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
nonf | ammabl e sol vent 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 reflerred to as "HCFC') such as

di chl or opent af | uor opr opane (hereing Eﬁhlg%gﬁﬁred to as "R-225") was w dely
used as a fluorocarbon solvent for precisi 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 instrunent industr&LEkggNalg&brhgﬁhlﬁ&dmﬁgﬁﬁbronic i ndustry, the
and so on.

pl astic processing industry, wever, use of HCFC will be totally
abolished in 25 advanced countries until 2020 because of its ozone
depl etion potential. Hydrofluorocarbon (hereinafter referred to as "HFC'),

hydr of | ugy oe ephpfper 2 referred to as "HFE") and the like are
known asqgflEggggggggnbsgpvents which are alternatives for HCFC,

The present invention relates to 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



which contain no chlorine in their nolecule and which have the ozone

depl etion potential of zero. 5 For exanple, there is a known nethod 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 from 20 to 120C (cf.

Pat ent Docunent 1). However, this nethod often fails to adequately renove a
contam nant 10 because the solvency of HFE for the contam nant is not
sufficient. There i s another known method for cleaning an article with the

use of an aligfg%%gggﬁgr% aggﬁgu ranahghgiE?FE;?¥%¥§£8w£hgge was a problem

t hat these h§ vent S were un ry and a | ot of energy

was Lhus retLLedohaudly Lo ALLT GhecR!LEL C1E30HI0LO0YRR wiese

hydr ocar bon solvents have e ozone zéro and hi gh

r enoval effi%ggﬁyﬁgétggg ngogflggﬂﬁgt in2t9h§‘%$9ﬁg9gc{ﬁre Qhaswg_c%taaSHFE

after cleaning w't drocarbon sol ven at ent Docunent

proposed _aspgy et 100k 8n30hUB1 LRGR! BBLEMY 1 HRWBYeLe LT s docurent  fails to

di scl ose a specific exanple o wever, even I n the above nethod, HFE

has a |ow 25 sol E‘EE' %Ec&gxkgé t hgebydsgcar ﬁgwﬁoh\é@i’ﬁo&”ﬁ%‘} iQle SH iGN P

depending on its kin t he "hydr ocarbon sol vent cannot be sufficiently

rermoved by rapei et 86mA0LEA! 8718 PRifrealeaned: bl Enetdl! Baly he
ydrocarbon solvent refmins on a Surface of the article to be cleaned; this
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
sufficient. 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



caused a problem of defective rinsing such as occurrence of stain. 5 Patent
Docunment 1: JP-A-HOb-271692 (clains) Patent Docunent 2: JP-A-H10-202209
(clainms) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
10 It is an object of the present invention to provide a nethod 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 nethod with excellent cleaning perfornmance 15 and

rinsing perfeigggggorw%@ggﬁlﬁgg S0LVLNG THE RRGRLEM-TRG Bessemt | nvention

provi des a rinsing an article, conprising a

cl eaning stepefhigl SHnsaetlmgcan #rthel 8r-Ba¥nR0Ld eaNaghnaR; ahhiached,
with a hydrocarbon solvent containing an.aromatic hydrocarbon or a glycol

ether, and acg{;884Ng pteB1&h SQ”HQEEbBQvetrlwbEB aghleHoLisN ket reehele
mhereln the fluorinated ether 1is a conpound represented by the forrmula 1:

25 R-OR2 fggndkaih Wherein each of R and R2 which are independent of each
other, is a fluorinated al kyl group, wherein the number 4 of fluorine atons

contai ned; i n eacha@bnRl pRRtmBaAti 9 :al7p-Redds -27a692nd dika it al nunber of
carbon atons contained in RlL and R2 is from4 to 8 The present invention

uses the hydrocapheentOb¥eiinent 2: JP-A-H10-202209 (claims)

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



5.contai ning an aromati ¢ hydrocarbon or a glycol ether in the cleaning
step, whereby excellent rinsing performance can be denonstrated in the
rinsing step with HFE. EFFECT OF THE | NVENTI ON 10 The present invention
enabl es the conpound represented by the formula 1, which was heretofore
difficult to apply to rinsing, to be used in the rinsing step, thereby
achi evi ng excel l ent cl eaning performance , and rinsing performance. 15 BEST
MODE FOR CARRYI NG OUT THE | NVENTI ON The fi uorinated ether in the pr esent

nvention s cg GUEAWAl eHe eRkad i e e g, JRACk2 0f g Rle and R2

has at | east oné uorine atom preferably from2 to 1 O fluorine atons,

and the ot ah QUIeheO! of RO AR rfifibed 2] daikifdn A dondd fHRd to 8.

The fluorinate ether in the present invention is superior in therm

stability toiHFReLhReRp? Rl of bR £frydgch contains a fluorine atom 25
Specific exanples of the fluorinated ether represented by the fornula 1

i nclude 1,1, 2, 2- qied i diiostdniicd Addd fent R fda @idier s & FHERCF2- O 5
CH2CF3, hereinafter referred to as "HFE347"), 1, "1, 2, 2-

tetrafl uog oeliftadmdng In AricAAtUY R/dHBHarPdheor A @EHRCRHF2,
hereinafter referred to as "HFE458") and so on. In the present invention,

the 5 fluori paleedi1bhng it hf WARG eDy @xbeldlerd! ¥ifRSIing \Werformance

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-

tetrafluorocethyl-2,2,2-trifluoroethyl ether (CHF.CF,-0O-



types of fluorinated ethers nmay be used as m xed. Furthernore, since drying
Is effected by replacing the hydrocarbon solvent on the surface of the
article coated therewith, with the fluorinated ether, the 10 fluori nated
ether is preferably one having a boiling point of from30 to 100C, and nore
preferably one having the total nunber of carbon atons contained in R and
R2, in a range of from4 to 6. The hydrpcarbon solvent to be used in the
cleaning 15 step of the present inventi®dn contains an aronmatic hydrocarbon

or a glycol eher, TeARARRLC Apdiocel e oS npiaharall y one awi ng e

nunber of c on-atoms in a range of from7 In particular in view of
hi gh det er ge€8¥ra§1{i&393ef:h?§ b2pgi 81 320e 8Pds MiGPopLbEPL! EEdelor the
fluorinated ether represented by the fornula 1, and further preferably one

having 9 or (éﬁFE@‘zb@ﬂC@IE@P]}GHE%Pe‘HefﬂeQn@f%@EJ eerefrrdie vy g@tic hydrocarbon
I ncl ude toluene, xyl ene, nesitylene, nethyl ethyl benzene, diethyl benzene,

and so on. Ampg49BREr sna28oMBhNY  IetdNd heswane isvearnef&n abtye appl i cabl e
because of its adequate solubility for tthe conpound represented by the

formula & 6f1988¢hhtedPeehet’ Rdyexambesq Qiném?,gb¥C9t ¢khae ikhel ude al kyl
ethers of diethylene glycol and al kyl ethers of dipropyl ene glycol fromthe

vi ewpoi nt of +ppel ofOFURbLihitEAr etherkl Mayi Pat ededt B8 migRHESENted by the 5
formula 1. More Specific exanples include the conpounds

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 R?,
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 others,

25 methyl ethyl benzene is preferably applicable because of

its adequate solubility for the compound represented by

the formula 1.




| isted bel ow. Diethylene glycol type ethers such as diethylene glycol
nononmet hyl et her, diethylene glycol nonoethyl ether, diethylene glycol nono
normal propyl ether, 10 diethyl ene glycol nono isopropyl ether, diethylene
gl ycol nono normal butyl ether, diethylene glycol nono isobutyl ether,

di et hyl ene gl ycol dinethyl ether, diethylene "glycol diethyl ether,

di et hyl ene gl ycol dibutyl ether, and so_on. 15 Di propyl ene glycol type

et hers such as dipropyl ene glycol nonongthyl et her, di propyl ene gl ycol

monoethyl = et her opdLREQRYag e ka0l dhpe <BOLFAL HT Gy ! BRher di propY! ene
gl ycol nono |sopr8py et her, Slpropylene gl ycol nmono normal butyl ether,

di propyl ene glyeahe "RIRy20etREPHI ¥E @1BEHy18Ad §2yeB1 ARA& EQk?h of the
content of the aromatic” hydrocarbon and ?he content of the glycol ether in

the hydrocarbgRersob¥efiptsppteher ?hzwogat fE@ﬁlSEhéovE@%oiﬁEdp@Dhﬁﬁh
preferably at |east 30 nass? fromthe viewioint of 25 enhancing the

solubility bgbtygen1ibg Ebvotheatedoetingtedr EEhé§eBE?§eE}énE€a b9 Rmlea 1 and
t he hydrocarbon solvent and carrying out rinsing efficiently in a short

period ofs 7 féiwBlaThe Weke&dONf 50 eitip Dés t e Di@S Efhe | ByRPSLAAS MBY
further contain an aliphatic hydrocarbon in addition to the aromatic

hydr ocar bon piggekyceklsewher. The aliphatic 5 hydrocarbon has the advant age
that it has thernal

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
glycolrmonomethyl 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 isobutyl 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



stability higher than that of other hydrocarbon solvents, in addition to
its low price and high cleaning performance. The aliphatic hydrocarbon is
preferably a linear or 10 branched saturated hydrocarbon having at |east 8
carbon atons, and specific exanpl es 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 warmng at from30 to 100C, and

t he hydrocarbon solvent preferably has a boiling point of at |east 100C,
particul arl yrpgeferably at | east 150C, because the boiling point of the
hydr ocarbon solvent is preferably higher than the cleaning tenperature. 20

It is preferred thestliagbcarbofbisadtedtt of the phlsentndntenttileer mayd t he
hydr ocarbon solvent so that the difference between the boiling points of

t he hydrocar papthéeel ¥entaandahhaliphatisahgdrethebonsiat addagstioh0€o from
the viewpoint of efficiently separating and recovering 25 the hydrocarbon
sol vent and the atromatbhat hgdevbarbby odi gliybbat ebhern aTlpe oakbsshatic
collecting themfromthe cleaning step and the rinsing step. 8 Specific
exanpl es of hpérpeetbonetasothenativanta@et hhatl dibr haat edeetmb@r used in the
rinsing step and the hydrocarbon solvent used in the cleaning step are as
follows: in atashstitpehéghke thaor thatedfebhberi byHEBE84FbbnosofiFEAES, t he
hydr ocar bon sol vent nmay be one sel ected

in addition to its low price and high cleaning

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.



froman aromati c hydrocarbon having 9 carbon atons such as nethyl ethyl
benzene, a m xture of an aromatic hydrocarbon having 9 carbon atons and

di et hyl ene gl ycol nono-n-butyl ether, a m xture of n-decane and di et hyl ene
10 gl ycol nono-n-butyl ether, a m xture of n-dodecane, n- undecane and

di et hyl ene gl ycol nono-n-butyl ether, and so "on. Furthernore, the
hydrocarbon solvent in the present invegtion nmay contain at |east one
menber selected from 15 al cohols, nitrogen-containing organi c conpounds and

organosili con coppeendsc iekaftPA@ss JtY theanpreFetirddd compmamitaod e eof
i ncl ude the conpounds |isted bel ow. Al cohols: 2-ethyl butyl alcohol

2- et hyl hexyl takcghabrinaggl akteRousedesyl takcehiokiagd séxpl aneaxamnel . 20
Ni t rogen-cont ai ni ng organi ¢ conpounds: N-methyl-2- pyrrolidone and

1, 3-di et hyl hgdirstdapehi dbnosatr Qsgdneni kheorleanpagnésepdaiet Ay
pol ysi | oxane, cycl opol ysil oxane and octanethyl cyclotetrasiloxane. In the
present invepbldbwstheénrangase whepengliealfiaorihabedcethesd igUHFEIIATY t he
fluorinated ether containing a rinsing auxiliary. The rinsing auxiliary to
be used @mn obeHBEess¢! eheelytiropalbdnosalivens, mhgwpe aneolellecaed 9
ketones. A mxing rate of the rinsing auxiliary is preferably |less than 20
mass% based frotmhant aramaédvuhiydrotatrbenf haeingabedasboar azwthst lsmah nsi ng
auxiliary, nmore preferably less than 10 mass%to prevent the m xture to 5
becone fl anmabl 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 Dbe 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



Since the fluorinated ether is subjected to distillation for reuse, the
rinsing auxiliary is preferably one having a boiling point of from30 to
100C as in the case of the fluorinated ether, in order to 10 increase
recovery efficiency of the rinsing auxiliary. Furthernore, a nore preferred
case is such that a solution mxture of the fluorinated ether and the
rinsing auxiliary is an azeotropic or azeotropic-like conposition, because
it becones unnecessary to adjust an 15 armount of the rinsing auxiliary to be

added, afterkeghﬁgﬁlIqﬁlﬁgkfﬁguggﬁ@q?f g@@O{lﬁ |ggxf@gap?higrther

carried out wt e mxture © uor 1 nat ed her and e rinsing

auxi | iary af beerbhepiyngbag ehef 2§pﬁ8b5%cb§ééﬁpbﬁstﬂk £Beall Bloageauxi | i ary

i ncl ude e conpo sted bel ow. Hydrocarbons: n-pentane, n-hexane,

| sohexane, ofhEHEaE§u0k§HQEEa”8th8¥CEHBeEh@”%an%Xﬁboﬁﬁﬁﬁﬂ%a% more
met hyl cycl ohexane. Lower al cohol's: nethyl al cohol, é&thyl alcohol, n- 25

propyl a'COthefé%QBﬂ?DYEsQ'EHBﬁ' @nﬂaQQQYanb%QQth thet passuraceine and
nmet hyl et hyl ~ ket one he method for cleaning and rinsing an article 10

havi ng a sonpapbpanklaiimaphed according to the present invention wll be
described below in accordance with a specific procedure. First, the

hydrocarbon sol veihcies theo¥gbrifia®ed @@MeaC!lignidubijatd itd e having a
cont am nant attached.
distillation for reuse, the rinsing auxiliary is
preferably one having a boiling point of from 30 to 100°C
as ih the case of the fluorinated ether, in order to
10 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 uhnecessary to adjust an
15 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
20 the compounds listed below.

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

Lower alcohols: methyl alcohol, ethyl alcohol, n-

25 propyl alcohol, isopropyl alcohol and butyl alcohol.

Ketones: acetone and methyl ethyl ketone.

The method for cleaning and rinsing an article



The nethod for contacting the article with the hydrocarbon solvent can be

I npl emented by any one of appropriate nethods such as a nethod of imersing
the article into the hydrocarbon solvent, and a nmethod of 10 spraying the
hydr ocar bon sol vent onto the article. A tenperature at the tine of contact
of the article wth the hydrocarbon solvent i's preferably selected in a
range not including the flash point of t hydr ocarbon sol vent, and sl i ght
warmng is preferred, in order to 15 enhance renoval of the contam nant.

Speci f1cal | ypablnbSa BoAtSiAdntOatTHERSE BRBRUiLG €d Rp2 Rakhetl: the
vent a b ast 1

hydr ocar bon sol\ at a tenperature |ower by at : C'than the flash
point. In ad@hbéﬂeiang%ﬁ?oggnhéﬁbﬁiﬁéhhﬁélgw i R lantMGakh 0T

appl yi ng a mechani ca ce such as ultrasonic vibration, stirring, sw ng
and brushi ng Ry fhe psedellreonbi nation in order to enhance dissolution
and renoval of the contam nant. A contact tinme of the article wth the

hydrocarbon sol veit-gits $he h§drdealrboie seRiedif AN bricudiMmEG to a desired
degree. 25 Then the article, "which was cl eaned by contact with the

hydrocar bpn gehyget, wish GRS8ethY1e0RhIGhgWal kot amifantd dtitdidhdgonmposed of
the fluorinated ether. The 11 nethod for contacting the article with the

rinsing liqure fmaBhads@okeconphettngedndy agtiRilRo6idh ithHeersing the
cleaned article in the rinsing liquid, a nmethod of spraying the rinsing

liquid onto hharekaaped ablivehe, canSbebtinpdetlented 861 iahg Ui Jfeaned
article with vapor of
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



the rinsing liquid, or the like. Furthernore, in order to raise the rinsing
efficiency, the sane rinsing nethod may be repeated or - different rinsing
nmet hods may be carried out in 10 conbination. Particularly, the rinsing
efficiency is increased by a conbination of the i mersing nethod or the
sprayi ng nethod with the nethod of contact with vapor. In this case, it is
preferred to i merse the cleaned articlg,in the rinsing liquid or to spray
the rinsing 15 liquid onto the cleaned article, and then to expose the

article to thRthdROkokOcehtact ingSkhe: afdither Watd, the bLhiGaf 1Whpries t he
cleaned article is imersed in the rinsing Iiquid and then brought into

contact withchhealgpobet @mpllefehtednbyng, method Rfefifimedd 2y ttheset the
rinsing liquid imrediately before the contact w th the vapor at a

tenperature koeahedyaztikgastinl@be thiasinbe 18qulild)g apaietthagd dfhe fl uori nat ed
et her because the rinsing efficiency can be enhanced. This is because the

fluorinated ephayiggntheueinkangondgnid entbhehdb cAwahaee aait ildle cleeaned
article until the cleaned article is heated to the boiling point of the

fluorinat®d aettobd dZ coXANPLERgNehe elaapkds aatdcdenpdtd mapaaxapl es of
the present invention will be described below Exanples 1, 2, 4 to 8, 10
to 14, 16 tothe rdndind ldgiddar erexheplldkeb of the present invention and
Exanples 3, 9, 15 and 21 are conparative exanples.
Furthermore, 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 wvapor.
In this case, it is preferred to immerse the cleaned
article in the rinsing liquid or to spray the rinsing
15 1liquid onto the cleaned article, and then to expose the
article to the vapor to effect rising.
Furthermore, in the case where the clegned 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.



EXAMPLES 1 to 6 M xed solutions of HFE347 (boiling point 56C) or an

azeotropi c conposition of HFE347 and et hanol 10 (HFE347/ethanol =94.5/5.5

(based on mass), boiling point 54C), with one of hydrocarbon sol vents as
listed in

was conducted to determ ne a nmaxi num cont ent of

Table 1 were prepared and neasurenent for each m xed
each hydrocarbon sol vent in

whi ch the m xed solution did 15 not undﬁkﬁo phase separation into two

phases.
nmeasured by agghpg

The

maxi mnum cont ent of each of e above hydrocarbon sol vents

gghe hydrocarbon solvent to 100 g of HFE at 25C until

sol uti on

was
t he

phase separation occurred Tabl e 1 shows the neasurenent results. In the 20
‘measur enent 1 esybls” ekaEQQEeaﬁd EthQEQEE%@ EhamphBe oFexhaim content of

t he hydrocarbon solvent was at |east 50% O the maxi num content of the
hydrocarbon spbyent 1H@én£i8ﬂ‘39110b508@s69ﬂb§dtB@lBﬁX'”Eﬂ&

négni, of the

hydr ocar bon sol vent was | ess than 30% 13 TABLE 1 HFE Exa.ﬁﬁe Hydr ocar bon
Fllash Measurg; gsotyest {botbi 04, peEntomBd! aflinh2 EE] zaeaulet eRERmp4 éset hyl

ethyl 1 benzene (160C$ 44 Q dlethylene gfyco

(2300

5

10

15

20

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/ethanoi=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
maximuﬁ 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%.

2 nmono-n-butyl ether 230



3 n-decane (174C) 46 X n-de cane (174C)/diethylene 4 glycol nobno-n- 46<
butyl ether (230C)=80/20 n-de cane (174C)/diethylene 5 glycol nono-n- 46<
O butyl ether (230C)=90/10 HFE347/ethanol = n-decane 94.5/5.5
(174C)/ di ethyl ene 6 glycol nobno-n- 46< Q@ butyl ether (230C)=90/10
EXAMPLES 7 to 12 M xed sol utions of HFE458 (boiling point 93C) or an 5
azeotropi c conposition of HFE458 and et hanol (HFE458/ethanol =71.0/29.0
(based on mass), boiling point 74C), with one of hydrocarbon sol vents as
listed in Table 2 were prepared and neasurenent for each m xed solution
was conduct ed®BEEddt er mi ne a maxi mum content of 10 each hydr ocar bon sol vent
in which theggexed sol ution [dx¢hmdgld | #pdL688rP6AsE separ #llawh | Méfstre-
phases, in the same nanner |as in Expgpl¢éntd (Bob1idgb! ¢ pdititoMmehtre
measurenent {results. Synbolg (c), O aﬁgigign the 14 [°C] |result
HFE347 methyl ethyl

1 benzene (160°C) 44 ©
diethylene glycol
2 mono-n-butyl ether| 230 ©
(230°C)
3 n-decane (174°C) 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< O
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



"measurenent results" in Table 2 represent the same neanings as in Table 1.
TABLE 2 HFE Exanpl e Hydrocarbon Flash Measure- solvent (boiling point nent
point) [C] result HFE458 nethyl ethyl 7 benzene (160C) 44 Q diethyl ene

gl ycol 8 nmono-n-butyl ether 230 Qo (230C) 9 n-decane (174C) 46 X n-de cane
(174C)/di ethyl ene 10 glycol nono-n- 46< Q butyl ether (2300C)=85/15
n-decane (174C)/diethylene 11 gl ycol -n- 46< X butyl ether (230C)=95/5
HFE458/ et hanol = n-decane 71.0/29.0 (174C)/di ethylene 12 glycol nono-n- 46<
Q butyl ethgeagdzemen?Sresults" in Table 2 represent the same

meanings as in Table 1.

TABLE 2

HFE Example | Hydrocarbon Flash | Measure-
solvent (boiling point | ment
point) [°C] [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 moéno-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



EXAMPLES 13 to 18 A 100-nesh wire netting cut into a size of 50 mx50 mm
was i mersed in each of the hydrocarbon solvents as listed in Table 1, for
one mnute and then inmrersed in 10 HFE347 or an azeotropic conposition of
HFE347 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 evaluation 15 results. In Table 3, (c)

i ndi cates no stain observed; 0 slight st%in observed; and X obvious stain

opserved:  TAEHE 2 FPELEIRI e SYABoesbal. EhoR SRR BT YED PN
di et hyl 14. gl = N- 3 b h N- 3Q X
g ehyiene 48 hLCoka TR Oeertal o Mn S, S BioE 0 00 X

TABLE 3

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

44 30 ©

HFE347 : 13 methyl ethyl
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 hydrocarbdn solvents as
listed in Table 2, for one minute and then immersed in
10 HFE458 or an azeotropic composition of HFE458 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



decane/di ethyl 17 ene glycol 46< 30 O nono-n-butyl ether=90/10 HFE347/ n
et hanol = decane/diethyl 94.5/5.5 18 ene glycol 46< 30 Q nono-n-butyl
ether=90/10 5 Exanples 19 to 24 A 100-nmesh wire netting cut into a size of

50 nmx50 mmwas imersed in each of the hydrocarbon solvents as listed in
Table 2, for one mnute and then imersed in 10 HFE458 or an azeotropic
conposi tion of HFE458 and ethanol at r tenperature for 3 m nutes.

Thereafter, the wire netting was pulled out, and then the appearance of

each wire ngikiingsVasIPbpgpveds, T@Mﬁd@cghewsnbhgtaﬁl BBkE2eld (esul ts.
In Table 3, (c) indicates no stain observed, 0 siight stain observed; and X

obvious staig19§Rer ¥edin EﬁBlaEvédHFEnaxwkaum earhoHiasidat h Eval u-
sol vent point tenpera- ation [C] ture result [C] HFE458 19 nethyl ethyl 44
30 0Q benzene

TABLE 4

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

44 30 ©

HFE458 methyl ethyl
19

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 @)
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




di et hylene 20 glycol nono- 230 30 Q@ n-butyl ether 21 n-decane 46 30 X n
decane/diethy 22 lene glycol 46< 30 Q nono-n-butyl ether=85/15 n
decane/ diethy 23 lene glycol 46< 30 0O nono-n-butyl ether=95/5 HFE458/ n
et hanol = decane/diethy 71.0/29.0 24 | ene glycol 46< 30 Qo nono-n-butyl
ether=95/5 5 17 CLAIMS: 1. A nethod for cleaning and rinsing an article,

characterized by conprising a cleaning sfe£p of contacting

an article having

a contam nant attached, with a hydrocarbon solvent containing an aronatic
hydrocarbon and a rinsing step of coggagmsng it with a fluorinated ether,

wherein the fluorinated ether is a

1. A method for cleaning and rinsing an article,

characterized by comprising a cleaning step of contacting

an article having a contaminant attached, with a

hydrocarbon solvent containing an aromatic hydrocarbon

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

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? ig from 4 to 8.

2. The cleaning and rinsing method according to Claim

1, wherein the fluorinated ether is 1,1,2,2-

tetrafluorocethyl-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

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 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



conpound represented by the formula 1: RI-OR2 Formula 1 wherein each of Rl
and R2 which are independent of each other; is a fluorinated al kyl group,
wherein the nunber of fluorine atons contained in each of RL and R2 is at
| east one, and the total nunber of carbon atons contained in RlL and R2 is
from4 to 8 2. The cleaning and rinsing nethod according to Claim 1,
wherein the fluorinated ether is 1,1, 2, Zjh

tetrafl uoroethyl -2, 2, 2- trifluoroethyl ether or 1,1, 2, 2-

tetraf | uoroetByks3ng: dn3al¢bhathLongRreRULehNer . 3. The cleaning and
rinsing method agcg:gr di ﬂgat oij allm 1%or 2, wherein the hydrocarbon sol vent

contains net Byl Telhyh Ren#gne s ﬂl@%l@{?)'ﬂﬁtﬂﬁbdﬂéﬁ%ﬁ@ t&-c1H¥g Cl eani ng
and rinsing nethod accordlngto aim 2 or 3, wherein the total of the

content of the wREPERA Eh@ygligﬁﬁéléﬁ@ h@rd%%a'i%@ho‘i%r Ron isRlavedy is at | east
10 mass. S. The cleaning and rinsing nethod according to any one of O ains

1 to 4, whergirintheghydtasatan hyahrvRRlrbbr ha®ind8 atCARLANS JArddnPhatic
hydrocarbon. 6. The cleaning and rinsing nmethod according to Claim 5,
wherein the akbmBati c hydrocarbon is a |inear or branched saturated
hydrocar bon having at |east 8 carbon atons.





