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Description

The present invention relates to a method for cleaning objects and materials, and particularly, although
not exclusively, for removing organic substances such as hydrocarbons, greases, waxes, oils, tars, pitches,
proteins and peptides, particularly oils and greases and their decomposition products for biodegradation
thereof. The invention also relates to apparatus for carrying out the method.

The invention relates more specifically, although not exclusively, to degreasing biologically, objects
which are contaminated with cutting oils, lubricants, grinding oils or process oils, prior to the further
treatment of said objects.

Degreasing is an absolute necessity when the objects concerned are to be freated by processes such
as phosphating processes, electrolytic processes, varnishing etc., if good resulis are to be achieved.

Conventional degreasing of such objects is more often than not effected with a caustic soda solution, or
lye, at high bath temperatures, which affords a good result initially. However, the bath gradually becomes
enriched with oils removed from the objects and the degreasing capacity of the bath will fall-off radically
when the oil contents of the bath exceed 0.5 % by weight. This also applies to degreasing baths, which are
maintained at temperatures of from 90 to 95°C. Objects which have been treated with a caustic soda
solution are also difficult to wash clean. Furthermore, processes which utilize caustic acid solutions and high
bath temperatures are hazardous to the environment.

When practicing the inventive method, the objects are instead washed with tensides which emulsify the
organic substances, whereafter the emulsified hydrocarbons are degraded to carbon dioxide and water, by
adding nutrient salts to the bath, so as to activate the microorganisms present in the contaminating
substances and therewith result in the degradation of said substances. By composing a degreasing bath in
accordance with the invention and utilizing natural oil-consuming bacteria which accompany the contami-
nated objects, it is possible to degrease the objects while biologically reducing, at the same time, the
entrant oils carried into the bath.

The novel method thus enables tensides to be used for cleaning purposes instead of caustic soda
solutions. Furthermore, the tensides are not consumed to the same extent as the caustic soda solutions
used in conventional methods, because the cleaning bath composed in accordance with the invention can
be used effectively for two years owing to the degradation of entrant oils and greases. Conventional
degreasing processes using caustic soda solutions can only be used effectively for a short period of time.
Furthermore, the inventive cleaning process can be carried out at a low temperature. These advantages
afforded by the invention result in a considerable reduction in costs compared with prior art degreasing
processes in which caustic soda solutions are used. The inventive process is also more friendly to the
environment. Objects or materials cleaned with the aid of tensides can also be washed easily. Prior to this
invention, the use of tensides has been prohibited by the fact that their degreasing ability falls off rapidly
with increasing oil levels, thereby necessitating quick replenishment of the tensides.

Because of the tenside costs incurred hereby, such replenishment has rendered the process highly
expensive. The proposed bacteria degradation or decomposition, of the contaminants present enables, for
the first time, tensides to be used in an efficient and rational fashion.

The present invention thus relates fo a method for cleaning objects which is characterized by cleaning
said objects by ftreating them with an aqueous solution of fensides such as to emulsify the organic
contaminants present, and by adding nufrient salis to the tenside solution so as to initiate the growth of
microorganisms for the purpose of biologically degrading the organic substances so that the tenside
solution substantially is unaffected, the biodegradation being performed separately from or simultaneously
with the cleaning.

In order to initiate a cleaning process of this kind, it is necessary first to accumulate a given amount of
organic substances such as oil and accompanying bacteria, prior to activation of the bacteriological life. The
oil is preferably accumulated in the cleaning bath, by adding thereto a tenside solution of basic pH 7-14,
particularly by adding a basic tenside solution of pH 9-11.

Cleaning can be effected with any kind of water-soluble tenside whatsoever, such as anionic, cationic,
nonionic and amphoteric tensides. These can be tensides which are not-readily degradable by microorgan-
isms, such as the halogen-containing (chloro-bromo- and fluoro-containing) tensides and heterocyclic
tensides. Biodegradable tensides are preferably used, however, so that sludge, slime, separated from the
process will not contaminate the surroundings. It is correct procedure, however, to control the process so
that the microorganisms will not degrade the tensides. This control process is preferably effected by
ensuring that the hydrocarbon content of the bath will not fall beneath 50 mg/liter and that the tenside
content will not rise above 15 % by weight. By proceeding in this way, it is ensured that the microorgan-
isms will substantially degrade the organic contaminants present under all conditions and that the tensides
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will be practically unaffected and regenerated and can be reused. The tensides will probably work at a pH
of 7 up to an alkaline pH-value which will not block microbial growth. This pH-value is, at present, about 9.5,
but may conceivably increase through genetic manipulation of the microorganisms. It has been found that
good cleaning and degreasing results are achieved at alkaline pH-values above 8.5.

It is also possible to draw off part of the cleaning liquid and to allow biodegradation to take place in a
separate unit or facility. In this case, higher alkaline pH-values can be used in the actual cleaning bath.
Thus, when the cleaning and biodegradation processes are effected separately, the cleaning process can
be carried out at pH-values of from 7 to 14. When the cleaning processes and biodegradation processes
are carried out in one and the same bath, the pH-value is preferably adjusted to between 9.0 and 9.5.

Because organic substances such as oil and grease are emulsified continuously in the bath, the pH-
value will decrease as a result of tensides being consumed and bound by the emulsified substances. When
the pH-value has fallen to about 9.2-9.4, careful metering of nutrient solution into the bath can be
commenced, so as fo activate the latent bacteria culture in the bath. In the case of systems having a
volumetric capacity of 2 m3, the system should be activated immediately, whereas systems having
volumetric capacities on the order of 50-100 m® should not be activated until the oil content of the bath has
risen to about 500-1000 mg/liter.

It is also important that fresh tensides are metered continuously to the bath, such as to maintain a
constant tenside content and emulsifying capacity. The tenside content is preferably maintained at between
1-15 % by weight, preferably between 2-5 % by weight in the case of objects soiled to normal levels, and
between 5 and 10 % by weight in the case of heavily soiled or contaminated objects. When the cleaning
and biodegradation processes are carried out separately from one another, the tenside content of the
cleaning bath may be maintained at a high level, while the bath in which biogradation takes place is
maintained at the aforesaid tenside level.

The content of organic substances should not fall beneath 50 mg/ml in the biodegradation process,
since bacteria can begin to consume the tensides at lower contents of organic contaminants. In the case of
large bacteria populations, the pH-value may fall rapidly as a result of the high consumption of emulsifying
chemicals and also as a result of acid generation by dead bacteria. The contaminant content such as oil
and grease should be maintained between 50-1000 mg/ml, preferably between 50 and 250 mg/ml, by
adding to the system nutrient substances and pH-increasing substances.

The temperature has also a decisive significance on optimum cleaning capacity. When the cleaning and
biodegradation processes are effected separately from one another, the temperature of the cleaning bath
may be between 20 and 100° C. When cleaning and biodegradation are effected in one and the same bath,
the bath should be maintained at a temperature of between 20 and 80 ° C, preferably between 30 and 40° C,
and more preferably between 35 and 40° C, which has been found to be a splendid working range in the
case of mesophilic bacteria. Good cleaning results are obtained in this temperature range while, at the
same time, the low temperature used requires only a low energy input. In the case of certain degreasing
processes used, for instance, to remove waxes and paraffins, the degreasing temperature must lie above
50-60° C, in which case it may be suitable to use separate facilities for degreasing and biodegradation
purposes.

Conversion of the bacteria population takes place more rapidly at temperatures above 40° C, at which
preferably thermophilic bacteria are active, and consequently the content of organic contaminants should lie
above 300 mg/liter in order to prevent the bacteria from attacking the degreasing chemicals.

A high degree of bacterial activity is required when large quantities of organic contaminants enter the
bath. Large numbers of bacteria are also killed therewith. Certain bacteria species when dead produce toxic
substances which are liable to destroy the biological life. Consequently, it is essential to separate dead
bacteria continuously from the cleaning bath. Since dead bacteria have a low sedimentation rate (about 0.1
m/h) their separation from the bath may at times, prove troublesome. The separating apparatus described in
Swedish Patent Specification 7701734-1 is preferably used in this regard. This specification is hereby
incorporated as a reference.

The method is preferably made aerobic by introducing air, which can be atomized with the aid of
nozzles.

The tensides used in accordance with the invention are described in more detail hereinafter, wherein in
the formulae recited, R is an alkyl residue having a long chain with 8-20 carbon atoms, R’ is a short alkyl
residue having 1-8 carbon atoms or H, and X is an alkylene residue, particularly -(CHz), when nis 1, 2 or 3.

The tensides used in accordance with the invention may be anionic tensides, such as detergents and
soaps, e.g. salts of carboxylic acids, suitably alkali, particularly potassium salts and amine salts (mono-, di-
and triethanolamine salts), morpholine salts of fatty acids R-COO-,
particularly having 12, 13, 14, 15, 16, 17 and 18 carbon atoms. There can also be used salts of carboxylic
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acids having inserted ether-, carbon-, amide-, ester- and sulfonamide groups.

R-CONH-X-COO,
5
R
\CH-sozNH-x-co&
R
10
R-O-X-COO,
R-S-X-CO0,
R-S02-X-COO.

15
Sulfuric acid esters can also be used, such as sulfated oils and fatty acids, such as sulfuric acid esters

0
20 ReCHotoC 7
\ ~on
0SS0 3
25
sulfated amides
7~ °
30 R-CH=-X-C
!
| ™~ yur
0S0 3
35
alkyl sulfates
R -
0S0 37
40
sulfated fatty acids monoglycerides of the formula
45 —

R-COO-CH3-(i3H-CH‘2—OSO3 ,

OH

50 sulfated fatty acid alkylene amides

R-COHN-X-OSOT3 ,

55
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R—O-X-OSO3 .

Alky! sulfonates can also be used, such as simple alky! sulfonates

sulfosuccinic acid esters

R-CH-R!

SO3

CH,-COOR

2

-0,S-CH-COCR,

3

alkyl sulfonates having intermediate groups X

alkyl phosphates

R-O-POs;.

Alkylaryl sulfonates can also be used, such as alkyl naphthalene sulfonates

R'
\EI;\ o

and alkyl benzene sulfonates

RCO0-X-SO 3

R-CON=X-SO
| 3

Rl

R —@ —O—X-SO3

3

e

SO

3
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and alkyl phosphates and salts of alkyl benzene phosphonic acids.

5 R——<E:>k//PO::::-

According to the invention, there are also used cationic tensides, particularly with chlorine or methylsulfate
10 ions as catanions, e.g. amine salts, primary, secondary and teriary amine salts

R-RH5’
R-NH,-R’,
15 +
R-NH-R',
R T

20
primary, secondary and tertiary amine salts with intermediate ions X
R-COO-X-NHR,

25 R-CONH-X-NHR;’,

R-O-X-NHR;',

quarternary ammonium salts

30 R
R'-N'-R'
35 '
R ]
also with intermediate molecyles X as for the amine salts, phosphonium salts
40
R ]
| +
45 R-P-R"',
L,
50 and sulfonium salts
R v
| +
55 R-S
L
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Amphoteric tensides can also be used, such as betaines
R '
l+
R-ﬁ-X-COO,

R L
sulfobetaines

Rl

R-N-X-S0,

and sulfate betaines

R!
|+

R=-N-X-0-SO
{ 3

R )
Nonionic tensides can also be used, such as ethylene oxide adducts, such as alkyl polyethylene glycols
R-(O-CHz2-CH;),-OH,

alkylene polyethylene glycols

R ——{E::> -(0-CH,-CH,) -OH,

Acyl polyethylene glycols
R-CO(O-CH2-CH),-OH,

n = 1-60
ethoxylated polypropylene glycols

H-(0-CH -CHZ)n-(O—CH—CHz)m-(O-CHz-CHz) n~-OH

CH

2
3
amine etoxilate

- (CH2CH2@nH

RN

~—

(CH2CH20)nH
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Among these compounds there is preferably used those which have a weak to average degree of
ethoxylation (n = about 0.3-0.7c, where n is the number of moles ethylene oxide per mole of starting
substance and c¢ is the number of carbon atoms in the hydrophobic residue). Fatty acid monoglycerides are
also used -

R-COO-CHZ-?H-CHz-OH ’

OH
anhydrosorbite-monofatty acid esters
R-COO0-CgH11 04,
fatty acid alkylene amides
R-CONH-X-OH,

R-CON-X-OH
X-0H

saccharose-monofatty acid esters
R-COO-C13H21020.

These tensides can either be used individually or in mixtures. Cationic and nonionic tensides and
mixtures thereof are used in particular, especially nonionic ethylene oxide adducts. Examples of tensides
which can be used in this regard include 616 Allrent (contains nonionic tensides 2-nonyl-phenol, cationic
tensides alkyl polyglycolether ammonium methyl sulfate, tetra potassium pyrophosphate, sodium citrate,
preservatives, isopropanol, perfume, water and trisodium nitrilo triacetate). Via® Surf®, Radion®, Meggem
8510® (ethylene oxide adducts, glycols, phosphates, silicates). These detergents often contain an alkaline
substance which will not block microbiological growth and auxiliary washing agents such as poly-
phosphates.

The substances used to adjust the pH of the system shall be soluble in water, although they should not
have a negative effect on the tensides and the microbiological conversion. Examples of such basic
substances include alkali salts of basic pyrosulfates MsP207, where M signifies an alkali or alkali metal,
preferably potassium, polyphosphates, tripolyphosphate, metasilicates such as sodium metasilicate, and
primary, secondary, tertiary amines, particularly water soluble and/or grease-emulsifying primary, secondary
and tertiary alkanol amines preferably having 1-10 carbon atoms and optionally substituted on the alkyl part,
e.g. mono-, di- and friethanolamine, 2-amino-1-butanol, 2-amino-3-methyl-propanol, 2-amino-2-methyl-1,3-
propandiol, 2-amino-2-ethyl-1,3-propandiol, tris(hydroximethyl)Jamino methane and isopropanol amine.
These alkali substances can be charged in mixtures with the tensides.

In the case of large bacteria populations, the pH-value may fall rapidly due to high consumption of
emulsifying chemicals and to the generation of acid by dead bacteria. Consequently, in order to prevent the
tenside-consumption from becoming excessive, the nufrient solution introduced to the bath may also
contain a pH-increasing substance suitable for tensides, e.g. one of the aforementioned.

Preferably, sodium metasilicate or alternatively amines are used. Tensides based on sodium
metasilicate are not suitable for use in a number of industrial surface-treatment processes, such as
electrolytic processes for applying chromium, nickel and other metals. In the cases of these processes, the
alkaline substance used must be based on amines.

The nutrient substances charged in accordance with the invention are those conventionally used for the
cultivation of microorganisms. These substances shall contain N, S, Mg, K, P, and a carbon source, and
may also contain trace metals such as Zn, Mn, Cu, Co, Mo. A suitable mixture will contain one part by
weight Mgz+, one part by weight SO?~, 8 paris by weight K", 32 parts by weight PO3~, 80 parts by weight
NH", a carbon source in the form of glucose 1600 parts by weight, minor quantities of zinc, manganese,
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copper, cobalt and molybdenum, pH-increasing substances, e.g. alkali and pH-lowering acid, e.g. HsPOs,
0O, 3000 parts by weight in the form oxygen or air. The composition of the nutrient substances, however,
forms part of the present state of the art and can be readily established by the skilled person.

The microorganisms activated in accordance with the present invention are the following:

In mineral oils there are found
Pseudomonas spp
Pseudomonas pseudoalcaligenes
Pseudomonas alcaligenes
Alteromonas putrefaciens
Pseudomonas stutzeri
Aeromonas spp
Enterobacteriaceae spp
Klebsiella pneumoniae
Enterobacter agglomerans
Klebsiella oxytoca

Proteus vulgaris

Citrobacter diversus
Escherichia coli

Citrobacter freundii

Morganella morganii
Thiobacillus spp

Thiobacillus ferrooxidans
Aerococcus viridans
Cladisporium resinae

Alkane oxidizing spp
Acinetobacter spp

Arthrobacter spp

Nocardia spp

Cyronebacterium spp
Xanthomonas spp
Brevibacterium spp

In synthetic oils there are found
Pseudomonas spp
Pseudomonas pseudoalcaligenes
Pseudomonas alcaligenes
Pseudomonas fluorescens
Pseudomonas putida
Acinetobacter spp
Acinetobacter calcoaceticus
Thiobacillus spp

Thiobacillus thiooxidans
Flavobacterium odoratum
Enterobacteriaceae spp
Bacillus spp

Alkane oxidizing spp
Arthrobacter spp

Nocardia spp

Corynebacterium spp
Xanthomonas spp
Brevibacterium spp

In accordance with the invention it is also possible to initiate a process by adding cultivated strains of the
aforesaid bacteria. It is also possible to initiate a cleaning process by adding slime or sludge isolated from a
previous process to the bath.

The inventive method enables tensides to be used effectively and in a rational manner to clean
industrial goods prior to subjecting said goods to further treatment processes, degreasing of said goods
having been previously effected mainly with caustic soda solutions. The method enables tensides to be
used, because the content organic contaminants in the cleaning bath can be held constantly at a low level.
When practising the present inventive method the bath can be used for a period of up to about 2 years, as
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opposed to a period of about 1 month in the case of the earlier known cleaning method, depending upon
the quantity of contaminated objects, or goods, degreased in the bath. The objects cleaned in accordance
with the inventive method can also be easily washed free from the cleaning solution. Objects cleaned in
accordance with the earlier known method cannot be washed so readily, since caustic soda, or lye, is
difficult to wash off. The present inventive method can also be carried out at low temperatures, in the region
of 35-40° C, instead of the relatively high temperatures of 90-95° C used in the earlier degreasing process.
This means that energy can be saved. Since energy can be saved and the chemicals can be used more
effectively, there is obtained a cost reduction of 60-80%.

The invention also relates to apparatus for carrying out the inventive cleaning method. This apparatus is
characterized by a cleansing tank which is located above a washing liquid tank and above a rinsing liquid
tank, the bottom of the cleansing tank being totally or partially common to the ceiling of the washing liquid
tank and the rinsing liquid tank respectively. The bottoms of the three tanks may be conical in shape.

The cleansing tank may have any desired shape, such as round, square, rectangular, although it is
preferably open and round. The washing liquid and rinsing liquid tanks may also have any desired shape.
The tanks are preferably closed. The rinsing liquid and washing liquid tanks may have a ceiling or roof
whose total surface area is greater than or smaller than the bottom surface of the cleansing tank. These
ceilings may also coincide fully or partially with the bottom of the cleansing tank. Thus, the rinsing liquid
tank and washing liquid tank may project beyond the bottom of the cleansing tank or coincide with the outer
boundaries thereof, as illustrated in Fig. 3, or the ceilings may leave part of the outer bottom surface of the
cleansing tank free.

The three tanks for cleansing and holding washing liquid and rinsing liquid respectively are preferably
configured in a first cylindrical tank having a conical bottom. The tank is first divided transversely of its
longitudinal axis, so as to obtain an upper, cleansing tank, and then diametrically downwards beneath the
cleansing tank, so as to obtain a washing liquid tank and a rinsing liquid tank. Preferably, only the conical
part of the first cylindrical tank is divided into a tank for washing liquid and a tank for rinsing liquid as
illustrated in Fig. 3. The first cylindrical tank, however, may also be partitioned transversely to the
longitudinal axis, above the conical part, so that the washing-liquid and rinsing-liquid tanks obtain an upper
cylindrical part and a lower conical part.

Preferably, there are provided outlet openings from the cleansing tank to the washing liquid tank and
the rinsing liquid tank respectively, and openings for further transportation of washing and rinsing liquid from
respective washing and rinsing liquid tanks to the cleansing tank, closeable outlets from respective washing
liquid and rinsing liquid tanks, closeable inlets for fresh water, washing liquid and additives to the washing
liquid tank and a closeable inlet for supplying fresh water to the rinsing liquid tank.

The rinsing liquid and washing liquid tanks may include means for heating the contents of said tanks
and also means for aerating said tanks. The washing liquid tank preferably includes aerating means. The
washing liquid tank may also include agitating or stirring means. Agitation of the tank contents, however, is
preferably effected through aerating of the tank.

The invention will now be described in more detail with reference to the accompanying drawings, in
which

Fig. 1 is a flow chart, illustrating a common bath for carrying out degreasing and biodegradation
processes in accordance with Example 1,

Fig. 2 is a flow chart illustrated separate units for effecting degreasing and biodegradation processes in
accordance with Example 3, and

Fig. 3 illustrates a preferred embodiment of apparatus for carrying out the inventive method.

The inventive apparatus will now be described with reference to Fig. 3. When using the illustrated
apparatus, goods or objects A to be cleaned are placed in the cleansing tank 1, e.g. with the aid of a
basket. The valve 6 is opened and a pump activated, whereupon washing liquid comprising tenside and
alkali is pumped up from the tank 2 and applied to the objects or goods under powerful pressure. This can
either be carried out manually or through nozzles installed in the cleansing tank 1. The washing liquid
emulsifies oil, grease and like contaminants. Subsequent to washing the objects, the valve 4 in the
cleansing tank 1 is opened, and the used washing liquid is allowed to run back into the washing liquid tank
2. The valve 7 is then opened and a pump activated, whereupon rinsing water is sprayed, in the
aforedescribed manner, over the objects, to rinse washing liquid therefrom. The valve 5 in the cleansing
tank 1 is then opened and the rinsing water is allowed to run back into the tank 3. After the apparatus has
been used for some hours, oil and grease will have accumulated in the washing liquid in the tank 2. At this
stage, continuous metering of tensides, alkali and nufrient salts can be commenced and the pH-value
adjusted to 8.5-9.5, so as to enable maximum growth of the microorganisms. The washing liquid tank,
which, in the case of the illustrated apparatus, is the tank in which the contaminants are broken down

10
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biologically, is aerated and the contents thereof agitated with the aid of air entering through an air conduit
16. The pH-value falls with increasing oil contents. The pH-value is therefore adjusted to the aforesaid pH-
range, so as to maintain the oil content within the range of 100-500 mg/liter.

Under these conditions it is possible to effect continuously a degreasing process in which oil-
contaminated objects are constantly introduced into the cleansing tank 1 and degreased with washing liquid
based on tensides and alkali, which emulsifies oil and bacteria present therein upon contact with the
objects, such that the bacteria are able subsequently to reduce the oil content of the washing liquid tank 2
to within the range of 100-500 mg/liter, said tank 2 functioning as a microorganism cultivating tank.

The method is facilitated by the fact that the lower part of the apparatus is conical in shape. Because
the washing liquid tank 2 is conical, it has a confined lowest point to which contaminants and dead bacteria
are able to sink and from which the contaminants can be removed continuously to a waste outlet, through
the valve 8. The rinsing water tank 3 is also conical in shape and incorporates an outlet valve 9. The
bacteria population can be run at low temperatures, preferably at 35-40° C in the case of a mesophilic
process or at 40-60° C in the case of thermophilic bacteria. These temperature ranges can be maintained in
the washing liquid tank 2 with the aid of the heating means 13. The tank contents may also be heated with
hot air. The temperature of the contents of the rinsing water tank 3 can also be regulated, with the aid of the
means 14. Optimization of the washing process for high bacteria populations, by adjusting the pH-value and
the nutrient substances and fresh tensides, enables the tenside consumption to be kept as low as 10% of
the calculated amount of oil introduced to the system. Oxygen is supplied continuously, by aeration, and the
oxygen blow is positioned in a manner such that dead bacteria and entrant contaminants can be removed
continuously through the valve 6. This affords optimum bacteria growth conditions and enables tensides to
be used effectively and rationally for degreasing industrial objects and goods.

The invention will now be described in more detail with reference to a number of working examples.

Example 1

A standard method carried out in a low-temperature cleaning system in which cleaning and biodeg-
radation are effected in one and the same bath.

A stream of objects, or goods, to be cleansed are conveyed by a transverse conveyer or drum to the
process bath 17 (see Fig. 1) and are left in the bath for about 2-20 minutes, so that oil and contaminants are
washed off. Air is blown with a motor 18 and a fan 19 through line 20 into the bath continuously from the
bottom of said bath, so as to thoroughly agitate the bath contents and maximize the oxygen supply. Bath
liquid is fed through a valve 21 with a pump 22 continuously from the bath to a separator unit 23, for
extraction of contaminants and dead bacteria through a valve 24 to a sludge tank 25. Sludge, or slime, is
withdrawn from the separator compression zone. Tensides are metered into the bath continuously from a
tank 26 at the same rate as the tensides are consumed. Nutrient solution, Camex Bio 104-1, is metered into
the bath intermittently from a tank 27, so as to maintain the set-point values set on the pH-meter constant.
The best mesophilic bacteria culture is obtained when the bath temperature is maintained at 38 £1°C.

The nutrient solution and the tenside solution are fed through valves 28, 29, 30 and 31 respectively,
with pumps 32 and 33, and are mixed with separated solution from the separator 23 through valve 34 in a
mixing unit 35 and fed to the process tank 17. A thermostat 36 and a heater 37 are placed in the process
tank 16. Fresh water is fed into the tank 17 through a line 37.

The tenside solution used is Camex Bio 104, which comprises a mixture of 1-5 % by weight sodium
metasilicate, 5-10% tetrapotassium pyrophosphate, 5-10 % nonionic and cationic tensides, having a pH of
13. This solution is diluted to a 5 %-tenside solution of pH 10.

The nutrient solution used has the following basic composition
1.2 kg MgCl>6H>0O magnesium chloride
1.8 kg KOH potassium hydroxide
3.3 kg H2S0O. 37 %-sulfuric acid
100 kg H3sPOs 85%-phosphoric acid
40 kg NH4Cl ammonium chloride
25 kg glucose.

This solution is diluted with water to 300 liters.

2 kg of this basic solution is mixed with 210 kg NH. SiO3z and the mixture diluted to 600 liters.

The following operating parameters are maintained:

11
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Bath water 25 m?

Heating power 20 kWh

Tenside concentration 5%

Temperature 38°C

Air injection 180 m3/h

Objects or goods to bath | 6000 tonnes/year

Production time 1700 h/year

Object surface area 600 000 m?/year

Oil emulsified in bath 3000 kg/year
Oil emulsified in bath 14 kg/day
Tenside consumption 1250 kg/year
Quantity of tenside metered (24 h) CB 104 0.15 kg/h
Bacteria activity with normal operation 1.2 x 10° bact/ml
Quantity of nutrient solution metered CB 104-1 to pH 9.4-9.5

Sludge removed dry substance-content 5-8% 3 mé/year
Sludge removed dry substance-content 5-8% 10 l/day

Bacteria activity sludge 2.4 x 107 bact./ml
Normal oil or aromatic content of bath 50-250 mg/l
Normal oil or aromatic content of the sludge 50-150 mg/l

Example 2

Example 1 above is repeated but with the difference that the nutrient solution is mixed with amine
instead of sodium silicate, in accordance with the following. 2 kg of basic solution are mixed with 400 kg
alkaline amine, such as diethanol amine or frietanol amine. The mix is diluted with water to 600 liters. This
example is particularly suited for application with goods or objects which are to be coated with chromium,
nickel or other metals by electrolytic coating processes.

Example 3

High-temperature degreasing bath and a separate unit for biodegradation (Figure 2).

The objects or goods are passed through a washing machine 39 on a conveyor belt 40 and then rinsed
in a rinsing unit 42. A 5%-tenside solution is mixed from the basic solution according to Example 1 at a
temperature of 50-90° C, whereafter the solution is applied under high pressure to the surfaces of the
objects or goods, so as to dissolve and emulsify oil and contaminants present thereon. Washing and rinsing
is done through nozzzles 42. Part of the washing liquid is fransferred to a biodegradation unit 43 for the
reduction of oil and contaminants. Nutrient solution as in Example 1 is added to the biodegradation unit 43
from a tank 44. Fresh tenside solution is fed into the regeneration unit 43 from a tank 45.

The temperature in the biodegradation unit is lowered to 20-30°C, upon oxygenation of the unit
contents, by injecting air thereinto. Consequently, a mesophilic bacteria culture obtains optimized growth
conditions when the flow passes through the biological unit. The flow is then passed to the central
separation part, in which dead bacteria and sludge, slime, are passed to a compression zone for removal to
a sludge tank 46. Air is also injected in the cleaning tank 39. Heaters are arranged in all tanks 39, 41 and
43.

The biodegradation process is controlled in the same manner as that described in Example 1 and the
injection of air and metering of tensides is effected continuously, whereas the alkaline nutrient solution is
metered intermittently, to a pH-value of 9.4-9.5.
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Claims

10.

A method for cleaning objects, characterized by cleaning said objects by heating them with an aqueous
tenside solution such as to emulsify the organic contaminants present, and by stimulating the growth of
microorganisms in the tenside solution for biodegradation of the organic substances, by adding nutrient
substances so that the tenside solution substantially is unaffected, the biodegradation being performed
separately from or simultaneously with the cleaning.

A method according to Claim 1, characterized by maintaining the content of organic substances in the
tenside solution at 50-1000 mg/liter, preferably at 50-250 mg/liter, and/or by maintaining the tenside
content at 1-15 % by weight, preferably at 2-5 % by weight, and/or by maintaining the temperature at
20-80° C, and/or by separating contaminants and dead bacteria from the tenside solution.

A method according to any of Claims 1-2, characterized by adjusting the pH-value of the tenside
solution to 2 7, preferably between 8.5 and an alkali pH-value, which will not block bacteria growth,
particularly between 8.5 and 9.7.

A method according to any of Claims 1-3, characterized by effecting the cleaning process and
biodegradation process separately from one another, wherein cleaning is effected at pH 7-14 and a
temperature of 20-100° C and biodegradation is effected from a pH of 8.5 to a pH-value which will not
block biological growth, preferably a pH-value in the range of 8.5-9.7, and at a temperature of 20-40° C.

A method according to any of Claims 1-4, characterized by supplying oxygen to the system, preferably
by injecting air thereinto.

A method according to any of Claims 1-5, characterized by vigorously agitating the system, preferably
by injecting air thereinto and/or by introducing the microorganisms into the system by adding thereto
microorganism strains or sludge separated from or produced in a previous cleaning process.

Apparatus for cleaning objects in accordance with any of Claims 1-6, characterized by a cleansing tank
(1) which is located above a washing liquid tank (2) and above a rinsing liquid tank (3) the bottom of the
tank (1) being completely or partially common with the ceiling of respective tanks (2 and 3).

Apparatus according to Claim 7, characterized in that the bottom of the cleansing tank (1) and/or the
washing liquid tank (2) and/or the rinsing liquid tank (3) has a conical shape.

Apparatus according to any of Claims 7 and/or 8, characterized by closeable outlet openings (4) and
(5) leading from the cleansing tank (1) to the washing liquid tank (2) and the rinsing liquid tank (3)
respectively; and by closeable outlet openings (6) and (7) for further transportation of washing liquid
and rinsing liquid respectively to the cleansing tank (1); by closeable outlets (8, 9) from the washing
liquid tank (2) and the rinsing liquid tank (3), by closeable inlets (10, 11, 12) for introducing fresh water,
washing liquid and additives fo the washing liquid tank (2); and by a closeable inlet (13) for introducing
fresh water to the tank (3).

Apparatus according to any of Claims 7-9, characterized by means (14 and (15) for heating the content
of the respective tanks (2,3) and optionally means (15) for aerating the washing liquid tank (2).

Patentanspriiche

1.

Reinigungsverfahren fiir Gegenstinde, gekennzeichnet durch Reinigen der Gegenstdnde durch
Erwadrmen derselben mit einer wiBrigen Tensidlésung, um die vorhandenen organischen Verunreini-
gungen zu emulgieren, und durch Férdern des Wachstums von Mikroorganismen in der Tensidl&sung
zum biologischen Abbau der organischen Substanzen durch Hinzufligen von N3hrsubstanzen, so daB
die Tensidi&sung im wesentlichen unbeeinfluBt bleibt, wobei der biologische Abbau von dem Reinigen
getrennt oder gleichzeitig damit durchgefiihrt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der Gehalt der organischen Substanzen in
der Tensidlosung bei 50 bis 1000 mg/l, vorzugweise bei 50 bis 250 mg/l, gehalten wird und/oder daB
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der Tensidgehalt bei 1 bis 15 Gew.-%, vorzugsweise bei 2 bis 5 Gew.-%, gehalten wird und/oder daB
die Temperatur bei 20 bis 80° C gehalten wird und/oder daB die Verunreinigungen und abgestorbenen
Bakterien von der Tensidlsung getrennt werden.

Verfahren nach einem der Anspriiche 1 bis 2, gekennzeichnet durch Einstellen des pH-Weris der
Tensidlsung auf £ 7, vorzugsweise zwischen 8,5 und einem basischen pH-Wert, der das Bakterien-
wachstum nicht unterdriickt, insbesondere zwischen 8,5 und 9,7.

Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, daB das Reinigungsverfahren
und der biologische Abbau voneinander getrennt durchgefiihrt werden, wobei das Reinigen bei einem
pH-Wert von 7 bis 14 und einer Temperatur von 20 bis 100° C und der biologische Abbau bei einem
pH-Wert von 8,5 bis zu einem pH-wert, der das biologische Wachstum nicht unterbindet, vorzugsweise
einem pH-Wert im Bereich von 8,5 bis 9,7 und bei einer Temperatur von 20 bis 40° C, durchgeflihrt
wird.

Verfahren nach einem der Anspriiche 1 bis 4, gekennzeichnet durch Versorgen des Systems mit
Sauerstoff, vorzugsweise durch Einblasen von Luft in dasselbe.

Verfahren nach einem der Anspriiche 1 bis 5, gekennzeichnet durch heftiges Bewegen des Systems,
vorzugsweise durch Einblasen von Luft in dasselbe und/oder durch Einflihren der Mikroorganismen in
das System durch Hinzufligen abgefilteter Mikroorganismenstdmme oder Schlamm, die bzw. der in
einem vorherigen Reinigungsverfahren erzeugt oder abgetrennt wurden.

Geradt zum Reinigen von Gegenstdnden nach einem der Anspriiche 1 bis 6, gekennzeichnet durch
einen Reinigungstank (1), der oberhalb eines Waschfliussigkeitstanks (2) und oberhalb eines Spllflis-
sigkeitstanks (3) angeordnet ist, wobei der Boden des Tanks (1) vollstdndig oder teilweise mit der
Decke der entsprechenden Tanks (2 und 3) Ubereinstimmt.

Gerét nach Anspruch 7, dadurch gekennzeichnet, daB der Boden des Reinigungstanks (1) und/oder des
WaschflUssigkeitstanks (2) und/oder des Spiilflissigkeitstanks (3) eine konische Form aufweist.

Gerat nach einem der Anspriiche 7 und/oder 8, gekennzeichnet durch verschlieBbare AuslaB&ffnungen
(4) und (5), die vom Reinigungstank (1) zum WaschflUssigkeitstank (2) bzw. zum Splilflissigkeitstank
(3) flihren, und durch verschlieBbare AuslaB&ffnungen (6) und (7) zum Weitertransport der Waschflis-
sigkeit bzw. der Splilflissigkeit zum Reinigungstank (1), durch verschliefbare Ausldsse (8, 9) vom
WaschflUssigkeitstank (2) und dem Splilflissigksitstank (3), durch verschlieBbare Einldsse (10, 11, 12)
zur Zuflhrung von Frischwasser, Waschfllssigkeit und Additiven zum WaschflUssigkeitstank (2) und
durch einen verschlieBbaren EinlaB (13) zur Zuflihrung von Frischwasser zum Tank (3).

Gerdt nach einem der Anspriiche 7 bis 9, gekennzeichnet durch Einrichtungen (14 und 15) zum
Erwarmen des Inhalts der entsprechenden Tanks (2, 3) und wahlweise Einrichtungen (15) zum Beliiften
des WaschflUssigkeitstanks (2).

Revendications

Procédé pour nettoyer des objets, caractérisé par le fait que I'on nettoie lesdits objets par chauffage
avec une solution aqueuse de tensioactif de fagon & émulsionner les contaminants organiques
présents, et par stimulation de la croissance de microorganismes dans la solution de tensioactif pour la
biodégradation des substances organiques, par I'addition de substances nutritives de fagon que la
solution de tensioactif soit sensiblement non affectée, la biodégradation étant exécutée dans une étape
séparée ou simultanément au nettoyage.

Procédé selon la revendication 1, caractérisé par le fait que I'on maintient la teneur des substances
organiques dans la solution de tensioactif & 50-1000 mg/litre, de préférence & 50-250 mg/litre, et/ou
que I'on maintient la teneur en tensioactif 2 1-15% en poids, de préférence a 2-5% en poids, et/ou que
I'on maintient la température & 20-80° C, et/ou que I'on sépare les contaminants et les bactéries mortes
de la solution de tensioactif.
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Procédé selon I'une quelconque des revendications 1-2, caractérisé par le fait que I'on ajuste le pH de
la solution de tensioactif 3 une valeur supérieure ou €gale & 7, de préférence entre 8,5 et une valeur de
pH alcaline qui ne bloquera pas la croissance bactérienne, en particulier entre 8,5 et 9,7.

Procédé selon I'une quelconque des revendications 1-3, caractérisé par le fait que l'on effectue le
procédé de nettoyage et le procédé de biodégradation séparément I'un de I'autre, le netioyage étant
effectué & un pH de 7-14 et & une température de 20-100° C et la biodégradation & un pH allant de 8,5
4 une valeur de pH qui ne bloquera pas la croissance biologique, de préférence une valeur de pH dans
la gamme de 8,5-9,7, et 3 une température de 20-40° C.

Procédé selon I'une quelconque des revendications 1-4, caractérisé par le fait que I'on fournit de
I'oxygéne au sysieéme, de préférence par injection d'air.

Procédé selon l'une quelconque des revendications 1-5, caractérisé par le fait que l'on ajoute
vigoureusement le systéme, de préférence par injection d'air et/ou que I'on introduit des microorgani-
smes dans le systeme par addition de souches de microorganismes ou de boue séparée ou produite
lors d'un procédé de nettoyage précédent.

Appareil pour le nettoyage d'objets selon I'une quelconque des revendications 1-6, caractérisé par le
fait qu'il comprend une cuve de nettoyage (1) qui est située au-dessus d'un réservoir 3 liquide de
lavage (2) et au-dessus d'un réservoir de liquide de ringage (3), le fond du bac (1) formant
complétement ou partiellement la paroi supérieure des réservoirs (2 et 3) respectivement.

Appareil selon la revendications 7, cardctérisé par le fait que le fond de la cuve de nettoyage et/ou le
réservoir A liquide de lavage (2) et/ou le réservoir A liquide de ringage (3) a une forme conique.

Appareil selon I'une quelconque des revendications 7 et/ou 8, caractérisé par le fait qu'il comprend des
orifices obturables (4) et (5), formant une sortie depuis le bac de nettoyage jusqu'au réservoir de
liquide de lavage (2) et jusqu'au réservoir de liquide de ringage (3), respectivement ; et des orifices de
sortie obturables (6) et (7) pour le transport de liquide de lavage et de liquide de ringage, respective-
ment, vers la cuve de nettoyage (1) ; des moyens de sortie obturables (8, 9) depuis le réservoir de
liquide de lavage (2) et le réservoir de liquide de ringage (3) ; des moyens d'admission obturables (10,
11, 12) pour l'introduction d'eau, de liquide de lavage et d'additifs dans le réservoir de liquide de
lavage (2) ; et des moyens d'admission obturables (13) pour I'introduction d'eau dans le réservoir (3).

Appareil selon l'une quelconque des revendications 7-9, caractérisé par le fait qu'il comprend des

moyens (14) et (15) pour chauffer le contenu des réservoirs (2, 3), respectivement, et éventuellement
des moyens (15) pour aérer le réservoir de liquide de lavage (2).
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