Specification

Water-Soluble Metalworking Oil Agent, Metalworking Fluid, and
Metalworking Method

Technical Field
[{0001)

The present invention relates to a water-soluble metal-
working oil agent, for use in metal working; i.e., cutting or
grinding of metal pieces, to a metal-working liquid, and to a
metal-working method.

Background Art
[0002]

In metal machining processes such as cutting and
grinding, a metal-working oil agent is used for improving
machining efficiency, for preventing abrasion between a
workpiece and a tool for machining the workpiece, for
prolonging tool life, for removing metal chips, and for other
purposes. Such metal metal-working oil agents include an
cil-base agent predominantly containing an oil component such
as mineral oil, animal and vegetable o0il, or synthetic oil,
and a water-soluble agent containing an ©il component and a
surface active compound. From the viewpoints of effective
utilization of resources and fire prevention, a water-
solubility-imparted agent (i.e., a water-soluble metal-
working oil agent) has come to be used more and more in

recent years.



[0003]

In order to satisfy defoaming property and rotting
resistance which are essential properties of the water-
soluble metal-working oil agent and also to enhance machining
efficiency, one proposed solution 1s incorpeoration of a
compound, #such as risinoleic acid polymer amine salt, into a
metal-working oil agent (see Patent Document 1).
Conventionally, chlorinated paraffin has been incorporated
into a metal-working cil agent for the purpose of enhancing
machining efficiency. However, since such a halohydrocarbon
possibly generates dioxin, which is harmful to the human body,
in recent years, a compound such as a sulfur compound or a
phosphorus compound 1s used instead of chlorinated paraffin
(see Patent Document 2). Furthermore, in order to attain
further enhanced workability, there has been proposed
incorporation, into a metal-working oil agent, of a compound
such as a condensed risinoleic fatty acid, an ester compound,
or an amine {see Patent Document 3).

[0004]

However, as disclosed in Patent Documents 1 and 3, even
in the case of a metal-working oil agent composed of a
mixture of a risinoleic acid polycondensation product amine
salt and a mineral oil, when a material which is difficult to
work; i.e., hard-to-work material, such as titanium alloy,
nickel alloy, or cobalt alloy, is subjected to cutting work,
the heat generated during the wérking accumulates in a tool,

and such an increased heat load causes problems, including



shortening of tool life.

In ancther case where cutting speed is elevated to
enhance productivity, higher heat is generated, and the heat
imposes a further load on the tool. Thus, even in the case
disclosed in Patent Document 3, where a risinoleic-acid-
polycondensed fatty acid and an ester compound are used in
combination, sufficient workability may fail to be attained.
In the case disclosed in Patent Document 2, use of a sulfur
compound or a phosphorus compound may impose a load on the
environment.

Therefore, in machining hard~to-work materials, there
is demand for further improvement of a metal-working oil
agent.

Prior Art Documents
Patent Documents
[0005]
Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. Sho 57-159891
Patent Document 2: Japanese Patent Application Laid-Open
(kokail) No. Sho 60-141795
Patent Document 3: Japanese Patent Application Laid-Open
(kokai) No. 2011-111593
Summary of the Invention
Problems to be Sclved by the Invention
[0006]
Thus, an object of the present invention is to provide

a water-soluble metal-working oil agent, a metal-working



liquid, and a metal-working method, which attain excellent
workability with a hard-to-work material and which can
prolong tool life.

Means for Solving the Problems

[0007]

The present inventors have conducted extensive studies,
and have found that the above object can be attained by
selectively incorporating, into a water-soluble metal-working
oil agent, as lubrication components, an ester compound
having a characteristic temperature meeting a specific
condition, and a specific condensed fatty acid. The present
invention has been accomplished on the basis of this finding.

Accordingly, the present invention is directed to the
following:;

[1] A water-soluble metal-working oil agent, characterized by
comprising a component A, a component B, a component C, and a
component D, wherein:

the component A is an ester compound which has a
characteristic temperature, as measured in accordance with
JIS K2242, of 570°C or higher and which is contained in the
water-soluble metal-working oil agent in an amount of 10
mass¥ or more with respect to the entire amount of the agent;

the component B is at least one condensed fatty acid
which is selected from a condensed fatty acid (1), produced
through dehydration condensation of a hydroxycarboxylic acid,
and a condensed fatty acid (2), produced through dehydration

condensation of an alcoholic hydroxyl group of the condensed



fatty acid (1) with a monovalent carboxylic acid, which has a
characteristic temperature, as measured in accordance with
JIS K2242, of 650°C or higher, and which is contained in the
water-soluble metal-working oil agent in an amount of 7.5
mass® or more with respect to the entire amount of the agent;

the component C is a carboxylic acid which is contained
in the water-soluble metal-working oil agent in an amount of
2 massy or more with respect to the entire amount of the
agent; and

the component D is a basic compound contained in such a
neutralization equivalent that at least the component B and
component C are neutralized to cancel out the sum of the acid
values thereof.

[{2] A metal-working liguid comprising the water-~soluble
metal-working ¢il agent diluted by water.

[3] A metal-working method comprising working a metal
workpiece by use of the water-soluble metal-working oil agent.
(4] A metal-working method comprising working a metal
workpiece by use of the metal-working liquid.

Effects of the Invention

[(0008]

The present invention enables provision of a water-
soluble metal~working oil agent, a metal~working liquid, and
a metal-working method, which attain excellent workability
with a hard-to-work material and which can prolong teol life.
Modes for Carrying Out the Invention

[0008]



The present invention will next be described in detail.
[Water-soluble metal-working oil agent]

An embodiment of the water-soluble metal-working oil
agent includes a component A, a component B, a component C,
and a component D. The component A is an ester compound
which has a characteristic temperature, as measured in
accordance with JIS K2242, of 570°C or higher and which is
contained in the water-soluble metal-working oil agent in an
amount of 10 mass% or more with respect to the entire amount
of the agent. The component B is at least one condensed
fatty acid which is selected from a condensed fatty acid (1),
produced through dehydration condensation of a
hydroxycarboxylic acid, and a condensed fatty acid (2},
produced through dehydration condensation of an alcoholic
hydroxyl group of the c¢ondensed fatty acid (1) with a
monovalent carboxylic acid, which has a characteristic
temperature, as measured in accordance with JIS K2242, of
650°C or higher, and which is contained in the water-scoluble
metal~working oil agent in an amount of 7.5 mass% or more
with respect to the entire amount of the agent. The
component C is a carboxylic acid which is contained in the
water-soluble metal-working oil agent in an amount of 2 mass?%
or more with respect to the entire amount of the agent. The
component D is a basic compound contained in such a
neutralization eguivalent that at least the component B and
component C are neutralized to cancel out the sum of the acid

values thereof.



In the embodiment of the present invention, the term
"water-soluble metal-working oil agent" refers to a cutting
0il agent having water solubility that allows the agent to be
diluted with water upon use of metal working. As used herein,
the water-soluble metal-working oil agent refers to that in
an undiluted state.

According to JIS K2242 (heat-treating oil quench test
(method A)), the cooling process of a silver test probe is
defined as a vapor step, a boiling step, and a convection
step. The characteristic temperature refers to a temperature
of transition from the vapor step to the boiling step.

More specifically, in the vapor step, the surface
temperature of the heated test probe is high, and the test
probe is covered with a vapor layer of the corresponding oil
agent, That is, in the vapor step, the oil agent cannot come
into direct contact with the test probe as a ligquid. 1In
other words, at a temperature equal to or higher than the
characteristic temperature, the oil agent cannot act on the
test probe as a liquid, and encounters difficulty in
imparting lubricity to the test probe.

The boiling step corresponds to a state in which the
0il agent comes into contact with the test probe after
breakage of the vapor £ilm, resulting in nuclear boiling.
That is, in the boiling step, the oil agent can ¢ome into
direct contact with the test probe as a liquid. In other
words, at a temperature equal to or lower than the

characteristic temperature, the oil agent can act on the test



probe as a liquid, to thereby impart lubricity to the test
probe.

[0010]

<Component A>

The component A is an ester compound having a
characteristic temperature, as measured in accordance with
JIS K2242, of 570°C or higher. When the component A has a
characteristic temperature lower than 570°C, an ¢oil component
involved in lubrication is readily vaporized, and a
sufficient abrasion-~reducing effect fails to be attained,
resulting in shortened tool life. The characteristic
temperature is preferably 600°C or higher, more preferably
650°C or higher. No particular limitation is imposed on the
upper limit of the characteristic temperature, but it is
preferably 800°C or lower.

Examples of the carboxylic acid forming the ester
compound include caproic acid, enanthic acid, caprylic acid,
2-ethylhexanoic acid, pelargonic acid, isononanocic acid,
capric acid, neodecanoic acid, lauric acid, myristic acid,
palmitic acid, stearic acid, arachidic acid, behenic acid,
lignoceric acid, undecylenic acid, oleic acid, elaidic acid,
erucic acid, nervonic acid, linoleic acid, y-linolenic acid,
arachidonic acid, o-linolenic¢ acid, stearidonic acid,
eicosapentaencic acid, docosahexanenoic acid, adipic acid,
suberic acid, sebacic acid, azelaic acid, dodecandioic acid,
and citric acid.

Examples of the alcohol forming the ester compound



include pentaerythritol, neopentyl glycol, and
trimethylolpropane.

The ester compound is preferably a polyol ester
prepared from a pelyhydric alcohol. A ester compound
produced from pentaerythritol and a carboxylic acid is
preferred.

The component A is preferably contained in an amount of
10 mass% or more with respect to the entire amount of the
water-soluble metal-working oil agent, more preferably 15
mass% or more, When the component A content is 10 mass% or
more, tool life can be sufficiently prolonged.

[0011])
<Component B>

The component A is preferably contained in an amount of
10 mass% or more with respect to the entire amount of the
water-soluble metal-working oil agent, more preferably 15
mass$ or more. When the component A content is 10 mass% or
more, tool life can be sufficiently prolonged.

The component B is at least one condensed fatty acid
which is selected from a condensed fatty acid (1), produced
through dehydration condensation of a hydroxycarboxylic acid,
and a condensed fatty acid (2), produced through dehydration
condensation of an alcoholic hydroxyl group of the condensed
fatty acid (1) with a monovalent carboxylic acid, and has a
characteristic temperature, as measured in accordance with

JIS K2242, of 650°C or higher,

When the characteristic temperature of the component B
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is lower than 650°C, the component B is readily vaporized,
and a sufficient abrasion-reducing effect fails to be
attained, resulting in shortened tool life. From these
viewpoints, the characteristic temperature of the component B
is preferably 670°C or higher, more preferably 690°C or
higher.

[0012]

An example of the hydroxycarboxylic acid for use in
production of the component B having a characteristic
temperature, as measured in accordance with JIS K2242, of
650°C or higher is ricinoleic acid. The hydroxycarboxylic
acid can be produced through dehydratioen polycondensation of
ricinecleic acid (l2-hydroxyoctadeca-9~enonic acid). When
ricinoleic acid heated to about 200°C in an inert atmosphere,
dehydration polycondensation initiates, to thereby vield a
polycondensed fatty ‘acid.

The ricinoleic acid polymerization degree is controlled
by reaction time. The longer the reaction time, the lower
the acid value and hydroxyl value. Thus, a fatty acid having
a high polycondensation degree can be produced. The higher
the polycondensation degree, the higher the characteristic
temperature of the produced polycondensed fatty acid.

[0013]

The condensed fatty acid (2) is produced by carrying
out dehydration polycondensation of a dehydration
polycondensation product of a hydroxycarboxylic acid with an

additional monovalent carboxylic acid. Progress of this
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reaction can be confirmed by a drop in hydroxyl value. As a
result of this reaction, a polycondensed fatty acid having a
higher characteristic temperature can be produced.

The monovalent carboxylic acid used in the reaction may
be a saturated or unsaturated carboxylic acid. However, a
C24 carboxylic acid is preferred, since a malodor and metal
corrosion may be induced by an unreacted carboxylic acid
having a few carbon atoms remaining in the reaction system.
Examples of the saturated carboxylic acid include caproic
acid, enanthic acid, caprylic acid, 2-ethylhexanoic acid,
pelargonic acid, isononancic acid, capric acid, neodecanoic
acid, lauric acid, myristic acid, palmitic acid, stearic acid,
arachidic acid, behenic acid, and lignoceric acid. Examples
of the unsaturated carboxyliec acid include undecylenic acid,
oleic acid, elaidic acid, erucic acid, nervonic acid,
linoleic acid, y-linolenic acid, arachidonic acid, o-
linolenic acid, stearidonic acid, eicosapentaenocic acid, and
docosahexanenoic acid,

[0014]

The component B preferably has an acid value of 60
mgKOH/g or less, more preferably 40 mgKOH/g or less. When
the acid value of the component B is in excess of 60 mgKOH/g,
a target characteristic temperature cannot be attained, and
sufficient workability may fail to be attained.

The component B preferably has a hydroxyl value of 50
mgKOH/g or less, more preferably 35 mgKOH/g or less. When

the hydroxyl value of the component B in excess of 50 mgKOQH/g,
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a target characteristic temperature cannot be attained, and
sufficient workability may fail to be attained.

The component B is preferably contained in an amount of
7.5 mass% or more with respect to the entire amount of the
water-soluble metal-working oil agent, more preferably in an
amount of 10 mass% or more. When the component B content is
7.5 mass% or more, a sufficient abrasion-reducing effect can
be attained, thereby prolonging tool life.

Notably, the acid value is determined in accordance
with JIS K2501; the hydroxyl value is determined in
accordance with JIS K0070; and a saponification value is
determined in accordance with JIS K2503.

[0015]
<Component C>

The water—-soluble metal-working oil agent preferably
contains a carboxylic acid serving as the component C. The
carboxylic acid which may be used as the component C may be a
unsaturated carboxylic acid or a saturated carboxylic acid
and may have a linear-chain structure or a cyclic structure.
The component C is preferably a C4 to C30 monovalent
carboxylic acid, divalent carboxylic acid, or polyvalent
carboxylic acid.

The same monovalent carboxylic acid as employed in
production of the component B may be employed as the
component C.

Examples of the divalent carboxylic acid include adipic

acid, suberic acid, sebacic acid, azelaic acid, and
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dodecandicic acid, Examples of the polyvalent carboxylic
acid include citric acid.

The carboxylic acid serving as the component C is
contained in an amount of 2 mass% or more with respect to the
entire amount of the water-soluble metal-working oil agent,
preferably in an amount of S mass® or more, more preferably
in an amount of 8 mass% or more. When the component B
content is less than 2 mass%, stability of the water-soluble
metal~-working oil agent and its diluted product may fail to
be fully attained,

[0016]
<Component D>

The water-soluble metal-working oil agent preferably
contains an amine compound or an alkali metal compound
serving as the component D. From the viewpoint of stability
of the water-soluble metal-working oil agent, the component D
is preferably contained in such a neutralization equivalent
that at least the component B and component C are neutralized
to cancel out the sum of the acid values thereof. The upper
limit of the component D content is such an amount that a 10
vol.% water-diluted product ¢of the water-soluble metal-
working oil agent has a pH of 11. When the component D
content 1s less than the neutralization equivalent, the
water-soluble metal-working oil agent has poor stability.
When the diluted liquid has a pH in excess of 11, workers
involved in metal working may suffer rough hands.

The amine compound which may be used as the component D
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may be a primary amine, a secondary amine, a tertiary amine,
or an alkanolamine.

Examples of the primary amine include monoethanolamine,
monopropanolamine, monoisopropanolamine, 2-amino-l~butanol,
2~amino~2-~methylpropanocl, butylamine, pentylamine, hexylamine,
cyclohexylamine, octylamine, laurylamine, stearylamine,
oleylamine, and benzylamine.

Examples of the secondary amine include diethylamine,
diisopropylamine, dibutylamine, dipentylamine, dihexylamine,
dicyclohexylamine, dioctylamine, dilaurylamine,
distearylamine, dioleylamine, dibenzylamine, diethanolam;ne,
piperazine, diisopropanolamine, stearylethanolamine,
decylethanolamine, hexylpropanclamine, benzylethanclamine,
phenylethanolamine, and tolylpropanolamine.

Examples of the tertiary amine include tributylamine,
tripentylamine, trihexylamine, tricyclohexylamine,
trioctylamine, trilaurylamine, tristearylamine, trioleylamine,
tribenzylamine, methyldicyclohexylamine, dioleylethanolamine,
dilaurylpropanolamine, dioctylethanolamine,
dibutylethanolamine, diethylethanolamine,
dimethylethanolamine, dihexylpropanolamine,
dibutylpropanolamine, oleyldiethanolamine,
stearyldipropanolamine, lauryldiethanolamine,
octyldipropanolamine, butyldiethanolamine,
methyldiethanolamine, cyclohexyldiethanclamine,
benzyldiethanolamine, phenyldiethanolamine,

tolyldipropanolamine, xylyldiethanolamine, triethanoclamine,
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tripropanolamine, and triiscopropanolamine.

These amine compounds form amine salts with a
carboxylic acid serving as the component C. When the water-
soluble metal-working oil agent contains an amine compound,
the stability of the water-soluble metal-working oil agent is
ensured, and water solubility thereof can be improved. From
the viewpoints of emulsion stability, anti-corrosiveness, and
rotting resistance, the amine compound used in the invention
is preferably an alkanolamine and/or an alkylamine.

Notably, base value (hydrochloric acid method) is
determined in accordance with JIS K2501,

[0017]
<Water>

The water-soluble metal-working oil agent (undiluted
liquid composition) may contain a certain amount of water.
From the viewpoint of Qater solubility, the amount of water
with respect to the entire amount of the water-soluble metal-
working oil agent is preferably 0 to 50 mass%, more
preferably 3 to 45 mass%, still more preferably 6 to 40 mass%.
[0018]
<Other additional components>

The water-soluble metal-working oil agent may further
contain other components, s0 long as the effects of the
present invention are not impaired. Examples of such
additional components include a surfactant, a lubricity
improver, a metal deactivator, a defoaming agent, an

antiseptic, and an anti-oxidant.
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Examples of the surfactant include an anionic
surfactant, a cationic surfactant, a nonionic surfactant, and
an amphoteric surfactant. Examples of the anionic surfactant
include alkylbenzenesulfonate salts and a-olefinsulfonate
salts. Examples of the cationic surfactant include
quaternary ammonium salts such as alkyltrimethylammonium
salts, dialkyldimethylammonium salts, and
alkyldimethylbenzylammonium salts. Examples ¢f the nonienic
surfactant include ethers such as polyoxyethylene alkyl ether
and polyoxyethylene alkylphenyl ether; esters such as
sorbitan fatty acid ester, polyoxyethylene sorbitan fatty
acid ester, and polyoxyethylene fatty acid ester; and amides
such as fatty acid alkanolamide. Examples of the amphoteric
surfactant include betains such as alkylbetain.

Examples of the lubricity improver include organic
acids. Specific examples of such organic acids include
caprylic acid, pelargonic acid, isononanoic acid, capric acid,
lauric acid, stearic acid, oleic acid, benzoic acid, p-tert-
butylbenzoic acid, adipic acid, suberic acid, sebacie acid,
azelai¢ acid, and dodecandioic acid.

Examples of the metal deactivator include benzotriazole,
imidazoline, primidine derivatives, and thiadiazole.

Examples of the anti~oxidant include amine-type
antioxidants such as alkylated diphenylamine, phenyl-o-
naphthylamine, and alkylated phenyl-o-naphthylamine; phenol-
type anti-oxidants such as 2, 6é-di-t-butylphenol, 4,4'~

methylenebis (2, 6-di-t-butylphenol), iscoctyl-3-(3,5-di-t~-




17

butyl-4-hydroxyphenyl)propionate, and n-octadecyl-3-(3,5-di-
t-butyl-4-hydroxyphenyl)propionate; sulfur-type anti-oxidants
such as dilauryl-3,3'-thiodipropicnate; phosphorus-type
antioxidants such as phosphite; and molybdenum-{ype
antioxidants.

Examples of the antiseptiec include a triazine-based
antiseptic and an alkylbenzimidazole-based antiseptic.

Examples of the defoaming agent include methylsilicone
oil, fluorosilicone o0il, and polyacrylate.

[0019]
[Metal-working liquid]

The metal-working liquid of the present invention is
produced by diluting the water-soluble metal-working oil
agent (undiluted liquid composition) with water. No
particular limitation is imposed on the water, and any of
distilled water, ion-exchange water, and tap water may be
enployed. The water-soluble metal-working oil agent
concentration of the diluted product is preferably 3 vol.% to
20 vol.%, more preferably 5 vol.% or higher, still more
preferably 10 vol.% or higher. When the diluted product has
an oil agent concentration lower than 3 vol.$%$, sufficient
workability may fail to be attained, whereas when the
concentration is in excess of 20 vol.%, stability of the
diluted product may be impaired.

[0020] .
[Metal-working method]

The metal-working method of the present invention
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ineludes working a metal workpiece by use of the water-
soluble metal-working oil agent (undiluted liquid
composition) or the metal-working ligquid formed of the water~
soluble metal-working ¢il agent diluted by water. Examples
of the metal working process to which the method of the
invention may be applied include various metal machining
processes such as cutting, grinding, punching, polishing,
deep drawing, drawing, and r¢lling. The metal-working agent
of the present invention, providing excellent lubricity, is
suitable for machining a so-called hard-to-work material.

The metal forming the workpiece includes a pure metal
composed of a single metal element, a mixture of a plurality
of metal elements, and a mixture of a metal element and a
non-metallic element. The hard-to-work material is at least
one species selected from the group consisting of titanium,
titanium alloy, nickel alloy, niobium alloy, tantalum alloy,
molybdenum alloy, tungsten alloy, stainless steel, and high-
manganese steel,

According to the metal-working method of the present
invention, a metal working agent which does not contain a
compound containing chlorine, sulfur, or phosphorus can be
suitably used in intermittent cutting, such as end milling,
of a hard-to-work material.

Examples
[0021)
The present invention will next be described in more

detail by way of examples, which should not be construed as
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limiting the invention thereto. Characteristics of samples
of the water-soluble metal-working oil agent according to the
Examples and Comparative Examples were evalnated through the
following methods.
(Evaluation methods]
<Evaluation of stability of undiluted liquid>

The stability of undiluted liquid samples of the water-
soluble metal-working oil agent (undiluted liquid
composition) was evaluated. Specifically, each of the water-
soluble metal-working oil agents obtained in the Examples and
'Comparative Examples was allowed to stand at 25°C for 24
hours, and phase separation was checked. A sample in which
no separation was observed is rated as "Q,", and a sample in
which separation was observed is rated as "X."
<Cutting performance evaluation>

Cutting performance was evaluated by tool life.
Firstly, a workpiece was subjected to end milling by means of
an wpright machining center under the following conditions,
Tool life is defined as the shorter of two periods:
a period of time from start of cutting to the point in time
when the abrasion of the flank exceeded 0.2 mm, and a period
of time from start of cutting to the point in time when the
tool was damaged. Each water-soluble metal-working oil agent
{undiluted liquid composition) was diluted with water, to
thereby prepare a 10 vol.% metal-working liquid, which was
employed in cutting performance evaluation.

Facility: upright machining center NV 5000al1/AR40, Moroseiki
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Work piece: Ti-6AL-4V, ¢150x30 mm, disk shape
Insert: XOMX 090308 TR-ME(06, FA0M (type S30), product of SECO
TOOLS
Cutter: Helical Micro Turbo R217.69-2020,3-016-09.2, product
of SECO TQOLS
Holder: HSK63A milling chuck CT20A, product of NT Tool
Cutting speed: 80 m/min, 55 m/min
Cut-out: ap (tool axial direction): 2 mm, ae (tool radial
direction): 16 mm
Feed: 0.1 mm/tooth
0il feed: external feed, 3.7 L/min
Dilution: 10 vol.% (dilution by water)
[0022])
[Component A}
Characteristics of the ester compounds employed as the
component A are as follows.
<Ester 1 (component Al)>
Pentaerythritol tetraoleate

Characteristic temperature: 704°C, kinematic viscosity
(40°C): 65 mm?/s

The characteristic temperature was determined in
accordance with JIS K2242, heat-treating oil quench test
(method A)., The kinematic viscosity was determined in
accordance with JIS K2283.
<Ester 2 (component A2}>
Trimethylolpropane trioleate

Characteristic temperature: 679°C, kinematic viscosity
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(40°C): 49 mm*/s
<Ester 3 (component A3)>
Trimethylelpropane diisostearate

Characteristic temperature: 643°C, kinematic viscosity
(40°C): 107 mm2/s
<Ester 4 (component A4)>
Pentaerythritol octylate

Characteristic temperature: 558°C, kinematic viscosity
(40°C): 34 mm?/s
<Ester 5 (component AS}>
Trimethylolpropane triester (ester of trimethylolpropane
with C8 to €10 carboxylic acid)

Characteristic temperature: 534°C, kinematic viscosity
(40°C): 12 mm?/s
[0023]
[Component B]
<Condensed fatty acid 1 (component Bl)>

Ricinoleic acid was subjected to heat dehydration-
condensation at 200°C under a flow of nitrogen, to thereby
yield condensed fatty acid 1. The condensed fatty acid 1 had
a characteristic temperature of 712°C, an acid value: 34
mgKOH/g, a hydroxyl value of 28 mgKOH/g, and a
saponification value of 198 mgKOH/g.

The acid value was determined in accordance with JIS
K2501. The hydroxyl value was determined in accordance with
JIS K0070., The saponification value was determined in

accordance with JIS K2503.
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[0024]
<Condensed fatty acid 2 (component B2)>

Ricinoleic acid was subjected to heat dehydration-
condensation at 200°C under a flow of nitrogen, to thereby
yield condensed fatty acid 2. The condensed fatty acid 2 had
a characteristic temperature: 680°C, an acid value: 53
mgKOH/g, a hydroxyl value: 42 mgKOH/g, and a saponification
value: 196 mgKOH/g.
[D025]
<Condensed fatty acid 3 {(component B3)>

Ricinoleic acid was subjected to heat dehydration-
condensation at 200°C under a flow of nitrogen, and the
product was further subjected to heat dehydration-—
condensation with oleic acid, to thereby yield condensed
fatty acid 3. The condensed fatty acid 3 had a
characteristic temperature of 666°C, an acid value of 55
mgKOH/g, a hydroxyl value of 8 mgKOH/g, and a saponification
value of 201 mgKOH/g.
[0026]
<Condensed fatty acid 4 (component B4)>

Ricinoleic acid was subjected to heat dehydration-
condensation at 200°C under a flow of nitrogen, and the
product was further subjected to heat dehydration-
condensation with oleic acid, to thereby yield condensed
fatty acid 4. The condensed fatty acid 4 had a
characteristic temperature of 628°C, an acid value of 85

mgKOH/g, a hydroxyl value of 15 mgKOH/g, and a




23

saponification value of 185 mgKOH/g.
[0027]

[Component C]

<Carboxylic acid 1 component Ci>

Oleic acid, acid value: 198 mgKOH/g
<Carboxylic acid 2 component C2>

Neodecanoic acid, acid value: 321 mgKOH/g
<Carboxylic acid 3 component C3>

Sebacic acid, acid value: 554 mgKOH/g
[0028]

[Component D]
<Amine 1 (component D1)>

Monoisopropanolamine, base value: 747 mgKOH/g
<Amine 2 (component D2)>

Methyldicyclohexylamine, base value: 284 mgKOH/g

The base value (hydrochloric acid method) was
determined in accordance with JIS K2501.

[0029]
[Examples and Comparative Examples)

According to the formulations shown in Table 1,
components were mixed to prepare water—-soluble metal-working
01l agents. The water-soluble metal-working oil agents
produced in Examples 1 to 9, and those produced in
Comparative Examples 1 to & were evaluated through the
aforementioned methods. Table 1 shows the results.
[0030])

[Table 1]




Table 1

Charact. Acid OH Base Bamples Comparative Examples
temg. value value value

) |{mgKoHg}|(mgkoryg) | (maKkorfg}| 1 2 |3 4yis 6 7] 8] |1r]z2{3}|4]|5%}s

|Ester L JAL] 705 - - - 200 | 20.6 | 540 | - - - Jiso{zo]| - - - (o] - - -

[Estar 2 22 | &79 - - - - - - |200} - - - - 200 - - - |208] - -

A fEster 3 Jaz | 643 - - - - - B - {200] 200 - - - - - - - - -
Ester 4 a4 | 558 - - - - - - | - { - - - -1 - T=00] - - - | =00 ] 200

JEster 5 A5 | 534 - - - - - - - | - - - - [ -1 - Ja0][ - - - | -

C. fatty acid 1 Bt | 712 34 28 - 150[ 150 Jwo(is0|150 150 - | - | - |iso 150 - - - | -

g |G fatty acid 2 2| 80 53 92 - - - - - - - [250] -~ Ji70] - - - - - -

Compe- Wla“;[" C_ fatty acid 3 B | <56 55 g - - -1 -1 -1 - (-130] -1 -1 -1-1-1-1-=
nents ‘:m" C_Gatlyadd 4 [es | &2t 85 15 - : B - - (- : - I -1 -1- - | 200170 {150 [ 150
(Partby | o aing | _ [Coboxyic acki 1 cr | - 158 - - 30| 30 |70 (30| 30] 30 |100]3.0) 40 | 30 | 3.0 | 6.0 | 6.0 | 3.0 | 30
mass) | v agent | € {Cabonyic ac 2 2| - 21 - - 65| 65 ] - | 65| 565) 65 | 65| 65 | 65 | 55 | 65| 65] 6.5 | 65 | 65
Carboxylic acid 3 =2 554 - - 35| 35 |30 (35| 35| 35 [ 35| 35|35 |35 |35 351 35| 35| 3.5
o [Amioe 1 ot | - - - 747|110 11.0 ] 50 [11.0 | 110} 110 |10 110 J 110 410|110 | 110|110 (110 [ 110

Amine 2 o2 - - - 281 65| 65 |90 | 65| 65] 65 | 65|65 | 65 | 65 | 65| 65 | 6.5 | 65 | 65

Benzotriazole 10 10 j1o (10|16 10 {10101 10|10 |10 [ 10{ 10 [10] 30

[Polyoxyetindene monoalkyl ether 20 201 - (2020 20 |20 2a}20[20) 202020 [208]20

|Polyoxyetivdena sorbitan moncoleate . ENEEE - - - - - - - - - - -
[Watar 31.5| 315 | 8.0 | 345|315 31.5 { 19.5 | 31.5 [ 28.5 | 31.5 | 31.5 | 21.5 | 26.5 | 31.5 | 21.5

Adid value (companent B + component ) 51 | 51 ) 34 | 51 | 5t | 5. | 73 | 5¢ | 657 ) 51 § 51 | 73 | 67 | 67 | 73
Base value {component B) 101 | 101 | 63 | 102 | 101 | 101 | 101 | 10x | 10f [ 101 | 101 | 101 | 101 | 101 | 101
} ] 55 {m/min) - 0 - - |- o | - [ -1 -1|- - - - - | o
Testcondtions  |Cukting speed [5q7 oy o - Joiolo] - {olol®lojolo]o o[-
Evaluation result _foRdiuted Bauid stablity ol o |J]o|lo|o|]o|[o|o|Jo]Jojlo|o|olo]|o
Tool Ife {min) 243 | >500 | 284§ 203 | 16.2 | >500| 183 | 162|162 |102 102 [102] 61 | 6.1 | 47

C. fatty acid: condensed fatty acid

ve
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[0031]
[Evaluation results]

As is clear from Table 1, the water-soluble metal-
working oil agents falling within the scope of the present
invention provided a longer tool life in machining a
workpiece made of Ti-6AL-4V, which is a hard-to-work material,
as compared with the water-soluble metal-working oil agents
of the Comparative Examples. Water-soluble metal-working oil
agents containing a component having a characteristic
temperature below a target level, and water-soluble metal-
working oil agents containing a component having a
characteristic temperature satisfying a target level in an
amount below the target amount satisfied the target stability
in the undiluted state, but did not satisfy the target for
tool life. Water-soluble metal-working oil agents containing
the component C or the component D in an amount falling
outside the target range did not ensure the target stability
in the undiluted state.

The water-soluble metal-working oil agent of
Comparative Example 6 provided a tool life of about 47 min,
when the cutting speed was 55 m/min, but when the cutting
speed was elevated to 80 m/min (about 1.5 times), the tool
life was considerably impaired.

In contrast, the water-soluble metal-working oil agents
of Examples 2 and 6 exhibited equivalent or more excellent
performance in the case of low-speed cutting, as compared

with the water-soluble metal-working ¢il agent of Comparative
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Example 6, and attained a target tool life even at a cutting
speed of 80 m/min. Thus, through selection of the ester
compound on the basis of characteristic temperature defined
in JIS K2242, and selection of a specific condensed fatty
acid, a remarkably prolonged tool life was realized in metal
working; i.e., intermittent cutting, of a hard-to-work
material at a cutting speed faster than a conventionally

employed cutting speed.
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Claims

1. A water-soluble metal-working oil agent,
characterized by comprising a component A, a component B, a
component C, and a component D, wherein:

the component A is an ester compound which has a
characteristic temperature, as measured in accordance with
JIS K2242, of 570°C or higher and which is contained in the
water-soluble metal-working o0il agent in an amount of 10
mass% or more with respect to the entire amount of the agent;

the component B is at least one condensed fatty acid
which is selected from a condensed fatty acid (1), produced
through dehydration condensation of a hydroxycarboxylic acid,
and a condensed fatty acid (2), produced through dehydration
condensation of an alcoholic hydroxyl group of the condensed
fatty acid (1) with a monovalent carboxylic acid, which has a
characteristic temperature, as measured in accordance with
JIS K2242, of 650°C or higher, and which is contained in the
water-soluble metal-working o0il agent in an amount of 7.5
mass$ or more with respect to the entire amount of the agent;

the component C is a carboxylic acid which is contained
in the water-soluble metal-working oil agent in an amount of
2 mass% or more with respect to the entire amount of the
agent; and

the component D is a basic compound contained in such a
neutralization equivalent that at least the component B and

component C are neutralized to cancel out the sum of the acid
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values thereof.

2. A water-soluble metal-working oil according to c¢laim
1, wherein the componept A has a characteristic temperature
of 650°C or higher.

3. A water-soluble metal-working oil according to claim
1l or 2, wherein the component A is a polyol ester.

4, A water-soluble metal-working oil according to claim
3, wherein the polyol ester 1s an ester of pentaerythritol
with a carboxylic acid.

5., A water-soluble metal-working oil according to any
of claims 1 to 4, wherein the component B has an acid value
of 60 mgKOH/g or less and a hydroxyl value of 50 mgKOH/g or
less.

6. A water-soluble metal-working ¢il according to any
of claims 1 to 5, wherein the component D is an amine
compound or an alkali metal compound.

7. A water-soluble metal-working olil according to claim
6, wherein the amine compound is at least one of an
alkanolamine and an alkylamine.

8. A water-soluble metal-working oil according to any
of claims 1 to 7, which further contains water.

9. A metal-working liquid comprising a water-socluble
metal-working oil agent as recited in any of claims 1 to 8,
the agent being diluted by water.

10. A metal-working method comprising working a metal
workpiece by use of a water-soluble metal-working oil agent

as recited in any of claims 1 to 8.
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11. A metal-working method comprising working a metal
workpiece by use of a metal-working liquid as recited in
claim 9.

12. A metal-working method according to claim 10 or 11,
wherein the workpiece is at least one species selected from
the group consisting of titanium, titanivm alloy, nickel
alloy, niobium alloy, tantalum alloy, molybdenum alloy,
tungsten alloy, stainless steel, and high-manganese steel.

13. A metal-working method according to any of claims

10 to 12, which is intermittent cutting.



