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Description
[0001] The present invention relates to the field of water-based metalworking compositions.
TECHNICAL FIELD

[0002] The invention relates especially to aqueous, environmentally friendly, recyclable, synthetic, amine-free, petro-
leum oil-free and VOC-free metalworking compositions which are to a high extent free of hazardous materials and which
are compatible with a wide range of metal alloys.

BACKGROUND OF THE INVENTION

[0003] Metalworking compositions are employed in many metal treatment operations such as cutting, grinding, forming,
lapping, drawing, forming, pressing, punching, rolling, stamping and others to lubricate and to cool the metalworking
tool, to flush off the metallic chips and impurities if there should be some from the workpiece and to protect the tool and
parts of a machine from damage, wear and corrosion as far as possible. Such treatments comprise cutting operations
showing a metal removal like grinding, turning, milling, tapping, broaching and hobbing as well as forming operations
showing mostly no metal removal like bending, hot and cold rolling, drawing, forging, stamping and blanking. The
metalworking compositions may assist to flush away oil and debris from these metallic components. And they shall
provide to these components corrosion protection.

[0004] The main classes of metalworking compositions are the straight oil type and the water-based type.

[0005] The water-based types may be further differentiated into the following types:

A) Soluble oils contain typically at least 70 % by weight of petroleum oil, emulsifiers, any lubricity additive, al-
kanolamine and less than 2 % by weight of water.

B) Semi-synthetic fluids contain typically 5 to 60 % by weight of petroleum oil, a high content of emulsifiers, any
lubricity additive, alkanolamine and 10 to 60 % by weight of water. The disadvantages of the semi-synthetic fluids
are the low heat capacity so that they have a low cooling effect, the poor emulsion stability, the often occurring
bacterial growth and the problems of cleanability of petroleum oil residues.

C) Synthetic fluids are petroleum oil-free and contain typically any water-soluble lubricity additive like a mixture of
water-soluble short-chain carboxylic acids, water-soluble polyalkylene glycols and water-soluble EO/PO block co-
polymers, further on any water-soluble corrosion inhibitor, alkanolamine for corrosion inhibition and for pH buffering
capability and a very high content of water. The synthetic metalworking compositions C) have the advantage of not
having the cleaning issues of petroleum oils, having good hard water stability and microbial control, and a long sump
life. But the drawbacks of the existing synthetic metalworking compositions are typically problems in the cleaning
of residues caused by lubricity additives added, in the reduced lubricity when compared to petroleum oil-containing
products on an equal cost basis, in the increased sump and machine maintenance corrosion issues, and in the
potential for skin irritation to the workers.

D) Neo-synthetic fluids use vegetable oil and/or animal oil instead of petroleum oil and contain typically additionally
any emulsifiers, corrosion inhibitors, alkanolamine and a content of water. But they typically have only a medium
high lubricity and have the disadvantages that the emulsions are often very unstable and that there is very often
bacterial growth.

[0006] In the state of the art, many metalworking compositions are petroleum oil-based dispersions or emulsions of
water and oil. Today, more than 80 % of metalworking operations are performed with petroleum oil rich metal working
compositions. But a content of petroleum oil in any metalworking composition causes several problems like the following:
1.) poor heat conductivity so that there is a lower cooling effect, 2.) it enables microbial growth and may harm workers,
3.) petroleum oil causes misting and residues that are difficult to be cleaned off, 4.) disposal problems and not environ-
mentally friendly and 5.) water hardness may impact the emulsion stability. Therefore, there is the need to further develop
petroleum oil-free metalworking compositions. Therefore, industry is turning toward the use of water-based metalworking
compositions.

[0007] Alkanolamines have the disadvantages that some of these are very hazardous compounds and environmentally
unfriendly, that some of these cause a high volatile organic content VOC and that some of these cause irritations and
illness of the skin and body. Further on, these compounds may lead to strong smelling.

[0008] The lubricity and stability of synthetic petroleum oil-free metalworking compositions in the market is still quite
limited. Industry is still searching for better products that are better lubricating, that are better and longer stable and have
a less amount of hazardous compounds.

[0009] In addition, a metalworking composition should be capable of sequestering and removing debris, contaminants
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and oils from the metallic components and should provide good corrosion protection to all metallic components. But
further on, such compositions are often micro-emulsions or macro-emulsions, which need to be stable not to split the
emulsion as far as possible, at the same time as a concentrate and as a dilution which has been gained by diluting the
concentrate with a low or a high amount of water. The more severe a metalworking operation is, the higher should be
the concentration of the metalworking composition applied. For metalworking operations of low requirements like a
grinding, a dilution to 5 % by weight of the metalworking composition may be sufficient. For metalworking operations of
medium severe requirements, a dilution to 10 to 15 % by weight of the metalworking composition should be used. Further
on, these compositions need to be non-foaming or low foaming compositions, when used for any metalworking operation.
And these compositions should be more and more environmentally friendly. In the last years, several amine-containing
metalworking compositions were used, as the amines and especially the alkanolamines help in bio-resistance, corrosion
protection and emulsion stability, but several amines are very toxic and participate in volatile organic compounds VOC
too. The formulation of aqueous metalworking compositions without using any amine is much more difficult. For universal
application of one metalworking composition, the coverage of the whole range of properties and chances is expected.
[0010] As will be described in the following, the present invention is directed to an aqueous metalworking composition
which provides very good lubricity without the aid of any petroleum oil for all kinds of metallic materials and very good
stability. As the different metalworking compositions have been tested for an aluminum based metallic material and for
a steel, it is believed that these tested materials represent a vast majority of different metallic materials, if not even all
kinds of metallic materials, so as to fulfil multi-metal purposes. The metalworking compositions of the present invention
are therefore compatible with, and non-corrosive toward, a wide variety of metals and alloys. They remove petroleum
oils, dirt and debris well from the metallic components. They are environmentally friendly, low foaming, corrosion pro-
tecting, recyclable, long time usable and may be resistant to biological growth.

[0011] Further on, such compositions may be used for cold forming operations, wherein cold forming includes: slide
drawing (forming under a combination of tensile and compressive conditions), e.g. of welded or seamless tubes, hollow
profiles, rods, solid profiles or wires, ironing and/or deep drawing, e.g. of strips, sheets or hollow parts to form hollow
parts, cold extrusion (forming under compressive conditions), e.g. of hollow or solid parts and/or cold heading, e.g. of
wire sections to form joining elements such as e.g. nut or screw blanks.

[0012] US 7,018,959 B2 discloses a water-based, recyclable metalworking fluid which comprises an aqueous solution
of a polyalkylene glycol, an alkanolamine, a polyglycol surfactant, a polyol surfactant, a biocide package and a corrosion
inhibitor.

[0013] US 2009/0149359 A1 concerns compositions and constituents for aqueous metalworking compositions, but
any details are only described to a certain extent in the examples. The pH of these compositions shall be at least 3, but
acidic pH values are only acceptable for aluminum based metallic materials and not for steels. The use of aqueous
metalworking compositions for steels is much more complicated than for aluminum based metallic materials and often
requires high pH values. The best properties gained are disclosed for sample C, which will be compared in this application
in Table 4 too. This publication indicates the use of amines and even of alkanolamines as well as of many other compounds.
[0014] An object of the present application is to propose an environmentally friendly metalworking composition which
shows high lubricity, a high stability and a good corrosion protection.

[0015] Another object of the present application is to propose a composition that is well usable for multi-metal metal-
working operations. Further on, there is an object to propose a method to prepare a stable metalworking emulsion.
[0016] It has been found that the properties of aqueous metalworking compositions based on the teaching of US
2009/0149359 A1 need to be further modified and optimized, as these compositions seem to be only good on aluminum
based materials and as is disclosed in detail in present Table 4.

SUMMARY OF THE INVENTION

[0017] The aqueous metalworking composition of the present invention is an aqueous metalworking composition
according to claim 1.

[0018] The present invention relates further to a method to prepare an aqueous metalworking composition by first
adding to water any compounds (b) and (d), then adding any compounds (a) and afterwards then (c), during which
mixing procedure until here a heating to temperatures in the range of from 30 to 50 °C and an agitation is used, and
optionally then all other compounds are added.

[0019] The presentinvention relates further to a method of use of an aqueous metalworking composition of the present
invention as a coolant, as a lubricant and/or for bending, for blanking, for boring, for broaching, for cooling, for cutting,
for drawing, for drilling, for forging, for grinding, for hobbing, for honing, for hydroforming, for lapping, for lubricating, for
forming, for milling, for pressing, for punching, for reaming, for cold rolling, for hot rolling, for sawing, for stamping, for
tapping, for threading, for turning or for any combination thereof.

[0020] The presentinvention relates finally to a metalworking process characterized in that the metalworking operation
is performed by flushing, spraying, high pressure spraying, brushing, flowing, fluting, roll coating, immersion or any
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combination thereof with the aqueous metalworking composition of the invention.
DETAILED DESCRIPTION

[0021] Preferably, the aqueous metalworking composition of the invention is of low VOC, which typically means a
content of volatile organic compounds of less than 1 % by weight. More preferred, the aqueous metalworking composition
of the invention is of zero-VOC or is preferably petroleum oil-free or is preferably alkanolamine-free or is amine-free or
is preferably free of any combination thereof, at least until start of its application in a metalworking operation.

[0022] "VOC"means "volatile organic compounds" and comprises in praxis petroleum oil and specifically low-molecular
weight petroleum oil, organic solvents and alkanolamines. Most preferred, the metalworking composition is in many
embodiments even amine-free or there is not added any amine intentionally during formulation and preparation of the
metalworking composition, at least until start of its application in a metalworking operation. In seldom embodiments, the
metalworking composition of the present application may comprise an alkanolamine or an alkyl amine or an oil content
or any combination thereof in a total content in the range of from 0.01 to less than 5 % by weight or in such a content
that the test method of Environmental Protection Agent of US government EPA24 does not allow to detect a content of
VOC. But in reality, minor traces of amines could sometimes not be avoided in case that they are contained in traces in
any raw materials that are mixtures or if there is an impurity in the process or if a metalworking composition is used for
longer time or is recycled or any combination thereof. Even if there should be a small content of an amine like an
alkanolamine or alkyl amine or of any other amine based substance or of an oil or of any combination thereof, it has
been found that the VOC tested according to EPA24 does nevertheless often not allow to detect a content of VOC.
Then, there is sometimes no need to be amine-free, alkanolamine-free, petroleum oil-free or oil-free or free of any such
combination. Further on, it is preferred that the aqueous metalworking composition is free from any ammonium content
and of ammonia, at least until start of its application. Preferably, the compositions are substantially free or totally free of
organic solvents, of strongly acidic compounds, of waxes, of chlorinated fatty acids and their esters with chain lengths
< C12 and/or of heavy metals like chromium and nickel.

[0023] Preferably, the composition has a pH in the range of from 5 to 14, more preferred of from 7 to 13.5 or of from
8to 13 or of 9 to 12 or of 10 to 11 in general, for a concentrate as well as for a diluted composition. But even at a pH >
13, no technical problem occurs with a metalworking composition. Most compositions are therefore slightly or strongly
alkaline. The alkalinity may be necessary for corrosion protection, for emulsification and emulsion stability and for bio-
stability. The pH value respectively the degree of alkalinity does often notinfluence the stability or lubricity of the aqueous
metalworking composition. If there is a low pH, this may result in corrosion and rusts on the parts and on machines and
in the growth of bacteria. The alkalinity of the composition is mostly caused by the addition of at least one compound of
an alkalinity agent (d). A low alkalinity corresponds to a low pH. At a pH of 5 to 6, the composition may have a good
lubricity especially on aluminum based metallic parts, but a very bad corrosion protection. Any pH value significantly
lower than optimum may increase the danger of phase separation in a metalworking emulsion, and therefore of incon-
sistent lubricating action. At a pH of 13 to 14, the composition may have a good corrosion protection and a good lubricity
on metallic materials that do not show alkaline attack, but aluminum, zinc and their alloys may be dissolved at a pH
greater than 12. The best results are often gained with a pH in the range of from 7 to 10.

[0024] The chemical compounds may be applied in the aqueous metalworking composition independently one to the
other in ionic, unstable or stable, hypothetical, unreacted and/or any reacted form of any other chemical species defined
by number and type of atoms present, as well as in compounds with well defined molecules.

[0025] The present invention relates to an aqueous metalworking composition comprising in a concentrate or after
dilution of a concentrate with water in a diluent at least one compound of each class of compounds from the components
(a), (b), (c), (d) and (e): A first necessary ingredient of the composition according to this invention is its primary lubricity
imparting component (a), which contains the primarily lubricity imparting compounds. The compounds (a) are water-
insoluble. Mostly, the compounds (a) spend additionally good corrosion resistance and good emulsification.

[0026] There are several different ways how to add or how to prepare a lubricity imparting mixture: Preferably, However,
a vegetable oil respectively an animal oil contains a mixture of quite different carboxylic acids and their derivatives. Such
oil(s) may be independently one to the other be purified, refined, conditioned, chemically modified, synthesized or
prepared by any combination thereof. Additionally, there is added to the metalworking composition at least one specific
compound (a) or at least one chemical product having a compound (a) as main compound and optionally any other
compound (a). The metalworking composition comprises at least two or at least three or at least four different specific
compounds (a). This enables chances for synergistic property effects.

[0027] Component (a) is contained in a range of from 6 to 40 % by weight. Preferably, component (a) is contained in
a range of from 6 to 36 % by weight or of from 6 to 32 % by weight or of from 6 to 28 % by weight or of from 6 to 24 %
by weight or of from 6 to 20 % by weight or of from 6 to 17 % by weight or of from 6 to 14 % by weight or of from 6 to
12 % by weight or of from 6 to 10 % by weight or of from 6 to 8 % by weight, independently if it is a concentrate or a
dilution. If there would be a lower content of component (a), the metalworking composition would not be effective, but if
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it would have a higher content, it would often not be a stable composition.

[0028] The compounds of component (a) are selected from the group of compounds consisting of compounds (a1),
(a2) and/or (a3). Compounds (a1), (a2) and/or (a3) may optionally be assisted by an addition of an optional compound A.
[0029] The metalworking composition contains at least one compound (a1) as defined in claim 1.

[0030] Compounds (a1) are fatty acids and are selected from the group consisting of lauric/dodecanoic acid, myris-
tic/tetradecanoic/myristoleic acid, pentadecanoic acid, palmitic/hexadecanoic/palmitoleic/hexadecapolyenoic acid, mar-
garic/margaroleic acid, ricinoleic acid, stearic/octadecanoic acid, linoleic/eicosanoic acid, oleic acid, linoleic/linolenic/oc-
tadecatetraenoic acid, arachidic/gadoleic/eicosadienoic/arachidonic/eicosapentaenoic acid, heneicosanoic acid, behen-
ic/docosanoic/erucic/docosapolyenoic acid, docosahexaenoic acid and lignoceric acid. The respective derivatives of
carboxylic acids (a1) belonging to the compounds (a3) preferably have 12 to 26 or 16 to 22 carbon atoms per chain.
[0031] A more preferred base spend e.g. oleic acid or similar compounds (a1) as contained with an essential content
e.g. in rapeseed oil, castor oil, coconut oil, soybean oil, sunflower oil, lard oil or any combination thereof. If the number
of carbon atoms of such oil or compound would be lower than 12 per chain, it may occur that these compounds are not
effectively in lubricity, but if the number of carbon atoms would be higher than 24 per chain, it may occur that the
metalworking composition is no stable composition.

[0032] For example, oleic acid has 18 carbon atoms. For example, castor oil contains in about 85 to 95 % by weight
of ricinoleic acid, which has 18 carbon atoms too. Since castor oil exists as a triglyceride, which ester may be based on
one glycerol unit with three ricinoleic acid units, the total number of carbon atoms in castor oil is often of about 57.
Another common vegetable oil which may be used as lubricity additive is rapeseed oil. Often in about 41 % by weight
of rapeseed oil is erucic acid. The total number of carbon atoms of the triglyceride of erucic acid is 69.

[0033] The aqueous metalworking composition of the invention comprises preferably at least one triglyceride (a2) as
defined in claim 1.

[0034] Especially preferred derivatives (a3) of (a2) are esters.

[0035] The triglycerides show side-chains that are identical or different independently one to the other and the fatty
acids of the triglycerides have independently one to the other a "medium chain length" or a "long chain length". Such
chains are called to be of "medium chain length" or of "long chain length" if they contain 6 to 12 carbon atoms respectively
14 to 24 carbon atoms independently one to the other. A triglyceride is an ester derived from glycerol and three fatty
acids. It is the main constituent of vegetable oil and animal fats. A specific example of an unsaturated fat triglyceride is
based on glycerol and on the other side of palmitic acid, oleic acid and alpha-linolenic acid, C55HggOg. Triglycerides are
triesters of glycerin. The water-insoluble triglycerides (a2) as defined in claim 1 are triglycerides of three identical or two
or three different carboxylic acids and especially triesters based on oleic acid, stearic acid, ricinoleic acid, erucic acid,
lignoceric acid and/or lauric acid.

[0036] The metalworking composition contains at least one compound (a3) as defined in claim 1, which is a derivative
of compound (a1) or (a2) or both and has independently one to the other 12 to 5.000 carbon atoms.

[0037] Preferred derivatives (a3) are chlorinated or sulfurized derivatives - which may optionally be used as extreme
pressure additives too -, esters, ethers, ethoxylates, ethoxylate-propoxylates, propoxylates, alkali metal salts, alkaline
earth metal salts and/or compounds having been condensed with at least one carbocylic acid like ricinoleic acid. More
preferred derivatives are esters, ethoxylates, ethoxylate-propoxylates and/or propoxylates. Preferably, the derivatives
have of from 14 to 170 or of from 16 to 130 or of from 18 to 100 or of from 20 to 70 or of from 22 to 52 or of from 24 to
42 carbon atoms. Specific examples of such derivatives are ricinoleic acid ester and polymerized ricinoleic acid ester,
which last one may be a condensation product of about four molecules. As examples for triglycerides ethoxylated castor
oil, castor oil each having 12 to 120 carbon atoms, may be used.

[0038] Preferably, the lubricity imparting compound(s) (a) has/have a water-solubility at 20 °C of less than 0.05 g/liter
or of less than 0.001 g/liter. As the particular cations present in a salt of the compounds (a) is not believed to have any
significant effect on the performance obtained, the concentration of the cation is not further specified. Preferably, these
cations are selected from alkali metals and alkaline earth metals. As cations, sodium and potassium are most preferred,
but others may be used too. The degree of neutralization or of ionization of the acid or of the salt may change in the
process of preparation, dilution or application in the actual metalworking composition. All these different conditions are
included within the general measures of the invention.

[0039] Another necessary ingredient of the composition according to this invention is a component (b) comprising at
least one water-soluble corrosion inhibiting compound (b) as defined in claim 1. Preferably, the metalworking composition
contains 0.002 to 30 % by weight of component (b) comprising at least one water-soluble corrosion inhibiting compound
(b) which has a water-solubility at 20 °C of more than 0.1 g/liter. More preferred, the water-soluble corrosion inhibiting
compound(s) (b) has/have a water-solubility at 20 °C of more than 0.5 g/liter or of more than 1 g/liter or of more than 5
g/liter. The water-soluble compounds (b) contribute to the bio-stability of the aqueous metalworking compositions. The
water-soluble compounds (b1) and (b3) to (b5) may aid in the metalworking composition to improve stability of the
emulsion.

[0040] Preferably, component (b) or the at least one compound (b) is contained in a range of from 0.1 to 36 % by
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weight or of from 0.3 to 32 % by weight or of from 0.7 to 28 % by weight or of from 1 to 24 % by weight or of from 1.5 to
20 % by weight or of from 2 to 17 % by weight or of from 3 to 14 % by weight or of from 4 to 12 % by weight or of from
5 to 10 % by weight or of from 6 to 8 % by weight, independently if it is a concentrate or a dilution. If the content of the
metalworking composition of the at least one corrosion inhibiting compound (b) would be lower, it may occur that the
component (b) is not effective, but if it would have a higher content, it may occur that the metalworking composition is
no stable composition. In many cases, it will be preferred to add to the metalworking composition two, three or four
different specific compounds (b) or two, three or four different chemical products having each a compound (b) as their
main compound. Preferably, the corrosion inhibiting component (b) contains at least two or at least three or at least four
different compounds (b), especially to optimize corrosion protection. As such mixture of corrosion inhibiting compounds
may enhance the corrosion protection effect strongly without adding a too high amount of such compounds. Such
mixtures enable chances for synergistic property effects.

[0041] The metalworking composition contains at least one corrosion inhibiting compound (b) which is selected from
the group consisting of more or less well water-soluble compounds (b1).

[0042] The metalworking composition contains at least one compound (b1), which is a straight and/or branched, a
saturated and/or unsaturated water-soluble compound and which has in total 6 to 40 carbon atoms and having chain
lengths of 4 to 12 carbon atoms. More preferred, the compounds (b1) have independently one to the other 6 to 10 or 6
to 8 carbon atoms per aliphatic chain. The compounds (b1) are selected from the group of compounds consisting of
monocarboxylic acids, dicarboxylic acids, tricarboxylic acids and polycarboxylic acids and their alkali metal salts and
alkaline earth metal salts. Preferably, there are monocarboxylic acids, dicarboxylic acids and/or their derivatives used.
For example, the water solubility of C8-monocarboxylic acid (caprylic acid) in water at 20 °C is 0.7 g/liter.

[0043] The following compounds (b2)-(b5) may optionally be present in the composition but are not counted as (b)
compounds with respect to the type and amount of (b) required by claim 1.

[0044] Preferred compounds (b2) are boric acid, its salts like its alkali metal salts and its alkaline earth metal salts
and boric acid esters. A boric compound (b2) may in addition assist in bio-stability.

[0045] Preferred compounds (b3)areimidazoles, imidazolines and their derivatives like their esters and salts, especially
like their alkali metal salts and alkaline earth metal salts, for example benzimidazoles and their salts.

[0046] The preferred thiazoles and their derivatives (b4) comprise especially their alkali metal salts, alkaline earth
metal salts and esters, for example benzothiazoles, mercaptobenzothiazoles and their salts and esters.

[0047] The preferred triazoles and their derivatives (b5) comprise especially their salts and esters and as examples
benzotriazoles, tolyltriazole C;H;N5, and their derivatives as well as alkali metal salts, alkaline earth metal salts and
esters of triazoles.

[0048] Another necessary ingredient of the composition according to this invention is a component (¢) containing at
least one emulsifying and/or dispersing compound (c) as defined in claim 1. The metalworking composition contains
0.002 to 45 % by weight of at least one emulsifying and dispersing agent (c) which contains at least one emulsifying
and/or dispersing compound (c) which is water-soluble, water-miscible or water-dispersable and which is selected from
the group consisting of non-ionic, anionic and zwitterionic surfactants and which may be in some instances even corrosion
inhibiting. As the compounds (a) and (b) often are hydrophobic, the composition would separate into droplets or even
bigger drops or layers or any combination thereof, if no emulsifying and dispersing agent is added.

[0049] If there would be used a lower content of component (c), then the metalworking composition would not be
effective, but if it would have a higher content, then it would often not be a stable composition. Preferably, the emulsifying
agent and dispersing agent (c) is contained in the metalworking composition of the invention in a range of from 0.01 to
40 % by weight or of from 0.05 to 35 % by weight or of from 0.1 to 32 % by weight or of from 0.5 to 25 % by weight or
of from 1 to 20 % by weight or of from 3 to 15 % by weight or of from 5 to 12 % by weight, independently if it is a
concentrate or a dilution.

[0050] Preferably, the emulsifying agent and dispersing agent (c) has a HLB in the range of from 1 to 40 or of from 6
to 24 or of from 8 to 16 or of from 10 to 12. Preferably, the emulsifying agent and dispersing agent (c) is selected from
surfactants that all have a HLB value in the range of from 1 to 40 or of from 6 to 24 or of from 8 to 16 or of from 10 to
12. Preferably, the individual emulsifying and/or dispersing compounds (c) have a HLB value in the range of from 1 to
40 or of from 6 to 24 or of from 8 to 16 or of from 10 to 12. Preferably, the emulsifying and dispersing agent (c) contains
at least two or at least three or at least four different compounds (c), especially to gain a broad distribution of HLB within
one composition. Such combination of different compounds (c) offers chances to synergistic effects.

[0051] If the aqueous metalworking composition has an insufficient emulsifying effect, the emulsion may easily split
into two or more layers one above the other. If the aqueous metalworking composition has an inadequate emulsifying
effect because of wrong HLB range e.g. despite of adding a high amount of compound(s) (c), the emulsion may easily
split into two or more layers one above the other. If the aqueous metalworking composition has a too high emulsifying
effect, the emulsion may have a significantly lowered lubricity, may be high foaming and may have an insufficient corrosion
protection effect.

[0052] The at least one emulsifying and/or dispersing compound (c) is selected from the group of non-ionic, anionic
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and zwitterionic surfactants consisting of:

¢ (c1) alkyl alcohols,

¢ (c2) alkyl phenols,

* (c3) alkanoic acids, fatty acids, ether carboxylates and/or other organic acids,
e (c4) block and random copolymers,

e (cb) alkyl polyglucosides,

e (c6) anionic surfactants having at least one sulfate or sulfonate group,
e (c7) ether sulfates,

¢ (c8) ether phosphates,

¢ (c9) phosphate esters,

¢ (c10) monoglycerides,

¢ (c12) fatty amines,

e (c13) sorbitan and its derivatives, and

¢ (c14) succinic acid and its derivatives

as defined in claim 1.

[0053] Preferably, these surfactants are selected one to the other independently to be ethoxylated or ethoxylated-
propoxylated and without or with end-group capping.

[0054] The at least one emulsifying and/or dispersing compound (c) is selected from the group of non-ionic, anionic
and zwitterionic surfactants consisting of:

(c1) ethoxylated alkyl alcohols, ethoxylated-propoxylated alkyl alcohols, ethoxylated alkyl alcohols with end-group
capping and ethoxylated-propoxylated alkyl alcohols with end-group capping, and especially, the alkyl group of the
alkyl alcohols is saturated or unsaturated and has an average number of carbon atoms ranging from 4 to 24 and
has either a linear or a branched chain structure;

(c2) ethoxylated alkyl phenols, ethoxylated-propoxylated alkyl phenols, ethoxylated alkyl phenols with end-group
capping and ethoxylated-propoxylated alkyl phenols with end-group capping, and especially, the alkyl group of the
alkyl phenols - saturated or unsaturated - has an average number of carbon atoms ranging from 4 to 18 and has
either a linear or a branched chain structure;

(c3) ethoxylated or ethoxylated-propoxylated alkanoic acids, ethoxylated or ethoxylated-propoxylated fatty acids
and/or other ethoxylated or ethoxylated-propoxylated organic acids such as terpene acids, e.g. abietic acid, and
especially, the alkyl acids have an alkyl radical - saturated, unsaturated and/or cyclic - which has an average number
of carbon atoms ranging from 4 to 24 and which has a linear or branched chain structure;

(c4) block copolymers containing at least one polyethylene oxide block and at least one polypropylene oxide block
as well as random copolymers, and especially, the block copolymers have a polyethylene oxide block which com-
prises an average number of 2 to 100 ethylene oxide units and a polypropylene oxide block which comprises an
average number of 2 to 100 propylene oxide units, and optionally, the molecule contains one or more polyethylene
oxide blocks or polypropylene oxide blocks independently of one another, wherein some of these block copolymers
may contribute to lubricity of the composition too, wherein these block copolymers may sometimes have antifoaming
and defoaming properties too;

(c5) alkyl polyglucosides whose alkyl group - saturated or unsaturated - has an average number of carbon atoms
ranging from 4 to 18 and either a linear or a branched chain structure, and has an average of 1 to 5 units of at least
one sugar, and optionally, the units of the sugar(s) are glucosidically linked to the alkyl group, wherein the term
"sugar" is understood to include all saccharides and all other sugar-like compounds;

(c6) anionic surfactants whose alkyl group - saturated or unsaturated - has an average number of carbon atoms
ranging from 4 to 24 and either a linear or a branched chain structure, and optionally, the alkyl moiety has one or
more aromatic groups, and especially, there is at least one sulfate or sulfonate group present in the molecule,
wherein the alkyl alcohol chain preferably has an average number of 10 to 14 carbon atoms and wherein benzene
is preferably incorporated as the aromatic group;

(c7) ether sulfates whose ethoxylated alkyl alcohols or ethoxylated-propoxylated alkyl alcohols have a sulfate group,
and especially, the alkyl group of the alkyl alcohols - saturated or unsaturated - ha an average number of carbon



10

15

20

25

30

35

40

45

50

55

EP 2705 128 B1

atoms ranging from 4 to 24 and either a linear or a branched chain structure, wherein optionally, the ethylene oxide
chain has an average number of 2 to 30 ethylene oxide units and further on optionally, the propylene oxide chain
has an average number of 1 to 25 propylene oxide units and wherein the alkyl moiety has optionally one or more
aromatic and/or phenolic groups;

(c8) ether phosphates whose ethoxylated alkyl alcohols or ethoxylated-propoxylated alkyl alcohols have a phosphate
group, and especially, the alkyl group of the alkyl alcohols - saturated or unsaturated - has an average number of
carbon atoms ranging from 4 to 24 and either a linear or a branched chain structure, and optionally, the ethylene
oxide chain has an average number of 2 to 30 ethylene oxide units and optionally, the propylene oxide chain has
an average number of 1 to 25 propylene oxide units, wherein the alkyl moiety has optionally one or more aromatic
and/or phenolic groups;

(c9) phosphate esters whose one or two alkyl groups - saturated or unsaturated - have independently of one another
an average number of carbon atoms ranging from 4 to 24 and either a linear or a branched chain structure, and
optionally, the alkyl moiety has one or more aromatic and/or phenolic groups, wherein there is one phosphate group
present in the molecule;

(c10) monoglycerides ethoxylated, propoxylated, ethoxylated-propoxylated or ethoxylated especially with closed
end-groups, wherein these monoglycerides may sometimes have antifoaming and defoaming properties too;

(c12) fatty amines as well as fatty amines ethoxylated, propoxylated, ethoxylated-propoxylated or ethoxylated es-
pecially with closed end-groups;

(c13) sorbitan and sorbitan derivatives comprise sorbitans ethoxylated, propoxylated, ethoxylated-propoxylated or
ethoxylated with closed end-groups as well as for example polysorbates, sorbitan oleates as well as their derivatives;

(c14) succincic acid and derivatives of succinic acid comprise their esters and salts as well as for example alkyl-
succinates, hydrogensuccinates, sulfosuccinates, succinamates, sulfosuccinamates as well as their derivatives.

[0055] Preferably, the emulsifying compound or dispersing compound or both (c) is selected from non-ionic surfactants
having 1 to 20 units of the sum of EO groups or from non-ionic surfactants having 2 to 40 units of the sum of EO and
PO groups. The higher the number of EO groups is, the more it is an emulsifying agent, the smaller it is, the more it is
a dispersing agent.

[0056] The at least one emulsifying and/or dispersing compound (c) shall aid in dispersing a second phase in an
aqueous phase, in distributing solid particles, in stabilizing the dispersions and shall aid - if needed - in forming an
emulsion. The term dispersion shall include here emulsions and solutions. Most preferred, such compound (c) is used
as emulsifier or dispersant or both. Therefore, it may in many embodiments helpful to add at least two or at least three
different surfactants, of which the first one acts primarily as an emulsifier and at least one other primarily as dispersant
respectively as a defoamer. This enables chances for synergistic property effects.

[0057] Furtheron,thereisaneedtoadd an alkalinity agent(d) containing atleast one alkaline water-soluble compound
(d) as defined in claim 1. The alkalinity agent contributes to a higher stability of the emulsion and in the corrosion
resistance and often in the bio-stability too. The alkalinity assists that e.g. anionic surfactants may become be more stable.
[0058] If the metalworking composition would not be sufficient alkaline, then the emulsion would not be stable enough,
so that lubricity will be lowered or even go lost, the corrosion resistance may then be low too and microbial resistance
will be lowered too. and that a metalworking composition gains a better corrosion protection and it may occur that an
emulsifying agent does not work. If the alkalinity would be too high, the human skin of a worker may become irritated.
It is in some embodiments preferred that the aqueous metalworking composition shall not have a pH higher than 12,
but the concentrate may be much more alkaline. In some embodiments, a pH of about 14 does not disturb.

[0059] The metalworking composition contains 0.002 to 30 % by weight of an alkalinity agent (d) comprising at least
one alkaline water-soluble compound (d1) selected from the group consisting of hydroxides and carbonates. But nev-
ertheless in seldom embodiments, there may be even added a small amount of an alkanolamine or of an alkyl amine
or of both, which may be selected from the group consisting of primary alkanolamines like amino-methyl propanol AMP,
diglycolamine DGA, methanolamine MEA and monoisopropylamine MIPA, of secondary alkanolamines like dieth-
anolamine DEA und diisopropanolamine DIPA and N-butylethanol amine nBEA, of tertiary alkanolamines like triethanol
amine TEA and n-butyldiethanolamine nBDEA and of alkyl amines having an alkyl chain of 1 to 10 carbon atoms and
1 to 3 OH groups like dicyclic hexylamine DCHA. Such content of an alkanolamine or of an alkyl amine or of both is
preferably in the range of from 0.01 to less than 5 % by weight or of from 0.1 to less than 2 % by weight or of from 0.2
to 0.8 % by weight. Preferably, the alkalinity agent (d) is contained in a range of from 0.01 to 25 % by weight or of from
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0.1 to 20 % by weight or of from 1 to 15 % by weight or of from 3 to 12 % by weight.

[0060] If there would be a lower content of the alkalinity agent (d), the corrosion protection may be insufficient, but if
higher content, the lubricity may be too low and the alkaline sensitive metallic materials may be chemically attacked and
dissolved. Preferably, the atleast one alkalinity compound (d) is added in an amount as to reach a predetermined pH value.
[0061] More preferred, the alkalinity agent (d) is selected from hydroxides and carbonates of alkali metals and of
alkaline earth metals (d1), for example potassium hydroxide, sodium hydroxide, a potassium carbonate, a sodium
carbonate or any mixture of these. Sodium and potassium compounds are the most preferred alkalinity agents. It will
be apparent to those skilled in the art that many other alkalinity agents could be used in alternative thereto. But amounts
for example of alkanolamines and/or often of all kinds of amines may lead to high VOC, to the irritation of human skin
coming in contact with such composition and may generate strong smelling. Therefore the alkanolamines and/or often
of all kinds of amines are therefore undesirable.

[0062] Finally, a transport component (e) has to be added to the mixture, which contains at least water. At least
0.004 % or at least 0.01 % by weight of a transport component (e) contains at least 98 % by weight of water. Primarily,
predominantly, nearly totally or only water is the liquid compound contained in the metal working composition as the
transport component (e) or as water. Normally, a metalworking composition has a content of much more than 5 and until
about 60 % by weight of a petroleum oil. For the present invention, there is preferably no addition of a petroleum oil or
only of a content of up to 1 or up to 3 % by weight to the metalworking composition, as a content until start of its application
for metalworking. A petroleum oil-free metalworking composition, which composition may be only polluted with any
petroleum oil by its use in any metalworking operation, is especially preferred. In such a situation, the metalworking
composition would be often only petroleum oil-free until a first application. If there is no content of a petroleum oil, the
composition is in many embodiments of zero VOC,; typically in most conventional metalworking compositions, they have
a content of any of the compounds based on alkanolamines such as triethanolamine, on organic solvents, on petroleum
oils and on low molecular weight petroleum oils, all causing a medium or often high value of volatile organic compounds
VOC.

[0063] The transport component (e) may comprise in seldom embodiments even a small content of an organic solvent
like an alcohol. The aqueous metalworking composition may then contain seldom more than 1 % by weight of an alcohol.
But mostly, such solvents are not added intentionally, but may be contained in raw materials or are impurities in the
process. It has been found that if any amounts of petroleum oil or of organic solvent are added, most compositions
become unstable so that different types of emulsifiers are needed. On the other hand, it is preferred to work VOC-free
and to a high extent environmentally friendly, so thatitis preferred - depending on the use of the metalworking compositions
and requirements - to avoid any content, any addition or an amount of petroleum oil or any organic solvent of more than
5 or 3 or 1 % by weight. Further on, for its use as synthetic coolant, the metalworking composition should not contain
any petroleum oil or any organic solvent.

[0064] The aqueous metalworking composition of the invention, wherein at least 98 % by weight of the transport
component (e) is water, wherein this is calculated such that the whole transport component (e) sums up to 100 % by
weight. In embodiments, the water content of the transport agent (e) is higher like e.g. at least 99 % by weight. It is
generally desirable to avoid the use of any organic solvents, especially of flammable solvents and solvents classified
as volatile organic compounds.

[0065] Fora composition that is a concentrate, the content of the transport agent (e) in the metalworking composition
is preferably in a range of from 0.1 to 90 % by weight or in a range of from 1 to 80 % and especially preferred of from
10 to 70 or of from 20 to 60 % by weight. Often, its content in a concentrate is in a range of from 30 to 50 or of from 35
to 45 % by weight. Such compositions show typically a pH in the range of from 6 to 13 or of from 7 to 12. Of course, a
concentrate does not need to be diluted before its use.

[0066] The diluted compositions are prepared by adding water. These "dilutions" preferably have a water content in
a range of from 20 to 99.5 % by weight or of from 30 to 99 % by weight or more preferred of from 40 to 98 % by weight,
of from 50 to 96 % by weight, of from 60 to 94 % by weight, of from 70 to 92 % by weight or of from 80 to 90 % by weight.
They often show a pH in the range of from 6.5 to 11.

[0067] The weight ratio of compounds of component (a) to such of component (b) or of compounds of component (a)
to such of component (c) or of compounds of component (a) to such of component (d) is preferably in a range of from
1:(0.5t0 2) or in a range of from 1 : (0.8 to 1.5) or in a range of from 1 : (0.8 to 1.3) or in a range of from 1 : (0.9 to 1)
ornearbyto1 : 1. The same weightratios are preferably applied for the compounds of component (b) to such of component
(c) or of compounds of component (b) to such of component (d). The same weight ratios are preferably applied for the
compounds of component (c) to such of component (d).

[0068] The aqueous metalworking composition of the invention has a weight ratio of compounds of component (a) to
such of component (b) to such of component (c) in a range of from 1 : (0.5 to 2) : (0.2 to 3).

[0069] Preferably, the weight ratio of compounds of component (a) to such of component (b) to such of component
(c) is in a range of from 1 : (0.8 to 1.5) : (0.3 to 1.8) or in a range of from 1 : (0.8 to 1.3) : (0.8 to 1.3) or in a range of
from1:(0.9to 1): (0.9 to 1) or nearby to 1 : 1 : 1. Preferably, the weight ratio of compounds of component (a) to such
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of component (b) to such of component (c) and to such component (d) is in a range of from 1 : (0.5 to 2): (0.2 to 3) :
(0.2 to 1.5) or in a range of from 1: (0.8 to 1.5) : (0.3t0 1.8) : (0.2.5to 1) or of from 1 : (0.8 to 1.3) : (0.8 to 1.3) : (0.3 to
1.1) or nearby to a range of from 1:(0.9to1): (0.9to 1): (0.4 to 1).

[0070] In preferred embodiments of the invention, the components of the composition are selected and their relative
proportions and concentrations adjusted so as to provide a single phase formulation or a two phase formulation.
[0071] Itis preferred that diluted compositions have a total content of compounds (a) to (d) in a range of from 80 to
0.5 % by weight of from 70 to 1 % by weight, of from 60 to 2 % by weight, of from 50 to 4 % by weight, of from 40 to 6
% by weight, of from 30 to 8 % by weight or more preferred of from 20 to 10 % by weight.

[0072] Table 1 discloses some examples which indicate the more preferred variation of contents in concentrates and
dilutions.

Table 1: Examples of content of the different components in some concentrates and dilutions according to the invention,
wherein (e) is only water

Components in % by weight | (a) (b) (c) (d) (e)
Concentrate 1 30 30 30 5 5

Concentrate 2 30 20 20 10 20
Concentrate 3 15 15 15 15 40
Concentrate 4 10 10 10 10 60
Concentrate 5 8 4 6 2 80

[0073] More preferred, the metalworking composition contains or consists essentially of or consists of the following
contents of components in a concentrate:

(a), which is the sum of (a1), (a2) and/or (a3), in a content in a range of from 10 to 20 % by weight,

(b), which is the sum of (b1) in a content of 5 to 10 % by weight,

(c), which is the sum of (c1), (c2), (c3), (c4), (c5), (c6), (c7), (c8), (c9), (c10), (c12), (c13) and/or (c14), in a content
in a range of from 10 to 20 % by weight,

(d), which is the sum of (d1) in a content in a range of from 5 to 15 % by weight,

(e) in a content in a range of from 70 to 25 % by weight and

optionally components like any component selected from the group consisting of A to D in a total content of zero or in
a range of from 0.01 to 10 % by weight.

[0074] The aqueous metalworking composition of the invention may show different features, depending on its specific
application and composition. Preferably, it is especially useful for multi-metal purposes and/or it is an emulsion with an
average hydrophobic droplet size of hydrophobic droplets in a range of from 10 to 200 nm especially for the concentrates
and which is an emulsion with an average droplet size of hydrophobic droplets in the range of from 10 nm to 30 pm
especially for dilutions.

[0075] The average droplet size of the metalworking emulsion may be adjusted to a wanted droplet size 1.) in an early
stage by variation of the amount and type of emulsifying compound(s) (c) especially by their HLB values and 2.) before
application for a metalworking operation by the degree of dilution with more or less water and by using pure or more or
less hard water for the dilution. Then it is preferred to adapt the average droplet size to such size of about the average
roughness R, of a metallic surface to be metalworked. On the other hand by the control of the average droplet size, the
degree of lubricity, the stability of the emulsion, the foaming degree, the corrosion resistance and/or the bio-stability are
often influenced to better or worse quality. Therefore typically during a metalworking operation, any emulsifying and/or
dispersing compound(s) (c) are replenished to the recycled metalworking composition to adjust the emulsification degree
and other properties, e.g. as tank side addition.

[0076] Preferably, the composition of the invention is a dispersion, emulsion and/or solution at 25 °C. Most often, the
concentrates as well as the diluents prepared from it are emulsions. Preferably at least 95 % by weight of the composition
are in a liquid state at 25 °C.

[0077] For individual compounds of (a) to (d), these compounds can be at room temperature and at effective working
temperature in a range for example of from 10 to 40 °C in the form of a liquid e.g. dissolved in water or a solid, typically
at room temperature, although most of them are liquid at room temperature. Of course, a compound like KOH can be
solid too, but will dissolve easily in water.

[0078] If a composition should contain particles like of a wax, these particles or more than 90 % of these are preferably
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less than 100 nm.

[0079] If a composition contains a hydrophobic liquid in the form of drops, the average droplet size may vary between
about 5 nm and about 80 um. It has been found that droplets of an average droplet size bigger than 50 um may lead
to instability of the metalworking composition, so that the composition may easily split into two immiscible layers of
liquids. It has been found that even average droplet sizes of more than 30 um may lead to such instability. On the other
hand, there may be a precipitation of any substance added, which may settle down and which precipitation should be
avoided as far as possible.

[0080] In many cases, the metalworking composition according to the invention is an emulsion. There are generally
two types of emulsions:

1.) There may be emulsions that are micro-emulsions or macro-emulsions, which show an average droplet size
preferably from about 100 nm up to about 50 pm. The emulsion looks usually almost clear or translucent for an
average droplet size in the range of from about 0.1 um or about 0.15 pm to about 0.3 um. If it is looking nearly
translucent to light milky, it may be called to look hazy. It looks usually light milky for an average droplet size in the
range of from about 0.3 wm to 1 wm. It looks usually milky for an average droplet size in the range of more than 1
pm. However, for stable emulsions, the average droplet size is often smaller than 30 pm.

2.) Micro-emulsions show often an average droplet size in a range of from 5 nm to 150 nm or in a range of from 20
nm to 100 nm. Nevertheless, the concentrates are micro-emulsions that look usually clear like a clear solution or
are translucent. As concentrates that are not clear micro-emulsions are often not very stable, it is preferred that the
concentrates are even clear micro-emulsions.

[0081] Ithasbeenfound thatifaconcentrate is clear or translucent, itis a micro-emulsion and itis stable. If a concentrate
looks hazy or very hazy or milky, the concentrate can be stable or can be unstable. For dilutions, it is not a problem if
they do not look clear or translucent, but hazy or very hazy or milky. They may look clear or translucent, but they need
not. They do not need to be clear or translucent micro- or macro-emulsions.

[0082] Mostly the aqueous metalworking compositions of the present invention are emulsions, which are as concen-
trates mostly micro-emulsions and which are as dilutions mostly micro- or macro-emulsions. The dilutions show often
a stability such that there is no separation of any phase visible with the naked eye and that there is a clear or translucent
micro-emulsion or a transparent, hazy or more or less milky macro-emulsion in a composition diluted with pure water
or with hard water of up to 1200 ppm Ca content.

[0083] If the amount of component (a) is increased and/or if the amount of component (c) is decreased, there may
sometimes be a change in the consistency of the metalworking composition from micro-emulsions to macro-emulsions;
and vice-versa normally too. If the amount of any component (a), (b) and/or (c) is increased or is decreased, there may
sometimes be a change in the consistency of the metalworking composition from micro-emulsions to macro-emulsions,
too.

[0084] Most preferred, the metalworking compositions of the present invention comprise or consist essentially of or
consist of the following combination of components: [(a1) and/or (a3)] and (b1) and (c3) and (d1) and (e), which are as
concentrates preferably micro-emulsions or even clear micro-emulsions and which are as dilutions preferably micro- or
macro-emulsions. Each component is herein represented by at least one substance added or contained or both. Most
preferred, these components are contained in the following contents in a concentrate: [(a1) and/or (a3)] in a total content
in a range of from 10 to 20 % by weight, (b1) in a content of 5 to 10 % by weight, (c3) in a content in a range of from 10
to 20 % by weight, (d1) in a total content in a range of from 5 to 15 % by weight, (e) in a content in a range of from 70
to 25 % by weight and optionally components like any component selected from the group consisting of A to D in a total
content of zero or in a range of from 0.01 to 10 % by weight.

[0085] Preferably, an emulsion of a concentrate or of a dilution shows an average droplet size predominantly in a
range of from 10 nm to 50 wm or more preferred in a range of from 50 nm to 10 wm. Reasonable ranges for the average
droplet size are often in a range of from 0.15 to 50 microns or of from 0.15 micron to 30 microns. When a metalworking
composition like a concentrate is diluted, a t