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Cleaning Method and Cléaning Apparatus

The presént inGéﬂtion relates to a cleaning method and a
cleaning apparatus using,hon-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
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 *eduction of their use the
world over and it is expected that the flons will be totally

banned in the not too dlstané future. Chlor;ne-conta:.m.ng
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organic solvents such as trichloroethylene and
tetrachloroethylene also are blamed for environmental problems
such as contamination of soilékand underground waters and the.
restrains of their use have been more stringent with the
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

PR

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 usg for the dewatering cleaning

4
purpose, their specific gravity is greater comparatively,

- 7
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resulting in the outcome that not only oils but also water
rise to the surface of the cleaning agent and are separated
from the cleaning agent while c%ey remain as they are
contacted each other. Once they are contacted in thaﬁ way,
the oils and waters are hard to separate. Since they shduld -
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 épeaking, of the conventional type cleaning
agents including dewatering cleanin§ agents, those containing
organic solvents such as flon have a drawback that they are.
blam;d 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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satisfactory effects are missing. On the other hand, the
conventional cleaning methods and systems haQe a drawback that
recycling of cleaning agents #nd the disposal of removed
waters and stain substance are a hard job. Further, under
these methods and éystems, 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 poséible 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 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 clégned with a mixture of base
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cleaning agent with cleaning power promoting agent and the
second cleaning step wherein the object is cleaned with the
base cleaning agent alone aftdr it goes through the first |
cleaning step.

Specific examples of cleaning agent for use in the first
cleaning step of the present.invention include dewatering
cleaning agent capable of separating waters and degreasing
cleaning agent intended for use in removing-oil stains.
Specific examples of base cleaning agent as used herein
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.

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 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—4——Si—R
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(wherein R is a hydrocarbon group of single valence

substi;uted by the same or different group or unsubstituted

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

polydiorganosiloxane represented by the general formula:
. )

[ e)
Al

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

R iﬁ the above-mentioned general formulae (I) and (II)
is a substituted or unsubstituted hydrocarbon group of single
vaience, 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
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hydrocarbon group ¢f single valence such as trifluoromethyl

group, but a methyl group is most preferable in order to keep .

the system stable and volatiliéy continuing for a certain
period of time. Of the above-mentioned low molecular weight
polyorganosiloxane, those having the cyclic structure are
preferable, and octamethylcyclotrisiloxane,
decamethylcyclopentasiloxane and mixture thereof are
especially well suited.

By choosing the desired molecular structure of the
above-mentioned low molecular weight polyorganosiloxane, its
cleaning agent can be 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 liquid .wastes are. carried out with
ease.

As the above-mentioned isoparaffin;containing cleaning
agent, compositions substantially comprising volatile
isoparaffins having from 1 to 30 carbon atoms can be mentioned
and particularly isoparaffins chiefly comprising (,;-C;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-medgioned volatile isoparaffins.
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These isoparaffins are volatile, harmles$ and odorless,
achieving substantially as good effects as the above-mentioned
low molecular weight polyorganoskloxane.

Further, silicon-cdnt&ining and isoparaffin-containing
cleaning agents which are mentioned as the base cleaning agent
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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be mentioned. There are also mentioned the synthetic
compounds which are derived from the abovementioned compoundé'
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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integer of from O to 10, satisfying the formula n+p 1) is
especially well suited for in the case where an
isoparaffin-containing cleaning agent is used as a base
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 cleanlng agent
is intended for use as the base cleaning agent, Lt 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 ad&ed 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

-
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surfactant if required by the subsequent stepes. Further, the
base cleaning agent in the first cleaning step need not be
necessarily identical to its cgﬁnterpart 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 th; first
cleaning step and an isoparaffin-containing cleaning agent in
the second cleaning step.

Base cleaning agents and cleaning pqwer.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 result}ng mixture is intended for use as a degreasing
cleaning agent. If the mixture should be used as a dewatering
| cleaning égent, preferably éo 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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50000 parts by weight or less, more preferably 10000 parts by,

weight or less of them with 100 parts of a base cleanlng
5
agent, when the resulting mixture is intended for use as a

degreasiné cleaning agent. If as a dewatering Cleaning agent,

preferably 100 parts by weight or less, more pPreferably 50
parts by weight or less of a2 hydrophilic solvent are mixed
with 100 parts by weight of a base cleaning agent.

" In the cleaning method of the present.invention, the
above-mentioned cleaning stepes are over with the drying
treatment thereafter. In this drying treatment, the
sufficient drying effects can be obtained with a hot air of
comparatively low temperature such as 60°C or lower. Said
drying by means of the hot air can be replaced by that of
steam with a steaming cleaning agent such as isopropyl alcohol

(hereinafter referred to as "IPA" for short). Drying by steam

.gives a better finishing touch and is well suited for fine

cleaning. The present invention may be applied t; metals,
ceramics, plastics and the like; more specifically, metal
parts, surface-treated parts, electronic and semiconductor
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 invgnpion_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 compriging the step of
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cleaning an object to be cleaned with a mikture of base

cleaning aéent and cléaning powder promoting agent and the
step of steam drying the objecg}after it goes through the
earlier cleaning processes. Again, if combined with steam
cleaning, all cleaning operations may as well be done w;;h 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 cléaning 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 presént 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 Second means
for cleaning with the base cleaning agent alone. The second
means for cleaning is followed by means for drying such as hot
- air 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 féaéible. The so recovered base
cleaning agent is resupplied by recycling means to the first
and ;econd means for cleaning.

The second cleaning appifatus wherein waters and oil

stains are cleaned off objects to be cleaned is characterized

- ——
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by comprising means for cleaning with a cleaning agent of
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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cleaning apparatus used in one example of the present i
invention. Briefly, the cleaning apparatus shown herein is
comprised of a process A fog'cleaning and water substitution,
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 oserflowing and a dewatering vessel 3 in the first process
A for cleaning and water substitution.

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

there should be per set can find a solution in substantially

the same way. -

In this example} sets of 2 vessels each are used, and the

first and second cleaning vessels 1 and 2 communicate w;th

each other via the drain line 2a and the overflow line 2b
These cleaning vessels are operated in combination with
uitrasonic wave, oscillation, mechanized stirring, heating of
Cleaning agent, brushing pqocess'and the-like in order to

increase the cleaning power, as need arises.

N
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The above-mentioned first and second cleaning vessels 1

and 2 respectively contain a dewatering cleaning agent Dl

which mixes a base cleaning aéént 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 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 allowe@ 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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solids, water particlé$ and insoluble substari¢es from the
cleaning égent D, and then the cleaning agent D, returns to the h
second cleaning wvessel 2. The cléaning agent D; is thus

purified at all times by its circulation via the filter 6,

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
above-mentioned filter 6. Various types of filter can be ?
chosen for the filter 6 depending upon stains to be eliminated
and/or liquids to be dewatered, but preferably it is a
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
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 contaihs the
cleaning agent D, compromisiﬁg the base cleaning agent only
which is same as used in above;mentioned first process A.

Specific examples mentioned of non-water system cleaning agent
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used in the above-mentioned first process A are applied to the

base cleaning agent used here. This cleaning agent D, is
.designed to have specific qrabity 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 precigitated
and separated in the lowermost part of ﬁhe 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
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 1l1.

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 che
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 cleaning agent D, collected in the dewatering vessel 3 is _

2

also sent to the cleaning ageni recycling mechanism C at
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
point. The waters and the like left at distiller 15 are sent
to the decanter 16 for further separation. The waters and the
like may be separated and removed by a coalescer as
preparatory step before they are sent to the distiller 15.

As used in the above-mentioned cleaning system, the

dewatering cleaning agent D, is a mixture of the cleaning agent

D, which is the base cleaning agent by itself with a surfactant

and a repurified base cleaning agent or. a repurified cleaning
agent D, caﬁ_be obtained by the extraction of both soiled
cleaning agents D, and D,. Except for the so repurified
CIéaning agent D,, all extracted ingredients such as surfactant
and water are discarded. The repurified cleaning agent D, is
forwarded through the line 17 into the showering-rinsing
vessel 8,  the third'cleaning vessel 7 or the mixer 18 whi;h is

*

the supplier of the cleaning agent D, to the second cleaning
vVesskl 2.
In the showering-rinsing vessel 8, showering cleaning is

Conducted only with the impudity-free cleaning agent D,, with
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the supply of above-mentioned repurified cleaning agent D, or a

completely new cleaning agent D, sent from the cleaning agent
supply line 19. 1In the mixer {8, the repurified or a brand
new cleaning agent D, is mixed with é new surfactant supplied
from the surfactant supply line 20 or an cleaning agentl
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-rinéing vessel 8 in
order to finalize its surface burification and dewatering by
undergoing showering and rinsing with the impurity-free
Cleaning agent D, alcne.

This is followed by theydrying treatment by a hot air

dryer which is not illustrated herein to complete all of the

This Sheet Has Been Reﬁlaced

(D




oo esT

LN RN
4NN
-

cle&ning processes. Incidentally, the hot air drying may be
replaced by steam drying (cleaning) with IPA and the like. '

Now, the present inventgrs took note of the fact that
steam cleaning can achieve excellent effects in this system if
due consideration is given to the following points: ;amely,
(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 moleéules 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 forwaéd 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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earlier process by 5 folds or less. When the difference of
évaporatidn latent heat is larger than § folds, one.e&aporates
much faster than another, leavingbthe 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. 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 objéét 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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Meanwhile, silicon-containing cleaning agents and

. 3 > : - . ‘.
isoparaffin-containing cleaning agents are used in the process

for rinsing cleaning of the ﬁ%esent invention.
Silicon-conéaining 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
“heat=161 cal/g and boiling point=82°C) is found satisfying all
of the points (1) to (3{ and evidently well suited as a steam
cleaning agent after the cleaning 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 conditions. 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: |
.. &

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

ONEROON

CFJI ' CFJ'

——
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{wherein g and s are any integers) can be used therefor.

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

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
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
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 accthable 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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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. aa‘;merx 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 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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So far, the above cleaning system has been described with
chief emphasis placed on dewatering cleaning but it can alsox
be applied to degréasinq clegﬁing 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
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
'irregularities in dewatering and have the much iﬁproved
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

. —

et Has Been Re‘laced

T



,r [ X ] [ X R
cr

n
E ]

'] e e e

PR LT Y
”
LXK N IRl
easnn
L B Bl
L.
)

[

. . - ° o eee

the cleaning system to discard them efficiently and each )
independently. Their separation complete, waters and oils arei
respectively disposed of by me;ns 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 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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reference to the other example. Fig. 2 is a diagram showing
the construction of a cleaning apparatﬁs used in the other
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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22 continuingly.

The cleaning agent DJ; either contained respectively in
the first and second cleaninq}vessels 21 and 22 or brought
into the dewatering vessel 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
the first process D described above. Below the
showering-rinsing vessel 27, thefe is a buffer tank 28, while
this butter tank 28 and the third cleaning vessel 26 are
respectively ;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
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solids, insoluble substances and the like from the cleaning

agent D,.
bu °
In the third drying process F, there is a steam cleaning

(drying) vessel 30. This stzam cleaning vessel 30 contains
the steam cleaning agent 31 which is a liquid of, for e;ample
IPA, perfluoro compound or mixture thereof as above described
and the steam cleaning agent 31 is heated Sy 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 degreasing 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
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mixture of 50 parts by weight of volatile isoparaffin (SP
value=7) and 50 parts by weight of diethylene glycol
monobutylether 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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SP Value| Evaporation |Boiling Point

s Latent Heat

" (cal/qg) {°C)
Cs Fig - : 5 20 97
T re— -

!Fl . 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-mounted board, SP value=approximately 10)
were cleaned with these cleaning agents. The ultrasonic wave
cleaning was implemented at 45°C for 3 minutes and then the
rinsiné &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
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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the naked eye and microscopically, making an examination for
the preseﬁde of stains having the ﬁajor axis of 0.05 mm or '
more. The practical usefulness Pas 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 Tablle 1.

(The rest of the space kept in blank)
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St 1 i \ iti Part Results of cleaning
Cleaning com- Rinsing comp- eam cleaning composition (Parts by weight)
Pa- il Par- .
E?::tt);“wfzfght) z: byo::lég;t) Oother | Octamethy- |Hlexameth-|perfluorojbDrying |Ion reside Appeara-~{Useful.-
?rgan- lcytlzior.et- yldisilo-|compounds|time || (ng NaCl l.uée {wh- ezsl((j;l_
c so- | rasiloxane |xane ite res-Jobal ju-
IPA|)vents (secondy /1n2) ide) dgement)
Examp-| Octamethylcycl—~ N
le | |otetrasiloxane ' 100 _ — —_— - 45 7 None @
50
plethylene . [-F_l
Examp- 1 1 0"~ C4F4
le 2 |9lYco _ 0.5 1.5 19 6 None
monobutylether
50 —_— — 98 | ©
Examp-| volatile Dctamethyleyel- Acetone CaFis
le 3 |tsoparaftin utetrasl.{oxﬁ:e —— 1 — 20 nq 18 5 None @
50 —[_] .
Htl::a':p- pDiethylene ' H0 Acetone . 30 'l; CaFq | None @
2 blt leth — : — b ~ :
Examp-| monobutylether | - -
T i T — [ —om e[ 5 | ® | @
eramp- Octamethylcycl- . _ F |
le 6 |otetrasiloxane . CaFq 19 None @noo'\.
50 — - - — 109 1
Examp-lpiethyl e
le 7 gl;c2¥ ene — —_— — J— —_— 35 8 None @ 4
Examp- monobutylether X . ::, :
le 8 50 (Dried by 50°C warm wind) 125 6 None Q™"
| Octamethylcycl- ) IFI "
______'_'_-.:'1 compa- otetrasiloxane IPA 0 CeFy A lot
=, (|[cative 50 100 — — — —_ of dry N
%g‘ axamp- , blots ;oo-vﬂ
=it | oiveot o o | e g
— monobutylether 1 piaddl
_g?ﬁ? - 50 ' ' . -
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As evident from Table 1, th sufficient degreasing
cleaning power was obtained and‘steam cleaning (drying) alsé
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_apbarently 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

HIIIIH M



EEEE!
-
TIna

w .
SN
Il Batin Bal

the following formula:

The rate of water removal= (B-A)/B x 100
(wherein A is the value (g9) of &he quantitative analysis
according to the Karl Fischer method and B is the value (g) of
the quantitative analysis after the blank test (excluding the
process in which the testing sample was thrown into water)).

Further, the post-drying appearance was evaluated

according to the following standard:
X ¢ dried blobs visible with the naked eye.
QO : dried blobs 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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Table 2 * (Global judgement)
Dewatering Steam cleaning composition Results of cleaning
composition (Parts by weight)
(Parts by . :
weight). Other Octamethylcyc-|llexamet-|Perflu-|Appearan-|Rate of|Usefuln-
I1PA |organic [lo tetrasilox-|hyl dis-{oro co-{ce after |water %|ess
solvents|ane loxane mpounds |cleaning }removal (*)
Example{Octamethylc-| ___ . . . .
9 yclo tetras- () 99.3 (:)
iloxanel
99.5,
wt
Example|Diethylene 0.5 — 2.0 — CaF . 99.3
10 |glycol 818 © - 0,
monobutylet 97.5 K
her -
0.5 n"
Example|Volatile Acetone QiLC-F N
11 isoparaffin | _ 0.5 2.0 _ LAk 99.1 @ i
99.0 97.5 3l~
Example}Sodium CaFip
12 stearate - . - _ ()
Compar-|{Flon 113/ Flon 113/ .
tive surfactant surfactant o "
Example|system — - system - - C) 99.1 (:)
3 100 100
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As evident from Table 2, the sufficient dewatering
effect was obtained in each of thé Examples without the | "
specific need for rinsing clean%hg.

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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Table 3

*1 (/0.5 in2)

Cleaning Steam cleaning composition Results of cleaning
cemposition (Parts by welght)
Other Octamethyl-|pDecamethyl~|Perflu-|Appearan-]Amount of|Usefu-
IPA |organic |cyclotetra-|cyclokisil-|oro co-|ce after |remaining}lness
solvents|siloxane oxane mpounds|cleaning [dusts *1 .
Example|Octamethylc~| 100 — — . o
13 yclo tetras- @ 15 @
iloxane
100
Example ___ |Acetone 3 . + 3 12 ©)
4.4 0.1
* 96-9 . -~ -
o
Example Volatile I XX
15 isoparaffin | ___ — — L L0)“:*';" @ 13 @’n
100 ‘1 100 n*w
Conpar-|Flon 113° Flon 113 (:) ‘:
tive E- — — — ©
xampled 100 100 100 20 S
Y.
Compar- IFl A part of .
tive @Catﬁq 0 Cal9|grinding 1ead
Example] © — —_— — - materials 150 A
5 100 100 remained

*2 (Global Jjudgement.)

“3 CF, ;[.(ogl:FCanl—“—(ocrzja-)- OCF,
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As evident from Table 3, the sufficient particlé control
was found achieved in eéch 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 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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Table 4 bt
Organic Volatil-}{Ker-|Other |Flon 113/eh-|Drying fon resi-|Appearan- |0il clea-
solvents e isopa-|osi-]|hydroc-|tanol azeot-}tLime due (pgNafce (Whit- [ning time
- caffin ne arbons |rope system |(second){Cl /in2) |e residue) (second)
Example |Ethyl 98 . — - _— 10 11 92
16 alcohol ©
2
Example |Diethylen-}
17 e glycol m 50 — — — 180 9 60
onobutyle- @
ther 50
Example |d-Limonene
18 30 60 — — —_— 120 7 45 -
Ethyl alc- : @
ohol 10
Example |a-Plnene . '
- 19 3o 60 - — — 130 5 @ 40
-, IPA 10 _
. {Compara- . _ . IR S
Jtive ex-| __ ___ 100 | __ . 820 40 X T 150 |-
ample 6 : Y
Compara- — — —_ |1sopro- -
tive ex- pyl be- >2,000 12 X - 166 _J}..
ample 7 : nzene - -
100 % O
: | Compara-|Ethyl , Deamyl - KX R
= | |tive ex-|alcohol — —_ |benzene — >2,000 | 14 O 135 ~_|>
——& | |ample 8 2 ' 98 '
mee= £ | [|Tompara-|DieEhylen- n-Deca- _
——1 i ftive ex-le glycol, — __ |ne — 630 15 X 162 -~ | »
—— | [ample 9 monobutyl - 70 i
= | ether 30 : .
===2% . [Compara-| - sofean
— ' tive ex- . . . _ 100 20 11 - 60
="§- l\ ample 10 @ .
. [¢]
&
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As evident from Table 4, hot air drying could be brought

to completion within a short span of time in the case of
cleaning with an agent containgkg the isoparaffin as the chief
ingredient, followed by 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
components (white residue) to be swept away.

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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Table S

Solvents used in the
waste-removal process

Appearance after
cleaning

Amount of remyining
dusts (/0.5in”)

Example Volatile inparaffin (:) 100
20
Comparative Kerosine Slow drying, 1nci; 720
example 11 ' dence of dry
blots

X
Comparative Isopropylbenzene Drying incomplete 2,000
example 12 even in 30 minutes
i X
Comparative Diamylbenzene 2,600
example 13 : ' . X
Comparative n-Decane 350
example 14

O
Comparative Flon 113/ethanol 90

example 15

azeotrope system
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As evident from Table 5, the volatile isoparaffin in

terms of finishing cleaning achiéved the sufficient cleaning E

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

without causing post-cleaning dried blobs or dusts. On the

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

low dryness, 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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Cleaning process (composition, parts by weight) Rinsing Stream Results of evaluation
. ) process Drying :
Volatil- Organ- Ker-| Isopro-|diam-| n- Fron 113 Process iprying Apearanc-
e lsopa- icsol- osi-| pyl be-|lybe-} hec- /ethanol time Ion resldug | ") e
raffin vents ne nzene nzene| ane [a%eotrope ‘ (second) (nghaCl/in®) residue)
. . system -
Examp- Ethanol —_— _._ —_— — —_— Volatile C.F : '
le 21 98 2 . . isoparaffin 818 20 9 None
Examp- — — — —_— —_— .
le 22 96 Ethan(‘)l e T CeF14 - 15 6 None
Examp pDlethylene .
- lycol mon-~
le 23 70 gbxtylether —_— —_— —_— —_— —_— 1\ N(CqFg)y 17 7 Hone
. 30 .
Diethylene |‘:)* R
Examp- glycol mon- . . L
le 2‘: obutylether | . -_— -_— —_— 1\ Calu\ 15 8 Nonq,,
__ 3 30 th s,
e——
= ||oepa-
—-———¢l° [ative . "'-.Qq
—__——'s.;,: oxamp- 50 50 . . . L Kerosine . IPA . 60 21 None 1
—a lg 16 i . * . Aan=~n
Ew CONPB" . ) . 1949 .
=2 racivel ___ - — —_— — —_— Isopropyl . |ory: blobs
=% i:a“-‘!;.'-! 70 30 bensene IPA 82 15 pres'etlt
——, (Compa-
§ [at‘.ve —— —— e———— — PR D‘amyl_ DrY\ blobs
o examl;al 20 80 benzena IPA 94 31 present’’
Cgﬁﬁs' : - » "
rative — —_— —— — —_— S Dry; D16b3
examp- 100 n-Decane IPA 45 38 presenc
le._12 : : :
(ompa- -~
rative —-— — — N — — — €— ) cr
examp-l ] 100 ¢ 25 9 - wony
e 20 NEEEL




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 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 beeringe 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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- Table 7
Cleaning process (composition of cleaning agent, parts by weight) Result of evaluation
Steam
zleanin
Volatile | Polyoxyet-' | Polyoxyethy- | Kex-|Isopro-| niam~ | n- ‘Flonll3/ ;rg?::;s:sg Appeax- | Ratio of
lsopara- | hylene ol- | lene butylp-~ |osi-|pyl be-| ylbe~ | Dec- surfact- ance water re-
fEin eylether henyl ether |ne. |nzene nzene | ane ant system moval
Examp-
le 25| 99,5 0.5 . I R R . CeFyq O 99.3
Examp- '
le 26 | 99.5 . 0.5 I D S L CgFyg © 99.4
Examp-
!ne 21| 99.0 . 1.0 I D R . *3 © 99.6
lompa- Waters
ratlve - remaining
examp- - .
:ompa—l v,
ratlive - e
axaimp-
la 2(2) — 0-5 — ' — 99'5 — — — C6F14 x 91 .an
(compa- IFI ' -
tal’.lvei 0 C4F9 T8
el | o R I I - x | 8 (L
SiCompa-
==rativ ]
e x a10p- N '
—gle 24 — — 0.5 —_— — . 99.5 — C8F18 X 96
— afanns
: — ompa- *
Wlcative _ .
== lexamp- 100 9.2 >n
—g le 25 - I — -_— - _ _ <‘_ @ 9 : : :
[— =& ene
—_— ] aon
g ) Tt
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Examples 28 to 29:

Using the finishing and steam cleaning agents listed in

; 5
* . 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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Table 0
waste removal Steam cleaning Appearance| Amount ofzremalning
process process dusts /in

Example Volatile qp\ ®

28 igoparaffin C4F9 15
Examplg Volatile | CF 3~ (OCFCF 5)5—(OCF,), JOCF4 _

29 isoparaffin 18

CF, O

Compara- F
tiva ex-| Kerosine C,F 220
ample 26 ' 3 O
Compara-] Isopropyl CF 3~ (OCFCF ,3=—(OCF, ), JOCF ‘o s
tive ex- benzene . : 340 >
ample 27 CF, () N
Compara-
tive ix-] Diamylbenzene C.F ' 250 Pl
ample 28 614 O R I
Compara- (;1\ . S L
tive ex~-| n-Decane C,.F 180 )
ample 29 3 C)
Compara-| Flon 113
tive ex- (ethanol A C) 32
ample 30] azeotrope system) L PR




Example 30:

A mixture of 50 parts by yeight of hexamethyldisiloxane
(SP value=7) and 50 parts by wéight of ethanol (SP value =l3)
was prepared as the cleaning agent in the firsﬁ cleaning
process and the octamethylcyclotetrasiloxane was used aslthe
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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in combination with ultrasonic wave, fbllowed by steam
cleaning with the same agent.

In the infrared absorbiné analysis with the so cleaned
steel plate, a peak ascribed to silicon was not observed,

)
resulting in the finding of the non-presence of silicon

residues.
Industrial Applicability:
The excellent properties of degreasing cleaning, water
substituting and drying, comparable to those of conventional
flon-containing cleaning .agents, are obtained by the cleaning
method of the present invention, unaccompanied by the
possibility of environmental destruction and contamination
and, therefore, the cleaning method is useful as a replacement
of the other one by the use of highly controversial
flon-containing solvents. Further, under the 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'cieaned'are disposed of

efficiently, both contributing much to the saving of materials

relating to cleaning;
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1. A method of cleaning an cbject comprising the steps of: -,
(a) a first step of cleaning an object with a cleaning
agent,

o 5 _
(r) a second step of drying the objéct by use of -a vapor
drying treatment after it goes through the first step of
cleaning, : o :
wherein said drying is conducted 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 S0°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:

¢ _ T

(I1)
eet Has Been Replaced
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: 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 qyclo oclefin.
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4. A method as claimed in claif 1, - e
wherein said object is at leust ‘one $&lected from the group

consisting of a métallic part, a ceramié 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,

&
-
rs
t coe
L}
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. a precision machinery part and an industrial part.

B N

5
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 1540°C.

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: '

T T ? -
R - R R

and
a cyclic polyorganosiloxane represented by the formula:
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wherein R in each formula i a substituted or unsubstituted
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hydrocarbon group, 1 is an Lnteger-fré ‘0°
integer of from 3 to 7,
wherein said aliphatlc hydrocarbon cleaning agent comprises
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at least one agent selected from the group consisting of a :

volatile isoparaffin having ¢ to 30 carbon atoms, a volatile
normal paraffin and a volatile cgclo 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 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 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 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
dfylng treatment after it goes through the first step of
cleaning.

18. A vapor drying comppsition as claimed in c¢laim 17, fuxther
comprising, said composition is compatible with said cleaning

+
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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 methdéd of cleaning® an object comprises the steps
oft - '

(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

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