CLEANING COMPOSITIONS

Background of the Invention

1. Field of the Invention
This invention relates to cleaning '‘compositions which will
replace cleaning agents containing an organic solvent including

flon and the like.
2. Description of the Related Art

In manufacturing various parts such as metal parts, plated

"and coated parts, and electronic and semiconductor parts, flon

cbntéiﬁing solvents such as fion 113, and organic solvents sucﬁ
aé t?ichloroephane, trichlorethylene, tetrachloroethylene, and
carbon tetrachloride are widely used as cleaning agents for
eliminating oil stains and the like.

The above organic solvent containing cleaning agents afe
also used as dewatering cleaning agents after having washed
various parts with water in order to avoid the following problems

that are associated with direct drying of water present on an

"object to be cleaned:

(1) Heating (100°C or more) which entails enérgy loss;
(2) Reducing in prqduqtivity due to time taken in drying;
(3) Likely deformation of the object to be cleaned due to
heating (thermal expansion that exceeds the tolefance);.
and
(4).-Increase.in space for instailing a cleaning system
including a-eooler and a héat shielding unit.

The term "dewatering cleaning agent” is used herein to
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denote a cleaning agent into which an object to be cleaned, which
has been washed with water, is immersed or with which the object
is rinsed by shower thereby to have water present on the object
substituted - by itself and then vaporized by air at room
temperature or heated to 60°C or less so that the object can be
dried.

However, ever since it has been found that the destruction
of the ozone layer by discharge of flon affects seriously the
human body_and the ecological system, the use of flons such as
flon 12 and flon 113 whose ozone destruction coefficients are
~high is on the gradual decline on a global scale for an eventual
_total ban.’

Stricter regulations are imposed also on chlorine containing
erganic solvents such  as trichloroethylene and.
tetrachloroethylene which are presumed to induce soil and
underwater contaminations and the like.

Flons whose ozone destruction cocefficients are lower than
'the currently used flon containing solvents are being developed,
some -of which are under fabrication on a commercial basis.
However, these new developments are not so welcome because they
still are destroyers of the ozone layer.

What gradually attracfs attention as a feplacement for the
above organic solvents is a surfactant-based water system
cleaning agent which is free from env{ronmental destruction and
contamination. However, cleaning agents eontaininé only
surfactants are not satisfactoty in benetrability, thereby not
cleaning, e.g., stains penetrated into narrow portions and medium

to high viscous, persistently sticky oil stains.

This Sheet Has Been Replaced



Japanese Patent Publication No. 50463/1988 discloses a
method of cleaning woven materials by using silicone containing
compounds, Accbrding to the disclosure, a 1liquid cleaning

composition containing an effective amount of cyclic siloxane

having 4 to 6 silicon atoms is uséd.. However, the liquid

cleaning compositions including the above silicone containing
compound are not suitable for use not only in general industrial

products due to their being specifically prepared for woven

materials, but also in systems using water (hereindfter referred

. to as "water system") due to their being based on a single cyclic

8iloxane or the mixture of a cyclic siloxane and an organic

solvent. Further, such compositions are not so dispersive in
water that the addition of a surfactant thereto doeé not assist
in blending them homégeneously, thereby causing phase separation
immediately. Thus, they are not adapted for use as water system

cleaning agents.

On the other hand, Japanese Patent Laid Open No. 56203/1978

‘recites an aerosol aqueous cleaning composition containing a
chain.polydim_ethylsil.oxane having 2 to 3 silicon atoms in a
single molucular. Since its content is limited to about 0.02 to
O.i wt.%, nb such ﬁdvantage as improving the. cleaning property
of water systém cleaning cbhpositions is disclosed.

Under -such circumstances, the develbpment of hiéh-
performanée water system cleaning agénts'free.from environmental
problems is strongly called for. | _ |

In the meantime, the use of lower alcohols such as 1sopropyl
alcohol is under study for a new.development that can replace

the above-mentioned organic solvents for dewatering. However,
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isopropyl alcohol has a flash point of 11.7°C, which is lower
than room temperature, and this involves scme danger of fires
under ordinary handling conditions. In addition, isopropyl,
alcohol is highly compatible with water, so that the initial
dewatering property is ensured, but its repetitive use causes
dissolved water to be present again. .As a result its dewatering
property will be impaired on a long-term basis. To refine
isopropyl alcohol for reuse by removing water from the water
contalnlng isopropyl alcohol a tremendous equipment investment
is required. That isopropyl alcohol is toxin to the human body

is another factor that tends to keep it .from uSLng

The use of hydrocarbon and higher alcohols which have hlgher'f??.

flash points than room temperature allows a comparatlvely easy
removal of water, but their low volatility prevents'drylng-
"themselves at low temperatares, e.g;; 60°C or less, thereby.
.making_them unsuitable for applications to dewatering'cleaning
agents. -

Therefore, an object of the lnventlon is to- provide water -

' system . cleaning compos;tlons which have cleaning capablllty-:
equivalent to that of orqanlc solvent contalnlng cleanlng agents
'lncludlng such as flon .and whlch are stable as water system
cleaning - agents and free from. envzronmental destructlon and
contamination.

Another object of the invehtidn.ls to provide dewatering
coﬁpositions which have the substituting_ano:drying properties
equivalent to those of organic solvent containing dewatéring
cleaning agents, which have-feW'risks of fires and which are;free

-from environmental destruction.
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Summary of the Invention
A cleaning agent composition.of the invention comprises.at
least one low molecular weight polyorganosiloxane selected from
the group consisting of straight chain polydiorganosiloxane |
represented by a general formula: ' |
_ "

R! —si

Rl

see 200 s (I)

(wherein R' is an organic group of single valence substituted by
the same or different group or unsubstituted, and 1 is an integer

from 0 to 5), and cyclic pdlydiorganosiloxane represented by a

general formula:

R
~-Si—0
I

\. Rlll /m L eee eee e (II)

(wherein R! is an organic group of single valence -substituted by
the same of different group of unsubstituted, and m is an integer
from 3 to 7). .

Each of such low molecular. weight- polyorganosiloxanes
exhibits powerful penetrability to stains and satisfactory
substituting property with water alone, making itself a feature
component of the invention. Reference character R! in formulas
(I) and (II) denotes a substituted or unsubstitqted organic group
of single valence including: a siﬁgle-valence unsubstituted
hydrocarbon group such as an alkyl group such as a methyl group,
an ethyl group, a propyl group, and a butyl group and a phenyl

group; and a single-valence substituted hydrocarbon group such
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as a triflﬁdromethyl group. As the R' which is placed-at an end
of formula (I), an amino gréup,.an amide group, an acrylic acid
ester group, and a mercaptan group are.typical organic groups;
_howevef,'the methyl group is most preferable from the viewpoint
of stability, and maintainability of volatility, and the like;

The cleaning compositions of the invention may roughly be-
classified into two groups: a water system cleaning agent and a
dewatering cleaning agent.

-For use as a water system cleaning agent, suitable low
‘molecular weight polyorganosiloxanes , include:
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxané and
mixtures thereof, each having a cyclic structure; and
octamethyltrlslloxane and decamethyltetrasiloxane, each having
a straight chain structure, from the viewpoint of penetrability
and cleaning capability. In regions whére the water systém
cleaning composition has a étrong alkaline property from the
viewpoint of stability of polysiloxane, the low molecular weight
polyorganosiloxane having a straight chain structure which is
represeﬂted'byuforﬁula (I) is preferable. _

.For use as a dewatering cleéning agent, low molecular weight
polyorganosiloxanes having a cyclic structure are preferable
from the viewpoint of substituting property with water and
penetrability and the 1like, 6Etamethylcyclotetrasiloxane,'
decamethylcyclopentasiloxane, and mixtures thereof are more
preferable.

A case in whicﬁ thé cleaning comﬁositions of the invention
are used as water system cleaning agents will now be described.

Although the low molecular weight polyorganosiloxaneé
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répresented by formulas (I) and (II) exhibit powerful
penetrability to stains, each composition is not compatible with

' Qater.singly nor is it soluble and stably dispersive in water so
that it is likely ﬁo have phase separation in water. That is,
it is proposed to use them in combination with polyoxyalkylene
group containing polyorganosiloxane. having in a single molecule

at least one siloxy unit represented by a general formula:

A - ' | . ese ess sse a
-fwherein R? is an alkyl- or phenyl group and A is a
. polyoxyalkylene group). As a result of such use in combination,
the low molecular weight polyorganosiloxanes, providing stable
dispersion in water, exhibit strong penetrability to stains. In
addition, the use of a surfactant in combination with the
compositions may improve their cleaning property.

Thus, preferable compositions for a water system cleaning
‘agent of the invention contain the low moleculér weight
polyorganosiloxane represented by formula (I) or (II1); the
-polyoxyalkylene group containing polyorganosiloxane having at
least one siloxy unit represented by formula (I1I) in a single
molecular; a surfactant; and water.

The polyoxyalkylene group containing polyorganosiloxane
exhibits affinity.for water owing to its polyoxyalkylene group
bonded with the silicon atom,_thus not only beiné a componént for
a stable water system dispersed-solution or aqueous solution but
also acting as an agent for eliminating stains by penetrating

into the interface between the stains and a substrate which is
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made of, e.g, a metal and which has the stains deposited thereon,
and as an antifoaming agent as well.

Such a polyoxyalkylene group containing polyorganosiloxane
can be prepared by hydrosilyl group containing polyorganosiloxane
and a polyoxyalkylene compound having.au-unsaturated group at -the
end.to interact with each other  for. addition under the presence
of a platinum containing catalyzer.

An example of the polyoxyalkyleme group deuoﬁed by reference
oharacter,A in formula (III) is, e.g., a single-valence group
represented by the formula: |

—R3 -—(—O—R‘——)n —"—ORS . ees o050 oo ) (IV)

(wherein R’ is a two-valance group selected from the group _

consistihg of an alkylene group having,from 1 to 8 carbon atoms,
a ﬁ -hydroxypropyleneoxyalkylene group and -a polymethylene
oxyalkyelene group, both having from 4 to 11 carbon atoms; R‘ is

an alkylene group having from 2 to 4 carbon atoms; R’ is an end

group selected from a hydrogen atom and a single-valence organic

‘group; and n is a positive integer).

Siloxane-that forms a main.component of the polyoxyalkyiene
group containing polyorganosiloxéne is not'partioulariy limited.
Tho organic group'rhat is to be bonded with the silicon atom of
the siloxané-is basically'é methyl group, but may also contain
a singlé-valence hydrocarbon groupISuch as on ethyl group, a

propyl group, a butyl group, a phenyl group, or a single-valence

substituted hydrocarbon group such as a trlfluoromethyl group as -

long as the advantages of the lnventlon can remain harmless

therefrom.

Also, the molecular weight of the siloxane is not
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particularly limited nor is that qf a single polyoxyalkylene
group. - Although they are large values, the addition of a
surfactant thereto and the like allows the composition to be made
sufficiently water soluble or stably water dispersive. However,
it is practicaliy preferable to limit the molecular weight of the
single polyokyalkylene group in the,érder of 100 to 5000. For
a polyoxyalkylene chain, it is pfeferable to adjust its
oxyethyleng component to 40 mol % or more in the total
polyoxyalkylene.

While the amount of the polyoxyalkylene group is -noﬁ-

particularly limited, it is mofe prefeiablé.tb limit it_ﬁithip ] 

‘5 mol % or mo#e of the total organic groups bonded with silicon " . .

atoms of the polyoréanosiloxahe from ﬁhe,étandpoint of:system

stability. _
Exemplary polyoxyalkylene group containing

polyorganosiloxanes include:

a chain polysiloxane represented by the:formgla:

CH, CH,
' (CH;)3Si0- ( Si0-), —(?io_ =)q - Si(CH3);
' CHy .
— (CH,);-0-(CHCHO), = —
CH, .

_(CHZ CHO), - 0CH3
(wherein p, q, r, and s are positiéé integers); and

a cyclic polysiloxane represented by_;ﬁé formula:
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. CH, CH,

(8i0-). —-(?iO o M
CH,
(CH;)3~0- (CH,CH,0), H

(wherein t, u, and v are'pOSitiQe integers).

‘The ‘surfactant sefves as a component for dissblving,
emulsifying, and stabilizing the stains removed by the low
molecular weight polyorganosiloxanes or polyoxyalkylene group
containing éolyorganosiloxanes.

Such surfactants can be classified by the activation
chemical structure into the following types: cationic, anionic,
nonionic, amphoteric, and combined types. The invention may be.
applied to all the above types of surfactants. However, to
obtain the advantage from their combination with the
- polyoxyalkylene group containing polyorganosilpxane, it is
preferable to use anionic, nonionic, or amphoteric surfactants.
Particularly, the use of the polyoxyalkylene group containing
polyorganosi;oxane ig combination with either anionic/nonionic.
surfactants or amphoteric/nonionic surfactants provides a
remérkable synergetic effect in improving the cleaning property
and penetrability of the low molecular weight polyorganosiloxanes
or the polyoxyalkylene group coﬁtaining polyorganosiloxanes.

Exemplary suitable surfactants to be .applied to the
invention include= anionic surfactants such as polyoxyalkylene
alkylether sulfonates and phosphoric esters; nonionic surfactants
such as polyalcohol fatty acid esters, polyoxyalkylene fatty acid

esters, and polyoxyalkylene alkylethers; amphoteric surfactants
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. éﬁch as imidézolin derivatives; ahd ca;ionic surfactants such as
alkylamine salts, alkyi quaﬁernary ammonium salts. In addition
thereto, terpene'containing coﬁpounds which are rarely present
in the férm of a éingle substance and extracted from natural
substances as well as higher fatty acid esters maf.also be
applied. It is also possible to use syntﬁetic compounds in which.
part of the chemical structure of each compound is substituted
by a fluoriﬁe or silicon atom.

While the composition ratioc of the above-mentioned
quaternary water system cleaning agent is not particularly
limitéd, it is preferable tb blend 10 to 1000 parts by weight of
a surfactant to 100 parts by weight of the polyoxyalkylene group
containing polyorganosiloxane, and 1000 parts by weight or less
of the low molecular weight polyorganosiloxane to 100 parté by
weight'of a total combination of the above surfactant(s) and the
polyoxyalkylene containing polyorganosiloxane. Too small an
amount of the surfactant reduces the cleaning capabillty, while
too large an amount impairs the penetratbility. Too large an
amount of the “low molecular welght polyorganosiloxane not only
makes the system difficult to disperse but also reduces stability
as a water sysiem composition. A preferable fraction of the:
surfactant is 30 to 706 parts by weight, or, more preferably, 50
to 300 parts by weight, to 100 parts by weight of the
polfoxyalkylene group containing polyorganosiloxane. A more
preferable  fraction . of the low molecular weight
polyorganosiloxane is between 10 and 1000 part by weight. While
the fraction of water,in the quaternary water system cleaning

agent is not particularly limited either, it is preferable to
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héve water 40 wt.% or more or, mofe preferably, 70 to 899.5 wt.%
to the total composition from a stability viewpoint.

By the way, the polyoxyalkylene group containing
polyorganosiloxane having in a single molecule at least one
siloxy unit represented by formula (III) penetrates, as described
above, into the interface between qhe stains and the substrate
made of, e.g., a ﬁetal to which the stains adhere to "peel off"
the stains. Thus, even a tertiary composition consisting of the
polyoxyalkylene group containing polyorganosiloxane, a
surfactant; and ‘water may serve as a viable water system cleaning
fagent. In this case, the. fractions of the quaternary water
~system cleaning agent will apply to the tertiary compqsitibn.

The fractions of the tertiary or quaternary water sysﬁem
éleaning agents may be so designed that the value to be obtained
by a canvas method at room temperature for evaluating
penetrability will be 15 or less, 10 or less, or 5 or less. For
the evaluatioh, the canvas method specified as a fiber/textile
test method by Japanese Industrial Standards (JIS) is adopted.
Since the cleaning property of these water system cleaning agents
depends on the pH v;lue of the solution itself, it is desirable
to adjust the pH value to the alkali region. The pH value is
more preferably be between 8 to 14. |

The tertiary or quaternary cleaning agents can be prepared
easily by blending and stirrihg the above-mentioned
polyoxfalleene group containing polyorganosiloxahe, a

surfactant, water, or further the 1low molecular weight
polyorganosiloxane represented by formula (I) or (II), where

necessary. The use of a known dispersing device will help obtain
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- a water system cleaning agent with ease.

The water system cleaning agents such as described above may
have additives to be applied to ordinary-water-solublé cleaning
agents such as pH modifiers; adsqrbents, solid particles,
synthetic builders, rust preventives, and antistatic agents mixed
as cleaning assistants or post;cleaning added-value improving
agents and the like, depending on the property, amount, adhering

state, cleaning condition, and the like of a stain. ~ Such an

addition may play an important part depending on their

" application.

The water system cleaning agents of the_inventioh maj be
applied t_:d metals, ceramics, plastics, and the like.  More
specifically, they may be applied to metallic pafts, surface
treated parts, electronic and semiconductor parfs, electric and

precision machinery parts, optical parts, glass and ceramic

parts, and the like. An exemplary general-purpose cleaning

process usually involves cleaning of any of the above-described
lparts by sucﬁ a process as ultrasonic process, mechanicgl
stirring and ~ spraying, and thereafter, washing by . water
(préferablyf by pure water or ion-exchanged water), and is
dewafered by drying the part with.heafed air or a like process.
The cleaning composition in which the stain separated from the
part is p;esént is treated by, e.g., separating the gtain thréugh
a filter or the like.and thereafter by beihg subjectedlto a
gené:al waste water treatment process, therebf' allowing the
composition to be unhazardous and'pollution-freé éasily.
According to the water sttem cleaning agent of the

invention : the powerful pen_etrating property of the low molecular
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weight polyorganosiloxane represented by formula (I) or (I1) for

the interface between the stains and the substrate as well as the
cleaning capability of the surfactant(s) to the stains provides
a cleaning performance equivalent fo that of the conventionally
used flon containing 'cleaning agents. The use of the
polyoxyalkylene group containing polyorganosiloxane in
combination with the water system cleaning aéents of the
invention allows satisfactory dispersing property in water. 'In
ad@ition, when applied as a tertiary composition consisting of _
the polybxyalkylené‘group containing polyorganosi;oxane,.ihé

surfactant, and water, the cleaning agent of the inventiop'

exhibits excéllent cleaning property by " the penetratiné-.;-

capability of  the .polybxyalkylehé. group  containing
polyorganosiloxane with respect.tb the stain. Being é wéﬁer-.
system agent, it will bring no risk of énvironmental'destruction
and pollution. Thus, it can be said from the above that the
water system cleaning agent'of the invention cén.be_an attractive
replacement for cleaning agenis based on..organic sdlventgﬁ_
'containing flon and other substances ,vﬁich have considered
hazardouéq | . |

A case in which é cleaning comp6§i£ioﬁ §f‘the in&eht;oﬁ.is
used as a'aewatering cleaning ageﬂt~will'nbw'be_deséribed.

Here, the term "dewatering ageht“"is-only s0 naméd'after
"water," which is a typical liquid:cépable of being substituted '
by the_low'molepular'weight'polyorganosiloxaﬁéé, and the clea@ing:
compositions of the invention may also be used as "liquid
removing" agents-in substituting and_cleanihg liquids'other'tﬁan

water. The applicable liquids may.be those which are insoluble
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or difficult to be dissolved in the low molecular weight
polyorganosiloxanes and whose surface tensions are larger than
those of the low molecular weight polyorganosiloxanes. The
“wéter" to be cleaned may include liquids using water as a
diSpersion medium such as mixtures of water and alcohols and
liquids in which various-substahces_are dissolved. |

The low molecular wéight polyordanosiloxane represehted by
formula (I) or (II) can be, as described pre#iously, substituted
by water alone, thus allowing itself to be easily vaporized and
dried by_ho£ air below 60°C.

Such a dewatering cleaning agent may consist substantially
of the low molecular weight polyorganosiloxane and with it a
satisfactory effect can be obtained. However, its cleaning and.
dewatering properties and the like will bé further improved by
forming it into a composition having the low molecular weight
polyorganosiloxané mixed with a surfactént and/or a hydrophilic
solvent.

The above-mentioned surfactants contribute to improving
particularly the cleaning and dewatering property, and suitable
surfactants to be applied to-the invention includé: anionic
surfactants such as polyoxyalkylene alkylether sulfonates and
phosphoric:esters; ﬁonionic surfactants such as polyalcohol fatty
acid  esters, éolyoxyalkylené fatty acid  esters, and
polyoxyalkylene alkylethers; amphoteric surfactants such as
imidazolin derivatives; and _cationic surfactants such as
alkylamine salts, alkyl quaternary amﬁonium salts. In addition
thefeto, terpene containing coﬁpounds-which are rarely present

in the form of a single substance and extracted from natural
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substances as well as hlgher fatty acid esters may also be
applled. It is also possible to use synthetxc compounds in which
part of the chemical structure of each compound is substituted
by a fluor;ne or silicon atom. However, it is more preferable
to use nonionic surfactants 1f the effect as a dewaterlng
cleaning agent used in combination with the low molecular weight
polyorganosiloxéne is to be further improved.

while the composition ratio of the surfactant is not
particularly limited, it is desirable to have 20 parts by weight
‘or less, or, more preferably, 3 parts by weight or less, of the
surfactant to 100 parts by weight of low molecular weighf
polydrganosiquane.

A suitable hydrophilic solvent may be one compatible with
the 1low molecular weight polyorganosiloxanes, and more
particularly, one whose flash point is 40°C or more from tne
practical viewpoint. The hyd;ophilic solvent contributes to
improving substituting property by water.

Suitable hydfophilic solvents include: polyaicohqls and
their derivatives such as ethylene glycol monomethyl ethers,
ethylene g;ycol monoethyl ethers, ethylene glycoi monopropyl
ethers, ethylene glycol monobutyl ethers, ethylene glycol
monObutyl ether acetates, diethylene glycol monobutyl ethers.
Particularly preferable are diethylene-glycol monobutyl ethers |
from the viewpoint of its compatibility with the low molecular
weight polyorganosi}oxanes and safety to the human body and the
like. Since these comnounds exhibiﬁ improved properties when
coexisting with the low molecular weight polyorganosiloxanes, a

composition only using this combination may allow substitution
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by water and drying.

While the composition ratio of the hydrophilic solvent is.

'not particularly iimited, it is preferable to have 100 parts by
weight or less or, more preferably, 50 parts by weight or less

of the hydrophilic solvent mixed with 100 parts by weight of the

low molecular weight polyorganosiloxane.

| The dewatering cleaning agents of the invention may be
applied to metals, ceramics, plastics, and the like. More
specifically, they may be applied to metallic parts, surface

treated parts, electronic and semiconductor parts, electric and

-precision machinery parts,. optical parts, glass and ceramic

~ parts, and the like. An exemplary general-purpose cleaning

process usually involves immersing of any of the above-described
farts or spraying a dewatering cleaning agent of the invention
onto the part to substitute it by water and drying by blowing hot

air and the like. The immersing and spraying processes may be

~accompanied by an ultrasonic process and mechanical stirring.

The dewatering cleaning agents'of the invention, exhibiting

a powerful dewatering property, can not only provide cleaning and

water-substituting effects equivalent to those of conventional
cleaning agents cbntaining flon and the ‘like but also allow
various materials to be stably cleaned with their low eroding
action. In addition, containing no element halogen such as
chlorine and bromine in general, the dewatering cleaning agents
of.thé invention have few risk of destroying.or polluting the
environment. Thus, it can be said that the dewatering cleaning
agentes of the invention will be a viable replacement for the

conventional organic solvent containing dewatering cleaning

17
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agents such as flon, which have been imposing the environmental
-problems.
Brief Descrigtion of the Drawings
" Fig. 1 is a diagram.showing an exemplary construction of a
cleaning system using a dewateringl cleaning agent of the
invehtion.l .
Detailed Description of the Preferred Embodiments

The invention will now be described with refer_‘ence to
ekamples ip which a cleaning composition of ﬁhe invention is
_applied to water system cleaning agents.
Example 1 _

Two kinds (Al and A2) of polyoxyalkylene group containing
pblyorganbsiloxane, each represented by'formula (V) and (VI),

were prepared.
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Al:

CHy cl:a,
(CHy)3S10- ( Si0-); —($10 )0 - Si(CHy)s
CH,3
— (CH,)3;=0~-(CH,CH;0), '_—--j
CH; |
——-—-(CHzCHO)5 - OCH, eee oo s (V)
A2:

- |
(éio-)1 —(5i0 -); —

CH,

(CHz)3=0~ (CH,CH;0) 1o H  eee see aee (VI)
Then, the polyoxyalkylene denatured silicone (Al)
represeﬁted by formula (V), .polyoxyalkylene denatured silicone
(A2) represented by formula (VI); sodium iaur‘éte (Bl) and
polyoxyethylehg qctylphenyi' ether (B2) (20 moles bfﬁr
| polyoxyethylene), both 'seﬁing- as surfactﬁnts, and ﬁia'ter ‘were
weighed so that their ratio by weight will be 5 3 5:4:4: 82

Thereafter, these components were 'charged “into a homogexiiz,:i;ng

mixer for blending to obtain a water system cle_ahing composition
P1,

Example 2
' The polyoxyalkylene group contalnlng polyorganom.loxane
(Al), the sodium laurate (Bl) and polyoxyethylene octylphenyl

ether (B2), both serving as surfactants, and water were we:.ghed
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so that they satisfy the composition ratio specified in TablelL.
Then, a water system cleaﬁing composition P2 was obtained as in
Example 1.
Examples 3 to 5

The polyoxyalkylene group contéining polyorganosiloxanes
(Al) and (A2), dioctyl sodium sulfosuccinate {B3) that serves as
a surfactant in addition to the surfactants (Bl) and (B2),
octamethyl tetrasiloxane (Dl) and octamethyl trisiloxane (D2},
both as low molecular weight polyorganosiloxanes, and water were
selectivgly'mixed to prepare water system cleaning compositions
P3 to P5 having composition ratios specified in Table 1 in the
same manner as that in Example 1.
Comparative examples 1 to 3

Three kinds of water system cleaning compositions were
‘prepared in a manner similar to that of each qf the above
examples except that no polyoxyalleene group containing
polyorganosiloxane was mixed. |

The properties as a cleaning agent were evaluated as to the
water system -cleaning compositions of Examples 1 to 5 and

Comparative examples 1 to 3 by the following methods. The result

is also shown in Table 1.
(1) Penetration test

Measurements.werg made based on the JIS-specified canvas
method. The smaller value means better penetrating property;

i.e., the composition is more effective in cleaning smaller

parts.
(2)' Cleaning property test

A sample is prepared by applYing a spindle oil over a steel
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|  strip and-baking it at 135°C for 48 hours. The property is
evaluated by the time'spenﬁ for cleahing the oil baked on the
sample (by ultrasonlc cleaning). The smaller the value is, the
better the cleaning property becomes.
(3) Stability test ‘

Each composition was contained in ‘a transparent bottle of.
200 ml sealed thereafter and then heated at 50°C for 6 hours.

After being gradually cooled from 50 to 25°C, its appearance in

the bottle is observed.
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Table 1

Examples Comparative
examples
1 2 3 4 5 1 2 3
Polyoxyalkylene Al 5 0.5 | 1.0 - 10 - - -
Denatured silicone A2 5 - - 1.0 - - - -
Bl 4 0.8 0.3 0.3 4 1.2 0.8 0.8
Composition Surfactant B2 4 0.7 0.4 0.5 - 0.8 0.7 0.7
ratio B3 - - - S- 0.5 - 0.5 -
(Wt. %)
Water 82 98 98 98 82 98 98 98
Low molecular weight| D1 - - - 0.2 3.5 - - 0.5
polyorganosiloxane D2 - - 0.3 - - - - -
Penetrability (Canvas 7 8 4 3 2 25 22 18
Evaluation method, in second)
result Cleaning property 14 14 12 11 7 22 23 17
(in minute)
Stability ST ST ST ST ST ST ST SEP
Note: ST: stable

SEP: separated



As is apparent from the result shown in Tgble 1, the water
system cleaning agent of the invention exhibits excellent
cleaning capability and. penetrability, attesting to its
availability as a replacément for the conventional solvent based
cleaning agents containing flon and the 1like. With its
stabilitf, it is considéred a.higply practical product. In
contradistinction thereto, the water system cleaning agents
according to Comparative examples were satisfactory neither in
cleaning capability nor in penetrability. l

An exemplary process employed to clean a specifig part using
'a water system cleaning agenﬁ of the invention will'npw be
- described..

Example 6 _ |

In fabricating'a liquid crystal device, a liquid crystal
cell is evacuated to a high vacuum degree and a liquid crystal
material is sealed in a device. In this case, the evacuation is
cgrrigd out by a high performance diffusion vacuum pump. Since’
- the diffused oil enters into the vacuum system in the form of
mist, the pump must be cleaned often to remové the oil.

In this'example, the watef-system c1eéning agent of the
invention was ugéd'in lieu of a conventiénal_t:iethane cleaning
agént. o

A pump parf made of a stainless steel SUS304 and a Ni-plated
stainless steel SUS304 material haviﬁg an adhesion of Silicén Oii
F-4 (trademgrk of Shinetsu.Chemicai) as a diffusion .0il was
cleaned. | | |

The composition ratio of the géed water system cleéning'

agent. is as shown below.
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That is, in 80. wt.% of ion-exchanged . water being
eufficiently stirred at ambient temperature, 6 wt.% of the
pelyoxyalkylene group containing polyorganosiloxane having. the -
following chemical etructure was gradually added to obtain an

achromatic translucent homogenous solution.

CH, CH,

(510—y (Tio -)s
| CH,
(CH;)4-0-( cHzCHzO) 1s — H

Oon the other hand, as a surfactant, a mixture of 8 wt 3 of o

special nonionic Adecanol B-4001 . (trademark of Asahi-f*'*

Electrochemical) and 6 wt.% of anionid:TﬁA—2023 (trademark of
Ipposha 0il and Grease) of sulfuric.acid ester PURLONIC structure
‘was added to the above water/siloxane solution. |
After diluting the water system cleaning agent thus obtained
was diiuted by ion-exchanged water at an arbitrary ratio,
Silicone 0Oil F- 4 was cleaned using the diluteﬁ cleaning agents.
‘As a result, the pump part was satlsfactorlly cleaned. throughﬁ.
immersion by stirring for 1 minute 1n a 1/10 dlluted cleanlng
agent at ambient temperature° through 1mmers1on by osczllating_
for 1 minute in a 1/30 diluted clean;ng agent'at_40°c or through
1 minute ultrasonic cleaning at 20°C-in the eame cleaning agent;
and through 1 minute ultrasonic cleaning in a '1/50 -di_luted'
cleanlng agent at 50°C, respectively - i | |
' For comparison, the pump part was sxmxlarly cleaned thh
compositions containing-only surfactant(s) and no polyoxyalky.lene

group containing polyorganosiloxane. . .Silicone 0il was. not
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removed'sufficiently with 10 or more minute immersion ultrasonic
cleaning in a 1/10 diluted composition at ambient temperature.
To remove Silicone Oil with this composition, it took more than
5 minutes at 65°C or more.

It is understood from this data thatlﬁhe cleaning agent that
incorporates the pélyoxyalkylene Qroup con;aining
polyorganosiloxane of the inventioﬂ exhibits an outstanding
cleaning property. |
Example 7

' The-polydxyalkylene group containing polyorganosiloxanes and
the low'molecular weight polyorganoéiloxanes of the invéntion _
contrlbute to significantly improve the cleaning capablllty of
commercxally available water-soluble cleaning agents.

An agueous solution of Chemiclean MS-109 (trademark of Sanyo
Kasei Kogyo); which is a surfactant containing, low foaming, rust
préVentive cleaniﬁg agent, is typically used to clean mechanical
and metallic parts. Blending 3 wt.% of- the polyoxyalkylene
denatured silicon (Al) represented by formula (V) in Example 1,
5 wt.% of cyciic hexamethylcyclotfisiloxahe, 17 wt.% of ion-
exchanged water with 65 wt.% of the above aqueous solution, a new
cleaning composition wﬁs prepared.

This new cleaning composition was 1/20 diluted by ion-
exchanged water and its cleaning property was_evaluated by the
following method. The result is -shown in Table 2. For
comparison, the evaluation result of 1/20 diluted Chemiclean MS-
109 was also shown.

Test Method

(1) Cleaning test - 1
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The ‘following contaminants were. applied to a degreased
aluminum plate (AC-4A) byf immersiné, dried by blowing, and
immersed while stirred (400 rpm) in reépective cleaning agents
(l/20ldiluted) for ‘15 seconds to 1 minute. Then, after immersed
in water, the aluminum platé was dried by blowing. Each
contaminant was transferred on white paper through an adhesive
tape for reflectance measurement by a colorimeter thereby to

calculate the cleaning rate.

Contaminant:
Spindle oil 78%
Fatty acid ester 15%
Chlorinated paraffin 5%
Carbon black 2%

Cleaning rate (%) = Rw - Rs / Ro - Rs

Ro: Reflectance of the original white paper

Rs: Reflectance of the standard contaminated plate

Rw: Reflectance of ihe contaminated plate after

'cleaned
(2) .CIééningutest'-_z .
_ A contaminant was prepared by adding 2% of carbon bl#ck to

a water-soluble ma;chinincj oil (emulsive), and the test was
pérformed in a manner similar to that of Cleaning test - 1. 1Its

cleaning rate was similarly calculated.
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Table 2

Immersion time Cleaning rate (%)

(second) Invention MS-109
15 72.4 59.0
Cleaning test - 1 30 86.5 65.2
60 : 100.0 67.8
Cleaning test - 2 15 81.7 58.0
30 93.8 71.0
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Similar tests were conducted on EP-680 (trademark of E.P,.
Japan) which is a commercially available supereffective cleaning
solution and water system cleaning agent; Banrise D-20 (trademark
of Joban Chemical Industries) which is an emulsive degreased
cleaning agent; and Hikari Ace (trademafk of Shoko Trade) which
is a péwerful special cleaning agdent. As a result, fhese
cleaning agenﬁs, when used in combination of the polyoxyalkylene
group containing polyorganosiloxane and the low molecular weight
'pondrganosiloxane of the invention, exhibited a significantly

" improved cleaning property. |
‘Example 8 .

The yéter system cleaning agent of the iﬁventipn exhibits
remarkable effect on cleaning of fluxes used in. mounting
electronic parts on printed boards. The flux comes roughly in
two types: rosin containing and water-soluble. A specific
example of cleaning rosin containing fluxes, which is said to be

" a-difficult task, will now be described.
| As a step prior to solderipg a part on a printed board, a
WW rosin estef was put on a part and immersed in a solder Sath
| at_230 to 250°C and then the part was mounted. 'It was observed
that.thé flux_&as-completely removed when the'printed'board was
shower-;ins'ed for 35°C fdr 45 s-econds. using a water system
cleaning agent described below.

The water system éleaning compositian'used heré is prepared
bY' blending- 2 wt.% of the polyoxyalkyiene 'gioup coﬁtaining
polyorganosiloxane represented by formula (VII), 3 wt.% of
S¢nkanol FM (trademark of Nippon Senka), which is an amphoteric

surfaétant,. 5 wt.% of Nikkol CMT-30 (trademark of Nippon
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Surfactant), which is a sodium-N-COCOIL methyl taurine containing
ﬂonionic surfactant, and adding ion-exchanged water to prepare
lOO wt.t of the composition.

CH,3

_ | |
(CH;)3Si0- (Sio’)s'—'(Tio -)as = Si(CH,)s

CH,
- (CHz)3-0-(CH,;CH;0) ]
l———(cnzc‘:m). - OCH, Cees ees ess (VII)
-CH, '

When acceleration aging tests which guarantees us MIL-F-’f,

.14256C standard, surface insulation .resistance tests, :ion-ﬁﬁf

residual tests and the like were cenducted on the above
composition which was 1/10 diluted by ion-exchanged water, the.’
"results were satisfactory. |
Examples in which cleaning. compositions of the invention
were applied to dewatering'Eleanlng agents will now be described;
Examples 9 to 17 _ _
0ctamethy1tr15110xane (El), octamethyltetraSLloxane (Ez);l"
and decamethylpentas;loxane (E3) were prepared as low molecular
"weight’ polyorganosiloxanes; polyoxyethylene oleyl ether (Fl)
(P.O.E =6 moles), and polyoxyethylene octylphenyl'ether (F2)
(P.O.E = 10 moles) as surfactants; and dlethylene "glycol
monobutyl ether (Gl) as a hydrophilicieolﬁeptlwere prepered.
" These components were selected and blended so tﬁatithe-
cemposition ratio shown in Table.3*ﬁere satisfied to obteih
respective. dewatering cleaniﬂg agents. | |

.Comparative examples 4 to 8
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Flon 113, methylene chloride, isopropyl &lcohol, and ethanol
were prep'aréd as conventional dewatering cleaning agents to
obtain 5 types of dewaterihg cleaning agents whose composition
raﬁios were as shown in Table 3.

The properties of Examples 9 to 17 and Comparative examples
4 to 8 were evaluated by the fﬁllowing methods. The result is
also shown in Table 3. |
(1) Dewatering property

Vériou; pieces (a stainless steel strip, a ceramic piece,
afpolycarbonate piece, a Ni-plated steel strip) were .immersed in
each dewatering cleaning agent after washed by water. In
examples 13 to 15, each piece was then rinsed by the low |
molecular 'weight polyorganosiloxane blended to prepare each
dewatering cleaning agent. Thereafter, each piece was dried in
an oven at 50°C. The water marks (a stain by impurities
dissolved in watef) after drying each piéce was observed visibly
and by a scanning electron microscope and evaluated in accordance
with the following criteria.

XX: Not "evaluable due to erosion of the piece during.

dewaterihg.

X: Water ma;ks were visibly observed.

o Né water marks were visibly observed.

®

No water marks whose size is 50 um or more were

observed by the scanning electron miéroscoée.
(2) Continuous dewatering property
A contlnuous dewatering test with a frequency of 50 times
were conducted on a stainless steel strip and the appearance of

the strip was evaluated in a manner similar to that of item (1).
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(3) Drying .property

The stainless steel strip was immersed in each dewatering
cleaning agent and dried in the oven at 50°C. During the drying
process, the strip was touched by a finger to see the drying
condition every 5 minutes and the time required for drying was

recorded on a S-minute basis.
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Table 3

Examples Comparative
examples
-9 10 11 12 13 14 15 16 17 4 5 6 7 8
Low molecular weight| E1 [100 - - 50 100 - - - - - - - - -
polyorganosiloxane E2 -~ 100 50 50 - 100 100 100 - 50 - - - -
| E3 { - - S0 - - - - - 100 - - - - =
Compo- Surfactant Fl - - - - 0.3 0.3 - - - - - - - -
gition F2 - - - - - - 0.2 - - - - - - -
ratio - )
(Parts Hydrophilic solvent| Cl - - - - - - - 10 20 - - - - -
by
weight)| Methylene chloride - - - - - - - - - 50 100 - - -
Freon 113 - - - - - - - - - - - 100 9 -
Ethanol - - - - - - - - - - - - -
Isopropyl alcohol - - - - - - - - - - - - - 100
Dewater-| Stainless steel ® © ® @ ® © ©@ @ o o © @ o
ing Ceramics ©o o o o P ® ® 6 X X o @ @
property| Polycarbonate © ® ®© 0 © ®© © ® © | XX X @ @ XX*
Ni plated strip ® ® ® ® ® @ ©® '® ® XX XX © @ O
Continuous dewatering property @ ® e @ ©® M @ ©© O 0 ® ® ®
Drying property (50°C in oven
10 10 10 10 5 5 -10 15 5 5 <5 <5 <5

in minute)

5

Note:-

* Solvent cracks occurred.




As is apparent from the result shown in Table 3, the
dewatering cleaning agents of the invention, exhibiting
satisfactory dewatering property, can be a viable substitute for
organic solvent containing flon and the like based cleaning
agents. |

-Dewatering cleaning agents containing méthylene chloride or
isopropyl alcohol (Comparative examples 4 and 5) rust and erode
metal films and plastics. In contradistinctioh thereto, the

dewatering cleaning agents of the invention are stable to metal

. films and plastics and exhibit satisfactory dewatering property
even to ceramics which have iarge surface roughness Valuesj

';hereby ensuring their reliability when applied to parts

including'metal, plated, electronic, semitonductory élastic, and
ceramic parts. The dewatering cleaning agent containing
isopropyl alcchol permitted water to be dissolvedl therein,
thereby causing water to present on the part again.

Moreover, it is understood that mixing of surfactants and

"hydrophilic solvents with the dewatering cleaning agents of the

invention improved the dewateriﬁg.prOperty, thereby attesting to
their industrial applicability. |
| An exemplarjlcleaning system using a dewatering cleaning

égent of the invention will now be described with reference to
Fig. 1. |

A cleaning system shown in Fig. 1 consists roughly of a
cléaning/water-substitufing-process-A,and a rinsing/dewatéring
.procéss B. | |

The cleaning/water-substitut_ing_ pfocess A, which is the

first process involves a first cleaning vessel 1 and a second

—
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cleaning vessel 2, each serving both as a separator through
sedimentation and a separacor through overflow, and a dewatering
vessel 3. The first and second cleaning vessels 1 and 2
communicate with each other through a drain line 2a and an
overflow line 2b. The first and second'cleaning'vessels 1 and
2 are operated together with ultrasonic, osciliating, mechanical
stirring, cleaning agent heating, and brushing processes and the
like, if necessefy. . _ |

' The first and second cleaning vessels 1 and 2 respectively,'
contain a cleaniné egent D1 composed of a low molecular weight
polyorganosxloxane and a surfactant, 'which is one of'ftne_éf.3
dewatering cleaning .agents of the 1nventlon The surfactant
containing cleaning agent D1 may be so preparec that its specific
gravity is smaller than that of wacer and larger than that of ann
-0ily stain.. Therefore, water Y introduced by an object to be
cleaned X is separaced by being seoimentated at the bottom of the
surfactant containing cleaning agent D1 that has been charged in
“the first and second cleaning vessels l-and_él If‘an oily stain:
Z is present on the object X, the oily stain Z is separated b}
floating upward in the surfactant containxng cleanlng agent .D1
in the flrst and second cleanlng vessels’ 1 and 2. .

The water Y separated by belng_seclmentated in the eecond
cleaning vessel 2 is intermittently-discnaréed totthe finst
cleaning vessel 1 through a drain line 2a.while the water Y
separated by béing sedimentated in'the-fireﬁ'cleaning vessei 1
is lntermlttently' dlscharged to a cleanlng agent recycling
mechanlsm C (described later) through a draln line 4. a draln

llne 3a connected to the dralnage vessel 3 is also connected to
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the cleaning agent recycling mechanism C.

- The oily stain 2 separated by floating in the first and

. second vessels 1 and 2 is discharged outside while continuously

overflown through an overflow line 5 connected to the first
éleaning vessel 1.

The surfactant contéining cledaning agént D1 charged in the
first and second cleaning vesselé 1 and 2 is continuously
circulated through a filter 6 that serves to remove édlid

particles, H,0 particles, undissolved substances, and the like

contained in the cleaning agent D1.

The rinsing/dewatering proceés B, which is the 'second
process, involves a third cleaning vessel 7 and a shower rinse
vessel 8; Below the shower rinse vessel 8 is a buffer tahk.9
that communicates with the third cleaning wvessel 7 through a
drain line éa and an overflow line 9b. The third cleaning vessel
7 is also opefated together with ultrasonic, oscillating,
mechanical stirring, cleaning agent héating, and brushing
processes and the like, if necessary

The thlrd cleaning vessel 7 contains a cleaning agent D2
consisting only Qf a silicone composition identical to the low
molecular weight polyorganosiloxane used ih the first process A.
The cleaning agent D2 may be so prepared that its specific
gravity is smaller than thaﬁ of'water'and larger than that of an
oily stain. Therefore, as in the first process A, water Y is
separated by being sedimentated at the bottom of the cleaning
agent D2 and the oily stain Z is separated by floating upward in
the cleaning agent D2.

The water Y separated by being sedimentated in the third
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'éléaning vessel 7 is intermittently discharged to the cleaning
agent'recycling mechanism C through'a drain line 10 while the
oily stain 2 separated by floating in the third cleaning vessel
7 is discharged outside through an overflow line 11.

The cleaning agent D2 charged in the third cleaning vessel
7 is coniinuously circulated through a filter 12 that serves to
remove solid pérticles, lho'particles, undissolved substances,
and the like contained in the cleaning agent D2.

The object to be cleaned X undergoes the first process A and
" then the second process B, cleaned and dewatered, and then dried
by a fan forced drier (not shown) to complete the cleaniﬁg
-pioéess. _

The cleaning agent used in the cleaning sYstem is subjected
to the following recycling process.

As described above, the drain lines 4, 3a, 10 of the firét,
second, and third cleaning vessels 1, 2, and 7, and the
dewatering vessel 3 are connected to the cleaning agent recycling
mechénigm c. 'Thg cleaning agent D1 or D2 contained in each
cleaning vessel is constantly cleaned by the filters 6 and 12.
However, lwhen heavily contaminated, the cleaning agent .is
introduced to the cleaning agent recycling mechanism C through
drain lines" 4 and 10 by a conveyer pump 13 for fractional
distillation. The cleaning agent D1 deposited'in the dewatering;.
vessel 3 is also supplied intermittently to the cleaning agent
recycling mechanism C. |

At the cleaning aéent recycling-mechanism C, the introduced
cleaning agent is separated into liquid components and solid

components by a filter 14, and only the liquid components are
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forwarded to a distiller 15 'with-the solid components being
destroyed. The distiller 15 separates'various components, water, .
oiIY.étains in the cleaning agent utilizing the difference in
their boiliﬁg points. Water and the like that remain in the
distiller 15 are further separated by a decanter 16.

Since the cleaning agent D1 is an agent having a surfactant
added to the cleaning agent D2 that contains only the low
molecular weight polyorganosxloxane, the low molecular weight
polyorganosiloxane, i.e., the cleaning agent D2, can be extracted
from both cleaning agents Dl and D2, tﬁereby allowing the
.cleaning agent 62 to be recyéled. The components other thaﬁ the -
' recycled cleaning agent D2, i.e., the surfactant, water} énd the
like will be destroyed.

The recycled cleaning agent D2 is forwarded to a mixer 18
from which the cleéning agent D1 is supplied to the shower rinse
vessel 8, the third cleaning vessel 7, or the second cleaning
“vessel 2 through a line 17.

In the';hower rinse vessel 8, a shower rinsing procesé is

- cbndﬁcted usinélonly the recycled‘cleaning agent D2 or a cleaning
agent D2 newly introduced through a cleaning agent supply line .
19, both being free from impurities.

The mixer 18 mixes the recycled or new cleaﬁing agent D2
with the surfactant newly supplied from a surfactant supply line
20 to prepare a new cleaning agent Dl1. The new cleaning agent
Dliis supplied to the second cleaning vessel 2, if necessary.

With the cleaning system of such construction as described
above, the dewate;ing cleaning agents of the invention can be

used efficiently and effectively enjoying the advantage of
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excellent cleaning properties.
Industrial Applicability

As ‘described in . the foregoing pages, the cleaning
compositions of the invention, when used as water system cleaning
agents, -exhibit a cleaning effect équivalent to that' of
conventional flon containing cleaning agents and an excellent
stability as a water system with no risk of enviromental
destruction and pollution, thereby making a viable replacement
for the organic solvent based cleaning agents including flon and
the like which have environmen;ai disadvantages. In addition;
" the c;eaning éompositions of ﬁhe invention, when" used’~a§
dewatefing cleaning agents, provide a poﬁerful  dewatering
property with no risk of environmental destruction and pollution,
thereby serving a viable replacement for the organic solvent
based dewatering cleaning agents including flon and the like

which have environmental disadvantages.
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1. A water system cleaning composition comprising at least one low .
molecular weight polyorganosiloxane selected from straight chain
polydiorganosiloxanes of formula (I):

—SL—O—{- A)}-‘SL—— ' :
' . 1l R1 . e0e eee oo (I)

_(wherein R1 is an organic group of single valency substituted by the same
or different group or is unsubstituted, and 1 is an integer from O to 5), and
cyclic polydiorg_anosiloxanes represented by formula (IT):

Rl

Y
?i—c .
R1 /m T eee oo eee . (II)

(wherein R1 is an organic group of single valency substituted by the same
or different group or is unsubstituted, and m is an integer from 3 to 7).

2. A water system cleamng composition accordmg to claim 1, wherein
any group R1 in either of formulae (I) and (II) is selected from single-
valency unsubstituted hydrocarbon groups, a phenyl group, and a s1ngle- '
valency subsututed hydrocarbon groups. '

3. A water system cleamng composmon accordmg to claim 2, wherem
any said single-valency unsubstituted hiydrocarbon group is a C1.4 alkyl. -
group and any said single-valency subsntuted hydrocarbon group isa
trifluoromethyl group. :

4. A water system cleaning composition accordmg to any precedmg .
* claim, wherein in formula (I), any terminal R} group is selected froman N
amino group, an amide group, acrylic acid ester groups, a mercaptan group
anda methyl group.

5. A water system cleaning ageht according to claim 1, wherein the
low molecular weight polyorganosiloxane of formula (I) or formula (II) is
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& selected from octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane
and mixtures thereof, each having a cyclic structure; and
octamethyltrisiloxane and decamethyltetrasiloxane, each having a straight
chain structure.

6. A water system cleaning composition according to any preceding
claim, further comprising a polyoxyalkylene group containing
polyorganosiloxane having in a single molecule at least one siloxy unit of
formula (III):-

R? . |
( L > . |
) A ' . sese Ooo'.ooo ([m

(wherein R2 is an alkyl group or a phenyl group and Aisa
polyoxyalkylene group), a surfactant and water.

7. A water system cleaning composition according to claim 2, wherein

A represents a single-valency group represented by a formula (IV):

_Rs _(""O—R‘—)a ——-'ORS s .'.o'o e (IV)
(wherein R3 is a bivalent group selected from the group consisting of an
alkylene group having 1 to 8 carbon atoms, a B-hydroxypropylene
oxyalkylene group and a polymethylene oxyalkylene group, both of the

latter two groups having 4 to 11 carbon atoms; R4 is an alkylene group

having 2 to 4 carbon atoms; RS is an end group selected from a hydrogen
atom and a single-valency organic group; and n is a positive integer).

8. A water system cleaning compbsition according to claim 6 or claim
7, wherein in the siloxane that forms the main component of the
polyoxyalkylene group containing polyorganosiloxane, the organic group
bonded with the silicon atom of the siloxane is selected from Cj.4 alkyl
groups, a phenyl group, and a trifluoromethyl group.

9. A water system cleaning composition according to any of claims 6-

8, wherein the molecular weight of any single polyoxyalkylene group in
the polyorganosiloxane is from 100 to 5000.

L



This Sheet Has Been Rep! ]aeed

R T

10. A water system cleaning composition according to any of claims 6-
9, wherein the oxyethylene component of any single polyoxyalkylene
group in the polyorganosiloxane is 40 mol % or more.

11. A water system cleaning composition according to any of claims 6-
10, wherein, in the polyoxyalkylene group containing polysiloxane, the
polyoxyalkylene group content is 5 mol % or more of the total organic
groups bonded with silicon atoms of the polyorganosiloxane.

12. A water system cleaning composition according to any of claims 6-
. 11, wherein the polyoxyalkylene group containing polyorganos1loxane is
" selected from chain polysiloxanes of formula (V):

_ CH, CH,
.(CHy)3S10- ( éto_-), —(Si0 =), - suca,i,
| | fllﬂs | W
— (CHy);~0- (CH,CH,0), — |
CH,

——(CH; CHO), = OCH,

(wherein p, g, r, and s are positive integers); and
cyclic polysiloxanes of formula (VI):

CH, CH,
(éio-)g —(Si0 -), —
' cl:H, : (V1)
(CH,;)3=-0~(CH,CH,0), H

(wherein t, u, and v are positive integers).

13. A water system cleaning -comp.ositio,n according to any of claims 6-
12, wherein the surfactant is selected from anionic, nonionic, and
amphoteric surfactants.

14. A water system cleaning compbsition according to any of claims 6-
13, wherein the surfactant is selected from polyoxyalkylene alkylether
sulphonates and phosphoric esters, polyalcohol fatty acid esters,
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polyoxyalkylene fatty acid esters, polyoxyalkylene alkylethers, imidazoline
denvauves alkylamine salts, alkyl quaternary ammonium salts, terpene
containing compounds extracted from natural substances and higher fatty
acid esters including any foregoing synthetic compound in which part of
the chemical structure of each compound is substituted by a fluorine or
silicon atom.

15. A water system cleaning composition according to any of claims 6-
14, wherein the surfactant is mixed within the range of 10 to 1000 parts by
weight to 100 parts by weight of said polyoxyalkylene group containing

- polyorganosiloxane; said low molecular weight polyorganosiloxane is

mixed within the range of 1000 parts by weight or less to 100 parts by
weight of a total of said surfactant and said polyoxyalkylene group
containing polyorganosiloxane; and the water content is 40 wt.% or more
of the total composition.

16. A water system cleaning composition according to claim 15,
wherein the amount of surfactant is 30 to 700 parts by weight to 100 parts
by weight of the polyoxyalkylene group containing polyorganosiloxane
and the water content is from 70 wt % to 99.5 wt % of the total
composition.

17, A water system cleaning composition further comprising one or
" more additives selected from pH modifiers, adsorbents, solid particles,

synthetic builders, rust preventives, and antistatic agents.

18. A water sysue,m. cleaning composition according to claim 1,
consisting essentially of said low molecular weight polyorganosiloxane.

19. A water system cleaning composition according to claim 18, further
comprising a surfactant and/or a hydrophilic solvent.
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#20. A water system cleaning agent comprising:
a polyoxyalkylene group containing polyorganosiloxane having in a
single molecule at least one siloxy unit of formula (III):

R? '
lA . sse ees ose m

- (wherein R2 is an alkyl group or a phenyl group and A is a
polyoxyalkylene group); a surfactant and water.

21. A water system cleaning agent according to claim 20, wherein the
amount of said surfactant is in the range of 10 to 1000 parts by weight
relative to 100 parts by weight of said polyoxyalkylene group containing

- polyorganosiloxane and said water is contained by 40 wt % or more of the
total composition.

22. A water system cleaning agent in which the polyoxyalkylene group
containing polyorganosiloxane is a polyoxyalkylene group containing
polyorganosiloxane as defined in any of claims 7-12.

23. . A method of cleaning an object, the method comprising treating the
object with a water system cleaning composition according to any of
claims 1-19. :

24. A method according to claim 23, wherein the object is a metallic

* part, a ceramic part, a plastics part, a surface treated part, an electronic
part, a semiconductor part, an electric part, a prec1s1on machinery part an
optical part or a glass part. .

25. A method according to claim 23 or clalm 24, the method compnsmg
the steps of:
- cleaning the object by said treatment with the water cleamng
composition; :
. - washing the object with water; and This Sheet Has Been Replaced
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