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Description

Technical Field

[0001] The present invention relates to a water-based lubricant for use in plastic working of a metallic material, and
more particularly, relates to a water-based lubricant for plastic working of a metallic material, which is excellent in
workability after moisture absorption and scum clogging resistance, method for producing a metallic material with a
lubrication film, and a metallic material comprising a lubrication film.

Background Art

[0002] There is a need to prevent seizures, galling, and heat generation due to metallic contact with molds in plastic
working such as forging, extruding, and press working for metallic materials. For adapting to this need, films, oils, soaps
and the like that have excellent lubricity have been used since a long time ago. Above all, treatment with a zinc phosphate-
based chemical conversion coating film and a soap-based lubricant (hereinafter, also referred to as bonder-lube treat-
ment) has been often used, which is particularly excellent in workability and highly versatile.
[0003] However, high environmental loads have been a problem with the bonder-lube treatment. In the zinc phosphate-
based chemical conversion treatment, the material to be treated is dissolved in the treatment liquid, thereby forming a
by-product (sludge) with a phosphoric acid, and producing a large amount of industrial wastes. Moreover, in the bonder-
lube treatment, effluents containing large amounts of heavy metals and effluent soaps are generated, thus requiring
effluent treatment and treatment as industrial wastes. In recent years, new treatment methods of providing lubricity just
by applying a water-based surface treatment agent to a metallic material and drying the agent have been developed in
order to solve the problems as mentioned previously.
[0004] As such a technique, Patent Literature 1 discloses a technique of containing a water-soluble inorganic salt and
a wax, etc. dissolved or dispersed in water.
[0005] Patent Literature 2 discloses a technique that relates to a lubricating composition for plastic working, containing
a synthetic resin, a water-soluble inorganic salt, and water.
[0006] Patent Literature 3 discloses a technique that relates to a lubricant for plastic working, obtained by dispersing
or dissolving, in water, 10 to 30% of a water-soluble inorganic salt, 5 to 30% of an organometallic salt, 10 to 84.5% of
an alkaline-earth metal salt, and as a solid dispersant, 0.5 to 30% of a product of a reaction between a copolymer of α-
olefin and maleic anhydride and N,N-dialkylaminoalkylamine.
[0007] Patent Literature 4 discloses a technique for a water-based lubricant composition for plastic working, containing
a water-soluble polymer compound, an inorganic metal salt, and water.
[0008] Patent Literature 5 is directed to a water-based lubricant for plastic working, comprising a resin component
containing a copolymer or homopolymer of monomers having an ethylenically unsaturated bond, including at least maleic
anhydride (A), an inorganic component (B), and a solid lubricating component (C), wherein maleic anhydride moieties
of the resin component (A) are blocked with a nitrogen-containing compound at a blocking ratio of 10 to 80%, and
unblocked maleic anhydride moieties are neutralized with an alkaline component at a degree of neutralization of 40 to
100%.

Citation List

Patent Literature

[0009]

Patent Literature 1: International Publication No. WO 2002/012420
Patent Literature 2: JP 2000-63880 A
Patent Literature 3: JP 2008-111028 A
Patent Literature 4: JP 2012-177000 A
Patent Literature 5: EP 2 450 423 A1

Summary of Invention

Technical Problem

[0010] As described previously, the variety of water-based lubricants for plastic working has been developed, and as
the water-soluble inorganic salt or inorganic metal salt in Patent Literatures 1 to 4, borates are used as preferred
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substances. Lubrication films formed from the borates have the advantages such as film strength required as a lubricant
and also excellent adhesion to metallic material surfaces. However, boron and compounds thereof are classified as the
Class I Designated Chemical Substances in the Law concerning Pollutant Release and Transfer Register (PRTR).
Among the borates, sodium tetraborate and boric acid are suspected to be hazardous as the SVHC in the REACH, the
use of the borate degrades the effluent treatment performance, and the development of water-based lubricants for plastic
working without use of any borate has been thus desired. In addition, in general, lubrication films from water-based
lubricants have the drawback of absorbing moisture in the atmosphere. The lubrication films have the property of lubricity
significantly decreased by moisture absorption, and it is extremely difficult to store, for long periods of time, metallic
materials with boron-containing lubricants applied. As described above, any water-based lubricant for plastic working
of a metallic material has not been developed which keeps high lubricity without seizures caused, even when the lubricant
is left under a high-humidity environment.
[0011] On the other hand, in plastic working, the wax in a lubricant scum separated from the metallic material is not
be able to be easily removed when the wax adheres to the mold, thereby causing underfill, or leading to a broken knock-
out pin. The wax is, because of having high lubricity, one of components that are not able to be removed in non-reactive
lubricants. Therefore, frequent cleaning currently deals with the scum caused by the wax, and the development of water-
based lubricants for plastic working of a metallic material, which can suppress scum clogging, has been desired strongly.
[0012] It is to be noted that Patent Literature 1 mentions that: "the mold is unfavorably clogged with scums or the like
when the coating weight is large", whereas Patent Literature 4 mentions "it is preferable to contain a solid lubricant in
the case of taking measures against moisture absorption of the lubrication film", but sufficient measures have not been
taken against the problem of scum generation and for working after moisture absorption.
[0013] The present invention is intended to solve the previously mentioned problems of the prior art, and an object of
the invention is to provide a water-based lubricant for plastic working of a metallic material, which is comparable or
superior in workability to the bonder-lube treatment and conventional coating-type water-based lubricants, and excellent
in workability after moisture absorption and scum clogging resistance.

Solution to Problem

[0014] The inventors have found, as a result of carrying out earnest studies in order to achieve the previously mentioned
object, that high workability, and excellent seizure resistance, workability after moisture absorption, and scum clogging
resistance are provided when as a water-based lubricant for plastic working of a metallic material, a specific polymer,
a specific oxoacid or condensate thereof or the like, a hydroxide of an alkali metal, and a lubricating component are
added in certain proportions to a water-based medium, thereby achieving the present invention.
[0015] That is, provided is a water-based lubricant for plastic working of a metallic material according to the present
invention, wherein the water-based lubricant is obtained by adding to a water-based medium: (A) a polymer and/or a
salt thereof, the polymer containing a carboxylic acid, an acyl halide, an acid anhydride, an ester, an amide or a nitrile
as a constituent monomer; (B) an oxoacid of tungsten, of silicon, or of phosphorus, or a condensate thereof, and/or a
salt thereof; (C) a hydroxide of an alkali metal; and (D) a lubricating component (D), and a solid content weight ratio
(A)/[(A) + (B) + (C) + (D)] is 0.05 to 0.40, wherein

the polymer is one or more selected from the group consisting of copolymerized polymers of isobutylene and maleic
anhydride, imidized products of copolymerized polymers of isobutylene and maleic anhydride, urethane resins,
acrylic resins, alkyd resins, polyester resins, amino resins, modified epoxy resins, epoxy resins, ether resins, and
polyvinyl alcohols,
the component (C) is a lithium hydroxide,
the component (D) comprises is a wax (a) or consists of the wax (a) and an acidic phosphoric ester-based extreme-
pressure agent (b),

when the component (D) consists of the wax (a) and the acidic phosphoric ester-based extreme-pressure agent (b), a
solid content weight ratio (a) / (b) of the component (a) and the component (b) is 0.2 to 9.0, a molar ratio (B)/(C) of the
component (B) and the component (C) is 0.3 to 2.7, and a solid content weight ratio (D)/[(A) + (B) + (C) + (D)] is 0.1 to 0.3.
[0016] In addition, the component (a) preferably has an average particle size of 30 to 1000 nm.
[0017] In addition, the component (a) is preferably a polyethylene wax with a melting point of 130 to 170°C.
[0018] In addition, the component (b) is preferably a phosphoric ester having an ether linkage or a C1 to C20 alkyl
group, the phosphoric ester being able to be dispersed and/or dissolved in an alkaline aqueous solution.
[0019] The present invention relates to a method for producing a metallic material with a lubrication film, including a
step of bringing the water-based lubricant for plastic working of a metallic material according to the present invention
into contact with a metallic material, and thereafter evaporating moisture, thereby forming a lubrication film on a surface
of the metallic material.
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[0020] The present invention relates to a metallic material including, on a surface thereof, a lubrication film obtained
from the water-based lubricant for plastic working of a metallic material according to the present invention.

Advantageous Effects of Invention

[0021] The water-based lubricant for plastic working of a metallic material according to the present invention is high
in workability, and excellent in seizure resistance, workability after moisture absorption, and scum clogging resistance.
It is to be noted that the terms "after moisture absorption" refer to "after leaving under a high-humidity condition". In
addition, the water-based lubricant for plastic working of a metallic material according to the present invention has few
hazardous substances, requires no reactive treatment with zinc phosphate or the like, and thus can achieve resource
saving while reducing environmental loads. In addition, because of being a moisture-absorption-resistant lubricant for
plastic working, it is possible to store the material after lubricating treatment. Furthermore, for reasons such as having
the advantage of being able to improve the workability by significantly reducing the scum clogging without causing a
decrease in lubricity, which decreases the lifetime of a mold, it has an extremely high industrial worth.

Description of Embodiments

[0022] The composition of the water-based lubricant for plastic working of a metallic material according to the present
invention will be described in detail below.

<Composition>

[Component (A)]

[0023] The polymer containing a carboxylic acid, an acyl halide, an acid anhydride, an ester, an amide or a nitrile as
a constituent monomer and/or a salt thereof (A) (hereinafter, the polymer and/or a salt thereof is referred to as a "com-
ponent (A)") according to the present invention is a component that has an effect as a dispersant for a lubricating
component (D), and has a film formation property. The component (A) is not to be considered particularly limited, but
preferably has a weight average molecular weight of 50,000 to 170,000, more preferably 50,000 to 150,000, and par-
ticularly preferably 55,000 to 75,000. The weight average molecular weight of 50,000 to 170,000 improves, due to the
increased dispersion effect, the dispersibility of the lubricating component (D), thereby achieving a homogeneous lubricant
for plastic working. The weight average molecular weight in the present invention refers to a value measured by GPC
(gel permeation chromatogram), which can be measured with the use of, for example, a GPC measurement device from
Shimadzu Corporation.
[0024] The polymer is one or more selected from the group consisting of copolymerized polymers of isobutylene and
maleic anhydride, imidized products of copolymerized polymers of isobutylene and maleic anhydride, urethane resins,
acrylic resins, alkyd resins, polyester resins, amino resins, modified epoxy resins, epoxy resins, ether resins and polyvinyl
alcohols. Among these examples, for the reason of excellent liquid stability, the constituent monomer containing therein
a carboxyl group and an imide group is preferred, and specific examples thereof include imidized products of copolym-
erized polymers of isobutylene and maleic anhydride. One of these components (A) may be used alone, or two or more
thereof may be used in combination.

[Component (B)]

[0025] The oxoacid of tungsten, of silicon, or of phosphorus, or a condensate thereof, and/or a salt thereof (B) (here-
inafter, referred to as a "component (B)") according to the present invention is a component which serves to improve
seizure resistance and adhesion (the improved adhesion suppresses the generation of the wax or the like separated
from the metallic material, thus improving the scum clogging resistance).
[0026] Specific examples of the component (B) include, not limited thereto, sodium tungstate, ammonium tungstate,
potassium tungstate, sodium silicate, potassium silicate, sodium tripolyphosphate, potassium tripolyphosphate, and
ammonium tripolyphosphate. In particular, tungstates and phosphates are preferred. Furthermore, one of these examples
may be used alone, or two or more thereof may be used in combination.

[Component (C)]

[0027] The hydroxide of an alkali metal (C) (hereinafter, referred to as a "component (C) ") refers to a component
which is effective for improved moisture absorption resistance and workability, and for seizure resistance. The component
(C) is lithium hydroxide. It is to be noted that the component (C) may be a hydrate.
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[Component (D)]

[0028] The lubricating component (D) (hereinafter, referred to as a "component (D)") is a wax or is composed of a wax
(a) and an acidic phosphoric ester-based extreme-pressure agent (b) . When the component (D) consists of the wax (a)
and the acidic phosphoric ester-based extreme-pressure agent (b), a solid content weight ratio (a) / (b) of the component
(a) and the component (b) is 0.2 to 9.0
[0029] The wax (a) itself has lubricity, and the present thereof at the interface serves to reduce frictions between
metals, and suppress seizures and the like. The wax (a) is not to be considered particularly limited, but examples thereof
include a paraffin wax, a microcrystalline wax, a polypropylene wax, and a carnauba wax, and the polyethylene wax is
most preferred. As for the use of the wax, a wax may be used alone, or two or more waxes may be used in combination.
The wax (a) preferably has an average particle size of 30 to 1000 nm, more preferably 100 to 500 nm. In this regard,
the average particle size in the present invention refers to a value measured with the use of a microtrack method (laser
diffraction-scattering method), which can be measured with, for example, a particle size distribution measuring instrument
(Model LA-920, particle size criteria: volume) from Horiba, Ltd.
[0030] The wax (a) is preferably a polyethylene wax with a melting point of 130 to 170°C, and the melting point of the
wax (a) is more preferably 140 to 170°C. The average particle size of 30 to 1000 nm (more preferably 100 to 500 nm)
suppresses agglomeration, thereby enhancing dispersibility in water. In addition, it has been found that the melting point
of 130 to 170°C (in particular, 140 to 170°C) advantageously acts on scum clogging resistance. There are some cases
where the heat generation during plastic working may melt the wax component and cause the melted component to
adhere to the mold, thereby causing underfill or causing the mold to be broken, but the use of the wax with a melting
point of 130 to 170°C can suppress melting of the wax and the adhesion to the mold. Thus, the lifetime of the mold can
be extended, and the generation of underfill can be suppressed.
[0031] The acidic phosphoric ester-based extreme-pressure agent (b) has the effect of reducing the friction and abra-
sion at the metal interface and preventing seizures. The acidic phosphoric ester-based extreme-pressure agent (b) is
not to be considered particularly limited, but specifically, one may be used alone from alkyl acid phosphates, dioleyl
hydrogen phosphite, polyether phosphates, and the like, or two or more therefrom may be used in combination. In
addition, the acidic phosphoric ester-based extreme-pressure agent (b) according to the present invention is a phosphoric
ester having an ether linkage and/or a C1 to C20 alkyl group, which is preferably able to be dispersed and/or dissolved
in an alkaline aqueous solution. This acidic phosphoric ester-based extreme-pressure agent achieves favorable work-
ability, seizure resistance, and scum clogging resistance.
[0032] In addition, for example, soaps such as fatty acid soaps and fatty acid metal soaps, fatty acid amides, and the
like can be used as lubricants other than the wax (a). Specific examples of the fatty acid soaps and fatty acid metal
soaps include metal soaps such as calcium stearate, zinc stearate, barium stearate, magnesium stearate, and zinc
stearate. In addition, specific examples of the fatty acid amides include ethylene bislauric acid amide, ethylene bisstearic
acid amide, ethylene bisbehenic acid amide, N-N’-distearyl adipic acid amide, ethylene bisoleic acid amide, ethylene
biserucic acid amide, hexamethylene bisoleic acid amide, N-N’-dioleyl adipic acid amide, stearic acid, oleic acid, palm
oil, and mineral oil.

[Other Components]

[0033] The water-based lubricant for plastic working of a metallic material for use in the present invention is able to
use levelling agents or water-soluble solvents for improving coating properties, metal stabilizers, etching inhibitors, etc.
to the extent that advantageous effects of the invention will not be damaged. The levelling agents include nonionic or
cationic surfactants. The water-soluble solvents include: alcohols such as ethanol, isopropyl alcohol, t-butyl alcohol, and
propylene glycol; cellosolves such as ethylene glycol monobutyl ether and ethylene glycol monoethyl ether; esters such
as ethyl acetate and butyl acetate; and ketones such as acetone, methyl ethyl ketone, and methyl isobutyl ketone. The
metal stabilizers include chelate compounds such as EDTA and DTPA. The etching inhibitors include amine compounds
such as ethylenediamine, triethylenepentane, guanidine, and pyrimidine. In particular, compounds having two or more
amino groups in one molecule are also effective as metal stabilizers, which are more preferred.
[0034] The solvent of the water-based lubricant according to the present invention is mainly composed of water. In
this regard, the phrase "mainly composed of water" means that water accounts for approximately 50 volume% or more
on the basis of the total volume of the solvent.

<Blending Amount>

[0035] In regard to the blending proportion of the component (A) of the water-based lubricant for plastic working of a
metallic material according to the present invention, the solid content weight ratio (A)/[(A) + (B) + (C) + (D)] is required
to be 0.05 to 0.40, preferably 0.05 to 0.25, and most preferably 0.08 to 0.20. The solid content weight ratio (A)/[(A) + (B)
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+ (C) + (D)] of less than 0.05 unfavorably degrades the film formation property, thereby resulting in a brittle film, whereas
the ratio in excess of 0.40 unfavorably makes the other components less likely to be dissolved, thereby degrading the
liquid stability.
[0036] The molar ratio (B)/(C) of the component (B) to the component (C) is 0.30 to 2.7, preferably 0.6 to 2.2. The
molar ratio (B)/(C) in this range inhibits crystallization of inorganic salts in films, thereby resulting in effectiveness for
workability after moisture absorption.
[0037] The solid content weight ratio (D)/[(A) + (B) + (C) + (D)] is 0.1 to 0.3. Above all, the ratio of 0.12 to 0.28 is
preferred because a balance is achieved between scum clogging resistance and lubricity. The ratio less than 0.1 results
in deficient lubricity, thereby significantly decreasing workability. The ratio in excess of 0.3 increases the generation of
scum during working.
[0038] In addition, in the case of using the wax (a) and the acidic phosphoric ester-based extreme-pressure agent (b)
as the component (D), for the blending amounts of the wax (a) and acidic phosphoric ester-based extreme-pressure
agent (b), the solid content weight ratio (a)/(b) is 0.2 to 9.0, and preferably 1.0 to 6.0. The ratio less than 0.2 results in
failure to efficiently achieve the effect of the wax, thereby making lubricity more likely to be deficient. The ratio in excess
of 9.0 results in failure to efficiently achieve the effect of the acidic phosphoric ester-based extreme-pressure agent,
thereby making workability more likely to be deficient.

<Properties>

[0039] The pH of the water-based lubricant according to the present invention is preferably 7 to 12, more preferably
8 to 11. In this regard, the pH refers to a value measured at 20 to 30°C (room temperature) with the use of a pH meter
(portable pH meter HM-31P from DKK-TOA CORPORATION) . In addition, when the pH of the water-based lubricant
is less than 7, the agglomeration or the like of the wax (a) may be caused. On the other hand, when the pH exceeds 12,
the dispersibility of the wax (a) may be destroyed, thereby causing the agglomeration. It is to be noted that while ammonia,
amines, and the like can be also used as the alkali component used for the pH adjustment, the component is not to be
considered particularly limited.

<Application Method>

[0040] The step of applying the water-based lubricant according to the present invention to the metallic material is not
to be considered particularly limited, but can use a dipping method, a flow coating method, a spray method, etc. The
application (coating) may employ any method as long as the surface is sufficiently covered with the water-based lubricant
according to the present invention, and there is not a particular limit on the time for the application. In this regard, in
order to enhance drying properties in this case, the metallic material heated (for example, 40 to 80°C) may be brought
into contact with the water-based lubricant for plastic working of a metallic material. In addition, the heated (for example,
30 to 50°C) water-based lubricant for plastic working of a metallic material may be brought into contact. Thus, the drying
properties may be improved significantly to allow drying at ordinary temperature, and the loss of thermal energy can be
also reduced.
[0041] In this regard, the coating weight of the lubrication film formed on the metallic surface is controlled appropriately
depending on the degree of subsequent working and economy. The coating weight preferably falls within range of 0.5
to 40 g/m2, more preferably 2 to 20 g/m2. When this coating weight is less than 0.5 g/m2, the lubricity will be insufficient.
Alternatively, the coating weight in excess of 40 g/m2 unfavorably causes the mold to be clogged with scums or the like,
although there is no problem with lubricity. It is to be noted that coating weight can be calculated from the weight difference
of the metallic material between before and after working, and the surface area thereof. The solid content weight (con-
centration) of the water-based lubricant is adjusted appropriately in order to control the coating weight in the previously
described range. In fact, in many cases, a high concentration of lubricant is diluted with water, and the treatment liquid
is used.
[0042] The metallic material for use in the present invention is preferably iron, steel, stainless steel, aluminum, an
aluminum alloy, magnesium, a magnesium alloy, titanium, a titanium alloy, copper, a copper alloy, tin, a tin alloy, or the
like. In addition, in terms of shape, the metallic material to which the present invention is directed is not to be considered
particularly limited, but intended to encompass, for example, not only materials such as wring rods, tube materials, bar
materials, and block materials, but also shaped articles (gears, shafts, etc.).
[0043] The surface of the metallic material for use in the present invention is preferably cleaned by at least one or
more methods selected from alkali cleaning, acid cleaning, sand blasting, and shotblasting. The use of the surface left
contaminated causes the lubrication film to drop, and adversely affects subsequent lubricity.
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[Examples]

[0044] Next, the present invention will be further described with reference to examples. However, the present invention
is not to be considered limited to the following example. Example Treatment Agents 3, 13, 14, 29 and 34 are for comparison
only and outside the scope of the claimed invention.

(1) Preparation of Water-based Lubricant for Plastic Working

[0045] The component (A), the component (B), the component (C), and the component (D) were added to water in
the combinations and proportions shown in Table 6 (the total amount of the component (B) and component (C) was
adjusted so that the total amount of the components (A) to (D) accounts for 1 with the proportions of the component (A)
and component (D) as shown in Table 6) to prepare water-based lubricants for plastic working according to Examples
01 to 34 and Comparative Examples 01 to 19. In all of the water-based lubricants, the ratio by weight between total solid
content and water was adjusted to 18.8 : 85. It is to be noted that the water-based lubricants were diluted with water to
adjust the concentrations so that dried lubrication films account for the intended film weight, and then used. In addition,
the respective components were used as listed in Tables 1 to 5.

(2) Lubricating Treatment for Cold Forging Test

[0046] The water-based lubricants according to Examples 01 to 34 and Comparative Examples 01 to 19 were applied
to evaluation test pieces to form lubrication films. Here are pretreatment and lubricating treatment steps. Evaluation test
pieces: S45C spheroidal annealed material 25 mmΦ 3 30 mm

<Pretreatment and Lubricating Treatment according to Examples 01 to 34 and Comparative Examples 01 to 19>

[0047]

(a) Degreasing (Pretreatment): commercially available degreasing agent (Product Name: FINECLEANER 4360,
from NIHON PARKERIZING CO., LTD.), Concentration: 20 g/L, Temperature: 60°C, Immersion: 10 min.
(b) Water Rinsing (Pretreatment): Tap Water, Ordinary Temperature, Immersion: 30 sec.
(c) Lubricating Treatment (Lubricating Treatment): Water-based Lubricant prepared in (1), Temperature: 60°C,
Immersion: 1 min.
(d) Drying (Lubricating Treatment): 100°C, 10min.

[0048] Here are pretreatment and lubricating treatment steps of bonder-lube treatment according to Comparative
Example 22.

<Pretreatment and Lubricating Treatment of Bonder-Lube Treatment according to Comparative Example 22>

[0049]

(a) Degreasing (Pretreatment): commercially available degreasing agent (Product Name: FINECLEANER 4360,
from NIHON PARKERIZING CO., LTD.), Concentration: 20 g/L, Temperature: 60°C, Immersion: 10 min.
(b) Water Rinsing (Pretreatment): Tap Water, Ordinary Temperature, Immersion: 30 sec.
(c) Acid Cleaning (Pretreatment): Hydrochloric Acid, Concentration: 17.5%, Ordinary Temperature, Immersion: 10
min.
(d) Water Rinsing (Pretreatment): Tap Water, Ordinary Temperature, Immersion: 30 sec.
(e) Chemical Conversion Treatment (Lubricating Treatment): commercially available zinc phosphate chemical con-
version treatment agent (Product Name: PALBOND 181X, from NIHON PARKERIZING CO., LTD.), Concentration:
90 g/L, Temperature: 80°C, Immersion: 10 min.
(f) Water Rinsing (Lubricating Treatment) : Tap Water, Ordinary Temperature, Immersion: 30 sec.
(g) Soap Treatment (Lubricating Treatment): commercially available soap lubricant (Product Name: PALUBE 235,
from NIHON PARKERIZING CO., LTD.), Concentration: 70 g/m2, 85°C, Immersion: 3 min.
(h) Drying (Lubricating Treatment): 100°C, 10 min
(i) Dried Film weight: approximately 10 g/m2

[0050] Here are pretreatment and lubricating treatment steps according to Comparative Example 23.
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<Pretreatment and Lubricating Treatment according to Comparative Example 23>

[0051]

(a) Degreasing (Pretreatment): commercially available degreasing agent (Product Name: FINECLEANER 4360,
from NIHON PARKERIZING CO., LTD.), Concentration: 20 g/L, Temperature: 60°C, Immersion: 10 min.
(b) Water Rinsing (Pretreatment): Tap Water, Ordinary Temperature, Immersion: 30 sec.
(c) Lubricating Treatment (Lubricating Treatment): Water-based Lubricant (Water-based Lubricant described in
Example 02 of International Publication No. WO 2002/012420), Temperature: 60°C, Immersion: 1 min.
(d) Drying (Lubricating Treatment): 100°C, 10 min.

[0052] Here are pretreatment and lubricating treatment steps according to Comparative Examples 20 to 21.

<Pretreatment and Lubricating Treatment according to Comparative Examples 20 to 21>

[0053]

(a) Degreasing (Pretreatment): commercially available degreasing agent (Product Name: FINECLEANER 4360,
from NIHON PARKERIZING CO., LTD.), Concentration: 20 g/L, Temperature: 60°C, Immersion: 10 min.
(b) Water Rinsing (Pretreatment): Tap Water, Ordinary Temperature, Immersion: 30 sec.
(c) Lubricating Treatment (Lubricating Treatment): Water-based Lubricant (Plastic Working Agent described in Ex-
ample 04 of JP 2012-177000 A), Temperature: 60°C, Immersion: 1 min.
(d) Drying (Lubricating Treatment): 100°C, 10 min.

(3) Cold Forging Test

[0054] The test pieces subjected to the lubricating treatment by the method (2) were evaluated by a cold forging test
for lubricity of the lubrication films after statically leaving for 24 hours under an atmosphere at a temperature of 30°C
and humidity of 70%, lubricity thereof immediately after the lubricating treatment, and seizure resistance. In the cold
forging test, the spike formation (spike test) in accordance with the invention in Japanese Patent No. 3227721 was
carried out to measure the indentation load (kNf) and spike height (mm), thereby evaluating lubricity. In addition, the
worked surfaces of the test pieces were visually observed for the degree of seizure to evaluate the seizure resistance.

<Criteria in Spike Test>

[0055] Lubricity (Workability immediately after Treatment and Workability immediately after Statically Leaving in Mois-
ture Absorption Environment) 

[0056] The larger value means more favorable lubricity.

&: 0.95 or more
s: 0.93 or more and less than 0.95
Δ: 0.9 or more and less than 0.93
3: less than 0.9

<Seizure Resistance>

[0057] The degree of seizure at the worked surface

&: no seizure
s: mild seizure
Δ: moderate seizure
3: heavy seizure
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<Generation of Scum>

[0058] Evaluated from the amount of scum dropping in the case of upsetting

&: scum dropping percentage of 0% or more and less than 30%
s: scum dropping percentage of 30% or more and less than 50%
Δ: scum dropping percentage of 50% or more and less than 70%
3: scum dropping percentage of 70% or more

(4) Evaluation of Liquid Stability

[0059] The water-based lubricating agents for plastic working, adjusted under the condition (1) were visually evaluated
for appearance after 3 days.

Evaluation of Liquid Stability

[0060]

&: no change
s: slight agglomeration found
Δ: agglomeration found
3: precipitation found

[0061] Table 7 shows evaluation results. From Table 7, the water-based lubricants for plastic working of a metallic
material according to the present invention was excellent in workability, seizure resistance, workability after moisture
absorption, scum clogging resistance, and liquid stability. In contrast, the conventional water-based lubricants for plastic
working of a metallic material, that is, Comparative Examples 20 to 21 and Comparative Example 23 were inferior in
workability, seizure resistance, workability after moisture absorption, or scum clogging resistance in some cases. In
addition, Comparative Examples 01 and 02 and Comparative Examples 09 to 14 containing no component (A) are poor
in film formation property, and in the case of being subjected to working, lubrication films are more likely to be peeled,
thereby causing seizure or defective working. On the other hand, Comparative Example 03 and Comparative Examples
15 to 18 not including the addition range of the component (A) make, because of the low solubility of the component
(A), the component (B) and the component (C) less likely to be dissolved, thereby degrading liquid stability. Moreover,
Comparative Example 04 containing no component (B) is poor in adhesion to the metal, and the lubrication film formed
is not able to withstand working. Comparative Example 07 containing no component (C) is not able to be subjected to
working after moisture absorption, due to the fact that the film component is crystallized, thereby making the adhesion,
etc. likely to be degraded, when moisture is absorbed. In addition, Comparative Example 08 containing no lubricating
component (D) is not able to be subjected to working, due to deficient lubricity. Comparative Examples 05 and 06
containing a salt (borate or iodate) other than the oxoacid of tungsten, of silicon, or of phosphorus, or a condensate
thereof, and/or a salt thereof have problems such as a large generation of scum. It is to be noted that as can be seen
from Comparative Example 22, Examples 01 to 34 have, in spite of the low environmental load, performance comparable
to the comparative example subjected to the bonder-lube treatment.
[0062] Next, the composition ratios of the constituents in the examples will be summarized. From a comparison between
Example 01 and Examples 08 to 10, it is determined that the workability is improved when the solid content weight ratio
(A) / [(A) + (B) + (C) + (D)] is increased, while it is determined that the liquid stability is degraded when the ratio is
excessively increased. As a cause of the improved workability, the increased strength of the film is considered because
of the increased film formation property. As a cause of the degraded liquid stability, the component (B) and component
(C) made less likely to be dissolved are considered because of the low solubility of the component (A). It is determined
that films, which are really excellent in workability also with favorable liquid stability, can be formed in the most preferred
range (0.08 to 0.2).
[0063] Subsequently, from a comparison between Example 01 and Examples 14 and 15, it is determined that the
increased molar ratio (B)/(C) is advantageous for working after moisture absorption. This is because of inhibiting crys-
tallization of the inorganic salt in the film. However, the excessively increased molar ratio has a tendency to degrade
the liquid stability, and also decrease the workability after moisture absorption under the influence of solubility. It is
determined that films, which are really excellent in workability after moisture absorption also with favorable dispersibility,
can be formed in the most preferred range (0.6 to 2.2).
[0064] In regard to the solid content weight ratio (a)/(b) of the wax (a) and the acidic phosphoric ester-based extreme-
pressure agent (b), from a comparison between Example 01 and Examples 23 and 24, the value increased results in
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failure to sufficiently achieve the effect of the extreme-pressure agent, thereby causing seizures to be generated or the
workability to be decreased. Reversely, the value decreased adversely affects the generation of scum or the liquid
stability. This is because the component of the extreme-pressure agent is less likely to be dispersed well in water. From
a comparison between Example 01 and Examples 02, 03, and 25, it is determined that the increased solid content weight
ratio (D)/[(A) + (B) + (C) + (D)] has a tendency to improve the workability, while it is determined that the excessively
increased ratio has a tendency to cause scum clogging. In the preferred range (0.12 to 0.28), the lubricating component
has the effect of providing the liquid stability and suppressing the generation of scum.
[0065] Subsequently, the influence of the constituents in the examples will be summarized. In regard to the component
(B), from a comparison among Examples 01, 11, and 12, it is determined that the performance is all superior in the case
of using the tungstate and the phosphate to in the case of using the silicate. In regard to the component (C), from a
comparison between Example 01 and Examples 13, 29, and 30, it is determined that the workability, seizure resistance,
and liquid stability are superior in the case of using the lithium hydroxide or hydrate thereof to in the case of using the
hydroxide of other alkali metal. In regard to the wax component (a) of the component (D), from a comparison among
Examples 01, 17, 18, 19, 27, and 28, it is determined that Examples 01 and 17 using the waxes with melting points
included in the preferred range have smaller generations of scums. It is determined that Examples 01, 17, and 28 with
average particle sizes included in the preferred range have excellent liquid stability. Outside this range, there is a tendency
to be inferior in liquid stability. In regard to the acidic phosphoric ester (b), from a comparison among Examples 01, 20,
21, and 22, it is determined that Example 01 using, as the acidic phosphoric ester (b), the compound having the preferred
ether linkage has the suppressed generation of scum. Furthermore, in regard to the component (D), from a comparison
between Examples 01 and 34, it is determined that Example 01 using the wax with a melting point and an average
particle size included in the preferred ranges has a smaller generation of scum, and also better liquid stability than
Example 34 using a zinc stearate (a6) as a fatty acid soap in place of the wax component (a).

[Table 1]

[0066]

[0067] Structure of Symbol A1 (j and k vary within the range of the molecular weight)

[0068] Structure of Symbol A2 (n varies within the range of the molecular weight, R represents an aromatic hydrocarbon
including a carboxyl group)

Table 1

Symbol Chemical Name Molecular weight

A1 Isobutylene-based Polymer, Imidized 55000∼65000

A2 Ether-based Polymer 150000

A3 Isobutylene-based Polymer, Ammonia-modified 55000∼65000

A4 Isobutylene-based Polymer 160000∼170000

A5 Isobutylene-based Polymer 5500∼6500

A6 Polyethylene Imine 70000

A7 Urethane Resin 5000
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[0069] Structure of Symbol A3 (j and k vary within the range of the molecular weight)

[0070] Structure of Symbols A4, A5
H2N(C2H5N)nH Chemical Formula of Symbol A6

[0071] Chemical Formula of Symbol A7 (R represents an ester-based substituent, R’ represents an ether-based
substituent)

[Table 2]

[0072]

[Table 3]

[0073]

Table 2

Symbol Name

B1 Sodium Tripolyphosphate

B2 Sodium Tungstate

B3 Potassium Silicate

B4 Potassium Tetraborate

B5 Sodium Iodate



EP 3 020 791 B1

12

5

10

15

20

25

30

35

40

45

50

55

[Table 4]

[0074]

[Table 5]

[0075]

[0076] [Table 6] Example treatment agents 13, 29 and 34 are not according to the invention.
[0077]

Table 3

Symbol Name

C1 Lithium Hydroxide

C2 Potassium Hydroxide

C3 Sodium Hydroxide

C4 Lithium Hydroxide Monohydrate

Table 4

Symbol Particle Size (mm) Metting Point (°C)

a1 Low-Density Polyethylene Wax A 0.5 132

a2 Low-Density Polyethylene Wax B 0.1 150

a3 Low-Density Polyethylene Wax C 9.5 110

a4 Low-Density Polyethylene Wax D 6.0 113

a5 Low-Density Polyethylene Wax E 0.6 113

a6 Zinc Stearate - -

Table 5

Symbol Chemical Name Melting Point (°C) Carbon Number

b1 Alkyl Phosphoric Ester 197 12∼18

b2 Butyl Phosphoric Ester 180 4

b3 Polyoxypropylene Phosphoric Ester 100 or more 2∼10

b4 Tetracosyl Phosphoric Ester 222 24



EP 3 020 791 B1

13

5

10

15

20

25

30

35

40

45

50

55

[0078] [Table 7] Example treatment agents 13, 29 and 34 are not according to the invention.
[0079]
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Claims

1. A water-based lubricant for plastic working of a metallic material, wherein the water-based lubricant is obtained by
adding to a water-based medium: (A) a polymer and/or a salt thereof, the polymer containing a carboxylic acid, an
acyl halide, an acid anhydride, an ester, an amide or a nitrile as a constituent monomer; (B) an oxoacid of tungsten,
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of silicon, or of phosphorus, or a condensate thereof, and/or a salt thereof; (C) a hydroxide of an alkali metal; and
(D) a lubricating component (D), and a solid content weight ratio (A)/[(A) + (B) + (C) + (D)] is 0.05 to 0.4, wherein

the polymer is one or more selected from the group consisting of copolymerized polymers of isobutylene and
maleic anhydride, imidized products of copolymerized polymers of isobutylene and maleic anhydride, urethane
resins, acrylic resins, alkyd resins, polyester resins, amino resins, modified epoxy resins, epoxy resins, ether
resins, and polyvinyl alcohols,
the component (C) is a lithium hydroxide,
the component (D) is a wax (a) or consists of the wax (a) and an acidic phosphoric ester-based extreme-pressure
agent (b),
when the component (D) consists of the wax (a) and the acidic phosphoric ester-based extreme-pressure agent
(b), a solid content weight ratio (a) / (b) of the component (a) and the component (b) is 0.2 to 9.0,
a molar ratio (B) / (C) of the component (B) and the component (C) is 0.3 to 2.7, and
a solid content weight ratio (D) / [(A) + (B) + (C) + (D)] is 0.1 to 0.3.

2. The water-based lubricant for plastic working of a metallic material according to claim 1, wherein the water-based
lubricant has pH of 7 to 12.

3. The water-based lubricant for plastic working of a metallic material according to claim 1 or 2, wherein the component
(a) has an average particle size of 30 to 1000 nm. as measured as set out in paragraph [0033].

4. The water-based lubricant for plastic working of a metallic material according to any one of claims 1 to 3, wherein
the component (a) is a polyethylene wax with a melting point of 130 to 170°C.

5. The water-based lubricant for plastic working of a metallic material according to any one of claims 1 to 4, wherein
the component (b) is a phosphoric ester having an ether linkage and/or a C1 to C20 alkyl group, the phosphoric
ester being able to be dispersed and/or dissolved in an alkaline aqueous solution.

6. A method for producing a metallic material with a lubrication film, the method comprising a step of bringing the water-
based lubricant for plastic working of a metallic material according to any one of claims 1 to 5 into contact with a
metallic material, and thereafter evaporating moisture, thereby forming a lubrication film on a surface of the metallic
material.

7. A metallic material comprising, on a surface thereof, a lubrication film obtained from the water-based lubricant for
plastic working of a metallic material according to any one of claims 1 to 5.

Patentansprüche

1. Wasserbasiertes Schmiermittel für plastische Verarbeitung eines metallischen Materials, worin das wasserbasierte
Schmiermittel erhalten ist durch Zugabe der folgenden Verbindungen zu einem wasserbasierten Medium: (A) Po-
lymer und/oder Salz davon, wobei das Polymer eine Carbonsäure, ein Acylhalogenid, Säureanhydrid, Ester, Amid
oder Nitril als Bestandteilsmonomer enthält, (B) eine Oxosäure von Wolfram, Silicium oder Phosphor oder ein
Kondensat davon und/oder ein Salz davon, (C) ein Hydroxid eines Alkalimetalls und (D) eine Schmiermittelkompo-
nente (D), und worin ein Gewichtsverhältnis eines Feststoffgehaltes (A)/[(A) + (B) + (C) + (D)] 0,05 bis 0,4 ist, worin
das Polymer ein oder mehrere ist, ausgewählt aus der Gruppe, bestehend aus copolymerisierten Polymeren von
Isobutylen und Maleinsäureanhyrid, imidierten Produkten von copolymerisierten Polymeren von Isobutylen und
Maleinsäureanhydrid, Urethanharzen, Acrylharzen, Alkydharzen, Polyesterharzen, Aminoharzen, modifizierten Ep-
oxyharzen, Epoxyharzen, Etherharzen und Polyvinylalkoholen,
die Komponente (C) ein Lithiumhydroxid ist,
die Komponente (D) ein Wachs (a) ist oder aus dem Wachs (a) und einem sauren Phosphorsäureester-basierten
extremen Druckmittel (b) besteht,
worin dann, wenn die Komponente (D) aus dem Wachs (a) und dem sauren Phosphorester-basierten extremen
Druckmittel (b) besteht, ein Gewichtsverhältnis des Feststoffgehaltes (a) / (b) der Komponente (a) und der Kompo-
nente (b) 0,2 bis 9,0 ist,
ein molares Verhältnis (B) / (C) der Komponente (B) und der Komponente (C) 0,3 bis 2,7 ist und
ein Gewichtsverhältnis des Feststoffgehaltes (D) / [(A) + (B) + (C) + (D)] 0,1 bis 0,3 ist.
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2. Wasserbasiertes Schmiermittel für plastische Verarbeitung eines metallischen Materials gemäß Anspruch 1, worin
das wasserbasierte Schmiermittel einen pH von 7 bis 12 hat.

3. Wasserbasiertes Schmiermittel für plastische Verarbeitung eines metallischen Material gemäß Anspruch 1 oder 2,
worin die Komponente (a) eine durchschnittliche Teilchengröße von 30 bis 1.000 nm hat, gemessen entsprechend
Abschnitt [0033].

4. Wasserbasiertes Schmiermittel für plastische Verarbeitung eines metallischen Material gemäß einem der Ansprüche
1 bis 3, worin die Komponente (a) ein Polyethylenwachs mit einem Schmelzpunkt von 130 bis 170°C ist.

5. Wasserbasiertes Schmiermittel für plastische Verarbeitung eines metallischen Material gemäß einem der Ansprüche
1 bis 4, worin die Komponente (b) ein Phosphorester mit einer Etherbindung und/oder C1 bis C20-Alkylgruppe ist,
wobei der Phosphorester in der Lage ist, in einer alkalischen wässrigen Lösung dispergiert und/oder aufgelöst zu
werden.

6. Verfahren zur Erzeugung eines metallischen Materials mit einem Schmiermittelfilm, wobei das Verfahren einen
Schritt enthält, bei dem das wasserbasierte Schmiermittel für plastischen Verarbeitung eines metallischen Materials
gemäß einem der Ansprüche 1 bis 5 mit einem metallischen Material kontaktiert wird und danach Feuchtigkeit
verdampft wird, unter Bildung eines Schmiermittelfilmes auf einer Oberfläche aus dem metallischen Material.

7. Metallisches Material, enthaltend auf einer Oberfläche davon einen Schmiermittelfilm, erhalten aus dem wasserba-
sierten Schmiermittel für plastische Verarbeitung eines metallischen Materials gemäß einem der Ansprüche 1 bis 5.

Revendications

1. Lubrifiant à base d’eau pour le travail plastique d’un matériau métallique, dans lequel le lubrifiant à base d’eau est
obtenu en ajoutant à un milieu à base d’eau : (A) un polymère et/ou un sel de celui-ci, le polymère contenant un
acide carboxylique, un halogénure d’acyle, un anhydride d’acide, un ester, un amide ou un nitrile comme monomère
constituant; (B) un oxoacide de tungstène, de silicium ou de phosphore, ou un condensat de celui-ci, et/ou un sel
de celui-ci ; (C) un hydroxyde d’un métal alcalin ; et (D) un composant lubrifiant (D) et un rapport pondéral de matière
solide (A) / [(A) + (B) + (C) + (D)] est de 0,05 à 0,4, dans lequel
le polymère est un ou plusieurs sélectionnés à partir du groupe consistant en des polymères copolymérisés d’iso-
butylène et d’anhydride maléique, des produits imidisés de polymères copolymérisés d’isobutylène et d’anhydride
maléique, des résines uréthanes, des résines acryliques, des résines alkydes, des résines de polyester, des résines
aminées, des résines époxy modifiées, des résines époxy, des résines éther et des alcools polyvinyliques,
le composant (C) est un hydroxyde de lithium,
le composant (D) est une cire (a) ou consiste en une cire (a) et un agent extrême-pression à base d’ester phosphorique
acide (b),
lorsque le composant (D) consiste en la cire (a) et l’agent extrême-pression à base d’ester phosphorique acide (b),
un rapport pondéral de matière solide (a) / (b) du composant (a) et du composant (b) est de 0,2 à 9,0,
un rapport molaire (B) / (C) du composant (B) et du composant (C) est de 0,3 à 2,7, et
un rapport pondéral de matière solide (D) / [(A) + (B) + (C) + (D)] est de 0,1 à 0,3.

2. Lubrifiant à base d’eau pour le travail plastique d’un matériau métallique selon la revendication 1, dans lequel le
lubrifiant à base d’eau présente un pH de 7 à 12.

3. Lubrifiant à base d’eau pour le travail plastique d’un matériau métallique selon la revendication 1 ou 2, dans lequel
le composant (a) présente une taille moyenne de particules de 30 à 1 000 nm telle que mesurée comme indiqué
au paragraphe [0033].

4. Lubrifiant à base d’eau pour le travail plastique d’un matériau métallique selon l’une quelconque des revendications
1 à 3, dans lequel le composant (a) est une cire de polyéthylène avec un point de fusion de 130 à 170 °C.

5. Lubrifiant à base d’eau pour le travail plastique d’un matériau métallique selon l’une quelconque des revendications
1 à 4, dans lequel le composant (b) est un ester phosphorique présentant une liaison éther et/ou un groupe alkyle
en C1 à C20, l’ester phosphorique pouvant être dispersé et/ou dissous dans une solution aqueuse alcaline.
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6. Procédé de production d’un matériau métallique avec un film de lubrification, le procédé comprenant une étape
consistant à mettre en contact le lubrifiant à base d’eau pour le travail plastique d’un matériau métallique selon l’une
quelconque des revendications 1 à 5 avec un matériau métallique, puis à évaporer l’humidité, formant ainsi un film
de lubrification sur une surface du matériau métallique.

7. Matériau métallique comprenant, sur une surface de celui-ci, un film de lubrification obtenu à partir du lubrifiant à
base d’eau pour le travail plastique d’un matériau métallique selon l’une quelconque des revendications 1 à 5.
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