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Description

[0001] The invention relates to a method for purifying
protein containing waste water, in which (a) a first insol-
uble protein containing material is caused to form in the
waste water by adjusting the pH to a value of 7-10, and
(b) the mixture obtained in step (a) is separated to form
pre-purified waste water. The pre-purified waste water
is treated in step (c) with aerobic microorganisms and
in step (d) the mixture obtained in step (c) is separated
to form finely purified waste water.
[0002] GB A 1.512.481 discloses a method for the re-
moval of proteinaceous matter from liquid effluents com-
prising the steps of adding a flocculant or coagulant to
the effluent, adding a polyelectrolyte to the effluent and
removing solid material from the effluent by a flotation
process. According to page 1, lines 51 - 57 of the de-
scription, the pH of the effluent must be adjusted to a
value within the range of 6.0 to 8.0 prior to the addition
of the polyelectrolyte.
[0003] US 3.898.160 discloses a method for treating
proteinaceous waste water, said waste water being ob-
tained in the separation of starch and gluten from wheat
flour. The method comprises the addition of hexameta-
phosphate and ferric chloroide, the precipitation of a sol-
id ferric-protein-phosphate complex by raising the pH of
the waste water to 7.0 by adding sodium hydroxyde and
the separation of the effluent from said solid ferric-pro-
tein-phosphate complex precipitate.
[0004] WO 92/19547 describes a method and device
for purifying waste water containing carbohydrates, pro-
teins and fats. In this method, waste water is fed in a
first step to a first aeration tank which contains microor-
ganisms. Then a cationic and/or an anionic polymer and
possibly a solution of an iron(III) salt in water is fed to
the waste water to make some of the microorganisms
flocculate and to remove phosphate. The waste water
is then fed to a flotation device, where it is separated
into flotation sludge and a first effluent. The first effluent
is then fed to a second aeration tank which also contains
microorganisms and is provided with a separating de-
vice. In said second aeration tank, the first effluent is
purified to form purification sludge and a second efflu-
ent. Some of the purification sludge is then fed back to
the first aeration tank and another portion is fed back to
the second aeration tank. According to WO 92/19547,
the method and the device are suitable, in particular, for
purifying waste water originating from a foodstuffs
processing factory.
[0005] The method and the device according to WO
92/19547 have, however, a number of disadvantages.
Both the first and the second purification step comprise
a biological purification with the aid of microorganisms.
Because, in particular, the biological purification in the
first step requires a large amount of oxygen, the energy
consumption is high in the first step. If sufficient oxygen
cannot be fed to the device, for example if the waste
water to be purified contains a large amount of impuri-

ties, a strong stench due to rotting may be produced,
which is disadvantageous for the immediate dwelling
and working environment of the device. The purification
sludge as such is also no longer directly usable, for ex-
ample in agriculture or as an additive for livestock fod-
ders. One more disadvantage of the device according
to WO 92/19547 is that the device must be operated for
an expedient employment on a relatively large scale,
which not only imposes a load on the available space,
but also requires large investment.
[0006] The present invention provides a solution to
the problems described above. The invention therefore
provides a method as stated in the introduction, in which
proteins and other constituents, such as fats and carbo-
hydrates, are removed from waste water in a very ex-
pedient way. According to the invention, a purification
sludge is also obtained which has much nutritive value
for livestock and which can therefore be used preemi-
nently as an additive to livestock fodders. According to
the invention, phosphate, which is present in the waste
water, is also removed to a large extent from the waste
water. A further advantage of the invention is that there
is no risk of the occurrence of stench. Yet one more ad-
vantage of the invention is that the scale of the device
can be relatively small. The invention therefore relates
to a method as stated in the preamble, in which the pH
adjustment comprises an increase by at least 0.3 pH
unit.
[0007] Although it is possible to carry out the steps (b)
and (d) simultaneously in the same device, for example
by feeding back an effluent which is obtained in step (c),
or a portion thereof, this has the disadvantage that mix-
ing occurs, inter alia, of pre-purified and finely purified
water. In addition, a sludge is formed both in step (b)
and in step (d). Mixing of sludge obtained in step (b) and
sludge obtained in step (d) would therefore also be ob-
tained. According to the invention, the steps (b) and (d)
are therefore preferably also carried out alternately in
the same device.
[0008] Advantageously, the method according to the
invention is carried out batchwise, that is to say that the
steps (a) - (d) are carried out in the sequence specified
and not simultaneously. However, step (a) can indeed
be carried out during the carrying out of step (b), (c) or
(d) using another batch of waste water. As will be clear
to the person skilled in the art, this will be a more expe-
dient implementation of the method according to the in-
vention. Preferably, step (a) is therefore carried out dur-
ing steps (b) and/or (c) and/or (d).
[0009] Waste water, in particular waste water from
foodstuffs- and milk-processing industries, contains, in-
ter alia, proteins, carbohydrates and fats. It has been
found that essentially the proteins and the fats are ad-
vantageously removed from the waste water in a first
step and the other constituents, generally carbohy-
drates, are then removed in a second step. To remove
proteins, it is necessary for the pH of the waste water to
be adjusted to a correct value for causing a first insoluble
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protein containing material to form. The term "insoluble"
is understood here as meaning that, although a small
amount of the protein containing material may be
present in the waste water in dissolved form, most of the
material is precipitated.
[0010] The pH of the waste water is preferably adjust-
ed in such a way that the proteins present in the waste
water coagulate and/or flocculate. It is, however, possi-
ble that some of the proteins are already present in un-
dissolved form. According to the invention, the pH of the
waste water is therefore adjusted during step (a) to a
value which is preferably in the region of the coagulation
point of the proteins.
[0011] Coagulation is understood to mean a chemical
process in which colloidal particles, such as proteins,
which are present in the waste water, agglomerate to
form larger particles as a result of adding materials
which interact with the colloidal particles. The conse-
quence of said interaction is that the colloidal particles
agglomerate to form larger agglomerates which readily
settle.
[0012] During coagulation, flocculation may also oc-
cur. Flocculation is a physico-chemical process, in
which agglomerates of colloidal particles are formed by
mutually forming bridges between the colloidal particles
or by neutralizing the charge of the colloidal particles.
[0013] As described above, the pH of the waste water
is advantageously adjusted during step (a) to a value at
which a first protein containing material precipitates.
The adjustment of the pH is carried out by adding an
acid or a base to the waste water. Suitable acids are
inorganic acids, for example sulphuric acid, nitric acid
and hydrochloric acid, and organic acids, for example
acetic acid and formic acid. Suitable bases are primarily
inorganic bases, for example potassium hydroxide, so-
dium hydroxide and ammonium hydroxide. Preferably,
an inorganic acid, in particular nitric acid, is used as acid
and an inorganic base, in particular sodium hydroxide,
is used as base. According to the invention, the pH is
adjusted to a value of 7 - 10 and, preferably, to a value
of 8.5 - 9.5.
[0014] To cause coagulation to take place, a first co-
agulating material should be added, in which connection
the first coagulating material may be an anionic or a cat-
ionic polymer or a combination of an anionic and a cat-
ionic polymer. It has been found, however, that the co-
agulating material is advantageously an anionic poly-
mer. According to the invention, an anionic polymer,
preferably a strongly anionic polymer suitable for con-
sumption in certain quantities, and in particular the ani-
onic polymer "Supervlok A150" which is marketed by the
company Cytec Industries B.V., is therefore added prior
to step (b). This anionic polymer is a copolymer of acr-
ylamides of which some are anionically active.
[0015] The amount of anionic polymer which is added
depends strongly on the degree of contamination, in
particular the contamination in the form of proteins and
fats, of the waste water. It will be clear to the person

skilled in the art that more anionic polymer will have to
be added as the level of contamination of the waste wa-
ter increases. However, an amount of approximately 1
- 100 ppm, relative to the amount of waste water, will
often be added and preferably an amount of 5 - 20 ppm
of the anionic polymer will be added.
[0016] Prior to step (b) a solution of a metal salt in
water may also be added because the presence of a
metal salt in the waste water promotes the coagulation
and/or flocculation of the proteins and fats and the re-
moval of phosphate. Preferably, a solution of iron(III)
chloride or of aluminium(III) chloride in water is added.
[0017] During the coagulation and/or flocculation of
the proteins and fats to form the larger agglomerates,
phosphate is also removed. It has been found that the
phosphate is removed from the waste water essentially
in the form of calcium phosphate because it is entrapped
by the larger agglomerates of the proteins and fats.
[0018] As has been described above, according to the
invention, the proteins, fats and phosphate, in particular
calcium phosphate, are preferably essentially removed
from the waste water during steps (a) and (b), and the
other constituents, in particular the carbohydrates, are
removed during steps (c) and (d). To remove these other
constituents, it is advantageous to use a second coag-
ulating material. Said second coagulating material may
be an anionic or a cationic polymer or a combination of
an anionic and a cationic polymer. The second coagu-
lating material is preferably a cationic polymer, more
preferably a strongly cationic polymer which is suitable
for consumption in certain amounts and, in particular,
the cationic polymer "C496", which is marketed by the
company Cytec Industries B.V.. Said cationic polymer
is a copolymer of acrylamides, some of which are cati-
onically active. According to the invention, the second
coagulating material is preferably added after adding
the first coagulating material. According to the invention,
an amount of a cationic polymer is therefore added after
step (c).
[0019] The amount of the cationic polymer which is
added depends strongly on the degree of contamina-
tion, in particular the contamination in the form of pro-
teins and fats, of the waste water. It will be clear to the
person skilled in the art that more cationic polymer will
have to be added as the level of contamination of the
waste water increases. However, an amount of approx-
imately 1 - 100 ppm, relative to the amount of waste wa-
ter, and preferably an amount of 5 - 20 ppm of the cati-
onic polymer will often be added.
[0020] According to the invention, the purification is
preferably carried out at a temperature of approximately
5 - 45°C, in particular at a temperature of 20 - 40°C.
[0021] The exceptional expediency of the method ac-
cording to the invention is evident from the fact that, in
general, at least 80%, and usually even more than 90%,
of the proteins and fats are removed during the steps
(a) and (b). It has furthermore been found that, in gen-
eral, the chemical oxygen demand (COD) of the finely
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purified water is after steps (a) - (d) at most only 10% of
the chemical oxygen demand of the original waste wa-
ter.
[0022] The device for carrying out the method com-
prises a first tank which is connected to a flotation de-
vice. The flotation device is also connected to a second
tank in which microorganisms are present.
[0023] A preferred embodiment of said device is
shown in the figure. Said embodiment comprises a tank
1 which is provided with feed lines 4-6 and drainage line
9. Tank 1 also has means 7 and 8 for registering the
liquid level in tank 1 and for measuring the pH of the
liquid in tank 1, respectively. The preferred embodiment
further comprises a flotation device 2 which is connect-
ed to tank 1 by line 9. The flotation device is provided
with feed line 10 and drainage lines 11 - 13. The pre-
ferred embodiment furthermore comprises a tank 3
which is connected to the flotation device 2 by lines 13
and 16. Tank 3 is provided with feed lines 14 and 15 and
drainage line 16. According to this preferred embodi-
ment, at least lines 9 and 13 are provided with pumps
17 and 18. The device also comprises a process control
system.
[0024] The device is preferably operated as follows.
Tank 1 is filled via feed line 4 with the protein containing
waste water to be purified. Then either the acid is added
via feed line 5 or the base via feed line 6 to adjust to the
desired pH. The pH is measured by means 8 which is
connected to the process control system which regu-
lates whether acid or base has to be added and which
regulates the amount thereof which is necessary for ad-
justing to the desired pH. The reaching of a certain liquid
level in tank 1 is measured using means 7 which is also
connected to the process control system. When the de-
sired, generally the maximum, liquid level has been
reached, tank 1 is emptied, for example to approximate-
ly 20% of the total volume. The supply of the waste water
to be purified and the adjustment of the pH are main-
tained.
[0025] If the waste water in tank 1 has the desired pH,
formation of a first insoluble protein containing material
occurs. The mixture of waste water and the first insolu-
ble protein containing material is fed by means of pump
17 to the flotation device via line 9. Once the mixture
has been fed to the flotation device, the pump 17 is
stopped at a low-level message signal by means 7.
[0026] The desired amount of the anionic polymer is
then added via line 10. The anionic polymer can also be
added before the mixture has reached the flotation de-
vice, but it must, however, take place after the mixture
has left tank 1. Line 10 can therefore also be placed, for
example, between pump 17 and the feed point of the
flotation device 2.
[0027] As a result of adding the anionic polymer, co-
agulation and/or flocculation of the colloidal particles
such as proteins and fats occurs. In the flotation device
2, the coagulated and/or flocculated particles come into
contact with air, in which process a foam is formed. In

the flotation device, said foam is separated from the
waste water by means of a scraper.
[0028] During the flotation, the mixture of the waste
water and the first insoluble protein containing polymer
is separated into a pre-purified waste water and a pro-
tein containing sludge. The protein containing sludge is
drained via line 12, while the pre-purified waste water is
fed by means of pump 18 via line 13 to tank 3.
[0029] Air is fed into tank 3 via supply line 15. This
aeration is preferably carried out for at least 4 hours.
The desired amount of cationic polymer is fed via supply
line 14 into line 16, upstream of flotation device 2. Pref-
erably, the effluent from tank 3 is fed via line 16 to the
flotation device 2 in such a way that the cationic polymer
is fed at the same point as that of the feed of the anionic
polymer. Line 16 therefore preferably comes out at the
same feed point of the flotation device 2 as that of line
10 while line 14 is preferably immediately upstream of
said fuel point.
[0030] Once the biological sludge flocs, which are
formed in tank 3 during a settling phase and which es-
sentially contain constituents other than proteins and
fats, have coalesced sufficiently to form a second insol-
uble material, the effluent is fed via line 16 to the flotation
device.
[0031] The effluent is then floated to form finely puri-
fied waste water which is drained via line 11. The second
insoluble material is drained via line 12.
[0032] It will be clear to the person skilled in the art
that the device may optionally be provided with more
means for feeding through the various process streams,
for example conveyor belts, pumps and stirring devices.
[0033] Since carbohydrates are essentially decom-
posed in tank 3. carbon dioxide is formed during said
decomposition, as a result of which the pH of the pre-
purified waste water will drop rapidly to a value of ap-
proximately 7.5, which is favourable for the microorgan-
isms present in tank 3.
[0034] Another advantage of the method according to
the invention is that fats and proteins are removed in the
first stage, that is to say during steps (a) and (b). There
is therefore scarcely a risk of stench nuisance (mer-
captans) occurring during the decomposition of carbo-
hydrates in tank 3. In addition, phosphate is removed
during the steps (a) and (b). There is therefore also no
risk of the microorganisms present in tank 3 being de-
activated by calcification because, as a result of the re-
duced pH in tank 3, calcium phosphate and, as a result
of the presence of carbon dioxide, calcium carbonate
can precipitate.
[0035] Although the first and the second insoluble ma-
terials are drained via line 12, this is not necessary. If it
is desired to isolate the two materials separately, it will
be clear to the person skilled in the art that the flotation
device can optionally be provided with a separate line
for draining the second insoluble material. The first in-
soluble material and the second insoluble material can
also be drained via the same line, but to separate stor-
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age points.
[0036] In another preferred embodiment, tank 3 is
provided with an additional direct drainage line 19. In
this case, after the desired liquid level of the waste water
has been reached in tank 1, the feeding of air to tank 3
is stopped by means 7 and the process control system.
Preferably, the aeration in tank 3 is stopped when tank
1 is partly filled, in particular is filled to approximately
60% of the total volume. The second insoluble material
can then settle in tank 3. After purification in tank 3, most
of the finely purified water can be drained via said addi-
tional line 19. The second insoluble material is fed to-
gether with the small residual amount of the finely puri-
fied waste water to flotation device 2. In the meantime,
tank 1 is filled further to approximately the maximum vol-
ume, the time duration between the filling of tank 1 from
approximately 60% of the total volume to approximately
the maximum volume being approximately equal to that
which is necessary to settle the second insoluble mate-
rial, to drain most of the finely purified waste water via
line 19 and to feed the second insoluble material and
the small residual amount of the finely purified waste wa-
ter to the flotation device 2. In this case, line 16 is con-
nected to tank 3 in such a way that a level difference is
present between line 16 and the bottom of tank 3, with
the result that, when the second insoluble material and
the small residual amount of the finely purified waste wa-
ter are fed to the flotation device 2, a small portion of
the second insoluble material remains behind in tank 3
for the purpose of purifying a subsequent charge of pre-
purified waste water. This takes approximately 15 min-
utes to 1 hour. Tank 1 is then emptied with the aid of
pump 17 to approximately 20% of the total volume, pref-
erably at a flow rate higher than that at which tank 1 is
filled with waste water. At the same time, pump 18 en-
sures that tank 3 is filled with pre-purified waste water
at a flow rate which is preferably approximately equal to
that with which tank 1 is emptied. An advantage of this
method is that a smaller amount has to be processed
by the flotation device, as a result of which less energy
and less coagulating material is necessary.
[0037] The device therefore comprises at least one
tank 1, a flotation device 2 and a tank 3, and the further
means, pumps and lines 4 - 19, tank 3 being connected
to flotation device 2 by means of line 16 and lines 9 and
13 comprising pumps 17 and 18.
[0038] It will be clear that, if essentially only proteins
and fats have to be removed, it is possible to make do
with a method according to the invention which compris-
es only the steps (a) and (b) and a device which is suit-
able for carrying out the steps (a) and (b). The method
then comprises (a) making an insoluble protein contain-
ing material form and (b) separating the mixture ob-
tained in step (a) to form purified waste water, in which
process, during step (a), the pH of the waste water is
adjusted to a value of 7 - 10 and preferably an amount
of an anionic polymer is added prior step (b). As is de-
scribed above, the exceptional expediency of such a

method is that in general at least 80% and usually even
more than 90% of the proteins and fats are removed dur-
ing the steps (a) and (b). In this case it has further been
found that, if the pH of the waste water has a value of
about 7 to about 9, the pH correction is performed in
such a way that the pH of the waste water is increased
by at least 0.3 during step (a), preferably by at least 0.5.
If the pH of the waste water is in the range of 7-8, the
pH adjustment needs to be about 0.5, whereas the pH
of the waste water is in the range of 8-9, the pH correc-
tion may be about 0.3. However, if the pH of the waste
water is above about 9.5, the pH needs to be decreased
to a value of about 7.5 and then increased to a pH of
about 8. Consequently, it is in general only necessary
to increase the pH of the waste water by only a relatively
small value, i.e. about at least 0.3 to about 0.5, which
has the advantage that less chemicals are needed for
removing proteins, fats and phosphate from the waste
water. A suitable device will then comprise a tank (1)
and a flotation device (2), tank (1) being provided with
feed lines and drainage lines (4) - (6) and (9) and means
(7) and (8) for registering the liquid level and for adjust-
ing the pH of the liquid in tank (1), respectively, the flo-
tation device (2) being connected by line (9) to tank (1)
and being provided with feed lines and drainage lines
(10) - (13), at least line (9) being provided with a pump
(17) and a process control system.
[0039] The method according to the invention is pri-
marily suitable for purifying waste water from a food-
stuffs processing factory. Examples of a factory of this
type are milk-processing factories and creameries. The
method according to the invention is suitable, in partic-
ular, for purifying waste water from a cheese factory, i.
e. waste water originating from the preparation of
cheese.
[0040] The method according to the invention can al-
so be used if the purification in tank 1 is carried out at a
pH of less than 7. This has, however, the disadvantage
that the pre-purified waste water has first to be neutral-
ized with a base before it is fed to tank 3. In addition, as
a result of the formation of carbon dioxide, the pH has
to be kept at a value of approximately 7 by adding base.
In addition, no phosphate will be removed in tank 1 be-
cause of the acidic pH. If the pre-purified waste water
still containing phosphate is brought into contact with a
base in or upstream of tank 3, there is a risk that phos-
phate and possibly carbonate may precipitate, which
may give rise to calcification of the microorganisms
present in tank 3.

Claims

1. Method for purifying protein containing waste water
in which:

(a) a first insoluble protein containing material
is caused to form in the waste water by adjust-
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ing the pH to a value of 7-10,
(b) the mixture obtained in step (a) is separated
to form pre-purified waste water,

characterized in that the pH adjustment comprises
an increase by at least 0.3 pH unit.

2. Method according to Claim 1, wherein the pH is ad-
justed to a value of 8.5-9.5.

3. Method according to Claim 1 or Claim 2, wherein
the pH adjustment comprises an increase by at
least 0.5 pH unit.

4. Method according to any of Claims 1 - 3, wherein:

(c) the pre-purified waste water is treated with
aerobic microorganisms for the biological puri-
fication of said pre-purified waste water,
(d) the mixture obtained in step (c) is separated
to form finely purified waste water.

5. Method according to any of Claims 1-4, wherein an
amount of cationic polymer is added after step (c).

6. Method according to any of Claims 1 - 5, wherein
an amount of anionic polymer is added prior to step
(b).

7. Method according to any of Claims 1 - 6, wherein
the protein containing waste water originates from
a dairy-processing factory, such as a milk process-
ing factory or creamery.

8. Method according to any of Claims 1 - 7, wherein
the protein containing waste water originates from
the preparation of cheese.

Patentansprüche

1. Methode zur Reinigung von proteinhaltigem Ab-
wasser, in welcher:

(a) durch Einstellen eines pH-Wertes von 7-10
ein erstes unlösliches, proteinhaltiges Material
im Abwasser gebildet wird,

(b) die in Schritt (a) erhaltene Mischung ge-
trennt wird, wodurch ein vorgereinigtes Abwas-
ser entsteht,

wobei die Einstellung des pH-Wertes eine Erhö-
hung des pH-Wertes um mindestens 0,3 Einheiten
umfasst.

2. Methode gemäß Anspruch 1, wobei der pH-Wert
auf einen Wert von 8,5-9,5 eingestellt wird.

3. Methode gemäß Anspruch 1 oder 2, wobei die Ein-
stellung des pH-Wertes eine Erhöhung des pH-Wer-
tes um mindestens 0,5 Einheiten umfasst.

4. Methode gemäß einem der Ansprüche 1-3, wobei

(c) das vorgereinigte Abwasser zu dessen bio-
logischer Reinigung mit aeroben Mikroorganis-
men behandelt wird und

(d) die in Schritt (c) erhaltene Mischung ge-
trennt wird, wodurch gut gereinigtes Abwasser
entsteht.

5. Methode gemäß einem der Ansprüche 1-4, wobei
nach Schritt (c) eine Menge an kationischem Poly-
mer zugegeben wird.

6. Methode gemäß einem der Ansprüche 1-5, wobei
vor Schritt (b) eine Menge an anionischem Polymer
zugegeben wird.

7. Methode gemäß einem der Ansprüche 1-6, wobei
das proteinhaltige Abwasser von einer Molkereipro-
dukte verarbeitenden Fabrik stammt, wie z.B. eine
Milchverarbeitungsfabrik oder eine Molkerei.

8. Methode gemäß einem der Ansprüche 1-7, wobei
das proteinhaltige Abwasser aus der Herstellung
von Käse stammt.

Revendications

1. Procédé pour épurer de l'eau usée contenant des
protéines, dans lequel :

(a) on provoque la formation dans l'eau usée
d'un premier contenant des protéines insolu-
bles en réglant le pH à une valeur de 7 à 10,
(b) on sépare le mélange obtenu à l'étape (a)
pour former de l'eau usée pré-épurée,

caractérisé en ce que le réglage de pH com-
prend une augmentation d'au moins 0,3 unité de
pH.

2. Procédé selon la revendication 1, dans lequel le pH
est réglé à une valeur de 8,5 à 9,5.

3. Procédé selon la revendication 1 ou la revendica-
tion 2, dans lequel le réglage de pH comprend une
augmentation d'au moins 0,5 unité de pH.

4. Procédé selon l'une quelconque des revendications
1 à 3, dans lequel :

(c) on traite l'eau usée pré-épurée avec des mi-
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croorganismes aérobies pour l'épuration biolo-
gique de ladite eau usée pré-épurée,
(d) on sépare le mélange obtenu à l'étape (c)
pour former de l'eau usée finement épurée.

5. Procédé selon l'une quelconque des revendications
1 à 4, dans lequel on ajoute après l'étape (c) une
quantité de polymère cationique.

6. Procédé selon l'une quelconque des revendications
1 à 5 dans lequel on ajoute avant l'étape (b) une
quantité de polymère anionique.

7. Procédé selon l'une quelconque des revendications
1 à 6, dans lequel l'eau usée contenant des protéi-
nes provient d'une usine de traitement de produits
laitiers, telle qu'une usine de traitement de lait ou
de crème de lait.

8. Procédé selon l'une quelconque des revendications
1 à 7, dans lequel l'eau usée contenant des protéi-
nes provient de la préparation du fromage.
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