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culated unpuritied liquid containing air (12) from the reaction tank (2a) at a first extraction location (16a) below the injection loca-
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Method and installation for purifying a lig-
uid

Technical Field

The invention relates to a method for purify-
ing a liquid, particularly an agqueous solution containing
sugar, particularly in the field of food industry, and to
an installation for carrying out the method, according to

the independent claims.

Background Art

Devices for purifying liquids are known. For
example such devices are used in the food industry during
the production of beverages for purifying an agqueous so-
lution containing sugar. Beverages are in most cases com-
posed of a plurality of ingredients. In many cases bever-
ages contain a sugar solution as one ingredient. A pro-
duction step consists in purifying the sugar solution in
order to decolorize it and avoid undesired taste influ-
ence due to certain components of the sugar solution.
Such particles, in the following called impurities, may
e.g. be colloidal wax particles contained in cane sugar.
They cannot be separated from the solution in a mechani-
cal way due to their small size as compared to the mesh
width of fine filters. Thus the separation has to be car-
ried out in a physical and chemical way. As known, this
is done by adding so called flocculants. The flocculants
are a chemical composition as powder or in liquid form
having the property of attaching to impurity molecules
and in this way increasing their size. Subsequently a
polymer is added to the flocculated solution. The polymer
builds a “net” with a mesh width smaller than the floccu-
lated impurity molecules, drifts to the surface of the
solution dragging along the flocculated impurities which

build a sludge cake on top of the solution. This sludge
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cake is then removed, yielding a partially purified sugar
solution which may be transported to a further processing
unit.

A problem of this process is that the polymer
chains forming said net break easily. Therefore the
available solutions use a batch processing in order to
make sure a quantity of solution stays in the flotation
tank for a period of time required by the impurities to
drift to the surface of the solution. As soon as the so-
lution has been purified to the desired extent it is ex-
tracted from the flotation tank and another quantity of

the unpurified solution may be processed.

Disclosure of the Invention

It is a general objective of the invention to
provide a method and an installation with an improved ca-
pability for purifying a liquid.

According to a first aspect of the invention
a method for continuous purification of a liquid is pro-
vided. The method comprises the steps of

~ continuously inserting the unpurified lig-
uid into a reaction tank,

- injecting at least flocculants for floccu-
lating impurities and air into the unpurified liquid,

- retrieving a flocculated unpurified liquid
containing air from the reaction tank at a first extrac-
tion location below the injection location,

- transporting the flocculated wunpurified
liquid containing air towards a flotation tank,

~ adding a polymer to the flocculated unpuri-
fied liquid containing air,

- inserting a flocculated unpurified liquid
containing air and polymer into the flotation tank,

- removing a sludge comprising flocculated
impurities from the flotation tank either continuously or

during predefined time intervals, and
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- continuously extracting at least partially
purified liquid from the flotation tank.

In embodiments the at least partially puri-
fied liquid is extracted from the flotation tank at a
distance, calculated as a value in the range between %
and *s of a radius of the flotation tank, from the inser-
tion location of the flocculated unpurified liquid con-
taining air and polymer into the flotation tank. In this
way 1t 1is made sure that the extraction of the at least
partially purified liquid is carried out at a location
far enough from the insertion of the unpurified liquid
into the flotation tank in order to avoid also extracting
flocculated impurities contained in the in-streaming un-
purified liquid.

In embodiments the flocculated 1liquid con-
taining air is recirculated continucusly into the reac-
tion tank, after having been extracted from the reaction
tank, via a recirculation path and by means of a recircu-
lation pump.

In embodiments the flocculated unpurified
liquid containing air is mixed with the polymer by means
of at least one static mixer. An amount of the polymer is
added in a dosage depending on a flow speed of the floc-
culated unpurified liquid containing air towards the flo-
tation tank or depending on a quantity of the flocculated
unpurified liquid containing air in the flotation tank.
In this way it is possible to regulate the exact dosage
of the polymer to be injected into the flocculated unpu-
rified liquid containing air.

In embodiments an insertion of the floccu-
lated unpurified liquid containing air and polymer into
the flotation tank is adjusted to form a cone-shaped
stream towards the top of the flotation tank by means of
a cone-shaped element protruding into the flotation tank
by a predefined height.

In embodiments the at least partially puri-

fied liquid is extracted from the flotation tank at a lo-
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cation below the predefined height of the cone-shaped
element. A quiet zone is created below the outlet of the
cone-shaped element. In this quiet zone the liquid has
its highest purification degree because there is very
little or no mixing with the unpurified liquid coming out
of the cone-shaped element. Consequently, this quiet =zone
is well suited for extraction of at least partially puri-
fied liquid.

Preferably the liquid levels of the reaction
tank and/or of the flotation tank are monitored by level
meters and a flow of the liquid into the reaction tank
and/or the flotation tank is regulated based on measured
liquid level values.

Preferably the sludge is removed from the
flotation tank at a rate which depends on a mass of the
sludge and/or on a liquid level in the flotation tank
and/or on an insertion rate of the flocculated unpurified
liquid containing air and polymer into the flotation
tank.

The monitoring and adjustment of the liquid
levels makes it possible to monitor the flow rates in the
system. Furthermore the monitoring of the liguid level in
the flotation tank, amongst others, makes it possible to
monitor if the sludge is located at a sufficient height
to be removed, e.g. to flow into a drain.

According to a second aspect of the invention
an installation for continuous purification of a liquid
containing sugar for carrying out the method according to
the invention is provided. The installation comprises

- a reaction tank for flocculating the unpu-
rified liquid and a flotation tank for purifying the un-
purified liquid,

- a recirculation circuit and a recirculation
pump for recirculating the unpurified liquid back into
the reaction tank,

~ a first pipe for transporting the floccu-

lated unpurified liguid containing air, extracted from
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the reaction tank (2a) at a first extraction location
(léb), into the flotation tank (2b), and

- an output pump for retrieving at least par-
tially purified liquid from the flotation tank at a sec-
ond extraction location (16d).

In embodiments the installation further com-
prises an auxiliary pump for introducing the polymer into
the flocculated unpurified liquid containing air.

In an embodiment a transport pump is used for
transporting the flocculated unpurified liquid to the
flotation tank. By adding a transport pump to the instal-
lation it is possible to decouple the recirculation of
the liquid from its transportation to the floating tank.

In one embodiment the flotation tank com-
prises in its top area a concentric channel opened to-
wards the top and connected to a sloped drain for the re-
moval of sludge. This arrangement advantageously makes it
possible to remove the sludge in a simple way, without a
need for using a dedicated pump.

In embodiments a cone-shaped element for
regulating an insertion angle of the flocculated unpuri-
fied liquid containing air and polymer is arranged at the
outlet of the first pipe and protrudes into the flotation
tank by a predetermined height. By using the cone-shaped
element it is possible to create a cone-shaped stream of
the liguid. Furthermore, as mentioned, a substantially
laminar stream of the liquid is reached in an area of the
flotation tank below an outlet opening of the cone-shaped
element. In this area, subsequently called extraction
area, the liquid has a highest purification degree.

Preferably the reaction tank and/or the flo-
tation tank comprises or comprise a thermal insulation
layer in order to avoid an influence of the ambient tem-
perature on the liquid.

Preferably the injection location and an
inlet location into the recirculation circuit are not ar-

ranged on a same axis in the reaction tank. In this way
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it is made sure that liquid injected into the reaction
tank from the recirculation circuit is not directly
sucked back into the recirculation circuit.

The installation according to the invention
is preferably used for purifying and/or decolorizing a
sugar solution, particularly a sugar solution containing

cane sugar or for purifying waste water.

Brief Description of the Drawing

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. Such description makes refer-
ence to the annexed drawing, wherein Fig. 1 shows an em-
bodiment of an installation for purifying an agqueous so-

lution containing sugar according to the invention.

Modes for Carrying Out the Invention

The terms “top” and “bottom” are referred to
the gravitational direction. For simplification the term
“solution” is used as a general term for the liquid to be
purified or the purified liquid when the state of the so-
lution is not relevant for the corresponding context. The
term “partially” in connection with a purification degree
of the solution denotes purification degrees usually
reached with any known solution for carrying out the pu-
rification process. It is understood that the aqueous so-
lution containing sugar is only an example for a liquid
which can be purified by the installation according to
the invention. The installation may be used to purify
other types of liquids, like non-aqueous solutions, sus-
pensions, dispersions and emulsions.

Fig. 1 shows an embodiment 1 of the installa-
tion according to the invention. A reaction tank 2a is

filled with an wunpurified aqueous solution containing
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sugar through a not shown pipe. The reaction tank 2a 1is
used for flocculating the unpurified solution. It further
comprises a recirculation circuit 2d for transporting the
solution back into the reaction tank 2a after it has been
extracted therefrom. A recirculation pump 9 is used to
convey the solution through the recirculation circuit 2d.
The recirculation circuit 2d has the task of thoroughly
mixing the solution with the flocculants and air and in-
creasing homogeneity of the mixture. A further advantage
of the recirculation circuit is that it helps creating
turbulence in the reaction tank. This is particularly ad-
vantagecus for inhomogeneous liquids, in which certain
particles would tend to sediment at the bottom of the re-
action tank.

A level meter 8 measures the solution level
in the reaction tank 2a. Of course, such a level meter 8
may also be arranged to measure the solution level in a
flotation tank 2b.

The reaction tank 2a is connected to the flo-
tation tank 2b for purifying the solution by means of a
first pipe 2c. A transport pump 11 is used for conveying
the solution into the flotation tank 2b. The flotation
tank 2b is further connected to an cutlet pipe 2e for re-
moving the purified solution from it. The purified solu-
tion is conveyed to a further processing installation F
by means of an outlet pump 14.

In an alternative embodiment (not shown) only
one pump may be used both as recirculation pump 9 and
transport pump 1l. In this embodiment a transport path of
the flocculated unpurified solution containing air is se-
lected between a recirculation path 2d into the reaction
tank 2a and a transport path 2c¢ to the flotation tank 2b
by switching a valve.

The reaction tank 2a and the flotation tank
2b are thermally insulated by an insulation layer 7.

The level meter 8 is connected to a control

device (not shown) and to a valve 10 for increasing or
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decreasing the flow through the first pipe 2c¢c depending
on a flow rate of the unpurified solution from the supply
pipe into the reaction tank 2a.

The recirculation circuit 2d has a plurality
of inlets A-D for adding various materials to the solu-
tion. These materials comprise air and flocculants. Addi-
tional ingredients may also be added to the solution.

A polymer is injected into the first pipe 2c¢
from a polymer distribution unit E.

The flotation tank 2b has at its top a con-
centric (with respect to the longitudinal axis of the
flotation tank) channel with a sloped drain 15 for remov-
ing a sludge 6 from the solution and directing it to a
sludge processing unit G.

In the following the steps for purifying the
aqueous unpurified solution are described in more detail.

The unpurified aqueous solution i1s inserted
into the reaction tank 2a normally having an optimum tem-
perature for flocculation, depending on the solution. For
example, in case of an aqueous solution containing sugar
this temperature may be around 85°C. Flocculants for
flocculating impurities and air are added to the unpuri-
fied aqueous solution at an injection location 16b. The
dosage of the flocculants is calculated in a known way
which 1s not described here in more detail. The floccu-
lated unpurified solution 1is continuously recirculated
such that the chemical reaction between the impurities of
the solution and the flocculants is facilitated by a ho-
mogenization of the mixture due to the recirculation. The
chemical reaction and the reaction time are known by the
skilled person.

Subsequently the flocculated unpurified solu-
tion containing air 1s retrieved from the reaction tank
2a at a first extraction location 16a located below the
injection location 16b.

The air added to the solution enters the re-

action tank 2a at the injection location 16b as air bub-
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bles. This is illustrated in the figure by the dots in
the reaction tank 2a. Typically the air bubbles have dif-
ferent sizes and therefore experience different buoy-
ancies when entering the reaction tank 2a. As a result
they drift to the surface of the reaction tank 2a with
different speeds and escapes into the tank atmosphere.
Certainly, the reaction tank 2a has a connection to the
ambient atmosphere such that surplus air can escape from
the reaction tank 2a. According to said buoyancy differ-
ences larger bubbles drift to the surface faster than
small bubbles.

By extracting the flocculated unpurified so-
lution containing air 12 at the first extraction location
16a, which is situated lower than the injection location
16b, it is possible to "“sort” the air bubbles. This 1is
based on the fact that only small bubbles 3 are present
in the area between the injection location 16b and the
first extraction location 16a. As a result, for the puri-
fication process the flocculated unpurified solution con-
taining only the small air bubbles 3 is extracted from
the reaction tank 2a into the first pipe 2c.

A desired side effect of the air bubble sepa-
ration is that the large bubbles drifting to the surface
of the solution help mixing the flocculants and the unpu-
rified solution by creating turbulences in the solution.
Thus the reaction time of the flocculants and the impuri-
ties may be accelerated.

As mentioned the flocculated unpurified solu-
tion containing air 12 is transported into the flotation
tank 2b. During the transport through the first pipe 2c a
polymer is added to the flocculated unpurified solution
containing air 12. It is also possible to add the polymer
in the flotation tank 2b. The flocculated unpurified so-
lution containing air is mixed with the polymer by means
of at least one static mixer (not shown). An amount of
the polymer is added in a dosage depending on a flow

speed of the flocculated solution towards the flotation
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tank. The flocculated unpurified solution containing air
and polymer 13 1is subsequently inserted into a bottom
area of the flotation tank 2b.

As mentioned the polymer builds a substan-
tially horizontal “net” drifting to the surface of the
flotation tank 2b and carrying along the impurity parti-
cles with the attached flocculant particles, as the mesh
width of the polymer net 1is smaller than the particle
size. At this step an important advantage of the inven-
tion becomes clear; because the solution 13 contains only
bubbles with substantially the same size, the polymer net
is transported to the surface by the aid of the air bub-
bles relatively uniformly throughout its cross section.
Without the previously carried out bubble size selection
in the reaction tank 2a large bubbles would tend to drift
to the surface very fast and would break the delicate
polymer net, resulting in that many impurities would re-
main in the bottom area of the flotation tank or would
drift to the surface only very slow. Obviously the puri-
fication process would be slowed down.

As the polymer net carrying the flocculant-
impurity particles travels to the top of the flotation
tank 2b it builds up a sludge cake 6 at the top of the
flotation tank 2b. This sludge cake 6 comprising floccu-
lated impurities is removed either continuously or during
predefined time intervals. Preferably the sludge 6 is re-
moved from the flotation tank 2b at a rate which depends
on a mass of the sludge 6 and/or on a ligquid level in the
flotation tank 2b and/or on an insertion rate of the
flocculated unpurified solution containing air and poly-
mer 13 into the flotation tank 2b. The removal takes
place via the concentric channel 15, which is opened to-
wards the top. Thus, the sludge 6 rising over the edge of
the channel 15 is poured into the channel 15 and disposed
of via a sloped drain. The sludge 6 may be directed to a
further processing unit (not shown) in which sugar resi-

dues may be extracted from it.
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As mentioned the insertion of the flocculated
unpurified solution containing air and polymer 13 into
the flotation tank 2b is adjusted to form a cone-shaped
stream towards the top of the flotation tank 2b. This is
done by a cone-shaped element 17 for regulating an inser-
tion angle of the flocculated unpurified solution con-
taining air and polymer 13, which is arranged at the out-
let 16c of the first pipe 2c into the flotation tank 2b
and protrudes into the flotation tank 2b by a predefined
height, being responsible for creating the cone-shaped
solution stream 4.

The at least partially purified aqueous solu-
tion 5 is extracted from the flotation tank 2b at a loca-
tion 16d, preferably at the bottom of the flotation tank
2b. The second extraction location 16d is arranged at a
distance calculated as e.g. between % and % of the radius
of the flotation tank 2b from the insertion location 1l6c
of the flocculated unpurified solution containing air and
polymer 13. It 1is understood that said distance depends
on shape and size of the flotation tank 2b and may vary
from the above mentioned preferred range. In this way it
is made sure that only at least partially purified solu-
tion is extracted, without interfering with the insertion
of the cone-shaped stream of unpurified liguid containing
air and polymer 13, in order to avoid also extracting
flocculated impurities contained in the in-streaming un-
purified solution 13.

The claimed method and installation have the
advantage that it optimized the purification process of
sugar containing aqueous solutions by allowing a continu-
ous purification process. By using only small air bubbles
for facilitating the transportation of the flocculant-
impurity particles to the surface of the solution and
generating a cone-shaped stream for this it is possible
to continuously extract purified solution from the flota-

tion tank from the area outside the cone-shaped stream.
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While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto but may otherwise variously be embodied and prac-
tised within the scope of the following claims. There-
fore, terms like “preferred” or “in particular” or “par-
ticularly” or “advantageously”, etc. signify optional and

exemplary embodiments only.
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Claims

1. Method for continuous purification of lig-
uid, comprising the steps of

- continuously inserting the unpurified lig-
uid into a reaction tank (2a),

- injecting at least flocculants for floccu-
lating impurities and air into the unpurified liquid,

- retrieving a flocculated unpurified liquid
containing air (12) from the reaction tank (2a) at a
first extraction location (1l6a) located below the injec-
tion location (16b),

- transporting the flocculated unpurified
liquid containing air (12) towards a flotation tank (2b),

- adding a polymer to the flocculated unpuri-
fied liquid containing air (12),

- inserting a flocculated unpurified liquid
containing air and polymer (13) into the flotation tank
(2b),

- removing a sludge (6) comprising floccu-
lated impurities from the flotation tank (2b) either con-
tinuously or during predefined time intervals, and

- continuously extracting at least partially
purified liquid (5) from the flotation tank (2b).

2. Method according to one of the preceding
claims, wherein the flocculated unpurified ligquid con-
taining air (12) is continuously recirculated into the
reaction tank (2a), after having been extracted from the
reaction tank (2a), via a recirculation path (2d) and by

means of a recirculation pump (9).

3. Method according to one of the preceding
claims, wherein the flocculated unpurified liquid con-
taining air (12) is mixed with the polymer by means of at
least one static mixer, wherein an amount of the polymer

is added in a dosage depending on a flow speed of the
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flocculated unpurified liquid containing air (12) towards
the flotation tank (2b) or depending on a gquantity of the
flocculated unpurified liquid containing air, present
(12) in the flotation tank (2b).

4. Method according to one of the preceding
claims, wherein an insertion of the flocculated unpuri-
fied liquid containing air and polymer (13) into the flo-
tation tank (2b) is adjusted to form a cone-shaped stream
(4) towards the top of the flotation tank (2b) by means
of a cone-shaped element (17) protruding into the flota-
tion tank (2b) by a predefined height.

5. Method according to claim 4, wherein the
at least partially purified ligquid (5) is extracted from
the flotation tank (2b) at a location below the prede-
fined height of the cone-shaped element (17).

6. Method according to one of the preceding
claims, wherein the at least partially purified liquid
(S) is extracted from the flotation tank (2b) at a dis-
tance, calculated as a value in the range between %% and %
of a radius of the flotation tank, from an insertion lo-
cation (l6c) of the flocculated unpurified liquid con-
taining air and polymer (13) into the flotation tank
(2b) .

7. Method according to one of the preceding
claims, wherein the liquid levels of the reaction tank
(2a) and/or of the flotation tank (2b) are monitored by
level meters (8) and a flow of the liquid into the reac-
tion tank (2a) and/or the flotation tank (2b) is regu-

lated based on measured liquid level values.

8. Method according to one of the preceding
claims, wherein the sludge (6) is removed from the flota-

tion tank (2b) at a rate which depends on a mass of the
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sludge (6) and/or on a liquid level in the flotation tank
(2b) and/or on an insertion rate of the flocculated unpu-
rified liquid containing air and polymer (13) into the
flotation tank (2b).

9. Installation (1) for continuous purifica-
tion of a liquid for carrying out the method according to
one of the preceding claims, comprising

- a reaction tank (2a) for flocculating the
unpurified liquid and a flotation tank (2b) for purifying
the unpurified liquid,

- a recirculation circuit (2d) and a recircu-
lation pump (9) for recirculating the unpurified liguid
back into the reaction tank (2a),

- a first pipe (2c) for transporting the
flocculated unpurified liquid (12, 13), extracted from
the reaction tank (2a) at a first extraction location
(16a), into the flotation tank (2b), and

- an output pump (14) for retrieving at least
partially purified liquid from the flotation tank (2b) at
a second extraction location (16d).

10. Installation according to claim 9, fur-
ther comprising an auxiliary pump for introducing the
polymer into the flocculated unpurified liquid containing
air (12).

11. Installation according to claim 9 or 10,
wherein a transport pump (11) is used for transporting
the flocculated unpurified liquid (12, 13) to the flota-
tion tank (2b).

12. Installation according to one of the
claims 9 to 11, wherein the flotation tank (2a) comprises
in its top area a concentric channel (15) opened towards
the top and connected to a sloped drain for a removal of
sludge (6).
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13. Installation according to one of the
claims 9 to 12, wherein a cone-shaped element (17) for
regulating an insertion angle of the flocculated unpuri-
fied liquid containing air and polymer (13) is arranged
at the outlet (16c) of the first pipe (2c) and protrudes
into the flotation tank (2b) by a predefined height.

14. Installation according to one of the
claims 9 to 13, wherein the injection location (16b) and
an input location into the recirculation circuit (1lée)

are not arranged on a same axis.

15. Use of the installation (1) according to
one of the claims 9 to 14 for purifying and/or decoloriz-
ing a sugar solution, particularly a sugar solution con-

taining cane sugar or for purifying waste water.
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