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" CLEANING METHOD AND CLEANING APPARATUS .

This invention relates.to a cleaning method and a
cleaning apparatus which cause little environmental pollution

and operate with high safety.

‘Various parts such as metalllc parts, plated parts,
coated parts, electronic parts, and semlconductor parts suffer
adhesion thereto of machine 011 and other s1m;lar foullng
substances while they are:in.the‘process of manufacture or
assemblage. It has been;customar?.for these defiled parts'to
be cleaned with fluorinated hydrocarbon (hereinafter referred

to briefly as "Freon") type solvents and chlorine type

-solvents because of thelr outstanding cleaning- power and their

nonflammablllty and consequent freedom from the danger of

ignition. As parts subjected to special cleaning, such parts

as semiconductor wafers and LCD quality substrates whlch abhor

a water mark lntensely and demand ultraprecision cleanlng are
cited. In the filed of cleanlng of parts under dlscuss10n,
the vapor washing (in the drying process)'as with:Freon 113
has been heretofore adopted as the finishing step of cleaning.
Recently, srnce the effects which Freon type solvents

produce on human bodles and the env1ronment have come to raise
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a grave issue, however, the desirability of a cleaning nethod
which permits ultraprecision cleaning:comparable'favorably
with that obtalnable with a Freon type'solvent and avoids_
'exerting any adverse'effect'on the environmentlhas been
finding enthusiastic'recognition.

As prospectlve substltutes for the Freon type solvents,

various cleanlng aqueous and nonaqueous types have been |

proposed For example, the development of Freon type

: substances hav1ng a lower ozone destruction coeff1c1ent than

the exlstlng Freon type solvents is now under way and the

study of feaslblllty of the aqueocus cleanlng and the cleaning

~~with an organic solvent containing no chlorine is also under

way. The feasibility of using'vapor drying with isopropyl
alcohol (herelnafter referred to briefly as "lPA"), hot air

drying, etc._ln the place of vapor drylng w1th Freon type

~ solvents has been under study.

Many of the substltute cleanlng agents mentloned above.
are defectlve in respect that while they are 1ndeed capable of
cleaning given surfaces,_the_surfaces.cleaned therew1th are
required to be rinsed. The organic‘typeISubstitute-cleaning
agents are defective in the sense that they often manifest on
human-bodies not negligible_toxicity. ﬁewly developed Freon
type substances are not absolutely'incapable of environmental
pollution and,.therefore, are not regarded as preferred
substitutes. ” |

‘For example, after a given part has been cleaned_with an.
aqueous'type cleaning agent and rinsed with water, it is

necessary in point the of the quality.of_cleaninghthat the -
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" surface of the cleaned part wet with.adhering_water should be

nniformly and quickly dried. By rhe'conventional method for
forcibly vaporiZing'the water as by the hot air drying,
however, the prevention of a water mark is Verf difficult to
achieﬁe; | | . . |

The vapor drylng w1th IPA is lndeed capable of yleldlng
comparatlvely favorable results._ When the precedlng step is
executed by the use of an équeoue cleaning agent and an agent

adapted for rinsing, there arises the disadvantage that since

‘water and IPA have clese boiling points, the water is removed

‘only with great difficulty from IPA and the water mingling in

IPA is liable to form a water mark. This drawback, coupled
with the fact that many of'the:santitute eleaning agents
mentioned above_require-fhe'partS'cleaned therewith to be
rinsed with water, cOnstitutes an obstacle on the way of

practical utility of the method of vapor drying with IPA.

 Further, IPA is defective in respect that since it has a lower

flash peint 11.7°C than normal room temperatnre, it alﬁays
entails the possibility of catchlng fire under normal
conditions of use. Further, 31nce IPA exhibits high tox1c1ty
ro human beaies,'an lncreaSLngly rigid restrlctlon is lmposed
on its use Ln the fleld of cleaning. | |

In the c1rcumstances, an earnest deSLre has been
expressed for the development qf a cleanlng method_whlch_.
produces'as effective cleaning ae_the'method resorting to the’
uee of a Freon type solvent wirhout.entailing any -
environmental.pollﬁtion'andiwhich'particularly obviates_the

necessity for using a nonaqueous Cleaning treatment anywhere
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throughout the entire process of cleaning. In the filed
requiring'ultraprecision cleaning;'the desirability of a.
cleaning method which imparts to the cleaned part as high
resistance to water mark as attainable by the vapor cleaning
with a Freon type solvent without entailing any environmental
pollution has been finding enthusiastic recognition. |

Many of the non-aqueous typelsolvents which are regarded
as promising substitutes for Freon type_cleaning agents are
inflammable_substances. When the part which has been cleaned
with such an inflammable solvent is simply subjected totdrying
by heating or to vapor'drying as with the IPA, therefore; the

inflammable solvent adhering to the part has the possibility-

of catching fire. To preclude this danger, the practice of

blowing air on the cleaned part.thereby'expelling the adhering
inflammable solvent from the part is now in vogue. This
practice, however, is very uneconomical because the ineVitable
release of the air impregnated heavily with the inflammable
solvent into the ambient air threatens air pollution or fire
and even aggravates the consumption of the solvent.

In thelcircumstances, in respects to the use of an
inflammable solvent as a cleaning agent, the desirability of a

safe-and.economical cleaning method which prec1udes the

' possibility of entailing air pollution or fire and allows
“effective recovery of the cleaning agent after use has been

- finding enthuSiastic recognition. '

This invention, conceived in the urge to cope with the

problems encountered. by the prior art as described above, has

'as one object thereof the prOVlSlon of a cleaning method and a
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cleaning apparatus which produce as high cleaning effect as

‘the cleaning with a Freon type solvent or the cleaning by

vapor drying and diminish the possibility of environmental
pollution. Another object of this invention is to provide, in
the field necessitating superprecision;cleaning, a cleaning
method and a cleaning apparatus which allows impartation to
the cleaned part as high resistance to water mark as attained
by the vapor cleaning Wlth a Freon type solvent and, at the
same time, avoid entailing anf environmental pollution. Yet
another object of this invention is to provide a safe and
economical cleaning method which, in the use of the
inflammable solvent as a cleaning agent, precludes the danger

of air pollution or fire and allows effective recovery of the

.used cleaning agent. Disclosure of the Invention.'

The first cleaning method of this invention is

characterized by effecting the cleaning of the part, the

- rinsing of the cleaned part, and the drying of the wet cleaned h

part with a cleaning agent having a perfluorocarbon as a main
component or the vapor of this cleaning agent. |

The second cleaning method is characterized by compriSing
the step of cleaning a part by the use of a cleaning agent
containing a nonaqueous type solvent or an aqueous type |

solvent and the step of_rinsing the cleaned part with a

rinsing agent having a perfluorocarbon as a main component

- thereof thereby removing'the.cleaning agent adhering to the

surface of the cleaned part.

. The third cleaning method is characterized by comprising

' the step of cleaning a part by the use of a cleaning agent
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containing a nonaqueous type solvent or an'aqueous type

solvent and the step of drying the wet cleaned part by th= use

.of the vapor of a vapor cleaning‘agent,hauing a

perfluorocarbon as a main component.

The cleaning'apparatus of this inventicn is characterized
by comprising an apparatus proper furnished as laid therein

with a conveying'mechaniSm for parts subjected to cleaning and

- provided with an inlet and an_outlet for the conveying

mechanlsm, cleanlng means disposed on the inlet side of the
conveying mechanlsm inside the apparatus proper, and drying

means disposed on the outlet side of the conveying mechanlsm

'1n51de the apparatus proper and adapted to operate with the

vapor of a cleaning agent hav1ng a perfluorocarbon as a main
component thereof |

The C1eaning agent having a perfluorocarbon as a main
compcnentpthereof and used for this invention is capable of
effectively drying the wet cleaned part and, at the same time,
capable of cleaning the part and rinslng the cleaned part.
Eurther, after the part has been cleaned with an aqueousltype
cleaning agent and then.rinsed as with water,_tne cleaning
agent contemplated by this invention can be usedfeffectiVely

for removing the water adhering to the surface of the cleaned

- part, though this removal of the adherlng water partly

overlaps the aforementloned WOrk of drylng

The perfluorocarbon mentioned above is a-ccmpound in
which all the substitutes’ joinable to the carbon atoms in the
molecular conflguratlon thereof are fluorlne atoms.

Generally, it assumes a lquld state_at normal room
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temperature. In some of thgncommerbially mahufactured'speciés
of perfluorocarbon, however, these substituents are hot
fluorine atoms but may pértly include hydrogen; ¢h1oriné, or
bromine dtoms as impurities. These-impurities'are_unavoidable
by reason of manufacture. They_are contained in such species
of perfluorocafbbn in a proportion approximately in the range'
offfrom'O.S% to 5.0%. The impurities éontained in this
' prdportion offer no hindfaﬂge to the ﬁractical utility 6f'the
perfluorocérbon. The perflubrdcarboﬁ cohtemplated by this |
invention, therefore, embraces the speciés containing.thesé
impuritiés; Further, the perfluorocarbon for use in this
ihvention is not restrictéd to fhat which has'a méin chain
formed éolely of carbon atoms but is allowed to'paftly contain
an.oxygen atom in the form of an ether liﬁkage or a nitrogén
atom, a silicon atom; eﬁc; | | |
The perflddrocarbon of the'qdality is nonflammable,
5_non£okic, éhd odorléss_andlénjdys very high safety; Sinée it
.éontains subétaﬁtially no chlorine,:it has no possibility of
entailing environmental'pollﬁtion. Further,'sincéjit
possesses-volatility comparéble with that of a Fréoﬁ type
solvent and avoids corroding vérious matefials includiné
. metals, plastics, and glaés, iﬁ_manifests cleaning and_dryihg'
_ effects effeétively and fully satisfacforily on parts madé of
various maté:ials. | | -
Thé perfluorocarbon is immiscible with various solvents
including water and excluding flhorine_tYpe'éolvehts;'-Even if
sﬁCh an immiscible cleaning'égent:finds ité way in the |

cleaning step or rinsing step using the'perfluorocarbon,'“
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therefore, it can belrecovered and.put to reuse without
‘difficulty. A commercially available epecies of
perfluorocarbon, for'example, has a specific.gravity -
approximately in the range of from 1.6 to 2.0 at 25°C, a value
.larger than the specific gravities of ordinary'nonaqueous.type
SOlvents and aqueous tjpe solwents.' By v1rtue of this
'dlfference in spec1f1c gravity, therefore, the perfluorocarbon_
can be separated by sedimentation. As a result, the recovery
.for reuse of both the perfluorodarbon and the cleaning agent
-or rinsing agent can be attained'. When the cleaning agent
hav1ng the perfluorocarbon as a main component thereof is used
for the removal of. water adherlng to a surface, for example,
owing to a large dlfference ln specxflc gravxty between the
perfluorocarbon and water, the removal of the adhering water
and the drylng of the wet cleaned part.can be_effectlvely
carried out and, at the same time, the'separation of_the
perfluorocarbon from:the water'can be_accomplished.
Optionally, the eeparation of the perfluorocarbon from the
cleaning agent or the_rinsing aoent may be accomplished by
distillation_owing to their different hoiling:points.

The perfluorocarbons which are effectively usable in this
inuention include those represented-by the general formula;
.(:Fhﬂ (whereln N stands for an lnteger in the range of from 4
to 12), those represented by such molecular formulas as CsFs,
| 'C4Fsr CsFm: CeF12: CeF120, CeFi4y C7,1".'1u C7F1_40r C;F1ss CsF160; CoFig,
(thO, and-Cmme, andfthose.repreeented by euch structural'

formulas as
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C4F91 0 C3F7: (C5F11)3N: (C4Fg) 3N,
CF3 r CF3 ’
crg' |
CF3 —f= 0 — CF — CF; —y———te O'— CFj O — CF;
P q

(wherein p and.q severally stand for an arbitrary.integer),
for'exaﬁple. Theée peffluorocafbéns are uséble singly or in a
| mixture in this invention. As commerciaily available |
products,. Florlnate FC-72 (b.p. 56°C), ditto FC-84 (b p.
0°C),.d1tto_FC-77(b.p. 7°C), ditto FC-75 (b.p. 102°C), ditto
FC-40.(b p. 155 °C), and dltto FC-43 (b. p 174°C) [produced by
Sum1tomo—3M K K.]1, Garuden D 80 (b.p. 84 °C), ditto DlOO (b pP.
102°C), and ditto D01 (b p. 110°C) [produced by Nippon
Montedison K.K.], Afflude E-8(b.p.-82°C) and ditto E-10 (b.p.
100°C) [produced'by,Asahi Glass Company, Ltd})],'and' '

. Technocare FRV-1 (b.p.. 100°C; produced by Kabushiki Kaisha
.Toshiba) may be cited, for example. Such ¢ommeicially
--aQailable prbducts of various perfluorocarbons.as various
Garuden_series'pfoduced by 3M_Ccmpany of the U.S.A., various
Garuden series prbdu¢ed by Montedisoh of Italy, and various
'.Technocare fRV series prodﬁced by Kabushiki Kaisbé Toshiba are
'similarly usable herein. | |

The perfluorocarbons are produc;ble w1th varylng b0111ng

.p01nts, dependlng on chemical. structure 'For use in the
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'drYing_step, a given'perfluorocarhon is desired to have a
boiling point of not-less than 20°C lower than the boiling
'point of the cleaning agent to be usedlin the cieaning'step.
This difference in boiling point prevents the CIeaning agent
from adhering again to the cLeaned part.in the dfying step.
This difference in boiling pointﬁis.desired to be not less
~than 50°C, preferably not less than 100°C.._ | |

The perfluorocarbon llquld described above may be used by
ltself or as mixed with auxiliary agents. The auxlllary
agents mentioned above lnclude a solvent whlch is added to the
perfluorocarbon for the _purpose of enhanc1ng the cleaning
ability thereof when the cleanlng power exhibited by the
perflnorocarbon alone to the defiling substances remaining on
the cleaned part is not sufficient-and a solvent which is
added thereto for the purpose of_enhancing the water-removing
~ability the:eof_when'the ability.manifested by the
' perfluorocarbon-by itself in femoving the water remaining on
the cleaned part is not Sufficient, for example,

As examples;of the auxiiiary agents, terpene'type
solvents, hydrocarhon_type solvents, silicone type solvents,
kerosene, Freon type solvents, nonaqueous type solventsisuch
as chlorine.type organic solvents, and'hydrophilic'solcents
'such as alcohols may be'cited. It is naturally desirable.to
avoid using such Freon tyoe'solvents_as Ffeon 113 and such
ffchlorlne type organic solvents as 1,1, l—trlchloromethane on
account of env1ronmental pollutlon and poor safety. Their
'adverse effects on the envxronment, however, can be alleViated

to a large'measure'by'the use of the perflnoroca:bon as a main
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_component of the cleaning agent When the perfluorocarbon is

used in combination with such auXiliary agents as mentioned

above, the total amount of the auXiliary agents to be
incorporated is deSired to be not more than 70% by volume,
preferably not more than 50% by volume, and ideally not more

than 30% by volume, based on the amount of the

| perfluorocarbon. Spec1fically,,the ease with which the object

of this invention is accomplished is increased by'lowering the

degree of influence of the Freon type solvent upon the

environment below 0.7, preferably below 0.5, and ideally below

0.3 (Fig.10). When an inflammable solvent is used as an.

- auxiliary agent, it is desired to have a boiling point higher

- than the boiling point of the perfluorocarbon;

At the cleaning step'of this invention,'the cleaning
agent to be used therein may be.selected so as to suit the
natute’of cleaning aimed at such as, for example,.the'cleaning'
for-removal of grease,-the cleaning_for,removal of water, or

the precision cleaning. To be specific, this cleaning step

' allows use of the aforementioned cleaning agent having a

'perfluorocarbon as a main component, nonaqueous type cleaning

agents having such nonaqueous type solvents as silicone type
solvents, hydrocarbon type solvents,_terpene type solvents,

and kerosene as a main compOnent,'hydrophilic tYpe'cleaning

‘agents having such hydrophilic solvents as alcohol type

solvents as a main component, and water-soluble cleaning
agents such as alkali type cleaning agents, neutral type
cleaning agents, and ac1d type cleaning agents. As concrete

cleaning-means, an immersion bath or a shower bath may be used
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optionally in combination"with nltrasonic Waves; vibratiens,'
er mechanical agitation, for example. |

The.solvents which are usable as a main component for the
cieaning agent describedﬂabo#elwill be expisined in'detail ' |
below{ As a silieone'type solvent among the nonaqueousltype
solvents, at least one low molecular polyorganOSiloisne
 selected from the group consisting of linear

polydiorganosiloxanes represented by the genersl_formula:

R cer (I)
(wherein-R's independently stand'for.a substituted or
unsubstituted monovalent hydrocarben group and m stands for an
integer in'the range_qf from 0 to 5) and cyclic"

poleiorganosiloxanes represented by the general formulé:

....-.'(II)'
(wherein R’s independently stand for a substituted or
unsubstituted monovalent hydrocarbon group and n stands for an
integer in the range of from 3 to 7) may be cited.

The low molecular polyorganosiloxane mentioned above by
itself exhibits excellent penetrating power and'volatility‘in
delicate contours of such perts subjected to cleaning as
metallic psrts,_electrdnic parts;lsemiconduetor parts, and
rcoeted psrts, imparts rustproefness to the cleaned parts,-and-

manifests highly satisfactory replaceability With'water.'-A'
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polydiorganosiloxane of a linear structure'represehted by the
formula (I) and a polydiroganosiloxane'of a cyclic strﬁcture
represented by the formula (II) may be ﬁsed together in a
combined:form. In thelformula (I) and the formula (II) _
mentioned above, R’s independently stand for a substituted or
unsgbstituted monovalent hydrocarbon group. Unsubstituted
monovalent hydrocarbonxgroups like alkyl groups'suoh as
methyl, ethyl, propyl, and butYl and a phenyl Qroup and
substituted monovalent.hydrocarboh groups such as

trifluoromethyl may be cited as concrete examples. In p01nt
of stablllty of the formed system and maintenance of
volatlllty,_methyl proves to be the best ch01ce. )

~ As ayorocarbon type solvents, those of alkylbenzene type
solvents'and paraffin type solvents which possess'volatility
‘may be cited. They may be used either singly or in the form
of a mixttre of two or more:members,_lAs paraffin type
solvents effectively.usable hereih,_volatile isoparaffins
having l_to 30 carbon atoms may be cited. Among other
' volatile isoparaffins, the.isoparaffihs_having fractions of Cg
to'Cm as a main component prove to'be'partioularly desirable
in point of the cleaning ability These hydrocarbon type
solvents possess VOlatllltY, enjoy harmlessness and
sodorlessness, and manifest the same effectiveness as the’
aforementioned low molecular polyorgan051loxanes The terpehe
type solvents are formed malnly of oil extracted from oranges.

| As hydrophlllc solvents which are usable as a main |
component'of the cleaniag.agent coatemolated by this

invention, such alcohol type solvents as higher alcohol type
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solvents and polyhidric alcohol type solvents may be cited.

Tbe nonaqueous type solvent described above exnibits.a
'cleaning ability even in its simple form. Depending on the
.purpose of use, it is des1red to be used as mixed with a
cleanlng ab111ty-1mprov1ng agent which is capable of lmpartlng
.and enhanc1ng the cleanlng abllltY of the solvent._ when the
cleanlng ablllty-lmprOVLng agent is used, the cleaned part is
-desxred to be subjected to a- rxnsrng treatment w1th a 'silicone
type solvent or a hydrocarbcn type solvent or with a |
perfluorocarbon. This.rinsing treatment contributes'tc
facilitating the work of drying by the use of a vapor cleaning
agent having a perfluorocarbon as a main component; ‘

'As'cleaniné ability-improving agents which are.
effectively usable for such nonaqueous type solvents as
silicone type'solvents'andfhydrocarbon type.solvents,
surfactants and hydrophilic solvents which possess
| compatlblllty w1th such agents may be cited. The'surfactants
are class1f1ed by chemlcal structures responsxble for
manlfestatlon of thelr activities under catlcn type, anion
type, nonionic type, amphoteric type, and composite_type.'
This invention allows use of these surfactants without
reference to'their'types} | ._

- The surfactant partlcularly contrlbutes to 1mprov1ng the
.cleanlng ablllty of the cleanlng agent. - |

In these surfactants, those which are used particularly

.desirably include anionic surfactants repreSented byl
polyoxyalkylene alkylether.suifonates and ébosphoric esters,

nonionic:surfactants_represented by poiyhydric alcohol fatty
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acid esters, polyoxyalkylene fatty acid esters.and
polyoxyalkylene alkyl ethers, amphoterlc surfactans
represented by 1m1dazollne derlvatlves, and catlonlc
surfactans represented by alkylamine salts and alkyl
qpaternary ammonium salts, for example.' Terpene type solvents
and higher fatty acid esters are also usable. Further, the
synthetic.compounds having part.of.the chemioal structures of
the various compounds mentioned above substituted by fluorine

atoms or silioon atoms are also usable.

The hydrophilic solvents which have flash points
exceeding 40°C prove to be particularly desirable in point of
ease.of use. The hydrophilic solvents include polyhydric
alcohols such as ethylene glycolimonomethyl ether, ethylene
glycol monoethyl ether, ethylene glycol_monopropyl ether,
ethylene glycol monobutyl ether, ethylene glycolhmonobutyl
ether acetate, and diethylene glyool.monObntyl ether and
derlvatlves of these polyhydrlc alcohols, for example.

In the use of the cleanlng agent whlch anorporates
.thereln the cleaning ablllty-improving agent, the mixing ratio
of the cleaning.ability-improving'agent is not particularly
restrioteda The mixing ratio:of.the surfaotant is desired_to
" be not more than 20 parts by weight, preferably not more than |
3 parts by weight to 100 parts hy weight-of the nonaqueous
type solvent The . m1x1ng ratlo of the hydrophlllc type
' solvent is de31red to be not more than 100 parts by welght,

_ preferably not more than 50 parts by welght, to 100 parts by
welght of the nonaqueous type solvent | |

Illustrated cleanlng ab111ty—1mprov1ng agents effectlvely
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usable particularly for terpene type solvents as nonaqueous
type solvents include terpene type emulsion surfactants.

| In “the cleaning method of this invention, the cleaning
step for removal of grease or for removal of water is desired
to be followed by a rinsing step using a rinSing agent
selected from among the aforementioned nonagqueous type
~ solvents.containing a perfluorocarbon,'lower alcohols such.as
methanol and ethanol ordinary hydrophilic solvents such as
acetone and methylethyl ketone, and water.

Particularly where a cleaning agent having as a nain
component thereof an inflammable solvent like a terpene type
solvent, a hydrocarbon type solvent, a silicone type solvent,_'
kerosene, or an alcohol type-solvent is used in the cleaning
step, a rinsing.treatment_with a rinsing agent having-a"
'.perfluorocarbon as a'main component thereof yields a highly
desirable result. The work of rinSing Wlth perfluorocarbon is
effected by immersing in the rins1ng agent a part Wthh has ,
undergone the cleaning step, spouting the rinSing agent
.against the surface of the cleaned part, -or expOSLng the
_cleaned part to the vapor obtained by heating the rinSing
agent. These rinsing methods may be employed together
Simultaneously |

By performing the_rinsing treatment with a |
perfluorocarbon as descrihed above,.the inflammable'solvent'
adhering to the surface of the cleaned part is'separated-fron
the cleaned part and then allowed to ningle into the rinsing
~agent having as a main'component thereof a'perfluoroCarbon so.

. that the inflammable solvent is removed. As a result, the
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drift of the inflammable solvent in the.amhient air can be
curbed to a marked extent and the possibility'of the
inflammable solvent entailing air pollution or catching fire
can'be-diminished in a large measure. .Further, since the
_perfluorOCarbon is compatible Qith'the cleaning agent to be '
ﬂuseq in this invention as describeo ahove, the perfluorocarbon
and the cleaning agent ean be separated from each other and.
‘recovered'independently of each other. As a result, the
perfluorocarbon conspicuously contributes to mlnllelng the
' consumption of the cleaning agent and enhanCing the economy of
the cleaning operation. . _

The cleaning step and the rinsing.Step'by the use of the
inflammable_solvent'desCribeo.above are desired to be carried
out in an atmosphere of the inflammahle vapor prodnced by
thermally vaporizing the perfluorocarbon. In this matter, the
cleaning and the rinsing with the inflammable solvent can be
_effected_in_the atmosphere whioh contains no.oxygen or very
little'oxygen, Since the vapor of the perfluorocarbon has a
larger specific oravity than air,lthe escape of the
inflammable gas from the atmosphere or'the.mingling thereof in
the‘ambient air can be prevented. Thus, the possibility of
these steps entailing air pollution or fire is diminished to a
great extent and at the same time, the cleaning operation can
be performed with high effiCiency |

In the rinSing step of this invention, an alcohol ‘type
solvent_may be used as a rinsing agent.. In this case, the
alcohol type:solvent is desired.to be used_as cooled to below

the flash point of the solvent. The drying of the cleaned
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".part can be performed more easily by uSing an alcohol type

solvent haVing a lower bOiling point in the place of the
nonaqueous type solvent of a relatively high boiling point.
The alcohol type solvent suffered to adhere to the cleaned
part in'this case_isiinflammable} By subjecting the cleaned
part coated with the inflammable solvent to drying bv heating
in the atmosphere of the vapor of the cleaning agent haVing a
: perfluorocarbon as a main component, however, the danger of |
- the adhering inflammable solvent catching fire can be
eliminated and the work of drying can be carried out with
added safety.

The drying step of this invention is.effected by expOSing
the cleaned part haVing the cleaning agent and the rinSing
agent depOSlted on the surface thereof to the vapor produced
by heating the aforementioned vapor cleaning agent, i.e. the
-cleaning agent haVing a perfluorocarbon as a main component
' thereof, On the surface of the cleaned part, the vapor of
hperfluorocarbon'remains.in_the form of dews until.the
temperature of the cleaned-part reaches the boiling point of
perfluorocarbon. Owing to the difference in specific gravity
between the perfluorocarbon'and the cleaning agent or the
rinsingdagent, the cleaning agent and the rinsing agent are
removed from the cleaned part. Since the adhering o
perfluorocarbon is readily volatilized, the cleaned'part is
dried in a clean state. | | |
| In the cleaning method of this invention, particularly in

the cleaning step thereof the nonaqueous cleaning operation

throughout the entire process can be accomplished by using in
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the cleaning step a nonaqueous cleaning agent having as a main
component thereof a nonagueous type solvent such as a |
perfluorocarbon, a silicone type solvent, a hydrocarbon type_
solvent, a terpene type solvent, or kerosene and, where the
.cleaned part demands a rins1ng treatment, using in the rinsing
step a rinSing agent having a similar nonaqueous type solvent
and subjecting the cleaned and rinsed part to vapor drying
with a ~vapor cleaning agent having a perfluorocarbon as a main .
component. |

The cleaning apparatus contemplated by this invention
physically embodies one example of the cleaning method of this
invention described'above. In the cleaning apparatus of this
invention, the apparatus.proper is formed in a hermetically
sealed construction and this apparatus'proper is'provided |
therein with partition means for dividing'the interior of the
apparatus proper into two chambers._‘The two_separated'
'chambers are desired to be provided severally with air
discharge means adapted to establish negative pressure inside
the apparatus proper. The cleaning apparatus thus constructed
precludes leakage therefrom of the vapor cleaning agent having
a perfluorocarbon as a main-cdmponent thereof, the cleaning
agent,'or the rinsing agent. Owing to the'preclusion of the
' leakage coupled w1th the fact that the cleaning agent of this
- invention having a perfluorocarbon as a main component thereof-
and various solvents used therein are not compatible with each
other.and,.therefore,_can-be recovered separately of each
other, the amounts of these-materials to be consumed can be

reduced.
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-The parts to be cleaned by tne cleaning method with tne
cleaning apparatus both of this'invention are parts of
- metallic materials, ceramics-materials, and plastic materials.
More particularly, these parts inClude metallic parts,
surface-treated parts, electronic parts, semiconduCtor parts,
electrical parts, preCiSion mechanical parts, optical parts,
glass parts, and ceramic parts, for example. |
Brief Description of the DraWings.

Fig. 1 is a diagram illustrating the construction of-a
cleaning apparatus as one embodiment of this invention, Fig. 2
is a diagram schematically'illustrating.the construction of a
device for vaporizing a vapor cleaning agent haVing a |
.perfluorocarbon as a main component and used in the cleaning
apparatus illustrated in.Fig. 1, Fig. 3 is a diagram
schematically illustrating tne construction of a'cleaning.
agent recovery device to be used in the cleaning apparatus.
illustrated in Fig. 1, Fig. 4 is a diagram illustrating.the
construction of a cleaning apparatus as another embodiment_of
this invention, Fig. 5 is a cross section illustrating the
'construction of a device for'distillation of a defiled
cleaning.agent, Fig. 6 1s a diagram illustrating a
modification of'cleaning means, Fig. 7 is a diagram
illustrating tne construction of a cleaning apparatus as still
another embodiment of. this invention, Fig 8 is a diagram
illustrating the construction of a rinSing apparatus as a’
further embodiment of this invention, Fig.'9 is a diagram
'illustrating the construction of another ‘rinsing apparatus of

- this invention, and Fig. lO is a'diagram showing the relation
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' between the mixing ratio of perfluorocarbon w1th Freon 113 and
the degree of influence of Freon. 113 on the enVironment
Detailed Description of the_Invention;- |

Now, the present inrention will be described more
| specifically below with reference to embodiments thereof.
Fig. l.is a diagram illustrating the cOnstruction.of a
' cleaning apparatus constructed'to executeza cleaning method as
one embodiment of this invention. The'cleaning apparatus
illustrated in the'diagram.is provided, inside an apparatus
proper 20 incorporating therein a belt conveyor as means 10
for conveying a part 1 subjected to cleaning,zwith shower
cleaning means 30 intended for a cleaning'step, immersion
rinsing means 40 intended for a rinsing step, and drying means
50 adapted to operate with'the Qapor of a vapor cleaning agent:
having a perfluorocarbon as a'main component thereof and |
intended for a drying step, With the means 30, 40, and 50 laid '
‘sequentially in the order mentioned along the direction |
of travel of the conveYing means 10. |

The.apparatus proper 20 is formed in a hermetically
sealed construction except for an inlet part 21 and an outlet
part 22 of the conveying means 10. The interior of the |
apparatus proper 20 is divided into two chambers 20a; 20b with
a partition panel 23 disposed on the.rinsing means 40. To the
anterior chamber 20a and the posterior chamber 20b separated
by the partition panel 23 are respectively connected air-
discharging systems 24, 25. Thus, the chambers independently
aspirate the ambient air via.open parts (the inlet part 21 and

the outlet part 22) of the apparatus proper 20. By
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conquuentlY establishing negétivé préssure inside the
antérior chamber 20a and the posterio; 20b, the leakage of the
vapor such as of a perfluofocarbon from the apparatus proper i
20 is pfeéluded and the recovery for reuse of the
perfluorocarbon is realized. |
'In the shower.cleaning means 30, a conveyor 12 for the.

' cleaning_steé.connected to an inlet side conveyor 11 serves to
convey'thé part l'snbjected_tq cleaning. The showef cleaning--‘
means 30 inco:porates therein a shower cleaning bath 32 which |
is provided with a plural_-ity of shower nozzles 31 disposed so
- as to blow a cleaning agent against the part 1 in conveyance
from the oppbsite lateral sides. By the shower cleaning, such
defiling subsfances as grease and water adhefiné to the part 1
under treatment are femoved, | -

| The éleaning agent mentioned above is selected to.suit
tne_purpose of éleaning or the kind of part snbjected'to
. cleaning; fbr example, a nonaqueoué cleéning,agent pfoduced
by adding to a silicon_type'snlvent liké Technocare FRW-13
(b.p. 176°C; produced by Kabushiki Kaisha Toshiba) a
'Surfaétant as a cleaning'ability-improving agent‘and a
nonaqueous.type cleaning agent produced by adding to a _
silicone type sblvént like Technocare FRW-14 (b.p. 176°C):or
FRW-15 (b.p. 178°C) (produced by Kabushiki ;{aisha Toshiba) a
pblyhydric alcohol aé a cleaning ability-improving agent éré
used.l.The shower cleaning bath 32 is nonnected to é-resérvé
tank 34 th;Ough.the medium of a-pipe 33. From this_resefve
tank 34, the cleaning agént is.circulated by a pumn 35 thfongh

the site of service. A filter 36 is inse:téd'in the Pipe 33.
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: Thls fllter 36 deprlves the cleaning agent flow;ng
therethrough of such defiling substarnces as SOlld partlcles
and undlssolved substances. _

The rinsing means 40 is.provided Qith.an immersion
rinsing_bath 4l'holding therein a rinslng agent variable with.
the purpose of rinsing. A conveyor 13 intended for the
r1ns1ng step is laid in such a manner that the part 1 to be
cleaned may pass the lnterlor of the immersion r1n51ng bath
41. The cleanlng agent and Lonic.dirt adhering to the part 1
which has'passed through the shower cleaning means 30 are
rinsed off from the part 1 by the passage of the part 1
threugh the interior of the lmmersion rinsing bath 417 As the
rinsing agent, Technocare FRW-1 formed solely of a'silicone
type solvent (b.p. 176°C; prodnced by Kabnshiki Kaisha
| Toshiba), or Teehnocate'FRV-l formed of perfluorecarbon (b.p}
100°C; produced by Kabushiki Kaisha'Toshiba), for example, is
used. | | | | |

To the immefsion rinsing bath'41 is connected a
circulation system which is qmitted from the diagram. .By.
means of a cleaning liqnid-purifying device adapted to effect
extractlon from water, for example, the used r1n51ng agent is .
purlfled.. The extraction from water sufflces to attain
pnrifieation of the used rinsing agent ‘because the_cleanlng_
ability-improving agent;and-ionic dirt'mingling.in the rinsing
liquid forned of a silicone type-sdlvent or.a perfluorocarben
.can be extracted from water . 0w1ng to the cleanlng llquld-
purifying deVLCe, the r1n51ng agent lS always kept in a clean

state.
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The drying means 50 is composed malnly of a drylng
furnace 51 for malntalnlng the vapor cleanlng agent formed
malnly of perfluorocarbon in the form of vapor depending on
.the boiling point of the perfluorocarbon and a cooling pipe 52
laid above the drying furnace 51.so'as to prevent the'vapor'of
perfluorocarbon from diffusing out of the drying furnace 51.
Further, a conveyor 14 intended for the drying step isllaid in
such_a manner that the part 1 Subjected'to cleaning may pass
the interior of the drving furnace:S; which is filled as with |
the vapor of perfluorocarbon mentioned above

The vapor cleaning agent hav1ng a perfluorocarbon as a
main component is vaporized by a vaporlzer 62 which is
prov1ded with a heater 61 as 111ustrated in Flg 2 and the
resultant vapor is supplled via a vapor Lnlet 53 lnto the
drylng furnace 51. As the vapor_cleanlng agent formed malnly
of a perfluorocarbon, one member selected from ambng Florinate
FC-72, ditto FC-84, ditto FC-77, and dltto FC- 75 and |
'Technocare FRV-1 may be used.

On the part 1 conveyed by the conveyor 14 for the drylng
step into the drying furnace 51 fllled w1th the vapor such as
of perfluorocarbon, the vapor of perfluorocarbon remains -
thereon in the form of dews until'the temperature thereof.
reaches the boiling point of perfluorocarbon and serves. to
rinse off the r1ns1ng agent adherlng to the surface of the
part 1. By the time the temperature of the part 1 rises
beyond the boxllng point of perfluorocarbon, nothing is
remaining any further on the surface of the part 1. Thus, the

cleaned part is conveyed out of the apparatus in a dry state.
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The rinsing_agent reﬁoved bf’the vapor cleaning mentioned
abcve'is discharged through a drain vent 54 dispcsed below.the
drying furnace 51, deprived of'defilihg substances as by
extractlon from water, and then separated into the sxllcone
_type solvent and the perfluorocarbon and put to use
lndependently of each other. This separation of the silicone
:type.solrent and the perfluorocarbch is accompiished'by
sedimentation rescrting to difference in_specific gravity or
by centrifugation, fcr example.

The air-discharge systems.24 25 instailed.in the
'apparatus proper 20 are severally connected to cleaning agent-
recoverlng dev1ces 64 whlch are provrded w1th a shower
mechanlsm 63 adapted to establish contact between the water
~used for,extraction_of the cieanihg agent component'and the
'aspirated air. The cleaning agent-recovering.derice 64
connected to the anterior chamber 20a side air-discharge
system 24 permits exclﬁsive separation_for recovery.and reuse
of the water-insoiuble siiicone type solvent_by blowing water
W against the aspirated gas G thereby effecting extraction of
the cleaning ability-improving agent-from water. The cleaning
agent-recovering device 64 connected to the posterior chaﬁber
20b side air-exhanst system 25 permits mutual separation for
_recovery.and reuse of the water-insoluble silicone'type.
solvent and the-perfluorocarbon by similarly subjecting the
- cleaning abiiityfimproving agent tc'extractich from water. To_'
the inlet part 21 side of'the'apparatus prcper'20_is connected
‘a separate air-discharge_system_ZG adapted to enhance'the'

.efficiency of the.recovery such as of the cleaning agent.
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The embodiment given thus far concerns a cleaning
apparatus which uses a shower cleanlng means 30 for the
cleanlng step. The apparatus may optlonally use an ultrasonlc
immersion cleanlng means 70 as illustrated in Fig. 4, The
cleaning apparatus illustrated in'Fig. 4 has the same
- construction as the cleaning apparatus illustrated in Fig. 1,
ekcept'for the use of the ultrasonic immersion cleaning means
70.

The ultrasonic immersion Cleaning means 70 is provided
| with an ultrasonic immersion_bath 71 having.the conveyor 12
for the cleaning step laid therethrough. The passage of the
lpartll_subjected to cleaning inside this ultrasenic immers;on
bath 71 resuits in the renoval of such defiling substances as
grease and water adherlng to the part 1. The cleanlng agent
used ln this case is the same as that used in the preceding
- embodiment. To the ultrason;c-1mmersxon_bath 71, the cleanlngf.
agent from a reserve tank”73 is incessantly supplied by a pump
.74 v1a a plpe 72 so that it will overflow the bath 71. The
cleanlng agent overflow1ng the ultrasonlc immersion bath 71 is
returned from a buffer tank 75.to the reserve tank 73. A
fllter 76 inserted 1n the plpe 72 serves to remove such
defiling substances as solld particles and undissolved
substances entralned in the cleaning agent.

‘Now, the results of a cleanlng test performed by using a
.cleanlng apparatus constructed as illustrated in Flg "1 for |
the removal of flux will be descrlbed below. |

CerULt substrates hav1ng various species of flux stuck

“thereto were cleaned by three minutes’ shower cleanlng, three
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‘minutes’ rinsing, and six'minutes' drying, using Technocare
FRW-14 and FRW-15 as silicqne type cleaning agents
.incorporating therein a polyhydric alCohol in the shower
cleaning means 30, Technocare FRWQI as a silicone type
cleaning'agent'in the rinsing means 40, and Florinate FC-?S'as
a-perfludrocarbon type solvent in the'drying means. The
results of the cleaning and the.kinds of flux are shown in
Table 1. The results of cleaning were v1sually rated on the

_ three-pOLnt scale, wherein ® stands for thorough cleanlng, o-

~ for nearly satlsfactory cleaning, and A for insufficient

-;cleaning.
_ Table 1

| kind of flux _.'“'_ ._' _ Shower cleaning agent
| | FRW-14 FRW-15

' Rosin type (PO;F-4900)_;' _"o e
Rosin type (PO-F-4600) o o _ ®
Rosin type (PO-F-1010S) | .O ®
Rosin type (PO=-3-7) | ® ®
Water-soluble flux (WF-57) o °
Water-soluble flux (WF-37) A ®
Rosin type (Deltathx 507) ® ®

 The éerflnorecarbon tYpe solvent used.in the'test
_mentloned above was tested for resrstance to water mark by the
followxng method The results are shown in Table 2. The
comparatlve experlments whose results are also shown in this

table used Freon 113 and isopropyl alcohol as conventlonal
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.vaﬁof cleaning egents.
(a) Resistance to water mark

Various substrates (stainless steel sheet, ceramics,
polycarbonate, and Ni-pleted steel sheet) were cleaned in the_
same manner as in the cleaning test described above and:then‘l”
subjected to vapor drying under thé,saﬁe conditions as abo&e._
The comparative experiments were carried out under the same
conditions. Then, the surfaees of the cleaned sﬁbstrates were
- examined in point o£ water'merk Qisually and under a.seanning
electron microscope and evaluated on_the'fou;-point scale,
wherein XX stands for destrﬁétion”caused by corrosion on_a
eubetrate during the'draihing step made the substrate no
longer evaluable, x for presenée of viSually discernible water
'mark, o for absence ef visuelly discernibie Qater mark, and °
for aﬁsence ef water mark exceeding 50 pm.under the-scenning
electron microecope.' | |
(b) _Continuous water-marking property

A stainless steel sheef as a substrate was'subjected to
- 50 rounds ef drying test and, after_the fesﬁ; the surface of
‘the cleaned substrate was examined in the same manner as in

(a) above.
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Table 2
Example Comparative '
Experiment
Perfluorocarbon Freon| Isopropyl
(FC- 75) 113 | alcohol
Water-marking property _
Stainless steel sheet ® ] o .
Ceramics - ® o o}
Polycarbonate @ ® XX
Ni-plated steel sheet ® ® o
Centinuous water-markihg _
Property ® @ . o

It is clearly noted from the results of the test
descrlbed above.that the cleaning apparatus using vapor
.cleanlng with a,cleanxng_agent_hav;ng the_aforementioned-
perfluorocarbon as a main component thereof permitted thorough
remeval of flux by nonaqueous cleaning, exhibited,ideal
resistance to water mark,'and.allowed superprecision'cleaning.
This fact indicates that the cleaning agent is satisfactorily
.usable as a substitute for Freon type.solvents. Sinee this
cleaning apparatus uses a cleaning agent which, unlike a Freon
type solvent, is incapable of causing'aﬁy envirenmental '
-pollution and contains sﬁbétantially no chlorine, it allows a
marked deerease in the adverSe effects on the enviroament and .
avoids manifesting any adve:se effect on human bodies and |
enables desired cleanihg to be_carried out with high safety,

Further, in the cleaning apparatus constructed as
deseribed above, since ﬁhe apparatﬁs proper has the_intefibr
thereof kept under negative pressure owing ﬁo evacuation and
protected against leakage of the-cleaning agent and fhe

perfluorocarbon and since_the”gas discharged from the
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apparatus is deprived of such components for recovery,.the
-effect upon the ambience can be minimized and'the otherwise
waste of the cleaning agent and perfluorocarbon'can be
prevented. Since the'cleaning apparatus excels sarety and
permits_efficient and advantageous use of the cleaning agent,
it attains afgenerous saving in the consumption of the |
cleaning agent and contributes to loﬁering the running cost.

The test (evaluation) described-above represented a case
involving the combination of a cleaning step resorting to a
‘silicone type solvent containing a cleaning ability-improving
agent and a rinsing step resorting solely to a silicone type
solvent._ The effect of the cleaning step described above may
be similarly obtained by using'inzthis step a srlicone type
solvent alone, a cleaning_agent having perfluorocarbon as a
ﬁain component-thereof; or a nydrophilic solvent, depending on
the kind of the_part-subjected to cleaning_or the kind of
defiling'santance. When a'cleaning ‘agent having
perfluorocarbon as a maln component is used in the cleanlng
step, a Freon type solvent or a chlorine type organic solvent
may be used as the vapor cleaning agent in the drying step.

Incldentally, ‘the cleanlng apparatus of the: precedlng _
lembodlment lllustrated in Fig. 1 and Flg 4 has been descrlbed
| with respect to a case in which the cleanlng agent used in the
cleaning steps 30, 70, is purged by means of the fllter 36
The purgatlon of the used and deflled cleanlng agent may be
otherwise accompllshed by the operatlon of_dlstlllatlon. 'If-
the cleaning.agentgused in this case:nappens to be an

‘inflammable solvent, the'distillation_is desired to be carried
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out in an atmosphere of the inactive vapor obtained by heating
perfluo;ocarbon. |
.Fic. 5 illustrates one'example of a distillation device

for the inflammable sOlVent; The interior of a distillation
device proper 81 is divided hy a partition.wall 82 into a
defiled liquid container bath 84 for accommodating.thereinla
used and defiled cleaning agent 83; i.e. the cleaning agent |
contalnlng the lnflammable ‘solvent defiled by use, and an
inactive bath 86 to be filled with a perfluorocarbon liquid
85. An upper opening part 8la of the distillation device
proper 81 is tightly closed with_a lid 87. The defiled liquid
container bath 84 and the inactive bath 85 are provided |
therein severally with heating sources'sa adapted to heat and
vaporize the liquids contained in the baths. |

The distillation device proper 81 is provided on the
inner wall surface on the upper openlng part 8la Slde with a
condenSLng part 89 formed of a coollng coil, for example, and
used for condenslng the vapor. This’ condens;ng'part 89.is'
' provided in the lower end thereof with a trough-like
condensate rece1v1ng part 90 raised annularly from the inner
' wall surface of the distillation dev1ce proper 8l. To the
condensate rece1v1ng part 90 lS connected an outlet condult 92
adapted to lead out of the dlstlllatlon device prope; 81 the
condensate 91 prodﬁced by cooling the #apor by the condensing
part 89. .This'ontlet conduit 92 is connected.toaa separator_
93, |
| The.vapor of the defiled cleaning agent 83 and the

perfluorocarbon liquid 85'is_condensed by being cooled by the
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condensing part 89 and the liquefied condénsate 91 is
recovered by the condensate receiQing”part 90;l The cohdensate
91 thus recovered is divided by the_separqtor 93 into an
inflammable solvent and a perfluorocarbon.liquid.

‘The separatof 93 is prévided'therein with é_pértition
wall 95 which is fﬁ:hished iﬁ the lower end thereof with a
communicating passage 94. By the partition wall 95, the
~ interior of the separator 93 is dividéd into an inflammable
solvenﬁ_chamber 96 and a perfluorocérbon liQuid chamber 97.

The outlet conduit_92'is conhected”tqlthe inflammable sol&ent,.
cﬁamber 96; Insidg this separator 93, the condensaﬁe_Sl is |
separated by difference in specific gravity into.an
inflammable.solveht'and perfluorocarbon. |

To the inflammable solvent chamﬁer'gs is ébﬁneéted an
.overflow pipé 98 serving for the inflammable solvent separated -
from the condén#ate 91. By the'overflow pipe 98, the
inflammable.solvent,iS~recovered. To the perfluorocarbbn
liquid'chamber 97 is connected an overfléﬁ pipe 99 Se:ving for
the perflﬁorocarboﬁ liquid separated from the condensate 91.
By the overflow pipe 99,_the perfluorocarbbn is recovered as -
it accﬁmulatés to a preé;ribed volume. | _ | |

In the distillation device, the used and defiled cleaning
agent 83 is vapo;izéd by heating afte# the interior of the
- distilling déviée proper 81 has been filled with the vapor of.
perfluorocarbon. The_vapdr_of thefdéfiled cleaning agent 83,
i.e. the.Vapor'of the inflammable_solvent, threatenS'thé.

_ dangér of fire in its normal sfate, The dis£iliati6n dévice

;of the present embodiment has on1y a very remdte pOssibility
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.of caus1ng a fire and enjoys remarkably hlgh safety because
the device 1s filled in advance w1th the vapor of lnactlve
perfluorocarbon and the lnterlor of the dlstlllatlon dev1ce
. proper 81 is kept in a state completely lacking oxygen or
contalnlng oxygen only meagerly. _

When the defiled liquid container bath 84 disposed inside
Ithe distillation device proner 81 is installed inside the
inactive bath 86 instead, the:troubie_entailed_in separately
heating the defiled cleaning liquid 83.and the:perfluorocarhon
.liquid 85 can be avoided. The distillation device mentioneo |
above, besides heing used for the operation of distillation,
can be used as vapor:cieaning.means (such as, for example, the
' drying means 50 in the apparatus'of'Fig. 1) by virtne of the'
wapor formed'in conseqnence of.the'operation.of_distil;ation.

In the cleaning apparatus of the.embodiment described
above, when an lnflammable solvent is used in the cleaning
means 30 and 70 and the rlnSLng means 40 and partlcularly when
the lnflammable solvent and air are liable to mlngle as during
the shower cleanlng, the pOSSlbllltY of the inflammable
solvent catching flre can be av01ded by cleanlng thelpart.
'. subjeoted to cleaning with a cleaning agent having the |
inflammable solvent as a main component thereof in an
atmosphere of the.nonflammable vapor obtained by vaporizing
perfluorooarbon. |

A perfluorocarbon vapor generatiné device llO-is
1nstalled as juxtaposed to a shower cleanlng dev1ce 100 as
lllnstratediln Fig. 6. The shower cleanlng device 100,

similarly to the shower cleanlng means 30 in the cleaning
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apparatus illustrated in Fig. 1, is prOVided With a plurality’
of shower nozzles 102 adapted to blow the cleaning agent
against the part,l subjected_to cleaning which is being
conveyed by a conveyor lOl. Belon the convevor 101 is
disposed an inclined receiving part 103 for the cleaning
agent' A recovery inlet 104 for the cleaning agent and a
lreserve tank 105 which are disposed in the lower bottom of the
.receiVing‘part 103 are interconnected via a three-way valve
106. To the reserve tank 105 is connected an'air pump 107.
This air pump 107 enables the cleaning agent to be cyclically
used _

The vapor generating ‘device 110 mentioned above possesses
an inactive liquid bath 112 containing perfluorocarbon 111. A
heater 113 for'vaporiZing the perfluorocarbon 111 is thrust
into'the inactive liquid bath 112 from outside. The vapor
generating device l10 and the shower cleaning device 100 are
" made to intercommunicate via a switch 1l4'to-permit supply of
the vaporized perfluorocarbon into,the shoWer cleaning device
100. |

On the vapor generating device 110 is superposed a
condenSing chamber 116 through the medium of a partition wall
- 115. ‘A communicating hole 117 formed in the partition wall
115 is covered to be opened or shut with an inner 1lid 118 of a
stated weight. lnside'the condensing chamber 116; a cooling |
- coil 119 for_condensing the vapor is installed.

In the upper part of the sh0wer cleaning device 100, a
cooling coil;108 is'helically.disposed_and utilized.to coollg

and condensate the supplied vapor'of perfluorocarbon. _To'the
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showef cleaning device:loo, an inlet éath'lzd for introducing
-the ambient air when nécéssary i§ conﬁected via a switch valve
121. To the shower cleaning device 100, an outlet path 122
for guiding out of the'device the intfoduced ambient air and
' thé vapor of perflgorbcarbon is connected. This outlet path
122 is plunged into a water tank 123 filled'witﬁ water. A
recofery vent i24lis bonnected to the bottom of-the water tank
123 to render ppééible the recovery of the inflammable solvent
and perfluorocarbon which héQé larger'specifié gravities than
water. | | |

In the shower cleaning device 100 of_this sorf, the vapor
of the inflammable SClventlcan be prevented from'catching fire.
by having_this device 100 filled in advance with the vapor of
perfluofocafbon( keeping the interidr of the shower cleaning
device lodlin a state completély_lacking ox&gen or_containing
oxygen oniy meagerly, and carrying-out the shower éleaning in
an atmosphere of this vapor. The recofery of the vapor of o
perfluorocarbon after the cleaning is completed can be’
attained by cooling and céndenSing the vapor of |
perfluorgcarbqn with the cooling coil 108 and then advancing
the resﬁltant condensate via the three-way valve 106 into the
 inactive liquid bath 112. | |
| o The'pfe¢eding embodimént has'Been described with respect
to a éase in which the éhqwer'cleaning device 100. possessing
“the vapor generating device 110 is incorporafed in a o
continuous cleaning apparatus}' When'the shower cléaning_
device described ébove is-uged as a batchwiég cleaning de&ice,

 for example, the operation of vapor cleaning with the vapor of
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: perfluorocarbon can be continuously performed after the
_operatlon of shower cleaning.

Now, another.embodiment of this invention will be
described below_kith reference to Fig. 7. Fig. 7 illustrates
the eonstruction of a cleaning apparatus for applying this
invention to the operation df'draining and the cperation of
drying by simple washing with water or_by the use of an
agueous type cleaning agent.after the cleanihg operation.

Inside a cleaning apparatus proper 130, a basket
conveying mechanlsm 131 is installed as conveying means for a
. part subjected to cleanlng. Along the path for conveyance of
the basket conveying mechanism 131 in the'direction'of travel
therebf, immersihg draining means 140 using a cleaning-agent
having perfluorocarbon as a main component thereof, shower
draining means 150 using theﬁsame cleaning agent,.and drying.
means 160.using the vapor of a:eleaning agent having
perfluorocarbon as a main compehent are disposed sequentially
in the order mentioned.. : | _ | |

" fThe apparatus proper 130 mentioned above'has a tightly
sealed construction except:for an inlet part 132 and an Outiet
part 133 of the baSket con#eying mechanism 131. An air
discharge system 134 is_connected to the apparatus proper 130_
of a.tightly sealed construction. By establishing pegative:
.presstre inside-the apparatus proper 130, the air discharge
sYStem 134 prevents the vapor of perfluorocarbeh from leaking
out of the apparatus proper-and, at the same time,.enables the
_perfluorecarbon to be reeevered and put to reuse.

The immersion draining means 140 mentioned above
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_possesses an immersion bath'l41.containing a cleaning agent
having perfluorocarbon‘as.a:main component'thereof. The parts
which are conveyed by the'basket'conveying mechanism 131 as
contained in baskets 135 have been either cleaned by a
separately installed cleanlng dev1ce using an aqueous cleanlng
agent or rinsed with water. The - deflllng substances such as
water which adhere to the surface of the parts subjected to
cleanlng are removed by 1mmer51ng the parts in the cleanlng
agent having perfluorocarbon as a main component thereofl

This removal of water is.realized by the fact that the
water floats up to the surface of the perfluorocarbon llquld
owing to the difference ln specific grav1ty between the
perfluorocarbon and water. Where the removal of water_by the
difference in specific gravity is not'sufficient, the water
adhering to the_surface of the parts subjected‘to cleaning is
supplemented'as by the use‘of the mechanical energy of
ultrasonlc waves generated by an ultrasonlc wave oscillator
142 installed inside the 1mmer310n bath 141. o

The shower draining means 150 comprises a shower cleaning_
bath 152 which possesses a plurality of shower nozzles 151
laid so as to blow a cleanlng agent hav1ng perfluorocarbon as
a main component thereof agalnst the parts subjected to
| cleaning. 1In consequence Of.thls shower cleanlng, the
defiling.substances-such as water which remain on the surface'
of the parts subﬁected to cleaning are removed. Ewen when
'these defiling substances are suffered to adhere again to'the
parts in consequence of the lmmerSLOn cleanlng mentioned

above, they are removed from the parts by the shower cleanlng
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The removal of the deflllng water by this shower cleaning is
reallzed as by the fact that the water remaining on the
.surface of the parts subjected to cleaning is hurled away by
_-the klnetlc energy caused by the dlfference in specrflc
gravrty between the perfluorocarbon and water

The various species of perfluorocarbon mentloned
-prev10usly hereln are avallable for the cleanlng agent hav1ng
perfluorocarbon as a main component thereof and used in the
limmersion rinsing device 140 and the shower rinsing device
150. | | |

.The.drying means 160 is composed of a vapor cleaning bath
162 possessing a vapor'generating part 161 adapted to vaporize
the perfluorocarbon and a cooling pipe 163 set in place in'the
upper part of the'vapor cleaning bath 162 so as to prevent the
uapor of perfluorocarbon from diffusing out of.the vapor
cieaning bath 162. On the surface of the parts subjected to
cleanlng whlch have been conveyed into the vapor cleanlng bath
162 filled with the vapor of,perfluorocarbon,~the vapor of
perfluorocarbon is retained in the form of dews until the
temperature of the parts-Subjected_to cleaning_reaches the
- boiling point of perfluorocarbon. When the temperature of the
parts-subjected to cleaning reaches'the boiling point of-
perfluorocarbon, the perfluorocarbon beglns to vaporlze, w1th
gthe result that the parts subjected to cleanlng are conveyed
out of the cleaning’ apparatus in a state no longer hav1ng any'
defiling substance adherlng to the surface thereof.

Even when water adheres in an extremely_minute.amount to

the surface of the part subjected to cleaning, this water can
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"be removed because the vapor of perfluorocarbon ls-retalned in
. 'the form of dews on the surface of the part subjected to
.cleanlng and the dews, whlle trlckllng down the surface of the
- part subjected to cleanlng, scrub the water off the surface.
‘The removal of this water can-be_otherwise attained by causing
the latent heat of the.wapor of perfluorocarbon to elevate the
temperature of the water and that of the part subjected to
'cleanlng and induce conversion of- water into steam.

Though the perfluorocarbon to be used in the drying means
160 is variable with the vapor pressure thereof, it is desired
to possess a b0111ng point not exceeding the boiling point of
water. This is because’the water adhering'to the surface ofr
the part subjected to cleanlng effervesces and possibly causesl
water mark on the surface when the part subjected to cleanlng
is brought into an atmosphere of a temperature exceeding the
boilinglpoint; | | |

By the use of a.draining device constructed as described
above, various substrates having defiling water deposited on
- the surface thereof were cleaned and dried under the

conditions of three minutes' immersion cleaning, three

. minutes’ shower cleaning, and three mlnutes’ drylng with .

Technocare FRV-l (a proprletary product of Kabushlkl Kalsha
Toshiba) used as the perfluorocarbon type solvent ;n the
'immersion draining means 140, as;the perfiuorocarbOn type
solvent in the shower draining means;lso, and as the'
-perfluorocarbon type solvent in the.drying means 160. The
cieaned,substrates were evaluated with respect to resistance

to water mark on the same scale as used previously herein.
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The results are shown in Table 3. .

Table 3__'

Example Comparative
B : Experiment
Perfluorocarbon Freon 113|Isopropyl
(FRV-1) - alcohol .
Water-marking property | . |
Stainless steel sheet|" ® @ o
Ceramics [ ® o o)
Polycarbonate e @ XX
Ni-plated steel sheet @ @ o

It is clearly noted from the results of evaluation given

above that the_draining device using the cleaning agent having

perfludrocarbon'as a main componenﬁ thereof effectedlthrough
removai of defiling water from the surface of the parts |
Subjected ﬁo cleaning; kept the parts against infliction of
water mark, permitted untfoprecision cleaning, and |
consequently proved comparabie favorably with the coutnertype
device using Fréon type solvent. |

'Furthéf, the c1éaning apparatﬁs_éonsﬁructed’as deséribed
abové miﬁimizes the exertion of an advefse:effect_oﬁ the
‘environment and avoids needless loss of pérfluorocarbon
. because the apparatus is prevented from léakaée of the
perfluorocarbon and enabied to recover the perfluorocarbon

- from the discharged air. Since this apparatué excels

operational safety and'atﬁains efficient and effeétive'use of

the cleaning agent, therefore, it permits a generous reduction

in the consumption of the cleaning agent'and_contribﬁtes to
lowering the running cost.

' The embodiment described thus far has been depicted as

effecting displacement of defiling water by immersion cleaning
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.and shower cleaning and subsequentiy'drying the'cleaned
surface with the uapor of perfluorocarbon. optionally, the
cleaning and the drylng can be accompllshed solely by the
cleanlng with the vapor of perfluorocarbon. In thlS case, the
water on the surface of the part subjected to cleaning is |
extended'and unlformly drled when the vapor of perfluorocarbon
is deposited in the form of dews on the surface of the part |
subjected to cleaning and the surface of the part subjected to
cleanlng is consequently covered with the perfluorocarbon-
‘llquld. The removal of the water is effected as by the |
floatation of water due to the difference:in:specific gravity
between the water and the perfluorocarbon or the shedcinggof
the water after the deposition cf perflucrocarbcn in the_fcrm
of dews. . |

Now, yet‘ancther embcdiment of this invention will be
.described below with reference to Fig. 8. Fig. 8 illustrates.-
one example of a cleanlng apparatus using perfluorocarbon as a
rinsing agent |

In a cleanlng bath 170, a ‘rinsing agent 171 hav1ng
perfluorocarbon as a maln component - thereof is contalned
This cleaning bath 170 is formed separately of a vapor
generating bath 172 which contains the same rinsing agent 171
.having perfluorocarbon as a main component therecf. A heater
173 for generation of wvapor is'placed in the'rinsing agent.17l
.contained in the vapor generating bath 172. ) A codling-ccil'
174 for cooling and conden51ng the vapor of perfluorocarbon is
set place on the upper inner surface of the vapor generatlng

- bath 172. An lntermedlate lid 175 having a proper weight ls
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disposed S0 as to be opened and shut between the cooling coil
174 and the rinsing agent 171 filiing the vapor generating
bath 172. This intermediate iid 175 serves to control the
pressure of a nonflammable Qapor 176,

The vapor generating bath 172 mentioned above is
connected to the cleaning bath 170 Via a feed mouth 178
furnished with a switch valve 1?7 and adapted to supply the
vapor 176 of the rinsing agent 171'having perfluorocarbon as a
main component thereof.' The cleaning bath 170 is'provided:on.
the vapor generating bath 172 side thereof with an elevating
mechanism 179 using an air_cylinder, an oil cylinder and the
like. | | |

A vertlcal lever 180 is connected to the elevatlng.
mechanlsm 179 and adapted to 1mpart a vertlcal motlon to a
cleanlng base 181 Wthh is fixed to the lower end of the
vertlcal lever '180.

Above the cleanlng bath 170, a gateway part ‘184 for a-
part 183 sub]ected to cleaning is seated through the medlum of
a cooling coil 182 serv1ng to condensate the vapor 176 of the
rinsing agent 171. This gateway part 184 is provrded w1th an
entrance 185 for allow1ng reciprocation therethrough of the
part 183 subjected to cleaning and a. shutter 186 adapted to
open and shut the entrance 135. The gateway part 185 is.
provided with a_ioading'base'187 for mounting thereon the part
. 183 subjected to cleaning. 1In the diagram,.lés stands for a
water separatlng device. | R |

In the rinsing dev1ce constructed as descrlbed above, the

part l83_sub1ected to cleanlng which has been cleaned with a
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varying cleaning agent and conseghently covered thereon with
" the cieaning agent is rinsed'by introdncing.this part.183 of a
defiled surface into the device and'immeréing it in the
rinsing agent 171.' This immersion is implemented by insetting
the part 183'subjected'to cleaning from the loading.base 187
via the entrance 185 into the gateway part ‘184, operating‘the
elegating medhanism 179 thereby_leveling the cleaning base 181
with the gateway paft 184, placing the part 183 subjected to
cleaning on the'cleaning baee 181, and.lowering the cleaning_
" base 181 into the rinsing.agent 171. Th;e rinsing by the
imnersion'in the rinsing agent 171 can be effected either by
vertically.oscillating the cleaning stand 181 or-exposing the
part 183 subjected to cleanlng to ultrasonic waves generated
by the operatlon of an ultrasonlc osc111ator 189.

Though the rlnSLng of the part 183 subjected to cleanlng
can be effected solely by immersion in the rinsing agent 171
as described ahove; it may be attained bY'the oombination of -

this immersion with vapor cleaning. The rinsing thus

- performed enables the part 183 subjected to cleaning to be

dried easily. The vapor cleaning is accomplished by opening
the switch valve 177 therebj'int:oducing into the cleaning
bath 170 the vapor 176 of the rinsing agent 171 generated in
the vapor generatlng bath 172 and having perfluorocarbon as a
.maln component thereof .

The r1nsxng of the patt 183 subjected to cleaning may be
otherwxse effected by spouting the r1nsxng agent 171 agalnst .
the part 183 subjected to cleanlng instead of immersing the

o part 183 in the rinsing agent 171 or expOSing_the part 183 to ..
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the vapor of the rinsing aoent 17l
| The rlnSLng by virtue of the injection of the rlnSLng
agent 171 is lmplemented by the use of a cleaning bath 190
constructed as illustrated in Fig. 9. An upper end openlng
190a_of the cleanlng bath 190 illustrated in .this diagram is
adapted to be sealed with a'lld 19l.- This cleaning bath 190
is ‘connected to a'cleaning agent container bath 192 holding
the rinsing agent 171 composed mainly of perfluorocarbOn
through the_medium of a communicating path 193;1aid betmeen
the bottom'parts.: On the inner.wall oftthe cleaning bath'l90,
: spoutlng nozzles 194 for the rlnSLng agent 171 are dlsposed
To the spoutlng nozzles 154, a spoutlng pump 195 communlcatlng
‘'with the cleanlng agent container bath 192 is connected
through the medlum of condults 196 The part 183 subjected to
cleanlng is rinsed. by the spoutlng pump 195 spoutlng highly
compressed the rlnslng agent 171 against the part 183 3
subjected to cleanlng | - |
Now, the results of the cleanlng evaluatlon by uSLng a
rinsing apparatus constructed as lllustrated in Fig. 8 in the
cleaning of sample parts defiled with mineral oil'(rolling_
011) will be described below. | _ | | |
First, a stalnless steel sheet (50 mm x 80 mm x1
mm(thlckness)) smeared with a mlneral oil type defiling was
used as a part subjectlng to cleanlng A cleanlng step and
rlnSLng step for the removal of reSLdual cleanlng agent,
lndlcated in Table 4, were performed on the part subjected to
cleanlng by the separately placed cleanlng apparatus . The

part was then conveyed into a r1ns;ng apparatus constructed as
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lllustrated in Fig. 8 and subjected thereln to a rlnSLng
(drylng) step performed under the varying conditions lndlcated
in Table 5. The results of the cleaning were evaluated in
terms'of_the amount of oil adhering to the surface of the
cleaned part. The amount of oil used for the evaluatidﬁ was
determined by extractihg the oil adhering te.the Surfacetof |
the sample Qith carbon tetrachloride and measurlng the
concentration of the removed 011 in the extract by the non-
dlsper51on type infrared absorptlon method. The magnltude
foundlby this determlnatlon resulted frem reduction to.heavY
'oil B. The resulte are shown in Table 5. For eomparison with
the results of this invention, those obtained of parts.cleaned

w1th Freon 113 and of parts not cleaned will be descrlbed

'addltlonally
Table 5
Sample Rinsihd (drying) step Amount of =
No. ' residual oil
Cleaning agent and per sample
cleaning method o (ke
1 | - 0.20
_ 2 RlnSLng by lmmer31on 0.10
Example 3 and cleaning by exposure 0.085
- ' 4 to vapor of FRV-1 0.040
5 (Toshiba) 0.19
6 (boiling point 100°C, 0.17
7 60 seconds) _ 0.16
8 o 0.12
.10 0.080
11 Cleaning by exposure 0.19 |
Comparative| 12 to vapor of Saifron S3 0.13
. Experiment | 13 °~ |(boiling p01nt 47°C, 0.075
: 60 seconds) _
14 (No cleaning) 1.22

Incidentally, though.the rinsing by immersion in .
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“perfluorocarbon may ‘be omitted as in the cleaning apparatus
illustrated in Fig. 1, there are times when better results are
obtained by including this step of rinsing as in the
embodiment just described above. The cleaning w1th vapor
-fails to produCe fully desirable_results, for example, where
the part subjected to cleaning has a small thermal capac1ty
and, in the step of cleaning with the vapor of
perfluorocarbon, the part is readily heated to_the temperature-
" of the vapor and the vapor is not allowed to be'condensed. .
sufficiently. 1In this case, it is more advantageous to.effect-
'the cleaning by additionally resorting to the immersion in
perfluorocarbon than by solely resorting to the exposure to
the condensate of the vapor.

The results of a trial operation of a rinSLng apparatus
constructed as illustrated in Fig 8 in the cleaning of a
plastic container for the removal of fine dust_adhering to the.
container will be described below. | |

A rinSLng agent composed mainly of perfluorocarbon and
having a boiling point of 56°C (a product_of Kabushiki Kaisha
Toshiba_marketed under trademark designation of "Technocare |
FRV-Z") was used Containers of a polycarhonate'to which fine
dust floating in the room air had adhered were cleaned and
dried under the conditions of three minutes' cleaning by _
immersion and three minutes’ cleaning of the foregOing .

_ description in a clean room. In accordance With_the following
scale, the cleaned and dried containers were-evaluated by
visual observation under a visible light and bj.visual

observation under the light from a UV lamp in a dark'room.



The results are shown in Table 6. For comparison with this
invention, the results similarly'obtainéd severally with Ffeon
113 and IPA are additionally described.
XX: Presence of at least_O;l séeck of visually .
discernible dust per cm? under visible light
X: Presencé of at'most 0.1 speck'of visuallyldiécerhible
dust per cm? under visible light |
O: Presence of at least 0.1 speck of visually
‘discernible dust per cm? under UV light
@: Presence of at most 0.01 speck of visually

discernible dust per cm? under UV light

Table 6
Example '|Comparative Expériment_'
FRV-Z : Freon 113 IPA
Count of dust ® 1 @ ' .Q

Industrial Practicability:

.The_cleaning method of this invention produces the éame
 effects (such as impartatioh of resistance to water mark) as
the cleaning with a Fredn type_solVent and the dfying with.the
vapor of thé Freon Type solvent. It conspicuously diminishés
the environmental pollution because_it uses a cleaning agent
having as a main component thereof-peffluOrbcarbon'¢ontaining
_'substantially,nojchlorine. 'Thus; it permits ultrap;ecision
'cleaning to be_effected with great saféty inclusive_of the

influence on the énvironment.



TABLE 4

CLEANING STEP

RINSING STEP FOR REMOVAL OF

| (NO CLEANING)

SAM- | RESIDUAL CLEANING AGENT
PLE | CLEANING — —
NO. | CLEANING AGENT | CLEANING METHOD | JIME SSN) RINSING AGENT AND RINSING METHOD
1 |SILICONE TYPE ~ fULTRASONIC CLEANING| 3 | CLEANING BY SHAKING IN SILICONE TYPE
5 | CLEANING AGENT. (TEMPERATURE 40°C. 5 CLEANING AGENT. FRW-1 (TOSHIBA) (TEMPER-
FAW-17 (TOSHIBA) . |VOLUME OF AGENT 20 ATURE 30C. VOLUME OF AGENT 20 LITERS,
3 ’ LlTERS\ ULTRASON'C . ] 60 SECONDS)
- |[WAVE 28 kHz. 600 w) [ 10
4 | HYDROCARBON TYPE |ULTRASONIC CLEANING| g CLEANING BY. SHAKING IN SILICONE TYPE .
- CLEANING AGENT. | (TEMPERATURE 50C. CLEANING AGENT. FRW-1 (TOSHIBA) (TEMPER’-'
o CLEAN SORUKE VOLUME OF AGENT 20 ATURE 30C. VOLUME OF AGENT 20 LITERS,
% (NIPPON OIL) L LITERS. ULTRASONIC __ 60 SECONDS)
2 S WAVE 28 kHz. 600 W) g
& | 5 | Aqueous TYpE ULTRASONIC CLEANING| 3 | ULTRASONIC CLEANING WITH TAP WATER
6 | CLEANING AGENT, (TEMPERATURE 80T, § | (NORMAL WATER TEMPERATURE. VOLUME OF
AQUEOUS 10% ~ |VOLUME OF AGENT 20 AGENT 20 LITERS. RUNNING WATER 5 LITERS,”
_7_1FINE ACE SOLUTION  |LITERS. ULTRASONIC |10 MIN. ULTRASONIC WAVE 40 TO 90 kHz. 500 W.
8 | (SHOWA DENKO) WAVE 40 TO 90 kHz. 20 |120 SECONDS) + CLEANING BY SHAKING IN
9 - 500 W) 30 | FRW-1 (DISPLACED WITH WATER) (NORMAL
_ —| WATER TEMPERATURE. VOLUME OF AGENT 20
10 \ S 120 | LITERS. 120 SECONDS)
w N FREON 113, DAIFRON [ULTRASONIC CL_EA!QING 3 CLEANING BY SHAKING IN DAIFRON S3
2 £ —1s3 (DAKIN) (TEMPERATURE . 40°C , (NORMAL AGENT TEMPERATURE. VOLUME OF
gyl - - VOLUME OF AGENT 20( 5 AGENT 20 LITERS. 60 SECONDS)
T 2 LITERS. ULTRASONIC _ o
o | 13 WAVE 40 TO 90 kHz, 10
2 ;:5 . 50w
© 114 (NO CLEANING)

84
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What is claimed is:

1. A method.for cleaning a part subjected to cleaning,
characterized by effectlng the cleaning, rinSing, or drying of
said part subjected to cleaning by the use of a cleaning agent
having perfluorocarbon as a main component thereof or the
vapor of said cleaning agent.

2. A method according:to'claim 1, wherein said cleaning
agent hav1ng perfluorocarbon as a main’ component thereof
consists solely of perfluorocarbon or a mixture of
perfluorocarbon with an auxiliary agent.

3. A method according to claim 2, wherein said auxiliary
‘agent is an agent.for improuing the'cleaning ability or an
agent for imprOVing the draining property and said auXiliary
agent is mixed in the’ range of 70% by volume or less to
perfluorocarbon.

4. A method according to claim 1, wherein said cleaning
agent or a rinsing agent adhering to the surface of said part
‘subjected to cleaning after said part subjected to cleaning |
-has been cleaned or rinsed is removed with said cleaning agent
having perfluorocarbon as a main . component thereof or the .
vapor of said cleaning agent.
| 5. A method according to claim 4, wherein the cleaning
- agent to be used in said step of cleaning or the rinsing agent
to be used in said step of rinSLng contains at least water.

6. A method for cleaning comprLSLng the steps of:

cleaning a part subjected to cleaning by the use of a
cleaning agent containing a nonaqueous type solvent or an

aqueous type solvent, and -
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rinsing said part_Subjected to cieaning covered with said
cleaning agent by the use of a rinsing agent'haVing
perfluorocarbon as a main component thereby removing said
cleaning agent from the surface of said part subjected to
cleaning. _ |

7. A method accdrdingdto claim_s,-wherein said rinsing
of said part subﬁected to'Cleaning is effected by immersing
said part subﬁected to cleaning in said rinsing agent,having
perfluorocarbon as a main component thereof.

-8.' A method'according to claim 6, wherein said rinsing |
of said part subjected'to'cleaning.is'effeoted'by the use of
the vapor of said'rinsing_agent having perfluorocarpon as a
_maln component thereof. -

9. ‘A method accordlng to clalm 6, whereln said r1ns1ng
is effected by spouting agalnst sald part subjected to
cleanlng said rinsing agent hav1ng perfluorocarbon as a malnd
~component thereof

10. A method according to claim 6, wherein said cleaning
agent-has as a main component thereof'at'least one inflanmable
‘solvent selected from among terpene type solvents, hydrocarbon
type solvents, s111cone type solvents, kerosene and alcohol
' type solvents.

11. A method according to claim 10, wherein said_
cleaning of said part subjected to cleaning is effected by . thep
use of a cleanlng agent having as a main component thereof
sald lnflammable solvent in an atmosphere of an 1nact1ve vapor
resultlng from thermal vaporization of perfluorocarbon.

12. A method accordlng to. clalm 6, whereln at least one
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form-of cleaning selected from among cleaning for decreasing,
cleaning for drainlng,_and precision cleaningbls carried out
in said step of cleaning.

13. A method for cleaning comprising the steps of:

- cleaning a part.subjected to-cleaning.by.the use of A'
cleaning.agent containing'a nonaqueous type solvent or an
aqueous type solvent, and | _

drying said part subjected to cleaning by the use of the
vapor of a vapor cleaning agent naving_perflnorocarbon as a
main component thereof.

14, A method accordlng to claim 13,_where1n said
cleaning agent is a nonaqueous type cleanlng agent hav1ng'as a
main component thereof at least one nonaqueous type'solvent
selected from among perfluorocarbon, terpene type solvents,

hydrocarbon type solvents, siliconeptype solvents, and

- kerosene.

15. A method according to claim'14, wherein said rinsing

. of said part subjected to cleaning after said'step of cleaning’

is carried out w1th a rinsing agent hav1ng as a main component
thereof at least one nonaqueous type solvent selected from
among perfluorocarbon, terpene type_solvents, hydrocarbon type
solvents, silicone type solvents, and'kerosene. |

'16. A method according to claim 13, whereln said step of

.cleanlng 1s followed by r1n51ng said part subjected to

cleaning with an alcohol type solvent cooled to below the
flash point thereof thereby remoying_said cleaning agent

adhering to the surface of said part subjected to cleaning and.

‘thereafter removing said alcohol type solvent in an'atmOSphere
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of the vapor of:said vapor cleaning agent having
perfluorocarbon as a main component thereof.

17. A method according to claim 13, wherein said
cleaning agent has as a main component thereof at least one
.inflammaole solvent selected from among terpene'tyoe solvents,
hydrocarbon type solvents, silicone type solvents, kerosene,
“and alcohol type solvents.’

18. A method according to‘claim 17, wherein the
condensate obtained by thermally'vaporizing said cleaning
agent having said inflammabie solvent'as:a main component'
thereof and said vapor cleaninghagent ha&ing perfluorocarbon
eas a main component, and cooling and conden51ng the resultant
vapor is separated into sald 1nflammable solvent and
perfluorocarbon by the use of a separator.

19. A method according to claim ;8,'Wherein saidtvapor
is used in said step of drying. |

20. A method according'to claim 17, wherein said
cleaning of said part subjected to cleaning is‘carried out
with the cleaning agent having said inflammable.solvent_as'a
" main component in an atmOSphereiotian inactive vapor resulting
lfrom thermal vaporization of perfluorocarbon;

2i. A method accordlng to claim. 13 whereln said
perfluorocarbon has a b0111ng p01nt at least 20°C lower than
‘the boiling point of the cleanlng agent to be used in sald
step of cleanlng. | -

22. A method according to'olaim 13;iwherein-one form of
cleaning selected from among cleaning for'decreasing; cleaning

for draining, and précision cleaning is carried out in said
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step of cleaning.’

~23. A method for cleaning a part subjeoted to cleaning
by the use of a cleaning agent containing an inflammable
solvent, characterised by said cleaning being carried out with
said cleanlng agent containing the lnflammable solvent in an
atmosphere of an 1nact1ve vapor resultlng from thermal
vaporlzatlon of perfluorocarbon.

24. 2 cleaning_apparatus-comprising:

“an apparatus proper having a conveying mechanism for a
| part subjected to cleaning installed therein,and incbrporating
therein a gateway for said conveying mechanism, | |

cleaninglmeans disposed on the inlet part side of said
conveying mechanism in said apparatus proper, and

drying means dlsposed on the outlet part side of said
conveying mechanism in sald apparatus proper and to ‘utilize
the vapor of a vapor cleanlng agent3 hav1ng perfluorocarbon as
a main component thereof . |

25. A cleanlng apparatus accordlng to clalm 24 whereln
said apparatus proper is endowed with a tightly sealed
construction, prov1ded with partltlon means serving to divide
the lnterlor of sald apparatus proper into two chambers, and
.furnlshed severally in the two d1v1ded chambers with air
discharging means adapted to establish negatlve pressure
inside sald apparatus proper. | |

26. A cleaning apparatus'according to claim 25, which |
further comprlses means for severally recoverlng Sald cleanrng
agent and perfluorocarbon from the gas extracted through said

air dlscharglng means.
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27. A cleaning apparatus accordlng to clalm 24, Wthh

'further comprises an inactive vapor generatlng means for

thermally vaporlzlng perfluorocarbon and supplylng the
resultant vapor to said cleaning means.
28. A'cleaning apparatus according to claim 24, which

further comprises-a defiled,liquid container bath for

'accommodating the used and consequently defiled cleaning agent

having an inflammable solvent as a main component thereof, an
inactive bath for accommodating'perfiuorocarbon; a heating
source for severally vaporizing said defiled cleaning agent
and perfluorocarbon, a'condensing.mechanism for condensing the
vapors of said defiled cleaniné agent and perfluorocarbon, and

a separator for separatlng the condensate produced by said

: condenSLng mechanlsm into sald inflammable solvent and

perfluorocarbon.



