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FIG. 1

compound and a second compound are disclosed, wherein the second com-
pound is configured to change conformation in response to a stimulus, a first
conformation selected for formation of the reverse micelle, and a second
conformation selected for disruption of the reverse micelle; and wherein the
first compound is selected to interact with the first conformation of the
second compound to form the reverse micelle.
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DESCRIPTION

TITLE

COMPOSITIONS COMPRISING REVERSE MICELLES AND METHODS FOR
THEIR USE

Technical Field
[0001] The present disclosure relates to compositions comprising one or more
reverse micelles, and methods for their preparation and use. The compositions have

switchable viscosities, due to the formation or disruption of the micelles.

Background

[0002] In the industrial field, especially in the machine industry, various types
of cleaners are used in large quantities to remove machining or preservative oils from
machine parts. Recently, efforts such as the use of water-soluble cleaners have begun
to be taken to reduce environmental burdens, but more efforts are still needed. Oils
used in the machine industry are used for lubrication in machining (e.g., press working)
or for protection against rust during storage and have to be highly viscous or adherent.
This makes them difficult to be removed. Oils that are difficult to be removed from
machine parts significantly affect the subsequent processes other than washing, such as
welding, secondary processing, painting, plating and bonding, and also affect the

washing system itself when washing is performed.

BRIEF DESCRIPTION OF THE FIGURES
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[0003] Fig. 1 is a flow chart showing an example of a process for preparing
the composition comprising a reverse micelle.

[0004] Fig. 2 is a flow chart showing an example of a method for using the
composition comprising a reverse micelle.

[0005] Fig. 3 is a view schematically showing a reverse micelle.

[0006] Fig. 4A is a view schematically showing a reverse wormlike micelle,

and Fig. 4B is a partially enhanced view of the reverse wormlike micelle shown in Fig.

4A.

DETAILED DESCRIPTION

[0007] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be used, and other changes may be made, without departing
from the spirit or scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, may be arranged, substituted, combined,  separated, and
designed in a wide variety of different configurations, all of which are explicitly
contemplated herein.

[0008] Compositions, machine oils, press working oils, antirust oils,
processes for preparing the compositions and methods for using the compositions are
disclosed. The compositions can comprise at least one reverse micelle comprising a
first compound and a second compound. The second compound is configured to
change conformation from a first conformation to a second conformation, or from a
second conformation to a first conformation, in response to a stimulus. The change in

conformation can be reversible or irreversible. A first conformation is compatible with
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formation of the reverse micelle, while a second conformation is not compatible with
formation of the reverse micelle, and may either inhibit formation of, or disrupt a
previously formed reverse micelle. Examples of conformations include cis- and
trans- isomers of compounds, or conformational or configurational isomers (sometimes
referred to as “conformers” or “rotamers”) such as staggered or eclipsed isomers. The
first compound is selected to interact with the first conformation of the second
compound to form the reverse micelle. The second compound is capable of forming
the reverse micelle with the first compound. The presence or absence of one or more
reverse micelles in the compositions will affect the viscosity of the composition, where
increasing the number or concentration of reverse micelles will increase the viscosity of
the composition, and decreasing the number or concentration of reverse micelles will
decrease the viscosity of the composition. A composition containing reverse micelles
can maintain sufficient viscosity for machining applications or storage , and can
subsequently be removed using little or no cleaner by disrupting the reverse micelle and
lowering the viscosity of the composition. While compositions are described as
containing at least one reverse micelle, compositions may contain large numbers of
reverse micelles, depending on the volume and concentration of the composition.

[0009] The second compound can generally be any one or more compounds
having the above described two conformations. In one example, the second compound
can comprise a surfactant. The surfactant can form a reverse micelle with the first
compound in response to a stimulus such as photostimulation or electric stimulation.
The reverse micelle can have a structure in which hydrophilic groups of the second
compound are arranged towards the micelle core, and- hydrophobic groups are arranged
towards the outer phase such as an oil phase. The surfactant can change its structure in
response to a stimulus in order to change the hydrophilic-hydrophobic balance such that

a formation and/or disruption of a reverse micelle are possible. Various stimuli can be
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used, such as photostimulation and electrical stimulation.

[0010] A surfactant changing its structure in response to the photostimulation
can undergo reversible structural changes. Reversible changes of the surfactant can be,
for example, conformational changes in response to irradiation with light having a
particular wavelength (e.g. visible light) and then return to the original conformation in
response to irradiation with light having another particular wavelength (e.g. ultraviolet
light). Appropriate wavelengths for a particular surfactant may be known or readily
determined. Examples of surfactants that undergo confofmational changes in response
to photostimulation include photoswitchable azobenzene-modified surfactants.
Specific examples of photoswitchable azobenzene-modified surfactants include
quatemory ammonium salts of azobenzene compounds.

[0011] Compositions containing reverse micelles formed with quaternary
ammonium salts of azobenzene compounds exhibit a high degree of change in viscosity
when the reverse micelles are disrupted by structural changes in the second compound,
and thos can Be easily removed from articles such as machine parts. This quaternary
ammonium salt can change into a trans-isomer in response to irradiation of visible light,
and form a reverse micelle (see Fig. 3) with the first compound and second compound
forming a reverse micelle. When the reverse micelle structure forms a reverse
wormlike micelle structure (see Figs. 4A and 4B), the viscosity of the composition can
be further increased due to entanglement of the reverse wormlike micelles. On the
other hand, the quaternary ammonium salt can change into a cis-isomer in response to
irradiation of ultraviolet light to disrupt or inhibit formation of the reverse micelle, and
as a result, the viscosity of the composition is decreased. A specific example of such a
compound is represented by the following formula (1), combining an azobenzene

moiety with a quaternary ammonium salt moiety:
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; _
VAl N=N \ / L IL+R3X_ (1)

In the formula, R?, R and R* each independently represent a lower alkyl group such as
an alkyl group having 1 to 6 carbon atoms or form a pyridinium with the nitrogen atom,
R’ represents an alkyl group, L represents an alkylene group or an alkylene-oxy group
and X represents a halogen atom. .

[0012] The lower élkyl group can be a methyl group. R’ can be an alkyl
group having 4 to 8 carbon atoms, such as a butyl group, hexyl group or octyl group.
L can be an alkylene-oxy group such as an ethylene-oxy group. X can be a bromine
atom or a chlorine atom.

[0013] Specific examples of quaternary ammonium salts of azobenzehe
compounds include 4-butylazobenzene-4'-(oxyethyl)trimetylammonium bromide or
chloride, 4-hexylazobenzene-4'-(oxyethyl)trimetylammonium bromide or chloride, and
4-octylazobenzene-4'-(oxyethyl)trimetylammonium bromide or chloride. One
photoswitchable azobenzene-modified surfactant can be used alone, or two or more
photoswitchable azobenzene-modified surfactants can be used in combination.

[0014] Alternatively, a surfactant which forrﬁs a reverse micelle with the first
compound can comprise a quaternary ammonium salt other than a photoswitchable
azobenzene-modified surfactant. Such quaternary ammonium salt can be used
together with the photoswitchable azobenzene-modified surfactant, or can be used
instead of the photoswitchable azobenzene-modified surfactant. When the quaternary
ammonium salt is used together with the photoswitchable azobenzene-modified
surfactant, the photoswitchable azobenzene-modified surfactant itself can contribute to

the formation and disruption of a reverse micelle as at least a part of the reverse micelle.
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Alternatively, the photoswitchable azobenzene-modified surfactant itself may not be
incorporated in the reverse micelle, but can promote the formation or disruption of the
reverse micelle by the quaternary ammonium salt. When the composition includes
such_‘quaternary ammonium salt instead of the photoswitchable azobenzene-modified
surfactant, the composition can include at least one selected from a group consisting of
a substituted or unsubstituted cinnamic acid, salt thereof and an ester thereof.

[0015] The quaternary ammonium salt can generally be any quaternary
ammonium salt. A specific example of a quaternary ammonium salt can be
represented by the following formula (2):

R2

P

R'—N—R? X (2)

R4
wherein R' represents an alkyl group having 14 to 18 carbon atoms, R%, R? and R* each
independently represent a lower alkyl group such as an alkyl group having 1 to 6 carbon
atoms or form a pyridinium with the nitrogen atom, R> represents an alkyl group, L
represents an alkylene group or an alkylene-oxy group and X represents a halogen atom.

[0016] For example, the quaternary ammonium salt can include at least one
selected from the group consisting of cetyltrimethylammonium bromide or chloride,
cetylpyridinium chloride, octadecyltrimethylammonium bromide or chloride and
octadecylpyridinium chloride, or can include cetyltrimethylammonium bromide.

[0017] An alternative to photostimulation is electrical stimulation. A
surfactant changing its structure in response to the electric stimulation can undergo
reversible or irreversible structural changes. When the surfactant’s conformational
changes are reversible, the formation and disruption of a reverse micelle may also be

reversible. When the surfactant’s conformation changes are irreversible, the formation
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and disruption of a reverse micelle may also be irreversible. Reversible changes of the
surfactant can be, for example, conformational changes in response to electrolytic
oxidation and return to the original conformation in response to electrolytic reduction,
and vice versa. Specific examples of such surfactants include redox-active ferrocenyl
surfactants. Examples of redox-active ferrocenyl surfactants include
(11-ferrocenylundecyl) trimethylammonium bromide. In the redox-active ferrocenyl
surfactant, the N terminals are hydrophilic groups and the ferrocene terminals are
hydrophobic (lipophilic) groups in the absence of electric stimulation (in the reduced
state). In this state, since it is difficult for the reverse micelle to form, and
consequently it is also difficult for the reverse wormlike micelle to form, the viscosity
of the composition is low. On the other hand, when the redox-active ferrocenyl
surfactant is oxidized in response to electric stimulation, the ferrocene terminals are
changed into hydrophilic groups. As a result, the hydrophilic-hydrophobic balance
changes, forming the reverse micelle (see Fig. 3). With this reverse micelle, the
reverse wormlike micelle structure (see Figs. 4A and 4B) is more easily assembled,
which results in a further increase in the viscosity of the composition.

[0018] The first compound, which interacts with the first conformation of the
second compound to form the reverse micelle, can generally be any compound that so
interacts. For example, the first compound can comprise at least one compound
selected from the group consisting of a substituted or unsubstituted cinnamic acid, a salt
thereof and an ester thereof. Specific examples of the compound include cis-cinnamic
acid, trans-cinnamic acid, sodium cinnamate, potassium cinnamate, a-methylcinnamic
acid, 2-methylcinnamic acid, 2-fluorocinnamic acid, 2-(trifluoromethyl)cinnamic acid,
2-chlorocinnamic  acid, 2-methoxycinnamic acid, 2-hydroxycinnamic acid,
2-nitrocinnamic acid, 2-carboxycinnamic acid, trans-3-fluorocinnamic acid,

3-(trifluoromethyl)cinnamic acid, 3-chlorocinnamic acid, 3-bromocinnamic acid,
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3-methoxycinnamic  acid, 3-hydroxycimamic acid, 3-nitrocinnamic acid,
4-methylcinnamic acid, 4-fluorocinnamic acid, trans-4-(trifluoromethyl)-cinnamic acid,
4-chlorocinnamic acid, 4-bromocinnamic acid, 4-methoxycinnamic acid,
4-hydroxycinnamic acid, 4-nitrocinnamic acid, 3,3-dimethoxycinnamic acid, ethyl
4-methoxycinnamate, isopropyl 4-methoxycinnamate, octyl 4-methoxycinnamate,
2-ethoxyethyl 4-methoxycinnamate, sodium 4-methoxycinnamate, potassium
4-methoxycinnamate and glyceryl ethylhexanoate dimethoxycinnaméte. The first
compound can optionally undergo structural changes such as isomerization or
dimerization in response to photostimulation such as irradiation with visible light or
ultraviolet light. A structural change in the first compound can promote formation or
disruption of the reverse micelle by the second compound. For example, when the
first compound is changed from a trans-isomer into a cis-isomer by isomerization, this
can promote disruption of the reverse micelle, and when the first compound is changed
from a cis-isomer into a trans-isomer, this can promote formation of the reverse micelle.
The wavelength of light used for the first compound to promote the second compound
to form a reverse micelle can generally be ény wavelength, and can be in the range of,
for example, about 230 nm to about 255 nm, and the wavelength of light used for the
first compound to promote the second compound to inhibit or disrupt the reverse
micelle can be in the range of, for example, about 260 nm to about 400 nm. The first
compound that undergoes structural changes under photodimerization reaction can
disrupt or inhibit the reverse micelle with the photodimerization. Photodimerization
can be reversible or irreversible.
[0019] The first compound can comprise at least one selected from the group

consisting of an organic acid, an organic salt, sodium bromide, sodium chloride and -
hydrogen phthalate. Salicyclic acid is a specific example of an organic acid. Sodium

salicyclate is a specific example of an organic salt. These first compounds can provide a
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reversible viscosity change to the composition when used in combination with the
second compound. Since the melting point of sodium salicylate is 211°C at a pressure
of 20 mm Hg, the cqmposition can be used in cold press working at room temperature,
while it is a less desirable choice for use at high temperatures. In a process involving a
high degree of processing (or deformation) expected to generate intense heat due to
friction (for example, up to 400°C), the composition can include sodium bromide which
has a high boiling point of 1390°C at ordinary pressure. In this way, the first
compound can be selected depending on the environment in whicﬁ the composition is
used, such as the temperature and the atmosphere.

[0020] The composition can further comprise a disperse medium, in which
reverse micelles are dispersed. The disperse medium can generally be any suitable
material. An example of a disperse medium is an oil. The oil included in the
composition can generally be any oil. Specific examples of oils include mineral oil,
plant oil and synthetic oil. Other examples include paraffin oil, naphthene oil,
aliphatic acid or derivatives thereof, grease-based oil, poly-a-olefin, polyol ester and
siloxane. The derivative of the aliphatic acid can include an alkaline metal salt of
lanolin acid. The disperse medium can contain one oil or mixtures of two or more oils. |

[0021] Oils may be selected based upon the intended use or application of the

composition. For example, when the composition is used for press working, paraffin

~ oil or naphthene oil can be included as an oil. Oils can also be selected based upon

physical or chemical characteristics such as their heat stability, cold gelling,
antioxidizing property or extreme-pressure property based upon the intended use or
application of the composition.

[0022] When the oil composition is used to confer protection against rust for
a metallic article, for example by being applied onto the surface of the article, the

antirust effect can be increased due to the composition’s removal of rust-inducing
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substances adhered to the article’s surface. The second compound can be adsorbed
onto the article’s surface to avoid adsorption or direct contact of rust-inducing
substances such as water or oxygen. The second compound may additionally displace
substances already adsorbed onto the article’s surface. In addition, since the reverse
micelle can incorporate water, the composition can prevent water from directly
contacting the surface of the article. A composition used for protection against rust
can include mineral oil and/or synthetic oil, a lanolin acid derivative, or plant oil.
Examples of lanolin acid derivatives include an alkaline metal salt of lanolin acid. The
composition used for protection against rust can include one or more oils such as
grease-based oil, naphthene-base mineral oil, paraffin-base mineral oil, poly-a-olefin,
polyol ester, and polydimethyl siloxane.

[0023] .The composition can include one or more additional additives.
Examples of additives include viscosity improvers, oiliness improvers,
extreme-pressure additives, solid lubricants, antirust agents, antioxidizing agents,
anticorrosives, emulsifiers and solublizers. Examples of the oiliness improvers include
fats/oils such as colza oil, soybean oil and lard, fatty acids such as oleic acid and stearic
acid, higher alcohol such as oleyl alcohol and stearyl alcohol, and esters such as fatty
acid ester. Examples of extreme-pressure additives include chlorine-based
extreme-pressure additives such as chlorinated paraffin and chlorinated fatty acid,
sulfur-based extreme-pressure additives such as polysulfide, sulfurafed mineral oil and
sulfurated fats/oils, phosphorus-based extreme-pressure additives such as alkyl
phosphoric acid ester, and complex extreme-pressure additives such as thiophosphate.
Examples of solid lubricants include particulate solid lubricants such as talc, metal
powder and polytetrafluoroethylene, and layered solid lubricants such as graphite,
molybdenum disulfide (MoS;), boron nitride (BN), and mica. Examples of antirust

agents include sulfonate, carboxylate and amine salt. Examples of antioxidizing
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agents include phenolic compounds and amine salts. Examples of anticorrosives
include benzotriazole. One or more additives can be added to the compositions.
Examples of commonly used oil additives include Aristonate® series, Calamide® series,
Calimulse® EM-95, Calsoft® OS-45S and Pilot® series of Pilot Chemical Company.

[0024] The composition can in some cases contain water. If the composition
contains a small amount of water, the hydrophilic groups of the second compound
surround the water in the composition’s reverse micelles. Such reverse micelles can
exist in a more stabilized manner based on the interaction between the hydrophilic
groups and the water, and thus a composition with a high viscosity can be obtained. If
the composition substantially does not contain water, the antirust effect for a metallic
article can be increased when the composition is applied on the article, as the reverse
micelles can sequester water thaf subsequently contacts the article. The amount of
water added to the composition can be selected accordingly. Example concentrations
of water include 0% (no water added), or about 1% to about 10% by weight with respect
to the total weight of the composition.

[0025] The composition can generally be prepared by any suitable process.
For example, a second compound, a first compound, and if desired, water are added and
mixed in a disperse medium, and then stirred, for example, with a stirrer, such that a
composition can be obtained in a state in which a reverse micelle formed by the first and
second compounds is dispersed in the medium. The various components can be
combined stepwise or all at once. If the composition contains additives, the
composition can be prepared in accordance with the flow chart shown in Fig. 1.  Firstly,
a second compound, a first compound, and if desired, water are added and mixed in a
disperse medium to obtain reverse micelles. Subsequently, reverse micelles formed
from the first and second compounds are dispersed in the medium by stirring. Then,

additives are added to the mixture (dispersion) and further stirred such that a
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composition can be obtained in a state in which the additives are also dispersed in the
medium. This stepwise approach may be useful if the additives are known or
suspected of inhibiting the formation of the reverse micelle. Alternatively, additives
may be added to the first compound and second compound prior to formation of the
reverse micelles.

[0026] The viscosity of the composition with a reverse micelle and the
viscosity of the composition without a reverse micelle can be controlled by adjusting the
combination and the compounding ratio of each component contained in the
composition or by selecting the second compound in consideration of the molecular
configuration of the second composition (e.g. length of the long chain portion such as
alkyl groﬁp).

[0027] The viscosity of the composition with a reverse micelle can be
selected according to its intended use. For example, when the composition is used as a
machining oil such as a press working oil, its viscosity can be about 10 x 107 to about
1600 x 107 Pa's at 40°C. When the oil composition is used as an anti-rust oil, its
viscosity can be about 4 x 10" Pa's or more at 40°C.

[0028] The lower the viscosity of the composition without a reverse micelle is,
the easier it is to remove the composition from articles or to apply the composition into
pores or holes of the article. For example, considering that the viscosity of water is
0.65x107 Pa's at 40°C, the composition can have a viscosity near water or even lowér
for easy application and removal. For example, the viscosity of the composition
without a reverse micelle can be about 2 x 102 Pa's or less at 40°C.

[0029] The viscosity of the composition can be estimated, for example, by
proportional calculation, from the viscosity of each individual component or the
viscosity of when a certain component is dissolved in another component. Therefore,

after.each component is.combined based on such estimation and the viscosity of the
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composition is measured, a composition with a desired viscosity can be obtained by
making a fine adjustments to the compounding ratio of each component. The
composition can be prepared by referring to or using JIS Handbook No. 25, Oil Volume
(2001 edition), or ASTM D341-93 (1998).

[0030] The predicted decrease in viscosity when a certain second component
is used can be estimated to some extent. Since the formation of the reverse micelle is
an exactly opposite phenomenon from the disruption of the reverse micelle, the degree
of increase in viscosity is the same as the degree of decrease in viscosity for the
disruption. Therefore, after each component is combined based on the
above-mentioned estimation and the degree of decrease or increase in viscosity of the
composition is measured, a composition with a desired degree of decrease or increase in
viscosity can be obtained by making fine adjustments to the compounding ratio of each
component.

[0031] The composition can be used as described below, for example as also
shown in Fig. 2. Firstly, the composition can be lapplied to an article such as a machine
part (for example, a part containing metal or made of metal). Examples of articles
include an article having small, deep and/or complicated pores or holes such as a
hydraulic valve or actuator; a large scaléd article being transported by a freighter such
as parts of a wind generator; and an article that breferably never rusts such as a
crankshaft, a hydraulic valve or a hydraulic pump. The composition can be applied by
a wide variety of application methods, such as dip application, spray application, roll
application or brush application. In such an application, the composition may or may
not contain at least one reverse micelle. When the articles have small holes (especially
blind holes), tubes, hollows, or other indentations or portions that are relatively
inaccessible, and the composition is to be applied into those areas, the composition can

be easily applied into those areas if the composition does not contain reverse micelles
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since the viscosity would be relatively low. The viscosity of the composition can be
increased after application by promoting formation of reverse micelles. If the
composition contains reverse micelles during the application process and the viscosity is
relatively high, the composition can be applied directly or can be stored for later use.
Alternatively, if during this process the composition does not contain reverse micelles
and the viscosity is relatively low, the reverse micelles can be formed to increase the
viscosity of the composition in response to photostimulation such as visible light
irradiation or electric stimulation such as electrolytic oxidation. Subsequently, the
article can be provided for its intended use or can be stored. Lubrication or antirust
protection can be imparted to the treated article over extended periods of time, as the
high viscosity composition will be resistant to removal, elution, or erosion.

[0032] At some point in time after treatment of an article, an operator may
wish to remove the composition from the treated article. This removal is made easier
by converting the composition from a relatively high viscosity state to a relatively low
-\/iscosity state. Disrupting the reverse micelle structure by applying an appropriate
stimulus will decrease the viscosity of the composition. The stimulus can be any
appropriate stimulus such as photostimulation, ultraviolet light irradiation, electric
stimulation, or elecfrolytic reduction such as discussed above. Since the lower
viscosity facilitates removal of the composition from the article, a higher degree of
removal can be achieved using less effort and decreased amounts of cleaners, solvents,
and times relative to cleaning a conventionally treated article. Additionally, negative
effects caused by residual compositions remaining on the article after cleaning will be
reduced in subsequent steps such as when welding, painting, plating, bonding, and other
secondary processings are performed on the cleaned article..

[0033] The degrees of photostimulation and electric stimulation are not

particularly limited, and can be determined according to the type and use of each
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component such as the first and second compounds. For the degree of
photostimulation, the amount of irradiation of light can be, for example, about 100
J/em? or more. For the degree of electric stimulation, the applied voltage can be, for

example, about +0.15V or more and can be about +0.5V or more.
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CLAIMS

A composition comprising a first compound and a second compound, wherein:

the second compound has a first conformation that forms a reverse micelle in

interaction with the first compound;

the second compound has a second conformation that disrupts or prevents formation

of a reverse micelle;
the second compound changes conformation in response to a stimulus; and

the viscosity of the composition is higher in the presence of the reverse micelle than

in the absence of the reverse micelle.

The composition according to Claim 1, wherein the second compound is a

surfactant.

The composition according to Claim 1, wherein the stimulus is at least one of

photostimulation and electric stimulation.
The composition according to Claim 1, further comprising an oil.

The composition according to Claim 1, wherein the change in conformation is

reversible.

The composition according to Claim 1, wherein the second compound is capable of

forming the reverse micelle in response to irradiation with visible light.

The composition according to Claim 6, wherein the second compound is capable of

disrupting the reverse micelle in response to irradiation with ultraviolet light.
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8.

10.

11.

12.

13.

14.

The composition according to Claim 1, wherein the second compound comprises a

photoswitchable azobenzene-modified surfactant.

The composition éccording to Claim 1, wherein the second compound comprises a

quaternary ammonium salt of an azobenzene compound.

The composition according to Claim 1, wherein the second compound comprises a

compound represented by the following general formula (1):

RS/ —
VAl NN ) IL+R3X_ (1)

wherein R%, R® and R* each independently represent a lower alkyl group or form a
pyridinium with the nitrogen atom, R’ represents an alkyl group, L represents an

alkylene group or an alkylene-oxy group and X represents a halogen atom.

The composition according to Claim 10, wherein the lower alkyl group is methyl

group.

The composition according to Claim 10, wherein the R’ represents an alkyl group

having 4 to 8 carbon atoms.

The composition according to Claim 10, wherein the R’ represents butyl group,

hexyl group or octyl group.

The composition according to Claim 10, wherein the L represents an alkylene-oxy

group.
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16.

17.

18.

19.
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The composition according to claim 10, wherein the L represents ethylene-oxy

group.

The composition according to Claim 10, wherein the X represents bromine atom or

chlorine atom.

The composition according to Claim 10, wherein the second compound comprises at

least one selected from the group consisting of
4-butylazobenzene-4'-(oxyethyl)trimetylammonium bromide,
4-butylazobenzene-4'-(oxyethyl)trimetylammonium chloride,
4-hexylazobenzene-4'-(oxyethyl)trimetylammonium bromide,
4-hexylazobenzene-4'-(oxyethyl)trimetylammonium chloride,
4-octylazobenzene-4'-(oxyethyl)trimetylammonium bromide, and

4-octylazobenzene-4'-(oxyethyl)trimetylammonium chloride.

The composition according to Claim 8, wherein the second compound comprises a
quaternary ammonium. salt other than the photoswitchable azobenzene-modified

surfactant.

The composition according to Claim 18, wherein the second compound comprises a

compound represented by the following general formula (2):

R2
e -

R'—N—R3 X (2)
R4
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20.

wherein R! represents an alkyl group having 14 to 18 carbon atoms, R% R® and R*

each independently represent a lower alkyl group or forms a pyridinium with the

‘nitrogen atom, and X represents a halogen atom.

The composition according to Claim 18, wherein the second compound comprises at
least one selected from the group consisting of cetyltrimethylammonium bromide,
cetyltrimethylammonium chloride, cetylpyridinium chloride,

octadecyltrimethylammonium bromide, octadecyltrimethylammonium chloride and

~ octadecylpyridinium chloride.

21.

22.

23.

24.

25.

26.

The composition according to Claim 18, wherein the second compound comprises

cetyltrimethylammonium bromide.

The composition according to Claim 1, wherein the second compound is capable of

forming the reverse micelle in response to electrolytic reduction.

The composition according to Claim 22, wherein the second compound is capable of

disrupting the reverse micelle in response to electrolytic oxidation.

The composition according to Claim 1, wherein the second compound comprises a

redox-active ferrocenyl surfactant.

The composition according to Claim 24, wherein the redox-active ferrocenyl

surfactant comprises (11-ferrocenylundecyl)trimethylammonium bromide.

The composition according to Claim 1, wherein the second compound further
comprises a quaternary ammonium salt, and the first compound comprises at least
one selected from the group consisting of a substituted cinnamic acid, an

unsubstituted cinnamic acid, a salt thereof and an ester thereof.
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29.

30.
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The composition according to Claim 26, wherein the quaternary émmonium salt
comprises at least one selected from the group consisting of
cetyltrimethylammonium bromide, cetyltrimethylammonium chloride,
cetylpyridinium chloride, octadecyltrimethylammonium bromide,

octadecyltrimethylammonium chloride, and octadecylpyridinium chloride.

The composition according to Claim 26, wherein the quaternary ammonium salt

comprises cetyltrimethylammonium bromide.

The composition according to Claim 26, wherein the first compound comprises at
least one selected from the group consisting of cis-cinnamic acid, trans-cinnamic
acid, sodium cinnamate, potassium cinnamate, o-methylcinnamic acid,
2-methylcinnamic acid, 2-fluorocinnamic acid, 2-(trifluoromethyl)cinnamic acid,
2-chlorocinnamic acid, 2-methoxycinnamic acid, 2-hydroxycinnamic acid,
2-nitrocinnamic acid, 2-carboxycinnamic acid, trans-3-fluorocinnamic acid,
3-(trifluoromethyl)cinnamic acid, 3-chlorocinnamic acid, 3-bromocinnamic acid,
3-methoxycinnamic acid, 3-hydroxycinnamic acid, 3-nitrocinnamic acid,
4-methylcinnamic acid, 4-fluorocinnamic acid, trans-4-(trifluoromethyl)-cinnamic
acid, 4-chlorocinnamic acid, 4-bromocinnamic acid, 4-methoxycinnamic acid,
4-hydroxycinnamic acid, 4-nitrocinnamic acid, 3,3-dimethoxycinnamic acid, ethyl
4-methoxycinnamate, isopropyl 4-methoxycinnamate, octyl 4-methoxycinhamete,
2-ethoxyethyl 4-methoxycinnaméte, sodium 4-methoxycinnamate, potassium

4-methoxycinnamate and glyceryl ethylhexanoate dimethoxycinnamate.

The composition according to Claim 26, wherein the first compound comprises

sodium cinnamate.
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32.

33.

34.

35.

36.

37.

38.

39.

21 PCT/JP2010/071941

The composition according to Claim 5, wherein the first compound comprises at
least one selected from the group consisting of a substituted cinnamic acid, an

unsubstituted cinnamic acid, a salt thereof and an ester thereof.

The composition according to Claim 1, wherein the first compound comprises at
least one selected from the group consisting of an organic acid, organic salt, and

sodium bromide.

The composition according to Claim 32, wherein the organic salt comprises a salt of

salicylic acid.

The composition according to Claim 32, wherein the organic salt comprises sodium

salicylate.

The composition according to Claim 32, wherein the organic acid comprises

salicylic acid.

The composition according to Claim 4, wherein the oil comprises at least one

selected from the group consisting of mineral oil, plant oil and synthetic oil.

The composition according to Claim 4, wherein the oil comprises at least one
selected from the group consisting of paraffin oil, naphthene oil, aliphatic acid or

derivative thereof, grease-base oil, poly-a-olefin, polyol ester and siloxane.

The composition according to Claim 37, wherein the derivative of the aliphatic acid

comprises an alkaline metal salt of lanolin acid.

The composition according to Claim 1, further comprising an additive.
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40.

41.

42.

43.

44,

45.

The composition according to Claim 39, wherein the additive comprises at least one
selected from the group of viscosity improvers, oiliness improvers, extreme-pressure
additives, solid lubricants, antirust agents, antioxidizing agents, anticorrosives,

emulsifiers and solublizers.

The composition according to claim 1, having viscosity at 40°C in the presence of
the reverse micelle highér than viscosity at 40°C in the absence of the reverse

micelle.

A machining oil having the composition of claim 1, having viscosity at 40°C of
about 10 x 10 to about 1000 x 10? Pa's in the presence of the reverse micelle, and
having viscosity at 40°C of no more than about 2 x 10~ Pa‘s in the absence of the

reverse micelle.

A press working oil having the composition of claim 1, having viscosity at 40°C of
about 10 x 107 to about 1000 x 10 Pa-s in the presence of the reverse micelle, and
having viscosity at 40°C of about 2 x 10 Pa's or less in the absence of the reverse

micelle.

“A antirust oil having the composition of claim 1, having viscosity at 40°C of about 4

x 107 Pa‘s or more in the presence of the reverse micelle, and having viscosity at

40°C of about 2 x 107 Pa's or less in the absence of the reverse micelle.
A process for preparing a composition, the process comprising:
mixing a first compound and a second compound to obtain a mixture,

wherein the second compound has a first conformation that forms a reverse micelle

in interaction with the first compound; the second compound has a second
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46.

- 47.

48.

49.

conformation that disrupts or prevents formation of a reverse micelle; and the

second compound changes conformation in response to a stimulus.

The process according to Claim 45, wherein mixing the first compound and the
second compound is carried out in a disperse medium, and dispersing the second

compound and the first compound in the medium to obtain the mixture.
The process according to Claim 45, further comprising:

adding an additive to the mixture; and

dispersing the additive in the mixture.

A method of treating an article, the method comprisihg:

applying a composition of any one of claims 1 to 41 to an article, and

forming a reverse micelle in the applied composition in response to a stimulus so as

to increase viscosity of the composition.
A method of treating an article, the method comprising:
applying a composition of any one of claims 1 to 41 to an article;

disrupting a reverse micelle in the composition in response to a stimulus so as to

decrease the viscosity of the composition ; and

removing the composition from the article.
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