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Cleaning Method and Cléaning Apparatus

‘. The pres.ent inG'Ee'h:.t'io.n 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 alcohols.
Description of the Related Art
.Flon-containing solvents such as flon 113 have been in
general use as a dewatering cleaning agent to dry metal parts,
plated and coated parts, electronic parts, sgmiconductor parts-
and the iike after they are washed with water., Meanwhile,
these flon—contalnlng solvents and also such organic solvents
b as trlchloroethane, tr;chloroethylene, tetrachloroethylen= and
carbon tetrachloride have been widely used as a cleaning agent
to remove oil stains'andlthe'like. |
In recent'?ears, howevér, it has been established that
the discharge of flon-léads td deStruction of the ozone layer.
Since flon 12 and flon 113 have a hlgh ozone destruct;on
coeff;c;ent, there has been staged beduction of their use the
world over and it is expected that the flons will be totally

banned in the not too distan® future. Chlorine-containing
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sibhce flon 12 and flon 113 have a hi gh ozone destyuctjon coefficient, .fhecé "
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t such as contamination of soilékand underground waters and the.
% restrains of their use have been more stringent with the
t elapse of time. Certain attempts refiecting those l
circumstances have been made-to develop substances of flon
origin having the ozone destruction coefficient lower than
that of their predecessors .and, although soﬁe 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 agénts
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 éenetrating power,
.incapable of completely cleaning up stains in narrow spaces of
the parts or caked oil 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 surf;ctants to replace organic solvent-containing
dewatefiﬁg cleaning agents but the dewatefing effects as good
as those of flon solvents have not been obtained as yet.
Furtger, when the abovementioned organic solvent-containing
cleaning agents are put to us$ for the dewatering cleaning

purpose, their specific gravity is greater comparatively,
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the oils and waters are hard to separate. Since they shduld -
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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 Fleaning apparatus using
conventional type cleaning agents usually comprises a
mechanism solely controlling all of various processes of
immersing cleaning, vaporizing ;leaning, showering cleaning
and the like for the purpose of better cleaning efficiency and
it is pre-conditicned that only one single cleaning agent but
not others is permitted to circulate in the system. This is
because the recovery and recyciing 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 mdre cleaning agents the
cleaning 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 flon have a drawback that they are
3

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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waters and stain substance are a hard job. Further, under
these methods and systems, the use of two or more clearing
agents does not go along 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 ;he 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
b a new cleaning apparatﬁs 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 clsgned with a mixture of base
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surfiace of the cleaning agent and are sepgfated fronlthe cleaplnq agentr:
while they remain as they are contacted each ot her~- ‘Once t hey-+are *cont act éd-
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di schrded each independently, the disposal of waste liquid is a difficult
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conphtible with water, it is virtually inpossible to separate, repurify and
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typejcl eani ng agents usually conprises a
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-oil stains.
Specific examples of base cleaning agent as used herein
J' include non-water system cleaning agent such as
silicon—cchtaining cleaning agent and isoparaffin-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.
j. A silicon-containing cleaning agent enumerated as a
non-water system cleaning agent above is, for example a
composition substantially comprisinq at least one low
molecular weiglit polyorgagosiloxane selected from the group
consisting'of straight chain polydiorganosiloxane represented

by the general formula:

' R R . R
| )
R—Si~—0=t—8i=-0—f——Si—R
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* (wherein R is a hydrocazbon éroup of single valence

substituted by the same or different groﬁp or unsubstituted

and m is an integer of from 3 to 7).

The above-mentioned low molecular weight

parts, coated parts and the like, providing the

, vaporizing and drying with a hot air at 60°C or lower.

combination. -

3

represented by the general formula (II) may be used in
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polyorganosiloxane singly exhibits the excellent penetrating
or volatilizing power in narrow spaces of objects to be

cleaned such as metal parts, electronic parts, semiconductor
rust-preventive properties; substituting waters well and

Further, the straight chain polydiorganosiloxane represented

by the general formula (I) and the cyclic polydiofganosiloxane

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 but%% group, unsubstituted hydrocarbon

group of single valence such as phenyl group and substituted

lmxd
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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
*b above-mentioned low molecular weight polyorganosiloxane, its

cleaning agent can be madé to have specific gravity Ddg

satisfying the following formula (A) or (B):

wdg > Ddg cee aee ee. (A)

wdg > Ddg > Odg vee ses oee (B)
(wherein Ddg is specific gravity of the base cleaning agent,
Wdg is specific grévity of water and Odg is specific gravity
of oil stains to be cleaned.)

For example, when the Formula (B) is satisfied, water and
*. 0il stains can be separated and repurification of cleaning

agents and the disposal of liguid .wastes are.carried out with

ease.

As the above-mentioned isoparaffin-containing cleaning
agent, compositions substantially comprising volatile
isoparaffins having from 1 to }0 carbon atoms can be mentioned

and particularly isoparaffins chiefly comprising (,;-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-med‘ioned volatile isoparaffins.
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cleaning agents which are mentioned as the base cleaning agent

"P(‘

respectively are used singly b?t 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 thé 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, depénding 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
surfacténts such as polyhydroxy alcohol fatty acid ester,
polyoxyalkylene fatty acid ester and polyoxyalkylene
alkylether, amphoteric surfactagts such as imidazoline
derivative and cationic surfactants such as alkylamine salt
and ;lkyl quaternary ammonium salt. Terpene compounds
extracted from the natural sources where their distribution as

single substance is rare and ﬂigher fatty acid esters can also
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by substituting a part of thd&r_chemical structure with a
fluorine or silicon atom.

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
monobutyl ether, ethylene glycol monobutyl ether acetate and
diethylene glycol monobutyl ether, and of them diethylene
glycol moncbutyl ether is particularly preferable on account
of its compatibility with base cleaning agents and safety in.
the human. These compounds should have an iﬁproved volatility
if in coexistence with low molecular weight polyorganosilox;ne

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 thgllike can be
used in combination with base cleaning agents depending upan
the latter’s kind and uses. PFurther, a polyoxyalkylene
alkylether réﬁresented by the formula:

. CH,

R-0——CH, CH, O}————r+~CH, CH; O})—H
(wherein R is a hydrocarbon group of single valence having
Y

from 1 to 12 carbon atoms and n and p respectively are an
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cl eapi ng agent with cl eani ng power pronoting agent,’and 't he sedond «cl eaning:"
stepfwherein the object is cleaned with the base c eani'ng agerit alcone aftef”™ -
it gpes through the first cleaning step. Sfieci fic ‘exanples of~Gl adRing e cer’
agenf ‘for use in the first cleaning step of the present invention include
dewajer i ng 8teGaAh P hdoram apab| K0 of s sl wina cheat Bymsmelad ey dajsiig

cl ealing agent intended for use in renpving oil stains. Specific exanples

of byse cl BFRETHHgehtvall witehrfah imGhRICImM-Whar® afyst em cl eani ng

agenfl such ,as s&%hﬁgn-containing cl eani nghagent and i soparaffin-containing

cl eafi ng agéP2 DAL IRT GRS ARSRS bt HEFe B & R&Re can al so

be uged heriin as the need arises. Specific
cleaning agent.

The above-mentioned base cleaning agents and clean&ng
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 aré 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 combined in-
various ways according to their use. For example, a mixture
of base cleaning agent with surfactant or hydrophilic solvent
or a mixﬁure 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 agént, 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'ﬁase cleaning agént further
is mixed with one of above-mentioned cleaning power promoting

‘égents. As the dewatering agent, a base cleaﬁing agent can be

used singly, but preferably a surfactant or hydrophilic

solvent is added to it. Especially the addition of a

hydfophilic solvent is more preferable. As the rinsing
cleaning agent, & base cléaning agent is used singly in
principle, but the additioniof a hydrophilic solvent is

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

e
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and for example it is quite probable that a silicon-containing
2
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 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 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
preEerably, 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 r%fio of hydrophilic solvents is

not particularly limited as well, but it is preferable to mix
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agent, when the resulting mixture is intended for use as a
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degreasin§ 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 solvent are mixed

with 100 parts by weight of a base cleaning agent.

" In the c¢leaning method qf the present.invention, the
above-mentioned cleaning stepes are over with the drying
.i' 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 t; metals,
ceramics, plastics and the like; more specifically, metal
* parts, surface-treated parts, electronic and semiconductor
r parts, eléﬁtric and precision maéhinery parts, optieal 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
de;reasing cleaning agents, dispensing with rinsing cleaning
©f the base cleaning agent.€ In other words, an entire

cleaning method may be made complete by comprising the step of
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A eaned such as netal parts, electronic.parts, semeonducter parts,.<cqated
gp rts and the like, providing the rust- preVEnthve pﬁopertles substTILﬂfhg
ters well and vaporizing and drylng\q§rla.h0t avr at 6Q[FerrkC or Jdwer. '
‘Flirther, the straight chain polydlorgan03|loxane represented by the general
rmla elhbaaldgl A% Gt RY ¥l @16AReY LXANS REREESENbECLRYeL Ne gener al
roula (11) may be us I n conbination. R in the above-nentioned general
rmul aecllekning @glehtd and TURSNindt PdwleUpTodiihyt 8geA¥dangathen group
singl e val ence, including al kyl groug such as nethyl group, ethyl group,
popyl gismep afdshean dyrydng thes obsjiedtutagtedrydrogaesorhgoagh ehesi ngl e -
| ence such as phenyl group and substituted
earlier cleaning processes. Again, if combined with steam

|13
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 apparatgs 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 for cleaning, for
example with a mixture of base cleaning agent of non~-water
system with cleaning power promoting agernt and eecond means
for cleaning with the base cleaning agent alone. The second
means for cleaning is followed by means for drying such as hot

- air drylng or steam 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 secon§ cleaning means and therefore recovery and
recycling of cleaning agents while two or more of them are
permitted to circulate are feaeible. The so recovered base
cleaning agent is resupplied by recycling means to the first

3

and second means for cleaning.

The second cleaning apparatus wherein waters and oil
4

stains are cleaned off objects to be cleaned is characterized

-
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cycl opent asi | oxane and m xture thereof are especially well

non-water system having specific gravity smaller than that of
waters but larger than thgi of oil stains as mentioned above;
means for removxng 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
incecrporated 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 an&, 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

I
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a process B for rinsing and dewatering and a mechanism C for
recycling of cleaning agents. There are a first cle;;ing
vessel 1 and a second cleaning vessel 2 each having the
capability to conduct two types of separation by precipitation
and o?erflowing 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 require# 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 qué;tion of how many vessels
there should be per set can find a Qolution in substantially
the same way.

In this example} sets of 2 vessels each are used, and the
first and seéond cleaning vessels 1 and 2 communicate with
each other via the drain line 2a.and the overflow line.zs.
These cleaning vessels are operated in combination with
uitrasonic wave, oscillation, mechanized stirring, heating of
Cleaning agent, brushing pqoéess'and the-like in order to

. %
increase the cleaning power, as need arises.
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cleaning agent, isoparaffin-containing cleaning agent or
mixture thereof with a surfactant. The cleaning agent D1
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 ﬁo be cleaned are precipitated toward the lowermost
paﬁt of the cleaning agept D, in the first and second cleaning
vessels 1 and 2. Meanwhile, the oil stains Z 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 cléaning 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 preciéitated in the first cleaning véssel 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'in§talled in the dewatering
vessel 3 is connected to the cleaning agent recycling
mechanism C. The oil stains 2 surfaced in the first and
second cleaning vessels '1 and 2 are allowed to overflow
gradual ly and go out of the ecleaning system via the overflow
lipe 5 installed in the first cleaning vessel 1. |

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

vessel 1 by the circulation line 6a, the filter 6 removes
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keeping the cleaning vessel 2 replete of the pure cleaningg

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

d above-mentioned filter 6. Various types of filter can be

chosen for the f;lter 6 depending upon stains to be eliminated
and/or liquids to be dewatered, but preferably it is a
microporous 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

‘P 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
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, compromisiﬁg the base cleaning agent only

;mentioned first process A.

Specific examples mentioned of non-water system cleaning agent

Which is same as used in above
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t ypes, Jdependi ng upon their activating cheni ¢l stuctlre. Eﬁeryfone Df ¢ ¢ve
them cgdn be used in connection with the prieSebt ihvéﬁfrgn; cagntrisbufiny" o -
the indrease of the cleaning power. Well 53itéd far-"the present %i*nvent?dn®*’

anong ftfhese _surfactants are anioni c surfactants such as pol yoxyal kyl en
aIkertherugﬁﬁféﬁak ebﬁ?ﬂﬁﬁiﬂﬂﬁﬁﬁQF%QAQ%ﬁsQNﬂﬁQﬁﬁﬁﬁ §u@ﬂ§b@§ﬁ@§e§u%ﬁ e

pol yhydr ox l.c | f.atty acid ester ol yoxyal kyl ene fatty acid ester dnd
pol yoxyal kéF%ﬁegggﬁﬁl&ghé‘ﬁeW(ﬁﬁﬁe&pesw f‘éésaﬁ%/lfw églq“rﬁ fazbFi ne
deri vatji ve ,and catij Qni ¢ _surfactant.s sucts as al kyl am ne salt and al kyl

quat er rarydﬁﬁfngﬁle&m AR Ver S frdyY smaldat Fhafoihate ofatgicar
sourced wh thej i,.st.ri hyti.o s S ngl.e substance i s r.are .and  hi gher
fatty ecidgégtéggb%gﬁégiﬁjghatrbinfi stains. Ff%us, as in cleantn

vessels in the first process A, the waters Y are precipitated

and separated in the lowermest part of the cleaning agent D,,

while the oil stains 2 are surfaced and separated in the

uppermost part thereof. The waters Y precipitated in the
third cleaning vessel 7 are discharged to the cleaning agent
6 recycling mechanism C via the drain line 10 at regular
intervals, while the oil stains 2 éurfaced 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 f?cm :ye
cleaning agent D, by the filter 12.

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

As mentionéd earlier, the déain 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. The cleaning agent

D, and D, in each vessel respectively is kept purified at all

tim?s by the filters 6 and 12 and when it is heavily soiled,
the cleaning agent is subjected to fractional distillation in
the cleaning agent recyclingimechanism C after it is sent

there by the water pump 13 through the drain lines 4 and 10.
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the praci{ical use. Specific exanples of hydrophilic solvents include
pol yhydr bxy @&lsshslerndo t&deciam'lin@sagemtl Pecycling mechanism C at

i regular intervals.

| Brought into the cleaning agent recycling mechanism C,
the soiled cleanin§ agent is fed to the filter 14 firstzto
separate solids from liquid, the solids are disposed of and
the liqﬁids 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 boiling

iﬁ 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

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

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 whiéh is

*

the supplier of the cleaning agent D, to the second cleaning

Vesskl 2.

In the showering-rinsing vessel 8, showering cleaning is

Conducted only with the impudity-free cleaning agent D,, with
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ethyl epe glycol nononethyl ether, ethylene gkycot’ ronget hyl ~pthey, ethyl éne
gl ycol : nonopropyl ether, ethylene glycol hﬁnébutylgeghgr; ethyl ene gl y€bl -
nonobuiyl ether acetate and diethylene gl2fcol- nonobutyl ethert avd of “fhém
di et hytene gl ycol nonobutyl ether is particularly preferable on account of
i ts conpatHBt 1T48PIW t Bf haBevetmemt HonegeReBunhfisdf elganing hegenfeb OFhdse
compoupds shoul] d have an inproved volatility if in coexistence with | ow *
mol ecuz ar GRARHEEPLY yReYanbernbRGneoent PheSentk£ramdthe alasniag agent
substitution and drying stepes can be cofpleted with their mxture alone.
Furt hef, I%ﬂ@?lﬁjkhhelg9suc athetmixexn| §Bhother raperbfibedrorhe brardcan be
used i h conbination w th base_cl eani ng agents dependi ng_ upon the latter's
kind apd (R CIeRAR}RY 28epB| Duxiymandfedhevith a new surfactant supplied

1)
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 above:

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 cleaning vessels 1 and 2 of
the first process A in order.to remove the oil stains 2 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 vessgl 13.

The object X then is b:ought into the second process
B, goes through the third cleaning vessel 7 where it geté 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 burification and dewatering by
undergoing showering and rinsing with the impurity-free
Cleaning agent D, alone.

This is followed by theydrying treatment by a hot air

dryer which is not illustrated herein to complete all of the
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al kyl ether represented by the formula: (whergin Rets a"hydrelar bé)n gr:o't]g af.
singl e val ence having from1 to 12 carbon:atops gnd;n<and p tespectivelwy .
are an This is the replacenent shet 1@z nteger of *from0-fe 10s ve ooo
satisfying the formula n+p 1) is especially well suited for in the case
where an iSHIRRLRY | RrecRsashr ngleFidanhaligentheshaseainsday bag enay eb®j ng
agent. The abpve-penti oned base, cl eani ng agents and cl eani ng )
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 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 fuzthér

consideration. Steam cleaning is to condense the steam

‘ cleaning agent to form dews on the surface of the object fo be
cleaned so that these dews dissolve And wash away the liquids

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 more preferably 2 or less.. With
regerence 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 thg liquid carried forward from the

e —

——
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I's acceptable as we
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
satisfied. Preferably, the value of evaporation latent heat
is 200 cal/g'or less, more ﬁreferably 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 temperaéure of the object by 20°C or
more,.more preferably by 30°C or more and most preferably by
S$0°C or more; provided, however, that the difference between
the boiling point and the surface temperature of the object to
be cleaned can bé 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 oéject prior to the steam cleaning treatment. till

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

well. ¥
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silicon-containing and isoparaffin- contalnrng-cleaning agentg IS'a bd’seii.,r
cl eani ng agent and this base cl eaning agent furtﬁerrrs mvxed'mﬁth one'df. v
above-nmenti oned cl eani ng power pronDtlng 23gents. As fe dewaterrny agent,*d

ydrophi 11¢ Sol hei et daeht FoT1Eohdsntng [ eaninmindanes i
pase ol earhg ey it S dREE RS R AR End Raoies 4R \TaRe el SR BT des
hydr ophi | igo:5 ok sifng ScAEERDAGNE Bife hdSehbos Aldiqy of @ trace amunt
Silicon-containing clean;ng 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=l1l, evaporation latent

q “heat=161 cal/g and boil%gg 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 proceés 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 condit'ions. For example, a
perfluocro compound repfesented by the general formula: C,Fy.;

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

compound represented by the structural formula: |

CA.. GL

o C Fsr 0 C3 F; , (Cs Fry)sN, (C. Fy),N,

ONEROON

CFJI ' CFJ'
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surfactant if required by the subsequenr'stgpes Funther Lhe base cleaﬂvng
agent in the first cleaning step need Qgt bg necesgarily |denthcal to-|;§'
counterpart of the second step and for“éxanple it is” qui t € *Sr dbabl e that a
silicon-containing cle g agent is used as the base cleaning agent in the
first cleaning step ad%% | sopar af fi n-contai ning cleaning agent in the

second cl eani ng c!ean:g agent ,@nd cl eani ng power pronoting,
agents can be us 3us co h?flo “@s mentioned above and it is

preferable to m x then1mnth dued conS|deb tion given to SO|UbI|Ity of each

?Lshrslmr{g m X {ﬁ?"@h%nsdaé dé??gér g%r?%%fes%%’hgﬁ? r?,[ée tp‘gﬁ?eraamﬁqﬁ %@/ﬁ or |ess

(herei naff&le r5d ££188rd OcSfipounds 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 206°C, satisfying all of the
above-mentioned conditions (1) to (3). A pg;fluoro compound
having the boiling éoint of 50°C to 150°C is preferable for
practical use in cleaning. Further, perfluoro compounds do

q not exhibit compatibility with almost all organic solvents and
| have not found their 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

P N T I R

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 chlorine-containing solvents are not
necessarily ineligible as the érganic 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 nog¢ seem entirely unlikely that even
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"SP val ue" for short). Wen two |iquids hayi/g a.ré;gé'diffeﬁeneé betweérf..
their SP values nust be mixed, still anothet JiqQqidr&&aVi ng asnmeap SP vdliue ¢
may be made to intervene as a mxing mediZgn The *mi%i'Rg’ rati-@eofethe ** *°°
above-nentioned ourfactants is not particularly limted but it is

pr ef er abl eftonsi r5ehjartinesy cani findorthledss usef ulnes spaef engbitime2@hgdet s
by weight or less of themw th 100 parts by wei ght of a base cl eani ng agknt
when the rtbeyt arg siubjecs ito haldwaad sftep bye s&epa résgradsitsg bultegdadeng
agent. If the nmixture should be used as % dewatering cleaning agent,

pref er abl y£28 BuRYs faom &he t@tadobany ofihemiay mixtyae shpsed g5t 2or I ess

of a surfactant are m xed with 100 parts b i.ght of a base cl eani '
agent. On Steam cleaning agent, it %s preéégg%fi that eac componghggof

the mixture should have the SP value and the evaporatiJ;
latent heat Satisfying the abovementioned conditions (1) and
(2). The values of each such component Shduld meet those
mentioned as the example above. It also is.a;ceptable that an
organic solvent having a mean value for SP and evaporation
' ‘latent heat is interposéd as a mixing medium.
| Meanwhile, a very useful, one liquid for all type
composition, a liguid 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 cleaﬁing agents
and also organic solvents such as IPA, eﬁhanol, methanol
acetone and dioxane. For the purpose of such one liquid for
! all type coxgposii-.ion, it is preferable to mix 0.0l to 1000
‘ parts by weight of silicon-containing cleaning agents and/or
iscparaffin-containing cléaning aéents 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 liquid for all
tyge composition exhibits the properties of degreasing,
dewatering and steam cleaning without the need for
work-oriented changes of th% composition an@ is good for all

including operations from degreasing cleaning to drying.
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the other hand, the nixing ratio of hydrophifrp'éolwéﬁtg:is‘nofs . < .7 .
particularly limted as well, but it is prehgrabl e o friex . 12:500@9 parts ... *
by weight or less, nore preferably 10000 parts by weight *br |ess of "t hem

with 100 parts of gb bgse, %@@E&r@g@manmnsizb@ﬁ asid tﬂ%%x Med ¥ frdd with

I ntended for use as a degreasing cl eani ng agen as a dewatering

cl eani ng agershig¥ adnegitds i's 190h dad tn ewRtEPLn® 1 &S5in @c-pi@f@dx@twséb

parts by weight or less of a hydrophilic solvent are mxed wth 100 parts

by weight of he hassliddath Meqesading cledhing 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 eQen

q at the temperature as high as 120°C to 150°C. On the other
hand, in the present'in;ention, 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 alsoc since

dewatering operation is conducted for every batch of the

objects to be cleaned, the finished products.are free of

irregqularities 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 cleaniné system cgnsﬁructed 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 fg;m oils completely and enabling

-
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In the cleaning nethod of the present invgptlpn,.rhe,above-néntkéned :' M

e e e

cl eaki ng stepes are over with the drying treagnemt'théfeafteﬁ. lm this'*g :
drying treatnent, the sufficient drying @ffects can” Be.bbt ai-aed *wirt h a*hot**
air df conparatjvely |ow tenperature such as 60[err]C or lower. Said drying

by means o¥he heleanlngrsyaredetpepiacandbyhenaefficterthy Wibh 82SReani ng

cl eani ng agent such ' | al cohol (h i naft f d ) "| PA"
for ‘shor y-.rfum%%eﬁéfgi Zéﬁfxéa%eg%‘aﬁ%e?@g% FPRPLATRg vEERS oAtd SL0R pre
suited for_fine cleaning, Th t [ b | ed I
cer ar cs. FFSBecELvanY dhaepred. BoPE bpale PEarLosnLadopaRRFee bbe TEEIS
surface-treated t I ' ' ' d
preci sion ﬁicﬁfﬁgig g%?gsscgéggégfﬁggPﬁggkc8Eggﬁ&8& Q&Eﬁﬁs gkgetric an

: incorporated into the discarded waters and oils. The

X _
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 constru;tion 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

ke S B ot

apparatus of the present invention may be allowed to operate
as preparatory step for steam drying with IPA, preventing
waters from being mixed'with repufified.IPA. Because of a
large difference of boiling points existent between IPA and
the above-méntioned dewaterin§ cleaning agent as used in the
pPresent invention, it is made possible to implement steam

drfing wiﬁh IPA alone.. Incidentally, waste waters once mixed

with IPA have been regarded as hard to remove because their
2

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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gl ass and ceramc parts and the |ike. InC|den1aILy,run t he oase'mhere'the,,,
cl eani ng nethod of the present invention is”cbnbiined eW th- steanlcleamﬁn; .
(drying), the latter step can be carried Zut Innédléteky af ter the cl eami hyy

stepes with, ve-nen ed dewat ering.or reaS|ng cl eani ng agents
dlsgen5|ng mf%%e?Fﬁs gE?eﬁﬁPﬁﬁ 8Faneebasé SIeaniﬁgaaééﬂﬂrgmngB?ﬁéPg
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example. Generally speaking,i%he 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 recyéling
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, gepending 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 thé
cleaning power, if need be.

The above-mentioned first and second qle;ning 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

1 .
Case where stains attached to the object to be cleaned are not
Completely dissolved and rem%wed in the first cleaning vessel

21 alone, they may be taken over by the second cleaning vessel
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cl eaning an object to be cleaned with a m xturg. of- basé’pLéhninge§g¢n§ and ¢ ¢
cl eani ng powder pronoting agent and the step of %thanfdryihb~phe gbjggt see
after it goes through the earlier cleaning prétesses. *Agafn, if cerbrned e+ o
W th stean1c|e§ ingh al | .cl eaning operations may as well be done with a

base cl eani ng age &i ﬁﬂgxﬂépending upon stains to be elimnated.

M xtures of base cl earning ,agent with ¢l eanin ower pronoting agent and how:
to use base cleaning%gﬁbnl%%ﬂh§3M§§$n§1g%usggagsﬁrFPgF§1¢ﬁ€ EpERAFREvely in

apparatus of t pr, t invention w.ll nowbbe described in detail bel ow
Thet r et ol cannsh EREEE A Shoch Uheaatind MRRRRIAY Soch Ao trssanty

conprising first.geans B%@gﬂé??ﬂd“%eJEQi 23, are forwarded to the cleaning

agent recycling mechanism C via the drain lines 21a, 2§a 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, depen&ing 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 cle&ning agent D,
comprising iny the same base cleaning agent as it is used ;n

i the first process D described above. Below the

showering-rinsing vessel 27, thefe is a buffer tank 28, while

b,

this butter tank 28 and the third cleaning vessel 26 are
respec;ively ;nterlinked-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

waze, oscillation, mechanized stirring, heating of cleaning

agent, brushing process and the like if need be. The cleaning

agent D, contained in the t%ird cleaning vessel 26 always

continue circulating through the filter 29 which removes

This Sheet Has Been Replaced
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exanple with a m xture of base cl eani ng aggnt,cof [ron-Mdt er systeﬁamnth '_,_,
cl eani ng power pronoting agent and second meags fpr ;cl€aning Mﬁth the bage |
cl eani ng agent al one. The second means fogfcl eanihg % .fol | oned by neams °**
for.-drying such as hot air drying or steamdrying. Further, still another

means is predddsd tinsdnmind esubhekarensy aeind hehd asices | frrom r@agﬂrdazalrume .
fromthe mxture of base cl eaning agent and cl eani ng power pronpting agent
which is ré@8a%dd-fromthe above-nentioned first and second cl eani ng neans
and therefore recovery and recycling of & eaning agents while two or nore
of them are permln ¢the dthird dzyinqrprdesss F o. thidwe sics re conene ¢ lering
cl eaning agent is resupplied by recycling means to the first and second
means for dldgaing). vessel 30. This stzam cleaning vessel 30 contains
3

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 tpe
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 degreasiné.cleaning will be described

first. A mixture of 50 parts by weight of

Octamethylcyclotetrasiloxang (SP value=7) and 50 parts by

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

ect Has Been Re laced
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The second cl eani ng apparatus wherein waters.aptl oi “stdi ns ané ckéaned:offf..r
objects to be cleaned is characterized 14 byicodpr£§fﬁg fmreargs fqr ° ‘
cleaning with a cleaning agent of non-water3Idystem’haVi‘ng specitfi cegravity °°°
smal l er than that of waters but |arger than that of oil stains as nentioned
above, means MFCUTERE P \parts Bhiveighte ahcwmlatidied soparaffein| @i ng
agent and precipitated and separated in the | owernost part thereof and B

means for refSHYTT 0 1209 & hPaFkT PR M ido by iane e eani ng

agent and surfaced and
9 . moné%ut%iether were prepared ;E the cleaning agent in the

first cleaning process. An octamethylcyclotetrasiloxane was
used as the rinsing Eleaning agent in the second cleanfhg
process. The various compounds listed in Table 1 were used as
the steam cleéning agentQ 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 Fﬁese 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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separated at the uppernost part thereof;_ Non-water-systentcl eani ng. ‘dgeiit’s
to be used in these means have been described aarfizer. and, tbechuse ofcetHe .
means for renoving the precipitated wat¥ s and<*anotrher neafis £0r renwing’
the surfaced oil stains, waters and oil stains separated fromthe objects
to be cleaned can be disposed of efficiently and each independently. .
Speci fi c{exanpl es of these cleagbn ﬁteps I TICT Ude T g1 ST O VESSEr, 3pray
vessel ahd the |ike which may & ogg ad EVAPOSALLRR i| BRIMARE BPEREs(NI C
wave, os¢illation, nmechanized dtirring ah aﬁﬁgtlﬁﬁép Fig. 1.,is a diagram
showi ng the construction of anlcleaning [apF8rdBds used in &nCéxanpl eof the
prﬁsent @yqﬂgion and Fig. 2 i d asdiagran1598mﬁng t he consg;uctlon ofl the
ot her e '

[F] | 6 20 102 i
Cs Fy

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 imp;emented at 45°C for 3 minutes and then the
rinsing &leaning for 2 minutes in the first cleaning process.

‘ The so cléaned printed boards were subjected to steam drying
with each of the sieam cleaning agents and the time span
required for drying was measured. Likewise, hot air drying at

) 50°C was conducted and the time span reguired for this type of

, d:ying was measured. Further, after drying, the ion residue

{ng NaCl/inchz) on the surface of the printed boards was

"
i

1
H
i
H

measuted by an omegameter (Nippon Alpha Metals Co., Ltd.) in
accordance with the procedures provided for in MIL-P-55110C

and MIL-P-2880%A. Further, th& flux residue was measured with
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cl eani ng apparatus of the present invent |r0nrfThec prre;sent [ nv.ent |.on W|el Ie now
be described with reference to the follo ngeexawplfe§ JFig. d |sc a di agrqm,'

showi ng the construction of the 15 cl &ani mg appar at'us used |n ‘one
exanpl e of.ythe | I §homn
herein is corrpraPc;egiZe%‘% a%?c%%ﬁbsc?géﬁjé%hﬂ%ﬁ?ﬁ %g{ué’gg“u St tut i on,

process B gdditliith 5! SEUL L AR e TREIGET SALE S070 IOS YRR 68 of
cl eani ng agent's. There are a first cleaning
more. The practical usefulness Pas analyzed according to
global judgement, marking excellent as @ , good as O, fairly
good as A and poor as x and the results are shown in Tablle 1.

(The rest of the space kept in blank)
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quallty standards to go by. The question of hOM/any#Vesselsrthefe shoutd,,
be per set can find a solution in substanti‘aldly fhe 8dne- may- |ﬁ'thIS"' .
exanpl e, sets of 2 vessels each are usedz=and thé. fiftst and- second cleanlng
vessels 1 and 2 comunicate with each othér via the drain line 2a and the
overflow line 2b. These cl eaning vessels are operated in conbination with
ul trasoni c wave, oscillation, mechanized stirring heating of cl eaning "

agent, brushi ngs)r@ﬁl%@nﬂr&ﬁlerdbi@ 1{1 @gg egufpléig,{@aéggfé*@sﬁ@am ng
power, as need arises. This is the replac®2nent sheet
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 g& 4
to 2 between the rinsing and steam cleaning agents. On the
other hand, the agent having the SP valué d;ﬁference of 5 or
more in each of the Comparative Examples_apb;rently 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
dewateriﬂg cleaping 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 tﬁese agents. 2 pieces
of miniature ball bearings were immersed in water, then
immersed in a dewatering cleaning agent aﬁ ordinary
temperature for one minute (with oscillation) and subjected to
steam drying. Thereafter, the ‘ball bearings were placed in
the rpredetermined amount of anhydrous ethanol, the remaining
waters were absorbed thereto and the gquantitative analysis
with the waters was conddcteq’according to the Karl Fischer

method. The rate of water removal was calculated according to

is Sheet Has Been Reﬁaced
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16 The above-nentioned first and second c1eah|ng vessels 1 and 2 “ere T°F
respectively contain a dewatering cl eaniggg dgent DlZwhich nrxe ‘g basg”’® ...
cl eani ng agent such as silicon-containing cleani hg agent,

| sopar af fahre ciot owiny £befwlag agent or mixture thereof with a surfactant.
The cl eaning agent DI containing the surfactant is pre-designed to have
speci fic graviThe iacd 65 wavétrerembaaléhaB-Rf/Bekxerobut -1 arger than that
of oil stain and thus the waters Y separated fromthe object to be cleaned
are premﬂwhexexhtbmamdtheevabuerh@$toﬁétheo@uhhé;t&éamengna@psisE{err] in

the first and second cleaning vessels 1 and 2. Meanwhile, the oil stains Z
| i kewi se according to the Karl Fischer method and B is the value (g) of

r

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 lnv151b1e with the naked eye.

(© : blob having the size of 50um or greater not
observed by scanning electron microscope.

These results are shown in Table 2.

(The rest of the space kept in blank)
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separated rise to t he surface of the same cl’ eanﬁng .agenx D[err} of ¢he gang
ax-ed--l-nr-t-h.e_.'
cl eani ng vessgel s—t— .s__\é'..p.ne.c.‘.l_p.!_l e—-hoze
second cl ean-vn‘g vespé 2 aye di scharged to the $idef .of the firste|cteani nge¢
vessel 1 vi agt he dr a3 |in @ at regul ar 4 nterval s |r, t waters Y
preci pi tatedgi h T he fd 1St cl€@n| ng vessel are di sEha at e%;ul a
.interval s i nfo e :I@gﬂin ageht recycling nechani smCV\hch w I}l be
‘descri bed | aBel &/i a & drbinilne 4 “Meanwhile th draig line 3a
installed inthé depdf & gEnb vgshel 3 is gonhected th the dl eanind agent
recycling nmeghpl sm G STRe| oi l; ptains Z surfaced in|the fijrst and second
; -2 =2
rcleaning vesge| s+ 1 and<2zafe &l {owed to averflow graduﬁlly andRy¢ out fof
the cl eani ng....sysqem 2 & Bhe ovefflow
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line 5 installed in the first cleaning vessel;l.,The,dématenﬂngvéleanthb;'

L 4

agent Dlerr] in the first and second cl eaping; vesselks 1.and % i s sextracted
fromthe first cleaning vessel 1 by the cfBcuf ati‘an 1. 6a,-dchershei | ter-6°7"

v agone "oy o4 LU B354 b0 20 RSOLUPL e subet anceeefrgm the
Feoond ol SR STAF e hes FLETOR S8 Tl AR WR AR ST T
replete of JNGPYE £LEANEDY rinsing cleanzhg. -

Examples 13 to 15:

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

‘ The cover glass for Fharge 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
éombination with the ultrasonic wave and then subjected to
steam cleaning for the sake of finishing drying. 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 amount 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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buffer tank 9 which is interlinked with the third-cleaning vessel 7 via £he’

drain line 9a and the overflow |ine 9b. ﬁhks;thigd;créaning vessel 7'is§ -
operated in combination wi th ultrasonic agave; oscjllation, nhchani zed«" ««-
stirring, heating of cleaning agent, brushing process and the:like as well,
i f need be. THe SBéFEREnErSmedabher d,ckbensngficient Pacbatiensonheol

cleaning a en% D2 conprom sing the base cleaning agent only which is sarne
as used ifab QggﬂeﬁgﬁbﬁgﬂdfFPSF35F0§§S§25.ESB@@&FB@ exanpl es nentioned of

- hon-wat erp gyl £0L ) gagLngg39ent

| As shown in Table 4, the certain degreasing cleaning
agents were prepared by mixing a volatile isoparaffin with
various orgahic 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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overflowiline 11. Further, the cleaning agert B2 in thhrd cleaﬁlng svesskl fTee.
al ways cgrculates via the filter 12, so that: §01|d9 water partsi cl €s and®*. .
i nsol ubl & substances are el imnated from t h&2cl eaning” agent D2 by t'he ** °*°°

L Cer 12 The T eoveLy, g, [ orcling of Cleani b egent s LU Ol o
zﬁda?ﬁ;ge'm;;rsq:qﬂod%etﬁw; SR DAL S SELR VRSl dad ¥
reoycl |19 TeGlALELE LERSEA ELY, cofesleaniap AR ELY o P
and 12 and\MEHbfédiénQ?aféinééﬁlﬁ? rinsing with the volatile isoparaffin
(Examples 16 to 19). The ion residue was low as well, for was
the white residue observed. “TFurther, these agents were fast
at the speed of degreasing cleaning, exhibiting the cleahing-
power equal to or better than that of a ﬁlon.ll3/ 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 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

SRR T TR TR S

components (white residue) to be swept away.

Vi

Example 20:
In accordance wiéh substantially the same procedures as
in Example 13, the cover glass for CCD was subjected.to
; finishing'bleahing with volatile isoparaffin used as the
finishing cleaning ageni and the cleaning and drying
properties were évaluated 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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t he cleahlng agent is subjected to fractlonah disthllahlon |n-Phe'quantng vee
‘agent recycling mechanismC after it is sent fhere.byrhhermater pugp 13 **¢ .
through the drain lines 4 and 10. This is t Be repl deefrent sheetrs <*19 ThE’ i
cl eaning agent Dlerr] collected in the dewatering vessel 3 is also sent to
the cl eaning agent recycling nechanism C at regular intervals. Brought into
the cl eani ng agent recycling nmechanism C, the soiled cleaning agent is fed =
to the filter 14 first to
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separate solids fromliquid, the sol i ds-are disﬁbséd,oﬂ and t he Iid@hé§'°,
alone are sent to the distiller 15. The.distilEer?15 %epanqgeg:gach.,',,,‘
i ngredi ent of the cleaning agent, the waters and“th& oil stains using the

difference ofashgiiqlat! ERemP2able FherwWal GLS.20det DSobhka s eht iat
distiller 15 are sent to the decanter 16 for Puriher s paration. The

wat ers averm8eofi EenBRiRg $2RARAhgdadRdekRADYRE BYfaic9aheSegbadtng

preparatory step before they are sent t9 the distiller 15. As used In the

above- neppwepewhithRansnggapit e othbedtdat ehaRgtBkeasEnglagent s err] is a

m xture of the cleaning agent D2 which is the base cl eaning agent by itself

with a swithotantaasdng peptriclleadingsedrdledabilopsagentdustsa r opuchéi ed

cl eaning agent Derr] can be obtained by the extraction of both soiled
other hand, in each of the Comparative Examples, the agent had

h ]

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 qith 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 45°C for 5
minutes in combination with ultrasonic wave. The resﬁlts are
shown in Table 6.

(The rest of the space kept in blank)
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oe ccen
c e

20 the supply of above-nentioned repurified?cLéhniuéfagéat D2 “er é; * s aeen

cee . r

conpl etely new cl eaning agent Derr] sent f rom1 he *cl edni hg agent SUPPI Y, o ® eee®
line 19. In the mxer 18, the repurified ortf br and “new’ &l eani'ng égent '

_ : sed with : . .

P{ﬁ! ]2;)' 3[ ”’atﬁe? ouhPoBvAgEnE brab bRBLs B rkhE  the Rr AR pRR AR S LRl o1

~of surfactan o) a t .Cl. i . . "
ot oduceq cf eahtABSAoSErnas, EeRE EAnShBRR0 BReteREE LY Shctnendfigie -

R R N T e S A
completed within 15 to 20 seconds, accompanied by few ion
residue and no remaining flux (white residue). These adents
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 bqaringé 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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Wien jJt he object X to be cleaned is found.cdrryi.ng with it Ehecwat ers Y «@nd
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secorjd ¢l pani ng \lesseT 1 apd 2 gf the T)rst prpcess- Ajin-erdersto rempvwe
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cl eaning figent D[err] alone. This is followedeby therdnylng tf%atﬁbnt by QAver

hot air yer which is not illustrated hergj Q to conplete all pf the '21 .
~cleaning Pprocesses. Incidentally, the hot a% dryi hg nmey be repl ated by*® *°°
~steam dr rng ££hR8NLRO) mkgh obkPA and the like. Now, the present inventors

- took not & of the ?act t at stean1c|ean|ng can achi eve excellent effects in

TS MR S AT R R
,f . 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 way as in Example 13. The

results are shown in Table 8§.

(The rest of the space kept in blank)
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cl eajed so that these dews dissolve and-wash av@y fhe quéidsEattapheﬂ:Lo

t he

¢bject. If there is a SP value diffefefce Df fridfe than 4 lgetweeh”I he ¢

steailcleaning agent and the liquid ca@g el forwar'd-fromdarhe «@arlietr °*°°
¢

proc
diff
refe
agen
l'iqu

ss, sufficient substitutability is not obtained. Preferably the
¢r enggampleP3gal ue is 3 or less and nore preferably 2 or less.. Wth
ence to the point (2), it is preferable to put to use a steam cl eani ng

having ah mizparat bensbapeptshsg! yehbrl b8 ﬂéiiﬁé@ﬁﬁi&f@&i$§ﬁn@f the
d carried forward fromthe This 1s”the repl acenent sheet ,

(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 CyF;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 reésults 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
hexamethyldisiloxaﬁe and ethanol but because of the
interaction between the polar groups, both the compounds
turned out compatible one another, resulting in the
above-mentioned favorable outcome.

Exampie 31:

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

. cleaning agent. Cleaning was conducted at 40°C for 3 minutes

This Sheet Has Been Replaced
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evapor
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er process by 5 folds or |ess. thn fhe dtfﬂet&nce of.evaporavlqn"',
heat is larger than 5 folds, one evapofate$ rfugh f st e¥ t han vee'
| eaving the liquid having a Iargeﬁlevaporﬁtloﬁ | at eht” heat behi nd
bbj ect to be cleaned and keeping it remain-as a blotch and the |ike
Pr ef éF‘aEPS?’-btlﬁétd-lOfnf sridihc alsraseaist aeiven Ifaldowededty is¢ednf ol ds or,

E preferahly 2 folds or less. Further, preferably a steam K
ag@ ?aﬁ&§qa§' Iqheaﬁa@@aﬁéﬁ&ﬁ -op latent heat as possible even

above-nenti fference i atlsfled Preferably, the val ue of
ion | at nﬁ IIFE: & Fﬁrgr”’lgeéé‘a%lé it porgdeaned o

m)gtte%lef ira%%l,y aS%eC‘?c a cr:.be%ssto s;lz.con Qzeacsl %lolty Jbr;%(ye%.m
)
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 present
invention, the cleaning agents are recycled while two or more
of them circulate simultanecusly 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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to satisfy the abovenentioaagggaégkg (1?2éﬂgr§2);ﬁi;h,gespeéﬁ t Get he sy gtem,
of ‘the present invention. r’™w th respect ¢t o tthe poi nt (3} abover® ...*

the boiling point of a steam cleaning agert nust be hifgher tan“the surface
tenperature of the object to be cleaned when it is subjected to steam

cl eani ng. 4Pr ef of aldehod N BN dd M PUNoH fudl WG ANAN L B8 SR oe, -
tenperaturé of e = £cEs Y s£Rpcos éﬂﬁ%{@aﬁ%&@g@f T §¥%g§§iﬂﬁ '
nore and gERendreferably by 50[err]C or nofe; provided, however, at the
di fference "bet wegn theadisind ngedpi of @PFidPerher bB§ect eHpersdbuse -8f vapser
obj ect todegiticancdacmente afgaratiel oewmnichwbaghnothde HirdiCetep of
t enper at ucdeamnimigy obj ect and. thus that the desired difference can al so be
obt ai ned by | owheinednt headdr fxydngenpercondectéd with said vapor drying
agent which is different from said cleaning agent, said VYapor
. drying agent is compatible with said cleaning agent, has a latent
heat vaporation of 100cal/g or less, and has a boiling point of
from 50°C to 150°C.

2. A method as claimed in claim 1, .
wherein said vapor drying agent has a latent heat vaporation
of S50cal/g or less. .

3. A method as claimed in c¢laim 1,

wherein said cleaning agent comprises at least one non-water
system agent selected from the group consisting of a silicon-
containing cleaning agent and an aliphatic hydrocarbon cleaning
agent having from 4 to 30 carbon atom,

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

P -
) ] ]
(1) n——-?i—-o——--?.z - ?1 —R
R R R -
h— —d 1

and: .
a cyclic polyorganosiloxane repraesented by the formula:

II
| | eet Has Been Replaced

o T 1 i

: wherein R in each formula is a substituted or unsubstituted
hydrocarbon group, 1 is an integer from 0 to 5, and m is an
integex of from 3 to 7,

wherein said aliphatic hydrocarbon cleaning agent comprises
at least one agent selected from the group consisting of a
volatile isoparaffin having 4 to 30 carbon atoms, a volatile
normal paraffin and a volatile c;-yclo oclefin.
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5. A method of cleaning an objéct comprising the steps of:

(a) a first step of cleaning an object with a mixture
containing a base cleaning agent and a cleaning power promoting
agent, _
(b) a second stap of cleaning the object with the'base
cleaning agent alone, and _

(c) a third step of dryiag the cbject by use of a vapor
drying treatment after it goes through the second step of
cleaning, ' N

wherein said drying is conducted with vapor drying agent
which is differaent from said cleaning agent, said vapor drying
agent is compatible with said base cleaning agent, has a latent
heat vaporation of 100cal/g or less, and has a boiling point of

. from 50°C to 154°C.

BT

6. A method as claimed in‘claim 5,
wherein said vapor drying agent has a latent heat vaporation
of S0cal/g or leas.

7. A method as claimed in claim §,
wherein said base cleaning agent comprises at least one non-
water system agent selected f£rom the group consisting of a
silicon-containing cleaning agent and an aliphatic hydrocarbon
cleaning agent having from 4 to 30 carbon atom, :
wherein said silicon-containing cleaning agent comprises at

.least one low molecular weight polyorganosiloxane selected from

the group consisting of a straight chain polyorganosiloxane
represented by the general formula: '

) ) 1
R R R
= LA K]

and
a cyclic polyorganosiloxane represented by the formula:

erec

ee cenr

-
L4
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wherein R in each formula i a substituted or unsubstituted -
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SP val ue of apprOX| mately 6 to 8 and tlﬁg evapm’ét-leon Iatent
50 to %0 &al/ ared wi,t h, t hese  a fs; the above ment,l
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val ue= S]e&fr%q gillf t’er}t 1r‘Fea? 16T EgleF:q LHRR. i FPng 'ptﬂ —'SZEér

f ound f d eyl dentl |ted as
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Fundane;g Che2RhNGaRAPRt S [ Lol ‘30 l’l‘ﬁ"ﬂé on
preferamﬁm&ﬁt Ph @xgevsrw La00es PpeLd u&m mDre
preferably the p0| nt (3 ) as well. Even what ever substances ot her than | PA

as des@l bed:\aweomsbelawaamacﬁmnspl eani ng agent of the present

i nvention, i fwidwyisasaifly cdleandhgt (pzaaerS poomstimnsagént eomprlisesa at
least one agent selected from the group consisting of a
surfactant and a hydrophilic solvent.

9. A method as claimed in claim 5§,

wherein said object is at least one selected from the group
consisting of a metallic part, a ceramic part, a glass part, a
plastic part having a hard surface, a surface treated or coated
part, an electric part, a semiconductor part, ‘an optical part,
a precision machinery part and an industrial part.

10. A method as clajmed in claim S5, wherein the method is
~ continuous and the base cleaning agent used in step (a) and the
| base cleaning agent used in step (b) are both recycled and reused

during the mathod.

11. A method as claimed in claim 1, wherein said vapor drying
agent is compatible with said cleaning agent in a vapor drying
treatment.

12. A method as claimed in claim S5, wherein said vapor drying
agent is compatible with sa.id cleaning agent in a vapor drying
treatment. .

13. A method as claimed in claim 1, wherein said cleaning agent
removes waters which remains on the surface of the object.

B e LTI T

14. A methed as claimed in claim 1, wherein said cleaning agent
removes liquid which remains on the surface of the object.

: +15. A method as claimed in claim 5, wherein said cleaning agent
"‘ removes waters which remains on the surface of the object.

16. A method as claimed in ¢laim 5, wherein said cleaniﬁg agent
ramoves ligquid which remains on the surface of the object.

17. A vapor drying composition comprising,

‘being different from a cleaning agent, being compatible with
said cleaning agent, having a latent heat vaporation of 100cal/g
or less, and having & boiling point of from 50°C to 150°C,

. . wherein a method of cleaning an object comprises the steps
Qr:?

(a) a first step of cleaning an object with said cleaning
agent, and

(b} a second step of drying the object by use of said vapor
dfy:.ng treatment after it goes through the first step of
cleaning.

18. A vapor drying composition.,as claimed in claim 17, further
comprising, said composition is compatible with said cleaning

+

L




perf uollro conpound represented by the genérngi%forfmggz:;[err]rf(\/\/rrér g_i n?[%eg S;;r
an i nt egeagehtf iaMad va@ok2 )4 T dedltmeq! O Eonpouhd T epresenteq by L.c
struct ralgfornula: [e?ﬁ] ry%h err] jﬁﬁ&elh g ‘and s;argp&nylwnre?egsz i
can be juséd.t har sapor Bhg&mgpekﬁtw@ﬁaﬁ@wn@aﬁyigsq§§e t he val ue of 0
6, the levaporabedngl diéferhoat fodma misaniAgCagigt A coRipaiti® 1RO DER
rangi nq ffeidselerniugt 8ge0s) chaying smtladeritnienlt vabokleion of 100cal/g

i Or less, and having a boiling point of frem 50°C to 150°C,

) wherein a method of cleaning® an object comprises the steps
i oft - '
’ (a) a first step of cleaning an object with a mixture
containing a-base cleaning agent and a cleaning power promoting
agent, - _ N
(b) a second step of cleaning the object with the base

cleaning agent alone, and
(c) a third step of drying the object by use of a vapor

- drying treatment after it goes through the second step of
i Cleaning. ; )

20. A vapor drying composition as claimed in élaim 18, further
comprising, said composition is compatible with said cleaning
agent in a vapor drying treatment.
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t hey ére subject to halfway step by stgg restfaints hut are f:ar gway front--¢
the total ban. Wen a mixture is usgd: as-a: steanvcleanrng agent, 7it is SR

r

preferabl e that each conponent of t ipﬁershould have t he SP<val ue and. .
t he evaporation | atent heat satisfygﬁﬁﬁ?§€‘abovenentloned condi ti ons (1)

and (2). The val ygs off;e2achoweh AUERMEYs iUy Al HESQ IR rRned as

t he exanpl e above. al so I's acceptable that an organic solvent having a e
mean val fgeﬁer wﬁﬁcandueaéfyoq Haiseh dl@a@iﬁnd"%?edts JudlieraRosed as a mxing
medi um anwhile, a very useful, one liqu*d for all:i type conposition, a

i qui d whiEhcbh-gentadlni g M g0 BERDE ansidig J.@c?%&*aﬁitrp sbptidihiman be

obt ai ned by m xi ng abovenenti oned perfl uoro conpoun wth

silicon-ebebningn@gent 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,

‘P 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.
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...cl eani ng agents and/or isoparaffin-containing cleaning agents and gF
organi ¢ solvents such as I PA ethanol, nethanol acetone and di oxane. For

t he purpose of such one liquid for al | type conposition, it is preferable
to mx 0.01 to 1000 parts by wvieight of silicon-containing cleaning agents
and/ or isoparaffin-containing cleaning agents and 0.01 to 1000 parts by

wei ght of other organic solvents with 100 parts by weight of an
abovenentioned perfluoro conpound. TRe nore preferable range of the mxing
ratio with the perfluoro.is.0.1.t0.100. pacts. by weight of other components.

S

- This one liquid for aIIitype*c@nposrtxbﬁmexﬁbbltﬁJthegpropertles of

degreasi ng, dewatering andléreanzclean* g
wor k- ori ent ed changes of mﬁe”nmn905|
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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 solventé such as flon 113,
éﬁlorine-containing solvents and lower alcohols.

Description of the Related Art

Flon-containing solvenﬁs such as flon 113 have been in
general use as a dewatering 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 solvents and also such organic solvents
as trichloroethane, trichlbroethyleﬁe, tetrachloroethylene and
carbon tetrachloride have been widely used as a cleaning agent
to rémove 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

" This is the replacement sheet
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i ncludi ng operations fromdegreasing cleaning to drying. 26 So far, the
cabove cleaning system has been described with chief enphasis placed on
‘dewatering cleaning but it can also be applied to degreasing cleaning if

using the different kind of cleaning agents. In the abovenentioned cleaning

system drying is conpleted with bl owing%f a hot air at -approxi nately 50

to 60[er&bC for, approxiq?telylflninutps. Under tQ: pgﬂﬁfntlonal met hods

wher ei n WREARAG CwSO IRt Svdish (a8 riorichderasthiciens
tetrachloroethylene 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 théir 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 c;eaning up stains in narrow spaces of
the parts or caked oil stains having a medium td 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 solvénts have not been obtained as yet.
Further, when the abofementioned organic sdlvent-containing

cleaning agents are put to use for the dewatering cleaning

pufpose, their specific gravity is greater comparatively,

This is the replacement sheet
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drying, the drying tine is alnost as long as 15 mnutes even at the
tenperature as high as 120[err]C to 150[err]C. On the other hand, in the
present invention, the object to be cleaned is not exposed to a high
tenperature and can be forwarded to a next process as it is after hot air:
~drying, does pot require the space and tinmed3for cooling and contributes to
- the inprovenent of productivity to a great extend. Not only the tine

- requi red forresydting simpthesoutceme thatanes oniyecildmabuti adsoperaeiron is
i conducted for_ every batch of the objects_to be cleaned, the finished

' products arer¥sctdfthersynfacet pEsthe aéeaRLRONATENE ARdearreseparated
Cinproved qualit as far as the batch theyﬁgelon to is concerned. There

also is no HFhe tGieaning agentnvhAle FR8YLEEBa{nAS 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 afe 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 agénts 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-conditioned that only one single cleaning agent but
‘not others is pefmitted to circulate in the system. This is
because the recovery'énd recycling of cieaning 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 agehts 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 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

This is the replacement sheet
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cracks which are attributable to irregularities in cleaning and the |evel
of product quality can be brought up very high. In the cleaning system
constructed as abovenenti oned, the cl eaning agents have specific gravity
smal l er than that of waters but |ager than that of oil stains, so a |ayer
~ of cleaning agent intervenes between t hose %f waters and oil st ai ns,

SyStem to dPEARIACHORY AR |37 ISR | NI SR RTYEE THRAT cERRT at i on
| conpl ete, m%%%%%n%ﬂ%n%h!%fg;%ing 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.

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 thaﬁ one éleaning agents in
combination and at the same time to recycle them. Anbther
object of the present invention is to provide a new cleaning

" method and a new éleaning 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
a new cleaning appératus 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 é mixture of base

This is the replacement sheet
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respectively di sposed of by nmeans of cleaning agents, but it is likely that
a trace anmount of cleaning agents are incorporated into the di scarded
waters and oils. The cl eaning agents incorporated into oils are consuned
when the waste oils are incinerated. Thereds no problemin connection wth
cl eaning agents incorporated into waters as well, because they are

separat ed T aRatabe Sl Ehed P Pdwds | §fine irgésn'%ﬁgrm&{ggethe

cl eani ng systemo construction as ov

S, “SSerR e lannings £14) et o S g6t uEd i od aErh e
of use of clhade R1eAITNF ddertt HLSb (Of for A ©gEXd HHrdiigh Vehe first
cleaning step. |

Specific examples of cieaning 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 oil stains.
Specific exampleé of base cleaning agent as used herein
include non-water system cleaning agent such as
silicon-containing cleaning agent and isoparaffin—contqining
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. Fu;ther, the second cleaning step of the
present invention fuﬁdamentally 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
molecular weight polyorgancsiloxéne selected from the group
consisting of straight chain polydiorganosiloxane represented

by the general formula:

) i |
R-—?i-—O si-0 Si—R
I
R R 1 R R (1)

This is the replacement sheet

Pats: 4 cep 1997



or nore of themare put to use simultaneously, contributing nmuch to a sharp
cut of operating costs. The cleaning apparatus of the present invention may
bé allowed to operate as preparatory step for steamdrying with |PA,
preventing waters from being nmixed with repurified I PA. Because of a large
di fference of boiling points existent between |IPA and the above ment i oned

- dewat ering cl eaning agent as used in the present |nvent|on I s made

possible to i t pStiga | I |d wast e

ﬂ \R/at ers once m@ggg\?\nﬂtﬁ F%A%%wat&g\#%gil?‘ﬁ; as har % ev[Lé]'ra%(hlf{/ee/‘:"éli!ecausecI

- their boilingypgkRtutadC %Hé’é&ﬁﬂidy:d f%ytgﬁﬁﬁ Aidb %HEQ or
- wat ermarks. The present Fﬁsentlon w | %@% ri éﬁ 8% * @

: and 1 is an integer of from 0 to 5) and cyclic

polydiorganosiloxane represented by the general formula:

R

Si—0
| R m
(wherein R is a hydrocarbon group of single valence
substitutgd'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 pf objects to be
cleaned such as metal parts, electronic parts, semicoﬁductor
parts, coated parts and the like, providing the
rust-preventive properties, substituting waters well and
vaporizing and drying with 5 hot air at 60°C or lower.
Further, the straight chain polydiorganosiloxaﬂe 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 (Ii 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 group, unsubstituted hydrocarbon
group of single valence such as phenyl group and substituted

This is the replacement sheet
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28 reference to the other exanple. Fig. 2 is a diagram show ng the
construction of a cleaning apparatus used in the other exanple. Generally
speaki ng, the cl eaning apparatus as shown in the diagramis conprised of a
cl eaning process D, a rinsing process E, & drying process F and a cl eaning
agent recycling nechani sm G There are a first cleaning vessel 21, a second

<[:)I eeégicﬂgc?/gx;,?fﬂr?c%%m ﬂ%ﬂé%ﬁﬁer?@e I gudad 'Eﬁfﬁ@ﬁ?ﬁé’%ﬁ ocess
g vessel he cl eahi ng process D may be pre-designed to
consi st OfgyahpwlﬁﬂﬁBaﬂﬁéﬁﬂyl 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
especiall& well suited. _

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

Wdg > Ddg cee eee ose (A)

wWdg > Ddg > Odg ces see oas (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 staiﬁs can be'separated and repurification of cleaning
agents and the disposal of liquid wastes are Earried ocut with
ease.

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

two or more of the above-mentioned volatile isoparaffins.
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or a set of two or nore, depending upon the required operating tine and the
~quality standard to go by and the question how many vessels there shoul d be
" per set finds a solution in substantially the same way. The first and
second cl eaning vessels 21 and 22 are operated in conbination with

ul trasonic wave, oscillation, mechanizedgstirring, heating of cleaning
agent, brushing process and the like in order to pronote the cl eaning

powver, i frHwad ffopahfef Doy caF@ o Daed1é| r RarADdsseanddoabedasBy vessel s 21
and 22 respectively contain the degreasing cleaning agent D3 which

conpri seachiwang | Rsts tgn LDy sais hgasd sef feovs cagt ghei agovéemenngoagdnt
i soparaffin-containing cleaning agent or mxture thereof and a hydrophilic
sol vent. 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.
s;llcon-containlng cleaning agent mixed with an
Lsoparaffln-contalning 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 solwvent. Surfactants are divided
into cationic, anionic, nonionic, amphotefic and mixture
types, depending upon their activating chemical structure.
Every one of them can be used in connection with the éresent
invention, contributing to the increase of the cleaning power.

Well suited for the present invention among these
surfactants are anionic surfaétants such as polyoxyﬁlleene
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 imidazoiine
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
This is the replscement sheet
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The cl eaning agent D3 contai ning the hydrophilic solvent dissolves the oi
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
cl eaned are not conpletely dissolved and renoved in the first cleaning
vessel 21 alone, they may be taken over by #he second cleaning vessel 29
22 continuingly. The cleaning agent Dlerr], either contained respectively
in the firstPRieREtRRd c| cTherg aEesalsoomenfkdonedothyr sypkhetic

compounds which are derived from the abovementioned compounds
by substituting a part of their chemical structure with a |
fluorine or silicon atom.

| As the hydrophilic solvent, those compatible with
above-mentioned base'cieaning 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 monoethyl
ethe;, ethylene glycol monopropyl ether, ethylene glycol
moncbutyl 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 séfety in
‘the human. These compounds should have an improved volatility
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. Fuither, 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,4

R-O—-CH; CH; O}y———+CH; CH; Oj}p—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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L2t

into the dewatering vessel 23, are forwarded to the cleaning agent
recycling nmechanism C via the drain |ines 2l1a, 22a and 23a. The filters 24
and 25 are respectively connected to the first and second cl eaning vessels
21 and 22, renoving solids and insol ubl'e substances fromthe cl eani ng agent
D3 and then returning it to each cleaning veE®sel. Various types of filter
may be chosen for the filters 24 and 25, dependi ng upon what stains to be
cl eaned up, bntegeefeofabrpmt Deyxoand,a seitdsdydngushie [foemuldayint® a Idorie si ze
of 0.1 to 20 [err]m nade of ceram c, glass, high nolecule organic material
~or conpl ex nmaspecihbllprewedil. shuitielde foardmd thensiasge pher&sanE, there are a
third cl eaning vessel 26 and a showering-rinsing vessel 27. The .
isoparaffin-containing cleaning agent is used as a base
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 combined 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 agént. 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 agént 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
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third cl eani ng vessel 26-contains t he cl eani ng agént Dlerr] conprising only
the sane base cleaning agent as it is used in the first process D descri bed
above. Bel ow 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 recyclingimechanismC via drain lines 28a
~and 26a. This third cleaning vessel 26 also is operated in conbination with
“ultrasoni c wausfastant Htf mequiméchrﬁyethstéubéetmemeasté}gg@f CFeethés, the
~agent, brushing process and the like if need be. The cleaning agent Dferr]
cont ai ned i nbaise cheaningagent \igs Kle 2Bixs haybeaning mtepineed atdotgbe
through the filter 29 which renoves
necessarily 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 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 wvalues must be mixed, still
another liguid 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.préferably, 20 parté 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
preferabiy, 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 oﬁ hydrophilic solvents is

not particularly limited as well, but it is preferable to mix
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30 solids, insoluble substances and the like fromthe cl eani ng agent
.Derr]. In the third drying process F, there is a steam cl eaning (drying)
“vessel 30. This steam cl eaning vessel 30 contains the steam cl eani ng agent
31 which is a liquid of, for exanple IPA perfluoro conpound or mxture

t her eof as above descrlbed and the steangﬁleanlng agent 31 is heated by the
heat er transformng into the steam 3 I nsi de the steam cl eani ng vesse

30, t h§| 2;@%?03%3:3#%;{'6% DR 1d3s ol SHESHILRF 1 0000 "5a2BL By
weight or less of them with 100 parts of a base cleaning
agent, when the resulting mixture is intended for use as a
degreasing 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 solvent are mixed
with 100 parts by weight of a base cleaning agent.

"In the cleaning method of the presenp.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 §0°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 specificelly, metal
parts, surface-treated parts,.electronic and semiconductor
parts, eléctric 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 cleanxng
(drying), the latter step can be carried out lmmediately after
the cleaning stepes with above-mentioned dewatering or
degreasing cleaning agents, dispensing with rinsing cleaning
of the base cleaning agent. In other words, an entire

cleaning method may be made complete by comprising the step of
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carried forward fromthe rinsing process E is dissolved into the so

| i qui di zed steam cl eani ng agent 31 and washed away. The object X to be
cleaned is detained as | ong as necessary in the vicinity of the cooling
~chiller 34 located at the uppernost part to evaporate the steam cl eaning
cagent 31 remaining on its surface and thus ggnplete the drying of the
object X. The cleaning agents in this cleaning systemare recovered and

recycled i n sslhsdrfiig adn Yob fectafi® PECORSASE aFith 4 heixtwr®| of dessei bed
earlier. The cleaning by the use of above-nentioned cleaning systemand the

result of itschydnirediofent | andorléen leg Cpowdelr vpidmseiny cagent candiethe
speci fi c exanpl es:

: ' step of steam drying the object 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 apparatus 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 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.forldrying such as hot
air drying or steam drying. Further, still another means is
prepared to separate and recover the base cleaning agent alone
from the mixture of base cle&ning agent and cleanihg power
promoting agent which is reclaimedlfrom 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 reco#ered-base
cleaning agent is resupplied by recycling means to the first
and second means for cleaning.

The second cleaning apparatué wherein waters and oil

stains are cleaned off objects to be cleaned is characterized
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Exanples 1 to 8 The exanples of degreasing cleaning will be descri bed
first. A mxture of 50 parts by weight of octanethylcyclotetrasil oxane (SP
‘'val ue=7) and 50 parts by wei ght of diethylene glycol nobnobutylether (SP

val ue8) and a 31 mixture of 50 parts by weight of volatile isoparaffin
(SP val ue7) and 50 parts by wei ght of dieghyl ene glycol nonobutylether were
prepared as the cleaning agent in the first cleaning process. An

oct anet hy |y cdomipet i ssind Queanes Wesr cleaning with a cleaning agent of

non-water system having specific gravity smaller than that of
waters but larger than that of oil stains as mentioned above,
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 showihg 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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used as the rinsing cleaning agent in the second cl eaning process. The
various conpounds listed in Table 1 were used as the steam cl eani ng agent.
The foll owi ng charts shows the SP val ue, the evaporation | atent heat and
the boiling point of the steam cleaning agents listed in Table 1. The steam
cl eaning agents used in these exanpl es werggsel ected with the SP val ue and

. the evaporation | atent heat of octanethylcyclotetrasil oxane as standard

ireference, ClRanisY dfpddiftiPatsed 64 dde bR&BLe of2the present

invention. 'Briefly, the cleaning épparatus shown herein is
‘comprised of a process A for cleaning and water substitution,
a process B for rinsing and dewatering and a mechanismlc for
recycling of cieaning agents. There are a first cleaning
vessel 1 and a second cleaning vessel 2 each having the
cépability to conduct two types of separation by precipitation
and overflowing and a déwatering vessel 3 in the first process
A for dleaning 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 separatiqn by precipitation
alone or separation by overflowing alone can function
completely if so required by the object to be cleaned.
fﬁrther, 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 fihd a solution in subsﬁan;ially
the same.way.

In this example, sets of 2 vessels each are used, and the
first and second cleaning vessels 1 and 2 communic§te 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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SP Val ue Evaporation Boiling Point Latent Heat (cal/Q) ([err] O
[err] 5 20 97 6 0

102 1 PA 11 161 82 Cct anet hyl cycl o-
7 36 175 tetraS|I0{gne Fbxanethyld|3|loxane 7

51 100 Acetone 56
Et hanol ted boar ds usi ng
t he Sparkle ﬁ|3<§H3¥§7ﬁéﬁ%129?ﬁeﬁﬂ§§§ ?%%lsec°$ﬁaf%$%51+€ fgﬁgﬁlied by

Senju MatbRy 2 MULHddfvely contain a dewatering cleaning agent D1

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 D1

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 oil stains 2z 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 feEYCling

mechanism C which will be described later via the drain line

4. Meanwhile, the drain line 3a installed in the dewater;ng

vessel 3 is connected to the cleaning agent recycling
mechanism C. The oil stains 2 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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Co., Ltd.: for chip-nounted board, SP val ue=approximately 10) were cl eaned
with these cleaning agents. The-ultrasonic wave cleaning was inplenented at
45[err]C for 3 nminutes and then the rinsing cleaning for 2 nminutes in the
first cleaning process. The so cleaned printed boards were subjected to
steamdrying with each of the stean1c|eaniﬁ§ agents and the tinme span
required for drying was neasured. Likew

conduct ed a®® ot MR AR TG PR rj'slf Q‘%%gﬁgqu;rW?ét%\g&ﬁ%é Sr\évg-s

urf ace of CARESAS AP o 2ae TREHS 5Py rSa aneganet B FRERRDA RPpRE®

M L P 551108 B AL BrIne dtse s, 4 ner 10 UL SATARG RSN Do St e wi th
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 watex drops-incorporated into
the cleahing agent D, can be eliminated with ease by means of
abové-mentianed filter 6. Various types of filter can be
chosen for the filter 6 depending upon stains to be eliminated:
and/ox iiquids to be dewatered, but préferably it is a
microporous filter of ceramic, glass, high molecular weight
organic substance or complex maﬁerial 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 vessél 7 and a showering-rinsing
vessel'B."Below the showering-rinsing vessel 8, tﬁere is a
buffer tank 9 which is interlinked with the third cleaning
vessel 7 via the drain line 9a-$nd the overflow liné 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 ébovementiqned third cleaning vessel 7-contain$ the
qleaning agent D, compromising the base cleaning agent dﬁly
which is same as used in above-mentioned first process A.

Specific examples mentioned of non-water system cleaning agent
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33 the naked eye and m croscopically, nmaking an exam nation for the _
presence of stains having the major axis of 0.05 mmor nore. The practical

" useful ness was anal yzed according to gl obal judgement, marking excel l ent as
, good as 0, fairly good as A and poor as x and the results are shown in
Table 1. (The rest of the space kept in fgank) This is the repl acenent
sheet ' '

used in the above-mentioned first process A are applied to the
base cleaning agent used here. This cleaning agent D, 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 Z are surfaced and separated in the
uppermost part thereof. The waters Y precipitated in the
third cleanihg vessel 7 are discharged to the cleaning agent
recycling mechanism C via the drain line 10 at régﬁléf'
intérvals, while the oil stains 2 surfaced in third cleaning

~ vessel 7 are brpught 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 dﬁain lines 4, 3a and 10 laid
in the first, second and third cleaning vessels 1, 2 énd 7 and
the déwatering 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.
This is the replacement sheet
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[err] 34 [err] 35 As evident from Table 1, the sufficient degreasing

cl eani ng power was obtai ned and steam cleaning (drying) also resulted in a
vefy good outcone in Exanples 1 to 8. This is accounted for by the
prearranged difference of SP value by 4 to; g bet ween the rinsing and steam
cl eani ng agents. On the '

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

Brought intoc the cleaning agent recycling mechanism C,
the soiled cleaning agent is fed to the filter 14 first té
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 boiling
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
déwatering 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, caﬁ be obtained by the extraction of both séiled
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 ﬁhe 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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ot her hand, the agent having the SP value difference of 5 or nore in each
of the Conparative Exanples apparently failed to provide the sufficient
"cl eani ng powder. Exanples 9 to 12: Next, the exanples of dewatering
cleaning will be described. A m xture of 99.5 parts by wei ght of

oct anet hyl cycl ot etrasi | oxane and 0.5 par 2%y wei ght of pol yoxyehtyl ene

ol eyl ether (SP vaglue=8) .and a mxture of 99.0 parts b I ght of volatile
i so%ar af f iR §I§9P§1Yu —7)3%T??E§£Qeqnyrwwf?§ @ﬁ%ﬁ%t%ﬁ?%’i eDlC/ivé’rre a
repared as the dewatering cleaning agent. Further, varioys conpounds

i sted | nCPIREtE L new ke aning diaemit Ba sent FFORg&Re. MEAHNG &gt

bearings nade of stainless steel were . :
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 concentraﬁion 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 beiow with respect to the cleaning sYsﬁem
constructed as mentioned above:

When the object X to be cleaned is found carrying with it
the waters Y and the oil stains Z, 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 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 tﬂe 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 agént D, alone. |

This is followed by the drying treatment by a hot air
dryer which is not illustrated herein to complete all of the
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subj ected to dewatering cleaning wth these agents. 2 pieces of mniature
bal | bearings were imersed in water, then imersed in a dewatering
~cleaning agent at ordinary tenperature for one mnute (with oscillation)
. and subjected to steamdrying. Thereafter, the ball bearings were placed in
' the predeternined amount of anhydrous ethaddl, the renmmining waters were

| absorbed thereto and the quantitative _analysis wth the waters was
conduct ed acRARNE (RFIFRSK@SF FIagidentalibd. theehet: alet dRaiag mawobs
;mas Ca'°”‘“é¥£f§§é§‘%§“%£§3m dgging (cleaning) with IPA and the like.

: Now, the present inventors took note of the fact that

i steam cleaning can achieve excellént 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 boiiing point.

' 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 cqndense'thé steam
cleaﬁing agent to form dews on the surface of the object to be
cleaned so that these dews dissolve ;nd wash away. the iiquids
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 froﬁ the earlier process, sufficient
substitutability is not obtained. Preferably the aifference
of SP value is 3 or less 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
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the followng fornula: The rate of water renoval = (B-A)/B x 100 (wherein A
Is the value (g) of the quantitative analysis according to the Karl Fischer
"nmethod and B is the value (g) of the quantitative analysis after the bl ank
test (excluding the process in which the testing sanple was thrown into
water)). Further, the post-drying appeagﬁgce was eval uated according to the
follow ng standard: x : dried bl obs vi le with the naked eye. [err]

00t o0 B et L B byt B TR o8 Saoker e cHEORAIBULAR B 2o o

SO[err] mor-greater rng e n-m Croscope.
results aig SO 4R 13PLft%heat is larger than 5 folds, one evaporates

much faster than another, leaving the liquid having a larger
evaporation latent heat behind on the object to be cleaned and
keeping it remain as a blotch and the like there. Preferabiy
the difference of evaporation latent heat is 3 folds or less
and more preferably 2 folds or less. Further, preferably a
steam cleaning agenﬁ hés as small an evaporation 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
fo 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 préferably by 30°C or more and most preferably by
50°C or more; provided, however, that the difference between
the boiling point'and the surface temperature of the object to
be cleaned_can be regulated by manipulating the su;facé
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 -

bétter results can be obtained, if satisfying the point (3) as

well.
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(The rest of the space kept in blank) [erf] 37 38 As evident from
Table 2, the sufficient dewatering effect was obtained in each of the
Exanpl es wi thout the specific need for rinsing cleaning.

23
Meanwhile, silicon-containing cleaning agents and
isoparaffin-containing cleaning agents are used in the process
for rinsing cleaning of the present invention.
Silicon-containing cleaning agenté 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 évaporation latent
heat of almost 50 to 90 cal/g. Compared with these agents,
the abdve-méntioﬁed IPA (SP value=ll, 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 phé_cleaning process of the present
invention. |
Fundaméntally, steam cleaniﬁg 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:

O G4 Fy, O GC3 F; , (Cs Fy;)aN, (Cq Fy)sN,

cUlcoN
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Exanples 13 to 15: Next, the finishing cleaning (renoval of particles) wll
be described. An octanethylcyclotetrasiloxane and a volatile isoparaffin
were used as the finishing cleaning agent. Further, various conpounds
listed in Table 3 were used as the steam cl eaning agent. The cover gl ass
for charge coupl ed device was subjected t@4inishing cleaning wth these .
agents. The cover glass for CCD was cleaned with the finishing cleaning
agent at 45[err]Cin coﬁbiag}ion with the ultrasonic wave and then

subj ected to steam cleaning|for the sake of finishing drying. Af ter

drying, the appear agpg—pascPer)yzed gord—hhe-ogeynt - of dusts on the surface
‘measur ed. The after drying appeagance wasg

(wherein ¢ 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
not exhibit compatibility with almost all organic solvents and
have not fougd 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.

Stégm cleaning agénts such as IPA and perfluoro-cbmpound
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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anal yzed in substantially the sane way as in Exanple 9 above. The anount
surface dusts(O. 5 [err]mor nore) was nmeasured by a particle checker

" WM 1000 (Tokyo Optical Co., Ltd.) according to the |aser nethod. These
results are shown in Table 3. (The rest of the space kept in bl ank)
[err] 39 25"

flons or chlorines can find their usefulness at any time while
they 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 evapbration
latent heat satisfying the abovementioned conditions (1) and
(2). The values of each such component shduld 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 purpcse 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 cleaniﬁg agents and 0.01 to-1oop 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.} 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.

of
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40 As evident from Table 3, the sufficient particle control was found
achieved in each of the Exanples. Exanples 16 to 19: As shown in Table 4,
the certain degreasing cleaning agents were prepared by mxing a volatile
isoparaffin with various organic solvents. Further, a volatil.e isoparaffin
was used as the rinsing cleaning agent. Priﬁ ed boards with flux were

'cl eaned with these agents in accordance w tK substantially the sane

AR T RENE THE ARl R I TR
chief emphasis placed on dewatering cleaning but it can also
be aﬁpiied to degreasing cleaning if using the different kind .
of cleaning agents.

In the abovementioned cleaning system, drying is
completed with blowiné of a hot air‘at approximately 50 to
60°C for approximately 5 minutes. Under the conventional
methods Qherein washing with hot water is followed by hot air
drying, thé 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
noﬁ 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 shdrter, 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 imp:éved
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 quélity 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
This s 1he replacement sheet
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Further, a testing sanple was prepared by applying a spindle oil to a steel
pl ate and baking the plate in a furnace at 150[err]C for 48 hours. The oi

* baked on this testing sanple was subjected to cleaning (ultrasonic wave

cl eaning) and the time span required for such cl eaning was neasured. The
smal ler the value is, the higher the clganing power is and these results
are shown in Table 4. (The rest of the space kept in blank) This is the
repl acengfe gheahing 4¥stem to discard them efficiently and each

independently. Their separation complete, waters and oils are
respectively disposed of by means of cleaning agents, but it
is likely that a trace amount 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'easé 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 andieffectively, but also the use of two or more
cleaning agents in combinat;on is made possible. The amount
of use of cleaning agents is reduced to a large extent as fwo
or more 6f them are put to use simultaneously, contributing
much to a sharp cut of operating éosts. 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 fepurified IPA. Becaﬁse of a
large difference of boiling points existent between IPA and
the above-mentioned dewaﬁering cleaning agent as used in the
present invention, it is made possible to implement steam
drying with IPA alone. Incidentally, waste waters once ﬁixed
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 preéent invention will now be described with
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[err] 42 As evident from Table 4, hot air drying could be brought to
conpletion within a short span of tinme in the case of cleaning with an
agent containing the isoparaffin as the chief ingredient, followed by
rinsing with the volatile isoparaffin (Exanghes 16 to 19). The ion residue

was | ow as mell nor was the white residue 6Bserved. Further, these agents
were fast at t d of In cIe ni ng, exhgfltln e cl ea |n
power equal tter t ‘ﬁ‘%’aﬁ %‘n ik é’gé agram showing

;he construction of a clean;ng 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, depénding 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 cohtain 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 cleanéd with the
cleaning'power provided by the hydrophilic solvent. In the:
case where stains attached to the objéct to be cleaned are not
completely dissolved and removed in the first cleaning vessel

21 alone, they may be taken over by the second cleaning vessel
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azeotrope system On the other hand, when cleanfng and rinsing were
conducted with al kyl benzene such as isopropyl benzene and di anyl benzene and
straight chain paraffin such as n-decane -and kerosine, drying by hot air
resulted in a poor outcone and could not be conpleted even in 30 m nutes.
Thus, there were a lot of ion residues ar@@too nmuch flux conponents (white
reS|due) to be swept away. Exanple 20: In accordance with substantially the
sane proce22resntinuingignpl e 13, the cover glass for CCD was subjedted to
finishing cleaning with volatile isoparaffin used as the finishing cleaning
agent and the cl@hai adeandndr pgegtpDepeeitherverntainedarespegtively in
substantially the sane way as in

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 preferablj they are a
microporous filter having a pore size of 0.1 to 20 um, made of
ceramic, glass, high molecule org;nic 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 énly 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 thi;d cleaning
vessel 26 also is operated in combination with ultrasonic
wave, oscillation, mechanized stirring, heating of cleaqing
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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Exanpl e 13. Drying was conducted with a hot air at 50[err]C. The results
are shown in Table 5. (The rest of the space kept in blank) [err] 43
"44 As evident from Table 5, the volatile isoparaffin in

30

solids, insocluble substances and the like from the cleaning
agent D,. |

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 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 ﬁhe 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 spgcific'examples:

Examples 1 to 8:

The examples of degreasing cleaniné 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
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terns of finishing cleaning achieved the sufficient cleaning power which is
equal to or better than that of flon 113, without causing post-cl eaning
dried bl,obs gor dusts. On the other hand, in each of the Conparative

' Exanpl es, the agent had | ow dryness, with a high incidence of dried bl obs,
while a |large anount of dusts were found attached to object to be cl eaned
during the drying process. Exanples 21 to 24: The printed boards with fl ux
on were cleaned by the degreasing, rinsing d steam cl eaning agents |isted

D Teble 6 LR S6S% (9080 kA R: YR RELLAL! kel SaTT Plocedugh o0

substantlaJIJ i&glffngn&agoaEaEQsEéynagggﬁt zgedlethylene glycol
monobutylether were prepared as the cleaning ageht in the
first cleaning process. An octamethylcyclotetrasiloxane was
used as the rinsing cleaning agent in the second cleaning
process. The various compounds listed in Tablell were used as
the steam cleaning agent. The following charts shows the SP
value, ﬁhe 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 aﬂd the evaporation iatent heat of
octamethylcyclotetrasiloxane as Standard reference.

(The rest of the space left in blank)
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degreasing and rinsing cleaning were done at 45[err]C for 5 mnutes in
conbination with ultrasonic wave. The results are shown in Table 6. (The

rest of the space kept in bl ank) [err] 45 46
' 32
'SP Value| Evaporation |Boiling Point
: Latent Heat
(cal/qg) (°C)
Cs Fus 5 20 97 )
@\ 6 20 102
Ci Fy - _
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-moun;ed 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
rinsiné dleaning for 2 minutes in the first cleanihg process.
The so cleaned printed boards were subjected to steam drying
with each of the sﬁeam cleaning agents and the time span
required for dryin§ was measured. Likewise, hot air drying at
50°C Qas conducted and the time span required for this type of
drying was measured. Further, after drying, the ion residue
(ug NaCl/inchz) on the surface of the printed boards was
measured by an omegameter (Nippon Alpha Metals Co., Ltd.) in
accordance with the prbcedures provided for in MIL-P-55110C

and MIL-P-28809A. Further, the flux residue was measured with
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As evident from Table 6, when the printed boards were cleaned with an agent
containing isoparaffin as the chief ingredient and a steam cl eani ng agent,
drying was found conpleted within 15 to 20 seconds, acconpani ed by few ion
residue and no remaining flux (white residue). These agents were found as
leffective as or nore effective than a flon 113/ ethane azeotrope system
Exanpl es '25 to 27: Using the dewatering and steam cl eaning agents listed in
iTable 7, mniature ball bearings were subjected to dewatering. cleaning
.according to substantially the same procedures as in Exanple 9 and the

cl eani ng and drying properties were eval uat®d in substantially the same way
‘as in Exanpl e, 9. Tne . \ ) . , )
the naked eye and microscopically, making an examination for

the'presencé 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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in

bearings inmmersed in the
The results are shown
48

[err] 47

i n bl ank)

dewat eri ng cl eaning was i nplenented with the bal
agents while stirring at 45[err]C for one m nute.
(The rest of the space kept

‘Tabl e 7.

34

Table 1
t . Results of cleanin
Cleaning com- zh..u”:a comp- Steam cleaning composition (Parts by to.»n_.n. g
- ic Par-
wm”wnwwatwwmrn. M“ v<ouhwm_u-mv Other | Octamethy- |Hlexameth-|perfluoro|drying |Ion reside |PPPeara-fUsefuily
| gete | Lorioran |fhdiatio-|conpounasleine™ | (g Na) 18 (211038, (51
- xane - -
. IPA| jvents . (second) /1n2) ide) dgement )
Examp-| Octamethylcycl-
,_m 1 |otetrasiloxane ' 100} __ —_ — _ 45 7 None @
50 = =
bDiethylene
Examp-| ) o1 gﬁ;r
le 2 |9 YCO 0.5 1.5 . 19 6 None
butylether
HoROPIY ¥ 5a — — | e ©
Examp-] yolatile Dctamethylcycl- Acetone CsFis
le 3 puouonwnnh.me ononﬂwu»womwao — 1 — 20 g9 18 5 None ®
|examp- 100 Acetone F C
le 4 Diethylene o’ ~CaF4e None (o)
glycol N — 3 — 30 61 17 8 O
Examp-| monobutylether
le uv 50 — — —_ - Da_u_.a 20 5 None @
_m.am.._vu Octamethylcycl- T
le 6 |otetrasiloxane - C+Fq 19 4 None 0
30 — | — — — (00
|[Examp-I pjethylene
le 7 a.—wnom o — — —_— —_— 35 8 None @
Examp-] Monobutylether . -
le 8 50 (Dried by 50°C warm wind) 125 6 None @)
Octamethylcycl- F
lcompa- ononnwmtoumuo IPA . . . . CaFy wmwmm%
nmnp‘iﬁ 100 . blote
mwwﬂv Diethylene 58 18 X
glycol 100
monobutylether
50
Compa - T
rative] Ethanol @/n F CaF? .20 45
1 - - - - : Present
examp- 100 1 Hco x
le 2 (00 :
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Exanples 28 to 29: Using the finishing and steam cl eaning agents listed in
Tabl e 8, the cover glass for CCD was subjected to cleaning in accordance
"Wwith substantially the same procedures as in Exanple 13 and the cl eani ng
and drying properties were evaluated in substantially the sane way as in
Exanpl e 13. The results are shown in Table 8. (The rest of the space kept
in blank) This is the replacement sheet Pate:

As evident from Table 1, the sufficient degreasing
cleaning power was obtained and steam cleaning (drying) a156
resulted in a very good ocutcome 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 cleaniqg agents. On the
other hand, the égent 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 pért by weight of
polyoxyehtylene oleyl ether (SP value=8) and a mixture of 99.0
parts by weight of wvolatile isbparaffih (SP value=7) and 1.0
part by weight of sodium stearate weré prepared as the
dewatering cleaning agent. Further, various compounds listed
in Table 2 were used as the steam cieaning 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
temperature for one minute (with oscillation) and subjected to
steam drying. Thereafter, the ball bearings were placed in
the predetermined amount of anhydrous ethanol, the remaining
waters were absorbed thereto and the quantitative analysis
with the waters was conducted according to the Karl Fischer

method. The rate of water removal was calculated according to

This is the repiacement sheet
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[err] 49 50 Exanple 30: A mxture of 50 parts by wei ght of
hexanet hyl di si | oxane (SP val ue=7) and 50 parts by wei ght of ethanol (SP
val ue =13) was prepared as the cleaning agent in the first cleaning process
and the octanet hyl cycl otetrasil oxane was used as the rinsing cl eani ng agent
In the second cleaning process. Further, a [err] was used as the steam
cl eani ng agent. Using
36
the following formula:
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:

dried blobs visible with the naked eye.

X
QO : dried blobs invisible with the naked eye.
@ : blob having the size of 50um or greater not

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

(The rest of the space kept in blank)
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t hese agents, the cleaning and drying properties were evaluated in
accordance with substantially the same procedures as in Exanple 1 and the
results substantially as good as in Exanple 1 were obtained. In this
Exanpl e, there was the SP value differen@® of nore than 5 between the

cl eani ng agents or between hexanet hyl di sil oxane and ethanol but because of
t he i nteractizoh betAggn t he poljr groups, both the]conpoupds turjned out
conpati bl e ore|anot hek, repsulting in the above-nent]i oned javorabj e out cope.
Exanple 31: £ ong i Q@i di¥pr(QI] type cl €@)i ng agent \@ preif@) efd by(@)i x| ng
100 parts by $wiSht | Jery] as| a perfluoro conpound, 25
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parts by wei ght of hexanethyl disiloxane as a silicon-containing cleaning
agent and 3 parts by weight of acetone as an organic solvent. Manwhile,
the testing sanple 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[err]C. The tesggng sanple was cleaned using the
above-nentioned one liquid for all type cleaning agent. C eani ng was

conduct ed at 40[ ens] @viidfent Erd Sable 2, Ithe YU fidielt WdwatdF{@Foni
wave; followed by steam

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, vafious compouhds listed in Table 3 were used as the
steam cleaning agent.

The cover glass for charge coupled device was subjected
to finishing cleaning with these agents. The ¢over-glass for
CCD was cleaned with thé finishing cleaning agent at 45°C in
combination with the ultrasonic wave and then subjectéd to
steam cleaning for the sake of finishing drying. After
drying, the appearance was analyzed and the amouﬁt-of dusts on
the surface measured. The after drying appearance was
analyzed in substantially the same way és in Example 9 above.
The amount of surface dusts(0.5 um or more) was measured by a
particie 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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cleaning with the sane agent. In the infrared absorbing analysis with the
so cl eaned steel plate, a peak ascribed to silicon was not observed,
“resulting in the finding of the non-presence of silicon residues.

I ndustrial Applicability: The excellent properties of degreasing cleaning,
wat er “substituting and drying, conpar@9le to those of conventi onal

fl on-contai ni ng cl eani ng agents, are obtained by the cleaning nethod of the
present invention, unacconpanied by the possibility of environnental

dest ruct lpop—and_contani nation and, therefore the cleaning nethod is useful
as a repgacenertéqi the otlher one by the use| of hlﬁhly cqntroverSIaI
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fl on-containing solvents. Further, under the present invention, the

cl eaning agents are recycled while two or nore of themcircul ate

“sinmul taneously and the waters and stains which are renoved from objects to
be cleaned are di sposed of efficiently, both contributing nuch to the

saving of materials relating to cleaning. 52 1. A nethod of cleaning an
obj ect- conprising the steps of: (a) a first step of cleaning an object with
a cl eani ng agent, : 40

As evident from Table 3, the sufficient particle control
was found achieved in each of the Examples.' |
Examples 16 to 19:

As shown in Table 4, the certain degreasing cleaning
agents were prepared by mixing a volatile isoparaffin with
various organic solvents. Further, a vqlétile 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 subéequent hot air dryihg 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 (ultrascnic 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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wherein said

and has a boiling

wherein said drying is
| ess,

is conpatible with said cl eaning

OCcal /g or

4

A method as clained in claim1,

2.

sai d vapor drying agent

It goes through the first step of cleaning,
has a | atent heat vaporation of

point of from50C to 150C

cl eani ng agent,
vapor dryin

net hod as cl
| east one nqry

agent,

(b) a second step of drying the object by use of a vapor drying treatnent
after

- conducted with said vapor drying agent which is different fromsaid
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system agent selected fromthe group consisting of a silicon- containing

cl eani ng agent and an aliphatic hydrocarbon cl eani ng agent having from4 to
30°carbon atom wherein said silicon-containing cleaning agent conprises at
| east one | ow nol ecul ar wei ght pol yorganosil oxan. sel ected fromthe group
consi sting of a straight chain polyorganosi B8xane represented by the

general formulas: and a cyclic polyorganosilozane represented by the

fornul a: wherei n FAS rewixient ofrom Lakle $uet tatedyingscdald t e ebrought
hydrocarbon group, 1 is an integer fromO to 5, and mis an integer of from
3 to 7, wher & eRmrlefigmatwitininirdcshooh sPamRhgtimgnin ctherecase of

cleaning with an agent 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 fesidue observed. Further, these agents were fast
at ‘the speed of degreasing cleahing, 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 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.

Example 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 at 50°C. The
results are shown in Table 5.

(The rest of the space kept in blank)
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at | east one agent selected fromthe group consisting of a volatile

I soparaf fin having 4 to 30 carbon atons, a volatile normal paraffin and a
val atile cyclo ol efin. 53 4. A method as clained in claiml, wherein
said object is at |east one selected fromthe group consisting of a
nmetallic part, a ceramc part, a glass part, a plastic part having a hard
surface, a surface treated or coated Ppgt, an electric part, a

sem conductor part, an optical part, a precision machinery part and an

i ndustrial part. :
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e
5. A net hod of cleaning an object conprising the steps of (a) a first
step of cleaning an object with a m xture containing a base cl eani ng agent
‘and a cl eani ng power pronoting agent, (b) a second step of cleaning the
object with the base cl eaning agent alone, and (c) a third step of drying
t he object by use of a vapor drying tred@nent after it goes through the
second step of cleaning, wherein said drying is conducted with vapor drying
agent which i sAglidfistemt from Tabllecheabhagvayanileshsdpaapbiidrgnng agent
is conpatible with said base cleaning agent, has a latent heat vaporation
of | OCcalterms ofskintshimgscleaningngchbevedothe sufficient cleaning
power which is equal to or better than that of f£lon 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 cleahing and drying properties were
evaluated in substantially the same way as in Example 1. The
degreasing and rinsing cleaning were done at 45°C for 5
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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7. A

wherein said
| ess.

wherein said base cl eani ng agent conprises at

A nethod as clained in claimb,

This is the replacement sheet

| east one non- water system agent sel ecjged fromthe group consisting of a
silicon-contapni_ng cleaning agent and an aliphatic hydrocarbon cl eanin

vapor drying agent has a |atent heat vaporation of 50cal/g or
method as clained in claimb5,

fromb50[err]C to 150C. 6.
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and a cyclic polyorganosil oxane represented by the fornula: (I1) wherein R
in each formula is a substituted or unsubstituted 54 hydrocarbon group,
1is an integer fromO to 5, and mis an integer of from3 to 7 —wherein
said aliphatic hydrocarbon cl eaning agent conprises at |east one agent
selected fromthe group consisting of a volatile isoparaffin haV|ng 4 to 30
carbon atons, a volatile

46
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
ilB/ethane azeotrope system.
Exaﬁples 25 to 27:
| Usin§ the dewatering and steam cleaning agents listed in
Table 7, miniature ball bearings were subjected to dewatering.
cleaning aécording 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.
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normal paraffin and a volatile cyclo olefin. 8. A nmethod as clainmed in
claim5, wherein said cleaning power pronoting agent conprises at |east one
agent selected from the group consisting: of a surfactant and a
hydrophilic solvent. 9. A method as clainmed in claim5, wherein said
object is at |east one selected fromthgygroup consisting of a netallic
part, a ceramc part, a glass part, a plastic part having a hard surface, a

surface treated or_coated part an electric part, a sem conductor part, an
opti cal part.,{ g pregi sjon npchinery part anfd an ijndustrf.al paft. 10. |A .
net hod as cl ai Bed ¢ R=c|ai m b, erein.the qethodl|is c | nugup anek t He base
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base cl eaning agent used in stop (b) are both recycled and reused during
the method. 11. A nethod as clainmed in claim1, wherein said vapor drying
agent is conpatible with said cleaning agent in a vapor drying treatnent.
12. A nethod as clained.in clai-m5, wherein said vapor drying agent is
conpatible with said cleaning agent in‘a.vapor drying treatnent. 13. A
nmethod as clainmed in claiml, wherein said cleaning agent renpbves waters
whi ch renmins, on the surface of the object. 14. A nethod as clained in
claim11l, wherein said cleaning agent renoves liquid which remains on the
surface of the object. 15. A nethod as clainmed in claim5, wherein said
cl eani ng agent a8 :

Exaxnples. 28 to 29:

Usiné the finishing and steam cleaning agents listed in
Table 8, the gbver glass for CCD was subjected to cleaning in
accordance with substantially thé.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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renoves waters which remains on the surface of the object. 16. A nethod as
clainmed in claim5, wherein said cleaning agent renoves |iquid which

remai ns on the surface of the object. 17. A vapor drying conposition
conprising, being different froma chganing agent, being conpatible wth
sai d cl eaning agent, having a | atent heat vaporation of |OCcal/g or |ess,

and having.a.hailing point of from50[err]C to 150[err]C . wherein a
nmet hod of cl egnighg jan obj gct conprisesjthe steps of:} (a) alfirst step of
cl eani ng "an olj &t W th sgid clepning gagent, Bhnd (b)] a secpnd step of
drying the objleet by use ¢f saidj vapor |dryingjtreatrent affer it jgoes
through the fifrgt sitep of : :
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cl eaning. 18. A vapor drying conposition as clained in claim17, further
conprising, said conposition is conpatible wth said cleaning 55 agent
“in a vapor drying treatnment. 19. A vapor drying comnposition conprising,
being different froma cleaning agent, being conpatible with said cl eaning
agent, having a | atent heat vaporation of_J] OCcal/g or |ess, and having a
boiling point of from50C to 150[err]C, rein a nethod of cleaning an

obj ect congﬁéﬁsfetggzstops_
A mixture of 50 parts by weight of hexamethyldisiloxane
(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 cleaﬁing process.

Further, a CgFi, 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 oné another, 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 perfluoroc compound, 25
parts by weight of hexamethyldisiloxane as a
silicon-containing cleaning agent and 3 parts by weight of
acetone 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 allitypg

cleaning agent. Cleaning was conducted at 40°C for 3 minutes

This is the replacement sheet
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of: (a) a first stop of cleaning an object with a m xture contai ning a base
cl eani ng agent and a cl eani ng power pronoting agent, (b) a second step of
cl eaning the object with the base cl eaning agent alone, and (c) a third
step of drying the object by use of a vapor drying treatnent after it
goes through the second step of cleaning. 20. A vapor drying conposition as
claimed in claim19, further conprising, iid conposition is conpatible

wi th said cleaning agent in a vapor dryiné treat ment.

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 obsérved,
résulting in.the finding of the non-pfesence of silicon
residues.

Industr;al 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 éleaning method is useful as a replacement
of the other one by the use of highly controversial B

- 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 to be éleaned'are disposed of
efficiently, both contributing much to the saving of materials

reléting to cleaning.
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1. A method of cleaning an object comprising the steps of:

(a) a first step of cleaning an object with a cleaning
agent,
s (b) & second step of drying the object by use of a vapor
drying treatment after it goes through the first step of
cleaning, :

wherein said drying is conducted with said vapor drying
agent which is different from said cleaning agent, said vapor
drying agent is compatible with said cleaning agent, has a latent
heat vaporation of 100cal/g or less, and has a boiling point of
from 50°C to 150°C.

2. A method as claimed in claim 1,
wherein said vapor drying agent has a latent heat vaporation

of 50cal/g or less.

3. A method as claimed in claim 1, _

wherein said cleaning agent comprises at least one non-water
system agent selected from the group consisting of a silicon-
containing cleaning agent and an aliphatiec hydrocarbon cleaning
agent having from 4 to 30 carbon atom, _

wherein said silicon-containing cleaning agent 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
(I) R éi O éi Si—R
: . :
— 1
and

a cyclic polyorganosiloxane represented by the formula:

(II) _
R
l
8i—0
l
R .

wharein R in each formula is a substituted or unsubstituted
hydrocarbon group, 1 is an integer from 0 to 5, and m is an
integer of from 3 to 7,

wherein said aliphatic hydrocarbon cleaning agent comprises
at least one agent selected from the group consisting of a
volatile isoparaffin having 4 to 30 carbon atoms, a volatile
normal paraffin and a volatilea cyclo olefin. _ ‘
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~-4. - A method as claimed in claim 1,

wherein said object is at least cne selected from the group
consisting of a metallic part, a ceramic part, a glass part, a
plastic part having a hard surface, a surface treated or coated
part, an electric part, a semiconductor part, an optical part,
a precision machinery part and an industrial part. -

5. A method of cleaning an object comprising the.steps of:
(a) a first stap of cleaning an object with a mixture
containing a base cleaning agent and a cleaning power promoting
agent : :
Eb) a second step of cleaning the object with the base

'., cleaning agent alone, and -

(c) a third step of drying the object by use of a vapor
drying treatment after it goes through the second step of
cleaning, '

wherein said drying is conducted with vapor drying agent
which is different from said cleaning agent, said vapor drying
agent is compatible with said base cleaning agent, has a latent
heat vaporation of 100cal/g or less, and has a boiling point of

from 50°C to l150°C.

6. A method as claimed in claim §,
wherein said vapor d:_yinq agent has a latent heat vaporation

of 50cal/g or less.

7. A method as claimed in claim S, :
T wherein said base cleaning agent comprises at least one non-
water system agent selected from the group consisting of a
silicon-containing cleaning agent and an aliphatic hydrocarbon
cleaning agent having from 4 to 30 carbon a ’ .
wherein seid silicon-containing cleaning agent comprises at
least one low molecular weight polyorganosiloxanae selected from
the group consisting of a straight chain polyorganosiloxane
represented by the general formula:

R
(I) R'.—-—'?i i—mrR

R

and :
a cyclic polyorganosiloxane represented by the formula:

(R
[ —,
Si—0
l —J
R 3

- m

wherein R in each formula is a substituted or unsubstituted.

(1I)
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hydrocarbon group, 1 is an integer from 0 to 5, and m is an

‘integer of from 3 to 7,
wherein said aliphatic hydrocarbon cleaning agent comprises

at least one agent selected from the group consisting of a
volatile isoparaffin having 4 to 30 carbon atoms, a volatile
normal paraffin and a volatile cyclo olefin.

8. A method as claimed in claim 5,
: wherein said cleaning power promoting agent comprises at
least one agent selected from the group consisting of a
surfactant and a hydrophilic solvent.

9. A method as claimed in claim S,

wherein said object is at least one selected from the grOup
consisting of a metallic part, a ceramic part, a glass part, a
plastic part having a hard surface, a surface treated oxr coated
part, an electric part, a semiconductor part, an optical part,
a precision machinery part and an industrial part.

10. A method as claimed in claim 5, wherein the method is
continuous and the base cleaning agent used in step (a) and the
base cleaning agent used in step (b) are both recycled and reused
during the method.

11. A method as claimad in claim 1, wherein said vapor drying
agent 'is compatible with said cleaning agent in a vapor drying
treatment.

12. A method as claimed in claim 5, wherein said vapor drying
agent is compatible with said cleaning agent in a vapor drying
treatment. -

13. A method as claimed in claim 1, wherein said cleaning agent
removes waters which remains on the surface of the object.

14. A method as claimed ih claim 1, wherein said cleaning agent
removes liquid which remains on the surface of the object.

15. A method as claimed in claim 5, wherein said cleaning agent
ramoves waters which remains on the surface of the object.

16. A method as claimed in claim 5, wherein said cleaning agent
removes liquid which remains on the surface of the object.

17. A vapor drying composition comprising,

being different from a cleaning agent, being compatible with
said cleaning agent, having a latent heat vaporation of 100cal/g
or less, and having a boiling point of ‘from 50°C to 150°C,
: .wherein a method of cleaning an objact comprises the steps
oI

(a) a first step of cleaning an object with said cleaning
agent, and

(b) a second step of drying the object by use of said vapor
diyzng treatment after it goes through the first step of
cleaning.

18. A vapor drying composition as claimed in claim 17, further
comprising, said composition is compatible with said cleaning
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agent in a vapor drying treatment.

19. A vapor drying composition comprising, :

being different from a cleaning agent, being compatible with
said cleaning agent, having a latent heat vaporation of 100cal/g
or less, and having a boiling point of from 50°C to 150°C,

wherein a method of cleaning an object comprises the steps
of:

(a) a first step of cleaning an object with a mixture
containing a base cleaning agent and a cleaning power promoting
agent, . '

(b) a second step of cleaning the object with the base

cleaning agent alone, and : .

. (¢) a third step of drying the objact by use of a vapor
d{ying treatment after it goes through the second step of

cleaning. : :

20. A vapor drying camposition'as claimed in claim 19, further
comprising, said composition is compatible with said cleaning

agent in a vapor drying treatment.
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'CLEANING METHOD AND CLEANING APPARATUS
Abstract '

An object to be cleéned is cleaned with an cleaning
aéent which mixes a base cleaning agent such as
silicon-conﬁéining cleaning agent or an isoparaffin containing
cleaning agent with a surfactant or a hydréphilic solvent to
promote the cleaning power. The object is rinsed with the
base cleaning agent alon§ 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 réc?cled,
improving economy in the case with the use of two or more
cleaning agénts in combination. The excellent properties of
degreasing and dewatering, comparable to those of flon.gystem,
can be obtained using a mixture of silic§n-containing or
isoparaffin-containing cleaning agents with surfactants and

hydrophilic solvents and maintaining safety in environment.

FIGURE 1
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