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(57) L’invention porte sur un procédé de préparation, a
partir de fer ferreux, de produits chimiques de traitement
de l’eau sous forme de solutions contenant du fer
ferrique, sur un intermédiaire granulaire ainsi obtenu, et
sur 1’utilisation des produits finaux du procédé. Selon le
procéde, un matériau de départ contenant du fer ferreux
en solution aqueuse et d’éventuelles impuretés est oxydé
a haute température ce qui produit un composé ferrique
pratiquement pur qui précipite, et une phase de solution
qui contient lesdites impuretés. L’idée essentielle de
I’invention est de conduire la précipitation de maniere a
ce qu'une partie du fer ferrique précipite sous la forme de
gocthite [FeO(OH)], ou, en présence d’ions sulfate, sous
la  forme de jarosite & ion  hydronium
[H3OFe3(OH)6(SO4)2], alors qu'une partie du fer

ferrique subsiste sous la forme d’un composé ferrique
hydrosoluble dans la phase solution. Les matériaux de
départ adéquats peuvent étre du sulfate ferreux non pur
et des solutions de décapage contenant du chlorure
ferreux. Le composé ferrique pur précipité peut étre
ensuite séparé par filtrage ou bien la boue peut étre
transformée en granulés de maniére a former un produit
intermédiaire solide pouvant par la suite étre
retransformé en boue aqueuse dont le composé ferrique
pur peut étre séparé par filtrage. Le composé ferrique pur
une fois dissous dans un acide peut servir de coagulant
pour la purification de I’eau potable tandis que la phase
solution peut servir de coagulant pour le traitement des
eaux usees.

I*I Industrie Canada  Industry Canada

(57) The invention relates to a process for the
preparation, from ferrous iron, of solution-form water
treatment chemicals which contain ferric iron, to a
granulated intermediate product obtained in the process,
and to the use of the end products of the process. In the
process, a raw material which contains ferrous iron in the
form of an aqueous solution and possibly impurities is
oxidized at an elevated temperature so that a
precipitating, substantially pure ferric compound and a
solution phase which contains the said impurities are
obtained. The essential idea of the invention is that the
precipitation is conducted in such a manner that part of
the ferric iron precipitates in the form of goethite
FeO(OH) or, in the presence of sulfate ions, in the form
of hydronium jarosite H3OFe3(OH)6(SO 4)2, while part

of the ferric iron remains as a water-soluble ferric
compound in the solution phase. Suitable raw materials
include impure ferrous sulfate and pickling solutions
which contain ferrous chloride. The precipitated pure
ferric compound can further be separated by filtration or,
alternatively, the slurry can be granulated to form a solid
intermediate product and be later reslurried in water,
whereupon a pure ferric compound can be separated by
filtration. The pure ferric compound is dissolved in an
acid, whereupon it is suitable as a coagulant for the
purification of drinking water, and the solution phase is
suitable as such as coagulant for the treatment of waster
water.
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(54) Title: PROCESS FOR THE PREPARATION OF WATER PURIFICATION SOLUTIONS CONTAINING FERRIC IRON AND

THE USE OF THE PRODUCT AS OF OBTAINED

(87) Abstract

The invention relates to a
process for the preparation, from
ferrous iron, of solution-form
water  treatment  chemicals
which contain ferric iron, to a
granulated intermediate product
obtained in the process, and
to the use of the end products
of the process. In the process,
a raw material which contains
ferrous iron in the form of an
aqueous solution and possibly
impurities is oxidized at an
elevated temperature so that a
precipitating, substantially pure
ferric compound and a solution
phase which contains the said
impurities are obtained. The
essential idea of the invention Sulfuric acid
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that part of the ferric iron
precipitates in the form of
goethite FeO(OH) or, in the
presence of sulfate ions, in the
form of hydronium jarosite H3OFe3(OH)s(SO4)2, while part of the

Ferric sulfate nitrate

ferric iron remains as a water-soluble ferric compound in the solution

phase. Suitable raw materials include impure ferrous sulfate and pickling solutions which contain ferrous chloride. The precipitated pure
ferric compound can further be separated by filtration or, alternatively, the slurry can be granulated to form a solid intermediate product
and be later reslurried in water, whereupon a pure ferric compound can be separated by filtration. The pure ferric compound is dissolved
in an acid, whereupon it is suitable as a coagulant for the purification of drinking water, and the solution phase is suitable as such as

coagulant for the treatment of waster water.
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Process for the preparation of water purification solutions

containing ferric iron and the use of the product as of
obtained.

The invention relates to a process for the preparation of water
purification solutions containing ferric iron from ferrous
iron, in which process the ferrous iron in the form of an
aqueous solution and a raw material which may contain im-
purities are oxidized at an elevated temperature so that a
precipitable, substantially pure ferric compound and a solution
phase which contains the said impurities are obtained.

By the process according to the invention, it is possible to
produce ferric chemicals suitable for water purification, in
particular from impure ferrous raw materials, such as impure
ferrous sulfate obtained as a byproduct from industrial proces-
ses and waste solutions from pickling.

In the present application, the term impurity means the follow-
ing injurious elements in drinking water: Pb, Co, Cr, Cu, Mn,
Ni, 2n, Hg, As, Cd, Sb, Se. One common impurity in ferrous
sulfate is Mn.

Ferric chemicals are commonly used as chemical coagulants in
water purification. They are prepared from iron compounds ob-
tained as byproducts or as wastes from industrial processes.
Examples of such materials are ferrous sulfate formed in con-
nection with titanium oxide production, and chloride- or
sulfate-based, iron-containing pickling solutions. However, the
use of these raw materials is limited by the fact that they
often contain impurities on the concentration of which there
are restrictions. Thus, for example, chemicals which contain
large amounts of Mn cannot be used for the purification of
drinking water. A chemical such as this can thus be used only
for the treatment of waste water or sludge.
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A conventional method for preparing a ferric sulfate solution
from a ferrous sulfate obtained as a byproduct from industrial
processes is first to dissolve the ferrous sulfate in a mixture
of water and an acid, whereafter oxygen is introduced into the
solution, whereby a ferric sulfate solution is formed. An im-
proved process is described in application PCT/FI95/00045, in
which process sulfuric acid is added to ferrous sulfate, where-
by a slurry containing sulfuric acid is produced; this slurry
is oxidized at an elevated pressure and a temperature of 60-
140 °C. The oxidizing reaction in this case is

FeSO, + % O, + HySO4 + X Hy0 » Fey(SO4)3 + y Hy0

whereby a ferric sulfate slurry is formed, which can be gran-
ulated and used in a dissolved form as a water purification
chemical, provided that the raw material does not contain im-
purities in too large an amount for water purification applica-
tions. The granulated product typically contains Fe approx.

20 %. The economy of the use of this product would be improved
if a higher iron content in the product could be achieved. The
handleability of the product could be further improved by
decreasing the hygroscopicity of the product and by increasing
its granule strength. Furthermore, by reducing the acidity of
the product the corrosion it causes in humid conditions could
be reduced.

If the ferrous sulfate used as the raw material contains in-
jurious impurities, as often is the case, the product obtained
cannot necessarily be used for all water treatment purposes.
Very often ferrous sulfates contain Mn as an impurity, and
therefore a chemical prepared from such a ferrous sulfate can
be used only for applications in which there are no restric-
tions. This, in turn, reduces the usability and value of the
product.

Efforts have been made to solve the problem caused by im-
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purities by precipitating from ferrous sulfate poorly soluble
hydroxide- and sulfate-based salts, such as ferric hydroxide
sulfate and sodium jarosite. Such a method is presented in the
applicant's earlier patent application PCT/FI94/00588. In this
method, ferrous sulfate is dissolved in a mixture of water and
an acid, and, if necessary, a suitable sodium compound is added
to the solution. The obtained solution is oxidized at an
elevated temperature, whereupon a poorly soluble iron compound
free of impurities precipitates out from the solution, as
stated above. The precipitated iron compound is separated by
filtration. This method involves the problem that the remaining
acidic mother liquor must first be neutralized and thereafter
treated so that it can be disposed of safely. In practice the
measures required by the treatment of the mother liquor ruin
the economy of the method. Another problem involved is that the
sodium jarosite obtained has a relatively low solubility and
must therefore be redissolved in sulfuric or hydrochloric acid.

The article by J. Bohacek et al. in J. Mater. Sci. 28 (1993),
pp. 2827-2832, describes a process in which ferrous sulfate is
oxidized to ferric sulfate and is precipitated as hydronium
jarosite or partly as goethite for use as a pigment. Czecho-
slovakian patent 277141 discloses a corresponding precipitation
and also states that the remaining solution which contains
ferric sulfate is suitable for use as a coagulant for water
treatment.

It is known to prepare ferric compounds from pickling solu-
tions, which are chloride or sulfide solutions, by adding, for
example, sulfuric acid and hydrochloric acid to the solution,
and by oxidizing the solution, whereupon correspending ferric
compounds are formed. In case the initial solution contains
impurities, these same impurities will be present in the solu-
tion which contains the ferric compound. Thus the usability, as
a water treatment chemical, of the product obtained depends con
the concentration of these impurities in the raw material.
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It is an object of the invention to provide a process by which
ferrous raw materials obtained as a byproduct or a waste from
industrial processes can be used more effectively than
previously in water treatment. It is a specific object to
prepare from impure raw materials an impurity-free ferric
chemical for demanding water treatment processes, in particular
for the purification of drinking water, and at the same time an
impurity-containing ferric chemical which is usable for waste
water treatment. These objects are achieved by the process ac-
cording to the invention, which is characterized by the facts
stated in Claim 1.

In the process according to the invention, it is possible to
oxidize a mixture which contains only a ferrous raw material
and possibly water, in which case the oxidization step will
yield a water-insoluble ferric compound, i.e. goethite or
hydronium jarosite, and a slurry which contains a ferric com-
pound in a soluble form; when necessary, the slurry is
solidified and converted in a subsequent step to ferric chemi-
cals in the form of a solution.

The essential point of the invention is thus that only a
portion, typically 30-60 %, of the iron present in the raw
material is precipitated as an insoluble ferric compound, the
rest of the iron remaining in a soluble form. This can be
achieved by not adding any acid to the raw material, in which
case during the oxidation step the precipitation reaction will
continue until an equilibrium between the precipitating, water-
insoluble ferric compound and the water-soluble ferric compound
is reached.

It is possible to shift the equilibrium towards the precipitate
by adding a compound which reacts in the manner of a base,
preferably a Mg compound such as magnesium oxide or hydroxide.
The basic substance raises the pH of the solution, whereupon
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the precipitation reaction will restart and the reaction will
continue until the acid formed in the precipitation reaction
decreases the pH to a level at which the precipitation reaction
ceases. Respectively, it is possible to shift the equilibrium
towards the soluble compound by adding an acid. In principle,
the precipitation yield can be adjusted by 0-100 %, although
the idea of the invention is, in accordance to what is stated
above, that both a precipitated pure ferric compound and a
solution which contains ferric iron are obtained.

According to the invention, a two-part product is thus ob-
tained, both parts being usable as water treatment chemicals.
In case the raw material contains impurities, these will pass
into the water-soluble part of the product. Thus the process
will yield a product the impurity-free insoluble part of which
can easily be separated from the soluble part which contains
impurities.

The solution phase and the solid phase of the slurry obtained
as the result of the oxidation and precipitation can be sepa-
rated from each other by, for example, filtration, in which
case the solution phase is as such suitable for use as a water
treatment chemical, and the solid phase is redissolved in an
acid. An alternative and often especially advantageous pro-
cedure is, however, to solidify the slurry by granulation or
some other corresponding method, such as compacting, whereby a
solid intermediate product which contains the ferric iron is
obtained. In this form the product is easier to transport to
the desired place of use, where it is dissolved in water in
order to separate a pure solid ferric compound.

When the raw material is a hydrous ferrous sulfate, such as
ferrous sulfate monohydrate or heptahydrate, the following
procedure is used. The solid ferrous salt is oxidized with
oxygen in a pressurized reactor at an elevated temperature
without the addition of an acid or water. During the oxidation
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step the ferrous salt dissolves in its own crystal water, and
at the same time hydronium jarosite H30Fe3(OH)6(SO4)2 begins to
precipitate. The reaction could be described as follows:

HyjOFe3(OH) g(S04), (s)

During the oxidation, an equilibrium is established between the
ferric sulfate solution and hydronium jarosite. This means that
approximately one half of the iron is contained in the solution
and the rest is in the precipitated hydronium jarosite. The
oxidized slurry can be granulated to produce a solid inter-
mediate product. The solid intermediate product contains
hydronium jarosite 30-40 % and additionally ferric sulfate
Fe,(S0y4)3 * x H0 in different forms. The product contains Fe
25-27 %, which is 20 % more than in conventional ferric sulfate
products. By further drying, even higher Fe contents can be
obtained. The product is also less hygroscopic than convention-
al ferric products, and its granule strength is higher and its
acidity is lower. The product is in granule form and thus easy
to transport.

owing to the natural equilibrium, 40-60 % of the iron is con-

tained in jarosite and 60-40 % is in a soluble form. As stated
above, the yield of jarosite can be increased from this value

by adding a basic compound to the reaction mixture.

Coagulants in the form of a solution are produced from the
granulated product by dissolving it first in water, whereupon a
ferric sulfate solution suitable for the treatment of waste
water or the treatment of sludge is obtained from the soluble
part. The ratio of impurities to Fe in the solution is twice
that in the raw material. The undissolved part is used for pre-
paring a coagulant free of impurities.
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The undissolved part is a very pure product having a high iron
content (33-36 %). When dissolved, it is suitable for the puri-
fication of drinking water. The undissolved precipitate is
dissolved in sulfuric or hydrochloric acid at an elevated tem-
perature. The undissolved part may also be used for the pre-
paration of a nitrate-containing chemical coagulant, in which
case its nitrate content is higher than that mentioned above
(the molar ratio of NO5 to Fe approx. 1.5-2).

Not only ferrous sulfate but also a pickling mother liguor
which contains ferrous chloride (Fe approx. 12 %) and, among
others, Mn as an impurity can be used as the raw material. When
such a raw material is oxidized at a temperature of 120 °C and
a pressure of 6 bar, oxidation will take place, for example, as
follows:

3 FeCl, + 3/4 Oy + x Hy0 > 2 FeCly (1) + FeO(OH) (s) + y Hy0

The insoluble compound formed in the oxidation is goethite,
which precipitates in the oxidation reaction. On the basis of
the reaction equation, 1/3 of the iron precipitates as goethite
in which the ratio of Mn to Fe is smaller than in the raw
material solution. The slurry can be granulated, if necessary.
In this case, also, the precipitation yield can be adjusted in
the manner described above.

A number of advantages are gained by the use of the invention.
First, the preparation of the product is more advantageous than
by the conventional process, because sulfuric acid is not re-
guired in the oxidation step. The granulate obtained as an
optional intermediate product contains more iron than do the
ferric products prepared by the conventional acid addition
method. This, for its part, reduces the transportation costs.
owing to the lower hygroscopicity and acidity of the granulate,
it causes less corrosion in humid conditions. Second, the pre-

paration process yields a two-part product, one part containing
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a very pure ferric compound and the other containing most of
the impurities present in the raw material. Thus the process
makes it possible to use impure raw materials while a pure
ferric product suitable for the purification of drinking water
is obtained.

The two parts contained in the product obtained by oxidation
can be separated from each other either before the slurry is
turned into a solid intermediate product or in the step in
which the solid intermediate product is dissolved. There are a
number of alternatives in the dissolving step. The dissolution
of the intermediate product in water and the separation of the
insoluble part produce a solution which contains ferric iron
and is suitable for use, for example, in the treatment of waste
water or sludge, uses in which the purity requirements of the
iron chemical do not restrict its use. The undissolved part, in
turn, is a very pure iron chemical which can be dissolved in an
acid. The solution obtained is suitable for use, for example,
in the purification of drinking water or for other purification
purposes requiring a pure chemical. The process thus provides a
very flexible, versatile and economical product range for
various water treatment applications.

The invention also relates to the intermediate products option-
ally formed in the process described above, especially a gran-
ulated product consisting of a water-insoluble ferric compound,
which is hydronium jarosite H,OFe3(OH)g(SOy), or goethite
FeO(OH), of a water-soluble ferric compound, and of water-
soluble impurities, if any; to the use of the final solution-
form products obtained by the process for various water treat-
ment applications, in particular the use of a precipitated pure
ferric compound, turned into a solution, as a coagulant in the
purification of drinking water; and to the use of the solution
which contains soluble ferric compounds and possibly an
impurity as a coagulant in the treatment of waste water.
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The invention is described below in greater detail with ref-
erence to the accompanying drawings, wherein

Figure 1 depicts a schematic diagram of the preparation of a
granular intermediate product according to an embodiment of the
invention;

Figure 2 depicts a schematic diagram of another embodiment of
the invention for the preparation of a pure ferric compound and
a solution which contains ferric iron;

Figure 3 depicts a schematic diagram of the dissolution of a
pure ferric compound in an acid; and

Figure 4 depicts a schematic diagram of the dissolution of a
granular intermediate product in water and thereafter in an
acid.

Figure 1 depicts a diagram which illustrates one embodiment of
the invention. Water is added to the ferrous sulfate (17.5 %
Fe) obtained as a byproduct from the production process of
titanium dioxide. The mixture obtained is directed to the
oxidation step, wherein the reactor temperature is typically
raised to approx. 120 °C and the pressure to 1-10 bar, prefer-
ably to 5-6 bar. Oxygen is fed into the reactor, and the mix-
ture is stirred in order to improve the dispersion of oxygen.
In these conditions the iron oxidizes and at the same time a
water-insoluble ferric salt is formed, which in this case is
hydronium jarosite. The precipitation continues until an equi-
librium is established between the said salt and the soluble
ferric sulfate. The slurry obtained from the oxidation step is
directed to granulation, wherein water is evaporated out of the
slurry, if necessary. The granules obtained contain Fe approx.
26 %, part of which is in the form of hydronium jarosite and
the rest in the form of ferric sulfate.

Figure 2 depicts another embodiment of the process according to
the invention. The raw material is a chloride-based pickling
solution. This solution is directed to the oxidation reactor;
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the reactor is heated and oxygen is introduced into it. In this
case, ferric oxide hydroxide, i.e. goethite FeO(OH), which is a
ferric compound insoluble in water, precipitates out during the
oxidation reaction. Ferric chloride in a soluble form remains
in the solution phase. The precipitated ferric compound is
separated by filtration.

Figure 3 depicts the dissolution of the precipitate, obtained
in accordance with Figure 2, in an acid, which may, as shown in
the figure, be sulfuric acid, hydrochloric acid or nitric acid.
A solution suitable for the treatment of water is obtained and,
depending on the acid, it contains ferric sulfate, ferric
sulfate chloride or ferric sulfate nitrate, respectively. Thus
the acid used for the dissolution may be selected as desired,
and the choice of the acid for the dissolution may be deter-
mined, for example, on the basis of the requirements of the
water treatment process or the availability of the acid.

Figure 4 depicts the dissolution of a granular product prepared
by the process according to Figure 1; in the first step the
product is dissolved in water and subsequently the undissolved
part is separated and dissolved in optional acids. According to
the figure, one half of the iron present in the granular
product dissolves in the aqueous solution. After the dissolu-
tion step the solution is separated by filtration, and the
filtrate can as such be used for water treatment. If the raw
material contains some impurity, Mn in the case of Figure 4,
practically all of the Mn passes into this part. One half of
the iron present in the product is in a water-insoluble precip-
itate, which in the second dissolution step is dissolved in an
acid; according to the figure this acid may be sulfuric acid,
hydrochloric acid or nitric acid. Depending on the acid, a
solution suitable as such for water treatment is obtained, the
solution containing, respectively, ferric sulfate, ferric
sulfate chloride or ferric sulfate nitrate.
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The invention is described below further with the help of
examples.

Example 1

Ferrous sulfate containing 17.5 % Fe was fed into a dissolution
vessel at a rate of 7 t/h. The ferrous sulfate was dissolved in
its own crystal water by heating. The reéulting slurry was
oxidized at a pressure of 5.2-5.5 bar and a temperature of 122-
125 °C. The oxidized slurry was fed into a granulation drum,
and the granules were dried. The experiment took in total 50 h,
and the total yield of granular product was 260 t. The moisture
content of the product was 12-14 %, and it contained 0.37 %
re2¥, 25 3 Fe3t
tion, the product contained, among others, the following crys-
talline compounds: H;0Fe5(SO,4),(OH)g and Feq 403(S0y4)1g*63H,0.
The hygroscopicity of the product, i.e. the increase in weight

and 15.7 % S. According to an X-ray diffrac-

when a sample is kept for 6 d under a relative humidity of

88 %, was as low as 7-9 %. The hygroscopicity of conventional
granular ferric sulfate is usually 17-24 %. Respectively, the
granule strength of the product was 100-170 N, whereas that of
conventional granular ferric sulfate is only 75-90 N.

Example 2

300 g of the product obtained from the test run according to
Example 1 was dissolved in 180 g of water. The dissolution time
was 2 h and the temperature was 40 °C. Thereafter the solution
was filtered; 371 g of filtrate and 132 g of a residue washed
with water (158 g) were obtained. The dry matter content of the
filtration residue was 72 %, and the residue contained 34 % Fe
and 0.0035 % Mn, calculated from the dry matter. The filtrate
was analyzed, and it contained 11.3 % Fe, 0.28 % Fe2+, 0.13 %
Mn, 230 ppm 2n, <5 ppm Cr, 23 ppm Ni, <5 ppm Pb, <0.02 ppm Cd4,
<0.01 ppm Hg. The density of the filtrate was 1.446 g/cm3, and

its pH was 2.04 (dilution 1:10).
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Example 3

90 g of the filtration residue obtained from the experiment
according to Example 2 was dissolved in sulfuric acid (34 g

96 %, 77 g H,0). The dissolution time was 2 h and the tempera-
ture was 60 °C. The solution obtained was filtered, and 108 g
of filtrate was obtained. The filtration residue was 0.149 g,
which corresponds to 0.23 % of the amount of the initial sub-
stance. The filtrate contained 12.7 % Fe, 0.01 % Fe2+, 0.0018
Mn, 4.7 ppm 2n, <5 ppm Cr, <5 ppm Ni, <5 ppm Pb, <0.02 ppm Cd,
<0.01 ppm Hg. The density of the filtrate was 1.592 g/cm3 and

its pH was 1.44 (1:10).

o

Example 4

88 g of the product obtained from the test run according to
Example 1 was dissolved in hydrochloric acid (37 %), in nitric
acid (65 %) and in sulfuric acid (96 %), in accordance with the
table below. The aim was a solution containing iron 11 %, and
thus water was added in the amount required. In the dissolution
experiments, the insoluble part was determined after dissolu-
tion for 2 h or 5 h and was given in % by weight of the amount
of the granular product. The amount of acid in the experiments
was an equivalent amount calculated on the basis of the iron.
The results are shown in the following table.
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Table. Solubility in acids of the granular product obtained by
the process according to the invention.

Acid Fe % Acid amount Time h T °C Insoluble %
HC1 11 equivalent 2 80 0.15

" 11 " 2 60 0.19

" 11 " 5 40 0.79
HNO, 11 " 5 80 0.26

" 11 " 5 60 0.58

" 11 " 5 40 5.92
H,S04 11 " 2 80 0.07

" 11 " 5 60 0.08

" 11 " 5 40 0.26

The experiments clearly show that sulfuric acid is the most
effective solvent, hydrochloric acid the second most effective
and nitric acid the least effective, but even nitric acid is
capable of dissoclving the product if a sufficiently long dis-
solution time and a high temperature are used.

Example 5

1000 kg of a pickling solution which contained 12 % Fe was
oxidized with oxygen (02 18 kg) at a temperature of 120 °C and
a pressure of 6 bar. An insoluble ferric compound, which
according to the X-ray diffraction was FeO{OH), precipitated
out from the solution. The precipitate contained 46.5 Fe, as
calculated from the dry matter. Approx. 1/3 of the iron present
in the initial solution was in the precipitate, and the rest
was in the form of soluble ferric chloride. The ferric chloride
solution contained Fe 10.7 %. The precipitate was easily fil-
trated, and it dissolved in hydrochloric acid at a temperature
of 70-80 ~°cC.
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Example 6

Some water (39 g) was taken into a 2-liter flask, and the water
was heated to a temperature of 50-60 °C. Thereafter, ferrous
sulfate was added gradually into the flask as ferrous sulfate
dissolved in its own crystal water. Ferrous sulfate was added
in a total amount of 3 kg. Thereafter the solution was trans-
ferred to an autoclave, the temperature of which was raised to
127 °C and into which oxygen was introduced. The pressure in
the autoclave was approx. 6 bar. During the oxidation time of

6 h, a total of 1814 g of MgO slurry, which contained 207 g of
MgO, was pumped into the autoclave. After approx. 3 h of oxida-
tion, when approx. 1150 g of the MgO slurry had been fed in, a
sample was taken from the autoclave. The precipitate was sepa-
rated from the sample by filtration. According to X-ray dif-
fraction, the precipitate was hydronium jarosite. On the basis
of the analysis, 74 % of the iron in the sample was in the
jarosite and the rest in the solution. The iron content in the
precipitate was 35 % and in the filtrate it was 5.1 %. At the
end of the oxidation time, i.e. after approx. 6 hours of oxida-
tion, when all of the above-mentioned amount of MgO slurry had
been fed in, the batch was allowed to cool. The precipitate was
separated by filtration, and according to the X-ray diffraction
it was hydronium jarosite. The jarosite precipitate now con-
tained 85 % of the iron and the rest was in the solution. On
the basis of the analysis, the precipitate contained 35 % Fe,
0.012 $ Mg, and 24 ppm Mn. Respectively, the filtrate contained
2.5 % Fe, 0.049 3 Fe??, 2.80 % Mg, and 983 ppm Mn.

For an expert in the art it is clear that the various embodi-

ments of the invention are not restricted to the above examples
but may vary within the scope of the accompanying claims.
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Claims
1. A process for preparing, from ferrous iron, water treat-

ment solutions which contain ferric iron, in which process a
raw material consisting of ferrous iron in the form of an
aqueous solution and possibly impurities is oxidized at an
elevated temperature so that a precipitating, substantially
pure ferric compound and a solution phase which contains the
said impurities are obtained, characterized in that the pre-
cipitation is conducted in such a manner that part of the
ferric iron precipitates as goethite FeO(OH) or, in the
presence of sulfate ions, in the form of hydronium jarosite
H30Fe3(OH)6(SO4)2, while part of the ferric iron remains in a
water-soluble form in the solution phase, and that the solid
ferric compound obtained is separated from the solution phase
and is converted, by dissolution in an acid, to a purification
chemical suitable for the treatment of drinking water, the
remaining solution phase which contains soluble ferric iron
being as such usable for the treatment of waste water.

2. A process according to Claim 1, characterized in that
the precipitated pure ferric compound is separated from the
solution phase by filtration.

3. A process according to Claim 1, characterized in that
the obtained slurry which comprises the precipitated pure
ferric compound and the solution phase is dried to form gran-
ules, and that the granules are in a subsequent step recon-
verted to a slurry by adding water, the pure ferric compound
being separated from the slurry by filtration.

4. A process according to any of the above claims, charac-
terized in that the raw material is a ferrous sulfate FeSO,,
which may contain impurities and which is converted to an
agqueous solution either by heating so that the ferrous sulfate
dissolves in its own crystal water or by adding water.
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5. A process according to Claim 4, characterized in that
approx. 10-60 %, preferably 40-60 %, of the ferric iron is
precipitated as hydronium jarosite H30Fe3(OH)g(SO,),, the rest
remaining as ferric sulfate Fe,(SO,); in the solution phase.

6. A process according to Claim 4 or 5, characterized in
that the distribution of ferric iron between the precipitating
hydronium jarosite and the solution phase 1s regulated by
adjusting the pH of the solution by means of an acid or a base,
such as magnesium oxide or magnesium hydroxide.

7. A process according to any of Claims 1-3, characterized
in that the raw material is a pickling solution which contains
ferrous chloride FeCl,, in which case goethite FeO(OH) precipi-
tates out from the oxidized solution while ferric chloride
FeCly remains in the solution.

8. A granulated product formed as an intermediate product
in the process according to Claim 3, characterized in that it
consists of a water-insoluble ferric compound, which is
hydronium jarosite H30Fe3(OH)6(SO4)2 or goethite FeO(OH), of
water-soluble ferric iron, and possibly of water-soluble
impurities.

9. A product according to Claim 8, characterized in that
approx. 10-60 %, preferably 40-60 %, of the ferric iron con-
tained in it is in the form of hydronium jarosite and the rest
in the form of ferric sulfate.

10. The use of the ferric compound produced by a process
according to any of Claims 1-7, first precipitated and there-
after converted to a solution, as a coagulant in the purifica-
tion of drinking water.
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11. The use of a solution produced by a process according to

any of Claims 1-7, containing ferric iron and possibly im-
purities, for the treatment of waste water.
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