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1 CLEANLNG METHOD AND CLEiM%QG’APﬁAR&TUS The present invention relates to a
cl eani ng net hod usi ng non- maisg & @Lenlcleanlng agents in plaﬁa Sf creer
f1 on- cont-ai ni ng sol vents such’ as_fLQg 113, chlorine-contai ni ng ébl%hﬁ

| ower al cohols. Description of the Relatet Art.
such as flon 113 have been in general use as a dewatering cl eaning agent to
dry netal parts, plated and coated parts, electronic parts, sem conductor
parts and the |like after they are washed with water. Meanwhile, these
fl1on-containing solvents and al so such organic sol vents

Cleaning Method and Cleaning Apparatus

The present invention relates to a cleaning method and a
cleaning apparatus using, non-water system cleaning agents in
place of flon-containing solvents such'as flon 113,
chlorine-containing solvents and lower alcchols.

Description of the Related Art

Flon-containing solvents such as flon 113 have been in
general use as a dewé;ering cleaning agent to dry metal parts,
plated and coated parts, electronic parts, semiconductor parts-
and the like after they are washed with water. Meanwhile,
these flon-containing solvengf and also such organic solvents
as trichloroethane, trichlor;éthylene, tetrachloroethylene and
parboﬁﬂtetré¢hibridé'ﬁave been widely used as a cleaning agent
to remove oil stains and the like.

In recent years, however, it has been established that
the discharge of flon leads to destruction of the ozone layer.
Since flon 12 and flon 113 have a high ozone destruction
coefficient, there has been staged reduction of their use the
world over and it is expected that the flons will be totally

" banned in the not too distant future. Chlorine-containing
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as trichloroethane, trichloroethylene, tetrachl oroethyl ene and carbon
tetrachl ori de have been wi dely used as a cleaning agent to r VQL_ ,rrw]
stains and the like. In recent years, however, it has been e& ablféﬂedwfb £
the di scharge of flon leads to destructi @1 of the ozone |ayef. SIN%@“JMMN i
12 and flon 113 have a high ozone destruction coefficient, there has been
staged redexgamic csolvents usech hes viaril ch lomye tiyd ente badexpected t hat the
flons will be totally banned in the not too distant future.

Chl ori ne- ceetxaehigroethylene also are blamed for environmental problems

such as contamination of soils and underground waters and the
restrains of their use have been more stringent with the
elapse of time. Certain attempts reflecting those
circumstances have been made to develop substances of flon
origin having the ozone destruction coefficient lower than
" that of their predecessors and, although some of them are in a
stage of industrial production now, they are not regarded as a
preferable cleaning agent because they do the ozone layer
insignificant but positive harm.

Under these circumstances, water system cleaning agents
using surfactants or hydrophilic solvents which should not
cause ecological destruction or contamination have been
thought better of to replace degreasing cleaning agents
containing organic solvents. These cleaning agents, however,
have a drawback that they have the weak penetrating power,
incapable of completely cleaning up stains in narrow spaces of
the parts or caked oil stains having a medium to high
viscosity.

Meaﬁwhile, many attempts have been made to probe the
possibility of developing new cleaning agents by the use of a
variety of surfactants to replace organic solvent-containing
dewatering cleaning agents but the dewatering effects as good
as those of flon solvents have not been obtained as yet.
Further, when the abovementioned organic solvent-containing
cleaning agents are put to use for the dewatering cleaning

purpose, their specific gravity is greater comparatively,
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2 organizc solvents such as trichloroethylene and tetrachl oroethyene. .al.so ...
are blanmed for environrental problens such as contam nation {Ofi{i$&H-8T aif@ Bkl
underground waters and the restrains of their use have beennore gtgispggnt |
with the el apse of time. Certain attenpts3reflecting those ci+reumstances——
have been nmade to devel op substances of flon origin having the ozone

destructi oregvétingi ént theventcomd that ndt tdreiy qirledéeuesadse aaderal t hough
.some of themare in a stage of industrial production now, they are not
regarded a¥igeptef Bhabseripeanefigtheemtedrning aganteando ariee sepomatiedyer

i nsiani ficant but positive harm :
from the cleaning agent while they remain as they are

contacted each other. Once they are contacted in that way,
the oils and waters are hard to separate. Since they should
be discarded each independently, the disposal of waste liquid
is a difficult matter. Further, cleaning agents containing
surfactant are highly compatible with water, it is virtually
impossible to separate, repurify and recycle them.

On the other hand, a cleaning apparatus using
conventional type cleaning agents usually comprises a
mechanism solely controlling all of various processes of
immersing cleaning, vaporizing cleaning, showering cleaning
and the like for the purpose of better cleaning efficiency and
it is pre-conditiohed that only one single cleaning agent but
not others is permitted to circulate in the system. This is
because the recovery and recycling of cleaning agent are hard
to implement when two or more of it are used in combination.
The system should be a stumbling block against any attempts,
for example to achieve by two or more cleaning agents the
cieaning effects that would not be ‘achieved by one of them
alone.

Generally speaking, of the conventicnal type cleaning
agents including dewatering cleaning agents, those containing
organic solvents such as flon have a drawback that they are
blamed for ecological destruction. New cleaning agents
investigated as a likely replacement of these organic

solvent-containing agents have a drawback that the desired
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Under these circunstances, water system cl eani ng agents using_surfactants ,
or hydrophilic solvents which should not cause ecol ogical d¢§Hﬁy6HEﬁhHé$EEEN]
contam nation have been thought better of to replace degreasing ciganrng }
agents containing organi c solvents. Theset cl eani ng agents, keweverhave-a—

drawback that .they have the weak penetrating power, incapable of conpletely
cl eani ng uf25tSfAStPRYNEEEBGEE pAER MBI SIME: pdint £he atdedd heind rstt&iens havi ng

di to high_ vi ity. Meanwhil tt ts h b
probe tne. FORERREEPRSTor a0 tapPREn e SI AN HPIR SRS By SREEACE Gho

variety of guttachgnbs LebfPhGCEaN88  fa SAY Ws Ut Y Mmoved
waters and stain substance are a hard job. Further, under
these methods and systems, the use of two or more cleaning
agents does not go aleng well with an attempt for efficient
repurification and recycling of them.

The present invention has been accomplished for the
purpose of finding a solution to the above-mentioned problems
incidental to the conventional type cleaning methods and
cleaning apparatuss and the object of the present invention is
to provide a new cleaning method and a new cleaning apparatus
which make it possible to use more than one cleaning agents in
combination and at the same time to recycle them. Another
object of the present invention is to provide a new cleaning

" method and a new cleaning apparatus which make it possible to
efficiently dispose of waters and stain substances that are
removed from objects to be cleaned. Still another object of
the present invention is to provide a new cleaning method and
a2 new cleaning apparatus which should bring forth the cleaning
power, water substitutability and the drying power which are
as good as those achieved when cleaned with flon-containing

solvents.

The cleaning method of the present invention is
characterized by comprising the first cleaning step wherein an

object to be cleaned is cleaned with a mixture of base
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dewat erizng cl eaning agents but the dewatering effects as good.as.those-of--——
flon solvents have not been obtained as yet. Further, when thei$ SHEET HAS SEER
abovenent i oned organi c sol vent-contai ni ng cl eani ng agents arne put 3o r08e

for the dewatering cleaning purpose, thebr specific gravity Ys—greater
conparatively, = resulting in the outcone that not only oils but also

wat er rise€iRnINg Agendc evidgth (Heagiagnpeyeagprenahingraderpaind ethd rom t he

cl eani ng ggﬁgt while they renmain as they are contacted each ot her. Once

they are qﬁg(Q}qqp%qqﬂsq@g,wherein t%e object is cleaned with the

base cleaning agent alone after it goes through the first

cleaning step.

Specific examples of cleaning agent for use in the first
cleaning step of the present invention include dewatering
cleaning agent capable of separating waters and degreasing
cleaning agent intended for use in removing cil stains.
Specific examples of base cleaning agent as used herein
include non-water system cleaning agent such as
silicon~containing cleaning agent and isbparaffin-containing
cleaning agent. But a variety of cleaning agents other than
these can also be used herein as the need arises. Specific
examples of cleaning power promoting agent include surfactant
and hydrophilic solvent which provide or improve the cleaning
or dewatering power in combination with the non-water system
cleaning agents. Further, the second cleaning step of the
present invention fundamentally is a step of rinsing by the
use of the base cleaning agent.

A silicon-containing cleaning agent enumerated as a
non-water system cleaning agent above is, for example a
composition substantially comprising at least one low
mdlecular weight polyorganosiloxane selected from the group
consisting of straight chain polydiorganosiloxane represented

by the general formula:

R R R
| I |
R—|Si—0 Si-0 ?i-—-R
|
R R 1 R creeeed (I
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the;oilg and waters are hard to separate. Since they should be di scarded
each independently, the disposal of waste liquid is a diffigg+%fﬂqt§£;;gsmﬁﬂ
Further, cleaning agents containing surfactant are highly c@ﬁﬁ&tﬁb&é W

water, it is virtually inpossible to sepgate, repurify andrecychiglfhem |

On the other hand, a cl eaning apparatus using conventional t ypeTtlT€ani ng
agent s usugishgre@fPRi $8SaahyBEHANT B SPLAlY SOl R 1@hnlcedf various
processes of imrersing cleaning, vaporlzing cleani'ng, showering cleaning
and the |ilkksabkeithhedpbypere sémbedt edi £f St th@hfp eireneysudsd iithitied
pre-conditioned that only one single cleaning agent but not others is
perm tted tadcilr ¢gl aheinneyibe sfsfesm Ghtes 35 and cyclic

polydiorganosiloxane represented by the general formula:

\ e Ja

(wﬁerein R is a hydrocarbon group of single valence
substituted by the same or different group or unsubstituted
and m is an integer of from 3 to 7).

The above-mentioned low molecular weight
polyorganosiloxane singly exhibits the excellent penetrating
or volatilizing power in narrow spaces of objects to be
cleaned such as metal parts,'electronic parts, semiconductor
parts, coated parts and the like, providing the
rust-preventive properties, substituting waters well and
vaporizing and drying with & hot air at 60°C or lower.
Further, the straight chain polydiorganosiloxane represented
by the general formula (I) and the cyclic polydiorganosiloxane
represented by the general formula (II) may be used in
combination.

R in the above-mentioned general formulae (I) and (II)
is a substituted or unsubstituted hydrocarbon group of single
valence, including alkyl group such as methyl group, ethyl
group, propyl group and butyl gioup, unsubstituted hydrocarbon

group of single valence such as phenyl group and substituted
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because st he recovery and recycling of cleaning agent are hard to inplement
when two or nore of it are used in conbination. The systen1shagﬁ?“ﬁ§f‘§£§¢§§%‘
stunbling bl ock against any attenpts, for exanple to achiever ! ﬁb s gﬁ“"” ,
cl eani ng agents the cleaning effects thal would not be achi eved by ONENGE .. oo
them al one. General |y speaking, of the conventional type cleaning agents

i ncl udi ng hyexecarbeg gream o adegls, veahesee comthias ryriof lgmrametdivdent s

such as flon have a drawback that they are bl anmed for ecol ogi cal

dest r uct i GFOURewbYte AnMeFhyde FESUPNEESIPHht BECERTRP 1S i) P FRER/P of

t hese organic solvent-c%ptainin% ?gent$ have a,drambqfk that the desired
the system stable and Volatility continuing for a certain

oy
<

period of time. Of the above-mentioned low molecular weight
peclyorganosiloxane, those having the cyclic structure are
preferable, and octamethylcyclotrisiloxane,
decamethylcyclopentasiloxane and mixture thereof are
especially well suited.

By choosing the desired molecular structure of the
above-mentioned low molecular weight polyorganosiloxane, its
cleaning agent can be made to have specific gravity Ddg
satisfying the followiné formula (A) or (B):

Wdg > Ddg ees see +o. (A)

Wdg > Ddg > Odg vee ees ee. (B)

(wherein Ddg is specific gravity of the base cleaning agent,
Wdg is specific gravity of water and Odg is specific gravity
of oil stains to be cleaped.)'

For example, when the Formula (B) is satisfied, water and
oil stains can be separated and repurification of cleaning
agents and the disposal of liquid wastes are carried out with
ease.

As the above-mentioned isoparaffin-containing cleaning
agent, compositions substantially comprising volatile
isoparaffins having from 1 to 30 carbon atoms can be mentioned
and particularly isoparaffins chiefly comprising C;-C,;5 cut
are preferable from the viewpoint of the cleaning power. An
isoparaffin containing cleaning agent usually comprises one or

two or more of the above-mentioned volatile isoparaffins.

e e
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cl eani ng nethods and systens have a drawback that recycling dﬁﬁﬁﬁ%ﬁﬁ?ﬁﬁﬁSﬁ@C%
agents and the disposal of renpved waters and stain substance areRarhditd

v g Ot e 45

4 satisf,astory effects are mssing. On the other hand, the 03M8ﬂ®¥9ﬂﬁ%ﬁ“:;71
i

job. Further, under these nethods and syssens, the use of twe or—nore
cl eaning agents does not go along well with an attenpt for efficient
repurifi cafheseangdopacgffing afet hehatibe, diammldsreandliodeirigsssi | i con
trimer plus fluorinated fatty acid to displace organic stains is known from
US 3 498 9aghigyingesubsianthadtydasetegd effecm as ither aloye-meghdenednear
di met hyl silicon_plus stearic acid or am de to displace organic stains

low molecular weight polyorganosiloxane.

Further, silicon-containing and isoparaffin-containing
cleaning agents which are mentioned as the base cleaning agent
respectively are used singly but their mixture can also be
used as a base cleaning agent. For example, a
silicon-containing cleaning agent mixed with an
isoparaffin-containing cleaning agent exhibits the effect of
providing a very low ffeezing point, is well suited for use in
cold areas and improves the cleaning power as well.

As mentioned above, specific examples of c¢leaning power
improving agent to be mixed with base cleaning agents include
surfactant and hydrophilic solvent. Surfactants are divided
into cationic, anionic, nonionic, amphoteric and mixture
types, depending upon their activating chemical structure.

Every one of them can be used in connection with the present
invention, conﬁributing to the increase of the cleaning power.

Well suited for the present invention among these
surfactants are aniohic surfactants such as polycxyalkylene
alkylether sulfonate and phosphoric¢ ester, nonionic
surfactants such as polyhydroxy alcchel fatty acid ester,
polyoxyalkylene fatty acid ester and polyoxyalkylene
alkylether, amphoteric surfactants such as imidazoline
derivative and cationic surfactants such as alkylamine salt
and alkyl quaternary ammonium salt. Terpene compounds

extracted from the natural sources where their distribution as

single substance is rare and higher fatty acid esters can also

—
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I's known fromUS 3 498 922. The present invention has been onpli.shed.-f.0f-—
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the purpose of finding a solution to the above-nentioned prpBH&n8HELT HAS BFEN |
incidental to the conventional type cleaning nethods and cl gani ngirapparatus
and the object of the present invention igs to provide a new-et-eantng net hod
and a new cl eani ng apparatus which nmake it possible to use nore than one

cl eani ng agententivweddi NEtied oyl Alsd hentdlRekl KRet 8yhea¥eie them
Anot her object of the present invention is to provide a new cl eani ng net hod

whi ch makeconmppasds bitei¢lo &fd i derinidd/ fliapadhe abowemensianddstampounds
substances that are renoved fromobjects to be cleaned. Still another

obj ect of bYespbstitetimyentpart icf tthegimdheémizadewtrheanragwithhad and a
nem/cleanin? apparatus which should bring forth the cleaning power, water
subst i t ut abFReEYN@NRr t el He9R rAtPower which are as good as those achieved

when cl eaned with flon-contai ni ng sol vents. . .
As the hydrophilic solvent, those compatible with

above-mentioned base cleaning agents and especially having the
flash point of 40°C or higher are well suited for the
practical use. Specific examples of hydrophilic solvents
include polyhydroxy alcohol and its derivatives such as
ethylene glycol monomethyl ether, ethylene glycol monocethyl
ether, ethylene glycol monopropyl ether, ethylene glycol
monocbutyl ether, ethylene glycol monobutyl ether acetate and
diethylene glycol monobutyl ether, and of them diethylene
glycol monobutyl ether is particularly preferable on account
of its compatibility with base cleaning agents and safety in
the human. These compounds should have an improved volatility
if in coexistence with low molecular weight polyorgaﬁosiloxane
and the like, and even water substitution and drying stepes
can be cémpleted with their mixture alone. Further, lower
alcohols such as ethyl alcochol or acetone or the like can be
used in combination with base cleaning agents depending upon
the latter’s kind and uses. Further, a polyoxyalkylene
alkylether represented by the formula:

CH,

R-0~—CH; CH; O}g——=CH, CH; O)yy—H
(wherein R is a hydrocarbon group of single valence having

from 1 to 12 carbon atoms and n and p respectively are an
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The:cl eani ng net hod of the present

the object with the base cl eaning agent ghone after it goe§ byMLhe;-+rst

st ep,

and the third step of vapour drying the object after

the secondigategeef o€l easimng, t¥heo pi satHef Pase LTI 1a0aRD | §)al sl east
one non-wat er syst em cont ai ni ng a Si i con cleani ng agent an

| sopar af fi espenialbiyngelll esani tgd agent inasheGddedMvdrie0 ad0 car bon at ons,

wherein said silicon-containing cleaning agent substantially conprises at
| east one Lewpawkéfihaconeaihingoteaminmpadentans swledcted af baset he group

cleaning agent.

The above-mentioned base cleaning agents and cleaning
power improving agents are used in the following ways:
fundamentally, a mixture of base cleaning agent with cleaning
power improving agent is used in the first cleaning step and a
base cleaning agent alone in the second cleaning step, but

different ways are possible as well depending upon the use of

" agents and the purpose of the subsequent step. Base cleaning

agents and cleaning power promoting agents can be combihed in
various ways according to their use. For example, a mixture
of Dbase cleaning agent with surfactant or hydrophilic solvent
or a mixture of these three is well suited as a degreasing
cleaning agent. When an isoparaffin-containing cleaning agent
is intended for use as the base cleaning agent, it may be put
to use singly. It is acceptable as well that a mixture of
silicon-containing and isoparaffin-containing cleaning agents
is a base cleaning agent and this base cleaning agent further
is mixed with one of above-mentioned cleaning power promoting
agents. As the dewatering agent, a base cleaning agent can be
used singly, but preferably a surfactant or hydrophilic

solvent is added to it. Especially the addition of a

‘hydrophilic solvent is more preferable. As the rinsing

cleaning agent, a base cleaning agent is used singly in
principle, but the addition of a hydrophilic solvent is

acceptable as so is the addition of a trace amount of a

" This ‘§‘1<,et Has Been Replaced
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i nvention conprises the first step.of
cl eaning an object to be cleaned with a m xture of a base elean@p@fﬁ@@ﬁt??
wi th a cl eaning power pronoting agent,
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t he second cl eani ng: step Q:QQWeanlng
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5 consi sting of straight chain pol yorganosil oxane representedmby N o V-
general formula: [err] and cyclic polydiorganosil oxane r eiptte§ eiitiéd b bﬁé’5
formula: [err] wherein Rin each fornula is a substltuted or umsbhsxEht ut ed!
hydrocarbon group, | is an integer of frigm 0 to 5, and mys—an-integer-of-’
from3 to 7, and wherein vapour drying is conducted using a vapour cleaning
agent t hatsurfactahtf fidh ersgmicfeds byulthlei Bybpagaert esteped. orrlestsemnctlee
| at ent heat vapouration by 5 folds or |ess conpared with the cl eani ng agent
used in tRaseRednafgentstisop thendicaitdclepoingcstepi meedgeet bas a
atent heeir&ecessarily identical to its counterpart of the second step

and for example it is quite probable that a silicon-containing

cleaning agent is used as the base cleaning agent in the first

cleaning step and an isoparaffin-containing cleaning agent in

the second cleaning step. |

Base cleaning agents and cleaning power promoting agents

can be used in various combinations as mentioned above and it

is preferable to mix them with due consideration given to

solubility of each of them. For example, it is preferable to

assort them in a way the resulting mixture has a differeﬁce of

solubility parameter by 4 or less (hereinafter referred to as

"SP value" for short). When two liquids having a large

difference between their SP values must be mixed, still

another liquid having a mean SP value may be made to intervene

as a mixing medium.

The mixing ratio of the above-mentioned surfactants is

not particularly limited but it is preferable to mix 50 parts

by weight or less, or more preferably, 20 parts by weight or

less of them with 100 parts by weight of a base cleaning agent

when the resulting mixture is intended for use as a degreasing

cleaning agent. If the mixture should be used as a dewatering

cleaning agent, preferably 20 parts or less, or more

preferably, 3 parts by weight or less of a surfactant are

mizxed with 100 parts by weight of a base cleaning agent. On

the other hand, the mixing ratio of hydrophilic solvents is

not particularly limited as well, but it is preferable to mix

pS——
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vapeur at;i on of 200 cal/g or |less. Specific exanples of cleaning agent for_ .

use in the first cleaning step of the present invention HnghquQgewggpggggg

cl eani ng agent capabl e of separating waters and degreasidg cle hpgf%gent
ig,é‘ | %

intended for use in renoving oil stains.;f variety of cl elaning. Agent:

S ot her
than these can al so be used herein as the need arises. Specific exanples of

cl eani ng poueso PELFDS | B waiE || udey SHdral bl e2BB19Y 46000 bagr§obyent
whi ch provide or inprove the cleaning or dewatering power in conbination

with the nosigkt esr SYSsSd £ €feh REL AT partist bEr a bAgeseteadifigeani ng
step of the present invention fundanentally is a step of rinsing by the use
of the basageheanviien agieat redinkt il \nel 48i1de dizednicewded! €éonl asewasght
pol yor ganosi | oxane singly exhibits the excellent penetrating or
“vol ati | i zi dggpeswing ncheanibng spyeres. ofIf as a dewatering cleaning agent,
preferably 100 parts by weight or less, more preferably 50
parts by weight or less of a hydrophilic solvent are mixed
with 100 parts by weight of a base cleaning agent.

In the cleaning method of the present invention, the
above-mentioned cleaning stepes are over with the drying
treatment thereafter. In this drying treatment, the
sufficient drying effects can be obtained with a hot air of
comparatively low temperature such as 60°C or lower. Said
drying by means of the hot air can be replaced by that of
steam with a steaming cleaning agent such as isopropyl alcohol
(hereinafter referred to as "IPA" for short). Drying by steam
gives a better finishing touch and is well suited for fine
cleaning. The present invention may be applied to metals,
ceramics, plastics and the like; more specifically, metal
parts, surface-treated parts, electronic and semiconductor
parts, electric and precision machinery parts, optical parts,
glass and ceramic parts and the like.

Incidentally, in the case where the cleaning method of
the present invention is combined with steam cleaning
(drying), the latter step can be carried out immediately after
the cleaning stepes with above-mentioned dewatering or
degreasing cleaning agents, dispensing with rinsing cleaning
of the base cleaning agent. 1In other words, an entire

cleaning method may be made complete by comprising the step of

This Skeet Has Been Replaced
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6 obj ect;s to be cleaned such as netal parts, electronic parts, — coemosy
sem conductor parts. coated parts and the |ike, providipg—thg ver ups BEEN |
rust-preventive properties, substituting waters well an W%pOEL,Uﬂggand
drying with a hot air at 60[err]C or |owej. Further, th St‘_rws’gl,,.lf‘i@%&;-éhai—"n
pol ydi or ganosi | oxane represented by the general formula (T) and the cyclic

pol ydi or ga@iDsdn i@ Nén &P ese e bd e lidap e tdl af fiAvhae (bf)paBy be used in
conbination. R in the above-nentioned formulae (1) and (I1) is a

srtk)slt i tut edl@anihm Udxsdn § Wedl diyehiriory Qowaeropronbtehgohgentl engechéncl udi ng
al kyl group suc
step of steam drying the cbject after it goes through the

earlier cleaning processes. Again, if combined with steam
cleaning, all cleaning operations may as well be done with a
base cleaning agent singly, depending upon stains to be
eliminated. Mixtures of base cleaning agent with cleaning
power promoting agent and how to use base cleaning agent have
been discussed earlier.

The cleaning appafatus of the present invention will now
be described in detail below:

The first cleaning apparatus of the present invention is
characterized by comprising first means fof cleaning, for
example with a mixture of base cleaning agent of non-water
system with cleaning power promoting agent and second means
for cleaning with the base cleaning agent alone. The second
means for cleaning is followed by means for drying such as hot
air drying or steam drying. Further, still another means is
prepared toc separate and recover the base cleaning agent alone
from the mixture of base cleaning agent and cleaning power
promoting agent which is reclaimed from the above-mentioned
first and second cleaning means and therefore recovery and
recycling of cleaning agents while two or more of them are
permitted to circulate are feasible. The so recovered base
cleaning agent is resupplied by recycling means to the first
and second means for cleaning.

The second cleaning apparatus wherein waters and oil

stains are cleaned off objects to be cleaned is characterized

. This Sheet Has Been Replaced
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as nethyl group, ethyl group, propyl group and butyl group, unsubgLLIuied
hydr ocar bon group of single val ence such as phenyl grou Tamﬁ qubs§ﬁ$uﬁéﬂ
hydr ocarbon group of single val ence such as trifl uoromethyl” gpqy pbut a |
met hyl group is nost preferable in orderi4o0 keep the sy tem.stabl e~aﬂd-W“
volatility continuing for a certain period of tine. O the above-nentioned
| ow ol ecubrrcampois ipyl yeargantost |abemidng kds® havilegnihg ayehtcostructure
are preferable, and octanethyl cyclotri sil oxane,
decanet hy| Bgu+epeer asy$ temneawiny ripdairfdc pasdtyasmadéipecthbhythet| of
suited. By choosing the desired nol ecul ar structure of the above-nentioned
| ow nol ecuvaken®i bt baryer geharsiti@tared, ditls sthéasi ag mgohionad akoveade to
have specific EUg satisfying the following fornula (A or (B): Wig > Ddg
(A means for removing waters which are incorporated into the

cleaning agent and precipitated and separated in the lowermost

part thereof and means for removing oil stains which are

incorporated into the cleaning agent and surfaced and

separated at the uppermost part thereof. Non-water system

cleaning agents to be used in these means have been described

earlier and, because of the means for removing the

precipitated waters and another means for removing the

surfaced oil stains, waters and oil stains separated from the

objects to be cleaned can be disposed of efficiently and each

independently. Specific examples of these cleaning steps

include immersion vessel, spray vessel and the like which may

be operated in combination with ultrasonic wave, oscillation,

mechanized stirring and the like.

Fig. 1 is a diagram showing the construction of an
cleaning apparatus used in an example of the present invention
and Fig. 2 is a diagram showing the construction of the other

cleaning apparatus of the present invention.

The present invention will now be described with
reference to the following examples:

Fig. 1 is a diagram showing the construction of the
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Wig. > Ddg > Gdg . (B) (wherein Ddg is specific gravity of the base_cl.eaning
agent, Wig is specific gravity of water and Qdg i s specj ﬁi‘g’@f&&\gl&w— gECiok |
stains to be cleaned.) For exanple, when the Fornula ( I %@@;§§ﬁpd, E
wat er and oil stains can be separated ang?repurificatiob_nggEé ni-g-agent s
and the disposal of liquid wastes are cdftied out with ease. The

o ven SSRGS SO WS BEcbhelBetefn ¢ L0 20
Checl Loce oAt oo Cergls Sy ) o il sppalecLoomele voapo s o
conpri ses éﬁﬁpﬁﬁsédwa”af§¥6té§stﬁ“idﬂ“@ﬂ%aﬁ&ﬁbiQﬁédwagéﬁtkﬁﬁsfﬁﬁﬂﬁi@ﬁfinS-
' a process B for rinsing and dewatering and a mechanism C for
recycling of cleaning agents. There are a first cleaning
vessel 1 and a second cleaning vessel 2 each having the
capability to conduct two types of separation by precipitation
and overflowing and a dewatering vessel 3 in the first process
A for cleaning and water substitution.
In principle, the first vessel 1 and the second vessel 2
take care of two types of separation but either or both of
them can be chosen, depending upon stains of the objeét to be
cleaned. For example, even either separation by precipitation
alone or separation by overflowing alone can function
completely if so required by the object fo be cleaned.
Further, each of the cleaning vessels in the process A may be
designed to consist of one single vessel or a set of two or
more depending upon the required operating time and the
quality standards to go by. The question of how many vessels
there should be per set can find a solution in substantially
the same.way.
In this example, sets of 2 vessels each are used, and the
first and second cleaning vessels 1 and 2 communicate with
each other via the drain line 2a and the overflow line 2b.
These cleaning vessels are operated in combination with
ultrasonic wave, oscillation, mechanized stirring, heating of
cleaning agent, brushing process and the like in order to

increase the cleaning power, as need arises.
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7 These .isoparaffins are volatile, harm ess and odorl ess, achieving
substantially as good effects as the above-nenti oned IOM/angcuLa%« gﬂltk
pol yor ganosi | oxane. Further, silicon-containing and |sopar61m&nm&¢hﬂﬁwn

cl eani ng agents which are menti oned as t base cl eani ng apent q&?p@ﬁﬁlvely
are used singly but their mxture can al’'so be used as a ba Mg

agent. For examte aroviddrdrdi ot %%egaﬁhe@ewﬂd%fasnmg%g%éﬁaﬁ
i soparaf fin-containing cleaning agent exhibits the effect 0of

and 2 respectively contain a dewatering cleaning agent Dl
which mixes a base cleaning agent such as silicon-containing
cleaning agent, isoparaffin-containing cleaning agent or
mixture thereof with a surfactant. The cleaning agent Dl
containing the surfactant is pre-designed to have specific
gravity which is smaller than that of water but larger than
that of oil stain and thus the waters Y separated from the
object to be cleaned are precipitated toward the lowermost
part of the cleaning agent D, in the first and second cleaning
vessels 1 and 2. Meanwhile, the o0il stains 2 likewise
separated rise to the surface of the same cleaning agent D, of
the same cleaning vessels 1 and 2 respectively.

The waters Y precipitated in the second cleaning vessel
2 are discharged to the side of the first cleaning vessel 1
via the drain line 2a at regular intervals. Again, the waters
Y precipitated in the first cleaning vessel 1 are discharged
at regular intervals into the cleaning agent recycling
mechanism C which will be described later via the drain line
4. Meanwhile, the drain line 3a installed in the dewatering
vessel 3 is connected to the cleaning agent recycling
mechanism C. The oil stains Z surfaced in the first and
second cleaning vessels 1 and 2 are allowed to overflow
gradually and go out of the cleaning system via the overflow
line 5 installed in the first cleaning vessel 1.

The dewatering cleaning agent D, in the first and second
cleaning vessels 1 and 2 is extracted from the first cleaning

vessel 1 by the circulation line 6a, the filter 6 removes
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providing a very low freezing point, is well suited for usertn-eol Eﬁmﬂﬁﬁt%M!
and inproves the cleaning power as well. As nentioned above T@ﬁe@”&ﬂbHWQQ
exanpl es of cleaning power inproving agent to be m xed w th| base R&Peani ng

agents include surfactant and hydrophili solvent. SurfactantsTare divided
into cationic, anionic, nonionic, anphoterlc and m xture types, depending

upon t hei rscﬁlCitdsVatwa’c.Cbr.CQﬁEﬁ&Jle%t el Yn8o1E¥EEY s@PELAhcédem-srncie used in
connection with the present invention, contributing to the increase of the

cl eani ng poVednindldgenid tdahar thér PRESENéan e igett DORELLBRBCtO the
surfactants are anionic surfactants such as pol yoxyal kyl ene al kyl et her

sul f onat e seebihOsSEEN iy 8fdsel MANI @ReC cleaning agent D, is thus
- purified at all times by its circulation via the filter 6,
keeping the cleaning vessel 2 replete of the pure cleaning
agent D, though it is located at a downstream side of the
cleaning process.

For example, humidity or water drops incorporated into
the cleaning agent D, can be eliminated with ease by means of
above-mentioned filter 6. Various types of filter can be
chosen for the filter 6 depending upon stains to be eliminated
and/or liquids to be dewatered, but preferably it is a
microporoug filter of ceramic, glass, high molecular weight
organic substance or complex material thereof, having a pore
diameter of 0.1 to 20 um.

In the second process B for rinsing and dewatering,
there are a third cleaning vessel 7 and a showering-rinsing
vessel 8. Below the showering-~rinsing vessel 8, there is a
buffer tank 9 which is interlinked with the third cleaning
vessel 7 via the drain line 9a and the overflow line 9b. This
third cleaning vessel 7 is operated in combination with
ultrasonié wave, osciilation, mechanized stirring, heating of
cleaning agent, brushing process and the like as well, if need
be.

The abovementioned third cleaning vessel 7 contains the
cleaning agent D, compromising the base cleaning agent only
which is same as used in above-mentioned first process A.

Specific examples mentioned of non-water system cleaning agent
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fatty acid ester and pol yoxyal kyl ene al kyl et her, anphoter|ﬁ~§gr aGtay antss Bk
such as im dazoline derivative and cationic surfactants su ’}é%aplne
salt and al kyl quaternary ammoni um salt.,derpene conpounds ext r dgt e from-

e 3 i

the natural sources where their distribution as single substance is rare

and hi gher ykalt Ynaghd 8556ESmERPLIGHED firsk G JRIYS ANade BRP1§eAM €0k BB
menti oned the synthetic

base cleaning agent used here. This cleaning agent D, is

surfactants such as pol yhydroxy al cohol fatty acid ester, polyoxyalkylgnﬂxi\

designed to have specific gravity smaller than that of water
but larger than that of oil stains. Thus, as in cleaning
vessels in the first process A, the waters Y are precipitated
and separated in the lowermost.part of the cleaning agent D,,
while the o0il stains Z are surface§ and separated in the
uppermost part thereof. The waters Y precipitated in the
third cleaning vessel 7 are discharged to the cleaning agent
recycling mechanism C via the drain line 10 at regular
intervals, while the 0il stains Z surfaced in third cleaning
vessel 7 are brought outside the cleaning system through the
overflow line 11.

Further, the cleaning agent D, in third cleaning vessel 7
always circulates via the filter 12, so that solids, water
particles and insoluble substances are eliminated from the
cleaning agent D, by the filter 12.

The recovery and recycling of cleaning agents in the
cleaning system will now described below:

As mentioned earlier, the dfain lines 4, 3a and 10 laid
in the first, second and third cleéning vessels 1, 2 and 7 and
the dewatering vessel 3 are interlinked with the cleaning
agent recycling mechanism C respectively. The cleaning agent
D, and D, in each vessel respectively is kept purified at all
times by the filters 6 and 12 and when it is heavily soiled,
the cleaning agent is subjected to fractional distillation in
the cleaning agent recycling mechanism C after it is sent

there by the water pump 13 through the drain lines 4 and 10.
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conpounds which are derived fromthe abovenentioned conpoungds..by... .. e
substituting a part of their chemical structure with a fluorTiig @-w$I¥A§%¥}M}
atom As the hydrophilic solvent, those conpatible w th abadve- meptbonpe ;
base cl eaning agents and espeC|aIIy havi ag the fl ash p0|nt'ef AO[er¥}é}{wm

hi gher are well suited for the practical use. Specific exanples of

hydr ophi | i #hgoFdeanéngnabgns Polghhleaked dincahel dewdterindevesael vdsisuch

as et hyl ene glycol nononethyl ether, ethylene glycol nonoethyl ether,

et hyl ene gRy}&6l sepBosPophe eﬁﬁenln@tmgémnergnxaiﬂngnmaﬂhﬂnﬂsmeﬁhem, ethylene
gl ycol nonobutyl ether acetate and diethyl ene glycol nonobutyl ether, and

of " them di &} a@feintervals.

Brought into the cleaning agent recycling mechanism C,
the soiled cleaning agent is fed to the filter 14 first to
separate solids from liquid, the solids are disposed of and
the liquids alone are sent to the distiller 15. The distiller
15 separates each ingredient of the cleaning agent, the waters
and the oil stains using the difference of their boiliné
point. The waters and the like left at distiller 15 are sent
to the decanter 16 for further separation. The waters and the
like may be separated and removed by a coalescer as
preparatory step before they are sent to the distiller 15.

As used in the above-mentioned cleaning system, the
dewatering cleaning agent D, is a mixture of the cleaning agent
D, which is the base cleaning agent by itself with a surfactant
and a repurified base cleaning agent or a repurified cleaning
agent D, .can be obtained by the extraction of both soiled
cleaning agents D, and D,. Except for the so repurified
cleaning agent D,, all extracted ingredients such as surfactant
and water are discarded. rThe repurified cleaning agent D; is
forwarded through the line 17 into the showering-rinsing
vessel 8, the third'cleaning vessel 7 or the mixer 18 which is
the supplier of the cleaning agent D, to the second cleaning
vessel 2.

In the showering-rinsing vessel 8, showering cleaning is

conducted only with the impurity-free cleaning agent D,, with
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gl ycol nonobutyl ether is particularly preferable on account of its
conpatibility with base cleaning agents and safety in the h : S8 neen |
conpounds shoul d have an inproved volatility if in coexiste @gv\ﬁ’ﬁfﬁ%@ BEEN !
nol ecul ar wei ght pol yor ganosi | oxane and ihe | i ke, and even ter“”!*g“
substitution and drying stepes can be conpleted wth their nmXture al one.

Further, |oNers@bsphabp M%ﬂmﬂe@%g}%f Jeade égﬁgnera&taﬁt 1; B be

used in conbination with base cleaning a epen I ng upon atter'

kind and uggsp 1£eéife?ewacp@4rywaa<j@ﬂ@rbe abky! LRI KSR RSENLRY dyedine

formula: CH err]
supply line 19. 1In the mixer 18, the repurified or a brand

new cleaning agent D, is mixed with a new surfactant supplied

from the surfactant supply line 20 or an cleaning agent
previously combined with a high concentration of surfactant to
produce a new batch of cleaning agent D,. The so produced
cleaning agent D, is supplied to the second cleaning vessel 2
as need arises.

An example of the cleaning procedures will now be
described below with respect to the cleaning system
constructed as mentioned abo§e:

When the object X to be cleaned is found carrying with it
the waters Y and the oil stains 2, it is immersed at first in
the order of the first and second cleaninglvessels 1 and 2 of
the first process A in order to remove the o0il stains % and
substitute the waters Y with the dewatering cleaning agent.
Then, the cleaning agent D; is removed from the surface of the
object X over the dewatering vessel 13.

The object X then is brought into the second process
B, goes through the third cleaning vessel 7 where it gets rid
of the surfactant rémaining on its surface and simultaneously
is dewatered, arriving at the showering-rinsing vessel 8 in
order to finalize its surface purification and dewatering by
undergoing showering and rinsing with the impurity-free
cleaning agent D, alone.

This is followed by the drying treatment by a hot air

dryer which is not illustrated herein to complete all of the

Iy
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(wherein Ris a hydrocarbon group of single val ence having ﬂngL;ng_lzﬂ_.j
carbon atons and n and p respectively are an 9 integerSﬁﬁﬂ§qggﬁﬁ3gg mﬂmi
satisfying the formula ntp 1) is especially well suited fo?“lnquqﬁﬁgse

t g

where an isoparaffin-containing cleaningaagent is used as {a_hasézcleani ng
agent. The above-nenti oned base cl eaning agents and cl eani ng power
i nprovi ng afjeatsn@rprosesdsées. t hend Ddéowd Xigy Wadke hot air drying may be

replaced by steam drying (cleaning) with IPA and the like.

Now, the present inventors took note of the fact that
steam cleaning can achieve excellent effects in this system if
due consideration is given to the following points: namely,
(1) the compatibility of a steam cleaning agent with a liquid
carried forward from the earlier process, (2) evaporation
latent heat of the steam cleaning agent and the difference of
the evaporation latent heat between the steam cleaning agent
and the liquid carried forward from the earlier process and
{3) the boiling point.

With reference to the point (1), they had the finding
that a steam cleaning agent can be a particularlf effective
factor if its SP value has a difference of 4 or less with that.
of the liquid carried forward from the earlier process, except
for some instances where hydrogen bond of molecules and
interaction of polar groups must be given further
consideration. Steam cleaning is to condense the steam
cleaning agent to form dews on the surface of the object to be
cleaned so that these dews dissolve and wash away the liquids
attached to the object. 1If there is a SP value difference of
more than 4 between the steam cleaning agent and the liquid
carried forward from the earlier process, sufficient
substitutability is not obtained. Preferably the difference
of SP value is 3 ot léss and more preferably 2 or less. With
reference to the point (2), it is preferable to put to use a
steam cleaning agent having an evaporation latent heat which

is differed from that of the liquid carried forward from the

I
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fundanental Iy, a mixture of base cleaning agent with cleaning. POWRL ...
i nproving agent is used in the first cleaning step and a bﬁqgmpsggﬁﬂﬁgﬁiﬁEﬁg
agent alone in the second cleaning step, but different way$ are posshfiie as |
wel | dependi ng upon the use of agents ang t he purpose of the-subséquent -
step. Base cl eaning agents and cl eani ng %mer pronoti ng agents can be

conbi ned i ' ' |JJ. US o] X 1 Xpure of
base cl ean?%%%%’gtﬁre\f\n@% - ?ﬁf%g‘%%é g:rr't H’% rsdphi%he(ﬁ: gg?véﬁ?kgfegc% é%ur e of

these thregydSoMolionUid Gth @Sy SB33qAT ¢hi ngngggggrﬂt on¥8Papfrates

| sopar af fi n-containing cleaning agent 1 s I ntende use as the base

C|eaning_aﬁ@@m,féétéﬁytﬁﬁhF&ﬁoﬁﬁét&“ﬁéﬂdﬁﬂ@ﬁthe h&qhidaﬁﬁemhgbbeléﬁgé@||
t-hat a m xture of

evaporation latent heat behind on the object to be cleaned and

keeping it remain as a blotch and the like there. Preferably
the difference of evaporation latent heat is 3 folds or less
and more preferably 2 folds or less. Further, preferably a
steam cleaning agent has as small an evapo;ation latent heat
as possible even when the above-mentioned difference is
satisfied. Preferably, the value of evaporation latent heat
is 200 cal/g or less, more preferably 100 cal/g or less and
most preferably 50 cal/g or less. It is especially important
to satisfy the abovementioned points (1) and (2) with respect
to the system of the present invention.

Moreover, with respect to the point (3) above, the
boiling point of a steam cleaning agent must be higher than
the surface temperature of the object to be cleaned when it is
subjected to steam cleaning. Preferably, the boiling point is
higher than the surface temperature of the object by 20°C or
more, more preferably by 30°C or more and most preferably by
50°C or more; provided, however, that the difference hetween
the boiling point and the surface temperature of the object to
be cleaned can be regulated by manipulating the surface
temperature of the object and thus that the desired difference
can also be obtained by lowering the surface temperature of
the object prior to the steam cleaning treatment. Still
better results can be obtained, if satisfying the point (3) as

well. —
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silicon-containing and i soparaffin-containing cleaning agenp@;?@:ﬁ:m
cl eaning agent and this base cleaning agent further is nixe@ﬁN&Ff f
above- nenti oned cl eani ng power pronoting agents. As the dewat eri ngEragem
base cl eani ng agent can be used singly, bgt preferably a surfactant or
hydrophilic solvent is added to it. Especially the addition of a
hydr ophi | i ¢ sol Meanwhélepr eipicdmrainmainfing hdleanisignggeinganiand agent, a
base cl eaning agent is used singly in principle, but the addition of a
hydr ophi | i és9ppyaffinscantapning ec bsaning sagdntsaddie usedofina theaprogssant
of a
for rinsing cleaning of the present invention.
Silicon-containing cleaning agents have the SP value of
approximately 7 and evaporation latent heat of almost 35
cal/g, while isoparaffin-containing cleaning agents have the
. SP value of approximately 6 to 8 and the evaporation latent
heat of almost 50 to 90 cal/g. Compared with these agents,
the above-mentioned IPA (SP value=11, evaporation latent
heat=161 cal/g and boiling point=82°C) is found satisfying all
of the points (1) to (3) and evidently well suited as a steam
cleaning agent after the cleaning process of the present
invention.
Fundamentally, steam cleaning agents to be used in the
present invention preferably satisfy the abovementioned points
(1) and (2) and more preferably the point (3) as well. Even
whatever substances other than IPA as described above may be
used as a steam cleaning agent of the present invention, if
they satisfy all of these 3 conditions. For example, a
perfluoro compound represented by the general formula: C.Fy,,,

(wherein n is an integer of from 4 to 12); and a perfluoro

compound represented by the structural formula:

l F ] I Fl
o G, Fy, 0O Gy F;, (Cs Fpp)sN, (Cq Fo)sN,
CF3 ? CF3 I

———
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10 surfactant if required by the subsequent stepes. Further r%hegpase ““*“:rﬂl
cleaning agent in the first cleaning step need not be necesaaf1$yﬁﬁdéﬂi“cé}i
to its counterpart of the second step. Base cleaning agents,and C ﬁhﬁg i
power pronpting agents can be used in vapious conbinations as” nehtloned

above and it is preferable to mx themwth due consideration given to
solubility of each of thgg\ For exanple, it is preferable to assort themin

a way the resulting m xtu & has a difference of solubility paranmeter by 4

or |ess (herelnafbgn_égé éfd\to BeF, P VQ&Hﬁn for short). Wien two |iquids
having a |l arge q S

(wherein q and s are any integers) can be used therefor.

These perfluoro compounds have the SP value of 5 to 6, the
evaporation latent heat of almost 20 cal/g and the boiling
point ranging from 50°C to 200°C, satisfying all of the
above-mentioned conditions (1) to (3). A perflubro compound
"having the boiling point of 50°C to 150°C is preferable for
practical use in cleaning. Further, perfluoro compounds do
not exhibit compatibility with almost all organic solvents and
have not found the'r place as a steam cleaning agent in the
past except for in the case with the removal of particles. 1In
the present invention, silicon-containing cleaning agents and
isoparaffin-containing cleaning agents are used to rinse, and
the perfluoro compounds have the compatibility with them (the
SP value difference of 4 or less), capable of serving as a
steam cleaning agent herein.

Steam cleaning agents such as IPA and perfluoro compound
are not necessarily used singly but, for example their mixture
is acceptable as well as their composition with the addition
of silicon-containing cleaning agent, isoparaffin-containing
cleaning agent or other organic solvents such as acetone.
Further, flon or chldrine-containing solvents are not
necessarily ineligible as the organic solvent for use in a
mixture with IPA or perfluoro compound. It is desirable to
stay away from their use from the viewpoint of environmental

contamination but it does not seem entirely unlikely that even
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di fference between their SP values nust be mxed, still anether-ttauid: -
having a mean SP val ue nay be nade to intervene as a.nixinglﬁégﬁﬁﬁ$5T%§’*m%g
nxing ratio of the above-mentioned surfactants is not particul aff§iAGERi t ed |
but it is preferable to mix 50 parts by weight or less, or nmoré preferably,
20 parts by weight or less of themwth 190 parts by wei ght of a base

| eani By ' .S ] ded f .
SFS?EQE?é%?%zﬁ?ﬁ&%%%ﬁ%g| 7 re i et Syt Ppatusiehy s e Png.
cleaning agpg 13?&9&?{:3?& 20 RE{ESa SLFD Sy Trel’ BsRiE i bYe QrPa > oy

wei ght or les a surfactant are parts by wei ght of a base
cl eani ng aQSQtawgy from the total ban. When a mixture is used as a

steam cleaning agent, it is preferable that each component of
the mixture should have the SP value and the evaporation
latent heat satisfying the abovementioned conditions (l) and
(2). The values of each such component should meet those
mentioned as the example above. It also is acceptable that an
organic solvent having a mean value for SP and evaporation
latent heat is interposed as a mixing medium.

Meanwhile, a very useful, one liquid for all type
composition, a liquid which is good all the way from
degreasing cleaning to drying, can be obtained by mixing -
abovementioned perfluoro compounds with silicon-containing
cleaning agents and/or isoparaffin-containing cleaning agents
and also organic solvents such as IPA, ethanol, methanol
acetone and dioxane. For the purpose of such one liquid for
all type composition, it is preferable to mix 0.01 to 1000
parts by weight of silicon-containing cleaning agents and/or
isoparaffin~containing cleaning agents and 0.01 to 1000 parts
by weight of other organic solvents with 100 parts by weight
of an abovementioned perfluoro compound. The more preferable
range of the mixing ratio with the perfluoro is 0.1 to 100
parts by weight of other components. This one ligquid for all
type composition exhibits the properties of degreasing,
dewatering and steam cleaning without the need for
work-oriented changes of the composition and is good for all

including operations from degreasing cleaning to drying.

e
e e
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t he. ot her
parti cul ar
wei ght or
100 parts

or | ess of

above- nent
t hereafter

hand, the mxing ratio of hydrophilic solvents is not
|y I|n1ted as well, but it is preferable to m x 5@9

¢m{\ﬁﬂtﬁ%{?n%1m e dAvRteMihg theadiMgnButr eat éBMtalso
be applied to degreasing cleaning if using the different kind
of cleaning agents.

In the abovementioned cleaning system, drying is
completed with blowing of a hot air at approximately 50 to
60°C for approximately 5 minutes. Under the conventional
methods wherein washing with hot water is followed by hot air
drying, the drying time is almost as long as 15 minutes even
at the temperature as high as 120°C to 150°C. On the other
hand, in the present invention, the object to be cleaned is
not exposed to a high temperature and can be forwarded to a
next process as it is after hot air drying, does not require
the space and time for cooling and contributes to the
improvement of productivity to-a great extend. Not only the
time required for drying is made shorter, but also since
dewatering operation is conducted for every batch of the
objects to be cleaned, the finished products are free of
irregularities in dewatering and have the much improved
quality, as far as the batch they belong to ié concerned.
There also is no possibility of faulty finished products with
cracks which are attributable to irregularities in cleaning
and the level of product quality can be brought up very high.

In the cleaning system constructed as abovementioned, the
cleaning agents have specific gravity smaller than that of
waters but lager than that of oil stains, so a layer of
cleaning agent intervenes between those of waters and oil

stains, separating waters from oils completely and enabling
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| ess, nore preferably 10000 parts by weight or Iegs of ghempostt h

of a base cleaning agent. |f ag;a dewatering cleaﬂ»ng -agent -
preferably 100 parts by weight or less, nore preferably 50 parts by wei ght
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base cl eaning agent. In the cl eaning nmetho
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treatnment, the sufficient drying effects can be obtained mﬁ;h~ﬁ;$tg@@g§§%%ﬁj

cl eani ng agent such as isopropyl al cohol (hereinafter refe ﬂ@ﬁ}@&fhgprﬁP !
for short). Drying by steamgives a better finishing touch land iéﬁﬁéﬁﬁwww~—“
suited for fine cleaning. The present irmention may be appl?@ﬁ”fb met al s,
ceram cs, plastics and the like; nore specificaly, nmetal parts,

sur f ace- t st od gaaviing, sgiseenr aoi diardrdenhenndfifi oiemaly sancblesotlr i ¢ and
precision machinery parts, optical parts, glass and ceram c parts and the
like. As tifdepengentd ynet Fo¢ist seperptéonnconplere i omtersand red shiate
steam cl eaning (drying), the latter step can be_ carried out imediately
after the XSRAAtYdve g4 sposedandy bynigansnef atofRn9 metdediasithg

cl eani ng ents, .dispensing with rinsing_cleanipg of the base cleaning
agent. | na% ﬁéﬁ‘?@’r ag g g&'@&redéﬁ‘eénﬁ glﬁ ShBRRENT RFRRES AT he present
Inventlon’iﬁgbfggfééédﬂf%Iy @%e discarded waters and oils. The

cleaning agents incorporated into oils are consumed when the
waste oils are incinerated. There is no problem in connection
with cleaning agents incorporated into waters as well, because
they are separated from waters with ease by means of filter or
distiller.

With the cleaning system of such construction as
described above, not only the cleaning agents can be used
efficiently and effectively, but also the use of two or more
cleaning agents in combination is made possible. The amount
of use of cleaning agents is reduced to a large extent as two
or more of them are put to use simultaneously, contributing
much to a sharp cut of operating costs. The cleaning
apparatus of the present invention may be allowed to operate
as preparatory step for steam drying with IPA, preventing
waters from being mixed with repurified IPA. Because of a
large difference of boiling points existent between IPA and
the above-mentioned dewatering cleaning agent as used in the
present invention, it is made possible to implement steam
drying with IPA alone. Incidentally, waste waters once mixed
with IPA have been regarded as hard to remove because their
boiling point is close to that of IPA, and they are often
blamed for watermarks.

The present invention will now be described with
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nmet.hod may be made conplete by conprising the step of cleawnng aﬁb:bhgs@g
be cl eaned by the use of a cleaning agent containing at |epast ong:pe %nppun
sel ected fromthe group consisting of silicon-containing cleani-ng-agént.. eme
i sparaffin-containing cleaning agent havpgg from4 to 30 carbon atons,

vapour drying the object after it goes through the cleaning step, mherein
sai d silicoefexemtai tio Nghagetite:s dadngild al IRLgLOIPPHisS @s dahglraasshorengow

nol ecul ar wei ght pol yor ganosi | oxane 12 seiected fromthe group
consi sti ngthe eomstmughionhaf  polsariganegpdaredns used in the other

example. Generally speaking, the cleaning apparatus as shown
in the diagram is comprised of a cleaning process D, a rinsing
process E, a drying process F and a cleaning agent recycling
mechanism G. There are a first cleaning vessel 21, a second
cleaning vessel 22 and a dewatering vessel 23 in the first
cleaning process D. Each cleaning vessel in the cleaning
process D may be pre-designed to consist of one single vessel
or a set of two or more, depending upon the required operating
time and the quality standard to go by and the question how
many vessels there should be per set finds a solution in
substantially the same way. The first and second cleaning
vessels 21 and 22 are operated in combination with ultrasonic
wave, oscillation, mechanized stirring, heating of cleaning
agent, brushing process and the like in order to promote the
cleaning power, if need be.

The above-mentioned first and second cleaning vessels 21
and 22 respectively contain the degreasing cleaning agent D,
which comprises a base cleaning agent such as
silicdn-containing cleaning agent, isoparaffin-containing
cleaning agent or mixture thereof and a hydrophilic solvent.
The cleaning agent D; containing the hydrophilic solvent
dissolves the oil stains of the object to be cleaned with the
cleaning power provided by the hydrophilic solvent. 1In the
case where stains attached to the object to be cleaned are not
completely dissolved and removed in the first cleaning vessel

21 alone, they may be taken 6ver by the second cleaning vessel
o .
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represented by the general formula: [err] and a cycllc pol;ﬁrm g@ﬂ@S&hﬁZﬁﬂ
represented by the formula: [err] wherein Rin each fornulfai o ADED
substituted or unsubstituted hydrocarbon group, | is an in gﬁr 5i~ﬁ¥9ﬁ%@mﬂ‘

to 5 an mis an integer of from3 to 7, gnd wherei n vapour drying is
conduct ed using a vapour cleaning agent ? at has a difference of solubility
parameter eb 4oQEihf$A d a latent heat vapouration by 5 folds or |ess
conpared wth ?ﬁ * %ﬁﬂg agent used in the second cleaning step, and said

vapour cleaning @gent18afifgl ab6Rt PEAleitRRUEBhLANnaE 200p8at{gepy L8SS.

the first and second cleaning vessels 21 and 22 or brought
into the dewatering vessel 23, are forwarded to the cleaning
agent recycling mechanism C via the drain lines 2la, 22a and
23a. The filters 24 and 25 are respectively connected to the
first and second cleaning vessels 21 and 22, removing solids
and insoluble substances from the cleaning agent D, and then
returning it to each cleaning vessel. Various types of filter
may be chosen for the filters 24 and 25, depending upon what
stains to be cleaned up, but preferably they are a
microporous filter having a pore size of 0.1 to 20 um, made of
ceramic, glass, high molecule organic material or complex
material thereof.

In the second rinsing process E, there are a third
cleaning vessel 26 and a showering-rinsing vessel 27. The

third cleaning vessel 26 contains the cleaning agent D,

comprising only the same base cleaning agent as it is used in
the first process D described above. Below the
showering-rinsing vessel 27, there is a buffer tank 28, while
this butter tank 28 and the third cleaning vessel 26 are
respectively interlinked to the cleaning agent recycling
mechanism C via drain lines 28a and 26a. This third cleaning
vessel 26 also is operated in combination with ultrasonic
wave, oscillation, mechanized stirring, heating of cleaning
agent, brushing process and the like if need be. The cleaning
agent D, contained in the third cleaning vessel 26 always

continue circulating through the filter 29 which removes

e
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Al'l. cl eaning operations may as well be done with a base cleapymghageny@ &JN
singly, depending upon stains to be elimnated. M xtures ofj basemeha&ahng
agent with cl eaning power pronoting agent may be used and HOW-1-0. G5B HAS &~
cl eani ng agent have been di scussed earI|§6 I n accordance with yet another
aspect of the present invention, there i$ provided a one liquid for al
Lype cl canisag;aQTP9REL)AR1 -COMBE}ShAGS 1004 RIS 51 e WRIGHN LAl A R uor O

y wWel g 0

conmpound, 0.01 to 1000 parts a silicon-""containing c nlng
agent and/g@eaQ b§pparaff|n cont ai ni ng cl eani ng agent 13

In the third drying process F, there is a steam cleaning
(drying) vessel 30. This steam cleaning vessel 30 contains
the steam cleaning agent 31 which is a liquid of, for example
IPA, perfluoro compound or mixture thereof as above described
and the steam cleaning agent 31 is heated by the heater 32,
transforming into the steam 33. 1Inside the steam cleaning
vessel 30, the steam 33 is condensed to form dews on the

surface of the object X to be cleaned and the cleaning agent D,

carried forward from the rinsing process E is dissolved into
the so liquidized steam cleaning agent 31 and washed away.

The object X to be cleaned is detained as long as necessary in
the vicinity of the cooling chiller 34 located at the
uppermost part to evaporate the steam cleaning agent 31
remaining on its surface and thus complete the drying of the
object X.

The cleaning agents in this cleaning system are recovered
and recycled in substantially the same mechanism as in the
example described earlier.

The cleaning by the use of above-mentioned cleaning
system and the result of its evaluation will now be described
with reference to the specific examples:

Examples 1 to 8:

The examples of degreasing cleaning will be described
first. A mixture of 50 parts by weight of
octamethylcyclotetrasiloxane (SP value=7) and 50 parts by

weight of diethylene glycol monobutylether (SP value=8) and a

is Sheet Has Beent Replaued
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amrpecEa

having from4 to 30 carbon atons and 0.01 to 1000 parts by~ @i ghicqc
organi ¢ solvent, wherein said silicon-containing cleaningiﬁﬁgnT S AT !
substantial!y conprises at |east one | ow nol ecul ar meightLﬁﬂmWﬁmfi%%ézwmwmi
pol yor ganosi | oxane sel ected fromthe grayp consisting of a straight chain
pol yor ganosi | oxane represented by the general formula: [err] and a cyclic
p0|yd'Org%ﬁﬁih&%X%&eSﬁegh%%%nEdeaighBeoEOGBPéQiléeiédp&f&ﬁﬁﬂﬂl@S911 each
formula is a substituted or unSubstituted hydrocarbon group, | Is an

i nteger ofydin@u tadd 52 rts byaeighedet @fefliplerse tglycol

monobutylether were prepared as the cleaning agent in the
first cleaning process. An octamethylcyclotetrasiloxane was
used as the rinsing cleaning agent in the second cleaning
process. The various compounds listed in Table 1 were used as
the steam cleaning agent. The following charts shows the SP
value, the evaporation latent heat and the boiling point of
the steam cleaning agents listed in Table 1. The steam
cleaning agents used in these examples were selected with the
SP value and the evaporation latent heat of
octamethylcyclotetrasiloxane as standard reference.

(The rest of the space left in blank)
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Two. forns of cl eani ng apparatus which can be used to |nplenEnL.thQ;pEt Q’Q-
of the present invention will now be described in detail bQIDWS‘?'elfV CEN ]
cl eani ng apparatus has first neans for cleaning, for exanplie mntﬁ%éihhkture
of base cleaning agent of non-water systEmwith cleaning power—profioting
agent and second neans for cleaning with the base cl eaning agent alone. The
second neans for cleanlng is fol |l oned by means for drying such as hot air
dryl ng or apour OTyI g Further, —stt+H—another—eans prepdal ec—to
separate aphd recover the base cIéﬁhﬁﬁéuégeﬁﬁaﬁpﬁﬂélPBoﬁﬂ?hblﬁgX?Q#%¢ f base
cl eani ng apent and cl eani ng power pronntin%aé Bt HRAECh i s reclaimed from

t he above-pentioned first and sgcond cl egnitf§ A8ans and t hefefbre recpvery
and recycl [png_of cleani ng neans ang Thergioreg. recovery|and cycring pf
cleaning a £s& while two or norje df therh ar permttef to rculate pre

lF] 6 20 102

IPA 11 161 82
Octamethylcyclo- 7 36 175
tetrasiloxane

Hexamethyldisiloxane 7 51 100
Acetone 10 62 56
Ethanol 13 204 78

Printed boards using the Sparkle Flux PO-F-4600, a brand
of rosin-containing flux (supplied by Senju Metal Industries
Co., Ltd.: for chip-mounted board, SP value=approximately 10)
were cleaned with these cleaning agents. The ultrasonic wave
cleaning was implemented at 45°C for 3 minutes and then the
rinsing cleaning for 2 minutes in the first cleaning process.
The so cleaned printed boards were subjected to steam drying
with each of the steam cleaning agents and the time span
required for drying was measured. Likewise, hot air drying at
50°C was conductgd and the time spén required for this type of
drying was measured. Further, after drying, the ion residue
(kg NaCl/inchZ) on the surface of the printed boards was
measured by an omegameter (Nippon Alpha Metals Co., Ltd.) in
accordance with the procedures provided for in MIL-P-55110C

and MIL-P-2880%9A. Further, the flux residue was measured with

i
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feasi ble. The so recovered base cleaning agent is resupplized: -
means to the first and second means for cleaning. The seéohd g ©
apparatus wherein waters and oil stains are cl eaned off ¢bject%u‘ ‘be

cl eaned 14 conpri ses means for cl&aning with a cl eaning ageni of
nom wat st system having specific gravity that of smaller than that of
wat er s but thargeked hayet&md i cxndcopiaials yas makminigoaad exboisatieanforor
renovi ng waters which are incorporated into the )
the presence of stains having the major axis of 0.05 mm or
more. The practical usefulness was analyzed according to
"global judgement, marking excellent as C), good as O, fairly
good as A and poor as x and the results are shown in Table 1.

(The rest of the space kept in blank)
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mechani zed stirring and the like. Fig. 1is a dlagran1shomnng{$hgik,r“d J;&
construction of an cleaning apparatus used in an exanple of the QF@ enL
invention and Fig. 2 is a diagram show ng the constructlonlgi Wer ..
cl eani ng apparatus of the present inventign. The present invention mnll now
be described with reference to the foll oWwng exanples: Fig. 1 is a diagram
showi ng the construction of the 15

As evident from Table 1, the sufficient degreasing
cleaning power was obtained and steam cleaning (drying) also
resulted in a very good outcome in Examples 1 to 8. This is
accounted for by the prearranged difference of SP value by 4
to 2 between the rinsing and steam cleaning agents. On the
other hand, the agent having the SP value difference of 5 or
more in each of the Comparative Examples apparently failed to
provide the sufficient cleaning powder.

Examples 9 to 12:

Next, the examples of dewatering cleaning will be
described. A mixture of 99.5 parts by weight of
octamethylcyclotetrasiloxane and 0.5 part by weight of
polyoxyehtylene oleyl ether (SP value=8) and a mixture of 99.0
parts by weight of volatile isoparaffin (SP value=7) and 1.0
part by weight of sodium stearate were prepared as the
dewatering cleaning agent. Further, various compounds listed
in Table 2 were used as the steam cleaning agent.

Miniature ball bearings made of stainless steel were
subjected to dewatering cleaning with these agents. 2 pieces
of miniature ball bearings were immersed in water, then
immersed in a dewatering cleaning agent at ordinary
tempereture for one minute (with oscillation) and subjected to
steam drying. Thereafter, the ball bearings were placed in
the predetermined amount of anhydrous ethancl, the remaining
waters were absorbed thereto aﬁd the quantitative analysis
with the waters was conducted according to the Karl Fischer

method. The rate of water removal was calculated according to
J—
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: _ _ e e e
cl eani ng apparatus used in one exanple of the present IﬂV%ﬂﬁﬂbﬁﬁ? I HAS BEEN |

Briefly, the cleaning apoaratus shown herein is conprised of a precgss A |
for cleaning and water substitution, a process B for rinsiﬁg“aﬁd“demnrerfﬂg”
and a nmechanism C for recycling of cleanizgg agents. There are a first

cl eaning vessel 1 and a second cl eaning vessel 2 each having the capability
to conduct theo fbypewialg Fepanahi:on by precipitation and overflow ng and a
dewatering vessel 3 in the first process A for cleaning and water
substitution. |mh&rkatépb@,whherfkéﬁbvaﬁssgﬁ_ﬂtﬂmdghhﬁ)SeCOHd vessel 2 take
care of two types of separation but either or both of them can be chosen,
dependi ng ypheretia As isf theevabuecig)oobethe quantitative analysis

according to the Karl Fischer method and B is the value (g) of
the quantitative analysis after the blank test (excluding the
process in which the testing sample was thrown into water)).
Further, the post-drying appearance was evaluated
according to the following standard:
x ¢ dried blobs visible with the naked eye.

QO : dried blobs invisible with the naked eye.
©),

observed by scanning electron microscope.

blob having the size of 50um or greater not

These results are shown in Table 2.

(The rest of the space kept in blank)
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cl eaned.. For exanpl e, even either separation by precipitatﬁ&ﬁﬁﬁ@&éé?@ﬂSE%Eﬁl
separation by overflow ng al one can function conpletely iflso r eguiaedn by !
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These cl eani
oscillation,

process and
ari ses.
respectivel
cl eani ng ag
i soparaffin-
e

ing vessels are operated in combination with UlEigson-e yayerry
mechani zed stirring, heating of cleaning agent, dBFh§th
the like in order to increase the cleaning pdmeL As’ it
16 The above-nentioned first zpd second cl eani ng vessels 1 and
y contain a dewatering cleaning agent D which mxes a base
ent sayghevbdént | £65m CIHB 1A B NGEhe eamlfmglagendewatermg
cont ai ni ng cl eani ng agent or

ffect was obtained in each of the Examples without the

pecific need for rinsing cleaning.

Examples 13 to 15:

b

i

Next, the finishing cleaning (removal of particles) will
e described. An octamethylcyclotetrasiloxane and a volatile

soparaffin were used as the finishing cleaning agent.

Further, various compounds listed in Table 3 were used as the

S

t

C

C

team cleaning agent.

The cover glass for charge coupled device was subjected
o finishing cleaning with these agents. The cover glass for
CD was cleaned with the finishing cleaning agent at §5°C in

ombination with the ultrasonic wave and then subjected to

steam cleaning for the sake of finishing drying. After

d
t
a

T

P
t

rying, the appearance was analyzed and the amount of dusts on
he surface measured. The after drying appearance was
nalyzed in substantially the same way as in Example 9 above.
he amount of surface dusts(0.5 pm or more) was measured by a
article checker WM-1000 (Tokyo Optical Co., Ltd.) according
o the laser method.

These results are shown in Table 3.

(The rest of the space kept in blank)
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Y precipitated in the first cleaning vessel 1 are discharééﬂﬁh %@Eﬁ%ﬁigﬁ1
intervals into the cleaning agent recycling nechanism C whi ch wifdi AbeD
described later via the drain line 4. Meanwhile, the drai h—tife-Sg———""
installed in the dewatering vessel 3 is connected to the cleaning agent
recycling nmechanism C. The oil stains z%urfaced in the first and second

the cl eani ng. Syt SYaes faop arplBwsr i KBcorrerarTin i Ty (Pl ani ng
veosel 1 S 5 SIS TN BACROGR! sBkcEdmbfipd [ [ LISt and seoond
t he ci rculﬁaimopriési N& Q% 1t9t1e filter 6 renoves
As shown in Table 4, the certain degreasing cleaning
agents were prepared by mixing a volatile isoparaffin with
various organic solvents. Further, a volatile isoparaffin was
used as the rinsing cleaning agent.
Printed boards with flux were cleaned with these agents
in accordance with substantially the same procedures as in
Example 1 and the result of subsequent hot air drying at 50°C
was analyzed in substantially the same way as in Example 1.
Further, a testing sample was prepared by applying a spindle
oil to a steel plate and baking the plate in a furnace at
150°C for 48 hours. The oil baked on this testing sample was
subjected to cleaning (ultrasonic wave cleaning) and the time
span required for such cleaning was measured. The smaller the
value is, the higher the cleaning power is and these results
are shown in Table 4.

(The rest of the space kept in blank)
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the cleaning agent Dierr] can be elimnated with ease by neans--
above-nentioned filter 6. Various types of filter can be ‘chbsen

! oﬁ?ﬁ%h%ﬁEN
filter 6 depending upon stains to be elimnated and/or |iiqui dsZFpL.MED

e

dewat ered, but preferably it is a nicropgéous filter of C%FaﬁftT“ﬁT§§é,
hi gh nol ecul ar wei ght organi ¢ substance conpl ex material thereof, having

a pore diameteraghofsdeht 20oherEdi 4D idle SCANY REORESS (BrLOL bLALNg

and dewatering, there are a eani ng vesse showeri ngrinsing

Wi ch s i ntecTTRRSSTaR neRETh R R, R I TR TR T e e

ahd the oventhawng WetAbPanThiént containing the isoparaffin as the chief
ingredient, followed by rinsing with the volatile isoparaffin
(Examples 16 to 19). The ion residue was low as well, nor was
the white residue observed. Further, these agents were fast
at the speed of degreasing cleaning, exhibiting the cleaning
power equal to or better than that of a flon 113/ ethane
.azeotrope system. On the other hand, when cleaning and
rinsing were conducted with élkylbenzene such as
isopropylbenzene and diamylbenzene and straight chain paraffin
such as n-decane and kerosine, drying by hot air resulted in a
poor outcome and could not be completed even in 30 minutes.
Thus, there were a lot of ion residues and too much flux
components (white residue) to be swept away.
Exampie 20:

In accordance with substantially the same procedures as
in Example 13, the cover glass for CCD was subjected to
finishing cleaning with volatile isoparaffin used as the
finishing cleaning agent and the cleaning and drying
properties were evaluated in substantially the same way as in
Example 13. Drying was conducted with a hot air aﬁ 50°C. The
results are shown in Table 5.

(The rest of the space kept in blank)
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third cl.eaning vessel 7 is operated in conbination with uILLasgn%g;yaﬁeﬂggﬁ]
oscillation, mechanized stirring, heating of cleaning agenﬂjﬂ%@d%%ﬁh &é e
process and the like as well, if need be. The abovenentiondd thi REPIALERNI ng
vessel 7 contains the cleaning agent Dlerr] conpronising the-base~€léani ng
agent only which is sanme as used in above-nentioned first process A

Speci fic exanpl es nentioned of non-water system cl eani ng agent 18
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used in the above-nentioned first process A are applied to themp§§§£g{qﬁgiwxwl
cl eal ning agent used here. This cleaning agent Dierr] is deﬁiﬁﬁédfﬁglﬁégeﬁA'l
speplflc gravity smaller than that of water but |arger than ﬂhatmgﬁiﬁﬁwtwame
stains. Thus, as in cleaning vessels ing4gqie first process A the waters Y

are precipitated and separated in the |owernost part of the cleaning agent

D2, while the qid &StRidi: 4t TW1laG6d taad voeRal dé ellsopa AL PPt DSt part
thereof. The waters Y precipitated in the third cleaning vessel 7 are

di schar gedtd:ond et of iepniHihPoHdanieqy @lchigvedckhei suf Cioient heleaming | i ne

10 at regular intervals, while the oil stains Z surfaced in third cl eaning
vessel 7 apewdr ostgiih ol Sl o dredettgrsyiaenthatooafhfioe 113,

without causing post-cleaning dried blobs or dusts. On the
other hand, in each of the Comparative Examples, the agent had
low dryness, with a high incidence of dried blobs, while a
large .amount of dusts were found attached to object to be
cleaned during the drying process.

Examples 21 to 24:

The printed boards with flux on were cleaned by the
degreasing, rinsing and steam cleaning agents listed in Table
6 in accordance with substantially the same procedures as in
Example 1 and the cleaning and drying properties were
evaluated in substantially the same way as in Example.l. The
degreasing and rinsing cleaning were done at 45°C for 35
minutes in combination with ultrasonic wave. The results are
shown in Table 6.

(The rest of the space kept in blank)
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times by the filters 6 and 12 and when it is heavily soil ed; thResgltEanHREEN
agent is subjected to fractional distillation in the cleanimg'age@kﬂgﬂﬁ}
recycling mechanism C after it is sent there by the water punp. 13 thrugh-—-

the drain lines 4 and 10. 19 The cleagfng agent Dlerr] collected in the
dewat eri ng vessel 3 is also sent to the cleaning agent recycling nmechani sm

g at regular intgsveysdet OFgHh TABI: td1e wHAARNR] p2dRREAr BEXEHENGePBChANI SM
’ cleaned with an agent containing isoparaffin as the chief

ingredient and a steam cleaning agent, drying was found
complefed within 15 to 20 seconds, accompanied by few ion
residue and no remaining flux (white residue). These agents
were found as effective as or more effective than a flon
113/ethane azeotrope system.

Examples 25 to 27:

Using the dewatering and steam cleaning agents listed in
Table 7, miniature ball bearings were subjected to dewatering
cleaning according to substantially the same procedures as in
Example 9 and the cleaning and drying properties were
evaluated in substantially the same way as in Example 9. The
dewatering cleaning was implemented with the ball bearings
immersed in the agents while stirring at 45°C for one minute.

The results are shown in Table 7.

(The rest of the space kept in blank)
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and.- a repurified base cleaning agent or-a repurified cleanin%ﬂgxgﬁﬁ%iéﬁﬁfﬁ;w
can be obtained by the extraction of both soiled cleaning age f%“Dﬁg& : é
Dlerr]. Except for the so. repurified cleaning agent D2, all eéxtradts
i ngredi ents such as surfactant and water %re di scarded. The repurified
cl eaning agent Dlerr] is forwarded throu the line 17 into the
showeri ng- r inRsi esgel. 8,4qt.he third cleaning vessel 7 or the m xer 18
which is thggébggﬁ%e?%o otﬁeg'cleaning agent Dlerr] to the second cl eaning

vessel 2. In theu%@a&erthggﬂhﬂéh@g?va@eétéamS@P&ﬁiitx{%agrr ' %Qtéﬁ%d in

conducted only with the inpurity-tree cleani ng agen
Table 8, the cover glass for CCD was subjected to cleaning in

i a2

accordance with substantially the same procedures as in
Example 13 and the cleaning and drying properties were
evaluated in substantially the same way as in Example 13. The
results are shown in Table 8.

(The rest of the space kept in blank)
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In the m xer

the repurified or a brand new cl eani-ng-ag:

BERPACkD

d wth a nev
Reani ng agd
t@ prioduce

s mx¢
line 20 or
of surfactant

produced cl ean|
as need ari ses|

zremqg

220

dusts /in

$uppl1 €

conbi

ied to

340

;

250

the su

ned wifh a hi
cleany ng aggnt D[ e
the s¢cond c

180

T act an
gh cong
Fr]. Th
eani ng

o~
™y

Appearance| Amount of

t supply
entration
e Sso

vessel

Table 8

Steam cleaning
CF3——{»(0CFCF2-)-m (OCF2)"~}OCF3

CF 3~ (OCFCF ,)-—(OCF, ) JOCF

)] < [~
0w [+ ™ [+2} ™ -l < 7
Q g <7 f <9 fag ™
Q L ] < &) V] 48]
o] o (& QL
St
| ES &
g
1)
js]
-l [} 1]
] = B
> = = 0 n
0 ol fr} N
= Yl Yed -l i~ )
Q D ut Q W 1] e Q Q ™= Q
o0 - @ -t K - [=¥8/] o] = - 00
. a oml W e M ol o ~ a - 5
Q0 4 Q &« [} - 0 ] Q &
FERNS) g Qo o Q. (o} QN E ¢} =S 0
[ M ~ O - O Y} o8 ] o] 0« Q
M M oOn Q® '] w o el ] - Q0 N
= - » - 0 a = ]
R 1t~ ) 1 1o -
Q (1) @ XN @ XN M XN o XN g Xm
4t -} MO - Q R - QO - QO
a, a s 90|l e ole Olx O @ O
E® Eo, QD o~ o ] 0~ Qi@ =~ Qi @ =~
VN | g ESQUI E>Q|EPQ]I EDPL] E> L
" o QM E| OHNE] O-E]| O E Q= B
<] m D&t | Dl | DU | Qg lUen

This Sheet Has Been Replaced

|

I

HAS BEEN




An exanpl e of the cleaning procedures will now be described %Ewgwmwmthmg

U;I:ﬂ

respect to the cleaning systemconstructed as nmentioned above: Wh%an
object X to be cleaned is found carrying with it the waters Y--arhd- fhé*bEL~m“
stains Z,
cl eani ng vessels | and 2 of the first préfess Ain order to remove the oi

stains Z a

Then,

over the dewateriyng.v
process B, goes ﬁhgoﬁg r?hg%tﬁpraaﬁ IR

t he

it is imersed at first in the order of the first and second

ute the waters Y with the dewatering cleaning agent.

|
ﬁ@gﬁ ﬁg3hgent Dierr] is removed fromthe surface of the object X

AL LD R

(SP value=7) and 50 parts by weight of ethanol (SP value =13)
was prepared as the cleaning agent in the first cleaning
process and the octamethylcyclotetrasiloxane was used as the
rinsing cleaning agent in the second cleaning process.
Further, a CgF;3 was used as the steam cleaning agent. Using
these agents, the cleaning and drying properties were
evaluated in accordance with substantially the same procedures
as in Example 1 and the results substantially as good as in
Example 1 were obtained.

In this Example, there was the SP value difference of
more than 5 between the cleaning agents or between
hexamethyldisiloxane and ethanol but because of the
interaction between the polar groups, both the compounds
turned out compatible one anothér, resulting in the
above-mentioned favorable outcome.

Example 31:

A one liquid for all type cleaning agent was prepared by
mixing 100 parts by weight of C.F,, as a perfluorc compound, 25
parts by weight of hexamethyldisiloxane as a
silicon-containing cleaning agent and 3 parts by weight of
acetone as an organic scolvent. Meanwhile, the_testing sample
was prepared by applying tc a steel plate YF33, a brand of
silicon-containing press oil (supplied by Thoshiba Silicon
Co., Ltd.) and baking the plate at 100°C. The testing sample
was cleaned using the above-mentioned one liquid for all type

cleaning agent. Cleaning was conducted at 40°C for 3 minutes
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of the surfactant remaining on its surface and sinultaneously'h% g@wétéﬁ%dftml

arriving at the showering-rinsing vessel
purification and dewatering by undergoing showering and ri nsi.ng. -
i mpurity-free cleaning agent Dl err] alogﬁ_ This is followed by the drying
treatnment by a hot air dryer which is n

al | of theln C&Hb Aé%ﬁgﬂu%fyﬁx§¥¥¥§%bnibn%%ngt%o&ibwége

be

cleaning with the same agent.

In the infrared absorbing analysis with the so cleaned
steel plate, a peak ascribed to silicon was not observed,
resulting in the finding of the non-presence of silicon
residues.

Industrial Applicability:

The excellent properties of degreasing cleaning, water
substituting and drying, comparable to those of conventional
flon-containing cleaning agents, are obtained by the cleaning
method of the present invention, unaccompanied by the
possibility of environmental destruction and contamination
and, therefore, the cleaning method is useful as a replacement
of the other one by the use of highly controversial
flon-containing solvents. Further, under the §resent
invention, the cleaning agents are recycled while two or more
of them circulate simultaneously and the waters and stains
which are removed from objects to be cleaned are disposed of
efficiently, both contributing much to the saving of materials

relating to cleaning.

—
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repl aced by steam-dryirng—(cteaning) with I PA and the like. Now, the present

eifects in f’ﬁf‘smglmm\|nﬁunmm2?a;;f?2"nc: S 3 en eon FOfSoape s peet

CFD

points: nanely cthe cbnpati'bility of .a steam cl eani ng ag —
liquid carried forward fromthe earlier~process, (2) evaporation Iatent

heat of t tea Ieanlng agent and the difference of the evaporation

| at ent he aﬁﬁgds 3an1c|eaning agent and the liquid carried forward

fromthe eerlleg Sgﬁﬁiif ghgg)thg?rggih ng point. Wth reference to the

point (1), 't hey an1c|ean|ng agent can be a
particularly e&%%?%h%%t step of cleaning an object to be cleaned with a

mixture of base cleaning agent with cleaning power promoting
agent, and

the second cleaning step of cleaning the object with the
base cleaning agent alone after it goes by the first step.
2. The cleaning method according to claim 1, wherein the base
cleaning agent is a non-water system agent and the cleaning
power promoting agent is a surfactant and/or a hydrophilic
solvent.
3. The cleaning method according to claim 2, wherein the
non-water system cleaning agent is at least one compound
selected from the group consisting of silicon-containing
cleaning agent and isoparaffin-containing cleaning agent.
4. The cleaning method accordiné to claim 3, wherein the
silicon-containing cleaning agent substantially comprises at
least onellow molecular weight polyorganosiloxane selected
from the group consisting of a straight chain
polydiorganosiloxane represented by the general formula:

R R R
AR
R—Si 0 Si-0 Si—R

L \1‘2 /1 II{ cee e eee (I)

(wherein R is a hydrocarbon group of single valence

substituted by the same or different group or unsubstituted
and 1 is an integer of from 0 to 5) and cyclic

polydiorganosiloxane represented by the general formula:

This Sheet Has Been R
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factor i.f its SP value has a difference of 4 or less with that _of the

liquid carried forward fromthe earlier process, except for sdn@ggqﬁﬁgpqgg BEEN
wher e hydrogen bond of nol ecules and interaction of polar groyps nu§§H9%EQ
given further consideration. Steamcleaning is to condense thg_sLeaﬁf i

cl eaning agent to formdews on the surfacé of the object to be cleaned so
that these dews dissolve and wash away the |i-guids attached to the object.

I'f there is a SP value fliTTerence of nore than gy Ty 2 af,eam cl eani ng
agent and the liquid ca'r'gd forwand fromthe 4: ﬁgaﬁﬁﬂ& '&E“sufficient
er

substitutability is not|e@btaine Preferably -t he dk SP value is
3 or less and nore prefefabky g _or jless. Wth

R m cer e wee (IT)

(wherein R is a hydrocarbon group of single valence
substituted by the same or different group or unsubstituted
and m is an integer of from 3 to 7).

5. The cleaning method according to claim 3, wherein specific
gravity Ddg of the silicon-containing cleaning agent satisfies
the formula Wdg>Ddg>0dg when specific gravity water is Wdg and
that of oil stains Odg.

6. The cleaning method according to claim 3, wherein the
isoparaffin~ containing cleaning agent substantially comprises
a volatile isoparaffin having from 1 to 30 carbon atoms.

7. The cleaning method according to claim 1, wherein the
first cleaning step is the step of degreasing cleaning.

8. The cleaning method according to claim 1, wherein the
first cleaning step is the step of dewatering cleaning.

9. The cleaning method according to claim 1, wherein the
object to be cleaned is subjected to hot air drying at 60°C or
lower after it goes through the second cleaning step.

10. The cleaning method according to claim 1, wherein the
object to be cleaned is subjected to steam drying after it
goes through the second cleaning step.

11. The cleaning method according to the claim 10, wherein
the steam cleaning agent ﬁor use in said steam drying has a
difference of solubility parameter (SP value) by 4 or less and

a difference of evaporation latent heat by 5 folds or less
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reference to the—potnt—(2)——+t—+s—preferable to put to use a steam cl eaning

womt 1200 SO 5o 7 oot S5 e

When the difference 6f evaporsati*on | atent heat is |arger thmajijﬁﬁ Ehne

evaporates much faster than another, leafing the liquid having a Iarger

evaporation | atent heat behind on the Qbj ect to be, cleaned and kee ing it
remai n as %-H othdh SARRRING 13968 MeeE. lpréﬁ@rﬁﬁfﬁnd cféaning stép P M9

12. The cleaning method according to claim 11, wherein the
steam cleaning agent for use in the steam drying has the
boiling point higher than the temperature on the surface of
the object to be cleaned by 20°C or more.
13. A cleaning apparatus comprising,

first cleaning means for using a mixture of base cleaning
agent with cleaning power promoting agent, and

second cleaning means for using the base cleaning agent
alone.
14. The cleaning apparatus according to claim 13, further
comprising,

means for separating and recovering the base cleaning
agent alone from the mixture of base cleaning agent and
cleaning power promoting agent and

means for resupplying the first and second cleaning means
with the so separated and recovered base cleaning agent.
15. The cleaning apparatus according to claim 13, wherein
specific gravity Ddg of the base cleaning agent satisfies the
formula Wdg>Ddg>0Odg when specific gravity of water is Wdg and
that of oil stains Odg, and each of the first ahd second means
further comprises means for removing waters and oil stains
incorporated into the cleaning agent each independently.
16. A cleaning apparatus wherein waters and oil stains are
cleaned off an object to be cleaned, comprising,

means for using a cleaning agent containing non-water
system agent having specific gravity smaller than that of

water but larger than that of oil stains,

This Sheet Has Been Replaced
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t he difference—ef—evaporat+om—tatent heat is 3 folds or | ess and nore

preferably 2 fol cigsay NAYer . preferably a steam cl eaning-agentfas-rm
as small an eVapa‘mm‘ImﬂHgﬂmmat as possible even when theTHiS b!g:l HAS BEEN
above-nentioned drfferencd 1§ satisfied. sRreferably, the valye of REPLACED

evaporation latent heat is 200 cal/g or I'éss, nore preferabl y-+00—cal7g or

less and nost prifaiidllor 3emeing ehel GaSerkt ihdofsPestad | dhddmAHd ant to
satisfy the abovenentioned points (1) and (2) with respect to the system of

the presentclidurdig Ayenapav precipliategpest sepdterguiiy fhd) lawasmostthe
boiling point of a steam cl eaning agent nust be higher than the surface
t enper at ur epaxft tthexsygfectanido be cl eaned when it is
‘ means for removing the oil stains incorporated into the
cleaning agent and surfaced and separated in the uppermost
parts thereof.
l%i A cleaning method comprising,
the step of cleaning an object to be cleaned by the use
of a cleaning agent containing at least one compound selected
from the group consisting of silicon-containing cleaning agent
and isoparaffin-containing cleaning agent, and
the step of subjecting the object to be cleaned.to the
drying treatment after it goes through the cleaning step.
18. The cleaning method according to claim 17, wherein the
cleaning agent contains a surfactant and/or a hydrophilic
solvent.
19. The cleaning method according to claim,i7, wherein the
silicon-containing cleaning agent substantially comprises at
least one low molecular weight polyorganosiloxane selected
from the group consisting of straight chain

polydiorganosiloxane represented by the general formula:

R R R
. . L
R—-?l-—o ?1- ll——R
R R 1 R A ¢ 3

(wherein R is a hydrocarbon group of single valence
substituted by the same or different group or unsubstituted
and 1 is an integer of from 0 to 5) and cyclic

polydiorganosiloxane represented by the general formula:
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subj ectied to steam cl eaning. Preferably, the boiling pointstmhlqher t_han
the surface tenperature of the object by 20[err]C or nore, ; TolBe Wf[qe,&;galgtw
by 30[err]C or nore and nost preferably by 50[err]C or nDre pr @b,

however, that the difference between the b0|I|ng poi nt and-t-he--sii —
tenperature of the object to be cl eaned tan be regul ated by manipul ating
the surface tenperature of the object and thus -th fference
can al so be obtaijned by lowering the surface te bj ect

prior to the steam gl egning\treatnment. Still ﬂmm, ﬂmﬂmmﬂﬁm

obt ai ned, if satipf |ng t he poilnt (3) as wel

Si~-0

|

R m I S

(wherein ﬁ is a hydrocarbon group of single valence
substituted by the same or different group or unsubstituted
and m is an integer of from 3 to 7).

' 20. The cleaning method according to claim 17, wherein the
isoparaffin-containing cleaning agent substantially comprises
a volatile isoparaffin having from 1 to 30 carbon atoms.

21. The cleaning method according to claim 17, wherein the
step of drying is conducted with a hot air drying at 60°C or
lower.

22. The cleaning method according to claim 17, wherein the
step of drying is conducted with steam drying.

23. The cleaning method according to claim 22, wherein the

- steam cleaning agent for use in said steam drying has a
difference of solubility parameter (SP value) by 4 or less and
a difference of evaporation latent heat by 5 folds or less
with the cleaning agent used in the second cleaning step.

, 24. ‘The cleaning method according to claim 2%, wherein the
steam cleaning agent for use in said steam drying has a
boiling point higher than the temperature on the surface of an
object to be cleaned by 20°C or more.

25. The cleaning method according to claim 22, wherein the
steam cleaning agent for use in said steam drying contains at
least one compound selected from the group consisting of

isopropyl alcohol and perfluoro compound.
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23 .Meanwhi | e, "STTTcon-containi ng cl eaning agents and i sopar affim=gontai i
i e I

cl eani ng agents([ﬂll“l—ﬂﬂ ul | 5“1_'.;process for rinsing cleaning 8 therpries
invention. Sili oW BRIy @lleani ng agents have the SP vaj ue ofibPLAGED

approxi mately 7 and evaporation |atent heat of almost 35 cal /g, Wwhile
| soparaf fin-containing cleaning agents have the SP val ue of approximtely 6
to 8 and t Ré.evaponat Lbquidt for akhttype at hamsting0 compe8itdlong. Conpar ed

with these agents, the above-nentioned | PA (SP val ue=11, evaporation |atent
comprising 100 parts by weight of a perfluoro compound, 01

to 1000 parts by weight of a silicon-containing cleaning agent
and/or an isoparaffin-containing cleaning agent and 0.0l to

1000 parts by weight of an organic solvent.

This Sheet Has Been R
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heat=161% cal /g and boiling point=82[err]C) is found satisfying all of the.
points (1) to (3) and evidently well suited as a steam cl eantJig ag vt BEEN
the cl eaning process of the present invention. Fundanentallgtﬁg§q#@9t

ste
cl eaning agents to be used in the present invention prefereﬂﬂALSﬁgi- )
abovenenti oned points (1) and (2) and noPé preferably the point (3) as
wel | . Even what ever substances other than | PA as descri bed above may be
used as a steam cl eani ng agent of the§§ﬁ5§éﬁ§ invention, if they satisfy

all of these 3 condjtions. For anple rfluoro compound r.epresented by
t he general fornul%ﬁ 4§l§ﬁﬁ e??]g?ﬁﬂg?giggnciiéﬁﬁgiWh éV‘éF‘ fﬁ%ﬁh to
12); and Eié&%ﬁﬂ‘“ﬂf%h mixes a base cleaning agent such as

silicon-containing cleaning agent or an isoparaffin containing
cleaning agent with a surfactant or a hydrophilic solvent to
promote the cleaning power. The object is rinsed with the
base cleaning agent alone after it goes through the first
cleaning step as described above. Then, this is followed by
the finishing treatment by the use of hot air or steam drying.
The base cleaning agents can be recovered and recycled,
improving economy in the case with the use of two or more
cleaning agents in combination. The excellent properties of
degreasing and dewatering, comparable to those of flon system,
can be obtained using a mixture of silicon-containing or
isoparaffin-containing cleaning agents with surfactants and

hydrophilic solvents and maintaining safety in environment.

This Sheet Has Been Replaced
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conpound represented by the structural gﬁla [err] [err] (mherern q
and s are any integers) can be used thereg These perfluoro conpounds
have the SP value of 5 to 6, the evaporation |atent heat of al nost 20 caI/g
and the boiling point ranging fromb50[err]C to 200[err]C, satisfying all- of
t he above-nentioned conditions (1) to (3). A perfluoro conpound havi ng
the boiling point of 50[err]C to 150[err]Cis preferable for
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practieal use in cleaning. Further, perfluoro conpounds do not exhibit
compatibility with alnmost all organic solvents and have not found-thejr - .
pl ace as™a steam cl eaning agent in the pgz? except for in the case wth the !
renoval of particles. In the present inv i on, silicon-containing cleani-ng -
agents and isoparaffin-containing cleaning agents are used to rinse, and

the perfluoro conpounds have the conpatibility with them (the SP val ue
difference of 4 or |less), capable of serving as a steam cl eani ng agent

herei n. Steam cl eani ng agents such as | PA and perfluoro conpound are not
necessarily used singly but, for exanple their m xture is acceptable as

well as their conposition with the addition
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of sil'i cen- contai ning cleanlﬁbéﬁdéﬁﬁéﬁiiﬁ?ﬁPé¥¥ A-Has Eain
or* ot her organic sol vents suchyag @ EuRERAEEDS | on fo
chl orii ne-cont ai ni ng sol vents areun@vﬁnécessarlly i neligl

solvent for use in a mxture with I PA or perfluoro conpoun

desirable to stay away fromtheir use fromthe viewoint o

contam nation but it does not seementirely unlikely that

or chlorines can find their useful ness at any tine mhlle
58

§f> CLEANING METHOD AND CLEANING APPARATUS
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Abstract

ng'“c‘refaﬁ-tﬂ ~agent ..
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An object to be cleaned is cleaned with an cleaning

agent which mixes a base cleaning agent such as

silicon-containing cleaning agent or an isoparaffin containing

cleaning agent with a surfactant or a hydrophilic

promote the cleaning power. The object is rinsed

solvent to

with the

base cleaning agent alone after it goes through the first

cleaning step as described above. Then, this is

followed by

the finishing treatment by the use of hot air or steam drying.

The base cleaning agents can be recovered and recyéled,

improving economy in the case with the use of two

or more

cleaning agents in combination. The excellent properties of

degreasing and dewatering, comparable to those of

flon system,

can be obtained using a mixture of silicon-containing or

isoparaffin-containing cleaning agents with surfactants and

hydrophilic solvents and maintaining safety in environment.

FIGURE 1
This Sheet Has Béen Replaced
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tney are.subjeet—totalfway step bféef?e:bl%v@stfal nts but are far- L 11—
t-he total Mt ure is useﬁlzg@swa,;sj eam cl eani ng agentEPLACEMENT SHEET

pr ef er abl &‘m mw m onent of tHe m Xt Ure_shoul d_have the $P-vatte—eand
t he evap icont| atent Heat satisfying the abmvmmt'{/ﬁnwl\cg di t izoms 136y )'357

and (2). The values of each such conponent| shoulRdrivesi> t hos §m=nt|oned‘
t he exanpl e above. It also is acceptable §hat an organic so Eeu raving—=

nmean val ue fOIE ag gnd evaporation |atent heat is interposed as a m xi ng
medi um Mean 223 very useful, one liquid for all type conpositTiom—=
liquid which is good all the way from degreasing cleaning to drying, can be
obt ai ned by m xi ng

1. A cleaning method comprising,

the first step of cleaning an object to be cleaned with a mixture of a base
cleaning agent with a cleaning power promoting agent,

the second cleaning step of cleaning the object with the base cleaning agent
alone after it goes by the first step, and

the third step of vapour drying the object after it goes through the second step of
cleaning,

wherein the base cleaning agent is at least one non-water system agent selected
from the group consisting of silicon-containing cleaning agent and isoparaffin-
containing cleaning agent having from 4 to 30 carbon atoms,

wherein said silicon-containing cleaning agent substantially comprises at least
one low molecular weight polyorganosiloxane selected from the group consisting of a

straight chain polyorganosiloxane represented by the general formula:

IR ,—- R R
]
R-Si-0- Ti-C Si-R
R

4k

and

a cyclic polydiorganosiloxane represented by the formula:

AR
R

wherein R in each formula is a substituted or unsubstituted hydrocarbon group, T

is an integer of form 0 to 5, and m is an integer of from 3 to 7, and
wherein vapour drying is conducted using a vapour cleaning agent that has a
difference of solubility parameter of 4 or less and a latent heat vapouration by 5 folds or

less compared with the cleaning agent used in the second cleaning step, and said vapour

i

e e

cleaning agent has a latent heat vapouration of 200 cal/g or less. - ———
Has Been Replaced
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. ) ] FEP—— e e ] [
abovenentioned perfluoro conmpounds W th s{hi@ofn:conta BEmY | cl egrp g;ﬂggf]
and/ or i soparaf-fHn—eontaining—l eani ng agents amdiadED orggnic s ‘_E;;.EET
such as | PA, qksafoia acet one and—di-oxane. " For the Fyugpgspe of SUT
one |iquid fommmmumﬁﬂﬂmlsl tion, it is preferable to mx 0f0%: of1i0¢8s7
parts by weight of sil#®con-containing cl eg?i ng agents and/or{ ..

| sopar af fi n-contai ning cl eaning agents and~0.01 to 1000 partjs by weight o
ot her organic solvents with 100 parts by wei ght of an above
perfluoro conpound. The nore preferable range of the mxing ratio with the
perfluoro is 2.1 tTheldeanimg methby acverdjing tooflaink hevhersimpad eleasing powver one
liquid for all ty%n conposi tli on-exhibits thgopr perties of degreasing,

0

e
promioting agent 1s at least one agent selected e group counsisting of surfactants
and hydrophilic solvents.

3. The cleaning method according to claim 1, wherein the isoparaffin-containing

cleaning agent substantially comprises a volatile isoparaffin having from 4 to 30 carbon

atoms.

4. The cleaning method according to claim 1, wherein the first cleaning step is the

step of degreasing cleaning.

5. The cleaning method according to claim 1, wherein the first cleaning step is the
step of dewatering cleaning.

6. The cleaning method according to claim 1, wherein the vapour cleaning agent
for use in the vapour drying has the boiling point higher than the temperature on the
surface of the object to be cleaned by 20°C or more,

7. The cleaning method according to claim 1, wherein the vapour cleaning agent

for use in the vapour drying contains perfluoro compounds.

8. A cleaning method comprising,

the step of cleaning an object to be cleaned by the use of a cleaning agent
containing at least one compound selected from the group consisting of silicon-
containing cleaning agent and isoparaffin-containing cleaning agent having from 4 to - .
30 carbon atoms, ‘

the step of vapour drying the object after it goes through the step of cleaning,

whereir said silicon-containing cleaning agent substantially comprises at least
one low molecular weight polyorganosiloxane selected from the group consisting of a

straight chain polyorganosiloxane represented by the general formula:

This Sheet Has Been Replaced
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dewat eri ng.:*and“st gam cl | % wi t hout t he"RggEd; LHR0F 1 wr?ﬁf&ﬂ

T

far, the abo
descri bed witH chief errphaS| s pl aced on dewat er i ng cl eani ng

be applied to degreasing cleaning if usi g the different kind Lof cl eani ng

agents. In the abovenentioned cl eaning system drying is

T'n‘g"'s')'/'s_t_em S been

nf‘ge'g‘}@ﬁﬂgsmfﬂ

but 3¢ c¢uh 8fpo

L

R = R R
\ | |
R-Si- Si- ?:.-R
I
1‘2 R w1 R teeeiieaneeanas (1)

and

a cyclic polydiorganosiloxane represented by the formula:

— R
|
-

— R M veeenerenaan (II)

wherein R in each formula is a substituted or unsubstituted hydrocarbon group, I

is an integer of from 0 to 5, and m is an integer of from 3 to 7, and

wherein vapour drying is conducted using a vapour cleaning agent that has a

difference of solubility parameter of 4 or less and a latent heat vapouration by 5 folds or

less compared with the cleaning agent

and said vapour cleaning agent has a latent heat vapouration of 200 cal/g or less.

9. The cleaning method according to claim 8, wherein the cleaning agent contains

at least one agent selected from the group consisting of surfactants and hydrophilic

solvents,

10.  The cleaning method according to claim 8, wherein the isoparaffin-containing

cleaning agent substantially comprises a volatile isoparaffin having 4 to 30 carbon

atoms.

11.  The cleaning method according to claim 8, wherein the vapour cleaning agent .

for use in the vapour drying has the boiling point higher than the temperature on the

surface of the object to be cleaned by 20°C or more.

12.  The cleaning method according to claim 8, wherein the vapour cleaning agent

for use in the vapour drying contains perfluoro compounds.

heet Has Been Replaced
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conpleted.with blowing of a hot air at a

appr oxi mat ely R n1nnTpQ Under t he conven |'ﬁa‘”

150[err] C. 01 In the present invention,

cl eaned i s not exposed to a h| gh temperafdre and can be forwarded to a next

e Gy v

wi t h hot vvater hot air dr r—ng-——ﬁ;re—“d-r-w-ng—t_ ne iis al m)st as
| ong as 15 m i tenperature as high as 120[er}] C @d} Jii 1997

t he pbject to be

process as it is after hot air drying, does not require the gpace and time
for cooling and contributes to the inprovenent of productivity to a great

extend. Not only ARgetihi@ %Fﬁ?iggﬁglﬁ@féﬁ%ﬂ?&ever yE%qtﬁtﬁé'HﬂE&Sd acd@tdingtos O

since dewateri ng operation Is

ch of the

claim 1 or claim 8 comprising 100 parts by weight of a perfluoro compound, 0.01 to
1000 parts by weight of a silicon-containing cleaning agent and/or an isoparaffin-
containing cleaning agent having from 4 to 30 carbon atoms and 0.01 to 1000 parts by
weight of an organic solvent,

wherein said silicon-containing cleaning agent substantially comprises at least
one low molecular weight polyorganosiloxane selected from the group consisting of a

straight chain polyorganosiloxane represented by the general formula:

R R R
7]
R-Si-0 Si-0 Si-R

oLl 4

and

a cyclic polydiorganosiloxane represented by the formula:

r Zi-c—\
Ll .

wherein R in each formula is a substituted or unsubstituted hydrocarbon group, 1

is an integer of from 0 to 5, and m is an integer of from 3 to 7.
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obj ects to be cleaned, the finished products are free of irfe€g

dewat eri ng and have the much inproved'quality, as far as thg!

belong to is concerned. There also is no possibility of faujty it

products with cracks which are attributable to irregularitifpsjin mhﬁdnmng
“and the level of product quality can be brought up very high.{In the

cl eani ng system constructed as abovenentipned, the cleani ngl agent s have

specific gravity smaller than that of waters but |ager than that of oil

stains, so a |ayer of cleaning agent intervenes between those of waters and

oil stains, separating waters fromoils conpletely and enabling

! o
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|
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27 the cleaning systemto discard themefficiently and each-independentdyr—
Their separation conplete, waters and oils are respectively [i8p05@aNOfSHIET

means of cleaning agents, but it is likely that a trace ar%urp*t"-""'-'0f~~'~*~e+----e&ﬁi~ﬁg=
~agents are incorporated into the discarded waters and oils; | khe mieaming
agents incorporated into oils are consumed when the waste ¢ilis are

i ncinerated. There is no problemin conngction with cleanipg agents

i ncorporated into waters as well, because they are separat Ed fromwaters

Wi th ease by neans of filter or AR S BT TR Z |
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OO L Aot

distillerys *VVth,ihe cleaﬁrﬁgfk §té%1of such construction as
above, not’enly-the cledhigy égghﬂs can be used efficiently
effectivel¥: but also the us& of two or nore cl eaning agenﬁ
I s made possible. The ampbunt of use of cleaning agents is

| arge extent "as two or more of themare put to use sinultan

,..I
BRdtlACE Lﬁﬂbﬂtj
sfncoﬂnnﬁlo

contributing nmuch to a sharp cut of operating costs. The cl

of the present invention may be allowed to operate as preparatory step for
steamdrying with I PA, preventing waters from being m xed Wit Tepuritied
| PA. Because of a large difference of b0|I|ng poi nts existent between | PA

and

55

ABSTRACT

CLEANING METHOD AND CLEANING APPARATUS

An object to be cleaned is cleaned with an cleaning
agent which mixes a base cleaning agent such as
silicon-containing cleaning agent or an isoparaffin containing
cleaning agent with a surfactant or a hydrophilic solvent to
promote the cleaning power. The object is rinsed with the
base cleaning agent alone after it goes through the first
cleaning step as described above. Then, this is followed by
the finishing treatment by the use of hot air or steam drylng
The base cleanlng agents can be recovered and recycled,
improving economy in the case with the use of two or more
cleaning agents in combination. The excellent properties of
degreasing and dewatering, comparable to those of flon system,
can be obtained using a mixture of silicon-containing or |
isoparaffin-containing cleaning agents with surfactants and

hydrophilic solvents and maintaining safety in environment.

(Fig. 1)
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t he above-nenti,oned dematerlﬁa ‘Eg ﬂfhgwégent as used in th§ present
invention, it is made pOSSIb|e ai@nt steam dryi ng wi HﬂFﬁAC&HHHESHEEr
InC|dentaIIy,,maste wat ers once n1xed wi th | PA have been repafdet as—har-ed—
to renove because their boiling point is close to that of I dﬂﬂ.hnﬁw@?rJ
often blamed for watermarks. The present invention will now be descrlbe6

W th 28 reference to the other exanphe. Fig. 2 is a diaq}dﬁf§ﬁbmrng-—~—

* i

CLEANING METHOD AND CLEANING APPARATUS

The present invention relates to a cleaning method using
non-water system cleaning agents in place of flon-containing

solvents such as flon 113, chlorine-ccntéining solvents and lower

alcohols.

Description of the Related Art.

flon-containing solvents such as flon 113 have been in

Q

eneral use as a dewatering cleaning agent to dry metal parts,
plated and coated parts, electronic parts, semiconductor parts
and the like after they are washea with water. Meanwhile,
these flon-containing solvents and alsc such organic solvents
as trichloroethane, trichlorcethylene, tetrachloroethylene and
carbon tetrachloride have been widely used as a cleaning agent
to remove oil stains and the like.

In recent years, however, it has beeq established the
the discharge of flon leads to destruction of the ozone layer.
Since flon 12 and flon 113 have a high ozone destruction
coefficient, there has been staged reduction of their use the
world over and it is expected that the flons will be totally

banned in the not too distant future. Chlorine-containing




the construction of a cleaning apparatus used in the other rexanpte:
General'ly speaking, the cleaning apparatus as shown in the|dtdASRET SHEET
conprised of a cleaning process D, a rinsing process E, a {ryrng-—process—H
and a cl eaning agent recycling mechanism G~ There are a fifst Iga@@@ggg?
vessel 21, a second cleaning vessel 22 and a dewatering vessel 23 in the
first cleaning process D. Each cleaning vessel in the clea iﬁg*prvcess~5-

may be preagsahqeegoierQQSéakhoésoe@iéhmaksexggighao§ﬂa Spt_of two or

nore, dependi"ng upon the required operating ti n e quarTty stamdard
to go by apdethesqueskk-qriBew maey ¥essehsxkhere-sBRYL doRfeReR 1SBEobLBAS 2

solution in substantially the sane way. The first and second cl eani ng
such as contamination of soils and underground waters and the
restrains of their use have been more stringent with the
elapse of time. Certain attempts reflecting those
ircumstances have been made to develop substances of flon
crigin having the oczone destruction cocefficient lower than
that cf their predecessors and, although some of them are in a
stage of industrial production now, they are not regarded as a
preferable cleaning agent because they do the ozone layer
insignificant but positive harm.

Under these circumstances, water system cleaning agents
using surfactants or hydrophilic sclvents which should not
cause ecological destruction or contamination have been
thought better of to replace degreasing cleaning agents
containing organic solvents. These cleaning agents, however,
have a drawback that they have the weak penetrating power,
incapable of completely cleaning up stains in narrow spaces of
the parts or caked oii stains having a medium to high
viscosity.

Meanwhile, many attempts have been made to probe the
possibility of developing new cleaning agents by the use of a

. variety of surfactants to replace organic solvent-containing
dewatering cleaning agents but the dewatering effects as good
as those of flon solvents have not been obtained as yet.
Further, when the abovementioned organic solvent-containing
cleaning agents are put to use for the dewatering cleaning

purpose, their specific gravity is greater comparatively,



vessel s 21 and 22 are operated in conbination with ultrasofigWaNe .+
oscillation, mechanized stirring, heating of cleaning agen ffbﬁﬁ%ﬁfﬁb’wnigr
process and the like in order to pronote the cleaning powef,|if need be.
The above-nentioned first and second cleaning vessels 21 and| 2% ¢ bas %7
respectively contain the degreasing clegning agent Dl err]

i.Cch conprisesja
base cl eani ng agent such as silicon-containing cleaning agent,
i soparaffin-containing cleaning agent or m xture thereof a_hydrophilic

sol vent._ThgsGeRLNG 08! oBBcaRR' EhALNAok Non YL OPLY big 20Lyenl. gl ssol ves

the oil starns™of " thé o 0 eane e cl eani ng” power provi ded
by the hydeophi LhCefR!I ¥8BkackNokNBhe cleaning agent and are separated

frem the cleaning agent while they remain as they are
contacted each other. Once they are contacted in that way,
the oils and waters are hard to separate. Since they should
be discarded eéch independently, the disposal of waste liquid
is a difficult matter. Further, cléaning agents containing
surfactant are highly compatible with water, it is virtually
impossible to separate, repurify and racycle them.

On the other hand, a cleaning épparatus_using
conventional. type cleaning agents usuvally comprises a
mechanism solely controlling all of various processes of
immersing cleaning, vaporizing cleaning, showering cleaning
and the like for the purpose o£ better cleaﬁing efficiency and
it is pre-conditioned that only one single cleaning agent but
not others is permitted to circulate in the system. This is
because the recovery and recycling of cleaning agent are hard
to implement when two or more of it are used in combination.
The system should be a stumbling block against any attempts,
for example to achieve by two or more cleaning agents the
cieaning effects that would not be achieved by one of them
alone.

Generally speaking, of the conventional type cleaning
agents including dewatering cleaning agents, those containing
organic solvents such as.floﬁ have a drawback that they'are
blamed for ecological destruction. New cleaning agents
investigated as a likely replacement of these organic

solvent-containing agents have a drawback that the desired




case where stains attached to the object to be cleaned ar
di ssol ved and renoved in the first cleaning vessel 21 alor
t aken over by the second cl eani ng vessel 29 22 conti nui
cl eaning agent D[err], either contained respectively in the

second .cl eani ng vessels 21 and 22 or braught into the dewatering_ vessel

are forwarded to the cleaning agent recycling nmechanismC

T g
The. .
qfru t $t éd*rd’i‘i

via the drain

| i nes 21a, 22a and

satisfactory effects are inissing. On the other hand, the conventioral

cleaning methods

and systems have a drawback that recycling of cleaning agents and the disposal of
removed waters and stain substance are a hard job. Further, under these methods and
systems, the use of two or more cleaning agents does not go along well with an

attempt for efficient repurification and recycling of them.

Use of a linear dimethyl silicon trimer plus fluorinated fatty acid to displace
organic stains is known from US 3 498 923 and use of a linear dimethyl silicon trimer

plus higher linear dimethy! silicon plus stearic acid or amide to displace organic stains

is known from US 3 498 922.

The present invention has been accomplished for the purpose of finding a

solution to the above-mentioned problems incidental to the conventional type cleaning

methods and cleaning apparatus and the object of the present invention is to provide

a new cleaning method and a new cleaning apparatus which make

it possible to use

more than one cleaning agents in combination and at the same time to recycle them.

Another object of the present invention is to provide a new cleaning method which

make it possible to efficiently dispose of waters and stain substances

that are removed

from objects to be cleaned. Still another object of the present invention is to provide

a new cleaning method and a new cleaning apparatus which should bring forth the
cleaning power, water substitutability and the drying power which are as good as those

achieved when cleaned with flon-containing solvents.

The cleaning method of the present invention comprises

the first step of

cleaning an object to be cleaned with a mixture of a base cleaning agent with a

cleaning power promoting agent, the second cleaning step of cleaning the object with

the base cleaning agent alone after it goes by the first step, and

the third step of

vapour drying the object after it goes through the second step of cleaning, wherein the

base cleaning agent is at least one non-water system containing a silicon cleaning agent

and isoparaffin-containing cleaning agent having from 4 to 30 carbon atoms, wherein

said silicon-containing cleaning agent substantially comprises at least one low

molecular weight polyorganosiloxane selected from the group



23a. The filters 24 and 25 are respectively connected to|tREPLRCEFENAMBHEET
second cl eani ng vessels 21 and 22, renoving solids and i ngolpble—substances
fromthe cleaning agent Dlerr] and then returning it to each qlzganiggﬂ?
vessel . Various types of filter nmay be chosen for the filfers and
dependi ng upon what stains to be cleanedsup, but preferablly they—are—=
m croporous filter having a pore size of 0.1 to 20 [err]m made of ceramc,

gl ass, high nolecule organic material or conplex materi aI‘ t-hereof—tmthe
second i “S'd?ﬁsﬁnﬁg%%'ﬂghtl‘lﬂﬁ@pér)%rg’aﬂdgﬂéfjmﬁ'r@ sé‘ﬂe&% &ferﬂnd a
showering-rinsi ng vessel "27. The thitd cleanlng vessel ntalns t he

cl eani ng ag Hﬂnbﬁ‘err]
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and cyclic polydiorganosiloxane represented by the formula:

....... (1)

-

o]
L

-l m cieesssecase e (II)

oN—wn—2nN

wherein R in each formula is a substituted or unsubstituted hydrocarbon group,
[is an integer of from O to 5, and m is an integer of from 3 to 7, and

wherein vapour drying is conducted using a vapour cleaning agent that
has a difference of solubility parameter of 4 or less and a latent heat
vapouration by 5 folds or less compared with the cleaning agent used in the
second cleaning step, and said vapour cleaning agent has a latent heat
vapouration of 200 cal/g or less.

Specific examples of cleaning agent for use in the first cleaning step of
the present invention include dewatering cleaning agént capable of separating
waters and degreasing cleaning agent intended for use in removing oil stains. A
variety of cleaning agents other than these can also be used herein as the need
arises. Specific examples of cleaning power promoting agent include surfactant
and hydrophilic solvent which provide or improve the cleaning or dewatering
power in combination with the non-water system cleaning agents. Further, the
second cleaning step of the present invention fundamentally is a step of nnsmg
by the use of the base cleaning agent.

The above mentioned low molecular weight-polyorganosiloxane singly
exhibits the excellent penetrating or volatilizing power in narrow spaces of



conprising only the sane base cleaning agent as it is use

process D described above. Bel ow the showering-rinsing ves

a buffer tank 28, while this butter tank 28 and the third

26 are respectively interlinked to the cleaning agent recyclﬁ ng STECIAENE M

via drain lines 28a and 26a. This third £l eaning vessel

operated in conbination with ultrasonic ve, oscillation,

stirring, heating of cleaning agent, brushing process and

Tll LIIC lll

cl ganirmg-vesset

26 also is
N —
the like if need

s &EPRAGE “ﬁﬁer b’”fﬁ

C

be. The cl eany g,e‘g% Bhes ean V. el 26
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. coated parts and the like, provxdmg the rust-preventive properties, substituting
waters well and vaporizing and drying with a hot air at 60°C or lower. Further,
the straight chain polydiorganosiloxane represented by the general formula (1)

and the cyclic polydiorganosiloxane represented by the general formula (II)

may be used in combination.

R in the above-mentioned formulae (I) and (II) is a substituted or
unsubstituted hydrocarbon group of single valence, including alkyl group such
as methyl group, ethyl group, propy! group and butyl group, unsubstituted
hydrocarbon group of single valence such as phenyl group and substituted
hydrocarbon group of single valence such as trifluoromethyl group, but a

methyl group is most preferable in order to keep the system stable and volatility
continuing for a certain period of time. Of the above-mentioned low molecular
weight polyorganosiloxane, those having the cyclic structure are preferable, and
octamethylcyclotrisiloxane, decamethylcyclopentasiloxane and mixture thereof

are especially well suited.

By choosing the desired molecular structure of the above-mentioned low
molecular weight polyorganosiloxane, its cleaning agent can be made to have

specific Ddg satisfying the following formula (A) or (B):’
Wdg > Ddg cerrnsseeensnosesssncesonaniens(A)
Wdg>Ddg>0dg ...cooeveevreeee (B)

(wherein Ddg is specific gravity of the base cleaning agent, Wdg is specific
gravity of water and Odg is specific gravity of oil stains to be cleaned.)

For example, when the Formula (B) is satisfied, water and oil stains can .
be separated and repurification of cleaning agents and the disposal of liquid

wastes are carried out with ease.

The above-mentioned isoparaffin-containing cleaning agent has from 4
to 30 carbon atoms and is preferably volatile isoparaffins. Volatile isoparaffins
chiefly comprising C4-C 5 cut are preferable from the viewpoint of the
cleaning power. An isoparaffin containing cleaning agent usually comprises
one or two or more of the above-mentioned volatile isoparaffins.




30 solids, insoluble substances and the |like fromthe cleg
drying process F, there is a steamcleaning (drying) vesse
cl eani ng vessel 30 contains the steam cl eani ng agent 31 whi
of, for exanple I PA perfluoro compound or m xture thereof
described and the steam cl eaning agent %1 is heated by th? heat er 32

transformng into the steam 33. Inside the steam cl eani nglvessel 30, . the

i]{ ggg]egiaal cond.ensed #Sfform dev‘@o].(r)a]rlule, snurf %essofargé%d%tyleects ’X to be

achieving sunstankxalxy ‘as good exfects as the above-mentioned

low meolecular weight polyorganosiloxane.

ny

urther, silicon-containing and isoparaffin-centaining
cleaning agents which are mentioned as the base cleaning agent
respectively are used singly but their mixture can also be
used as a base cleaning agent. For example, a
silicon-containing cleaning agent mixed with an
isoparaffin-containing cleaning agent exhibits the effect of
providing a very low freezing point, is well suited for use in
cold areas and improves the cleaning power as well.

As mentioned above, specific examples of cleaning power
improving agent to be mixed with base cleaning agents include
surfactant and hydrophilic solvent. Surfactants are divided
into cationic, anionic, nonionic, amphoteric and mixture
types, depending upon their activating chemical structure.
Every one of them can be used in connection with the present
invention, contributing to the increase'of the cleaning power.

Well suited for the present invention among these
surfactants are anionic surfactants such as polyoxyalkylene
alkylether sulfonate and phosphoric ester,'nonionic
surfactants such as polyhydroxy alcohol fatty acid ester,
polyoxyalkylene fatty acid ester and polyoxyalkylene |
alkylether, amphoteric surfactants such as imidazoline
derivative and cationic surfactants such as alkylamine salt
and alkyl quaternary ammonium salt. Terpene compounds
extracted from the natural sources where their distribution as

single substance is rare and higher fatty acid esters can also
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carried forward fromthe rinsing process E is dissolved ipte—the- sgum_ﬁgj'
l'i qui di zed steam cl eaning agent 31 and washed away. The opj gct g(d«h
cl eaned is detained as | ong as necessary in the vicinity ffthe cod1|wg
chiller 34 |ocated at the uppernost part to evaporate thg steameleaning!
agent 31 remaining on its surface and tlgus conplete the drying of the

ace al _ 9 oot
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result of its-evaluation wll W be "d€es
by substituting a part of their chemical structure with a

fluorine or silicon atom.

As the hydrophilic solvent, those compatible with
abcve-mentioned base cleaning agents and especially having the
flash point of 40°C or higher are well suited for the
practical use. Specific examples of hydrophilic solvents
include polyhydroxy alcohol and its derivatives such as
ethyiene glycol monomethyl ether, ethylene glycol monoethyl
ether, ethylene glycol monopropyl ether, ethylene glycol .
moncoutyl ether, ethylene glycol monobutyl ether acetate and
diethylene glycol monobutyl ether, and of them diethylene
glycdl monobutyl ether is particularly preferable on account
of its compatibility with base cleaning agents and safety in
the human. These compounds should have an improved wvolatility
if in coexistence with low molecular weight polyorganosiloxane
and the like, and even water substitution and drying stepes
can be completed with their mixture alone. . Further, lower
alcohols such as ethyl alcohol or acetone or the like can be
used in combination with base cleaning agents depending upon
the latter’s kind and uses. Further, a polyoxyalkylene

| alkylether represented by the formula:

CH,

R-0—{—CH, CH, Oyr———+CH, CH, O}—H
(wherein R is a hydrocarbon group of single valence having

from 1 to 12 carbon atoms and n and p respectively are an



with reference to the specific exanples: Exanples 1 to 8:1 BRBLADEG TeSHBET

degreasing cleaning will be described first. A mxture off 50-parts—by--—
wei ght of octanethyl cycl otetrasiloxane (SP val ue=7) and H0 b tes by @ehg

of diethyl ene glycol nonobutylether (SP value=8) and a ur e of

parts by weight of volatile iscparaffindSP value=7) and |5 Tfﬁ~by«we+bht

of diethyl ene glycol nonobutyl ether were prepared as thetcleanlng agent in
t he

integer of from O to 10, satisfying the formula n+p 1) is
especially well suited for in the case where an
isoparaffin-c&ntaining cleaning agent is used as a base
cleaning agent.

The above-menticned base cleaning agents and cleaning
power improving agents are used in the following ways:
fundamentally, a mixture of base cleaning agent with cleaning
power improving agent is used in the first cleaning step and a
base cleaning agent alone in the second cleaning step, but
different ways are possible as well depending upon the use of

"agents and the purpose of the subsegquent step. Base cleaning
agents and cleaning power promoting agents can be ccmbined in
various ways according to their use. For example, a mixture
of base cleaning agent with surfactant or hydrophilic solvent
or a mixture of these three is well suited as a degreasing
cleaning ageﬁt. When an isoparaffin-containing cleaning agent
is intended for use as the base cleaning agent, it may be put
to use singly. It is acceptable as well that a mixture of
silicon-containing and isoparaffin-containing cleaning agents
is a base cleaning agent and this base cleaning agent further
is mixed with one of above-mentioned cleaning power promoting
agents. As the dewatering agent, a base cleaning agent can be
used singly, but preferably a surfactant or hydrophilic
solvent is added to it. Especially the addition of a
hydrophilic solvent is more preferaSle. As the rinsing
cleaning agent, a base cleaning agent is used singly in
principle, but the.addition of a hydréphilic solvent is

acceptable as so is the addition of a trace amount of a



first cleaning process. An octanethylcyclotetra5|onane\Mnrwﬁﬁmkaswbheﬁ———
rinsing cleaning agent in the second cl eaning process. The RELAGHEENT SHEET
conmpounds listed in Table 1 were used as the steam cl eani h f&Q@ﬁP”““TﬁG*
followi ng charts shows the SP val ue, the evaporation |atept!h at"yqyf®ﬂe
boiling point of the steam cleaning agamts listed in Tabl ¢ 1 fhe st eam

cl eaning agents used in these exanples were selected with t he-SP—vat-ue—-and
t he evaporation | atent heat of octanethylcyclcotetrasil oxpne as standard

ref erence. '
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surfactant if required by the subsequent stepes. Further, the
base cleaning agent in the first cleaning step need not be
necessarily identical to its counterpart of the second step.

Base cleaning agents and cleaning power promoting agents
can be used in various combinations as mentioned above and it
is preferable to mix them with due consideration given to
solubility of each of them. For example, it is preferable to
assort them in a way the resulting mixture has a difference of
solubility parameter by 4 or less (hereinafter referred to as
"SP value" for short). When two liquids having a large
difference between their SP values must be mixed, still
another liguid having a mean SP value may be made to intervene
as a.mixing medium.

The mixihg ratio of the above-mentioned surfactants is
not particularly limited but it is preferable to mix 50 parts
by weight or less, or more preferably, 20.pa£ts by weight or
less of them with 100 parts by weight of a base cleaning agent
when the resulting mixture is intended for use as a degreasing
cleaning agent. If the mixture should be used as a dewatering
cleaning agent, preferably 20 parts or less, or more
preferably, 3 parts by weight or less of a surfactant are
mixed with 100 parts by weight of a base cleaning agent. On
the other hand, the mixing'ratio of hydrophilic solvents is

not particularly limited as well, but it is preferable to mix
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50000 parts by weight or less, more preferably 10000 parts by weight or less
of them with 100 parts of a base cleaning agent. If as a dewatering cleaning
agent, preferably 100 parts by weight or less, more preferably 50 parts by
weight or less of a hydrophilic slovent are mixed with 100 parts by weight or

a base cleaning agent.

In the cleaning method of the present invention, the above-mentioned
cleaning steps are over with the drying treatment thereafter. In this drying
treatment, the sufficient drying effects can be obtained with a steaming cleaning
agent such as isopropyl alcohol (hereinafter referred to as "IPA" for short).
Drying by steam gives a better finishing touch and is well suited for fine
cleaning. The present invention may be applied to metals, ceramics, plastics and
the like; more specificaly, metal parts, surface-treated parts, electronic and’
semiconductor parts, electric and precision machinery parts, optical parts, glass

and ceramic parts and the like.

As the cleaning method of the present invention is combined with steam
cleaning (drying), the latter step can be carried out immediately after the
cleaning steps with above-mentioned dewatering or degreasing cleaning agents,
dispensing with rinsing cleaning of the base cleaning agent. In other words, in
accordance with another aspect of the present invention, an entire cleaning
method may be made complete by comprising the step of cleaning an object to
be cleaned by the use of a cleaning agent containing at least one compound
selected from the group consisting of silicon-containing cleaning agent and
isparaffin-containing cleaning agent having from 4 to 30 carbon atoms, vabour
drying the object after it goes through the cleaning step, wherein said silicon-
containing agent substantially comprises at least one low molecular weight

polyorganosiloxane



Printed boards using the Sparkle Flux PO F-4600, a brand of P

rosin-containing flux (supplied by Senju Metal |ndustries .ﬁEPLﬁ@E?aygggg'prsf_;;c-,-
chi p- nount ed board, SP val ue=approxi nately 10) were cl eane th-t+hese._ '
~ cleaning agents. The ultrasonic wave cleaning was inplementied a 4§L_er yNe
for 3 minutes and then the rinsing cleangng for 2 minutes iin the fiFgt~
cl eani ng process. The so cleaned printed boards were subje¢t éd—to—s
drying with each of the steam cleaning agents and the time|{span required
for drying was neasured. Likew se, hot air drying at 50[err]

and the tine span required for this type of drying was nmeasured. Further,
sen?cﬁgd F’Bﬂ’ \héﬁraﬂl%c?‘ﬂ%?t}‘]gggfl%a@mghﬁﬂm Pelyoeganopidoxanef ace of the

oemed

after drying;
printed boar cepreseated by the general formula:

R R R

'F'] L

LD Al
and

a cyclic polydiorgancsiloxane represented by the formula:

o]
LL .

wherein R in each formula is a substituted or unsubstituted hydrocarbon
group, I is an integer of from O to 5, an m is an integer of from 3 to 7, and

wherein vapour drying is conducted using a vapour cleaning agent that
has a difference of solubility parameter of 4 or less and a latent heat
vapouration by 5 folds or less compared with the cleaning agent used in the

second cleaning step, and said vapour cleaning agent has a latent heat
vapouration of 200 cal/g or less.

All cleaning operations may as well be done with a base cleaning agent
singly, depending upon stains to be eliminated. Mixtures of base cleaning agent

with cleaning power promoting agent may be used and how to use base cleaning
agent have been discussed earlier.

In accordance with yet another aspect of the present invention, there is
provided a one liquid for all type cleaning composition, comprising 100 parts
by weight of a perfluoro compound, 0.01 to 1000 parts by weight of a silicon-
containing cleaning agent and/or an isoparaffin-containing cleaning' agent
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neasured by an omeganeter (N ppon Al pha Metals Co., Ltd. ) |n e

PR o

the flux residue was neasured with 33 t he naked eye and micrfo"SCi@ipiéaﬂ Yi
maki ng an exam nation for the presence of stains having the mmj.or: axis of
0.05 mmor nore. The practical useful neagss was anal yzed acc rdi ng.to gl ob:
j udgenent d as [err] .-good as

[err] and pg@év%g?r?ex X bég'[i‘?@’%“t%‘rs!éﬂé nggmqw pagts| by welght ofan
organic solvent,
wherein said silicon-containing cleaning agent substantially comprises at
least one low molecular weight polyorganosiloxane selected from the group
consisting of a straight chain polyorganosiloxane represented by the general
formula:

| |
]

TJ.-C Si-R
R

R

I
RT.\.C l

R -1 R

and
a cyclic polydiorganosiloxane represented by the formula:

Lo
I—lli —lm- ............... (1I)

wherein R in each formula is a substituted or unsubstituted hydrocarbon
group, I is an integer of from O to 5, and m is an integer of from 3 to 7.

Two forms of cleaning apparatus which can be used to implement the
method of the present invention will now be described in detail below:

The first cleaning apparatus has first means for cleaning, for example
with a mixture of base cleaning agent of non-water system with cleaning power
promoting agent and second means for cleaning with the base cleaning agent
alone. The second means for cleaning is followed by means for drying such as
hot air drying or vapour drying. Further, still another means is prepared to
separate and recover the base cleaning agent alone from the mixture of base
cleaning agent and cleaning power promoting agent which is reclaimed from
the above-mentioned first and second cleaning means and therefore recovery
and recycling of cleaning means and therefore recovery and recycling of
cleaning agents while two or more of them are permitted to circulate are
feasible. The so recovered base cleaning agent is resupplied by recycling
means to the first and second means for cleaning.

The second cleaning apparatus wherein waters and oil stains are cleaned
- off objects to be cleaned
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Table |, the sufficient degreasing cleansing power was obt ai ned and-steam-
cleaning (drying) also f o1 E fEL 1047 ]
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comprises means for cleaning with a cleaning agent of '-“"‘“*J
aone~waAner sSyscem having spgcific gravity smaller than that cf
waters but larger than that of o0il stains as mentioned above,

means for removing waters which are incorporated into the

cleaning agent and precipitated and separated in the lowermost

art thereof and means for removing oil stains which are

0

incerporated into the cleaning agent and surfaced and
separated at the uppermost part therecf. Non-water system
cleaning agents to be used in these means have been described
earlier and, because of the means for removing the
precipitated waters and another means for removing the
surfaced oil stains,'waters and oil stains separated from the
objects to be cleaned can be disposed of efficiently and each
independently. Specific examples of these cleaning steps
include immersion vessel, spray vessel and the like which may
be operated in combination with ultrasonic wave, oscillation,

mechanized stirring and the like.

Fig. 1 is a diagram showing the construction of an
cleaning apparatus used in an example of the present invention
and Fig. 2 is a diagram showing the construction of the other

.cleaning apparatus of the present invention.

The present invention will now be described with
reference to the following examples:

Fig. 1 is a diagram showing the construction of the



resulted in a very good outcone in Exanples 1 to 8. This is$ %Bﬁiﬁh&éﬁ"ﬁﬁ”"
by the prearranged difference of SP value by 4 to 2 between Uhe“f1ﬁs1ﬁgm&ﬁd
steam cl eani ng agents. On the other hand, the agent having the1SE vabuga7
difference of 5 or nore in each of the Cbnparative Exanpl e ap parently
failed to provide the sufficient cleaning powder. Exanplesj9 to—12:—Next

- the exanples of dewatering cleaning will be described. A m xture of 99.5

parts by ht .of octamet hyl cycl otetrasil oxane and 0.5 paft—by werght—of
poIyoxyeht9hgﬂ%l59e?PPé¥ﬂEPs ¥99a+%e°%§ %*EFE%?n@&L#Q?cﬁr%ﬁﬁmﬁparts by

f | atil e isoparaffin (SP val and 1.0
wei ght o ngggtxon P r?eti ( the ¢ ean ng apparatus shocwn herein is

comprised of a process A for cleaning and water substitution,
a process B for rinsing and dewatering and a mechanism C for
rec?cling of cleaning agents. There are a first cleaning
vessel 1 and a second cleaning vessel 2 each having the
capability to conduct two types of separation by precipitation
and overflowing and a dewatering vessel 3 in the first process
A for cleaning and water substitution.

In principle, the first vessel 1 and the second vessel 2
take care of two types of separation but either or both.of
them can be chosen, depending upon stains of the object to be
cleaned. For example, even either separation by precipitation
alone or separation by overflowing alone can function
completely if so required by the object to be cleaned.
Further, each of the cleaning vessels in the process A may be
designed to consist of one single vessel or a set of two or
more depending upon the required operating time and the
quality standards to.go by. The gquestion of how many vessels
there should be per set can find a solution in substantially
the same way.

In this example, sets of 2 vessels each are used, and the
first and second cleaning vessels 1 and 2 communicate with
each other via the drain line 2a and the overflow line 2b.
These cleaning vessels are operated-in combination with .
ultrasonic wave, oscillation, mechanized stirring, heating of
cleaning agent, bruéhing process and the like in order to

increase the cleaning power, as need arises.



part by weight of sodiumstearate were prepared as the dk&ﬁf@ﬁﬁﬁ%&%?éﬁ@ﬁ
agent. Further, various conpounds listed in Table 2 werg Osed-as-the-s4
cl eaning agent. Mniature ball bearings nmade of stainless st ed] DY &

subjected to dewatering cleaning with these agents. 2 pneces of nlnla{ur

bal| bearings were imersed in water, tigen i mersed in g déwatering-——-
cl eani ng agent at ordinary tenperature for one mnute (Wﬁth oscil I ation)

and subjected to steamdrying. Thereafter, the ball bearings Were-ptaced—n

t he predeterm Mhe abbuabmehtanhydrﬁmssethadobecbhé cépaninggveasels lere
absorbed thereto and the quantitative analysis with the waters was
conduct edaadc@r desgecsivhdykarntRiinchedewatering cleaning agent Dl

which mixes a base cleaning agent such as silicon-containing
cleaning agent, iscoparaffin-containing cleaning agent or
mixture thereof with a surfactant. The cleaning agent Dl
containing the surfactant is pre-designed to have specific
gravity which is smaller than that of water but larger than
that of oil stain and thus the waters Y separated from the
ocbject to be cleaned are precxp;tated toward the lowermost
part of the cleaning agent D, in the first and second cleaning
vessels 1 and 2. Meanwhile,.the 0il stains Z likewise
separatad rise to the surface of the same cleaning agent D; of
-the same cleaning vessels 1 and 2 respectively.

The waters Y precipitated in the second cleaning vessel
2 are discharged to the side of the first cleaning vessel 1
via the drain line 2a at reqular intervals. Again, the waters
Y précipitated in the first cleaning vessel 1 are discharged
at regular intervals into the cleaning agent recycling
mechanism C which will be described later via the drain line
4. Meanwhile, the drain line 3a installed in the dewatering
vessel 3 is connected to the cleaning agent recycling
mechanism C. The oil stains 2 surfaced in the fLrst and
second cleaning vessels 1 and 2 are allowed to overflow
gradually and go out of the cleaning system via the overflow
line 5 installed in the first cleaning vessel 1.

The dewatering cleaning agent D; in the first and second

cleaning vessels 1 and 2 is extracted from the first cleaning

vessel 1 by the circﬁlation line 6a, the filter 6 removes

ng

egm

e




met hod. The rate of water renoval was cal cul at ed accordidgﬁf%iﬁﬁ%%%@TTgﬁggf
rate of water removal = (B-A)/B x 100 (wherein A is the val ye-{g)--of.-t.he
quantitative anal ysis according to the Karl Fischer neth@dgangEgggﬁng
value (g) of the quantitative analysis after the blank tésq (‘excludi‘'ng the
process in which the testing sanple was;Jhrown into water)). Further—t-hHe
post -dryi ng appearance was eval uated according to the foglomﬁng st andar d:

solids, water particles and insoluble substances from the

cleaning agent D, and then the cleexing agent 2, returns to “he
second cleaning vessel ?. The cleaning agent D, i§ thus
purified at all times by its circulation via the filter 6,
keeping the cleaning vessel 2 replete of the pure cleaning
agent D, though it is located at a downstream side of the
cleaning process.

For example, humidity or water drops incorporated into
the cleaning agent D, can be eliminated with ease by means of
above-mentioned filter 6. Various ﬁypes of filter can be
chosen for the filter 6 depending upon stains to be eliminated
and/or liguids to be dewatered, but preferably it is a
ﬁicroporous filter of ceramic, glass, high molecular weight
organic substance or complex material thereof, Hﬁving a pore
diameter of 0.1 to 20 um.

In the second process B for rinsing and dewatering,
there are a third cleaning vessel 7 and a showering-rinsing
vessel 8. Below the showering-rinsing vessel 8, there is a
buffer tank 9 which is interlinked with the ﬁhird cleaning
vessel 7 via the drain line 9a and the overflow line 9b. This
third cleaning vessel 7 is operated in combination with

- ultrasonic wave, oscillation, mechanized stirring, heating of
cleaning agent, brushing process and the like as well, if need
be.

The abovementioned third cleaning vessel 7 contains the
cleaning agent D, compromising the base cleaning agent only
which is same as used in above-mentioned first process A.

Specific examples mentioned of non-water system cleaning agent
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used in the above-mentioned first process A are applied to the
tase cleaning agent used here. This cleaning agent O; is
designed to have specific gravity smaller than that of water
but larger than that of oil stains. Thus, as in cleaning
vessels in the first process A, the waters Y are precipitated
and separated in the lowermost part of the cleaning agent D,,
while the oil stains 2 are surfaced aﬁd separated in the
uppermost part thereof. The waters Y precipitated in the
third cleaning vessel 7 are discharged to the cleaning agent
recycling mechanism C via the drain line 10 at regular
intervals, while the oil stains Z surfaced in third cleaning
vessel 7 are brought outside the cleaning system through the
overilow line 11.

Further, the cleaning agent D, in third cleaning vessel 7
always circulates via the filter 12, so that solids, water
particles and insoluble substances are eliminated from the
cleaning agent Dziby the filter 12.

The recovery and recycling of cleaning agents in the
cleaning system will now described below:

As mentioned earlier, the diain lines 4, 3a and 10 laid
in the first, second and third cleaning vessels 1, 2 and 7 and
the dewatering vessel 3 are interlinked with the cleaning
agent recycling mechanism C respectively. Thé cleaning agent
D, and D, in each vessel respectively is kept purified at all
times by the filters 6 and 12 and when it is heavily soiled,
the cleaning agent is subjected to fractional distillation in
the cleaning agent recycling mechanism C after it is sent

there by the water pump 13 through the drain lines 4 and 10.
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I n each of the Exanples mAthout the specific need for rlnsﬂﬁ clean|n§“§
Exanpl es 13 to 15: Next, the finishing cleaning (renovalf qf &rLLcI§§3 Wi |
be described. An octanethylcyclotetrasionane and a vol atillL.e_ |soparaff|n
were used as the finishing cleaning agest. Further, varuous conpounds ~

listed in Table 3 were used as the steam cl eani ng agent

The cleaning‘agent D, collected in the dewatering vessel 3 is
also sent to the cleéning agent recycling mechanism C at
regular intervals.

Brought into the cleaning agent recycling mechanism C,
the soiled cleaning agent is fed to the filter 14 first to
separate solids from ligquid, the solids are aisposed cf and
the liquids alone are sent to the distiller 15. The distiller -
15 separates each ingredient of the cleaning agent, the waters
and the oil stains using the difference of their beiling
point. The waters and the like left at distiller 15 are sent
to the decanter 16 for further separation. The waters and the
like may be separated and removed by a coalescer as
preparatory step before they are sent to the distiller 15.

As used in the above-mentioned cleaning system, the
dewatering cleaning agent D, is a mixture of the cleaning agent
D, which is the base cleaning agent by itself with a surfactant
and a repurified base cleaning agent or-a repurified cleaning
agent D, can be obtained by the extraction of both soiled
cleaning agents D, and D,. Except for the so. repurified
cleaning agent D,, all extracted ingredients such as surfactant
and water are discarded. The repurified cleaning agent D, is
forwarded through the line 17 into the showering-rinsing
vessel 8, the third cleaning vessel 7 or the mixer 18 which is
the supplier of the cleaning agent D, to the second cleaning
‘vessel 2.

In the showering-rinsing vessel 8, showéring cleaning is

conducted only with the impurity-free cleaning agent D,, with



The cover glass for charge coupl ed device was subjected t% %i' PERVRYT SHEET |
cleaning with these agents. The cover glass for CCD was clledned Wth the
finishing cleaning agent at 45[err]C in conbination with {he Jl Eriasdrsy |
wave and then subjected to steamcleaning for the sake of [finishing drylgg
After drying, the appearance was anal yzgg and the anmount bf dusts onThe
surface neasured. The after drying appearance was anal yged in
substantially the sane way as in Exanple 9 above. The anount of surface
dusts(O. 5 [-&€r Empelymede pbeye-measicagdbrepurified elehadkgr agknto0Q ¢Fokyo
Optical Co., Ltd.) according to the |aser nethod. These results are shown
in Tabl e 3completely new cleaning agent D, sent from the cleaning agent

supply line 19. 1In the mixer 18, the repurified or a brand
new cleaning agent D, is mixed with a new surfactant supplied
from the surfactant supply line 20 or an cleaning agent
previously combined with a high concentration of surfactant to
produce a new batch of cleaning agent D,. The so produced
cleaning agent D, is supplied to the second cleaning vessel 2
as need arises.

An example of the cleaning procedurés will now be
described below with respect to the cleaning system
constructed as mentioned above:

When the object X to be cleanéd is found carrying with it
the waters Y and the oil stains 2z, it is immersed at first in
the order of the first and second cleaning vessels 1 and 2 of
the first process A in order to remove the oil stains Z and
substitute the waters Y with the dewatering cleaning agent.
Then, the cleaning agent D, is removed from the surface of the
object X over the dewatering veséel 13.

The object X then is brought into the second process
B, goes through the third cleaning vessel 7 where it gets rid
of the surfactant remaining on its surface and simultaneously
is dewatered, arriving at the showering-rinsing vessel 8§ in
order to finalize its surface purification and dewatering by
undergoing showering and rinsing with the impurity-free
cleaning agent D, alone. |
| This is followed by the drying treatment by a hot air

dryer which is not illustrated herein to complete all of the



(The rest of the space kept in blank) [err] 40 As eyrd Tofm-tat
3, the sufficient particle control was found achieved in gaBRPISCEMRET SHE

Exanpl es.

Exanples 16 to 19:
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cle#ning preocesses. Incidentally, the hot air drying may ke
replaced by steam drying (cleaning) with IPA and the like.

Now, the present inventors took note of the fact that
steam cleaning can achieve excellent effects in this system if
due consideration is given to the following points: namely,
(1) the compatibility of a2 steam cleaning agent with a liguid
carrzied forward from the earlier process, (2) evaporation
latent heat of the steam cleaning agent and the difference of
the evaporation latent heat between the steam cleaning agent
ancd the liquid carried forward from the earlier process and
(3) the boiling peoint.

With reference to the point (1), they had the finding
that a steam cleaning agent can be a particularly effective
factor if its SP value has a difference of 4 or less with that
of the liquid carried forward from the earlier process, except
for some instances where hydrogen bond of molecules and
interaction of polar groups must be given further
consideration. Steam cleaning is to condense the steam
cleaning agent to form dews on éhe surface of the object to be
cleaned sc that these dews dissolve and wash away the liguids
attached to the object. If there is a SP value difference of
more than 4 between the steam cleaning agent and the liquid
carried forward from the earlier process, sufficient
substitutability is not obtained. Preferably the difference
of SP value is 3 or less and ﬁore preferably 2 or less. With
reference to thé point (2), it is prefgrable'to put to use a
steam cleaning agent having an evaporation latent heat which

is differed from that of the liquid carried forward from the
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As shown in Table 4, the certain degreasing cleaning agents yﬁg%ﬁ%ﬂ%’ﬁ‘gaﬁ
by m xing a volatlle I soparaffin with various organic soljvents. grtﬁbr
vol atile isoparaffin was used as the rinsing cleaning aggnt;. bbi ¢ Led’Boagds
with flux were cleaned with these agents in accordance mgthmsub§Lant|al
the same procedures as in Exanple 1 and ©2e result of subsequent hot air
drying at 50[err]C was anal yzed in substantially the sané-may~a§ I_n_Exanpl

o b

1. Further, a testing sanple was prepared by applying a spindle oil to a

steel plat eeafmld.d}.algméﬁ‘se W B €olus Jurage alwhballedvd 1dG ffiirehE e S.
The oil baked on this testing sanple was subjected to cleaning (ultrasonic

wave cl eanievgpawatiidre lagent heat is larger than 5 folds, one evaporates

lU

much féster than another, leaving the liquid having a larger
evapcration latent heat.behind on the object to be cleaned and
keeping it remain as a blotch and the like there. Preferably
the difference of evaporation latent heat is 3 folds or less
and more preferably 2 folds or less. Further, preferably a
steam cleaning agent has as small an evaporation latent heat
as possible even when the above-mentioned difference is
satisiied. Preferably, the value df evaporation latent heat
is 200 cal/g or less, more preferably 100 cal/g or less and

-

most preferably 50 cal/g or less. It is especially important
to satisfy the abovementioned points (1) and (2) with respect
to the system of the present invention. |

Mcreover, with respect to the point (3) above, the
boiling point of a steam cleaning agent must be higher than
the surface temperature of éhe object to be cleaned when it is
subjected to steam cleaning. Preferably, the boiling point is
higher than the surface temperature of the cbject by 20°C or
more, more preferably by 30°C or more and most preferably by
S0°C or more; provided, however, that the difference between
the boiling point and the surface temperature of the object to
be cleaned can be requlated by manipulating the.surface
temperature of the object and thus that the desired difference
can also be obtained by léwering the surface temperature of

the object prior to the steam cleaning treatment. Still

better results can be obtained,_if satisfying the point (3) as

well,



span required for such cleaning was neasured. The small er
hi gher the cl eaning power is and these results are shown i
rest of the space kept in bl ank) [err] 41
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¥Maarwhile, silizson-zontaining cleaning ageats and
isoparaffin-containing cleaning agents are used in the process
for rinsing cleaning of the present invention.
Silicon-containing cleaning agents have the SP value of
approximately 7 and evaporation lateﬁt heat of almost 35
cal/g, while isoparaffin-containing cleaning agents have the
S? value of approximately 6 to 8§ and the evaporation latent
heat of almost 50 to 90 cal/g. Compared with these agents,
the above-mentioned IPA (SP value=ll, evaporation latent
heat=161 éal/g and boiling point=82°C) is found satisfying all
cf the points (1) to (3) and evidently well suited as a steam
cleaning agent after the cleaning process of the present
invention.

Fundamentally, steam cleaning agents to be used in the
present invention preferably satisfy the abovementioned points
(1) and (2) and more preferably the point (3) as well. Even
whatever substances other than IPA as described above may be
used as a steam cleaning agent of the present invention, if
they satisfy all of these 3 conditions. For example, a
perfluoro compound represented by the general formula: C,F;,.;
(Qherein n is an integer of from 4 to 12); and a perfluoro
compound represented by the structural formula:.

F l FI
0 C, Fy, O Gy Fp, (Cs Fpu)sN, (Co Fo)sN,

OWNOONS

CF,, CF,,



42 As evident from Table 4, hot air drying could be brought to conpletion

Wi thin a short span of tinme in the case of cleaning with g

Ul S———
containing the isoparaffin as the chief ingredient, foIIovaf%y“%ﬁﬁéﬁ “éﬂf_
‘with the volatile isoparaffin (Exanples 16 to 19). The ion riesi due was Tow

as well, nor was the white residue obseredd. Further, thes
fast at the speed of degreasing cleaning, exhibiting the ¢
equal to or better than that of a flon 113/ ethane azeotr

XS] %adeat E‘LME%@? %
| ¢ani ng power |
bpe system On the

ot her hand, when cl eani ngC&pd rinsing were conducted w th!

al kyl benzene

. such as isopropyl benzene ahd di anyl benzene and strai ght chain paraffin

CF;——0CFCF;———0CF,———0CF,
= S

(whersin g and s are any integers) can be used therefor.

These perfluoro compounds have the SP value of 5 to 6, the

evaporation latent heat of almost 20 cal/g and the boiling

point ranging from 50°C to 200°C, satisfying all of the

above-mentioned conditions (1) to (3). A perfluoro compound

having the boiling point of 50°C to 150°C is preferable for

practical use in cleaning. Further, perfluoro compounds do

nct exhibit compatibility with almost all organic solvents and

have not found the'r place as a steam cleaning agent in the

past except for in the case with the removal of

particles. 1In

the present invention, silicon-containing cleaning agents and

isoparaffin-containing cleaning agents are used

to rinse, and

the perfluoro compounds have the compatibility with them (the

SP value difference of 4 or less), capable of serving as a

‘steam cleaning agent herein.

team cleaning agents such as IPA and perfluoro compound

are not necessarily used singly but, for example their mixture

is acceptable as well as their composition with

the addition

of silicon-containing cleaning agent, isoparaffin-containing

cleaning agent or other organic solvents such as acetone.

Further, flon or chlorine-containing solvents are not

necessarily ineligible as the organic solvent for use in a

mixture with IPA or perfluoro compound. It is desirable to

stay away from their use from the viewpoint of environmental

contamination but it does not seem entirely unlikely that even
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such as n-decane and kerosine, drying by hot air resulted.ln_ r_outco
and could not be conpleted even in 30 m nutes. Thus, thF é ver e, aw”

i on residues and too nuch flux conponents (white resi du ) 4 itd b e?fﬁmﬂﬂ
Exanple 20: In accordance with substantially the same pi ocedunes .as.1n
Exanpl e 13, the cover glass for CCD was 88bjected to flhlshlng cl eani ng
with volatile isoparaffin used as the finishing cleanlngwagent and the |
cl eaning and drying properties were evaluated in substantially the same way
as in Exanpftons. obrghkerimes ceaniubindl Weir aspfulnesarsory qime while
results are shown in Table 5.

tney are subject to halfway step by step restraints but are

far away from the total ban. When a mixture is used as a
steam cleaning agent, it is preferable that each component of
the mixture should have the SP value and the evapcraticn
latent heat satisfying the abovementloned conditions (1) and
(2). The values of each such component should meet those
menticned as the example above. It also is acceptable that an
crganic solvent having a mean'vglue for SP and evaporation
latent heat is interposed as a mixing medium.

Meanwhile, a very useful, one liquid for all type
cempesition, a2 liguid which is good all the way from
degrsasing cleaning to drying, can be obtained by mixing -
abovementioned perfluoro compounds with silicon-containing
cleaning agents and/or isoparaffin-containing cleaning agents
and also organic scolvents such as IPA, ethanol, methanol
acetcne and dioxane. For the purpose of such one ligquid for
all type composition, it is preferable‘to mix 0.01 to 1000
parts by weight of silicon-containing cleaning agents and/or
isoparaffin-containing cleaning agents and 0.0l to 1000 parts
by weight of other organic solvents with iOO parts by weight
of an abovementioned perfluorc compound. The more preferable
raﬁge of the mixing ratio with the perfluocro is 0.1 to 100
parts by weight of other components. This one liquid for all
type composition exhibits the properties of degreasing,
dewatering and steam cleaning without the need for |
work-oriented changes of the composition and is good for all

including operations from degreasing cleaning to drying.



(The rest of the space kept in bl ank) [err] 44 As év% -
5, the volatile isoparaffin in terms of finishing cleanifdg {achieved the™
sufficient cleaning power which is equal to or better than jthpt BELFGRR

113,
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So far, the above cleaning system has been described with
chief emphasis placed on dewatering cleaning but it can also
be applied to degreasing cleaning if using the different kind
cf cleaning agents.

In the abovementioned cleaning system, drying is
completed with blowing of a hot air at approximately S50 to
60°C for approximately 5 minutes. Under the conventional
methods wherein washing with hot water is folloﬁed by hot air
drying, the drying time is almost as long as 15 minutes even
at the temperature as high as 120°¢ to 150°C. On the other
hand, in the present invention, the object to be cleaned is
not exposad to a high temperature and can be forwarded to a
next process as it is after hot air drying, does not require
the space and time for cooling and contributes to the
improvement of productivity to a great extend. Not only the
time required for drying is made shorter, but also since
dewatering operation is conducted for every batch of ‘the
objects to be cleaned,. the finished products are free of
irregularities in dewatering and have the much improved
quality, as far as the batch they belong to is concerned.
There also is no possibility of faulty finished products with

cracks which are attributable to irregularities in cleaning

~and the level of product quality can be brought up very high.

In the cleaning system constructed as abovementioned, the
cleaning agents have specific gravity smaller than that of

waters but lager than that of oil stains, so a layer of

cleaning agent intervenes between those of waters and oil

stains, separating waters from oils completely and enabling
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W t hout causi ng post-cleaning dried bl obs or dusts. On
each of the Conparative Exanples, the agent had | ow dry

i ncidence of dried blobs, while a | arge anmount of dusts|we qundsa%t cged
to object to be cl eaned durlng the drying process. Exa g M T 2B
printed boards with flux on were cl eaned20y the degreasjn

—Fi-ASH-Ag--al
steam cl eaning agents listed in Table 6 in accordance wth substantlally
t he sane procedures as in Exanple 1 and the cleaning a tAer—p -ds

wer e eval uathd cheanbagaasysabnytohtiscard weyemse f fi dhenplye dnd Téwch

degreasing and rinsing cleaning were done at 45[err]Cfor 5
independently. Their separation complete, waters and oils are
respectively disposed of by means of cleaning agents, but it
is likely that a trace émount of cleaning agents are
incorporated into the discarded waters.and oils. The
cleaning agents incorporated into oils are consumed when the
waste oils are incinerated. There is no problem in connection
with cleaning agents incorporated into waters as well, because
they are separated from waters with ease by means of filter or
distiller.

With the cleaning system of such construction as
described above, not only the cleaning agents can be used
efficiently and effectively, but also the use of two or more
cleaning agents in combination is made possible. The amount
of use of cleaning agents is reduced to a lérge extent as two
or more of them are put to use simultaneously, contributing
much to a sharxp cut of opefating costs. lThe cleaning
apparatus of the present invention may be allowed to operate
as preparatory step for steam drying with IPA, preventing
waters from being mixed with repurified IPA. Because of a
large difference of boiling points existent between IPA and
the above-mentioned dewatering cleaning agent as used in the
present invention, it is made possible to implement steam
drying with IPA alone. Incidentally, waste waters once mixed
with IPA have been regarded as har& to remove because their
boiling point is close to that of IPA, ana they are often

blamed for watermarks.

The present invention wiil now be described with
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reference to the other example. Fig. 2 is a diagram showing
the construction of a cleaning apparatus used in the other
example. Generally speaking, the cleaning apparatus as shown
in the diagram is comprised of a cleaning process D, a rinsing
process E, a drying process F and a cleaning agent recycling
mechanism G. There are a first cleaning vessel 21, a second
cleaning vessel 22 and a dewatering vessel 23 in the first
cleaning process D. Each cleaning vessel in the cleaning
process D may be pre-designed to consist of one single vessel
or a set of two or more, depending upon the required cperating
time and the. quality standard to go by and the question how
many vessels there should be per set finds a soluticn in
substantially the same way. The first and second cleaning
vessels 21 and 22 are operated in combination with ultrasonic
wave, oscillation, mechanized stirring, heating of cleaning
agent, brushing process and the like in order to promote the
cleaning power, if need be.

The above-mentioned first and second cleaning vessels 21
and 22 respectively contain the degreasing cleaning agent D,
which comprises a base cleaning agent such as
silicon-containing cleaning agent, isoparaffin-containing
cleaning agent or mixture thereof and a hydrophilic solvent.
The cleaning agent D, containing the hydrophilic solvent
dissolves the oil stains of the object to be cleaned with the
cleaning power provided_by the hydrophilic solvent. In the
case where stains attached to the object to be cleaned are not
completely dissolved and removed in‘ﬁﬁe first cleaning vessel

21 alone, they may be taken over by the second cleaning vessel



46 As evident from Table 6, when the printed boards were; ed-w-t-h--af.,
agent containing isoparaffin as the chief ingredient and]aRErigarratEari iy
agent, drying was found conpleted within 15 to 20 seconds, aeconpanri-ed- by
fewion residue and no remaining flux (white residue). lTFespgagggtﬁmMe{e
found as effective as or nore effective 2han a flon 113/ ¢tHane azeotrope]
system Exanples 25 to 27: Using the dewatering and stealn ¢creani-ng-agents
listed in Table 7, mniature ball bearings were subjected to dewatering

22 continuingly.

The cleaning agent D,, either contained respectively in
lthe first and second cleaning vessels 21 and 22 or brought
into the dewatering vessel 23, are forwarded to the cleaning
agent recycling mechanism C via the drain lines 2la, 22a and

23a. The filters 24 and 25 are respectively connected to the

th

irst and sécond cleaning vessels 21 and 22, removing solids
and insoluble substances f;om thé cleaning agent D, and then
returning it to each cleaning vessel. Various types of filter
may be chosen for the filters 24 and 25, depending upon what
stains to be cleaned up, but preferably they are a
microporous filter having a pore size of 0.1 to 20 um, made of

" ceramic, glass, high molecule organic material or complex
matarial thereof.

In the second rinsing process E, there are a third
cleaning vessel 26 and a showering-rinsing vessel 27. The
third cleaning veséel 26 contains the cleaning agent D,
comprising only the same base cleaning agent as it is used in
the first process D described above. Below the
showering-rinsing vessel 27, there is a buffer tank 28, while
this butter tank 28 and the third cleaning vessel 26 are
respectively interlinked to the cleaning agent recycling
mechanism C via drain lines 28a and 26a. This third cleaning
vessel 26 also is operated in combination with ultrasonic
wave, oscillation, mechanized stirring, heating of cleaning
agent, brushing process and the like if need be. The cleaning

agent D, contained in the third cleaning vessel 26 always

continue circulating through the filter 29 which removes
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cl eaning according to substantially the same procedures as V“Tﬁiéﬁﬁ#é'%ﬁﬁﬁd-
the cleaning and drying properties were evaluated in substfa 'aLI¥rLQGM§ahe!
way as in Exanple 9. The dewatering cleaning was inpl enented Enlthe DAl |

"bearings imersed in the agents while stirring at 45[err] ¢ flor _one m_nut e}
The results are shown in Table 7. [err3o 47 |

solids, insoluble substances and the like from the cleaning
agent U,.

In the third drying process F, there is a sﬁeam cleaning
(drying) vessel 30. This steam cleaning vessel 30 contains
the steam cleaning agent 31 which is a ligquid of, for example
IPA, perfluoro compound or mixture thereof as above described
and the steam cleaning agent 31 is heated by the heater 32,
transforming into the steam 33. Inside the steam cleaning

vessel 30, the steam 33 is tondenéed to form dews on the

surface of the cbject X to be cleaned and the cleaning agent D, .

carried forward from the rinsing process E is disscolved into
the so ligquidized steam cleaning agent 31 and washed away.

The object X to be cleaned is detained as long as necessary in
the vicinity of the cooling chiller 34 located at the
uppermost part to evaporatée the steam cleaning agent 31
remaining on its surface and thus complete the drying of the
object X.

The cleaning agents in this cleaning system are recovered
and recycled in substantially the same mechanism as in the
example described earlier.

The cleaning by the use of above-mentioned cleaning
system and the result of its evaluation will now be described’
with reference to the specific examples: |
Examples 1 to 8:

The examples of degreasing cleaning will be described
first. A mixture of 50 parts by weight of
octamethylcyclotetrasiloxane (SP value=7) and 50 parts by

weight of diethylene glycol monobutylether‘(SP value=8) and a



48 Exanples 28 to 29: Using the finishing and steam cl ean
I n Tabl e 8,
with substantially the same procedures as in Exanple 13
and drying properties were evaluated in substantially th
Exanpl e 13." The results are shown in Tab3® 8.

s listed

the cover glass for CCD was subjected to cl eaniREGATEIAGCO R GanCd
ndr-t-he--cl-eani-ng.,

sh n?gmay(a%ﬁbn;
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mixture of 30 parts by weight of volatile jiscpar atfin (8P

value=7) and 50 parts by weight of diethylene glycol
moncbutylether were prepared as the cleaning agent in the
first cleaning process. An octamethylcyclotetrasiloxane was
used as the rinsing cleaning agent in the second cleaning
process. The various compounds listed in Table 1 were used as
the steam cleaning agent. The following charts shows the SP
value, the evaporation latent heat and the boiling éoint of
the steam cleaning agents listed in Table 1. The steam
cleaning agents used in these examples were selected with the
S? value and the evaporation latent heat of

octamethylcyclotetrasiloxane as standard reference.



49 [err] [err] Exanpl e 30: A mixture of 50 parts by WBI%hi )
hexaret hyl di si | cxane (SP val ue=7) and 50 parts by wei ght joREBHARSHT BHEET
val ue =13) was.prepared as the cleaning agent in the firgt greantng
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' T

’ ’SP ValueI Evaporation |Boiliing Point

Latent Heat

(cal/g) (°C)
Cs Fus | s 20 97

lFl ) 20 102
C, Fs

IPA 11 161 82
Octamethylcyclo- 7 36 175
tetrasiloxane
Hexamethyldisiloxane 7 | 51 100
Acetone 10 62 56
Ethanol 13 | 204 78

Printed boards using the Sparkle Flux PO-F-4600, a brand
of rosin-containing flux (supplie& by Senju Metal Industries
Co., Ltd.: for chip-mounted board, SP value=approximately 10)
were cleaned with these cleaning agents. The ultrasonic wave
cleaning was implemented at 45°C for 3 minutes and then the
rinsing cleaning for 2 minutes in the first.cleaning process.
The so cleaned printed boards were subjected to steam drying
with each of the steam cleaning agents and the time span
required for drying was measured. Likewise, hot air drying at
50°C was conducted and the time span required for this type of
drying was measured. Further, after drying, the ion residue
(ng NaCl/inchz) on the surface of the printed boards was
measured by an omegameter (Nippon Alpha Metals Co., Ltd.) in

accordance with the procedures provided for in MIL-P-55110C

and MIL-P-28809A. Further, the flux residue was measured with



process and the octanethyl cyclotetrasil oxane was used ag—tfe-r+asi-fg-

cl eaning agent in the second cl eaning process. Further, laREFidEpMENEr Bitvas

used as the steam cl eaning agent. Using these agents, tHe gcheantng-and—
drying properties were evaluated in accordance with substgntiglﬁygthq?sq
procedures as in Exanple 1 and the resul 33 substantially gs good as in

-0’

Exanple 1 were obtained. In this Exanple, there was the [SP-vatue differeng

of nore than 5 between the cleaning agents or between hgxanet hyl di sil oxan

e

174

and et hanol but because of the interaction between the porar groups, botir
t he conpounds turned out conpati ble one another, resulting in the

the naked eye and microscopically, making an examination for
the presence of stains having the major axis of 0.05 mm or
more. The pracﬁical usefulness was analyzed according.to
global judgement, marking excellent as C), good as C), fairly
good as 4 and poor as x and the results are shown in Table 1.

(The rest of the space kept in blank)
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51 in conbination with ultrasonic wave, followed by steam-cleaning.w.th th
sane agent. In the infrared absorbing analysis with the é03t$@@ﬁ§¢ Steglct
pl ate, a peak ascribed to silicon was not observed, resuutlng-lnmLheMﬁM»
finding of the non-presence of silicon residues. Industruau qpﬁlhﬁabbéjtr

The excel l ent properties of degreasing cRganing, water | ;i

As evident from Table 1, the sufficient degrgasing
Cleaning poweé was obtained and steam cleaning (drying) also
resulted in a very good outcome in Examples 1 to 8. This is
accounted for by the prearranged difference of SP value by 4
to 2 between thé rinsing and steam cleaning agents. On the
other hand, the agent having the SP value difference of 5 or
more in each of the Comparative Examples apparently failed to
provide the sufficient cleéning powder.

Examples 9 to 12:

| Next, the examples of dewatering cleaning will be
described. A mixture of 99.5 parts by weight of
octamethylcyclotetrasiloxane and 0.5 part by weight of
polyoxyehtylene oleyl ether (SP value=8) and a mixture of 99.0
parts by weight of volatile isoparaffin (SP value=7) and 1.0
part by weight of sodium stearate were prepared as the
dewatering cleaning agent. Further, various compounds listed
in Table 2 were used as the steam cleaning agent.

iniature ball bearings made of stainleés steel were

subjected to dewatering cleaning with these agents. 2 pieces
of miniature ball bearings were immersed in water, then
immersed in a dewatering cleaning agent at ordinary
tehperature for one minute (with oscillation) and subjecfed to
steam drying. Thereafter, the ball bearings were placed in
the predetermined amount of anhydroﬁs ethanol, the remaining
waters were absorbed thereto and the quantitative analysis
with the waters wa§ conducted accordin§ to the Karl Fischer

method. The rate of water removal was calculated according teo



substituting and drying, conparable to those of conventiopal
flon-containing cleaning agents, are obtained by the cleaniqzg; netshag: afi-the
present invention, unacconpani ed by the possibility of envipoamental.. .~ |
"destruction and contanination and, therefore, the cleaning ”Eazquﬁsmg§6fU|
as a replacement of the other one by the3@ése of highly contfo F by 1
fl on-contai ning solvents. Further, under the present inventti.on,.-the .
cl eaning agents are recycled while two or nore of themcijfculate
si mul taneously and the waters and stains which are renoveg.fr.omobjects 1o}
be cleaned ake dh3spesed;oE-ehfilgkently, both contributing nmuch to the
saving of materi-als relating to cleaning.

The rate of water removal= (B-A)/B x 100

(wherein A is the value (g) of the quantitative analysis
according to the Karl Fischer method and B is the value (g) of
the quantitative analysis after the blank test (excluding the
process in which the testing sample was thrown into water)).
Further, the post-drying appearance was evaluated
according to the following standard: |
x : dried blobs visible with the naked eye.

O

@ : blob having the size of S0um or greater not

dried blobs invisible with the naked eye.

observed by scanning electron microscope.
These results are shown in Table 2.

(The rest of the space kept in blank)



A cl eaning nethod conprising, the first st
t he second cl eani ng step

object to be cleaned with a m xture of a base cl eaning ag

object with the base cleaning agent alone after

cl eani ng power pronoting agent,
and

52 CLAI MS 1.
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the third step of vapour drying the object after it goes through.the..secend
step of cleaning, wherein the base cleaning agent is at |eash; au@iRghsHEET
wat er system agent selected fromthe group consisting of Bil|-CoRs e
contai ning cl eaning agent and isoparaffin-containing cleani hg,agen, hawi ng
from4 to 30 carbon atons, wherein said38silicon-containjng 1c'“féia'“h"ir‘\“g‘“
agent substantially conprises at |east one | ow nol ecul ar el-ght
pol yor ganosi | oxane selected fromthe group consisting of A straight chain
[»]

pol yor ganosi | oxane represented by the general fornula: R R R

As evident from Table 2, the sufficient dewatering
effect was obtained in each of the Examples without the
specific need for rinsing cleaning.

Examples 13 to 15:

Next, the finishing cleaning (removal of particles) will
be described. An octamethylcyclotetrasiloxane and a volatile
isoparaffin were used as the finishing cleaning agent.
Further, various compounds iisted in Table 3 were used as the
steam cleaning agent.

The cover glass for chaige coupled device was subjected
to finishing cleaning with these agents. The cover glass for
CCD was cleaned with the finishing cleaning agent at 45°C in
combination with the ultrasonic wave and then subjected to
steam cleaning for the sake of finishing dryingz After
drying, the appearance was analyzed and the amount of dusts on
the surface measured. The after drying appearance was
analyzed in substantially the same way as in Example 9 above.
The amcunt of surface dusts(0.5 um or more) was measured by a
particle checker WM-1000 (Tokyo Optical Co., Ltd.) according
to the laser method.

These results are shown in Table 3.

(The rest of the space kept in blank)
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is an i.nteger of fromO to 5,

and a cyclic polydiorganosil oxane represented by the fornul a:
and wherein vapour drying is conducted using a vapour cleg@nifng
has a difference of solubility paraneter 3 4 or .
vapouration by 5 folds or |ess conpared with the cleaningjagent used in_the

wherein Rin each formula is a substituted or

second cl eani ng step,

gr oup,

[err]
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vapour ation of 200 cal/g or less. 2 The cl eani ng nethod according to

claim1, wherein said cleaning power pronoting agent is al“g"‘* %n%‘ag@& !
selected fromthe group consisting of surfactants and hydrio hT+~€ %ﬁiv nﬁq.
3. The cleaning nethod according to claim11, wherein the
I soparaffin-containing cleaning agent subggantially conprlsds @ev@h&ttfe
I soparaffin having from4 to 30 carbon atons. 53 |

i

..._\ ¢ s i

As evident from Table 3, the sufficient particle control
was found Ach;eved in each of the Examples.
Examples 16 to 19:

As shown in Table 4, the certaiﬁ degreasing cleaning
agents were prepared by mixing a volatile isoparaffin with
various organic solvents. Further, a volatile isoparaffin was
used as the rinsing cleaning agent.

Printed boards with flux were cleaned with these agents
in accordance with substantially the same procedures as in
Example 1 and the result of subsequent hot air drying at 50°C
was analyzed in substantially the same way as in Example 1.
Furcher, a testing sample was prepared by applying a spindle
oil to a steel plate and baking the plate in é furnace at
150°C for 48 hours. The oil baked on this testing sample was
subjected to cleaning (ultrasonic wave cleaning) and the time
span required for such cleaning was measured. The smaller the

value is, the higher the cleaning power is and these results

are shown in Table 4.

(The rest of the space kept in blank)
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the step of cleaning an object to be cleaned by the use
contai ning at | east one conpound selected fromthe groug &
sili con-containing cleaning agent and isoparaffin-contai
‘having from4 to 30 carbon atons, the step of vapour dr}y
after it goes through the step of cleaning2 wherein Sg
silicon-containing cl eaning agent substantially conpr
| ow nol ecul ar wei ght pol yorganosi | oxane sel ected fromthHh

Uf ~a-cl-eant-ng-agent

BEReAETAAG OFEE |
ni mg~cteani-ngagent
i ng 4 Rel188j BoP ;

of a straight chain polyorganosil oxane represented by th

| SesTar TeAst—onhe
e group consistiné
i€ generalr Tor

As evident from lable 4, hot air drying could be brought
to completion within a short span of time in the case of
cleaning with an agent containing the isoparaffin as the chief
ingredient, followed by rinsin§ with the volatile isoparaffin
(Examples 16 to 19). The ion residue was low as well, nor was
the white residue observed. Further; these agents were fast
at the speed of degreasing cleaning, exhibiting the cleaning
power equal to or better than that of a flon 113/ ethane
azeotrope system. On the other hand, when cleaning and
rinsing were conducted with alkylbenzene such as
isopropylbenzene and diamylbenzene and straight chain paraffin

~such as n-decane and kerésine, drying by hot air resulted in a
poor outcome and could not be completed even in 30 minutes.
Thus, there were a lot of ion residues and too much flux
components (white residue) to be swept away.

Example 20:

In accordance with substantially the same procedures as
in Exampie 13, the cover glass for CCD was subjected to
finishing cleaning with volatile isoparaffin used as the
finishing cleaning agent and the cleaning and drying
properties were evaluated in substantially the same way as in
Example 13. Drying was conducted with a hot air at 50°C. The
results are shown in Table 5. -

(The rest of the space kept in blank)
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[err] wherein
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1 0.
d
1
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a g
of fromO_10.5,.

R in each formla
| is an integer
and wherein vapour drying is ol
vapour cleaning agent that has a differeqwce of solubility pa

| ess and a | atent heat vapouration by.5 folds or
cl eaning agent and sai d vapour cleaning agent

unsubsti tuted hydrocarbon group,

an integer of from3 to 7,

the formul a:

ﬁu woaysis sdoxjooze 61 ofdwexs

06 Toueyla/giI1 uvord eaT3eavdwo)

Au v1 orduexa

06t eurdaq-u eafiexedwo)

X ¢1 eydwexa

009°¢ suazueqriumetd eat3exeduo)
X

gsonuTw (f Uy UsA® 21 eydwmexs

onn‘e el91dwoouy hutdxq suazuaqridoadosy aatjeaeduwo)
X

sj01q
KXap jo seousp 11 oaydwexa
ozL ~Tout ‘bBuyhap mots auytsoxay aatieaeduo)
1 14
0ox AHV urjjexeduy ©TTIRTOA a1dwexg

(
m:q:qm

uyggcg/) sasup
wax jo junowy

hutueato

aajje asuevxevaddy

858820ad [RAOWDI~D)ISEM
83 Uy pasn SIUBATOS

S 8Tquel




has a | atent heat vapouration of 200 cal/g or less. 9.
nmet hod according to claim8[err] wherein the 54 cl ean
at | east one agent selected fromthe group consisting of]
hydrophilic sol vents. 10. The cl eani ng nmet hod accordi ng
t he i soparaffin-containing cleaning agent4substantially
vol atile isoparaffin having from4 to 30 carbon atons. 1

Rrel ab@arinGHEET
ng..agent-..cont-ains
syr factant s«.and
ol citdf '8 “wherlei
C O B8 €58 —msrroveed
1. The cl eaning

nmet hod according to claim@8, wherein the

As evident from Table 5, the volatile isoparaffin in

terms of finishing cleaning achieved the sufficient cleaning

power which is equal to or better than that of flon 113,

without causing post-cleaning dried blobs or

dusts. On the

other hand, in each of the Comparative Examples, the agent had

low dryness, yith a high incidence of dried
large amount of dusts were found attached to
cleaned during the drying process.

Examples 21 to 24:

blobs, while a

object to be

The printed boards with_flux-on were cleaned by the

degreasing, rinsing .and steam cleaning agents listed in Table

6 in accordance with substantially the same procedures as in’

Example 1 and the cleaning and drying properties were

evaluated in substantially the same way as in Example 1. The

degreasing and rinsing cleaning were done at
minutes in combination with ultrasonic wave.
. shown in Table 6.

(The rest of the space kept in blahk)

45°C for 5

The results are
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wherein said silicon-containing cleaning agent substanti al
| east one | ow nol ecul ar wei ght pol yor ganosi | oxane sel ecte
consi sting of a straight chain polyorganosil oxane represet

ggpimm®¥lse&ﬁﬁ”“f

daroCEHENGriotpT !
it ed--by—t-he—— 3

general formula: [err] and a cyclic pol ydi organosil oxane reﬁresen¢ed by7 thel
formula: [err] wherein Rin each fornul a4és a substituted]or unsubstlfuteg

hydr ocar bon

from3 to 7.

group, | is an integer of fromO to 5, and n1ﬂs-aﬂwrﬁ%eger“0f %

[

As evident from Table 6, when the printed boards were
cleaned with an agent containing isoparaffin as the chief
ingredient and a steam cleaning agent, drying was found
completed within 15 to 20 seconds, accompanied by few ion
residue and no remaining flux (white residue). These agents
were found as effective as or more effective than a flon
113/ethane azeotrope system.

Examples 25 to 27:

Using the dewatering and steam cléaning agents listed in
Table 7, miniature ball bearings were subjected to dewatering
cleaning according to substantially the same procedures as in
Example 9 and the cleaning and d:ying properties were
evaluated in substantially the same way as in Example 9. The
dewatering cleaning was implemented with the ball bearings
immersed in the agents while stirring at 45°C for one minute.

The results are shown in Table 7.
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Examples 28 to 29:
Using the finishihg and steam cleaning agents listed in
Table 8, the cover glass for CCD was subjected to cleaning in
accordance with substantially the same procedures as in
Example 13 and the cleaning and drying properties were
evaluated in substantially the same waf as in Example 13. The

results are shown in Table 8.
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Example 30:

A mixture of 30 parts by weight of hexametayldisilcxang
(SP value=7) énd 50 parts by weight of ethanol (SP value =13)
was prepared as the cleaning agent in the first cleaning
process and the octamethylcyclotetrasiloxane was used as the
rinsing cleaning agent in the second cleaning process. |
Further, a CyF,, was used as the steam cleaning agent. Using
these agents, the cleaning and drying properties were
evaluated in accqrdance with éubstantially the same procedures
as in Example 1 and the results substantially as good as in
Example 1 were obtained.

In this Example, there was the SP value difference of
more than 5 between the cleaning agents or between -
hexamethyldisiloxane and ethanol but because of .the
interaction between the polar groups, both the cbmpounds
turned out compatible one another, resulting in the
above-mentioned favorable outcome. |
Example 31: |

A one liquid for all type cleaning agént was prepared by
mixing 100 parts by weight of C,F,, as a perfluoro compound, 25
parts by weight of hexamethyldisiloxane as a
silicon-containing cleaning agent and 3 parts by weight of
acétone as an organic solvent. Meanwhile, the testing sample
was prepared by applying to a steel plate YF33, a brand of
silicon-containing press oil (supplied by Thoshiba Silicon
Co., Ltd.) and baking the plate at 100°C. The testing sample
- was cleaned using the above-mentioned one liquid for all type

cleaning agent. Cleaning was conducted at 40°C for 3 minutes
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in combination with ultrasonic wave, followed by steam
cleaning with the same agent.

In the infrared absorbing analysis with the so cleaned
steel plate, a peak ascribed to silicon was not observed,
resulting in the finding of the non-presence of silicon
residues.

Industrial Applicability:

The excellent properties of dégreasing cleaning, water
substituting and drying, coaparable to those of conventicnal
flon-containing cleaning agents, are obtained by the cleaning
method of the present invention, unaccompanied by the
possibility of environmental destruction and contamination
and, therefore, the cleaning method is useful as a replacement
“of the other one by the use of highly controversial
flon-containing solvents. Further, under the present
invention, the cleaning agents are recycled while two or more
of them circulate simultaneously and the waters and stains
which are removed from objects Fo-be cleaned are disposed of
efficiently, both contributing much to the saving of materials

relating to cleaning.
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CLAIMS

1. A cleaning method comprising,

the first step of cleaning an object to be cleaned with
a mixture of a base cleaning agent with a cleaning power
promoting agent,

the second cleaning step of cleaning the object with
the base cleaning agent alone after it goes by the first step,
and

the third step of vapour drying the object after it
goes through the second step of cleaning,

wherein the base cleaning agent is at least one non-
water system agent selected from the group consisting of silicon-
containing cleaning agent and isoparaffin-containing cleaning
agent having from 4 to 30 carbon atoms,

wherein said silicon-containing <c¢leaning agent
substantially comprises at least one low molecular weight
polyorganosilcxane selected from the group consisting of a
straight chain polyorganosiloxane represented by the general

formula:
R R R
R
R-Si-0—+—81i-0 Si-R

1la l—lll —Ill |R v (1)

and
a cyclic polydiorganosiloxane represented by the formula:

)
%%— '
R M ceeneennnnans .. (1)

wherein R in each formula is a substituted or
unsubstituted hydrocarbon group, I is an integer of from 0 to 5,
and m is an integer of from 3 to 7, and

wherein vapour drying is conducted using a vapour
cleaning agent that has a difference of solubility parameter of
4 or less and a latent heat vapouration by 5 folds or less
compared with the cleaning agent used in the second cleaning
step, and said vapour cleaning agent has a latent heat
vapouration of 200 cal/g or less.

2 The cleaning method according to claim 1, wherein said
cleaning power promoting agent is at least one agent selected
from the group consisting of surfactants and hydrophilic
solvents.

3. The cleaning method according to claim 1, wherein the
isoparaffin-containing cleaning agent substantially comprises a
volatile isoparaffin having from 4 to 30 carbon atoms.
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4. The Cleanxng method according to claim 1. wherein zhe
first cleaning step is the step of degreasing cleaning.

5. The cleaning method according to claim 1, wherein the
first cleaning step is the step of dewatering cleaning.

6. The cleaning method according to claim 1, wherein the
vapour cleaning agent for use in the vapour drying has the
bo;l;ng point higher than the temperature on the surface of the
object to be cleaned by 20°C or more.

7. The cleaning method accordxng to claim 1, wherein the
vapour cleaning agent for use in the vapour dryxng contains
perfluoro compounds.

8. A cleaning method compr;szng,

the step of cleaning an object to be cleaned by the use
of a cleaning agent containing at least one compound selected
from the group consisting of silicon-containing cleaning agent
and isoparaffin-containing cleaning agent having from 4 to 30
carbon atoms,

the step of vapour drying the object after it goes
through the step of cleaning,

wherein said silicon-containing <cleaning agent.
substantially comprises at least one low molecular weight
polyorganosiloxane selected from the group consisting of a
straight chain polyorganosiloxane represented by the general
formula:

R R T
| W

R- ?1 -0 SL—C Si-R
R

Ll |
R ceasan (1)
and

a cyclic polydiorganosiloxane represented by the formula:

1]

wherein R in each formula is a substituted or
unsubstituted hydrocarbon group, I is an integer of from 0 to 5,
and m is an integer of from 3 to 7, and

wherein vapour drying is conducted using a vapour
cleaning agent that has a difference of solubility parameter of
4 or less and a latent heat vapouration by 5 folds or less
compared with the cleaning agent and said vapour cleaning agent
has a latent heat vapouration of 200 cal/g or less.

9. The cleaning method according to claim 8, wherein the
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cleaning agent contains at least one agent selected from the
group «¢onsisting of surfactants and hydroghilic solvents.

10. The cleaning method according to claim 8, wherein the
isoparaffin-containing cleaning agent substantially comprises a
volatile isoparaffin having from 4 to 30 carbon atoms.

11. The cleaning method according to claim 8, wherein the
vapour cleaning agent for use in the vapour drying has the
boiling point higher than the temperature on the surface of the
object to be cleaned by 20°C or more.

12. The cleaning method according to claim 8, wherein the
vapour cleaning agent for use in the vapour drying contains
perfluoro compounds.

13. A one liquid for all type cleaning compositions used
in the method according to claim 1 or 8 comprising 100 parts by
weight of a perfluoro compound, 0.01 to 1000 parts by weight of
a silicon-containing cleaning agent and/or an isoparaffin-
containing cleaning agent having from 4 to 30 carbon atoms and
0.01 to 1000 parts by weight of an organic solvent,

wherein said silicon-containing cleaning agent substantially
comprises at least one low molecular weight polyorganosiloxane
selected from the group consisting of a straight chain
polyorganosiloxane represented by the general formula:

FT —| 1
|
§i-0 Si-R

|
R-Si-0 S
L LT -
R R -1 R ceeeeeed(I)
and

a cyclic polydiorganosiloxane represented by the formula:

3]

wherein R in each formula is a substituted or
unsubstituted hydrocarbon group, I is an integer of from 0 to 5,
and m is an integer of from 3 to 7.

........... et (1)



