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SOLVENT COMPOSITION, CLEANING METHOD, METHOD OF FORNG A
COATING FILM, HEAT TRANSFER FLUID, AND HEAT CYCLE SSTEM

FIELD

[0001] The present invention relates to a solvent asitipn which is excellent in
solubility of various organic substances and ertelin detergency, and has no adverse
effect on a global environment, is excellent irbgiy, and is capable of suppressing
corrosion of metal. Specifically, the solvent carsiion of the present invention can be
used in a wide range of uses, such as a cleanimgnspa dilution coating solvent, and a

heat transfer fluid.

BACKGROUND

[0002] In manufacture of IC, an electronic componarirecision machinery
component, an optical component, and the like,nmaaufacturing process, an assembly
process, a final finishing process, and the likenponents are cleaned by a cleaning
solvent, thereby removing flux, a processing odxwa release agent, dust, and the like
adhering to the components. Further, as a methotpoufacturing an article having a
coating film containing various organic chemicabstances such as a lubricant, for
example, there is known a method in which a satutiowhich the organic chemical
substances have been dissolved in a dilution apativent is prepared, the solution is
applied on an article to be coated, and there#ifeedilution coating solvent is evaporated
to form a coating film. The dilution coating sohtes required to allow the organic
chemical substances to be dissolved sufficienttytarhave a sufficient drying property as
well.

[0003] As a solvent to be used in such uses, in thets incombustibility and low
toxicity, is excellent in stability, does not enaoh on a base material of metal, plastic,
elastomer, or the like, and is excellent in cheiracal thermal stability, there has been

used a fluorinated solvent or the like containirghborofluorocarbon (hereinafter,
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mentioned as “CFC”) such as 1,1,2-trichloro-1,2ifdbroethane, a
hydrochlorofluorocarbon (hereinafter, mentionedtdSFC”) such as
2,2-dichloro-1,1,1-trifluoroethane, 1,1-dichlorditieroethane,
3,3-dichloro-1,1,1,2,2-pentafluoropropane, anddi¢ddoro-1,1,2,2,3-pentafluoropropane,
or the like.

[0004] However, because the CFCs and the HCFCs amicdléy very stable, they
each have a long lifetime in the troposphere afigorization, and diffuse and reach the
stratosphere. Therefore, there is a problem lHeaCiFCs and the HCFCs which have
reached the stratosphere are decomposed by ulatkags and generate chlorine radicals
to deplete an ozone layer.

[0005] On the other hand, as a solvent having no cld@tom and having no adverse
effect on the ozone layer, a perfluorocarbon (Imaféer, mentioned as “PFC”) is known.

In addition, as an alternative solvent to the CR$ the HCFCs, a hydrofluorocarbon
(hereinafter, mentioned as “HFC”), a hydrofluoraatthereinafter, mentioned as “HFE”),
and the like are also under development. Howeéamrause the HFCs and the PFCs have
a high global warming potential, they are substarstéject to regulation by the Kyoto
Protocol.

[0006] As a new solvent substituted for the solvemhth® HFCs, the HFEs, and the
PFCs, a fluoroolefin having a double bond betwesban atoms is proposed. Because
the fluoroolefin has a short lifetime in the atmlosge due to easy decomposition and its
ozone depletion potential and global warming paddaire low, it has an excellent

property in which an effect on a global environmisrgmall, but on the other hand, it is
poor in stability due to the easy decompositiom tirere has been a problem that in a case
of use as the cleaning solvent or the dilutioniogagolvent, it decomposes and acidifies in
use.

[0007] Therefore, in Patent References 1 and 2, ikatisclosed a technology of
adding additional components as a lubricant, dlstalh a metal passivator, a corrosion

inhibitor, a flame inhibitor, and other compoundi&r component for regulating a specific

2



10

15

20

25

property of a composition to a wide variety of flaolefins which each include
1-chloro-2,3,3-trifluoro-1-propene and each havmable bond between carbon atoms.
[0008] Further, a example in Patent Reference 3 mentiwat by making hydrogen
fluoride react with 1-chloro-2,2,3,3-tetrafluoropeme in a gas phase, a slight amount of
1-chloro-2,3,3-trifluoro-1-propene is by-producedether with
1,1,2,2,3-pentafluoropropane.

[0009] However, Patent References 1 to 3 do not mesti®chnology of stabilizing
1-chloro-2,3,3-trifluoro-1-propene by adding a Btigmount of

1-chloro-2,2,3,3-tetrafluoropropane to 1-chloro;2;8ifluoro-1-propene.

PRIOR ART DOCUMENT

PATENT REFERENCE

[0010] Patent Reference 1: JP-A No. 2013-504658
Patent Reference 2: JP-A No. 2013-506731

Patent Reference 3: International Publication WeE2194737

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011] In the present invention, it is an article twdrto provide: a solvent
composition which is excellent in solubility of vaums organic substances and excellent in
detergency, and has no adverse effect on a globabament, is excellent in stability, and
is capable of suppressing corrosion of metal; arsieg method using the solvent
composition; a method of forming a coating filmngthe solvent composition; a heat
transfer fluid including the solvent compositiongdaa heat cycle system using the heat

transfer fluid.

MEANS OF SOLVING THE PROBLEMS

[0012] The present inventors have performed studiesmsideration of the
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above-described points, resulting in completingpfesent invention. That is, the present
invention consists the following.

[0013] [1] A solvent composition including 1-chloro323-trifluoro-1-propene and
1-chloro-2,2,3,3-tetrafluoropropane, in which

a proportion of a content of 1-chloro-2,2,3,3d#étroropropane to a total of a
content of 1-chloro-2,3,3-trifluoro-1-propene andoatent of
1-chloro-2,2,3,3-tetrafluoropropane is 0.0001 tadss%.

[2] The solvent composition according to [1], wéiera proportion of a content
of 1-chloro-2,3,3-trifluoro-1-propene to a total @t of the solvent composition is 80
mass% or more.

[3] The solvent composition according to [1] of, [@herein the
1-chloro-2,3,3-trifluoro-1-propene consists of (Zghloro-2,3,3-trifluoro-1-propene and
(E)-1-chloro-2,3,3-trifluoro-1-propene, and a pramm of a content of
(2)-1-chloro-2,3,3-trifluoro-1-propene to a totahaunt of
1-chloro-2,3,3-trifluoro-1-propene is 80 to 100 st4s
[0014] [4] A cleaning method including bringing théwsmt composition according to
any one of [1] to [3] and an article to be cleaimgd contact with each other.

[5] The cleaning method according to [4], wher@iprocessing oil adhering to
the article to be cleaned is cleaned.

[6] The cleaning method according to [5], whertkia processing oil is at least
one selected from a group consisting of a cuttihgaajuenching oil, a rolling oil, a
lubricating oil, a machine oil, a presswork oiktamping oil, a drawing oil, an assembly
oil, and a wire drawing oil.

[7] The cleaning method according to any one pt¢46], wherein the article to
be cleaned is clothing.

[0015] [8] A method of forming a coating film includirdissolving a nonvolatile
organic compound in the solvent composition aceydo any one of [1] to [3] to prepare

a coating film-forming composition and evaporatihg solvent composition after applying
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the coating film-forming composition on an artittebe coated, to form a coating film
consisting of the nonvolatile organic compound.

[9] A heat transfer fluid including the solventrgposition according to any one
of [1] to [3].

[10] A heat cycle system using the heat trandéed faccording to [9].
EFFECT OF THE INVENTION
[0016] A solvent composition of the present inventimexcellent in solubility of
various organic substances and excellent in dateyg@nd has no adverse effect on a
global environment, is excellent in stability, asdapable of suppressing corrosion of
metal. A cleaning method of the present invenktias no adverse effect on a global
environment and is excellent in detergency. A métbf forming a coating film of the
present invention has no adverse effect on a gkalonment and allows a uniform
coating film to be formed. A heat transfer fluitiuding the solvent composition of the
present invention has no adverse effect on a gltdatonment and is excellent in stability.
A heat cycle system using the heat transfer flfiithe present invention has no adverse

effect on a global environment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] [FIG. 1] is a view schematically illustrating® example of a cleaning

apparatus carrying out a cleaning method of thegmeinvention.

MODE FOR CARRYING OUT THE INVENTION

[0018] <Solvent composition>

A solvent composition of the present invention sobvent composition including
1-chloro-2,3,3-trifluoro-1-propene (CHCI=EEHF,, hereinafter mentioned as
“HCFO-1233yd”) and 1-chloro-2,2,3,3-tetrafluoropame (CHE—CF,—-CHFCI,

hereinafter mentioned as “HCFC-244ca”), and a prtogo of a content of HCFC-244ca to
a total of a content of HCFO-1233yd and a contéht@FC-244ca is 0.0001 to 1 mass%.
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[0019] In the solvent composition of the present ini@ntHCFO-1233yd is a
component having an excellent property describéalbas a solvent, and HCFC-244ca is
a component included in the solvent compositioa atbilizer stabilizing HCFO-1233yd.
[0020]  (HCFO-1233yd)

Because HCFO-1233yd is fluoroolefin having a doldded between carbon atoms, its
lifetime in the atmosphere is short and its ozogetion potential and global warming
potential are low.

[0021] In HCFC-1233yd, a Z-isomer and an E-isomer Wwigie a geometric isomer
exist according to positions of substituents ondteble bond. When the compound
name or an abbreviated name of the compound iswdeds otherwise stated in this
description, at least one selected from the Z-isand the E-isomer is indicated, and
when (E) or (2) is denoted behind the compound nanibe abbreviated name of the
compound, an (E)-isomer or a (Z2)-isomer of eachmmmd is indicated. For example,
HCFO-1223yd(Z) indicates the Z-isomer, and HCFO3V2M8E) indicates the E-isomer.
[0022] A boiling point of HCFO-1233yd(Z) is about %2l a boiling point of
HCFO-1233yd(E) is about 48, and both are substances excellent in a dryiogepty.
Further, even though they are boiled to turn irgpor, even parts susceptible to heat, such
as resin parts, are not easily adversely affedtex she boiling point of HCFO-1233yd(2Z)
is about 54C and the boiling point of HCFO-1233yd(E) is ab48tC. In addition,
HCFO-1233yd has excellent ability as a cleaningestt or a coating solvent, such as no
flash point, low surface tension and viscosity, aady evaporation even at a normal
temperature.

[0023] Note that in this description, the boiling ptsinf the compounds are boiling
points at a normal pressure unless otherwise statiedthis description, the normal
pressure means 760 mmHg and the normal temperaraas 25C, respectively.

[0024] On the other hand, HCFO-1233yd does not haffeismt stability and when
HCFO-1233yd is retained at the normal temperataocethe normal pressure, it

decomposes in several days to generate chlorirse iohherefore, in the solvent
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composition of the present invention, stabilizatddtHCFO-1233yd is achieved by
containing the above-described predetermined anwfUHCFC-244ca with
HCFO-1233yd.

[0025] A proportion of the content of HCFO-1233yd e tsolvent composition of the
present invention is preferably 80 mass% or moceraare preferably 90 mass% or more
to a total amount of the solvent composition. @&yl as the proportion is equal to or
more than the above-described lower limit value,gblvent composition is excellent in
solubility of various organic substances and ercelin detergency. The content of
HCFO-1233yd is particularly preferably a total ambin which HCFC-244ca has been
removed from the solvent composition. That is,gblrent composition particularly
preferably consists of only HCFO-1233yd and HCF@e24 However, the solvent
composition may contain a component which is predua a manufacturing process of
HCFO-1233yd and is difficult to separate from HCEZB3yd and/or a component which
is produced in a manufacturing process of HCFC-a44 is difficult to separate from
HCFC-244ca in a range in which an effect of thespn¢ invention is not impaired, for
example, by an amount which is 10 mass% or lespeafdrably 5 mass% or less with
respect to the total amount of the solvent comjmwsit

[0026] Here, a boiling point of HCFC-244ca is about®3 In the solvent
composition of the present invention, in the Z-igprand the E-isomer of HCFO-1233yd,
HCFO-1233yd(Z) is preferable to HCFO-1233yd(E) siitds close to HCFC-244ca in the
boiling point. As long as a composition of compdsinvhose boiling points are close to
each other is used, even in such use as is accaeddana phase change between a liquid
phase and a gas phased, a composition change atosssily occur between the liquid
phase and the gas phase. For example, the solveposition consisting of
HCFO-1233yd(Z) and HCFC-244ca is capable of trggdim article to be cleaned in the
same composition for a long period due to almostaraposition change between the
liquid phase and the gas phase in the later-destdleaning method having a solvent

contact step in which the article to be cleandatd@sight into contact with a liquid-phase
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solvent composition and a steam contact step iclwéiter the solvent contact step, the
article to be cleaned is exposed to steam genepgtedaporating the solvent composition.
[0027] From the above-described reason, a proporfi@ancontent of
HCFO-1233yd(Z) to a total amount of HCFO-1233ygrisferably 80 to 100 mass%, and
more preferably 90 to 100 mass%. As long as tbpgstion is in the above range, the
composition change of the solvent composition rsllyacaused, which allows stable use
thereof. However, an upper limit value of the pdiwn of the content of
HCFO-1233yd(Z) is more preferably about 99.9 mass%e total amount of
HCFO-1233yd from the viewpoint of suppressing amreéase in a manufacturing cost due
to a distillation separation of the Z-isomer anel Exisomer of HCFO-1233yd, or the like.
[0028] HCFO-1233yd can be manufactured by subjectorgexample, industrially
stably obtainable HCFC-244ca to a dehydrofluororatieaction. According to this
method, HCFO-1233yd is produced by the dehydroithabion reaction at temperatures of
50 to 80C, using HCFC-244ca as a raw material and usingsgatm hydroxide or
sodium hydroxide as a reactant.

[0029]  In the produced HCFO-1233yd, HCFO-1233yd(Z) BIGFO-1233yd(E)

which are a structural isomer exist, and in thisiafacturing method, HCFO-1233yd(2) is
produced more than HCFO-1233yd(E). These isonsrde separated into
HCFO-1233yd(Z) and HCFO-1233yd(E) in a purificatimmocess thereafter.

[0030] Note that in the solvent composition of thesgr invention, a roughly

purified product of HCFO-1233yd which is obtaingddppropriately purifying the
reaction solution including HCFO-1233yd producedh& above and includes the
component difficult to separate from HCFO-1233yldentthan HCFO-1233yd in the range
in which the effect of the present invention is mapaired, for example, by an amount
which is 10 mass% or less and preferably 5 masd#serwith respect to the total amount
of the solvent composition may be used. If theghdy purified product of

HCFO-1233yd is used, a cost of the distillationasapon or the like is reduced, which is

preferable.
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[0031] Thus, as the component which is incorporateal tim¢ solvent composition in a
manner in which it is included in the roughly pigd product of HCFO-1233yd, and is
difficult to separate from HCFO-1233yd, for examyleere can be cited
1-chloro-3,3-difluoro-1-propyne as a by-producb@obtained by further subjecting
HCFO-1233yd to the dehydrofluorination reaction. prportion of a content of
1-chloro-3,3-difluoro-1-propyne in the solvent camsjtion is preferably 0.0001 to 0.1
mass%, and more preferably 0.0001 to 0.001 masghe timtal amount of HCFO-1233yd
from the viewpoint of stability and a separatiostco

[0032]  (HCFC-244ca)

HCFC-244ca is a compound which is used as a rawriabtvhen HCFO-1233yd is
manufactured as described above, for example, eamdoistrially stably obtained by the
later-described method and is soluble in HCFO-1833yHCFC-244ca is considered to
have a property as HCFC and at the same time,d&wuection as a stabilizer suppressing
decomposition of HCFO-1233yd(Z) and HCFO-1233yd &) stabilizing them by an
effect which is not necessarily clear but is presdno be capture of radicals.

[0033] Note that in this description, solubility of artain substance in HCFO-1233yd
means a property capable of dissolving the substanidormly without causing a
two-layer separation and turbidity by mixing it wilCFO-1233yd and stirring it at the
normal temperature (26) so as to become a desired concentration.

[0034] Further, the stability in the solvent compasitof the present invention can be
evaluated by, for example, providing a differeneéA®en an initial pH of the solvent
composition and a pH after retaining the solvemgosition for a certain period as an
index. Note that the pH of the solvent compositiothe present invention means a pH
of a water layer being an upper layer when theesdleomposition and pure water having
a pH of 7 are mixed and shaken for a predeterntinesl and thereafter left still to
separate into two layers. A specific measuremendition of the pH can employ a
condition mentioned in a section on a pH measurémentioned in the later-described

"EXAMPLES".
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[0035] In the solvent composition of the present iri@ncontaining HCFC-244ca
with HCFO-1233yd, for example, it is possible tpgtess a difference in pH measured
before and after retaining the solvent composiéibthe boiling point (about 3€) of
HCFO-1233yd(Z) for seven days to 1.5 or less. Na&t regulating an amount of
HCFC-244ca with respect to HCFO-1233yd in the salwe®mposition also makes it
possible to set the difference in pH in a casevafuation similar to that in the above to 1.0
or less or “0” (zero).

[0036] The content of HCFC-244ca in the solvent corijmrsof the present

invention is an amount in which HCFO-1233yd is dadpaf exhibiting the
above-described ability as a solvent and the &abibn of HCFO-1233yd is kept, namely,
an amount which is 0.0001 to 1 mass% with respetttd total of the content of
HCFO-1233yd and the content of HCFC-244ca. Thegntmn of the content of
HCFC-244ca is preferably 0.0005 to 0.1 mass%, amc mpreferably 0.01 to 0.05 mass%
to the total of the content of HCFO-1233yd andabetent of HCFC-244ca.

[0037] Since HCFC-244ca and HCFO-1233yd, particulafi@FO-1233yd(Z) are
close to each other in the boiling points as dbsdriabove, in the solvent composition of
the present invention including these, even in fmewhich it is repeatedly used while
being accompanied by the phase change, the decdiopa$ HCFO-1233yd is
suppressed and the composition change is hardgedawhich allows the stable use.
[0038] HCFC-244ca is a compound which is known asodywtion raw material or an
intermediate of a fluorine-containing compound, aad be easily obtained. An
obtaining method of HCFC-244ca is not particuldirtyited, for example, HCFC-244ca
can be manufactured by a method in which 2,2,3raftaoropropanol (TFPO) is
chlorinated by thionyl chloride (SOglunder the presence of N,N-dimethylformamide
(DMF). This method can be performed in a liquidgh or in a gas phase.

[0039] As HCFC-244ca, HCFC-244ca isolated from a reactolution to be obtained
by the above-described method may be used, orghlppurified product of HCFC-244ca

including a component difficult to separate fromF{z244ca other than HCFC-244ca in
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the range in which the effect of the present inngnis not impaired, for example, by an
amount which is 10 mass% or less and preferably&sfb or less with respect to the total
amount of the solvent composition may be used.

[0040] Further, when HCFO-1233yd is manufactured ubl@gC-244ca as the raw
material in the above, the reaction solution incigdhe obtained HCFO-1233yd normally
includes HCFC-244ca which is an unreacted raw n@dtes the component difficult to
separate from HCFO-1233yd. As described abovehaiimg point of HCFC-244ca is
about 53C and close to the boiling point of HCFO-1233yd@)d therefore when
HCFO-1233yd is used as HCFO-1233yd(Z) or as anesanixture of HCFO-1233yd, in
particular, HCFC-244ca can be included in the rdughrified product.

[0041] Accordingly, it is also possible to separataigture which includes
HCFO-1233yd and HCFC-244ca together and in whicbrdent of a component other
than these is reduced to an amount in which thecetff the present invention is not
impaired from the reaction solution to be obtaibgdhe above-described method, and it is
also possible to use the mixture as it is as theesbcomposition of the present invention.
[0042] (Optional component)

The solvent composition of the present inventioly m@ntain components (hereinafter,
simply referred to as “other component”) other thEDFO-1233yd, HCFC-244ca, and the
above-described component which is produced immtaeufacturing process of
HCFO-1233yd or 1-chloro-3,3-difluoro-1-propyne asdiifficult to separate from
HCFO-1233yd or HCFC-244ca in the range in whichdffiect of the present invention is
not impaired with HCFO-1233yd and HCFC-244ca. ®tieer components may be
components (however, HCFC-244ca is excluded, araradter, referred to as “other
solvent”) which are used depending on various psgpasuch as enhancing of the
solubility and regulating of an evaporation rate, soluble in HCFO-1233yd, and function
as a solvent other than HCFO-1233yd, for example.

[0043] Further, the other components may be stabdidegreinafter, referred to as

“other stabilizer”) other than HCFC-244ca stabiligiHCFO-1233yd, for example.
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[0044] As the other stabilizers, there can be citddast one selected from a group
consisting of phenols, ethers, epoxides, amineshals, and hydrocarbons. The
stabilizer may be one or a combination of two oreno

[0045] As the phenols, phenol, 1,2-benzendiol, 2,6&dHbutyl-4-methylphenol,

m-cresol, 2-isopropyl-5-methylphenaol;tocopherol, and 2-methoxyphenol are preferable.

[0046] As the ethers, cyclic ethers having 4 to 6 menmlare preferable, and among
them, 1,4-dioxane, 1,3-dioxane, 1,3,5-trioxane,ehylfuran, and tetrahydrofuran are
preferable.

[0047] As the epoxides, 1,2-propylene oxide, 1,2-tartgloxide, and butyl glycidyl
ether are preferable.

[0048] As the amines, alkylamine and cyclic aminespaegerable, and among them,
pyrrole, N-methylpyrrole, 2-methylpyridine, n-prdagnine, diisopropylamine,
N-methylmorpholine, and N-ethylmorpholine are prafde.

[0049] As the alcohols, methanol, ethanol, isopropgblaol, and 2-propyne-1-ol
which are linear or branched-chained alcohols latito 3 carbon atoms are preferable.
[0050] As the hydrocarbons, regarding saturated hydthmms, n-pentane,
cyclopentane, n-hexane, cyclohexane, and n-heptangreferable. Regarding
unsaturated hydrocarbon, 2-methyl-2-butene, 2-nhdtipentene, 2-methyl-2-pentene,
3-ethyl-2-butene, 2,3-dimethyl-2-butene, 2,4,4-&ihyl-1-pentene, and
2,4,4-trimethyl-2-pentene are preferable.

[0051] As the other stabilizers, among these in teshsdability, 2-methyl-1-pentene,
2-methyl-2-pentene, 3-ethyl-2-butene, 2,3-dime@ydutene, 2,4,4-trimethyl-1-pentene,
2,4,4-trimethyl-2-pentene, N-methylpyrrole, andrdgyne-1-ol are further preferable.
[0052] When the solvent composition of the presengimion is in contact with
copper or a copper alloy, it may contain nitro coonpds and triazoles in order to avoid
corrosion of the above metals.

[0053] A content of the other components in the sdleemposition of the present

invention is appropriately regulated dependingymes of the other components in the
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range in which the effect of the present invent®not impaired. A proportion of the
content of the other components is preferably athauass% or less and more preferably
0.1 mass% or less for each of the components ttmtakamount of the solvent
composition.  Further, a total of the content & tther components is preferably 10
mass% or less, and more preferably 1 mass% or less.

[0054] The solvent composition of the present invanifoa stable solvent
composition which is excellent in solubility of vaums organic substances and excellent in
detergency, and has no adverse effect on a globabament and is stabilized to suppress
decomposition, and the solvent composition is pedfly used for cleaning uses such as
degreasing cleaning, flux cleaning, precision dlegynand dry cleaning. In addition, the
solvent composition of the present invention camniged in uses for which a coating
film-forming composition is produced by dissolviadubricant such as a silicone-based
lubricant or a fluorine-based lubricant, an antimade from a mineral oil or a synthetic
oil, a moisture-proof coating agent for conductivater repellent treatment, or an
antifouling coating agent such as a fingerprintaeimg/preventing agent for conducting
antifouling treatment and a coating film is formmdapplying the coating film-forming
composition on an article surface. Moreover, thilgent composition of the present
invention is suitable also as a heat transfer flaicheating or cooling an article.

[0055] The articles to which the solvent compositidthe present invention is
applicable can be widely used for electronic congods such as a capacitor, a diode, and a
substrate on which these have been mounted, opticghonents such as a lens and a
polarizing plate, automotive parts such as a fujekction needle to be used for an engine
unit and a gear of a drive unit in an automobibetpof a drive unit to be used for an
industrial robot, machine parts such as exterioispa carbide tool to be used for a
machine tool such as a cutting tool, and the likloreover, as materials to which the
solvent composition of the present invention isli@gple, a wide range of materials such
as metal, plastic, elastomer, glass, ceramicsfamit can be cited, and among them, the

solvent composition is suitable for metals suchr@s copper, nickel, gold, silver, and
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platinum, a sintered metal, glass, a fluorocartesmr, and engineering plastic such as
PEEK.

[0056] <Cleaning method>

A cleaning method of the present invention is ahmétof cleaning extraneous matter
adhering to an article to be cleaned by using bu@-described solvent composition of
the present invention, and is characterized bygbrinthe solvent composition of the
present invention and the article to be cleaneméontact with each other.

[0057] In the cleaning method of the present inventamthe extraneous matter to be
removed by cleaning, there can be cited flux; pserg oils such as a cutting oil, a
guenching oail, a rolling oil, a lubricating oil,raachine oil, a presswork oil, a stamping oil,
a drawing oil, an assembly oil, and a wire drawdiiga release agent; dust, and the like
adhering to various articles to be cleaned. Bex#hss present solvent composition is
more excellent in solubility of the processingampared with HFC and HFE which are
conventional solvent compositions, and the likés fireferably used for cleaning of the
processing oil.

[0058] Further, the solvent composition of the presavention is applicable to
cleaning of the articles to be cleaned made obuarimaterials such as metal, plastic,
elastomer, glass, ceramics, and composite matefittese, and a fabric made of natural
fiber or synthetic fiber. Here, as a more spe@iample of the articles to be cleaned,
there can be cited fiber products, medical appéanelectric equipment, precision
instruments, optical articles, their parts, andlitkee As a specific example of the electric
equipment, the precision instruments, the optid&tlas, and their parts, there can be cited
an IC, a capacitor, a printed-circuit board, a omoeotor, a relay, a bearing, an optical lens,
a glass substrate, and the like.

[0059] The cleaning method of the article to be cléamgng the solvent composition
of the present invention is not particularly lingitexcept to bring the solvent composition
of the present invention and the article to bersedinto contact with each other. The

contact makes it possible to remove dirt adhering surface of the article to be cleaned.
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As a specific cleaning method, for example, ituffisient to employ manual cleaning,
immersion cleaning, spray cleaning, immersion-&stin cleaning, immersion ultrasonic
cleaning, steam cleaning, methods by combiningethesd the like. Cleaning conditions
such as contact time, the number of times, ancthadeature of the solvent composition of
the present invention at a time of cleaning in¢helsaning methods may be appropriately
selected depending on the cleaning methods. HRudls® regarding a cleaning apparatus,
the publicly known one can be appropriately sekbdepending on each of the cleaning
methods. As long as the solvent composition ofptfesent invention is used for these
cleaning methods, it is possible to repeatedlyituee a long period while maintaining
detergency with almost no decomposition of the coments.

[0060] The cleaning method of the present inventiaapiglicable to, for example, a
cleaning method having a solvent contact step iiclwvtine article to be cleaned is brought
into contact with a liquid-phase solvent compositimd a steam contact step in which
after the solvent contact step, the article tolbared is exposed to steam generated by
evaporating the solvent composition. As the cleg@ipparatus applicable to such a
cleaning method and the cleaning methods, for el@mleaning method and a cleaning
apparatus indicated in International Publication \AD8/149907 can be cited.

[0061] FIG. 1 is a view schematically illustrating oexample of a cleaning apparatus
similar to the cleaning apparatus which carriestietcleaning method having the
above-described solvent contact step and steamacta@iep and is indicated in
International Publication WO 2008/149907. A clemnapparatus 10 includes a cleaning
tank 1, arinse tank 2, and a steam generation3amleach of which a solvent
composition L is housed. Moreover, the cleaningaagtus 10 includes, above these
tanks, a steam zone 4 which is filled with steamegated from the solvent composition L,
cooling tubes 9 which cool the steam, and a waeaation tank 5 for subjecting the
solvent composition L obtained by being condensethé cooling tubes 9 and water
adhering to the cooling tubes to a stationary sefmar. In actual cleaning, an article to

be cleaned D is put in a dedicated jig or baskeh®like, and the cleaning is completed
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while moving the article to be cleaned D in ordethe cleaning tank 1, the rinse tank 2,
and a steam zone 43 immediately above the steaeragem tank 3 in the cleaning
apparatus 10.

[0062] A heater 7 and an ultrasonic vibrator 8 aré¢uhed in a lower portion of the
cleaning tank 1. In the cleaning tank 1, a tentpeeaof the solvent composition L is
raised by heating with the heater 7, physical faisdenparted to the article to be cleaned D
by cavitation generated by the ultrasonic vibr&aevhile controlling a constant
temperature, and dirt adhering to the article talbaned D is removed by cleaning. At
this time, as the physical force, other than arastinic wave, any method which has been
employed for previous cleaning machines, such eflatson or a submerged jet of the
solvent composition L, may be used. Note thahendleaning of the article to be cleaned
D in the cleaning tank 1, the ultrasonic vibratismot essential, and the cleaning may be
performed without the ultrasonic vibration as neeeg.

[0063] In the rinse tank 2, by immersing the articléoé cleaned D in the solvent
composition L, dirt components adhering to thecktio be cleaned D in a state of
dissolving in the solvent composition L are remavedhe cleaning apparatus 10 has a
design in which an overflow of the solvent composit. housed in the rinse tank 2 flows
into the cleaning tank 1. Further, the cleanimkth includes a pipe 11 which feeds the
solvent composition L to the steam generation tankorder to prevent a solution level
from becoming equal to or more than a predetermivesght.

[0064] In a lower portion of the steam generation tan& heater 6 which heats the
solvent composition L in the steam generation @ukincluded. The solvent
composition L housed in the steam generation taisko®iled by heating with the heater 6,
part or the whole of its composition becomes steanse upward as illustrated by arrows
13, and the steam zone 43 filled with the steaforreed immediately above the steam
generation tank 3. The article to be cleaned Duviaich the cleaning in the rinse tank 2
has been completed is transported to the steam4®aad cleaned by the steam through

an exposure to the steam (steam contact step).
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[0065] Further, in the cleaning apparatus 10, an uppace of the tanks is used in
common as the steam zone 4. The steam generatadHe cleaning tank 1, the rinse
tank 2, and the steam generation tank 3 is collfcten the steam zone 4 as the solvent
composition L by being cooled and condensed bytiuding tubes 9 provided in an upper
portion of a wall surface of the cleaning appardids Thereafter, the aggregated solvent
composition L is housed in the water separatiok &awia a pipe 14 connecting the cooling
tubes 9 and the water separation tank 5. In thensaparation tank 5, water mixing in
the solvent composition L is separated. The solgemposition L from which the water
has been separated is returned to the rinse tdmo@gh a pipe 12 connecting the water
separation tank 5 and the rinse tank 2. In thenthg apparatus 10, such a mechanism
allows a reduction in an evaporation loss of tHeest composition.

[0066] When cleaning is performed in the cleaning apa 10 by using the solvent
composition of the present invention, a temperadfithe solvent composition of the
present invention in the cleaning tank 1 is preadgraet to 28C or more and less than the
boiling point of the solvent composition. As loag the temperature is in the
above-described range, it is possible to easilfoparthe degreasing cleaning of a
processing oil or the like, and a cleaning effgcthe ultrasonic wave is high.  Further, a
temperature of the solvent composition of the preswention in the rinse tank 2 is
preferably 10 to 4%8C. As long as the temperature is in the aboveridestrange, a
difference between a temperature of the articleaateiperature of the steam of the
solvent composition can be obtained sufficienthaisteam cleaning step, and therefore a
sufficient amount of the solvent composition carcbrdensed on an article surface for
steam cleaning, thereby resulting in a high ringffgct. In addition, the temperature of
the solvent composition of the present inventiothacleaning tank 1 is preferably higher
than the temperature of the solvent compositiahénrinse tank 2 in terms of detergency.
[0067] <Dry cleaning method>

Next, a case of using the solvent composition effresent invention for removal cleaning

of dirt of various clothing will be described. Thelvent composition of the present
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invention is suitable as a cleaning solvent foralm¢hing, namely, a dry cleaning solvent.
[0068] There can be cited cleaning and removing dfadihering to clothing such as a
shirt, a sweater, a jacket, a skirt, trousers,rataieaker, gloves, a muffler, and a stole, as a
dry cleaning application using the solvent compasibf the present invention.

[0069] Moreover, the solvent composition of the présevention is applicable to dry
cleaning of the clothing made of fibers such asotpthemp, wool, rayon, polyester, acryl,
and nylon.

[0070] Further, it is found that since HCFO-1233yduied in the solvent
composition of the present invention includes axhé atom in its molecule, it has high
solubility of the dirt and has cleaning power ngadual to that of HCFCs such as
HCFC-225 (dichloropentafluoropropane) having a wialege of solvency, with respect to
oil and fat dirt.

[0071] Moreover, when the solvent composition of thespnt invention is used as the
dry cleaning solvent, it is possible to compoundpsim order to enhance the ability to
remove water-soluble dirt such as sweat or mudtande the resultant product as a dry
cleaning solvent composition. The soap indicatesréactant to be used for the dry
cleaning, and a cationic, nonionic, anionic, or holptic surfactant or the like is
preferably used. It is found that since HCFO-12BBgs a chlorine atom in its molecule,
it has a wide range of solubility to various orgaodmpounds, and it is not required to
optimize the soap depending on the solvent as HIREHFCs are required, which allows
use of various soaps. Hence, the dry cleaningeablsomposition using the solvent
composition of the present invention can includeast one type of the surfactant selected
from a group consisting of the cationic surfactéme, nonionic surfactant, the anionic
surfactant, and the ampholytic surfactant.

[0072] As a specific example of the soaps, there eatited a quaternary ammonium
salt such as dodecyldimethylammonium chloride iargthylammonium chloride as the
cationic surfactant. There can be cited a sunfdctach as polyoxyalkylene nonylphenyl

ether, polyoxyalkylene alkyl ether, fatty acid alkéamide, glycerin fatty acid ester,
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sorbitan fatty acid ester, sucrose fatty acid epr@pylene glycol fatty acid ester, or ester
of phosphoric acid and fatty acid as the nonionifagtant. There can be cited an alkyl
sulfate such as a polyoxyethylene alkyl sulfateadoxylate such as a fatty acid salt
(so-called soap), or a sulfonate such ag-ahefin sulfonate or a lauryl sulfate as the
anionic surfactant. There can be cited a betaangpound such as alkylbetaine as the
ampholytic surfactant.

[0073] A proportion of the content of the soap in dng cleaning solvent composition
is 0.01 to 10 mass%, preferably 0.1 to 5 mass%fatiter preferably 0.2 to 2 mass% to a
total amount of the solvent composition includedhia dry cleaning solvent composition.
[0074] According to the above-explained cleaning metbiothe present invention,
using the above-described solvent composition @fitesent invention suppresses
decomposition of the solvent composition and allogygeated cleaning for a long period.
In addition, as long as the solvent compositiothefpresent invention is used, it is also
possible to appropriately combine regenerationatpers such as distillation regeneration
and filtration regeneration, gas recovery in wischttered steam of the solvent
composition is recovered, and the like without peais.

[0075] <Forming method of coating film>

The solvent composition of the present inventiom lsa used for a solvent (dilution
coating solvent) for dilution coating of a nonvdkabrganic compound. That s, a
method of forming a coating film of the presenteantion is characterized by dissolving a
nonvolatile organic compound in the above-descrémdent composition of the present
invention to prepare a coating film-forming compiasi and evaporating the solvent
composition after applying the coating film-formingmposition on an article to be coated,
to form a coating film consisting of the nonvolatdrganic compound.

[0076] Here, the nonvolatile organic compound in thespnt invention means the one
which has a boiling point higher than that of tbe/ent composition of the present
invention and in which the organic compound séthains on a surface even after

evaporation of the solvent composition. As thevadatile organic compounds,
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specifically, there can be cited a lubricant foparting lubricity to an article, an antirust
for imparting an anti-rust effect to metal partsnaisture-proof coating agent for
imparting water repellency to an article, an anfiifty coating agent such as a fingerprint
removing/preventing agent for imparting antifoulialgility to an article, and the like. In
the method of forming the coating film of the prets@vention, it is preferable to use the
lubricant as the nonvolatile organic compound fittwn viewpoint of solubility.

[0077] The lubricant means the one which is useddducing friction on a contact
surface and preventing generation of heat and mbrdamage when two members move
in a state in which their surfaces are brought auiotact with each other. The lubricant
may be any form of liquid (oil), semisolid (greasand solid.

[0078] As the lubricant, in terms of excellent solithito HCFO-1233yd, a
fluorine-based lubricant or a silicone-based ludomtds preferable. Note that the
fluorine-based lubricant means a lubricant havifig@rine atom in a molecule. Further,
the silicone-based lubricant means a lubricantigialg silicone.

[0079] The lubricant included in the coating film-famg composition may be one or
a combination of two or more. Each of the fluorbreesed lubricant and the
silicone-based lubricant may be used alone, or i@y be used in combination.

[0080] As the fluorine-based lubricant, there caniteda fluorine-based oil,
fluorine-based grease, or a fluorine-based sobddant such as resin powder of
polytetrafluoroethylene. As the fluorine-based ailow polymer of perfluoropolyether
or chlorotrifluoroethylene is preferable. As commnial products of the fluorine-based oll,
for example, there can be cited product names tsrytegistered trademark) GPL102"
(manufactured by Du Pont Co., Ltd.), “DAIFLOIL #I'DAIFLOIL #3”, “DAIFLOIL

#10”, “DAIFLOIL #20” “DAIFLOIL #50”, “DAIFLOIL #100”, “DEMNUM S-65" (these
are manufactured by Daikin Industries, Ltd.), amal like.

[0081] As the fluorine-based grease, the one in wttieHfluorine-based oil such as
the low polymer of perfluoropolyether or chlorduibroethylene is used as a base oil and

powder of polytetrafluoroethylene or other thickenare compounded is preferable. As
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commercial products of the fluorine-based greamegxample, there can be cited product
names “Krytox (registered trademark) grease 240&@anufactured by Du Pont Co.,
Ltd.), “DAIFLOIL grease DG-203", “DEMNUM L65”, “DEMNUM L100", “DEMNUM
L200", (these are manufactured by Daikin Industrigd.), “Sumitec F936” (manufactured
by SUMICO LUBRICANT CO., LTD.), “Molykote (registed trademark) HP-300",
“Molykote (registered trademark) HP-500", “Molykofeegistered trademark) HP-870",
“Molykote (registered trademark) 6169” (these awnuofactured by Dow Corning Toray
Co., Ltd.), and the like.

[0082] As the silicone-based lubricant, a siliconeooikilicone grease can be cited.
As the silicone oils, a dimethyl silicone, a methytrogen silicone, a methyl phenyl
silicone, a cyclic dimethyl silicone, an amine gremodified silicone, a diamine
group-modified silicone, and a modified siliconéiniwhich an organic group has been
introduced into a side chain or a terminal areqredile. As commercial products of the
silicone oil, for example, there can be cited paichames “Shin-Etsu Silicone KF-96",
“Shin-Etsu Silicone KF-965”, “Shin-Etsu Silicone KI68”, “Shin-Etsu Silicone KF-99”,
“Shin-Etsu Silicone KF-50", “Shin-Etsu Silicone K&4”, “Shin-Etsu Silicone HIVAC

F-4”, “Shin-Etsu Silicone HIVAC F-5”, “Shin-Etsu Bione KF-56A", “Shin-Etsu Silicone
KF-995”, “Shin-Etsu Silicone KF-868", “Shin-Etsulibne KF-859” (these are
manufactured by Shin-Etsu Chemical Co., Ltd.), “868i2(manufactured by Dow Corning
Toray Co., Ltd.), and the like.

[0083] As the silicone grease, products in which tagowus silicone oils cited above
are used as a base oil and a thickener such atabsoap or various additives are
compounded are preferable. As commercial prodcafdtse silicone grease, for example,
there can be cited product names “Shin-Etsu Si#d8r30 Series”, “Shin-Etsu Silicone
G-40 Series”, “Shin-Etsu Silicone FG-720 SerieShih-Etsu Silicone G-411",
“Shin-Etsu Silicone G-501", “Shin-Etsu Silicone G@®”, “Shin-Etsu Silicone G-330”,
“Shin-Etsu Silicone G-340", “Shin-Etsu Silicone G&B, “Shin-Etsu Silicone G-630"

(these are manufactured by Shin-Etsu Chemicall@a.), “Molykote (registered
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trademark) SH33L", “Molykote (registered tradema4it), “Molykote (registered
trademark) 44", “Molykote (registered trademarkPBP, “Molykote (registered
trademark) 111", “Molykote (registered trademarkgase for high vacuum”, “Molykote
(registered trademark) heat diffusion compoundégthare manufactured by Dow Corning
Toray Co., Ltd.), and the like.

[0084] Further, as the one which can be exemplifiethadluorine-based lubricant
and as the silicone-based lubricant, there cantée a fluorosilicone oil which is a
modified silicone oil in which a fluoroalkyl grougas been substituted for a terminal or a
side chain. As commercial products of the fludiroshe oil, for example, there can be
cited product names “Unidyne (registered name) BG15 (manufactured by Daikin
Industries, Ltd.), “Molykote (registered trademaBds1”, “Molykote (registered
trademark) 3452”, (these are manufactured by Domwi@g Toray Co., Ltd.), “Shin-Etsu
Silicone FL-5”, “Shin-Etsu Silicone X-22-821", “ShiEtsu Silicone X-22-822”,
“Shin-Etsu Silicone FL-100" (these are manufacturgdhin-Etsu Chemical Co., Ltd.),
and the like.

[0085] These lubricants can be used as a coatingdiirior example, industrial
equipment, tray parts for a CD and a DVD in a peasgcomputer and an audiovisual
apparatus, household appliances and office equipsueh as a printer, a copier, and a
flux device, and the like for which the fluorinedeal lubricant is used normally as the
coating film.  Further, for example, they can bedifor a needle and a cylinder of a
syringe, medical tube parts, a metal blade, a tathend the like for which the
silicone-based lubricant is used normally as treding film.

[0086] The antirust means the one which is used fewvgating rust of metal materials
by covering a surface of metals and blocking oxylyem the metal surface which are
easily oxidized by oxygen in the air to generatd.ru As the antirusts, there can be cited a
mineral oil, and synthetic oils such as polyol estpolyalkylene glycols, and polyvinyl
ethers.

[0087] The moisture-proof coating agent and the amliiig coating agent are the ones
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which are used for imparting a moisture-proof propand an antifouling property to
plastic, rubber, metal, glass, a mounted circusirbpand the like. As product examples
of the moisture-proof coating agent, there caniteel @TOPAS 5013, TOPAS 6013,
TOPAS 8007 (manufactured by Polyplastics Co., L@E)lONOR 1020R, ZEONOR
1060R (manufactured by Zeon Corporation), Apel @QHpel 8008T, (manufactured by
Mitsui Chemicals, Inc.), SFE-DP0O2H, SNF-DP20H (nfactured by AGC SEIMI
CHEMICAL CO., LTD.). As product examples of thetifwuling coating agent such as a
fingerprint preventing agent, there can be citedOBL DSX, OPTOOL DAC
(manufactured by Daikin Industries, Ltd.), FluonarfS-G-500 (manufactured by Fluoro
Technology Co., Ltd.), SR-4000A (manufactured by@ASEIMI CHEMICAL CO.,

LTD.), and the like.

[0088] The coating film-forming composition is proddaeormally as a composition
in solution form in which the nonvolatile organicrapound has been dissolved in the
solvent composition of the present invention. Adurction method of the coating
film-forming composition is not particularly limiteas long as it is a method of allowing
the nonvolatile organic compound to be uniformlysdived in the solvent composition of
the present invention in a predetermined proportiohhe coating film-forming
composition basically consists of only the nonvt#adrganic compound and the solvent
composition of the present invention. In the fafllog explanation, the coating
film-forming composition using the lubricant as th@nvolatile organic compound is
referred to as “lubricant solution”. The coatinlgifforming compositions using other
nonvolatile organic compounds are also similar.

[0089] A proportion of a content of the lubricant wittspect to a total amount of the
lubricant solution is preferably 0.01 to 50 masg%ye preferably 0.05 to 30 mass%, and
further preferably 0.1 to 20 mass%. The remairedeept the lubricant of the lubricant
solution is the solvent composition. As long as ¢bntent of the lubricant is in the
above-described range, a film thickness of a cgdiim when the lubricant solution is

applied and a thickness of a lubricant coating fliter drying are easily regulated in a
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proper range.

[0090] A content of each of the nonvolatile organioypounds such as the antirust,
the moisture-proof coating agent, and the antifmutoating agent with respect to a total
amount of each of solutions (coating film-formirmnpositions) in the coating
film-forming compositions such as an antirust soluta moisture-proof coating agent
solution, and an antifouling coating agent solui®also preferably in the same range as
the above-described content of the lubricant indbecant solution.

[0091] A coating film consisting of the nonvolatileganic compound can be formed
on an article to be coated by applying the codiingforming composition containing the
above-described solvent composition and nonvolatig@nic compound on the article to
be coated and evaporating the solvent compositan the coating film-forming
composition applied on the article to be coated.

[0092] As the articles to be coated on which the oggfiim of the lubricant, the
antirust, the moisture-proof coating agent, théautng coating agent, or the like is
formed, namely, the coating film-forming compositieach including these is applied, the
articles to be coated made of various materialb asanetal, plastic, elastomer, glass, and
ceramics can be employed. As specific articles atticles explained above for each of
the nonvolatile organic compounds can be cited.

[0093] As an applying method of the coating film-fonmicomposition, for example,
there can be cited applying by using a brush, apglpy spraying, applying by immersing
the articles in the coating film-forming compositjian applying method of bringing the
coating film-forming composition into contact widim inner wall of a tube or a needle by
pumping up the coating film-forming composition,tbe like.

[0094] As a method of evaporating the solvent compmsifiiom the coating
film-forming composition, a publicly known dryingethod can be cited. As the drying
method, for example, air drying, drying by heatiogthe like can be cited. A drying
temperature is preferably 20 to 2a0

[0095] In the method of forming the coating film of theesent invention explained
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above, either in a state of the solvent compositifaime present invention before
dissolving these lubricant, antirust, moisture-pramating agent, and antifouling coating
agent, and the like, or in a state of the aboverite=d coating film-forming composition,
the use is possible with almost no decompositicstanage or in use.

[0096] <Heat transfer fluid and Heat cycle system>

The solvent composition of the present inventiom loa used as a working fluid (heat
transfer fluid) for a heat cycle system. Thathg present invention provides the heat
transfer fluid including the solvent compositiontbé present invention. The heat
transfer fluid of the present invention is applieato the heat cycle system by which
materials are heated or cooled.

[0097] As the heat cycle systems, there can be cifeankine cycle system, a heat
pump cycle system, a refrigeration cycle systeheat transport system, a secondary
refrigerant cooling system, and the like. Herdimafas one example of the heat cycle
system, the refrigeration cycle system will be akud.

[0098] The refrigeration cycle system is a system lictv the working fluid removes
heat energy from a load fluid in an evaporatorreghg cooling the load fluid and cooling it
to lower temperature. The refrigeration cycle systs a system constituted of a
compressor which compresses a working fluid vapto Aake it into a working fluid
vapor B at high temperature and high pressurendeastser which cools and liquefies the
compressed working fluid vapor B to make it intawarking fluid C at low temperature
and high pressure, an expansion valve which expdredsorking fluid C emitted from the
condenser to make it into a working fluid D at lemperature and low pressure, an
evaporator which heats the working fluid D emitteain the expansion valve to make it
into the working fluid vapor A at high temperataned low pressure, a pump which
supplies a load fluid E to the evaporator, andrmpwhich supplies a fluid F to the
condenser.

[0099] The heat transfer fluid of the present invemtioaly include a component other

than the solvent composition of the present inegniin a range in which the effect of the
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present invention is not impaired, and preferalblysists of only the solvent composition
of the present invention. To the heat transfadfaf the present invention, a lubricating
oil can be added. For the lubricating oil, a peiglknown lubricating oil to be used for
the heat cycle system is used. As the lubricatifsg there can be cited an oxygenated
synthetic oil (ester-based lubricating oil, ethaséd lubricating oil, and the like), a
fluorine-based lubricating oil, a mineral oil, adngcarbon-based synthetic oil, and the
like.

[0100] Moreover, the heat transfer fluid of the presewéntion is also applicable to a
secondary circulation cooling system. The secondaculation cooling system is a
system having a primary cooling device which c@ofgimary refrigerant consisting of
ammonia or a hydrocarbon refrigerant, a secondesylation cooling device which cools
an article to be cooled by circulating a secondafsigerant for secondary circulation
cooling system (hereinafter, referred to as “seaopndefrigerant”), and a heat exchanger
which exchanges heat between the primary refrigenath the secondary refrigerant and
cools the secondary refrigerant. This secondacylzition cooling system allows cooling
of the article to be cooled. The heat transfadfaf the present invention is suitable for

use as the secondary refrigerant.

EXAMPLES

[0101] Hereinafter, the present invention will be expéd in detail by examples.

The present invention is not limited to these exas\p Examples 1to 5, 8 to 12, and 15
to 19 are the examples of the solvent compositfdhepresent invention, and Examples 6
to 7, 13 to 14, and 20 to 21 are comparative exasnpl

[0102] (Production example: production of HCFC-244ca)

In a two-liter four-necked flask in which a glasstiflation column (a measured value of
five stages in the number of stages) packed withgaator, a Dimroth, a cooler, and a
Rasching ring was placed, 1204 g (9.12 mol) of3tetrafluoropropanol (TFPO) and 12
g (0.17 mol) of N,N-dimethylformamide (DMF) weredsdl. 1078 g (9.12 mol) of
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thionyl chloride was dropped and agitated at a mbtemperature for 12 hours. A
reactor was heated to 1) and reactive distillation was performed at &raf 5/1 of

reflux time/distillation time by using a reflux ten  Distilled HCFC-244ca was
neutralized by a 20 mass% aqueous potassium hyldraeilution. Recovered
HCFC-244ca (purity 100%) was 979 g (6.50 mol).

[0103] (Production example: production of 1233yd(Zy 4233yd(E))

2000 g of HCFC-244ca was used as a raw materid,d.6f tetra-n-butyl ammonium
chloride was put in, a reaction temperature was &ep0C, and 2792 g of a 40 mass%
aqueous potassium hydroxide solution was dropped 8 minutes. Thereafter, a
reaction was continued for 52 hours, and an orgagir was recovered. The recovered
organic layer was refined, resulting in obtainif®Q g of purity 100 mass%
HCFO-1233yd(Z) (hereinafter, simply referred td'ld€FO-1233yd(2)") and 1409 of
purity 100 mass% HCFO-1233yd(E) (hereinafter, sympferred to as
“HCFO-1233yd(E)”). This preparation was repeatquiyformed to produce a required
amount of each of 1233yd(Z) and 1233yd(E).

[0104] (Examples 1 to 5, 8 to 12, 15 to 19: productibeolvent composition
(example))

51 kg each of solvent compositions in Examples 3, #®to 12, and 15 to 19 containing
HCFO-1233yd(Z) and/or HCFO-1233yd(E), and HCFC-244s a stabilizer is prepared
so as to each become a proportion of a conten¢ipied in Table 1 by using HCFC-244ca,
HCFO-1233yd(Z), and HCFO-1233yd(E) obtained inabeve.

[0105] Numeric values of HCFO-1233yd(Z) and HCFO-1288) presented in Table
1 are each the proportion of the content of eadh@tomponents to a total of the content
of HCFO-1233yd and the content of HCFC-244ca, anderic values of HCFC-244ca are
each the proportion of the content of HCFC-244ca tiotal amount of the solvent
composition. Further, the solvent compositionExamples 1 to 5, 8 to 12, and 15 to 19
are each a solvent composition consisting of or@FB-1233yd and HCFC-244ca.

[0106] (Examples 6 to 7, 13 to 14, 20 to 21: productbbsolvent composition
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(comparative example))
51 kg each of solvent compositions in Examples B, tb3 to 14, and 20 to 21 each
including HCFO-1233yd(Z) and HCFO-1233yd(E) in greportion presented in Table 1
and each consisting of only HCFO-1233yd is produmedsing HCFO-1233yd(Z) and
HCFO-1233yd(E) obtained in the above.
[0107] [Evaluation]
1. Stability test and Metal corrosion resistanst te
100 g of each of the solvent compositions in Exa®l to 21 is put in a heat-resistant
glass bottle in which a test piece of a generapgse cold-rolled steel sheet (SPCC) has
been put, and retained at a boiling point (aboC»4f HCFO-1233yd(Z) for seven days.
Table 1 presents measured results of a pH immégedter the preparation (before the
test) and after the retention for seven days (#fietest), and evaluation results of an
appearance observation of a SPCC surface afteetination for seven days (after the test).
[0108] (pH measurement)
40 g of the solvent compositions in each of thexgas and 40 g of pure water prepared
at pH 7 are put in a 200 mL-capacity separatorpéliand shaken for one minute.
Thereatfter, they are left still, and a water layeing an upper layer obtained by a
two-layer separation is separately collected, apH @f the water layer is measured by a
pH meter (model number: HM-30R, manufactured by DDBA CORPORATION).
[0109] A change in the metal surfaces before and #ftetest is visually evaluated by
using an untested specimen of each of the metalsamparison article. The evaluation
criteria are as follows.
[0110] “S (excellent)”: there is no change before afidr the test.

“A (good)”: a gloss has been lost after the teshpared with before the test, but
there is no practical problem.

“B (slightly poor)”: a surface after the test $iity rusts.

“x (poor)”: rust is recognized on the entire surfatthe surface after the test.

[0111]  [Table 1]
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HCFO-1233yd(2Z) HCFO-1233yd(E) HCFC-244ca pH
Appearance
Proportion (mass%) of content of each of after metal
Example components to total of Before| After | corrosion
content of HCFO-1233yd and content of test test | resistance test
HCFC-244ca

1 99.9999 0 0.0001 7.0 6.3 A
2 99.9995 0 0.0005 7.0 7.0 S
3 99.9¢ 0 0.01 7.0 7.0 S
4 99.¢ 0 0.1 7.0 7.0 S
5 9¢ 0 1 7.0 7.0 S
6 98.5 0 1.5 7.0 6.0 B
7 100 0 - 7.0 4.6 X
8 94,999 5 0.000: 7.0 6.4 A
9 94,9995 5 0.0005 7.0 7.0 S
10 94.99 5 0.01 7.0 7. S
11 94.9 5 0.1 7.0 7.0 S
12 94 5 1 7.0 7.0 S
13 93.5 5 1.5 7.0 6.0 B
14 95 5 - 7.0 4.2 X
15 79.9999 20 0.0001 7.0 6.8 A
16 79.9995 20 0.0005 7.0 7.0 S
17 79.99 20 0.01 7.0 7.( S
18 79.¢ 2C 0.1 7.0 7.0 S
19 7S 2C 1 7.0 7.0 S
20 78.5 20 15 7.0 6.1 B
21 80 20 - 7.0 3.7 X

[0112] From Table 1, it is found that in any of théveat compositions in the
examples of the present invention, acidificatioa haen suppressed as compared with the
comparative examples. In addition, it is found t@rosion of the metal test pieces has
been suppressed in the examples rather than oothparative examples. This makes it
obvious that the solvent composition of the pregaréntion not only achieves a
stabilization effect of an excellent solvent compos but also is capable of suppressing
the metal corrosion.

[0113] 2. Continuous operation test with cleaning apie

50 kg of each of the solvent compositions in Exasfdl to 21 is put in a cleaning tank 1, a
rinse tank 2, and a steam generation tank 3 ofeg{tank cleaning apparatus 10 similar to
that in FIG. 1, and a circulation operation is parfed by each of them for 300 hours.

100 g of each of solvent compositions L in the stegg@neration tank 3, the cleaning tank 1,
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and a water separation tank 5 is collected beforeparation start (initial stage) and after
10 hours, 100 hours, and 300 hours after the dparstart, and chlorine ion
concentrations are measured by the following methddhbles 2, 3 present the results.
[0114] (Chlorine ion concentration measurement)
After putting 50 g of the collected solvent compiosi in a 100 mL sample bottle, 50 g of
ion-exchange water is added and shaken by harg@Dfeeconds, thereby extracting
chlorine ions included in the solvent compositiotoithe ion-exchange water.  After
standing still and separating the ion-exchange nytite chlorine ion concentration (ppm)
included in the ion-exchange water is measuredhbpmachromatography (ICS-1000,
manufactured by Dionex Corporation).
[0115] From the obtained chlorine ion concentratiorasugement results, stability is
evaluated by the following index. Note that anyohcentrations in the index of the
evaluation is a chlorine ion concentration.

“S (excellent)”: less than 10 mass ppm

“A (good)”: 10 mass ppm or more and less than a8gmppm

“B (slightly poor)”: 50 mass ppm or more and l&#szn 100 mass ppm

“x (poor)”: 100 ppm or more
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[0116]

[Table 2]

Stability evaluation setting chlorine ion
concentration as index

Example Collection point . After After After
Initial stage 10 hours | 100 hours| 300 hours

Steam generation tank S S A A

1 Cleaning tank S S S S
Water separation tank S S S S
Steam generation tank S S S S

2 Cleaning tan S S S S
Water separation ta S S S S
Steam generation tank S S S S

3 Cleaning tank S S S S
Water separation tank S S S S
Steam generation tank S S S S

4 Cleaning tank S S S S
Water separation ta S S S S
Steam generation ta S S S S

5 Cleaning tank S S S S
Water separation tank S S S S
Steam generation tank S S A B

6 Cleaning tank S S A B
Water separation tank S S S A
Steam generation ta S A B X

7 Cleaning tank S S A B
Water separation tank S S A B
Steam generation tank S S A A

8 Cleaning tan S S S S
Water separation ta S S S S
Steam generation tank S S S S

9 Cleaning tank S S S S
Water separation tank S S S S
Steam generation tank S S S S

10 Cleaning tank S S S S
Water separation ta S S S S
Steam generation ta S S S S

11 Cleaning tank S S S S
Water separation tank S S S S
Steam generation tank S S S S

12 Cleaning tank S S S S
Water separation ta S S S S
Steam generation ta S S A B

13 Cleaning tan S S A A
Water separation tank S S S A
Steam generation tank S A B X

14 Cleaning tan S S A B
Water separation ta S S A B
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[0117]  [Table 3]

Stability evaluation setting chlorine ion

. . concentration as index
Example Collection point After After After

Initial stage 10 hours | 100 hours| 300 hours

Steam generation tank
15 Cleaning tank
Water separation ta

Steam generation tank
16 Cleaning tank
Water separation tank|

Steam generation tank
17 Cleaning tan
Water separation tank|

Steam generation tank
18 Cleaning tan
Water separation tank|

Steam generation ta
19 Cleaning tank
Water separation tank|

Steam generation ta
20 Cleaning tank
Water separation tank|

Steam generation ta
21 Cleaning tank
Water separation ta

n|nln|nlnlnlnlnlnlnlnnnnnnnnononon
0 u|> nlunlvnlvlnlvnlnvlnnlnnonononnon
> T | n|> nlnlnlnlnovlnnnnonononn>
WX s> B nlnnnlnovnlnnnononnonn>

[0118] From Tables 2, 3, it is found that in any of txamples of the present
invention, acidification is suppressed for a lotrgteh of time and occurrence of chloride
ions due to decomposition is suppressed as compatiedhe solvent compositions in the
comparative examples. From this, it is found thatsolvent composition of the present
invention is excellent in long-term stability in antual cleaning apparatus.

[0119] 3. Evaluation of cleaning ability

The above-described solvent compositions in Exasnpl® 5, 8 to 12, and 15 to 19
(examples) and Examples 6 to 7, 13 to 14, and 20 {@omparative examples) are
produced further, and each of the following clegrists is performed.

[0120] [Cleaning test A]

After immersing a test piece (25 nmB0 mmx 2 mm) of stainless steel SUS-304 in a

product name “Daphne Magplus HT-10" (manufacturgddemitsu Kosan Co., Ltd.)
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which is a cutting oil, the test piece is immerge80 mL of the solvent composition in
each of Examples 1 to 21 for one minute and pulfgdand degrees to which the cutting
oil has been removed are observed. Evaluatioetgfrdency is performed by the
following criteria.

“S (excellent)”: the cutting oil is completely remed.

“A (good)”: the cutting oil is almost removed.

“B (slightly poor)”: the cutting oil remains ingce amounts.

“x (poor)”: the cutting oil considerably remains.
[0121] [Cleaning test B]
A test is conducted similarly to the cleaning #stxcept to use a product name “Daphne
Magplus AM20” (manufactured by Idemitsu Kosan Qad.) as a cutting oil, and
detergency is evaluated by the same criteria.
[0122] [Cleaning test C]
A test is conducted similarly to the cleaning #stxcept to use a product name “Daphne
Magplus HM25” (manufactured by Idemitsu Kosan @td,) as a cutting oil, and
detergency is evaluated by the same criteria.
[0123] [Cleaning test D]
A test is conducted similarly to the cleaning #sixcept to use a product name
“G-6318FK” (manufactured by NIHON KOHSAKUYU CO., IIM)) as a cutting oil, and
detergency is evaluated by the same criteria.
[0124] In the cleaning tests A to D, any evaluatidates to Examples 1t0 21is S
(excellent).
[0125] It is found from the above-described resultt the solvent compositions in the
examples of the present invention in Examples3, ®to 12, and 15 to 19 are capable of
sufficiently cleaning and removing the cutting aild have excellent detergency similarly
to those in Examples 6 to 7, 13 to 14, and 20 tm24hich a stabilizer is not added, in any
cleaning test.

[0126] 4. Evaluation as dilution coating solvent falbdicant
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(Evaluation as dilution coating solvent for fluarHbased lubricant)
The above-described solvent compositions in Exasnpl® 5, 8 to 12, and 15 to 19
(examples) and Examples 6 to 7, 13 to 14, and 20 {@omparative examples) are
produced further, and each of the solvent commpursitand a product name “Krytox
(registered trademark) GPL102” (manufactured byHoat Co., Ltd., fluorine-based oil)
which is a fluorine-based lubricant are mixed vatith other to prepare a lubricant
solution in which an amount of the fluorine-baselricant is 0.5 mass% with respect to a
total amount of the solution.
[0127] Next, on a surface of an aluminum depositedtsheghich aluminum has
been deposited on a sheet made of iron, the obithubeicant solutions are each applied in
a thickness of 0.4 mm and air-dried under a camitif 19C to 2XC, thereby each
forming a lubricant coating film on the aluminunpdsited sheet surface. Evaluation as
lubricant dilution coating solvents of the solvenmposition of the present invention is
performed as follows. As the results of the eviidunaof each of the lubricant dilution
coating solvents, in Examples 1 to 21, any evadnas S (excellent).
[0128] [Evaluation method]
[Dissolved state]
A dissolved state of the lubricant solution usihg solvent composition in each of the
examples is visually confirmed to be evaluatedhgyfollowing criteria.

“S (excellent)”: immediately uniformly dissolved become transparent.

“A (good)”: if shaken, uniformly dissolved to beue transparent.

“B (slightly poor)”: slightly cloudy.

“x (poor)”: cloudy or phase-separated.
[0129] [Coating film state]
A state of the lubricant coating film formed by fléricant solution using the solvent
composition in each of the examples is visuallyficored to be evaluated by the following
criteria.

“S (excellent)”: a uniform coating film is formed.
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“A (good)”: an almost uniform coating film is forex.

“B (slightly poor)”: nonuniformity is partially s on the coating film.

“x (poor)”: nonuniformity is considerably seen on twating film.
[0130] [Drying property]
In a drying property of the lubricant solution whigae lubricant coating film is formed by
the lubricant solution using the solvent compoasiiio each of the examples, the drying
property is evaluated by the following criteria.

“S (excellent)”: the solvent composition immedigtevaporates.

“A (good)”: the solvent composition evaporateshivitten minutes.

“B (possible)”: the solvent composition evaporateer ten minutes within one
hour.

“x (poor)”: the solvent composition remains even whee hour has passed.
[0131] (Evaluation as dilution coating solvent foicohe-based lubricant)
The above-described solvent compositions in Exasnpl® 5, 8 to 12, and 15 to 19
(examples) and Examples 6 to 7, 13 to 14, and 20 {@omparative examples) are
produced further, and each of the solvent commpursitand a product name “Shin-Etsu
Silicone KF-96-50CS” (manufactured by Shin-Etsu @teal Co., Ltd., silicone oil) which
is a silicone-based lubricant are mixed with eatieoto prepare a lubricant solution in
which an amount of the silicone-based lubricai® mass% with respect to a total amount
of the solution.
[0132] Thereafter, lubricant coating films are eachrfed on a surface of an
aluminum deposited sheet in a similar manner tbahthe coating of the lubricant
solution of the fluorine-based lubricant. The enion method and the evaluation
criteria are similar to the evaluation in the cogtof the lubricant solution of the
fluorine-based lubricant. As the results of thaleation of each of the lubricant dilution
coating solvents, in Examples 1 to 21, any evaduas S (excellent).
[0133] It is found from the above-described resul&t the solvent compositions in the

examples of the present invention in Examples§, ®to 12, and 15 to 19 are excellent in
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solubility of the lubricant and have a sufficiemyidg property, and are capable of simply
forming a uniform lubricant coating film similartp the solvent compositions in Examples

6 to 7, 13 to 14, and 20 to 21 in which a stahiligenot included, in any cleaning test.

INDUSTRIAL APPLICABILITY

[0134] A solvent composition of the present inventismistable solvent composition
which is excellent in solubility of various orgarsubstances and excellent in detergency
and has a sufficient drying property, and has neess effect on a global environment, is
excellent in stability, and moreover suppresseshoetrrosion under coexistence with
metal, and can be used for articles of various ni@gesuch as metal, plastic, elastomer,
and fabric in a wide range of industrial uses sagh cleaning solvent, a dilution coating

solvent, and a spraying agent composition withatihg adverse effects.

EXPLANATION OF REFERENCE NUMERALS

[0135] 1 ... cleaning tank, 2 ... rinse tank, 3 east generation tank, 4, 43 ... steam
zone, 5 ... water separation tank, 6, 7 ... he8ter,ultrasonic vibrator, 9 ... cooling tube,
10 ... cleaning apparatus, 11, 12, 14 ... pipe,.Z8row, D ... article to be cleaned, L ...

solvent composition.

36



10

15

20

25

CLAIMS:

1. A solvent composition comprising 1-chloro;3;&ifluoro-1-propene and
1-chloro-2,2,3,3-tetrafluoropropane, in which

a proportion of a content of 1-chloro-2,2,3,3d#étroropropane to a total of a
content of 1-chloro-2,3,3-trifluoro-1-propene andoatent of
1-chloro-2,2,3,3-tetrafluoropropane is 0.0001 tadss%.

2.  The solvent composition according to claimvtherein a proportion of a
content of 1-chloro-2,3,3-trifluoro-1-propene ttoéal amount of the solvent composition
is 80 mass% or more.

3.  The solvent composition according to claior 2, wherein the
1-chloro-2,3,3-trifluoro-1-propene consists of (Zghloro-2,3,3-trifluoro-1-propene and
(E)-1-chloro-2,3,3-trifluoro-1-propene, and a pramm of a content of
(2)-1-chloro-2,3,3-trifluoro-1-propene to a totahaunt of
1-chloro-2,3,3-trifluoro-1-propene is 80 to 100 st4s

4. A cleaning method comprising bringing theveat composition according
to any one of claims 1 to 3 and an article to leaméd into contact with each other.

5.  The cleaning method according to claim 4, nelmea processing oil
adhering to the article to be cleaned is cleaned.

6. The cleaning method according to claim 5, netmethe processing oil is at
least one selected from a group consisting of #ngubil, a quenching oil, a rolling oil, a
lubricating oil, a machine oil, a presswork oistamping oil, a drawing oil, an assembly
oil, and a wire drawing oil.

7.  The cleaning method according to any ondaifins 4 to 6, wherein the
article to be cleaned is clothing.

8. A method of forming a coating film comprisidgsolving a nonvolatile
organic compound in the solvent composition acegydd any one of claims 1 to 3 to

prepare a coating film-forming composition and exrating the solvent composition after
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applying the coating film-forming composition on article to be coated, to form a coating
film consisting of the nonvolatile organic compound

9. A heat transfer fluid comprising the solveomposition according to any
one of claims 1 to 3.

10. A heat cycle system using the heat trarikfier according to claim 9.
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