratio of said Fe3* and Mg?2* concentrations is within the range of 0.5-4
as defined above.

One embodiment of the present invention provides the composition described
above, said composition being obtainable by one of the following reactions:

(1) Fe,(SO,;+ MgO + H,SO, + H,0,

(2) Fe,(SO,);+ Mg(OH), + H,SO, + H,0,
(3) Fe,(S0,);+ MgCO, + H,SO, + H,0, or
(4) Fe,(SO,)g+ MgSO, + H,0

One embodiment of the present invention provides a method for preparing said
composition for removal of substances from aqueous solution by mixing Fe3* with
Mg2* in an aqueous solution. This may be carried out by any of the reactions (1) to
(4) described above and the components of said reactions may be added in any
possible order. Non-limiting examples of magnesium salts useful in said reaction
(4) are anhydrous MgSO ,, MgSO ,-H,0 (Kieserite) and MgSO ,-7H,0O (Epson salt).
When using said reactions Mg?2* bases, such as MgO, are used for preparing the
coagulant. In the final composition the magnesium is substantially present as sul-
fate but not as a base, such as MgO.

One embodiment of the present invention provides the use of the composition de-
scribed for removing substances from aqueous solution. This may be carried out
by any of the methods described herein wherein the pH of an acidic solution is
raised and the composition of the present invention is added. The embodiments
described above are all applicable to the use of said composition.

Examples

The following examples are provided to show some non-limiting methods for pre-
paring the compositions of the present invention. It should be noted that in indus-
trial scale production some steps, such as the step of adding magnesium oxide,
may take longer time than described in the examples, such as 1-2 hours more.

Example 1. The preparation of the composition of the invention

21.4 g of magnesium sulfate (MgSO ,-7H,0) was added by stirring to 46.4 g of
aqueous ferric sulfate solution containing 11.0% of Fe3*. 32.2 g of 200C water was
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added and stirred for 2 hours. The mixture was filtrated through MN 640 filter pa-
per and the solution was stored in room temperature. The composition contained
5.1% (w/w) of Fe3* and 2.1 % (w/w) of Mg2*. The Fe3*: Mg2* molar ratio was 1.06.

Example 2. The preparation of the composition of the invention

25.5 g of magnesium sulfate (MgSO ,-7H,0) was added by stirring to 36.4 g of
aqueous ferric sulfate solution containing 11.0% of Fe3*. 38.1 g of 200C water was
added and stirred for 2 hours. The mixture was filtrated through MN 640 filter pa-
per and the solution was stored in room temperature. The composition contained
4.0% (w/w) of Fe3*and 2.5 % (w/w) of Mg2*. The Fe3*: Mg2* molar ratio was 0.7.

Example 3. The preparation of the composition of the invention

27.6 g of magnesium sulfate (MgSO ,-7H,0) was added by stirring to 30.0 g of
aqueous ferric sulfate solution containing 11.0% of Fe3*. 42.4 g of 200C water was
added and stirred for 2 hours. The mixture was filtrated through MN 640 filter pa-
per and the solution was stored in room temperature. The composition contained
3.3% (w/w) of Fe3* and 2.7% (w/w) of Mg2*. The Fe3+: Mg2* molar ratio was 0.54.

Example 4. The preparation of the composition of the invention

54.7 g of 93% sulfuric acid was added to 300 g of aqueous ferric sulfate solution
containing 10.5% of Fe3*. The temperature of the solution increased to 47°C.
20.75 g of magnesium oxide was added to the solution during 10 minutes and the
temperature further increased to 819C. Finally 168 g of water was added quickly
and the temperature decreased to 649C. The mixture was filtrated through MN 640
filter paper and the solution was stored in room temperature. The composition con-
tained 5.8% (w/w) of Fe3* and 2.3% (w/w) of Mg2*. The Fe3*: Mg2* molar ratio was
1.10.

Comparative example 1. The preparation of a composition containing Fe3*
and Fe?

9.5 g of ferrosulfate (FeSO,-7H,0) was added by stirring to 51.8 g of aqueous fer-
ric sulfate solution containing 11.0% of Fe3+*. 38.7 g of 209C water was added and
stirred for 2 hours. The mixture was filtrated through MN 640 filter paper and the
solution was stored in room temperature. The composition contained 5.7% (w/w)
of Fe3*and 1.9% (w/w) of Fe2*. The Fe3*: Fe2* molar ratio was 3.0.
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Example 5: Comparison of different compositions

Waste water containing heavy metals and complex forming agents having the
copper content of 140 mg/l was treated with the compositions described in the
previous examples. Dosages of different compositions containing certain concen-
trations (w/w %) of Fe3*, Mg2* and Fe2* as shown in table 1 were added to 500 ml
portions of solutions having pH of about 0.8, stirred for 30 minutes and the pH of
the solution was raised to about 9 with solution of NaOH. Each solution was fur-
ther stirred for 5 minutes and the precipitate was left to settle for 10 minutes. Al-
most clear liquid phase was filtered through 1.2 pm membrane. Copper concentra-
tions and pH were determined as shown in table 1. The rise of pH only and rise of
pH combined with addition of ferric sulfate only as well as composition containing
both Fe3* and Fe2* were used as references. As seen in the table 1 all three com-
positions according to the present invention yielded significantly better results than
the rise of the pH alone or the use of coagulants containing only iron.

Table 1. Comparison of removal methods

Experiment Fe* | Mg |Fe®™ |Fe®/Me*™ |dosageof |[final |Cu
w/w % | wiw % | wiw % | molar ra- | composition | pH mg/|
tio g/l

rise of pH 8.75 | 2.1
ferric sulfate 11.8 0.93 8.60 (2.2
solution

Comparative 5.7 1.9 3.0 1.51 8.77 | 1.6
example 1

Example 1 5.1 2.1 1.06 1.89 9.00 | 1.0
Example 2 4.0 2.5 0.70 1.18 8.75 | 1.1
Example 3 3.3 2.7 0.54 1.41 8.88 | 1.1

Example 6: Flocculant

Contaminated water having pH of 2.2 contained 26 mg/l of complexed copper and
2.9 mg/l of nickel. 2.5 g/l of composition containing 5.8% (w/w) of Fe3* and 2.3%
(w/w) of Mg2*+ was added to the water and mixed 10 minutes. After this the pH was
raised to 8.2 with sodium hydroxide and mixed 10 minutes. Then 0.4 ml/l of Fen-
nopol A305 flocculating polymer solution was added (concentration 0.17% wi/w)
and mixed 10 minutes, floe was let to settle to the bottom and Cu and Niwere ana-
lyzed from the liquid phase. Both were below the detection limit 0.1 mg/I.
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Claims

1. A method for removing substances from aqueous solution having pH below 3
wherein the pH is raised to the range of 5.5-12, characterized by adding compo-
sition containing Fe3* and Mg?2*+ as sulfates to the solution before raising the pH, to
settle said substances.

2. The method of claim 1, characterized in that the molar ratio of Fe3* to Mg?*
is in the range of 0.5-4.0.

3. The method of claim 2, characterized in that the molar ratio of Fe3* to Mg2*
is in the range of 0.5-1 .2.

4. The method of any of the preceding claims, characterized in that said com-
position is obtainable by one of the following reactions: Fe,(SO,); + MgO + H,SO,
+ H,0, Fe,(SO,); + Mg(OH), + H,SO, + H,0, Fe,(SO,); + MgCO, + H,SO, + H,O
or Fe,(SO,); + MgSO, + H,0.

5. The method of any of the preceding claims, characterized in that the pH is
raised to the range of 5.5-9.

6. The method of any of the preceding claims, characterized in that the pH is
raised to the range of 7.5-9.

7. The method of any of the preceding claims, characterized in that the pH of
the aqueous solution has been adjusted to below 3.

8. The method of any of the claims 1-7, characterized in that said composition
is added after the pH is adjusted to below 3.

9. The method of any of the claims 1-7, characterized in that said composition
is added before the pH is adjusted to below 3.

10. The method of any of the claims 1-7, characterized in that said composition
is added to adjust the pH to below 3.

11. The method of any of the preceding claims, characterized by further com-
prising the step of adding flocculating polymer to the solution having the pH in the
range of 5.5-12.
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12. The method of claim 11, characterized in that said flocculating polymer is
anionic polyacrylamide, cationic polyacrylamide, non-ionic polyacrylamide or com-
binations thereof.

13. The method of any of the preceding claims, characterized in that said sub-
stances to be removed comprise Cu, Ni, Zn, Co or Pb or combinations thereof.

14. The method of any of the preceding claims, characterized in that said sub-
stances have been complexed with complex forming agent.

15. The method of claim 14, characterized in that said complex forming agent is
monoethanolamine, ethylenediamine, diethyienetriamine, EDTA or any other com-
plexing agent capable of complexing 2-valent metal ions.

16. Use of composition containing Fe3* and Mg?* for removal of substances from
aqgueous solution with the method of any of the preceding claims.
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