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 | uorocarbon (hereinafter reflerred to as "HCFC') such as

di chl oropent af | uoropropane (hereinafter referred to as "R-225") was w dely
used as a fluorocarbon solvent for PFPERIETEANC] eaning 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 industr% the electrical _and electronic industry, the
pl astic processing i ndustry CLEGNEVEr ANRs 8 INFINEFMERHOD be total Iy abol i shed
in 25 advanced countries until 2020 because of its ozone depletion
potential. Hydrofluorocarbon (hereinafter referred to as "HFC"),

hydr of | uor oet her gherei Rber 2 referred to as "HFE") and the like are
known as °f1 G55 F@&nFE% ents 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.
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



whi ch 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 sol vency of HFE for the contam nant is not
sufficient. There is another known nethod for cleaning an article with the

use of an aliphpatic_ hydrocafhon, K Howeve ere_was roblem that these

hydr ocar bon * ggegﬁ?@e%?saﬁerggﬁ i%%ﬁ %% %?§eaﬁﬁe kP8 NofSenergy was thus

required to the article after %e t hou t hese d rbon

sol vent's havgigﬂﬁo6§5 %ndﬁﬁ}%?PBﬁ bt8n ?%I ﬂ?egg?g 14nd ﬁ?é hggﬁnval

efficiency of t e contam nant for r FE. after

cl eaning with aghh§ﬂ?5%a?b%ﬂ %B*?Eh?e(%? g%fﬁn?o ﬂ%n?né) 5g§hproposed

as a nmethod to solve the bl Howeyv s _docunent fails to disclose

a specific e&% I%h ?@%g &%&g %OneB gehtl? e° gbovg ®iet hod, HFE has a | ow

25 solubility fo the racarpan solven d ni n endlng on

its kind5 and th oﬁyﬁ?% BrSOn gonenF ca%ﬁé?g Sgéﬁgfggfen?Fy re%bved by

rinsing the art icle to 3 c%eaned &h FFF ha the, h drggarbon
&1 E LOnPSs&a § in u1% @ et %

sol vent rendf ns“on a°SuUrTace of “the a icle he £ c8Used a

probl em of deeC&i¥E Ehgs 0g SPCQF@ShQSEHérgnﬁglllng point of about

from 20 to 120°C (cf. Patent Document 1). However, this

UO

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.

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
thegse 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



of stain. 5 Patent Docunment 1: JP-A-HO05-271692 (clains) Patent Docunent 2:
JP- A- H10- 202209 (clains) 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
rinsing performance. MEANS FOR SOLVI NG THE PROBLEM The present i nvention

provi des a rrgtlhggﬁgor wglt%a?f s a%nq NS h@?’?ir%rcta'r% igsing a

cl eaning step o contac n ar |cI e am nant attached,

with 2 hydroeaLiRn sal Lol Al ng.An.Al Aty & Jwdrasarhon and a gl yeol

et her, wherein content o ycol et her is at |eas A; and a

rinsing step g&sgan%agteo@ﬁew W Ay LD, E‘cfcedﬁg%%ﬁo_m

fluorinated e conmpound represente or i
formula 1 wh F FiﬁCh of RL and R2 which are |ndependent of each other, is
a fluorinated al'kyl group, wherein the number 4 of fluorine atons contained

in each 3§ Rl ang _R2S I%C &Sty onds_Anchd heytdal (oupher) of carbon atons

cont al ne in Rl and R2 |s rom4 to 8. The present |nvent|on uses the

hydrocarbon sol vt S AN AN A iphatd & dysiocapo,and a glycol et her
in

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 aliphatic hydrocarbon and a glycol ether, wherein the
content of the glycol ether is at least 10 mass%, 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



the cl eaning step, whereby excellent rinsing performance can be
denonstrated in the rinsing step wwth HFE. EFFECT OF THE | NVENTI ON 10 The
present invention enables the conpound represented by the fornula 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 QUT THE | NVENTI ON The fl uori nat ed
ether in the present invention is a conpéund represented by the fornula 1.

e o T G R088a 2" AL BRS! cBHELhUAT LRCAEAM, PRET 1 a0LY fd o 2 to 10

20 fluorine at er o carbon at ons  -Cofit aihed in RL and

R2is from4 10,8 Jhe f%ﬂ@{gﬂétggﬁggtgﬁﬁﬁer 2e RLRARNL bR AL ke g

superior In ther nmal sta contalns a

fluorine atonl 2§1§%§§|§2(%f §%QHLtr§?{ g he fluorinated ether represented by

the formula 1°Tncl dde 1,1 uoroet hyl -2, 2,2-trifl uoroethyl ether

CHF2CF2-0O 5 CH2 f. k -
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1tfh|
fluorinated et used singly, or at least two es of uorlnated
ethers may betHéeglggnghéegtep, whereby excellent rinsing performance

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-



Furthernore, since drying is effected by replacing the hydrocarbon sol vent
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 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 hydrocarbon sol vent
to be used in the cleaning 15 step of th present invention contains an

al i phatic hydrocarbon and a glycol ether. 6 Specific preferred exanples of

the glycol e in Hﬁg Let hyh ycol ;and,akkyl ethers
of dipropyle%@ggFng} r&ﬁ%%%%FS%€§%%¥%§ g? %?ghﬁﬁgﬁ?zbffi%yﬂf%fbthe

fluorinated %%Qggfﬁgg&%gyﬂyyigyé;gyg_.ggygﬁyﬁgfgpgggﬁasgggg;ic exanpl es

i ncl ude the conpoun |1 sted below. Diethylene glycol type ethers such as

di ethyl ene  gloygobrmanameidiybuel hererdi gh byt eneegbyseh pBngst hyl  ether,
di et hyl ene gl ycol nono normal propyl ether, 10 diethylene glycol nono

i sopropyl et hegrradigethyl ene gl ycol 1hmpna PQE@%htbliWen%ti%%rp t#ieet hyl ene
gl ycol nono isobutyl ether, diethylene glycol dinethyl ether, diethylene

glycol diethyhgthentd ithdentgincalsdt ind1 £t heF ,atl5 & pr opyd ene gl ycol
type ethers such as dipropyl ene "glycol nononethyl ether, dipropylene glycol

nonoet hyl e?t@%"e,s @fprﬂ%ﬁ%@&@hm%éprﬂ@hﬁc@pé@ ®iheq, dipropylene
gl ycol nono isopropyl ether, dipropylene
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 aliphatic

hydrocarbon and a glycol ether.



gl ycol nmono normal butyl ether, dipropylene glycol nono 20 isobutyl ether,
The content of the glycol ether in the hydrocarbon solvent is at |east 10
mass, and preferably at |east 30 nass% fromthe viewpoint of 25 enhanci ng
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 7 time. The hydrocarbon sol vent contains an aliphatic

hydr ocarbon in addition to the glycol etfer. The al i phatic 5 hydrocarbon

has the advantage, that-.it h ryral bili ' n of ot her
hydr ocar bon sol v%ﬁtes?%f]icn p&%gﬁ(et | gerﬁgaﬁpgl%éové%r%%hi%\ﬁé#g#}g eani ng

per f ormance. . Li hC rQcarh i refer a i h.or 10
branched sat ﬁgg?ggehggfiyéafegé%r%a%ifngqgttﬁygaegie gi g%lor#ﬂ%%gik , and specific

les th i < i3 iy L
exanpl es %%%F's”%k“ﬁt%gﬁ}oggl%%% g‘iyc%q‘:%m ?B@;qﬁ?ﬁ’g’r s ?O?p?% i ed out

kerosene, mineral spiri eani ng-of an art na

der 15 hig;at : l
under vagh 08t ¢f F ¢ 3Q 0 f%lql%% nalh téﬁé}yq:)%%ﬁa(ﬁ)yﬁ%?e}%eerabl y at

preferably has a boiling point o t least 100C, _
| east 150L, ES%&‘&S.% yhe Mﬁgél: ggcﬁ@'i@t eQEmyﬂgshmEQgél%?%es%'o\ﬁ unls

preferably i gher than t ani ng tenperature. 2 I's preferred to

sel ect a conpi;natioR 8.t he

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,

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 isobutyl ether,

The content of the glycol ether in the hydrocarbon
solvent is at least 10 mass%, and
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



fluorinated ether and the hydrocarbon solvent so that the difference

bet ween the boiling points of the hydrocarbon solvent and the fl uorinated
ether is at |east 50C, from the viewpoint of efficiently separating and
recovering 25 the hydrocarbon solvent and the fluorinated ether by
distillation in a process of collecting themfromthe cleaning step and the
rinsing step. 8 Specific exanples of th% preferred conbinati on of the
fluorinated ether used in the rinsing step and the hydrocarbon sol vent used
in the cleanigg.step are as follows: in a case where the fluorinated ether
is HFE347 5 or HFE458, the hydrocarbon solvent may be a m xture of n-decane
and di et hyl ene glycol nono-n- butyl ether, a m xture of n-dodecane,
n-undecane and diethyl ene glycol nono-n-butyl ether. 10 Furthernore, the

hydr ocar bon sol vertthd mydre qi gsantso i vaentd ot amys contal pét 1 east one
menber selected from 15 al cohols, nitrogen-containing organi c conpounds and

organosi | i concommeuMls, id NREESSH Yoo Ak SPRRLdI CorBXAND! B ther el 4
i ncl ude the conpounds Ii;ied bel ow. &fcohols: 2-et%y|buty| al co &ﬁ? e

2- et hyl hexyl ngligehakrbonomls aheoh@va tlaohal g Wxshaiiexanol . 20
Ni t rogen- cont ai ni ng organi ¢ conmpounds: met hyl - 2- pyrrolidone and

1, 3- di net hyl s2apbildazolHidhRenehaa GaRASidi Gath O MBS rsbrieddiWrent s,
pol ysi | oxane, cycl opol ysil oxane and octanet hyl cycl otetrasil oxane.
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.

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.



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, |ower al cohols and 9
ketones. A mxing rate of the rinsing auxiliary is preferably |less than 20
mass% based on the total anmobunt of the fluorinated ether and the rinsing
auxiliary, nore preferably less than 10 mass% to prevent the m xture to 5
becone fiammable. Since the fluorinated éther is subjected to distillation

for reuse, the ridsi il i j phoi Lin oi nt
of frolrJnSSO to 10I éaéswfl%yi(%%ér@‘é%%é i?f ﬁ%ﬁé ﬁ%%ﬁg‘%‘%dg@{ gl??gllﬁﬂglrjge? ItooI 10

| ncrease recoeﬂeévfﬁié]%]iq{taﬁga/a@&}séﬁh%gé@sﬂrp&@m'@{ryg ?fé'ﬁtm& g amore

preferred case 1's suc olution mxture of the uori nated et her and

the rinsing Idd a6 Ss AR AHEAUIAP! 4 oah@zcepégﬁﬂil{,-é&g§ afONROSi tion,
because it beconmes unnecessary to adjust an 15 anmount of the rinsing

auxiliary to he jadded,; Afd &l sdididdd AUONF AN DRCEUSE VRPPT 1 S| BRREAY can be

further carried out with the m xture of the fluorinated ether and the

rinsing agxildamr@fder dlie Hdd A e RoRRa8l fh&y, ex@npl es of the rinsing
auxiliary include 20 the coripounds |isted bel ow drocar bons: n-pentane,

n-hexane, isohexane;r&-oheptapeand SORSt @NErnH FYEhOPEN,BHE, mEY6LAhexane and
met hyl cycl ohexane.

butyl ether, a mixture of n-dodecane, n-undecane and

diethylene glycol mono-n-butyl ether.

10

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
ringsing auxiliary. The rinsing auxiliary to be used can

be one selected from hydrocarbons, lower alcohols and



Lower al cohols: nethyl alcohol, ethyl alcohol, n- 25 propyl alcohol,

i sopropyl al cohol and butyl alcohol. Ketones: acetone and nethyl ethyl

ket one. The nmethod for cleaning and rinsing an article 10 having a
contam nant attached according to the present invention will be described
bel ow i n accordance with a specific procedure. First, the hydrocarbon
solvent is brought into 5 contact with an article haV|ng a cont am nant
attached. The nmethod for contacting the Particle with the hydrocarbon

sol vent can pe | ement ed by an one. of, appropria t hods.such as a
met hod of ngs S th m%ﬁﬁgéléy?nto t%%ehﬁgnoga?b%ﬁxggfveﬁtlsand a net hod

o 10 50737 g eyl 963600 0L Ve 09! BLD8 Bl Loher b semyeigture

e ar on SO

preferabl y SS%Qthdghﬂ anéﬁgaeegﬂér'QﬁhughggrEB% gaiﬁxﬁﬁ ggfftOQ%%

hydr ocar bon ven ht warmng i's

enhance reno ?‘lengraHEﬁ %8% E“Qﬁnﬁlﬁeﬁgﬁ bf'tgak:) Lveht the RS LE S O

i mrerse the rt|c drocarbon sol vent af a tenperature
| ower by at }east. }QQhRQBTethe flash p0|nt In addition, in the contact
met hod by i nmrersion, nmeans for applying a mechanical 20 force such as

ul t rasoni ¢ vi braigighe Shie o 00y sUKAG Qe DS AG JIL b dised i n

conbination in order to enhance i ssolution an of the contam nant.

A contact  thABQf1LRS AN ELe! BeWll the BYHALQGEr BaRiSqlygnt d s so

preferably one having a boiling point of from 30 to 100°C
as in 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 unnecessary 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, isooctane, 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



set that the contaminant is renoved to a desired degree. 25 Then the
article, which was cl eaned by contact with the hydrocarbon solvent, is
rinsed by contact with a rinsing liquid conposed of the fluorinated ether.
The 11 nethod for contacting the article with the rinsing liquid can also
be inmplenented by a nethod of immersing the cleaned article in the rinsing
liquid, a nmethod of spraying the rinsing liquid onto the cleaned article, a
5 method of contacting the cleaned artict® with vapor of the rinsing
liquid. Furthernore, in order to raise,the rinsi.n fficiency, the sane

ri nsing nethgavﬁﬁg BeC ggggﬁgangra%EFFPSEeﬁFCPFgégﬁg%ﬁefﬁgdgr#gf Se carried
out in 10 conbination. Particul.arly,,.the, rknsi ffici I i ncreased by
a conbinatioﬁng?g%kgging?s%%gdggfﬁggegrbfgga ggrgﬁfﬁ%d%%%%bhgﬁfﬁgithe

met hod of cog%gggf%%t %3RAM ! N this case, it is preferred to i merse the
cleaned article intnerinsing liquid or to spray the rinsing 15 liquid

onto the cIeanequ&%Ecl%heaggd&%%gg%%neégﬁ§%nkhqsa&%%g%gg;gy%ﬂ@ vapor to

effect rising. Furthernore, i“n the case where the c icle is

| mrer sed d ”.EBStBEE?%?Qh‘59“%9t§@§e2§30i9§039E%nkﬂh?na%%”%i%%@#é%ﬁ the vapor

to effect  rinsing, it Is prererre to set the rinsing liquidinmedately

before the capLagLndit BothEcKaRAL ;o arkeapenaniyr g:lanepcby at |east 10C

than the boiling point o uori nated ether because the rinsing

efficiency CﬁQdQBcgggaﬂcggivgﬁkscﬁﬁ B%C§H§Qemented by any one 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 fluorinated ether continues to condense on the 25 surface of the cleaned
article until the cleaned article 1is heated to the boiling point of the
fluorinated ether. 12 EXAMPLES Now, exanples and conparative exanpl es of
the present invention will be described bel ow Exanmples 4 to 6, 10, 16 to
18 and 22 are exanples of the present 5 invention and Exanples 1 to 3, 7 to
10, 11 to 15, 19 to 21, 23 and 24 are conparative exanples. EXAMPLES 1 to 6
M xed sol utions of HFE347 (boiling pointlE6C) or an azeotropic conposition

f HFE347 and_ethanal 10 (HFE347/ | =94.5/5. d.on. . hoj li
poi nt 540 G PROABT o YA BCAPDBHCS B TaRES H4TP| ShEa RS Py lr o

d d t. 1 xed [ t to det '
B i mum CoRPEnE L6 CBaihEASAERES obE. 2ol UBHEC) NEwA IR EHEC b sol uti on
cach of The AReTEoRyBFbAE Bon ab YoRtE " e LAONANY o BV ChE 86 the
hyd b gt 00.4d._. : it t
oecurrod. Tabbe - Rogkt Ratrafl, Temudh BaEePhe pifRBRRR TR T O

lts" d 1 Lndi h Is f.t
hyar ocar ton BarVen: el BT AT SALE. TB1C 16" he Reriadm SONRCEST T

hydr ocar bon vent . was,trgms30 to 50% and X the nmaxi mum content of the
hydr ocar bon gg vgg Sﬁ/a\qg ﬂggsq}tdﬁan 30%

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 vapor.

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 cleaned article
igs 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.



13 TABLE 1 HFE Exanpl e Hydrocarbon Fl ash Measure- solvent (boiling point
ment point) [C] result HFE347 nethyl ethyl 1 benzene (160C) 44 di et hyl ene
gl ycol 2 nmono-n-butyl ether 230 (c)o (230C) 3 n-decane (174C) 46 X

n- decane (174C)/diethylene 4 glycol nobno-n- 46< (c)o butyl ether
(230C)=80/20 n-decane (174C)/diethylene 5 glycol nono-n- 46< O butyl

et her (230C) =90/ 10 HFE347/ethanol = n-decane 94.5/5.5 (174C)/di ethylene 6
gl ycol nmono-n- 46< (c)o butyl ether (236%?) =90/ 10 EXAMPLES 7 to 12 M xed
sol utions of E%ﬁigs( boiling point 93C) or an

Now, examples and comparative examples of the
present invention will be described below. Examples

4 to 6, 10, 16 to 18 and 22 are examples of the present
5 invention and Examples 1 to 3, 7 to 10, 11 to 15, 19 to

21, 23 and 24 are comparative examples.

EXAMPLES 1 to 6
Mixed solutions of HFE347 (boiling point 56°C) or an
azeotropic composition of HFE347 and ethanol
10 (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
15 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
20 "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%.



5 azeotropi c conposition of HFE458 and et hanol (HFE458/ et hanol =71.0/29.0
(based on nmass), boiling point 74C), with one of hydrocarbon sol vents 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 hydrocarbon sol vent
in which the m xed solution did not undergo phase separation into two
phases, in the same manner as in Exanples 1 to 6. Table 2 shows the
measurenent results. Synbols (9, 0 and Xl3n the 14 "neasurenent results” in
Table 2 represent the same neanings as in Table 1. TABLE 2 HFE Exanpl e
Hydrocarbon FhB5R Measure- solvent (boiling point ment point) [C] result

HFE458 net hyj;pgthyt—7 benze %3 il d)Hégrogargbgtny|ene FCH Qﬁeasure—

nmono- n- buty| ether 230 (2304C e§ ne %7?51 ? Péétf é%ﬁ%BdB%@‘fSll‘

(174C)/ di et hyl ene 10 gl ycol| nono- n-
HFE347 methyl ethyl

n- decane

benzene (160°C)
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

\=2]

©

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



(174C)/ di et hyl ene 11 glycol nono-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<
(c)o butyl ether (2300C)=95/5 5 EXAMPLES 13 to 18 A 100-nesh wire netting
cut into a size of 50 mMmx50 mmwas i mersed in each of the hydrocarbon
solvents as listed in Table 1, for one mnute and then imersed in 10
HFE347 or an azeotropic conposition of HFE347 and ethanol at room
tenperature for 3 mnutes. Thereafter, t wire netting was pulled out, and

t hen the appe a LLe netti Sy . blg 2 shows the
evaluationp25ﬁé$£§gF@éP€I%Q?gg%% SEEO%?E fggtenggggggiﬁﬁgbggréed; 0 slight

stai n observed; gbyjods,stahn observed. TABLE 3 HFE Exanple
Hydr ocar bon @gggﬁﬂgg?ﬁ Eval u- solvent point tenpera- ation [C] ture result

[C] HFE347 13 nethyl ethyl 44 30 0 benzene

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



di et hylene 14 glycol nono-n- 230 30 O butyl ether 15 n-decane 46 30 X n
decane/di ethyl 16 ene glycol 46< 30 (c)o nono-n-butyl ether=80/20 n
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 (c)o nono-n-butyl
ether=90/10 5 Exanples 19 to 24 A 100-nesh wire netting cut into a size of
50 mMmx50 mMmwas i mersed in each of the hydrocarbon solvents as listed in
Table 2, for one minute and then imersexsin 10 HFE458 or an azeotropic
conposition of HFE458 and et hanol _at roomtenperature for 3 m nutes.
Thereafter, theubtse TretTabie vis Quihddcebes andsthén theeappdar &hce of

each wre netting was observed. Table 3 shows the eval uation
slight stain observed; 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
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-putyl
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

44 30 ©

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
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



16 results. In Table 3, 0 indicates no stain observed; 0 slight stain
observed; and X obvious stain observed. TABLE 4 HFE Exanpl e Hydrocar bon

Fl ash Bath Eval u- solvent point tenpera- ation [C) ture result [C] HFE458
19 nethyl ethyl 44 30 (c)o benzene diethylene 20 glycol nmono- 230 30 (c)o
n-butyl ether 21 n-decane 46 30 X n decane/diethy 22 |ene glycol 46< 30
(c)o nmnono-n-butyl ether=85/15 n decane/diethy 23 |ene glycol 46< 30 O
nmono- n- butyl ether=95/5 HFE458/ n ethard = decane/di ethy 71.0/29.0 24 |ene

gl ycol 46< 30 cigs ”D”O'”'QH§¥§

resu In Tab , © indicates no stain observed; O

slight stain observed; and X obvious stain observed.

TABLE 4

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

HFE458 19 methyl ethyl
benzene
diethylene
20 glycol mono- 230 30 ©
n-butyl ether
21 n-decane 46 30 X

44 30 ©

-
decane/diethy
22 lene glycol 46< 30 ©
mono-n-butyl
ether=85/15
-
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




ether=95/5 5 17 CLAIMS: 1. A nethod for cleaning and rinsing an article,
characterized by conprising a cleaning step of contacting an article having
a contam nant attached, with a hydrocarbon solvent containing an aliphatic
hydrocarbon and a glycol ether, wherein the content of the glycol ether is
at least 10 nmass% and a rinsing step of contacting it with a fluorinated
ether, wherein the fluorinated ether is a conpound represented by the
formula 1: RI-OR2 Formula 1 wherein eadt’ of R and R2 which are i ndependent
of each other, is a fluorinated al kyl group, wherein the nunber of
fluorine atons contained in each of gﬁﬂ SR2 is at | east one, and the

total nunber of carbon ataons ntalned |n R and R2 is fr9n14 to B. 2. The
cl eani ng and'ri n8i R§hE hSHraE GPBFHQ f8 CFéPﬁﬂn? afhar&ihlene quorinated
ether is 1,1, 2, 2- tetrafluoroeth 2-triflugroeth ¥ %her ? -
tetrafluoroe?%??aQt?rﬁzg t BYr gPI Bﬁﬁbpgpﬁlc PRBL1I3St ﬁe | E8R ﬁﬁtéﬁﬂ
rinsing method according to Claiml ot wher ei phatlc hydr ocar bon
is alinear ®F 2bFafche agéPﬂratEanﬁﬁﬂFBEBFbﬁﬁtﬁﬁgFﬂg heﬁst 8 carbon

at ons.

hydrocarbon solvent containing an aliphatic hydrocarbon
and a glycol ether, wherein the content of the glycol
ether is at least 10 mass%, and a rinsing step of
contacting it with a fluorinated ether, wherein the
fluorinated ether 1s a compound represented by the
formula 1:

R'-0-R? Formula 1
wherein each of R' and R® which are independent of each
othef, 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.

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-
tetrafluorocethyl-2,2,3,3-tetrafluoropropyl ether.

3. The cleaning and rinsing method according to Claim 1
or 2, wherein the aliphatic hydrocarbon is a linear or
branched saturated hydrocarbon having at least 8 carbon

atoms.



