1 DESCRI PTI ON CLEANI NG AND RI NSI NG METHOD 5 TECHNI CAL FI ELD The present
invention relates to a cleaning and rinsing nmethod with the use of a

. nonfl ammabl e solvent which is used for renoving dirt such as oils and fats
adhering to articles such as electronic parts, e.g., 1Cs, 10 precision
instrunent parts, glass substrates and resin nolded parts, and flux and
dust on printed circuit boards. BACKGROUND ART 15 Heretofore, a

hydr ochl or of | uor ocar bon (herei nafter referred to as "HCFC') such as

di chl oropent af | uor opropane (herei ngfg&ipr@fghyed to as "R-225") was widely
used as a fluorocarbon solvent for precision cleaning in order to renove
oils, flux, dust, waxes and the |i ke adhering to 20 articles, e.g., during
processi ng and machinery steps in the precision instrunent industry, the

optical instrument industrygrddieng! eais icalsand wdeeds oni ¢ i ndustry, the
pl astic processing industry, and so on. However, use of HCFC wll be totally

abolished in 25 advanced countries until 2020 because of its ozone

depl etion potential. Hydrofluorocarbon (hereinafter referred to as "HFC'),
hydr of | uos oettmruNTaeir@irer 2 referred to as "HFE") and the like are
known as fluorocarbon solvents which are alternatives for HCFC, which
contain no chloriTie iprddwitt imlaciden anslate€hco a cleaning and

rinsing method with the use of a nonflammable solvent
which is used for removing dirt such as oils and fats
adhering to articles such as electronic parts, e.g., ICs,
10 precision instrument parts, glass substrates and resin
molded parts, and flux and dust on printed circuit

boards.

BACKGROUND ART

15 Heretofore, a hydrochlorofluorocarbon (hereinafter
referred to as "HCFC") such as dichloropentafluoropropane
(hereinafter referred to as "R-225") was widely used as a
fluorocarbon solvent for precision cleaning in order to
remove oils, flux, dust, waxes and the like adhering to

20 articles, e.g., during processing and machinery steps in
the precision instrument industry, the optical instrument
industry, the electrical and electronic industry, the
plastic processing industry, and so on.

However, use of HCFC will be totally abolished in

25 advanced countries until 2020 because of its ozone

depletion potential. Hydrofluorocarbon (hereinafter

referred to as "HFC"), hydrofluoroether (hereinafter



have the ozone depl etion potential of zero. 5 For exanple, there is a known
method for cleaning an article conposed of a printed-circuit board, netal
.and so on, with the use of HFE having a boiling point of about from20 to
120C (cf. Patent Docunent 1) However, this nethod often fails to adequately
remove a contam nant 10 because the solvency of HFE for the contam nant is
not sufficient. There is another known nethod for cleaning an article with
the use of an ali phati ¢ hydrocar bon or téhe like. However, there was a

probl em t hat Aes rocarb dn nt re unllkel to dry and a | ot
of energy wa$ r% fas retfwarsedq'{l:o e%artsll % 3T 7% "Teans ng, though

these hvdrOC%ﬁgg;}Qsc@r\geo@} Sso[ih%ye%@%m%qpeardee% d L. AL el aly e zero and

hi gh renoval I cienc contam nant for rinsing with

HFE after clegnipg M AR 5P wdreRpte #Dquj t 2) was
proposed as a rrctrglthoélttto sr{y elprobj] Wevere |s ocurrer%? fails to
di scl ose a spegid itgLxagHe llﬁﬁod—%\éq{blaelvqﬁ |£131t51e above met hod, HFE
has a | ow 25 solubility for the hydr ocar bon sol vent used for cleaning,

dependi Ngson i t'S g thxAsh & N UMK OCArDOM S VRIELGANAGE DEasuLd i Ghent |y

renmoved by rinsing the article to be 3 cleaned, with HFE, so that the _
hydrocarbon sglitieile JdRPRISE B & wlfrﬁ@mlﬂéiﬁtarﬁdﬁ& tethe cleangsd; this

caused a problem of defeéctive rinsing such as occurrence of stain.
on, with the use of HFE having a boiling point of about
from 20 to 120°C (cf. Patent Document 1). However, this
method often fails to adequately remove a contaminant

10 because the solvency of HFE for the contaminant is not
gsufficient. There is another known method for cleaning
an article with the use of an aliphatic hydrocarbon or
the like.

However, there was a problem that these hydrocarbon

15 solvents were unlikely to dry and a lot of energy was
thus required to dry the article after cleaning, though
these hydrocarbon solvents have the ozone depletion
potential of zero and high removal efficiency of the
contaminant.

20 A method for rinsing with HFE after cleaning with a
hydrocarbon solvent (cf. Patent Document 2) was proposed
as a method to solve the problem. However, this document
fails to disclose a specific example of HFE.

However, even in the above method, HFE has a low
25 solubility for the hydrocarbon solvent used for cleaning,

depending on its kind, and the hydrocarbon solvent cannot

be sufficiently removed by rinsing the article to be



5 Patent Docunent 1: JP-A-HO5-271692 (clains) Patent Document 2:

JP- A- H10- 202209 (cl ai ms) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY
. THE INVENTION 10 It is an object of the present invention to provide a

met hod for cleaning and rinsing an article, using HFE, which was heretofore
difficult to apply to rinsing because of its insufficient solubility for a

hydr ocarbon sol vent, and nethod with excel |l ent cleaning performance 15 and
ri nsing perfornmance. MEANS FOR SOLVI NG THE PROBLEM The present invention

provi des a nmethod for cleaning and.rinsing.an article, c rising a

cl eani ng st eﬁHS?nfﬁl'c&’ﬁttgc?liF%g an gmtcl%«ilehgylgﬁé’cé‘r@(?ﬁlt ac'r‘ﬁ%t attached,
wth a hydrc]):%%rati%n %91' \éergt %%nt aior%i ng an i r.oqtaet itc dr qcar b% r. a glycol
ether, and a“rinsi Fi’g Step of “E6ft act i n& o S th 8 ARuSTSTASSd THéT
wherein the fl.ugrinat ther und _r.epre ed t formula 1:
25 R 1 -0 R SR BPeBRaRL of Bl R R M g R ent o

each other, ig a.ftliyorinated alkyl group, wherein the nunber 4 of fluorine
atons contained in each of RL and R2 is at |east one, and the total nunber

of carbongatons GUANGLcyre ARl ANGRA ifod 1M d O Baie present

invention uses the hydrocarbon solvent 5 contalning an aronmatic hydrocarbon
or a glycol etherpjintd BRGhRRH N0 Hreh - RIARE X CRll L) | Nsi ng

per f or mance
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

10 - It is an object of the present invention to provide

a method for cleaning and rinsing an article, using HFE,
which was heretofore difficult to apply to rinsing
because of its insufficient solubility for a hydrocarbon
solvent, and method with excellent cleaning performance

15 and rinsing performance.

MEANS FOR SOLVING THE PROBLEM
The present invention provides a method for cleaning

and rinsing an article, comprising a cleaning step of

20 contacting an article having a contaminant attached, with
a hydrocarbon solvent containing an aromatic hydrocarbon
or a glycol ether, and a rinsing step of contacting it
with a fluorinated ether, wherein the fluorinated ether
is a compound represented by the formula 1:

25 R'-0-R? formula 1
wherein each of R! and R® which are independent of each

other, is a fluorinated alkyl group, wherein the number



can be denonstrated in the rinsing step with HFE. EFFECT OF THE | NVENTI ON 10
The present invention enables the conpound represented by the formula 1,
.which was heretofore difficult to apply to rinsing, to be used in the
rinsing step, thereby achieving excellent cleaning performance and rinsing
performance. 15 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The fl uori nat ed
ether in the present invention is a conpound represented by the fornula 1.
Each of R and R2 has at |least one fluorine atom preferably from2 to 10

20 {1 uori ne alorgs,, ANd.J el alofuiihelq of, GaLhen, atems,, £oat kngd in R and

R2is from4 to |'uori nate et her present 1 nvention is

superior in therdml,,Stald idne t&dﬂi&ﬁiﬁ}ﬁ&r dF i e WU b conhalgs a
fluorine atom 25 Specific exanples of the fluorinated ether represented by
the fornmula 14 pol udg %712, 2roheiradl goroethyl-2,2,2-trifluoroethyl ether
(CHF2CF2- 0O 5 CH2CF3, hereinafter referred to as "HFE347"), 1, 1, 2, 2-

tetrafluoroethyl -ghe, Sredsdiof I Al &10F DR ORYe s B RET hy § £5ELE53n Q SHRGRE CHF2,

hereinafter referred to as "HFE45811) and so on.” In the present invention,

the 5 flugrinaied eliiey dmyphemdsed ISiddaridn ar | £agtydd0 e tydes; of
fluorinated ethers may be used as m xed. Furthernore, since drying is
ef fected by repl agiqihithe Juul ocaidabs Al ot thmSiid gaer S ridiecarticl e

can be demonstrated in the rinsing step with HFE.

EFFECT OF THE INVENTION

10 The present invention enables the compound
represented by the formula 1, which was heretofore
difficult to apply to rinsing, to be used in the rinsing
step, thereby achieving excellent cleaning performance
and rinsing performance.

15
BEST MODE FOR CARRYING OUT THE INVENTION

The fluorinated ether in the present invention is a

compound represented by the formula 1. Each of R' and R?
has at least one fluorine atom, preferably from 2 to 10

20 fluorine atoms, and the total number of carbon atoms
contained in R' and R®* is from 4 to 8. The fluorinated
ether in the present invention is superior in thermal
stability to HFE either R' or R?® of which contains a
fluorine atom.

25 Specific examples of the fluorinated ether
represented by the formula 1 include 1,1,2,2-

tetrafluoroethyl-2,2,2-trifluoroethyl ether (CHF,CF,-0O-



coated therewith, with the fluorinated ether, the 10 fluorinated ether is
preferably one having a boiling point of from30 to 100C, and nore

. preferably one having the total number of carbon atons contained in Rl and
R2, in a range of from4 to 6. The hydrocarbon solvent to be used in the
cleaning 15 step of the present invention contains an aromatic hydrocarbon
or a glycol ether. The aromatic hydrocarbon is preferably one having the
nunber of carbon atoms in a range of fromM7 to 10 in particular in view of

N ah det e gepgices TN LLASL PO 20 8N A SRl Ly T

e
fl uori nated represente ormula 1, and furthefr pré?érably one

having 9 or t;@rggﬁgggogkﬁggrgingtEL%eﬁﬁggﬁhgﬁﬁg%oggﬁ aLenatic hydrocarbon

i ncl ude tol uene, Xxylene, ene, ne zené, diethyl benzene,

and so on. Ar('@ﬁg‘z@f"zh—%—%m%%ﬁgﬁ“h,)/lhﬂé%a%%%éxsréﬁ eferably applicable

because of its adequate so ?lty for t onpound represented by the

formula 1. 6.uppaeishiC paeter bad examphesppisthe ghyentishherpincl ude al kyl
et hers of diethylene glycol and al kyl et%ers of di propyl ene glycol fromthe

vi ewpoi nts of shi,ghingekubkekihby faf bheulluoiinghed ekher repiesenied by the 5
formula 1. More Specific exanples include the conpounds |isted bel ow

Di et hyl ene ghkypek bypelebkehstedchtas di alblybenesedl Weomisonet hyl ether,
di et hyl ene gl ycol nonoethyl ether, diethylene glycol nono nornal propyl
et her, Furthermore, since drying is effected by replacing
the hydrocarbon solvent on the surface of the article
coated therewith, with the fluorinated ether, the
10 fluorinated ether is preferably one having a boiling
point of from 30 to 100°C, and more preferably one having
the total number of carbon atoms contained in R! and RZ,
in a range of from 4 to 6.
The hydrocarbon solvent to be used in the cleaning
15 step of the present invention contains an aromatic
hydrocarbon or a glycol ether.
The aromatic hydrocarbon is preferably one having
the number of carbon atoms in a range of from 7 to 10 in
particular in view of high detergency, a high flash point
20 and high solubility for the fluorinated ether represented
by the formula 1, and further preferably one having 9 or
10 carbon atoms. Specific examples of the aromatic
hydrocarbon include toluene, xylene, mesitylene, methyl
ethyl benzene, diethyl benzene, and so on. Among othersg,
25 methyl ethyl benzene is preferably applicable because of

its adequate solubility for the compound represented by

the formula 1.



10.di et hyl ene gl ycol nono isopropyl ether, diethylene glycol nono normnal
butyl ether, diethylene glycol nono isobutyl ether, diethylene glycol

., dinmethyl ether, diethylene glycol diethyl ether, diethylene glycol dibutyl
ether, and so on. 15 D propylene glycol type ethers such as dipropyl ene

gl ycol nononet hyl ether, dipropylene glycol nonoethyl ether, dipropylene
gl ycol nono normal propyl ether, dipropylene glycol nono isopropyl ether,
di propyl ene egcoI nDno nor mal butyI et Her, dipropyl ene gl ycol nono 20

i sobutyl ether, q?é%jyg }$%§ §m ? ogtggé 5%%é£fdg{gggtlc

hydr ocar bon and Q\ ocar bon sol vent

is preferably B0 mass% from
t he vi ewpoi nt of dz(%a lhéﬁm ng t e sol(ﬂ‘tg:‘n-{i}ll rEeret en the (#I uor¥ nat ed et(;ler
represented by g qu_:rrggi 3}% rqqggnpoghéq}l%odlrrge;g?% %%ng out

rinsing efficiently in a sho t perlo f 7 tinme The | vent of

the present ideiion Je6:d LHHé‘eﬂM!{fr?dﬂbc?rétﬁr{éno@éﬂfeM&?% Qhd N
addition to the aromatic hydrocarbon or glycol ether. The aliphatic 5

hydrocarbgn hasnhiey advapbage sphat fiik BaamphesMhatali lihey geimddan that
of other hydrocarbon solvents, in addition to its low price and high

cl eani ng penfiyvanelokhe allphatlc hydr ocarbon is preferably a linear or
10 branched saturated hydrocarbon having at | east 8 carbon
Diethylene glycol type ethers such as diethylene

glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol mono normal propyl ether,

10 diethylene glycol mono isopropyl ether, diethylene glycol
mono normal butyl ether, diethylene glycol mono isobutyl
ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol dibutyl ether,
and so on.

15 Dipropylene glycol type ethers such as dipropylene
glycol monomethyl ether, dipropylene glycol monoethyl
ether, dipropylene glycol mono normal propyl ether,
dipropylene glycol mono isopropyl ether, dipropylene
glycol mono normal butyl ether, dipropylene glycol mono

20 1isobutyl ether, and so on.

The total of the content of the aromatic hydrocarbon
and the content of the glycol ether in the hydrocarbon
solvent is preferably at least 10 mass%, and more
preferably at least 30 mass% from the viewpoint of

25 enhancing the solubility between the fluorinated ether
represented by the formula 1 and the hydrocarbon solvent

and carrying out rinsing efficiently in a short period of



atons, and specific exanples thereof include n-octane, n- decane,

n-undecane, n-dodecane, kerosene, mneral spirits, and so on. C eaning of an
.article is normally carried out under 15 warming at from30 to 100C, and

t he hydrocarbon solvent preferably has a boiling point of at |east 100C,
particularly preferably at |east 150C, because the boiling point of the
hydr ocarbon solvent is preferably higher than the cleaning tenperature. 20
It is preferred to select a conbination of the fluorinated ether and the
hydr ocar bon | vent so that the difference between the boiling points of

t he hydrocarbon ~'sol vent and the fluorinated ether is at |east 50C, from

the viewpoint of f1dhel@Ril A AGPAUALING. A HECHUEELOg 26, she: Dyl pgar bon

sol vent and the fluori‘nate distilTati'on in a process o

[ 1 ti t f : i i i ny . ifi
col I ecting ftﬁ@tﬂeqmct&&daﬁl%a@'mpﬁaea@@g(& arfﬂbﬁmg}jsatefmgle%%nsggﬁ' Ic

exanpl es of the preferred conbination of the fluorinat in the

rinsing stepd Ahga didneai ol Wntgused idtddie Cheaningshen Are as
follows: in a caé% mﬁ%re t he quorinatedE%ther is HFE347 5 gr ﬁFE458, t he

hydrocarbgn sglaentavBah b OnasSelRamhgd R @n @it e Aydr ocar bon havi ng
9 carbon atons such as nethyl ethyl benzene, a m xture of an aromatic

hydr ocar bon l&\éimgﬁycaﬁ?rmat% amh it dene 1ot aryBn sdiirtod , et her,
a m xture of n-decane and diethyl ene 10 gl ycol nono-n-butyl ether, a m xture
of n-dodecanén rddindegans and dic piienre o ealghmdleeaning yl ether, and so
performance.
The aliphatic hydrocarbon is preferably a linear or
10 branched saturated hydrocarbon having at least 8 carbon
atoms, and specific examples thereof include n-octane, n-
decane, n-undecane, n-dodecane, kerosene, mineral
spirits, and so on.
Cleaning of an article is normally carried out under
15 warming at from 30 to 100°C, and the hydrocarbon solvent
preferably has a boiling point of at least 100°C,
particularly preferably at least 150°C, because the
boiling point of the hydrocarbon solvent is preferably
higher than the cleaning temperature.
20 It is preferred to select a combination of the
fluorinated ether and the hydrocarbon solvent so that the
difference between the boiling points of the hydrocarbon
solvent and the fluorinated ether is at least 50°C, from
the viewpoint of efficiently separating and recovering
25 the hydrocarbon solvent and the fluorinated ether by

distillation in a process of collecting them from the

cleaning step and the rinsing step.



on.. Furthernore, the hydrocarbon solvent in the present invention may
contain at | east one nenber selected from 15 al cohols, nitrogen-containing
. organi c conpounds and organosilicon conmpounds, if necessary, and specific
exanpl es thereof include the conpounds |isted bel ow Al cohols: 2-ethyl butyl
al cohol, 2-ethyl hexyl alcohol, nonyl alcohol, decyl alcohol and

cycl ohexanol. 20 Nitrogen-containing organi c conpounds: N nethyl-2-
pyrrolidone and 1, 3-di nethyl -2-im dazol i ¢ none. Organosilicon conpounds:
eyl Doy s sl anels e and actami il el o g ast | oxane.
to be Used o B SHA Sararsnor St arb ek e b i |
599 based SN LRS LECH “Somt o Re TTSor ear g EReE and (e Tineing

auxiliary, meLg1 el grabl Béa:,s%s%h,te%n tHd FgR %t%rde\é%'ﬁegt {1(;% HpgL to S5

becone flammable. Since the tluorinated ether is subjecte distillation

for reuse; the EiFRSISRY e HiAbdatbdRY efaralbity maRe aaywig 2 1RQidddg poi nt
of from30 to 100C as in the ' case of the fluorinated ether, in order to 10

increase recevehy a@f bironRRGY: OlydriR aibds M awy ld diafbor WHARS MG a nore
preferred case is such that a solution mxture of the fluorinated ether and
the rinsing as methyl ethyl benzene, a mixture of an aromatic
hydrocarbon having 9 carbon atoms and diethylene glycol
mono-n-butyl ether, a mixture of n-decane and diethylene
10 glycol mono-n-butyl ether, a mixture of n-dodecane, n-
undecane and diethylene glycol mono-n-butyl ether, and so
on.
Furthermore, the hydrocarbon solvent in the present
invention may contain at least one member selected from
15 alcohols, nitrogen-containing organic compounds and
organosilicon compounds, if necessary, and specific
examples thereof include the compounds listed below.
Alcohols: 2-ethylbutyl alcohol, 2-ethylhexyl
alcohol, nonyl alcohol, decyl alcohol and cyclohexanol.
20 Nitrogen-containing organic compounds: N-methyl-2-
pyrrolidone and 1,3-dimethyl-2-imidazolidinone.
Organosilicon compounds: dimethyl polysiloxane,
cyclopolysiloxane and octamethyl cyclotetrasiloxane.
In the present invention, the rinsing step may also
25 be carried out using the fluorinated ether containing a
rinsing auxiliary. The rinsing auxiliary to be used can

be one selected from hydrocarbons, lower alcohols and



auxiliary is

becones unnecessary to adjust an 15 anobunt of the rinsing auxiliary to be

. added, after
carri ed out

an azeotropic or azeotropic-like conposition, because it

distillation and because vapor cleaning can be further
with the mxture of the fluorinated ether and the rinsing

auxiliary after the rinsing step. Specific exanples of the rinsing auxiliary
t he conpounds |isted bel ow. drocar bons: n-pentane, n-hexane,

i nclude 20
i sohexane, n
met hyl cycl oh
propyl al coh
net hyl et hyl
havi ng a con
descri bed be
hydr ocar bon
cont am nant
hydr ocar bon
such as agne
a met hod of

temperature at theidddecrd £aMAGliatdd tdenar ti €l eupbiddted e hydrocar bon

solvent is p
t he hydrocar

10

15

20

25

- heptane, isooctane, cycl openhtane, cycl ohexane and
FAg e dovar alaghola; Methyl alcool,, o
ol |soﬁropyp Aréonor -and bl yl APESREI

1

according to e pres invention Wl |l

BV L Igﬁ[}ﬁ%%ﬁetd"'!e@he% SREHHd %iﬁ{%ﬁ%&ifia&%}; ddi&e

sol vent roug into 5 contact w article ‘having a

Atached1y The st 1fd”m§%%;%[ a idde anld Glsitd dde

sol vent can be i nplenente

10 spraying the hydrocarbon solvent onto the article. A

h h.alcohol, n- 25

any one of appropriate mnethods
tHwedrf d1gmi=y1rg the article into the hydrocarbon sol vent,

axr 18
et-6ngsacet one and

tpg:%tf%gﬁblgqﬁ. a?gﬁsé g%%ﬂc %o (l\’rlaesaéléi saer?:fj Jﬂ ;Eﬁ{@%o%larérélo%nec 10 be

and

referably selected in a range not including the flash point of

Roktillation for reuse, the rinsing auxiliary is
preferably one having a boiling point of from 30 to 100°C
as in the case of the fluorinated ether, in order to
increase recovery efficiency of the rinsing auxiliary.
Furthermore, a more preferred case is such that a
solution mixture of the fluorinated ether and the rinsing
auxiliary is an azeotropic or azeotropic-like
composition, because it becomes unnecessary to adjust an
amount of the rinsing auxiliary to be added, after
distillation and because vapor cleaning can be further
carried out with the mixture of the fluorinated ether and
the rinsing auxiliary after the rinsing step.

Specific examples of the rinsing auxiliary include
the compounds listed below.

Hydrocarbons: n-pentane, n-hexane, isohexane, n-
heptane, isooctane, cyclopentane, cyclohexane and
methylcyclohexane.

Lower alcohols: methyl alcohol, ethyl alcohol, n-
propyl alcohol, isopropyl alcohol and butyl alcohol.

Ketones: acetone and methyl ethyl ketone.

The method for cleaning and rinsing an article



solvent, and slight warmng is preferred, in order to 15 enhance renoval of
the contam nant. Specifically, it is preferred to immerse the article in a
. bath of the hydrocarbon solvent at a tenperature |ower by at |east 100C
than the flash point, In addition, in the contact nethod by inmersion, a
means for applying a mechanical 20 force such as ultrasonic vibration,
stirring, swing and brushing may he used in conbination in order to enhance
di ssolution and renoval of the contanminah?. A contact time of the article

with the hydé%@%‘%o%é%%lﬂ\é%‘tﬂat%ts%ttsa%ﬁez at. 4 iglgﬂtet mt%népn%e}crn@oved to a

desired degr he article, was C by ¢ _ with the

nydrocarbon SeeRt orl 311N U6 GAURLL LA 13, Jd UK G Gorposed of

the fluorinated ether. for contacting the article wth the

rinsing Iiqu%ﬁecQ%QcaEQQngu&@plenented by a nethod of immersing the
cleaned articfe in the rinsing liquid, a nethod of spraying the rinsing

liquid onto the gliganed @ld i) Erodhbdetdod &ic cantiacdidig: the &l eaned
article with vapor of the rinsing liquid, or the like.” Furthernore, in

order to sai eRnithetr WishNGn efiftidi1NGLviRe S taisidit Ridhpchamy be
repeated or different rinsing nmethods may be carried out in 10 conbi nati on.

Parti cul arl y Thieh@ethasi Aprefdortiancng $hd Ratgased Wit wrbi nation of the
i mrersi ng nmethod or the spraying nethod with the nmethod of contact with

vapor. In thhydeas@rbdn is®lpfegiteidatd Heo impIemea tidie 8} eanedneards cle in the
rinsing liquid or to spray the rinsing

appropriate methods such as a method of immersing the
article into the hydrocarbon solvent, and a method of

10 spraying the hydrocarbon solvent onto the article.

A temperature at the time of contact of the article

with the hydrocarbon solvent is preferably selected in a
range not including the flash point of the hydrocarbon
solvent, and slight warming is preferred, in order to

15 enhance removal of the contaminant. Specifically, it is
preferred to immerse the article in a bath of the
hydrocarbon solvent at a temperature lower by at least
10°C than the flash point. In addition, in the contact
method by immersion, a means for applying a mechanical

20 force such as ultrasonic vibration, stirring, swing and
brushing may be used in combination in order to enhance
dissolution and removal of the contaminant. A contact
time of the article with the hydrocarbon solvent is so
set that the contaminant is removed to a desired degree.

25 Then the article, which was cleaned by contact with

the hydrocarbon solvent, is rinsed by contact with a

rinsing liquid composed of the fluorinated ether. The



15 1iquid onto the cleaned article, and then to expose the article to the
vapor to effect rising. Furthernore, in the case where the cleaned article
.is imersed in the rinsing liquid and then brought into contact with the
vapor to effect rinsing, it is preferred 20 to set the rinsing |iquid

i mredi ately before the contact wth the vapor at a tenperature | ower by at
| east 100C than the boiling point of the fluorinated ether because the
rinsing efficiency can be enhanced. Thislils because the fluorinated ether

conti nues to_conde on e sur.f,ace af. t-he cl.eaned artjcle til. e
c?:hoJl oratcgé’xq[aéza:t%hnéld:&% arq:lctle v?ltfeh trtﬁhee %1Asclnr%£ﬁq

h
cleaned article Os e i ng point o uor’ Sther. 12
EXAMPLES No e - i ejﬂmﬂ t i nvention
will be desc\rgiaﬁleﬁlaibr% %’v%. %&%p es é? b?ﬂ%a to Cgf % ltr@?el%ﬁi%r%}(l)é 20, and 22
to 24 are examplaieq %uGli e B S3ENG diue lonnand BXamRliess S 9 15 and 21
are conparative exanples. EXAMPLES 1 to M x sol utions of HFE347

(boiling poi @pr%@@)nsé)rt}@ v 137801d 0Pl 1 1CPMRARS i Of  HREB 4 @neh £t hanol 10
(HFE347/ et hanol =94. 5/ 5.5 (based on mass), boiling point 54C), with one of

hydr ocar bgn %@t\lﬂj’&i So@%dﬂt%t&qﬂ@ th@@l%ahé@r&ﬁ@@ﬁ%@%ﬁ&asw enment for
each m xed solution was conducted to determ ne a nmaxi num content of each

hydr ocar bon sQle/editnd ihgMiiiciutdhe v %atk siolrit i on did 15 not undergo phase
separation into two phases. The maximum content of each of the above
hydrocarbon sol vemisthermore, in order to raise the rinsing
efficiency, the same rinsing method may be repeated or
different rinsing methods may be carried out in
10 combination. Particularly, the rinsing efficiency is
increased by a combination of the immersing method or the
spraying method with the method of contact with vapor.
In this case, it is preferred to immerse the cleaned
article in the rinsing liquid or to spray the rinsing
15 liquid onto the cleaned article, and then to expose the
article to the vapor to effect rising.
Furthermore, in the case where the cleaned article
is immersed in the rinsing liquid and then brought into
contact with the vapor to effect rinsing, it is preferred
20 to set the rinsing liquid immediately before the contact
with the vapor at a temperature lower by at least 10°C
than the boiling point of the fluorinated ether because
the rinsing efficiency can be enhanced. This is because
the fluorinated ether continues to condense on the

25 surface of the cleaned article until the cleaned article

is heated to the boiling point of the fluorinated ether.
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paration occurred. Table 1 shows the neasurenent results.
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.20 "neasurenent results" in Table 1, O indicates that the naxi rum content
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nono- n- 46<Do
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20

sol vent was | ess than 30% 13 TABLE 1

dr ocar bonFl ashMeasur e- sol veht (boi l'i ngpoi ntment point)[Clresult

bfggﬁ%#@ADo benzene (160C) diethyl ene glycol 2nmono-n-butyl
00 3

n-decane (174C)46X n-decane (174C)/diethyl ene 4glycol
but Wouet REI{AINO) 80/ 2dindgcane LdA4Rddigt hlene Sgl ycol

butyl et'her (230C)=90/10
present invention will be described below. Examples 1,

2, 4 to 8, 10 to 14, 16 to 20, and 22 to 24 are examples
of the present invention and Examples 3, 9, 15 and 21 are
comparative examples.

EXAMPLES 1 to 6

Mixed solutions of HFE347 (boiling point 56°C) or an
azeotropic composition of HFE347 and ethanol
(HFE347/ethanol=94.5/5.5 (based on mass), boiling point
54°C), with one of hydrocarbon solvents as listed in
Table 1 were prepared and measurement for each mixed
solution was conducted to determine a maximum content of
each hydrocarbon solvent in which the mixed solution did
not undergo phase separation into two phases. The
maximum content of each of the above hydrocarbon solvents
was measured by adding the hydrocarbon solvent to 100 g
of HFE at 25°C until the phase separation occurred.

Table 1 shows the measurement results. In the
"measurement results" in Table 1, © indicates that the
maximum content of the hydrocarbon solvent was at least
50%; O the maximum content of the hydrocarbon solvent
was from 30 to 50%; and X the maximum content of the

hydrocarbon solvent was less than 30%.



HFE347/ et hanol =n- decane 94.5/5.5(174C)/ di et hyl ene 6gl ycol nono-n-46<(c)o
‘butyl ether (230C)=90/10 EXAMPLES 7 to 12 M xed sol utions of HFE458 (boiling
. point 93C) or an 5 azeotropic conposition of HFE458 and et hanol
(HFE458/ et hanol =71. 0/ 29. 0 (based on nass), boiling point 74C), with one of
hydr ocarbon solvents as listed in Table 2 were prepared and neasurenent for
each m xed solution was conducted to determ ne a maxi num content of 10 each
hydr ocarbon sol vent in which the nixed sbfution did not undergo phase
separation ig.kthE\/\q phases, in the same nmanner as in Exanples 1 to 6. Table
2 shows the "neaSurenent results. Synbols (c), 0 and X in the 14
"measur enen{ HF&sul t s" i n TabhlExdnpkpt Bgdrbchhbosane neqtrri]rag& eagurfablie 1.
TABLE 2 HFEExanpl eHydr ocar bgnFl ashMeasulleensol(senl iagoi ||igigpad nherot
point)[Clresul t HFE4587net hyll et hyl 44ghb0nbgnzene (160C) |dieilhy| paguutyco
8nmono- n- but YipgBRer 230 (2300)" 1 methyl ethyl a4 o
benzene (160°C)
diethylene glycol
2 mono-n-butyl ether|{ 230 ©
(230°C)
3 n-decane (174°QC) 46 X

n-decane

(174°C) /diethylene
4 glycol mono-n- 46< ©
butyl ether
(230°C)=80/20
n-decane

(174°C) /diethylene
5 glycol mono-n- 46< @)
butyl ether
(230°C)=90/10
HFE347/ethanol= n-decane

94.5/5.5 (174°C) /diethylene
6 glycol mono-n- 46< ©
butyl ether
(230°C)=90/10

EXAMPLES 7 to 12
Mixed solutions of HFE458 (boiling point 93°C) or an
5 azeotropic composition of HFE458 and ethanol
(HFE458/ethanol=71.0/29.0 (based on mass), boiling point
74°C), with one of hydrocarbon solvents as listed in
Table 2 were prepared and measurement for each mixed
solution was conducted to determine a maximum content of
10 each hydrocarbon solvent in which the mixed solution did
not undergo phase separation into two phases, in the same
manner as in Examples 1 to 6. Table 2 shows the

measurement results. Symbols ©, O and X in the



9n-decane (174C) 46X n-decane (174C)/di et hyl ene 10gl ycol nono-n-46<0 butyl
et her (230C)=85/15 n-decane (174C)/di et hyl ene 11glycol nobno-n-46<X butyl

. ether (230C)=95/5 HFEA458/ et hanol =n-decane 71.0/29.0(174C)/ di et hyl ene

12gl ycol nono-n-46<(c)o butyl ether (230C)=95/5 5 EXAMPLES 13 to 18 A
100-nmesh wire netting cut into a size of 50 mx50 nmm was i mersed in each
of the hydrocarbon solvents as listed in Table 1, for one m nute and then
i mersed in 10 HFE347 or an azeotropic cofposition of HFE347 and et hanol at
r oom { enper At f e [ MRS MNALLADSe I NI LNl s_pull ed
out, and then f%e appearance 0O ac Wre netting was o serve Table 3
shoms the ev g In Table 3, (c) indicates no stain
observed; 0 %t#ﬁgﬁgﬂg%giﬁjg§§g$%EJT and X obvi ous stain observed. TABLE 3

TABLE 2

HFE Example | Hydrocarbon Flash | Measure-
solvent (boiling point | ment
point) [eC] result
HFE458 methyl ethyl 44 ©
benzene (160°C)
diethylene glycol
8 mono-n-butyl ether| 230 ©
(230°C)
9 n-decane (174°C) 46 X

n-decane

(174°C) /diethylene
10 glycol mono-n- 46< ©
butyl ether
(230°C)=85/15
n-decane

(174°C) /diethylene
11 glycol mono-n- 46< X
butyl ether
(230°C)=95/5
HFE458/ethanol= n-decane

71.0/29.0 (174°C) /diethylene _
12 glycol mono-n- 46< ©
butyl ether
(230°C)=95/5

EXAMPLES 13 to 18
A 100-mesh wire netting cut into a size of 50 mmx50
mm was immersed in each of the hydrocarbon solvents as
listed in Table 1, for one minute and then immersed in
10 HFE347 or an azeotropic composition of HFE347 and ethanol
at room temperature for 3 minutes. Thereafter, the wire
netting was pulled out, and then the appearance of each

wire netting was observed. Table 3 shows the evaluation
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et her=90/10 5 Exanples 19 to 24 A 100-mesh wire netting cut

results.

slight stain observed;

1Pn each of the hydr ocar bon sol vents

© indicates no stain observed; O

and X obvious stain observed.

TABLE 3
HFE Example | Hydrocarbon Flash |Bath Evalu-
solvent point tempera- {ation
[eC] ture result
[°C]
HFE347 13 methyl ethyl 44 30 ®
benzene
diethylene
14 glycol mono-n- 230 30 ©
butyl ether
15 n-decane 46 30 X
n-
decane/diethyl
16 ene glycol 46< 30 ©
mono-n-butyl
ether=80/20
n-
decane/diethyl
17 ene glycol 46< 30 O
mono-n-butyl
ether=90/10
HFE347/ n-
ethanol= decane/diethyl
94.5/5.5 18 ene glycol 46< 30 ©

mono-n-butyl
ether=90/10

Examples 19 to 24

A 100-mesh wire netting cut into a size of 50 mmx50

mm was immersed in each of the hydrocarbon solvents as

listed in Table 2,

for one minute and then immersed in

HFE458 or an azeotropic composition of HFE458 and ethanol

at room temperature for 3 minutes.
netting was pulled out,

wire netting was observed.

Thereafter,

the wire
and then the appearance of each

Table 3 shows the evaluation




listed in Table 2, for one mnute and then imersed in 10 HFE458 or an
azeotropi c conposition of HFE458 and ethanol at roomtenperature for 3

. mnutes. Thereafter, the wire netting was pulled out, and then the
appearance of each wre netting was observed. Table 3 shows the eval uation
16 results. In Table 3, (c) indicates no stain observed; 0 slight stain
observed; and X obvious stain observed. TABLE 4

HFEExanpl eHydr ocar bonFl ashBat hEval u- sol ¥8nt poi ntt enpera-ation [C]tureresult

C] HFE45819 hyl hyl| 443 i et hyl Oal | - 230300
L\- Lut yl et herrPs etf’i}ni-t(fgf:a%&é@g% n-9 ?gggﬁle l:ﬁeate %yer%lsé%%fo%csoﬁgv%%oﬁ
g?ﬂg; Qggfgyl ALEEEYL R Aecae! A g Ry 53] 808 9L vgol 485800, agno- n- but yl

TABLE 4

HFE Example |Hydrocarbon Flash |Bath Evalu-
solvent point | tempera- |ation
[°C] ture result
[°C]

44 30 ©

HFE458 19 methyl ethyl
benzene
diethylene
20 glycol mono- 230 30 ©
n-butyl ether
21 n-decane 46 30 X
n-
decane/diethy
22 lene glycol 46< 30 ©
mono-n-butyl
ether=85/15
n-
decane/diethy
23 lene glycol 46< 30 O
mono-n-butyl
ether=95/5
HFE458/ n-
ethanol= decane/diethy
71.0/29.0 24 lene glycol 46< 30 ©
mono-n-butyl
ether=95/5




HFE458/ n- et hanol =decane/ di et hy 71. 0/ 29. 024l ene gl ycol 46<3000 nono- n- but yl
ether=95/5 5 17 CLAIMS: 1. A nethod for cleaning and rinsing an article,

. characterized by conmprising a cleaning step of contacting an article having
a contam nant attached, with a s hydrocarbon sol vent containing an aromatic
hydr ocarbon or a glycol ether, and a rinsing step of contacting it with a
fluorinated ether, wherein the fluorinated ether is a conpound represented
by the formula 1: RI-O-R2 Fornula 1 io whérein each of RL and R2 which are

i ndependent of each other, is a quo?§ 3&9 al kyl group, wherein the nunber
of fluorine atons contained in each o and R2 is at |east one, and the

t ot al nunberlof %@%@Qﬁdﬁ‘ygi rgéﬂﬂﬁ .aﬂd1ggbégﬁgggaﬁé%égéygﬁ-to 8. is 2

The cl eani ng and rinsing nethod according to erein the

fluorinated ehhenckgrlzla?pd LRprakl of QethLlard gy Ztldd IV RRLI; ] her or
1,1,2,2- tetrafluoroethyl-2,2,3,3-tetrafl uoropropyl ether. 3. The cl eaning

and rinsing ggt hedaGe0hdAg4 @ ERitBintnad® Ak tAcheREr §litH e hydrocarbon
sol vent contains nethyl ethyl benzene as the aronmatic hydrocarbon.

5 hydrocarbon solvent containing an aromatic hydrocarbon or
a glycol ether, and a rinsing step of contacting it with
a fluorinated ether, wherein the fluorinated ether is a
compound represented by the formula 1:
R'-0-R? Formula 1

10 wherein each of R' and R® which are independent of each
other, is a fluorinated alkyl group, wherein the number
of fluorine atoms contained in each of R' and R? is at
least one, and the total number of carbon atoms contained
in R' and R? is from 4 to 8.

15 2. The cleaning and rinsing method according to Claim
1, wherein the fluorinated ether is 1,1,2,2-
tetrafluoroethyl-2,2,2-trifluoroethyl ether or 1,1,2,2-
tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether.

3. The cleaning and rinsing method according to Claim 1

20 or 2, wherein the hydrocarbon solvent contains methyl
ethyl benzene as the aromatic hydrocarbon.

4. The cleaning and rinsing method according to Claim
1, 2 or 3, wherein the total of the content of the
aromatic hydrocarbon and the content of the glycol ether

25 in the hydrocarbon solvent is at least 10 mass%.

5. The cleaning and rinsing method according to any one

of Claims 1 to 4, wherein the hydrocarbon solvent further



4. The cleaning and rinsing nethod according to Caim 1, 2 or 3, wherein
the total of the content of the aromatic hydrocarbon and the content of the
gl ycol ether 25 in the hydrocarbon solvent is at |east 10 nass% 5. The

cl eaning and rinsing nethod according to any one of Clains 1 to 4, wherein
t he hydrocarbon solvent further 18 contains an aliphatic hydrocarbon. 6.
The cl eaning and rinsing nethod according to Cdaim 5, wherein the aliphatic
hydrocarbon is a |inear or branched satufated hydrocarbon having at |east 8

carbon 5 atqggdtains an aliphatic hydrocarbon.

6. The cleaning and rinsing method according to Claim
5, wherein the aliphatic hydrocarbon is a linear or
branched saturated hydrocarbon having at least 8 carbon

5 atoms.



