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P e Vention relates to cl eani ng conpositions which will r pggckggy ng
gents containing an organi c solvent including flon and the

I n manufacturing various parts such as netal

pl ated and coat ed partsCI@MIeIIGe@meS(iMQi‘$em conductor parts,

L

on containing solvents such as flon 113, and organi c sol vents such as
ti chl oroet hane, trichlorethylene, tetrachl oroethyl ene, and carbon
bt rachloride are widely used as cleanlng agents for elimnating oi
. t-he 17 Ke. " The above or g@Rice&IEgRRE =
bed as dewat eri
- in érder t
@ ect drying %Liwater %resentqut%g %@ EF tqQ be cl eaned:

st ai ns

n l-eani ents after having mashed vari ous parts with
59§§ r‘l'tleg‘ %WW&&?ﬁ?Wﬂ(ﬁHens that are associated with

S invention r eaning ‘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
containing solvents such as flon 113, and organic solvents such
as trichloroethane, 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 are
also used as dewatering cleaning agents after having washed
vaficus parts with water in order to avoid the following problems
that are associate@ with direct drying of water present on an
obiject to be dleaned:

(1) lHeating {100°C or more) which entails energy loss;

(2) Reducing in productivity due to time taken in drying;

(3) Likely deformation of the object to be cleared due to

heating (thermal expansion that exceeds the tolerance);
and

{4) Increase in space for installing a.cleaning system

including a cooler and a heat shielding unit.

The term “dewatering cleaning agent” is used herein to

ani ng “agents are, akso
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«(1) Heating ([err] or nore) which entails energy loss; (2) Reducing in

productiVvity due to tinme taken in drying; (3) Likely deformation of the

obj ect to betecl eg?sqnéﬂg Lgeheaues »ﬂ@b@ﬁr@r{ q@%lwbbhenasxeaedahim
I ncr éas

‘tol eran I n space I nst ng a cleanlng system
, 1 ncl udi rﬁ%sa b%%l st ¥iksalvazhicel disngmiBidsedThe ek WHgWAt enngb séeani ng
agent" i's used herein to denote a cleaning agent into which an object to be
cl eaned,; whi Gl dipppaniowss hatk M v@lRive i SateTEpsedent wht bhahobfette
-obj ect i's rinsed by shower thereby to have watér present onm:the objecf ™
subst i t ub gk dtdded! foyand tsert vapar | zée by vaipordtzedoinyt eaper agtir eroom
heated to [err] or less so that the object can be dri ed.
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
organic solvents such - as trichlorcethylene and
tetrachloroethylene which are presumed to induce soil and
underwater contaminations and the like.

Flons whose ozone destruction coefficients 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

é 8till are destroyers of the ozone layer.

‘% . What gradually attracts attention as a replacement for the-
above organic solvents is a surfactant-based water system
cleaning agent which is free from environmental destruction and
contamination. However, cleaning agents containing only
surfactants are not satisfactory in penetrability, thereby not

cleaning, e.g., stains penetrated into narrow portions and medium

to high viscous, persistently sticky oil stains.

This Sheet H;
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a2 Fbweven,_ever since it has been found that the destruction of the ozone
| ayef by ‘di scharge of flon affects seriously the human body and t he
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'on coe nts are hig Ts on t e gradual decliné on a
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supstituted 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
nhigh is on the gradual decline on a global scale for an eventual
total ban.

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

Flons whose ozone destruction coefficients are lower than
the curfently used flon containing solvents are being developed,
some of which.are under fabrication on a commercial basis.
However, these new developments are not sc welcome because they

. still are destroyers of the ozone layer.

‘3 . What grédually attracts attention as a replacement for the -
above organic solvents is a surfactant-based water system
cleaning agent which is free from environmental destruction and
contamination. However, cleaning agents containing only

surfactants are not satisfactory in penetrability, thereby not

cleaning, e.g., stains penetrated into narrow portions and medium

to high viscous, persistently sticky oil stains.

This Sheet Has Been RTi

[




-contam nations and the |ike. Flons whose ozone destruction coefficients are
| ower than the currently used flon containing solvents are being devel oped,

f_which ' ' ial i'sS.. h
now doveh SRERRLE oFBERBPLENA R ofe £0: EpSBE Ry D1 e rtn HEXT B, a0251
the ozong,leyeponVhah anadudld v Aid Te61S FHLENLLEN 5, dEplacegENt et the
above organic SOT‘VGH g i's a suUrfactant-based water syﬁ em Ct eani hg agent

oon L uddee UMY [ AAABTEAL AGMALELIRR, andr RO AU 01 HBNBHG.

cl éani ng.'agent s- cont-ai-ni ng on nt's are not s act.ory rn

Dorti onc ListaL IR, R SufgatBer o ML, DERCIORCTAS, prBeute
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 alcochol for reuse by removing water from the water
containing isopropyl alcohol, a tremendous equipment investment
is required. That isopropyl alcochol is toxin to the human body
is another factor that tends to keep it from using.

The use of hydrocarbon and higher alcchols which have higher

flash points than room temperature allows a comparatively easy

% removal of water, but their low volatility prevents drying

themselves at low temperatures, e.g., 60°C or less, thereby
making them unsuitable for applications to dewatering cleaning
agents.

Therefore, an object of the invention is to provide water
system cleaning compositions which have cleaning capability
equivalent to that of organic solvent containing cleaning agents
including such as flon and which are stable as water system
Cleaning agents and free from environmental destruction and -
contamination. .

Another object of the invention is to provide dewatering
Compositions which have the substituting and drying properties
€quivalent to those of organic solvent containing dewatering
Cleaning agents, which have few risks of fires and which are free

from environmental destruction.
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- Japanese Patent Publication No. 50463/ 1988 di scl oses a method of cl eani ng
woven materials by using silicone containing conpounds. According to the

disclosure, a Iiﬂuig ckeim' ng conposition, contgining an effectiye amount of
cycl ic si998ERY Dt rghaLi 698 & T EARh abBrati 6 tuddd ! Tond¥RIcn 1 he LPdeFd
ot sul AT Fore, SERREEASHEA Y A R i RaLE PRa R QU B RLt OLRE, 1
bei jfically terials, but also | t '
Do 19 SREALLCBLL dTEPa sl Shg USIN TEELA oL o, RUC AL S, SYaLerBoys ng
on a si ng} & YL kG $ilciNaPechol PERTLXLHLE AfafefYCLEC HdOXEME 2RTedD,
organi ¢ solvent. Further,” such™ conposi tions are nobt "So di spersiveé in water

omounSiif L ERChpsesttinalaedliiel mdecs ot aapt gy Bherehpelte
not adapd £6sd Died!SPa 86r VoS Be PELIAL 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
containing 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 using.
The use of hydrocarbon and higher alcochols which have higher
flash points than room temperature allows a comparatively easy

i removal of water, but their low volatility prevents drying

i themselves at low temperatures, e.g., §0°C or less, thereby

making them unsuitable for applications to dev}atering cleaning
agents.

Therefore, an object of the invention is to provide water
system cleaning compositions which have cleaning capability
equivalent to that of organic solvent containing cleaning agents
including such as flon and which are stable as water system
Cleaning agents and free from environmental destruction and -
Contamination. .

Another object of the invention is to provide dewatering
Compositions which have the substituting and drying properties
®quivalent to those of organic solvent containing dewatering

Cleaning agents, which have few risks of fires and which are free

[}
from environmental destruction.
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cl eani ng agents. 3 On the other hand, Japanese Patent Laid Qpen No.
56203/ 1978 recites an aerosol aqueous cleani ng conposition containing a
chai n pol ydi net hyl sil axane having 2 to 3 silicon atonms in a single

mol ucul adsogiteEy i t3xledmknhagsal iffiasdd gaomabouf 0107°Co Oniam .98 hoveach
advant age as inproving the cleaning property of water system cl eaning
conposi t tHAS KO steBReF2tuRler 28dc Rhdi chi Brre ssomnae daage omfenfitss

hi ghperformance water systemc|eaning
- under ordlnary handling ~conditions, _ In addition, _isopropyl-

alcohol is highly compatible with water, so that the initiél
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
containing 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 using.

The use of hydrocarbon and higher alcchols which have higher
flash points than room temperature allows a compafatively easy
removal of water, but their low volatility prevents drying
themselves at low temperatures, e.g., 60°C or less, thereby

making them unsuitable for applications to dewatering cleaning

agents.

Therefore, an object of the invention is to provide water
system cleaning compositions which have c¢leaning capability
equivalent to that of organic solvent containing cleaning agents
including such as flon and which are stable as water system
cleaning agents and free from environmental destruction and -
contamination. —

Another object of the invention is to provide dewatering
Compositions which have the substituting and drying properties

€quivalent to those of organic solvent containing dewatering

Cleaning agents, which have few risks of fires and which are free

from environmental destruction.
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-agents free fromenvironmental problens is strongly called for. In the
meanti me,” the use of |ower alcohols such as isopropyl alcohol is under
study far a new devel opnent s@ﬁﬁaginofe@hacgngbgtgbave ment i oned organic.,
solvents for dewatering. However, 1sopropyl alcohol has a flash point of
[err], which mscllmntghargenmmdx@mta'tdﬂ & f adrth tanveed el esmmninee sladrger
of fires under ordinary handling conditions. In addition, isopropyl alcohol
i s hi ghl y eaaspanieblewumpoti egatler, %alqhtﬂpdnxpnqadaleqkmmaesakquﬁdmﬁrd@'|s
iensured, -but its repetitive use causés dissolvéd water to be present -again.
As a resuhe | gEOUPWR QTS FRF InDpertt ystkREgbs | alpain ey d myra s nteed s.
‘To refine isopropyl alcohol for reuse b renDV|ng wat er fromthe water

cont ai ni WgPKFESGENGHF b @oﬁﬁneﬁ?k B equi pment investnent is

equi red. That |soprop “al co oh S tOX|q to the human body is anot her
p it f fo

actor that tends to e m us ng
; ———SL Sl———
] l RI ee s ee oo (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 polydiorganosiloxane represented by a

general formula:

(1

)
?i-—4}*
\ R} /m vee ees sas (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)l

.Each of usuch low molecular weight polyorganosiloxanes
exhibits powerful penetrability to stains and satisfactory
substituting property with water alone, making i;self a feature
-C°mponent of the invention. Reference character R' in formulas-
.(I) and (II) denotes a substituted or unsubstituted organic group
©of single valence including: a single-valence unsubstituted
hydrocarbon group such as an alkyl group such as a methyl group,
ﬂn’ethyl group, a propyl group, and a butyl group and a phenyl

8roup; and a single-valence substituted hydrocarbon group such

5 [
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fi use of hydrocarbon and hi gher al cohol s which Have hi gher flash points

b3

fian room tenperature allows a conparatively easy renpval of water, but

lheir | W wa il dd tdmPERYENG S yinggt lyas & il0 SIRenat yre e.g.,
B o] °05_(r) | ess, t her eby ﬁn%k:‘%lgo‘?%em%sns{]&?f aEI é’% ﬁépp}ﬁilt&a’t ] ()r?g tEl(%1 ,?:nd
§ovat erd et e (D) p0eRt EmidBegebepe, gﬁnaﬁbhécﬁref:pt,hﬁn' R¥ePh N5 -84t O

govi de water system cl eani ng conposi tions which Have cleaning capability
Ui val afdr tordimi - afdoagaeircaplave ffrdigi tadd)i £gp LELRNG PgaAgeNgEoLps) udi ng
ch as fl'on and which are stable an water $Sysfem cl edani ny .agents and.free
oM eugwrTe it meshylcgroupans sostaprenerableAfobhetriabjeetpeinthe
gvention is to provide dewatering conpositions which have the substituting
[bd drof rerqiviopety i esndgoaiyntannabolihgsefofrodagdiiicysolanentt heonti&ieni ng
gat eri ng '

. 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

5
e

molecular weight polyorganosiloxanes |, include:

sy :f.

octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane and
mixtures thereof, each having a cyclic structure; and

octamethyltrisiloxane and decamethyltetrasiloxane, each having

a straight chain structure, from the viewpoint of penetrability

..“‘-
b e
RS
-

and cleaning capability. In rggions where the water system
cleaning composition has a strong alkaline property from the
viewpoint of stability of polysiloxane, the low molecular weight
polyorganosiloxane having a straight chain structure which is
represented by- formula (I) is preferable.

For use as a dewatering cleaning agent, low molecular weight
Polyorganosiloxanes having a cyclic structure are preferable
from the viewpoint of substituting property with water and -
tPenetrability- and the like, cEtamethylcyclotetrgi;loxane,

decamethy}.cycloper’u‘.‘.asiloxane, and mixtures thereof are more

A case in which the cleaning compositions of the invention
T® used as water system cleaning agents will now be described.

Although the 1low molecular weight polyorganosiloxanes

e
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cl eani ng agents, which have few risks of fires and which are free from
envi ronment al destruction. REPLACEMENT SHEET Sunmary of the Invention A
cl eani ng agent conposition of the invention conprises at |east one | ow

nol ecar@FeRE@NFIRd poPyor foFmsilagxanel sel esded (¥lim t REhgPESp @AMERTUdg. of
strai ght chain polydior%anosiloxane represented by a general formula:

penetrability to stains, each compcesition is not compctible with
water s}qql?}nor is it soluble and stably dispersive in.water so

that it is likely to have phase separation in water. That is,

it is proposed to use them in combination with polyoxyalkylene

group containing polyorgancsiloxane having in a single molecule

at least one siloxy unit represented by a general formula:

? Rz )

(1)

2 Si—C

| /

5’ \ A LI ] e e o w0 @

3 (wherein R? is an alkyl or phenyl group and A is a

a2

polyoxyalkylene group}. As a result of such use in combination,
i the low molecular weight polyorganosiloxanes, providing stable

dispersion in water, exhibit strong penetrability to stains. 1In

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 molecular weight

polyorganosiloxane represented by formula (I) or (II); the ig

polyoxyalkylene group containing polyorganosiloxane having at

least one 8iloxy unit represented by formula (III) in a single

-

Wolecular; a surfactant; and water.

The polyoxyalkylene group containing polyorganosiloxane
Xhibits affinity for water owing to its polyoxyalkylene group
Onded with the silicon atom, thus not only being a component for
i 8table water system dispersed solution or aqueous solution but
ﬁé'° acting as an agent for eliminating stains by penetrating

& f§F° the interface between the stains and a substrate which is

S L —
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* [err] (wherein [err] is an organic group of single val ence substituted by
the sang or different group or unsubstituted, and 1 is an integer fromO to
5), and cyclic pol ydi organosi |l axane represented by a general formula: [err]
(wher ei r i n or 11C A Q10UR « i val e J 1 he
sane ofﬂﬁ(?%fée%r'en?'%r oaﬁp o# luﬁgﬁbggf‘?ét%%?géa}ﬁ% %é?lrs}%gr?sﬁ nt elgttee"r%lit ??%%é? ‘0 7).
Each of §gcgslgﬁlggkgqggﬁﬁnﬁeggghtpggyg%qqqosionanes exhi bits powerful
penetra%ility to stains and satiisfactory substituting property with water

~al one; ﬂakhﬁgubh$8|'b@y&ﬁ?ﬁ@k?lﬁﬁgp896ﬂ -8bnkBeniiRYCBLIIYBrgRRbSE2B% R ne:
£ character [err] in forhmulas (I') and™(I1l) denotes a subsfittted or -

unsubst t&H!esl prepared by hydrosilyl group containing polyorganosiloxane

and a polyoxyalkylene compound having an-unsaturated group at the
end to interact with each other for. addition under the presence

of a platinum containing catalyzer.

An example of the polyoxyalkylene group denoted by reference
character A in formula (III) is, e.g., a single-valence group
represented by the formula:

—R7 ___(_Q_R‘._..)n ___035 ere ese sae (IV)
(wherein R’ is a two-valance group selected from the group
consisting of an alkylene group having from 1 toc 8 carbon atoms,
a ﬁ ~-hydroxypropyleneoxyalkylene group and a polymethylene
oxyalkyelene group, both having from 4 to 1l 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 polyoxyalkylene
group containing polyorganosiloxane is not particularly limited.
The organic group that is to be bonded with the silicon atom of
'the siloxane is basically a methyl group, but m&y also contain
2 single-valence hydrocarbon group such as an ethyl -group, a
Propyl group, a butyl group, a phenyl group, or a single—valenée
Substituted hydrocarbon group such as a trifluoromethyl group as
j_lﬁnq as the advantages of -the invention can remain harmless
?Athérefrom.

Also, the molecular weight of the siloxane is not

——
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organi c group of single valence including: a single-val ence unsubstituted
hydr ocarbon group such as an al kyl group such as a nethyl group, an ethyl
group, a propyl group, and a butyl group and a phenyl group; and a

si ngl el enteriybdiimites mydr dsardieit gedup sty b8 @otlykiyadkgrenky |
group. As the [err] which is placed at an end of fornula (1), an am no

qr oupdTRHP ani dBLEREUEH avhexr Ane: dskdeestaiug oupsheandddimdesapifinagr oup
are typical organic groups; however, the nethyl group is nost preferable
from %.Wef%%@gi HEeEetaand 15hey L Lked 2 kaPHEaE RAF TGS bEL9R| &R iMS Padeand t he
li ke. - -

sufficiently water soluble or stably water dispersive. However,
it is practically preferable to limit the molecular weight of the ?
single polyoxyalkylene group in the order of 100 to 5000. For
a polyoxyalkylene chain, it 1is preferable to adjust its ;
oxyethylene component to 40 mol % or more in the total
pclyoxyalkylene. 1
While the amount of the polyoxyalkylene group is not
particularly limited, it is more preferable to limit it within

S mol % or more of the total organic groups bonded with silicon

atoms of the polyorganosiloxane from the standpoint of system
stabilicy.

Exemplary polyoxyalkylene group containing
polyorganosiloxanes include:

a chain polysiloxane represented by the formula:

CH, CH, f{
(CHy);Si0- ( Si0-), —(Si0 -)q - SLi(CHy), i
L, |
—— (CH;);-0-{CH,CH,0), —] ?
CH, ) -

L (CH,CHO), - OCH,
Wherein p, q, r, and s are positive integers); and

a2 cyclic polysiloxane represented by the formula:

e ——
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The cl eani ng conpositions of the invention may roughly be classified into
two groups: a water system cl eaning agent and a dewatering cl eani ng agent.
For use as a water system cleaning agent, suitable |ow nol ecul ar wei ght

pol yorganosi | oxanes i ncl ude: octanethyl cycl otetrasil oxane,

decanet hyl cyclopentasiloxane and nixtures thereof, each having a cyclic
structure; gnd octamthyltrisidgxane and ecanethyltetra3|loxane each
having a strjai ght .ghain structjure, fromtne viewpoint of penetrability and
cl eani ng capabH--+t(8igd- r eg-orsioher e— wat er- syst em cl:eaning COﬁpOSItIOﬂ
has a strong al kal ijne property} fromthe viewpoint of stabitity of -~

pol ysi | oxane, the ljow nol ecul a&H;wei ght pol yorganosi | oxane having a strai ght
. chain structure whijch is represented by fornula (1) is preferable.
(CH,;};-0-(CH,CH,0), H

¢
L

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

The surfactant serves as a component for dissolving,
emulsifying, and stabilizing the stains removed by the low
molecular weight polyorganosiloxanes or polyoxyalkylene group
containing polyorganosiloxanes.

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 polyorganosiloxane, it is
preferéble to use anionic, nonionic, or amphoteric surfactants.
Particularly, the use of the polyoxyalkylene group containing
olyorganosiloxane in combination with either anionic/nonionic
urfactants or amphoteric/nonionic surfactants provides a
arkable synergetic effect in improving the cleaning property
: Penetrability of the low molecular weight polyo'rganosiloxanes
Ef the polyoxyalkylene group containing polyorganosiloxanes.
| Exemplary suitable surfactants to be applied to the
pvention include: anionic surfactants such as. polyoxyalkylene
f¥lether sulfonates and phosphoric esters; nonionic surfactants
lf}‘as polyalcohol fatty acid esters, polyoxyalkylene fatty acid

f?tsl and polycoxyalkylene alkylethers; amphoteric surfactants

10 -
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!?For use as a dewatering cleaning agent, | ow nol ecul ar wei ght

t pol yor ganosi | oxanes having a cyclic structure are preferable fromthe

vi ewpoi nt of substituting property with water and penetrability and the
like, Qetranrt hliewelel dadivdtaies decamehRybayel s0eRkathh®sad8chanyd

. m xtures thereof are nore preferable. A case in which the cleaning _

3 CONPOS [idyandnitie (el t 9y eIk PD QILL&SREPSaBLLIuRYS&EELC! €2RI AEd 288DRS W | |
§ now be described. Al though the | ow nol ecul ar wei ght pol yorganosil axanes

;| epr st dy- torpeiascéhtadndngl khm@eltinkist Wpawer fade Peses Il phpkesyntq
tstai ns, each conposition is not conpatible with water singly nor is™it

£sol ubl jg atide sfalriny off spessinygtei sukkInGd &hdt ekt ragtleidked 3o ondayeaphase
fseparation in water That is, it is proposed to use themin conbination with
pol yoxguaisdrerss grsupsebht aisnimigher fatty acid esters may also be

.

LY RP R

applied. It is also possible to use synthetic compounds in which
part of the chemical structure of each compound is substituted
by a fluorine or silicon atom.

éi while the composition ratio of the above-mentioned
guaternary water system cleaning agent is not particularly
limited, it is preferable to 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 parts by
weight of a total combination of the above - surfactant(s) and the
polyoxyalkylene containing polyorganosiloxane., Too small an
améunt of the surfactant reduces the cleaning capébility, while
too large an'amount_impairs the penetratbility. Too large an
amount of the ‘low molecular weight polyorganosiloxane not only
makes the system difficult to disperse but also reduces stability
«Afﬁ 23 a water system composition. A preferable fraction of the
Surfactant is 30 to 700 parts by weight, or, more breferably, 50

i to 300 parts by weight, to 100 parts by weight—of - the

} POlyoxyalkylene group containing polyorgancsiloxane. A more
:_pFeferable fraction of the low molecular weight
'ﬁp°1Y°rganosiloxane is between 10 and 1000 part by weight. While
’i“m fraction of water in the quaternary water system cleaning

5 X . . _ . s s
EE Sent is not particularly limited either, it is preferable to
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pol yor ganosi | oxane having in a single nolecule at |east one siloxy unit
repr.esented by a general fornula: [err] (wherein [err] is an al kyl or
phenyl group and A is a pol yoxyal kyl ene group). As a result of such use in
conbi nathofe LREeOWOMHE]ULST miRERIBE PRLYLAS %?‘%Q§!'rla% 1eSp0 O gligg Styabl e
di spersion in water, exhibit strong_péne;rab ity to stains. In addition,
the use @6 ehéutbaalafbmpbsg@IBINNFiroaN MethdiNe £PNPOSIHd Os, My i nprove
their cleaning property.

- - ~By_  -the-- way, . .the polyoxyalkylene group.. gantaining

polycorganosiloxane having in a single molecule at least one

siloxy unit represented by formula (III) penetrates, as described

above, into the interface between ;he stains and the substrate

made of, e.g., a metal 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
agent. In this case, the fractions of the gquaternary water
system cleaning agent will apply to the tertiary composition.
The fractions of the tertiary or quaternary water system
cleaning 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 evaluation, the canvas method specified as a fiber/tgxtile
.test method by Japanese Industrial Standards (JIS) is adopted.
;Since the cleaning property of these water system cleaning agents
_\?epends on the pH value of the solution itself, it is desirable
adjust the pH value to the alkali region. The pH value is
iﬁbre preferably be between 8 to 14.
The tertiary or quaternary cleaning agents can be prepared
by blending and stirring the above-méntioned

'Z}YOXYalkylene group containing polyorganosiloxane, a

—

1 2 - ______._.__’_____ e
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?Us, preferable conpositions for a water system cl eani ng agent of the
Envention contain the | ow nol ecul ar wei ght pol yorganoiil oxane represented
gy fornmulla (1) or (11); the pol yoxyal kyl ene group contai ni ng

R0l yor gagegiekoxyae cdm\d Mepraiiid efgénaneich | éxyeunit represented by formula
£/11) in a single nolecular; a surfactant, dnd water. The pol yoxyal kyl ene
¥ oup cont arhiengapekysyg&armscleaniogexdent i swilf iasi ty o bedt ebcveieay t 0
gt s pol yoxyal kyl ene -group bonded.with. the silicon atom_ thus not only being
¥ conpaaent afigh td vetsatie heatapplsiant ain di mhigraryd watiar + 99l wplaqulesansiag

gOl ution but also acting as an agent for elimnating stains by penetrating
Bt 0 t agentser FHER besweBH tMediEaPAS, and8OEheREs at eSOhidh PAr ekl Df

&g, a netal and which has the atains deposited thereon, and as an

Bt i fanﬁgeég,@npU§éd%’|S|,. rust preventives, and antistatic agents mixed
%; as cleaning assistants or post-cleaning added-value improving
b 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 invention may be
applied to metals, ceramics, plastics, and the like. More
f 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 cleaning of any of the above-described
parts by suéh a process as ultrasonic process, mechanical
stirring and spraying, and thereafter, washing by water
{preferably by pure water or ion-exchanged water), and is
dewatered by drying the part with heated air or a like process.
;L The cleaning composition in which the stain separated from the
3 Part is present is treated by, e.g., separating the stain through
& filter or the like and thereafter by being subjected to a
9eneral waste water treatment process, thereby allowing the
t Omposition to be unhazardous and pollution-free easily.

According to the water system cleaning agent of the

1 lnvention, the powerful penetrating property of the low molecular

R
13
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¥ Such a pol yoxyal kyl ene group contai ni ng pol yorganosi | axane can be prepared
~ by hydrasilyl group containing polyorganosil oxane and a pol yoxyal kyl ene
conpound havi ng an unsaturated group at the end to interact with each other
for add:ighm prlieorgasoplbseane Hipre Peat 24 by CRYYAl TH N CAILAl XZEF Zohn
exanmpl e of the pol yoxyal kyl ene group denotéd by reference character Ain

f or nul eh€ lingefHyce hptweersithg atradhanandqrbepsuept eseatas Wal it Be £9& MUl a:
[err] .. S ' ' '
- cleaping capability of the surfactant(s).to the.stains provides-
e . : Lo e
& a cleaning performance equivalent to that of the conventionally

used flon containing cleaning agents. The use o¢f the
polyoxyalkylene group containing peclyorganosiloxane in
combination with the water system cleaning agents of the
invention allows satisfactory dispersing property in water. In
addition, when applied as a tertiary composition consisting of
the polyoxyalkylene group containing peolyorgancsiloxane, the
surfactant, and water, the cleaning agent of the invention
exhibits excellent cleaning property by the penetrating
capability of the polyoxyalkylene group containing
polycrganosiloxane with respect to the stain. Being a water
system agent, it will bring no risk of environmental destruction
and pollution. Thus, it can be said from the above that the
water system 'cleaning agent of the invention can be an attractive
replacement .for cleaning agents based on organic solvents
ctontaining flon and other substances which have considered
hazardous.

A case in which a cleaning composition of the invention is
sed as a dewatering cleaning agent will now be described. -

Here, the term "dewatering agent"” is only so named after

f "water,- which is a typical liquid capable of being substituted

14 This Sheet Has Been Replaced
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ﬁf (wherein [err] is a two-val ance group selected Tromthe group consisting
&of an al kyl ene group having from1 to 8 carbon atons, a
i [ err] - hydr oxypropyl eneoxyal kyl ene group and a pol ynet hyl ene oxyal kyel ene

gr oup,

DU NEhaa g feoMYe t @ikkcqaeloN; Al OPke [ B8 | ok L Bl Ky L rgr oup

k- having from2 to 4 carbon atons; [€rr] 1s an end group selected froma

P-hydr o
£ nteg

gg&afgahaad 13xan2gl @it Yulel de HENPioaBdaRel 3a3qgRQSithi.ke
r).

Si |l oxane that forns a main conponent of the polyoxyal kyl ene group

fcont abRb g [l yohgannssy | msdeeuila rNode ft | pullgolryahniosiilietkanEe or gagic
®group that is to be bonded with the silicon atomof the silaxane is-'

EDasi calhyes " mttdiybegroleanddit magy icludoniagoidssi wglegvaladeae dydaocar bon
f@roup such as an ethyl group, a propyl group, a butyl group, a phenyl

roupdg_gpeasion medium sSuch as mixtures of water and alcohols and
4 liquids in which various substances are dissclved.

S The low molecular weight polyorganosiloxane represented by
:éi formula (I) or (II} can be, as described previously, substituted
by water alone, thus allowing itself to be easily vaporized and
dried by hot 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 be further improved by

forming it into a composition having the low molecular weight

polyorganosiloxane mixed with a surfactant 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 include: anionic

Surfactants such as polyoxyalkylene alkylether sulfonates and

.f 8id  esters, polyoxyalkylene fatty acid esters, and
: Polyoxyalkylene alkylethers; amphoteric surfactants such as
Midazoyin derivatives; and cationic surfactants such as
-.lkylimine salts, alkyl quaternary ammonium salts. 1In addition
theretc, terpene containing compounds which are rarely present

i (n :
i " Yhe form of a single substance and extracted from natural

15
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si ngl e-val ence substituted hydrocarbon group such as a trifluoronethyl
group as:long as the advantages of the invention can renmain harmnl ess
therefrom Also, the nolecular weight of the siloxane is not particularly
li mit egupetanseishads olved 1si g RigAkYOXF2d iy | aredgrosparil infaguoll sbeyeare

| arge val ues, the addition of a surfactant thereto and the like allows the
conposappdhetic bEt niexle lnd bosiseblbytuates saltide orcatmhindsvwairerhich

di spersive. However, it is practically preferable to limt the nol ecul ar
-wei ght partihé -Siveglddremy gadx yetidud taree v Dupach compounder ief -sidstiauied). For
a polyoxyalk%lene chain, it is preferable to adjust its oxyethylene
conponBift 3t & 14QTERIE RS ifdkeen maaRe t ofaweyr yokyal Ryrere. prgiflesabie
amount of the pol yoxyal kyl ene group is not particularly limted, it is nore
pref er &8l 23D ITAHHCTLE wstlﬁﬁﬁcgaﬁﬁﬁ % br Tt eSbf2ERe 25t A SryatEEing

cleaning agent used in combination with the low molecular weight
polyorganosiloxane is to be further improved.

While the composition ratio o¢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 weight
polyorganosiloxane.

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

Suitable hydrophilic solvents include: polyalcohols and
their derivatives Such as ethylene glycol monomethyl ethers,
;giiethylene glycol monoethyl ethers, ethylene glycel monopropyl
'éethers, ethylene glycol monobutyl ethers, ethylene glycol
INOnobutyl ether acetates, diethylene glycol monébutyl ethers.
tPGrticularly preferable are diethylene glycol monobutyd . ethers

g fom the viewpoint of its compatibility with the low molecular

.-

_ight pelyorganosiloxanes and safety to the human body and the
3
Zer. Since these compounds exhibit improved properties when

Eoexisting with the low molecular weight polyorganosiloxanes, a

R
rrrrr

Position only using this combination may allow substitution

16 . .
This Sheet Has Been Re!ilaced

AR




*groups bonded with silicon atons of the polyorganosil oxane fromthe
standpoi nt of systemstability. Exenplary pol yoxyal kyl ene group cont ai ni ng
pol'yor ganosi | oxanes include: a chain polysiloxane represented by the
formil-a: py watkr] andheigiihgd, g, r, and s are p03|t|ve i ntegers); and a
cyclic polysiloxane represented by the formul a: '

While the composxtxon ratio nf the hydc ophxllc solvent is

net;pargxcul;nly limited, it is. preferable ta have 10Q parts by

weight or less or, more preferably, 50 parts by welght or lé;s
of the hydrophilic soclvent 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
parts 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 containing flon and the like but also allow
-various materials to be stably cleaned with théir low eroding-
raction. In addition, containing no element halogen such as
¢hlorine and bromine in general, the dewatering cleaning agents
bf the invention have few risk of destroying or polluting the
réienvironment. Thus, it can be said that the dewatering cleaning

. %0ents of the invention will be a viable replacement for the
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f[err] (wherein t, u, and v are positive integers). The surfactant serves as

'a conponent for dissolving, emulsifying, and stabilizing the stains renoved

‘ by the | ow nol ecul ar ig;t ggLyor anosi | oxanes or, pol yoxyal kyl ene graoup

- cont ai nPAGPESI PUFJaftds FLIRanER1CB BAVeUPRERL ARDSILAT -5 Qﬂ%ﬁﬁﬁqqﬁaféaﬁkhe

'activatiog hegical structure into the follow ng types: cationic, anionic,

Enoni oni BF ggsﬁbferic, and conbi ned-types. The-inventi,on may be applied to
al | the above types-.-of rf.a s. . However, . .to ohtain the advantage from

$iheir conbiratien _f_B§Eef ngggxot'on bF the O wxﬂ%s_ SR L

' Fig. 1 is a diagram showing an exemplary construction of a

cleaning system using a dewatering cleaning agent of

the
invention.

Detailed Description of the Preferred Embodiments

The invention will now be described with reference to

examples in which a cleaning composition of the invention is

applied to water system cleaning agents.
Example 1

Two kinds (Al and A2) of polyoxyalkylene group containing
polyorganosiloxane, each represented by formula (V) and (VI),
were prepared.

—
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& with the pol yoxyal kyl ene group contai ning polyorgan05|loxane
5r ef erabl'e to use anionic, nonionic, or anphoteric surfactants.
vgartlcularly, the use of the polyoxyalkylene group contai ni ng

$ool yor gdnosi | axane in conbinationw th eit'her” ani oni c/ noni onic suffactants
gor anphot eric/noni onic surfactants provides:a renarkabl e synergetic effect
N i nproving the @¥ani ng propdy and penefrability of the |ow nol ecul ar
ei ght  pol or an05|hoxanes or tihe pol yoxyal kyl ene group contalnlng

Bo| yor g&fosiS Biarde ST Eonpl aryl $if tabbe-s&kf@8tlants to ke gpptied to the
Enventi on |nclude. ani oni ¢ surflactants such as pol yoxyal kyFene al kyl ét her
gul fonates and phosphoric est erf’dhs nonionic surfactants such as

—— {CH;)3~-0-(CH;CH,0 ),

it is

]
CH,4
———(cazcﬁo)é - OCH3 LI ] » o LR K ] (V)
A2:
CH, CH,
(SiO-)l —-(SiO -)]‘_'_—
CH,
(CH;)3-0-(CH,CH;0) o — H

e s s G0 s oo (VI)

Then, the polyoxyalkylene denatured silicone (Al)

represented by formula (V), polyoxyalkylene denatured silicone

(A2) represented by formula (VI), sodium laurate (Bl) and

polyoxyethylene  octylphenyl ether (B2) (20 moles of

polyoxyethylene), both serving as surfactants,

and water were
weighed- so that their ratio by weight will be 5 ¢ 5

: 4 : 4 ¢« 82.
?hereafter,

these components were charged into a homogenizing

Mixer for blending to obtain a water system cleaning composition
Pl,

Examp le 2

The polyoxyalkylene group containing poiyorganosiloxane

(Al), cthe sodium laurate (Bl) and polyoxyethylene octylphenyl

*ther (B2), both serving as surfactants, and water were weighed

Ls e
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pol yal cohol fatty acid esters, polyoxyal kylene fatty acid esters, and
pol yoxyal kyl ene al kyl et hers; anphoteric surfactants such as im dazolin
derivatives; and cationic surfactants such as al kyl am ne salts, alkyl
quat genghy taiieR darialfys thkncafgdblienohheaete, sheepenedCoRt FARLA0L .

conpounds which are rarely present- in the :formof:a single substance and
extr abead fr omteat Wy tem isieaiaosy asomid d i aisohi Phaeyad adliya ated! estigt s may
al so be applied. -Lt is also possible to use synthetic conpounds in which
par t EsEmp®@ dheni cat structure-of each -conpaund is suhsti-tuted by

a .;
fluorine or silicon atom Wile the conposition ratio of -the -
abov&xaggtliedndd tqudt ernary water system cleaning agent is not particularly
limted, it is preferable to blend 10 to 1000 parts by weight of a
sur f act anfThigo RObYPEYRIkBYeRE GFHOWR ERABLPON|BTy MINNTFARADEPXanes
cont ai ni ng- pol yor ganosi | axane, ~and 1000 parts b

(kl% gng (Xg)? dgobtyﬁ sodium suggos.ccinatg (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

[
)

selectively mixed to prepare water system cleaning compositions

P3 to PS5 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 of the above

examples except that no polyoxyalkylene 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 were made based on the JIS-specified. canvas

The smaller walue means better penetrating property;

the composition is more effective in cleaning smaller

Cleaning property test

A sample is prepared by applying a spindle oil over a steel

20 e
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wei ght or less of the | ow nol ecul ar wei ght pol yorganosil axane to 100 parts
by weight of a total conbination of the above surfactant(s) and the
polyoxyalkglgne cont ai nj ng pol yorganosi | oxane. Too small an anount of the
surfact a8 tF&BuESE (BAXEIGahEnd tcabbbiC.i £9r. M8 1R0€ES - | arkRe aRLARBERY - is
inpairs the enetra%bilit . Too large ‘an ampunt of tHe | ow hpl ecul’ar wei ght
Yol yor gan®¥R+B35RE Rt t&“rﬂyfjﬁ%ﬁ(eép?’h‘é £95 eArPAPAingc Rite 1R Hi Bpk@deOButhal so

y educes st abi em ¢onposi t] on. réfeggble fraction, of

| i tibas,? wat er _sysi A E

X he surt atARLei §R¥0ULEF288P 5y FL2RYLRGI ght TNEY SMALFETpFEFeABEE . 180 £B2300
®arts by wejght, 1 arts by weight of the polyoxyal kyl ené group '~ °~
font ai ni n@eEgF§OFg§n82gF§§<gﬁeP:ﬁpﬁﬁ'ﬁg b?gf’g‘?ébl e fraction of the |ow

gol ecul ar(ﬁei g?{;aggk?:g‘rxgggg‘s_i | oxane i s between 10 and 1000 part by wei ght.
¥ ile the actron o ter in the quaternary water system cl eani ng agent.

b not parti cuEgehY cbiPbsg€i8hn! Mals ddntail¥f Sl 3! €rdfsPa¥ent bottle of

200 ml sealed thereafter and then heated at S50°C for 6 hours.

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

the bottle is observed.
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—————

?water 40 wt. % or nore or, nore preferably, 70 to 99.5 wt.%to the total
conpositiron froma stability viewpoint. 10 By the way, the
pol yoxyal kyl ene group contai ni ng pol yorganosi | axane having in a single
mol ecul e at | east one siloxy unit represented by formulfa (111) penetrates,
as described above, into the interface betveen the.stains and the substrate
. made of, e.g., a netal to which tthe stains adhere to "peel off" the stains.

. Thus, even a teftrary copposrfron cgnstpringrof the polyoxyal kyl ene
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group contai ni ng pol yorganosi | oxane, a surfactant, and water may serve as a
vi abl-e wafer systemcleaning agent. In this case, the fractions of the
quaternary Aated £S5 Lon€l RO NEhEJeSu It | $hSPR! ¥ntPabbe Lorthdryater
conposition. The fractions of theé tertiary or quat.erndry,water system
cl eanigysEgentclemyiy agalasi gfedehilat ; hizenvabHe 2ghbeiebt aewedlbyne
canvas nethod at roomtenperature for evaluating penetrability wll be 15
or | essledrfing | capabadifiyor drebs. pémettdiel biayyat ranestiagcamas beghod
specifi-ed'as a fiber/textile test nethod by Jdapanese Industrial Standards
(JI'S) aaiakupt bilty Sisce nelpd agdemwemithd opr opercgnuéntheselmoéwesysbesred
cl eani ng agents depends on the pH value of the solution itself, it is -
desi r ableanionadjagtnthe grtaining o flnn alaka | thegi dikethe pﬂival uktsn nore
preferably be between 8 to 14.

stability, it is considered a hlghly practical product. In

contradistinction theretc, the water system cleaning agents

according to Comparative examples were satisfactory neither in

cleaning capability nor in penetrability.
An exemplary process employed to clean a specific part using

a water system cleaning agent of the invention will now be

described.

Example 6

In fabricating a liguid 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
carried 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 remove the oil.

In this example, the water system cleaning agent of the
invention was used in lieu of a conventional triethane cleaning

- agent.

A pump part made of a stainless steel SUS304 and a Ni-plated

—

}ﬁ Stainless steel SUS304 material having an adhesion of Silicon Oil
1§2F~4 {trademark of Shinetsu Chemical) as a diffusion oil was
1 ﬁicleaned. .

The composition ratio of the used water system cleaning i

ﬁlgent is as shown below.
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¥ The tertiary or quaternary cleaning agents can be prepared easily by
bl ending and stirring t-he above-nenti oned pol yoxyal kyl ene group contai ni ng
pol yor ganosi | oxane, a surfactant, water, or further the | ow nol ecul ar

wei ght " pol yor si Laxane yepgesentegd by fornula (1) or (11 where |
necessary. Tﬁgﬁﬂge %?’a E%%mnégisggrgrnéfdeﬁﬂﬁiﬁéqgéﬁﬁﬁ% 0%§5Fﬁ a%ﬁéPgr

g System cieapi A0eRYER! ad S Thy ISy eani g agepts such as
g descri bed abovee rray?,haveﬂgfjﬁ?t ?&esa?% egapﬁklﬁ}ee?%%d%?di rrlsgrvgwgt eorﬁ-ssglnﬁbl e

$cl eani ngpaupskPa Sghens BRouRdiddn®aSn P, ' i -
-'synthet?% builgerg? rustgprg?gntivggflgggggnti§§%ﬁ§§§%§k§§é%ﬁﬁéggﬁgsqye'

¥ ! eani nof abbowiAgt shemipadl -« RANUNE asiedg¥alys) L PPRAUL agephsa pRdakhe
3 i ke, depending on the property, anount, adhering State, cleaning

gonditi aachoomathe tr&esbdhicenst Rbmog&HeisaBoaddibnQn may play an inportant

CH, CH,

I i
(Si0— (?j_o -}y —

CH;
(CHp)5-0-(CH,CH,0)s — H

On the other hand, as a surfactant, a mixture of 8 wt.% of
special nonionic Adecanol B-4001 (trademark of Asahi
Electrochemical) and 6 wt.% of anionic TWA-2023 (trademark of
Ipposha Oil 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 diluted by ion-exchanged water at an arbitrary ratio,
Silicone Oil’F-4 was cleaned using the diluted cleaning agents.
As a result, the pump part was satisfactorily cleaned: through
immersion by stirring for 1 minute in a 1/10 diluted cleaning
agent at ambient temperature; through immersion by oscillating
for 1 minute in a 1/30 diluted cleaning agent at 40°C or through ._
1l minute ultrasonic cleaning at 20°C in the same cleaning agent;
and through 1 minute ultrasonic cleaning in a 1/55mdiiuted
Cleaning agent at 50°C, respectively.

For comparison, the pump part was similafly cleaned with
» . “Ompositions containing only surfactant(s) and no polyoxyalkylene

:qr°“P containing polyorganosiloxane. Silicone 0il was not
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;fkt dependi ng on their application. The water system cleaning agents of

‘he i'nvention nay be applied to netals, ceramcs, plastics, and the |ike.

bre specifically, they may be applied to netallic parts, surface treated

/ P ! . . rh .

harts, elggbggglc and sem conductor parts, electric and precision nmachinery

arts, optrcal ﬁaFP§Flgu&9$lgndngrg@1§£qg5;sh and the-like. An exenplary

ener al - py%ggﬁgncl eani n rocess usually .if“‘i’ﬁb‘iﬁ VieBnent iz RQ. t&fa iy Of

he above-descriBedpért Hﬂ/dﬂkﬂté&i¢5$§g§pgrc'processu '

k- Smeva gl : tonvat amoient temperacy

To remove Silicone 0i . - ) ) re,

il with this com TR A T -

5 minut -ofipesition, it’topk more than®

kA es at 65°C or more.

d :

lncorporates the polyoxyalkyrene

cleaning Property.

Example 7

.

09 (trademark of Sanyo

Kasei x - i i
QgYyo), which is a surfactant containing
) ’

low foamin
Preventive ¢l i i e
eaning agent, ig typically used to clean mechanj 1
and metallijc i e

) | parts. Blending 3 wt.% of the polyoxyalkvyi
enatured silicon (Al o
) represented b

Yy formula (V) in Ex

ample 1,

5 wt. 1i
of cyclic hexamethylcyclotrisiloxane,

cl 2 » :
' ®aning composition was prepared

foliowi
n
g method, The result is shown in Table 2
. For

109 yag also shown.

Test Metnog
(1) Cleaning test - 3
| —
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Fhani cal stirring and spraying, and thereafter, washing by water

Iref erably by pure water or ion-exchanged water), and is dewatered by
fying the part with heated air or a |ike process. The cleaning conposition
 whi ch t hehet af 0l Sepingt Sbnfvanbrdie pavkres pspheod itot seadsgrdysed. 9.,
Eparating the stain through a filtér or the lLike and thereafter by being
£hj echedmioua gephatel (MBi4AMabyr imeetwbmg, pitriess, tyhebdbyiafl ovemd the
Bnposition to be-unhazardous and pol luti'on-free easily. According to the
fL or - sysegnedl sdviikey stdarredof (40 Ipupninongsphetpyrerdldaniaptagenty
goperty of the | ow nol ecul ar wei ght pol yorganosil oxane represented b

& nul g 1¢RP gilpcep)s prt ha $ﬁ€‘é§‘g§c§°bbtmﬂéé~ht¢ he Bhed nALERE tifpm rate
- wel | as the cleaning capability of the surfactant(s) to the stains

Eovi dés awelesni N Derlmidide B4aretal wds riagkht dy Phewing.  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%
3 Chlorinated paraffin 5%
3 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 the contaminated plate after
cleaned
(2) Cleaning“test-- 2
A contaminant was prepared by adding 2% of carbon black to
4 water-soluble machining oil (emulsive), and the test was

Performed in a manner similar to that of Cleaning.test - 1. 1Its

cleaning rate was similarly calculated. _

"
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em—————— TR =T

® conventionally used flon containing cleaning agents. The use of the

_:' pol yoxyal kyl ene group contai ni ng pol yorganosil oxane in conbination with the

“wat er system cl eaning agents of the invention allows satisfactory

3 d| spersing property in wateffablle addltlon when appl i ed,as. a tertiary
corrp05|
pol yor ganosi | oxane, t hémmerkacnant meahd wat éﬂedrhmgalm ngd pgent of the
| nventi on exhi bi ts excel I eenlecchdanl ng prdpmelm::.bm t he ltﬂa-maﬂi at ng
apabll' - Xy F oot - Cratos 1] e Mt h

 espect to the stain. Be| ng lé wat er systemkﬁgdnt |t S/ﬁ-lq b3r| ng no rr~sk of

®onvi rondkernindeSefhicti én aﬁ@ pollution. TH#s5 it cafde? said fromthe

bbove that the water systenf8l eaning agent:O¥-% he i nht8 on can be an

ttract'rve repl acenent T1Or ;I €ani Ng _agents pased om organt ¢ Sorvents

font ai AR BREToThér gat ances whi ch g%a\ée consin;w'c':d hazar dous.

" i
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*A case in which a cleaning conposition of the invention is used as a
dematering cl eaning agent will now be described. Here, the term "dewatering
agent” is only so named after "water", which is a typical |iquid capable of

bei ng substi §uhedaky tieke s @éﬁ@'c‘%ﬁ*&xﬁ‘té@'&htamy@rQeﬂﬂéékﬁl"ﬁ”%? rad the
cl eani ng conpositions of the inventi-on may also be used as "liquid

ir enovi njdpagenwsich bSsibs tddntiedid Ad, Ghvadniatd el bQPb@&WL@&U‘e%E 8g. The
fappl i cabl e |iquids ray be those which are insoluble or difficult to be
idi ssol vedliuficheatdwatd e eyisaemel gatifgl yge e Gl ris as- thwbdaﬁaSHr'f ace
f ensi ons are |larger than those of the | ow nol ecul ar wei ght -
.oIyorgaﬁo§ﬂh@&ﬂﬁhﬁmﬁ®®l"ﬁaﬂsﬁtruss) which is an emulsive degreased
cleaning agent; and Hikari Ace (trademark of Shoko Trade) which
is a powerful special cleaning agent. As a result, these
cleaning agents, when used in combination of the polyoxyalkylene
group containing polyorganosiloxane and the low molecular weight
polyorganosiloxane of the invention, exhibited a significantly
improved cleaning property.
Example 8
The water system cleaning agent of the invention 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 stép prior to soldering a part on a printed board, a

WW rosin ester was put on a part and immersed in a solder bath
“Qt 230 to 250°C and then the part was mounted. It was observed
that the flux was completely removed when the printed board was
Ower-rinsed for 35°C for 45 seconds using a. water system
’ °1§aning agent described below. —-.

~ The water system cleaning composition used here is prepared
7 'blending 2 wt.% of the polyoxyalkylene group containing
fi}Yorqanosiloxane represented by formula (VII), 3 wt.% of
‘,:kQHOI FM (trademark of Nippon Senka), which is an amphoteric

-
,@fQCtant, 5 wt.% of Nikkol CMT-30 (trademark of Nippon
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%?be cl eaned may include |iquids using water as a di spersion nedi um such as
= m xtures. of water and al cohols and liquids in which various substances are

g di ssol ved. The | ow nol ecul ar wei ght pol yorganosi |l oxane represented by

 formul ag( 1) aQir‘lag’Jv'd ))n 'gg,i%[qé&e 1a38 sggig,%ﬁlﬁg;d\%% 8‘%%% lngHga??_;é%ugocgrg%%%/ng?t er

. al one, thus a or r'zed-a ¥
L-bel ow [ etynl;- in I kk aent. i Sy A of
e frliorRe s ek nans 288100, TUSTLRL U Ll ALY

ne and W th it a satisfactory
geffect” dan KA .obtad NSk y£itidd S. clreani ng and dewat ering _ properties: and
gthe like will be f

3 her inproved by forming it into a conpodsition having
¥ he | ow nol ecul ar ght pol yox,ganosi | oxane m xed with a surfactant and/or

(CH;)3S10- (Si0-)y _(Tio -)ss = SLi(CH;),
CH,

{CHz)3-0~-(CH,CH,0)¢

—

‘——(Cﬂi(l:HO)‘ - OCH] ese see e (VII)

CH,

When acceleration aging tests which guarantees US MIL-F-

14256C standard, surface

insulation resistance tests, ion

residual tests and the like were conducted 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 cleaning agents will now be described.

Examples 9 to 17

Octamethyltrisiloxane (El), octamethyltetrasiloxane (EZ2),

and decamethylpentasiloxane (E3) were prepared as low molecular
weight  polyorganosiloxanes; polyoxyethylene oleyl ether (F1l)

{P.O.E =6 moles), and polyoxyethylene octylphenyl ether (F2)

{P.O.E = 10 moles) as surfactants; and diethylene glycol

monobutyl ether (Gl) as a hydrophilic solvent were pre_gzg;:ea.
These components were selected and blended so that the

Composition ratio shown in Table 3 were satisfied to obtain

Tespective dewatering cleaning agents.

Comparative examples 4 to 8

is Sheet Has Been Reﬂiaced

sl



“hydr ophi lic solvent. The above-nentioned surfactant's contribute to
-‘inproving particularly the cleaning and dewatering property, and suitable
- surfactants to be applied to the invention include: anionic surfactants

;such as pol y gy lﬁibenﬁe@hgﬂeﬂyﬁ'{ Jﬁi?n S, PO SBRON, Ca ?tﬂ.x?d

. noni oni ¢ surfactants such as pol ya at.ty Id esters, yoxya ylene

fatty agieteespeeparadd 99! yonvanikwloane ahkyhebbers; qrafahﬁtxfafl ggeliekactant s
such as imdazolin-derivatives: and cationic surfactants such as al kyl am ne

salts,” dgedimust yQﬁmOhﬂgriﬁFt%Ieh‘ﬂx@a@db"g'e%'tst RHSHL, cdrbeNEion -
ont ai ni ng conpounds which are rare present in the formaf a single*

ubst anaeatdrus eoén‘éicatsaCbHdswnIlatTHMesybstances as well as higher fatty
cid esters may al so be applied. It is also possible to use synthetic

Fonpounds i n Tie gdropedt isds tofe Exaepileal IStouly used dongsecd'a €OV GNhp 1o s
4 to 8 were evaluated by the following methods. The result is
also shown in Table 3.
(1) Dewatering property

Various pieces (a stainless steel strip, a ceramic piece,
a polycarbonate 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 water) after drying each piece 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
dewatering.
X: Water marks were visibly observed.
o: No water marks were visibly observed..
©: No water marks whose size is 50 um or more were
observed by the scanning electron microscope.

(2) Continuous dewatering property

A continuous 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).

30
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fbstituted by a fluorine or silicon atom However, it is nore preferable
® use nonionic surfactants if the effect as a dewatering cleaning agent
®ed in conbination with the | ow nol ecul ar wei ght pol yorganosil oxane is to
& furthéd)i nProved. pawidestthe conposition ratio of the surfactant is not
p@rticularly limted, it is desirable-to have 20 parts by weight or |ess,
3% nore pref5P&bﬁ}ﬁ¥§%ﬁ%ﬁS§QﬂP\M§%ﬁﬁPdvateé@?eg$e¢héns&ﬂandﬂKaﬁQrﬂmm
P& ts by meiggy of | ow nol.ecul ar meiggt polyorganQ§ionane. A suitable
hilir ophi F-82E31FeATREy A8 BRLeEohPatR®l @VeR taf (3R°F ow OHA enql e WeTvimg -
P o I BRakegRa e UL B SR 'y NG {0 00 PRT diS Ly T

condition every 5 minutes and the time required for drying was

recorded on a S-minute basis.
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@ et hyl ene

Table 3

al

di

2 th the . loynolg
®dy and t hg

Vi ewpoi nt .
®wubatituting property by water.

The hydrophilic solvent contributes to inproving

Sui t abl e hydrophilic solvents include:
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'3oexist!ng with the | ow nol ecul ar wei ght pol yorganosil oxanes, a conposition
pnly ‘using this conbination may allow substitution by water and drying.
ile the conposition ratio of the hydrophilic solvent is not particularly

gimted, it izgsprgf eag@hﬁe{ae hewsn 1QRePaELSubY WRHSGAL Qh | €aB1ar,.3 ke
¥referably, 50 parts by weight or |less of the hydrophilic sol vent m xed

% th 10Qparder g webdbanahdt hadene sl 66Ul anenei ghiemelyof garaniiboxane.

Ye dewaterlng cl eanj ng agents of the invention may be applied to netals,

der ani Cxatpl efd dosry ahelva ter ing eprddeer gpecad ibgalal yiabiley smivs thicutepfoed to

gtallic parts, surface treated parts, electronic and senicenductor parts,

ect ri coxgahie estdiven tmachn naiyipgr tfidoropandalthrar Lskeglkaseding leanangc

p@rts, and the |ike. An exenplary general -purpose cleaning process usually
agents. _

Dewatering cleaning agents containing methylene chloride or
isopropyl alcohol (Comparative examples 4 and 5) rust and erode
metal films and plastics. In contradistinction 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 large surface roughness values,
thereby ensuring their reliability when applied to parts
including metal, plated, electronic, semiconductor, plastic, and
ceramic parts. The dewatering cleaning agent containing
isopropyl alcohol permitted water to be dissolved 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 agenté of the
invention improved the dewatering property, thereby attesting to
their industrial applicability.

An exemplary cleaning system using a dewatering cleaning

‘agent of the invention will now be described with reference to-

P T i
Pl

R Cnid
3

Fig. 1. —_
3 e A cleaning system shown in Fig. 1 consists roughly of a
@‘Cleaning/water—substituting process A and a rinsing/dewatering

® Process B.

The cleaning/water-substituting process A, which is the

{firSt process involves a first cleaning vessel 1 and a second

33 This Sheet Has Been Reilaced
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ol ves i mrersing of any of the above-described parts or spraying a
“C@wat ering cleaning agent of the invention onto the part to substitute it

g wat er and drying by blowi ng hot air and the |ike. The inmersing and
flrayi ng processes may be acconpani ed by an ul trasonic process and e
gchani cake3pipgi eSSk deweR&Sh ngecivéagi mptyeass dHf sERACRIPENIFPLGY
‘ibiting a powerful dewatering property, can not_only provide cleaning
Y wat ePESLBERFRGLRAY28A! BcEQPAFRT IR BREORSN tINREL PV c ARR M i4RFATERA188ni ng
] nts'contakgiaf-flaﬂ~and the |ike but -al-so .all aw, vari ous %géepLals t g -be
$0ly cFEafe th th8fr FHRAEr AR%hgS8EPPEN. CHPRBLRT L ivEiESToht di Y- 379

T R T SRR A b G
th onviLonupa, Thg g, CahberSAE RR oLDS.ISURLERING YsaU 2e8 S
‘ 2 are operated together with ultrasonic, oscillating, mechanical
stirring, cleaning agent heating, and brushing processes and the
like, if necessary. '

The first and second cleaning vessels 1 and 2 respectively
contain a cleaning agent Dl composed of a low molecular weight
polyorganosiloxane and a surfactant, which is- cne of the
dewatering cleaning agents of the invention. The surfactant
contgining cleaning agent D1 may be so prepared that its specific
gravity is smaller than that of water and larger than that cf an
oily stain. Therefore, water Y introduced by an object to be
cleaned X is separated by being sedimentated at the bottom of the
surfactant containing cleaning agent D1 that has been charged in

the first and second cleaning vessels 1 and 2. If an oily stain

Z is present on the object X, the oily stain Z is separated by
i floating upward in the surfactant containing cleaning agent D1
in the first and second cleaning vessels 1 and 2:

The water Y separated by being sedimentated in the second'
.cleaning vessel 2 is intermittently discharged to THe first
l cleaning vessel 1 through a drain line 2a while the water Y

separated by being sedimentated in the first cleaning vessel 1

is intermittently discharged to a cleaning agent recycling

mechanism C (described later) through a drain line 4. A drain

\ line 3a connected to the drainage vessel 3 is also connected to

34
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invention will be a viable replacenent for the conventional organic

$| vent contai ni ng dewat ering cl eani ng agents such as flon, which have been
fposing the environnental problens. Brief Description of the Draw ngs Fig.
13i s a diagram showi ng an exenpl ary construction of a cl eaning system usi.ng
ajdewat erthg cleaning agent uécyhéingvaetramiaaetalIed Description of the

Pigef erred Enbodi nent s
v The oxly stain Z separated by floating in the first and

second vessels 1 and 2 is dlscharged cutside whlle contxnuoua}y
overflown through an overflow line 5 connected to the first
cleaning vessel.1l.

The surfactant containing cleaning agent D1 charged in the
first and second cleaning vessels 1 and 2 is continuously
circulated through a filter 6 that serves to remove solid
particles, H;0 particles, undissolved substances, and the like
contained in the cleaning agent Dl.

The rinsing/dewatering process 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 tank 9
that communicates with the third cleaning vessel 7 through a
drain line éa and an overflow line 9b. The third cleaning vessel
7 1is also operated together with ultrasonic, oscillating,
mechanical stirring, cleaning agent heating, and brushihg
processes aﬂd the like, if necessary.

The third cleaning vessel 7 contains a cleaning agent D2

consisting only of a silicone composition identical to the low

molecular weight polyorganosiloxane used in the first process A.
'The cleaning agent D2 may be so prepared that its specific.
'.qravity is smaller than that 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 2 is separated by floating upward in

the cleaning agent D2.

The water Y separated by being sedimentated in the third

35 Sheet Has Been RTllaced
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i nvention wll

now be described with reference to exanples in which a

i‘aning ¢conposition of the invention is applied to water system cl eani ng

Exanple 1 Two kinds (Al y . € g .

%#f?ﬁ?eveggﬁﬁ e E S S tgégfgwékééﬁcéggh(ég)thgeéfeaning
agent recycling mechanism C thr&ugh'a drain liné 10 whila the
oily stain z separated by floating in the third cleaning vessel:
7 is discharged outside through an overflow line 1l1.

The cleaning agent D2 charged in the third cleaning vessel
7 is continuously circulated through a filter 12 that serves to
remove solid particles, H;0 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 cleaning
process.

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 first,
second, and third cleaning vessels 1, 2, and 7, and the
déwatering vessel 3 are connected to the cleaning agent recycling
mechanism C. The cleaning agent D1 or D2 contained in each
cleaning vessel is constantly cleaned by the filters 6 and 12.
However, when 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-agent 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

36 This Sheet Has Been Reilaced
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5 [err] Then, the pol yoxyal kyl ene denatured silicone (A) represented by
Hornmul a (vvV), pol yoxyal kyl ene denatured silicone (A2) represented by formula
(M), sodiumlaurate (Bl) and pol yoxyet hyl ene octyl phenyl ether (B2) (20
l'es of pol yoxyethyl ene), both serving as surfactants, and water were -
i ghed Sorvaeded hgio aadisthiyler gif wikh behéd soiid4.cofiodBiantEhebebdhder,
ese conponents were charged into a honobgeni zing m xer for blending to
opt ai n adesteeyedst dhacdéanitderohpospamat ey vabiays coppihents, water,

| yoxyal kyl-€ne..gr oup ctont ai ni ng pol yorganosi.l oxane (Al ), the_sadium -
ur at e Qtiy stains in the cleaning agent utilizing the difference -fn’
their boiling 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 polyorganosiloxane; the low molecular weight
polyorganosiloxane, i.e., the cleaning agent D2, can be extracted
from both cleaning agents D1 and D2, thereby allowing the
cleaning agent D2 to be recycled. The components other than the
recycled cleaning agent D2, i.e., the surfactant, water, and the
like will be destroyed.

The recycled cleaning agent D2 is forwarded to a mixer 18
from which the cleaning 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 shower rinse vessel 8, a shower rinsing process is
conducted ﬁsiné'only 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 cleaning agent D2
with the surfactant newly supplied from a surfactant sﬁﬁply'line
20 to prepare a new cleaning agent Dl1. The new cleaning agent
Dl is supplied to the second cleaning vessel 2, if necessary.

With the cleaning system of such construction as described

above, the dewatering cleaning agents of the invention can be

used efficiently and effectively enjoying the advantage of
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pol yoxyet hyl ene octyl phenyl ether (B2), both serving as surfactants,
wat er ‘wer e wei ghed so that they satisfy the conposition ratio specified
Tabl e, 1. Then, a water systen1c|ean|ng conposition P2 was obt ai ned as in

nple 1. es,3.to oxyal kyl ene o] cont
yorgaﬁﬁ%gfggg%eglfﬁffnﬁn r?REf X&FOCtyI sod|8L1§5If82uggPh2?e (B3) that
ves t ion to the surfactant Bl d (B2
ﬂ§?5¥§§%§§?|0 élégfﬁﬁs EHH oct aret hyl tr|S|Io§age %ES? got% as | ow
ecular . Wei gt

-

described in the - foregoing pages,'-thg.-Cleaniggu
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

5 the like which have environmental disadvantages. In addition,
the cleaning compositions of the invention, when used as
dewatering cleaning agents, provide a powerful 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.

e

\\
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s

polgor ganosi | axanes, and water were sel ectively mxed to prepare water

sysf em cl eani ng conpositions P3 to P5 having conposition.ratios specified
in ffable.1 in the sanme manner as that i Exarrple/I “Conpar at arrpl es 1
to B Three kinds of water system cl eani ng.corr_p03| \‘%i ed in a
mamer sim .that of each of the above exarrp * N0
pol Yoxyal ky “oup cont ai ni ng pol yor ganosi | oxa e Was Lm xed. The
prOJertles. as-a cleani.ng agent were evaluated as to the water system
cl EEI’II ng ctonpositions of Exanples 1 to 5 and Oorrparatlve ‘exarrpTes 1 to—3 by
t hejfol | owi g rreAhos The fesult Is al.so s g.
1. non-aqueous cleaning composition capable f cleamng an object, the
composition comprising at least one low molecular weight polyorganosiloxane of
formula (ID:-
R!
o)
Si—C
I
Rt /; LI * e e o s s ( II )
(wherein R1 is an organic group of single valence substituted by the same or different
14 group or unsubstituted, and m is an integer from 3 to 7).
2. A non-aqueous cleaning composition according to claim 1, consisting

essentially of said low molecular weight polyorganosiloxane of formula (II).

3. A nom-aqueous cleaning composition according to claim 2, further comprising

a surfactant and/or a hydrophilic solvent.

4. A non-aqueous cleaning composition according to claim 3, comprising at least
' said surfactant, the surfactant being selected from anionic surfactants, nonionic

surfactants, amphoteric surfactants, and cationic surfactants.

5. A non-aqueous cleaning composition according to claim 4, wherein the..
surfactant is an anionic surfactant selected from polyoxyalkylene alkylether sulphonates

and phosphoric esters.

6. A non-aqueous cleaning composition according to claim 4, wherein the
surfactant is 2 nonionic surfactant selected from polyalcohol fatty acid esters,

polyoxyalkylene fatty acid esters and polyoxyalkylene alkylethers.

il

L



(1)’ Penetration test Measurenents were nade bas C|f|ed
canyvas method. The snal |l er val ue meansrtgetter , i.e.,
t hel conposition is nore effective in cléaning. sma er Lparn CI eanl ng

property test A sanple is prepared by applying a spindle 0|I over a steel
strip and baking it at [err] for 48 hours. The property is evaluated by:the

tine spent7for @l mariqagodstRmobitbaiesbrdifg td@laimmapiteréiyhe durfaamnnis an
clepning).. The smaller the value is, the better the cleani ng property

becprres. (B:)zd&aiilneldemmtztveampliaehcaﬂfmaattlon Was ~“cont ai'ned “in 4 “t ranspas ent
bott{le of 200 m seal ed thereafter and
8. A non-aqueous cleaning composition according to claim 4, wherein the

surfactant is a cationic surfactant selected from alkylamine salts and alkyl quatemnary

ammonium salts.

9. A non-aqueous cleaning composition according to claim 4, wherein the

] surfactant is a terpene-containing compound or a higher fatty acid ester.

10. A non-aqueous cleaning composition according to any of claims 4-9, wherein
the amount of the surfactant is 20 parts by weight or less relative to 100 parts by

weight of the polyorganosiloxane of formula (II).

11. A non-aqueous cleaning composition according to any of claims 4-9, wherein
the amount of the surfactant is 3 parts by weight or less relative to 100 parts by weight

of the polyorganosiloxane of formula (II).

P 12. A non-aqueous cleaning composition according to claim 3, wherein said

hydrophilic solvent has a flash point of 40°C or more.

13. A non-aqueous cleaning composition accbrding to claims or claim 12,— -
comprising at least said hydrophilic solvent, the hydrophilic solvent being selected from

polyalcohols and their derivatives.

14. A non-aqueous cleaning composition according to claim 13, wherein the
hydrophilic solvent is selected from polyalcohols and their derivatives selected from

ethylene glycol monomethyl ethers, ethylene glycol monoethyl ethers, ethylene glycol

This Sheet Has Been R
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ther\_ heat ed.

[err] |ts appearance in the bottle is observed H“l“‘[l

at [err] for 6 hours. After being graduaIW/III

rririﬂri

monopropyl ¢ ethers ethylene glycol monobutyl ethers ethytene glycol monobutyl ethier

M

acetate§ and diethylene glycol monobutyl ethers. ~ - -

15. A non-aqueous cleaning composition according to claim 13 or claim 14,
wherein the amount of the hydrophilic solvent is 100 parts by weight or less relative to

100 parts by weight of the polyorganosiloxane of formula (II).

16. A non-aqueous cleaning composition according to any of claims 13-15,
wherein the amount of the hydrophilic solvent is 50 parts by weight or less relative to

100 parts by weight of the polyorganosiloxane of formula (II).

17. A method of cleaning an object, the method comprising treating the object with

a non-aqueous cleaning composition according to any preceding claim.

18. A method according to claim 17, wherein the object to be cleaned comprises at
least one material selected from a metal material, a ceramic material and a plastics

material,

19. A method according to claim 18, wherein the material is in the form of at least
one part selected from a metallic part, a surface-treated part, an electronic part, an
electrical part, a semiconductor part, a precision machinery part, an optical part, a

glass part, a ceramic part and a plastic part.

20. A method according to any of claims 17-19, wherein the step of treatment with
said non-aqueous cleaning composition involves immersion of the object in, or

spraying the object with, the non-aqueous cleaning composition.

21. A method according to claim 20, wherein the immersion or spraying process in

the treatment step are accompanied by ultrasonic agitation and mechanical stirring.

This Sheet Has Been RTlaced
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As is apparent fromthe result shown in Table 1, the water system cl.eaning
agent of the inventic exhibits excellent,cleaning capability and

penetrabitity, attesting to its availabiljty as a rep l mltmm
conventional solvent based cl eaning agents containi ng”mﬂmmm ‘ﬂ e.””
Wth its stability, it is considered a highly-practicak ptoduct’. Fn * ‘
contradi stinction thereto, the water system cl eaning agents according te- -
Conpar ati ve _exanpl es were satisfactory neither in_cleaning capability nor
in penetrabidityA mathed acqycdiny Pimoeshinspy-) etirther ciregising BPsEpbf ¢ pari~
using a water system cl eaning agent of the invention will now be described.
Exanpl e 6 | Maéme@mcng&a the siep of taaysens widisnidnon-aquepeidlerningystal cel | is

evacuated to a hi.gh vacuum
composition,

23. A method according to any of claims 17-22, further comprising the steps of:-
a cleaning step of dewatering and cleaning an object to be cleaned by a cleaning
vessel containing the non-aqueous cleaning composition of formula (II), and
a rinsing step of rinsing and cleaning said object to be cleaned after the
4 dewatering and cleaning by a plurality of rinsing cleaning vessels in sequence, each of
| i the rinsing cleaning vessels containing a rinsing cleaning agent, the rinsing cleaning
| vessels being connected such that said rinsing cleaning agent is transmitted in sequence
in the direction opposite to that of transmitting said object to be cleaned,
wherein said rinsing step is conducted while a rinsing cleaning waste liquid is
recovered from the most downstream rinsing cleaning vessel of said plurality of rinsing
cleaning vessels, the recovered rinsing cleaning waste liquid is distilled so as to be
recycled, and the recycled rinsing cleaning agent is re-supplied to the most upstream

rinsing cleaning vessel.

24. A method according to claim 23, wherein said rinsing cleaning waste liquid is
filtered as a pre-treatrnent for the distillation.

25. A method according to claim 23, wherein the cleaning waste liquid of the
cleaning step is recovered from the cleaning vessel and the recovered cleaning waste
liquid is distilled to recycle said low molecular weight polyorganosiloxane of formula

{dn.
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degree and a liquid crystal material is sealed in a device. In this case,
the evacuation is carried out by a high performance diffusion vacuum punp.
Since the diffused oil enters into the vacuumsystemin the formof mst,. ,
the punp nust be cleaned of t eppggraerneé the BIBCAPBNER s exanple, the -
wat er systen1c|e§q% I nvention

agent of the was used in Lieuy .
conventional tri'et g?gﬂ-!" @ somposigdon CAMBEABLRGrET ﬁﬂ”(fesr%or:hg %?%i%]éﬂs”su“ Ax
steel - SUS3 LD -plat ed stainless steel , SUS304 .mat er i.al - havi
-adhesi on o%%???tc:o Tganoi { loxene ke HFC G Eﬁ%rﬁ%ﬁ %@%%%s‘?%n
oil was cl egpggiqfibfe SQpositjon ratio of, the us Syst | epdid
agent is as Showh beﬁé.lnﬁﬁﬁiY§$°?9F%ﬁPﬁ&$§§%# ?gﬁ?%%%ﬁgngedﬁg;?ér bé?ﬂzl
sufficientlgoshiitaed at anbient tenperature, 6

1 ‘ l ‘ 1
R *?i Si Ti——— R
Rl Al 1 R‘ . seo L LN ] (I)

(wherein R' is an organic group of single valence substituted by
the same or different group or unsubstituted, and 1 is an integer
4 " from 0 to 5), and cyclic polydiorganosiloxane represented by a

general formula:

R
[
Si—C

|
\ R: /m (II)

(wherein R' is an organic group of single valence substituted by

the same or different group or unsubstituted, and m is an integer
from 3 to 7). To use it as a water system cleaning agent,
polyoxyalkyle;e group containing polyorganosiloxane, a
| surfactant, and water are additionally mixed. Accordingly, a

- cleaning effect free from environmental destruction and

contamination, egquivalent to flon containing cleaning agents,

and satisfactorily stable in terms of dispersion as a water
system cleaning agent can be obtained. 1In addition, to use as
a dewatering' clearning agent, the low molecular weight
polyorganosiloxane is additionally mixed alone or -  with a

surfactant and/or a hydrophilic solvent. Accordingly, cleaning

e —
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wt. % of the pol yoxyal kyl ene group contai ning pol yorganosi I oxane havi ng the
fol | owi ng chenical structure was gradually added to obtain an achromatic
transl ucent honogenous sol ution. [err] Ch the other hand, as a

sur f act ananda watet, a B-
(trademar knof Asahi S%Hé{:t ?l'o & rﬁ?’i; and" 6 o Aoigi‘y%r{ﬁgﬁtlc% ! féggé“‘i"q
(trademar ﬂm&mac%hniag G§as€s Wnculhvilrontiint 05t §h (BUR- QUC b -

structure was added to.the above
obtained- S

44




wat er/ si | oxane solution. After diluting the water system cl eaning agent

t hus obtained was diluted by ion-exchanged water at an arbitrary rati o,
Siliconex=G | F-4 was cleaned using the diluted.cl eaning agents. As a
result, the punp part was satisfactorifypcl eaned: through imersion by
stirring for 1 mnute in a 1/10 diluted cl eani ng:agent at anbi ent
tenperature; through immersion by oscillating for I mnute in a 1/30

di | ut-ed ¢l eaning agentiiu [err] or through 1 m nute ultrasonic cleaning at
[err] in the same”cl eahing agent; and through 1 finute ul t faseni ¢’ cl eanirny
in a 1/50 diluted cleaning agent at [err], respectively. For conparison,
the punp part was simlarly cleaned with conpositions containing only
surfactant(s) h and noﬁﬁelyoxyalkylene group contai ni ng pol yor ganosi | axane.
Silicone QO sgmot ~ N~

O
!
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renoved suf IF{EPEAGHMENWI SHEENO jor nore ninute inmersion ultrasonic cleaning

ina 1/10
Ol witht

| | gt-eek-econpositTionl at anbi ent tenperature. To renpbve Silicone

| S c&miht?ez it took nore than 5 mnutes at [err] or nore. It
I s under st opd} f i atja jt hat the cl eaning agent that incorporates the

pol yoxyal ky] ene_group contai ni ng pol yor ganbsi | oxane of the invention
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This invention relates to cleaning compositions which will replace cleaning agents

containing an organic solvent including flon and the like.
Description of the Related Art

In manufacturing various parts such as metal parts, plated and coated parts, and
electronic and semiconductor parts, flon containing solvents such as flon 113, and organic
solvents such as trichloroethane, 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 are 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 energy loss;
(2) Reducing in productivity due to time taken in drying;

(3) Likely deformation of the object to be cleaned due to heating (thermal expansion that

exceeds the tolerance); and

4) Increase in space for installing a cleaning system including a cooler and a heat

shielding unit.

The term "dewatering cleaning agent” is used herein to 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 oi)ject can be dried.



The pol yoxyal kyl RENTS SHEE T ng pol yorganosi | oxanes end the | ow
nol ecul ar wei ght
significantly in EB%@?‘M ng capability of commercially avail able

wat er - sol ubl e cl An faqueous sol ution of Chem cl ean Ms-109
(trademark of , {whi ch i,s a surfactant containing, |ow
foam ng, rust pfeventive cl eaningjagent, “is typically used to clean

mechani cal and netal | ic parts—Btending 3 wt. % of the pol yoxyal kyl ene
denat ured si | i coHowever, evepsiaseit hasbesy foundthat shy destruwmﬁlﬂ ezope layeqpy disgyarge

lic h hyl | ot.ri sil 17 wt, % of i ]
o ot o1 "€ oERBY £ R, BRIERG body Hia bR SRAROE Y o sb Bhon
prepared. Thig D8, ?iﬁé@vﬂ&&%zﬁ&é@ﬁh&daﬂ%&ﬂfcieﬁfs&@e Righ ¢ Githe\eridoardelinggesd

water and itsS cleanin
global scale for an eventual total ban.

Stricter regulations are imposed also on chlorine containing organic solvents such as
trichloroethylene and tetrachloroethylene which are presumed to induce soil and underwater

contaminations and the like.

Flons whose ozone destruction coefficients 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 attracts attention as a replacement for the above organic solvents is a
surfactant-based water system cleaning agent which is free from environmental destruction and
contamination. However, cleaning agents containing only surfactants are not satisfactory in
penetrability, thereby not cleaning, e.g., stains penetrated into narrow portions and medium to

high viscous, persistently sticky oil stains.

Japanese Patent Publication No. 50463/1988 discloses a method of cleaning woven
materials by using silicone containing compounds. According to the disclosure, a liquid cleaning
composition containing an effective amount of cyclic silaxane having 4 to 6 silicon atoms is
used. 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 (hereinafter referred to
as "water system”) due to their being based on a single cyclic silexane 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 does not assist in blending them homogeneously, thereby
causing phase separation immediately. Thus, they are not adapted for use as water system

cleaning agents.
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uated by theifdllowi ng nethod. The result is shown in
apicsPEB 199% dvgl uation result of 1/20 diluted Chem cl ean

M5 109 was al s hown. Test Mdthod (1) Cleaning test - 1 The follow ng

cont am nant s ' ' degreased al um num pl ate (AC4A) by

i mer sing, drigd by blowing, and i merseéd while stirred (400 rpn) in

respective clea UG i s, @ )
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refl ectance neasurenent by a colorineter thereb)é to cal cul ate the cl eaning

rate. Cont singhkamplucular. Since its content is limited to about 0.02 to 0.1 wt.%, no such advantage as

property was
Table 2, For c

improving the cleaning property of water system cleaning compositions is disclosed.

Under such circumstances, the development of highperformance water system cleaning

agents free from environmental problems is strongly called for.

In the meantime, the use of lower alcohols such as isopropyl alcohol is under study for a new
development that can replace the above-mentioned organic solvents for dewatering. However,
isopropyl alcohol has a flash point of 11.7°C, which is lower than room temperature, and this
involves some danger of fires under ordinary handling conditions. In addition, isopropy! alcohol
is highly compatible with watef, 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 containing 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 using.

The use of hydrocarbon and higher alcohols which have higher flash points than room
temperature allows a comparatively easy removal of water, but their low volatility prevents
drying themselves at low temperatures, e.g., 60°C or less, thereby making them unsuitable for

applications to dewatering cleaning agents.

Therefore, an object of the invention is to provide water system cleaning compositions
which have cleaning capability equivalent to that of organic solvent containing cleaning agents
including such as flon and which are stable an water system cleaning agents and free from

environmental destruction and contamination.

Another object of the invention is to provide dewatering compositions which have the
substituting and drying properties equivalent to those of organic solvent containing dewatering
cleaning agents, which have few risks of fires and which are free from environmental

destruction.
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H 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! R} R!
RR ——S8i—0 Si— 0 Si—— R
R R! 1 RY e, O

(wherein R’ is an organic grouﬁ of single valence substituted by the same or different group or
unsubstituted, and 1 is an integer from 0 to 5), and cyclic polydiorganosilaxane represented by a

general formula:

{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 unsubstituted
organic group of single valence including: a single-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 as a trifluoromethyl
group. As the R! which is placed at an end of formula (I), an amino qroup, an amide group, an

acrylic acid ester group, and a mercaptan group are typical organic groups; however, the methyl



Rw. Refl ectance ¢f T pl ate after cleaned (2) d eaningtest -
2 A contam nant ja Eﬂﬁ&ﬁ@ﬁﬁ%%xl ng 2% of carbon black to a

wat er - sol ubl e maghfning oil (e
manner simlar
simlarly calculptked. Table 2 I

| nventi on
59.0 30

| sl ve), and the test was perforned in a
tp { h&0 FERCIYNijng test - 1. Its cleaning rate was

THr si on time Cleaning rate (% (second)
VB-TO09~Creantnd test - 1 15 72. 4
86.5 65. 2

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, decamethylcyclopentasiloxane and
mixtures thereof, each having a cyclic structure; and octamethyltrisiloxane and
decamethyltetrasiloxane, each having a straight chain structure, from the viewpoint of
penetrability and cleaning capability. In regions where the water system cleaning composition has
a strong alkaline property from the viewpoint of stability of polysiloxane, the low molecular
weight polyorganosiloxane havfng a straight chain structure which is represented by formula (I) is
preferable.

For use as a dewatering cleaning agent, low molecular weight polyorganosiloxanes having
a cyclic structure are preferable from the viewpoint of substituting property with water and
penetrability and the like, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, and

mixtures thereof are more preferable.

A case in which the cleaning compositions of the invention are used as water system -

cleaning agents will now be described.

Although the low molecular weight polyorganosilaxanes represented by formulas (I) and (IT)
exhibit powerful penetrability to stains, each composition is not compatible with water singly nor
is it soluble and stably dispersive in water so that it is likely to have phase separation in water.
That 1s, 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:
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(wherein 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 molecular weight polyorganoiiloxane represented by formula (I) or (II); the
polyoxyalkylene group containing polyorganosiloxane having at least one silaxy unit represented
by formula (III) 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 being a component for a
stable water system dispersed solution or agueous solution but also acting as an agent for
eliminating stains by penetrating into the interface between the stains and a substrate which is
made of, e.g, a metal and which has the atains deposited thereon, and as an antifoaming agent as

well.

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

platinum containing catalyzer.

An example of the polyoxyalkylene group denoted by reference character A in formula
(11I) is, e.g., a single-valence qroup represented by the formula:

—R — 00— R, o) avy




REPLACEMENT SHEET 22 Exanple 8 The water system cl eani
I nvention exhibits remarkable effect on cleaning of fl
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rosin containing and water-soluble. A specific exanpleifo
containing fluxes, which is said to be a difficult tas
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(wherein R® is a two-valance group selected from the group consisting of an alkylene group
having from 1 to 8 carbon atoms, a B-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 polyoxyalkylene group containing
polyorganosilaxane is not particularly limited. The organic group that is to be bonded with the
silicon atom of the silaxane is basically a methyl group, but may also contain a single-valence
hydrocarbon group such as an ethyl group, a propyl group, a butyl group, a phenyl group, or a
single-valence substituted hydrocarbon group such as a trifluoromethy! group as long as the

advantages of the invention can remain harmiess therefrom. -

Also, the molecular weight of the siloxane is not particularly limited nor is that of 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 practically preferable to limit the molecular weight of the single polyoxyalkylene
group in the order of 100 to 5000. For a polyoxyalkylene chain, it is preferable to adjust its

oxyethylene component to 40 mol % or more in the total polyoxyalkylene.

While the amount of the polyoxyalkylene group is not
particularly limited, it is more preferable to limit it within 5 mol % or more of the total organic
groups bonded with silicon atoms of the polyorganosiloxane from the standpoint of system

stability.
Exemplary polyoxyalkylene group containing polyorganosiloxanes include:

a chain polysiloxane represented by the formula:



As a step prior to soldering a part on a printed board, a WNVrosin ester
was put on a part and inmrersed in a solder bath at 230 to [err] and then

the part was nounted. It was observed that the flux was—conrphetehy—rom
when the printed board was shower-rinsed for [err] f rREﬂﬁ@éM&MH:SHEETn
wat er system cl.eani ng agent described bel ow. The wat ¢r em-cteart
conposition used here is prepared by blefiding 2 wt. fg@g-
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(MI1), 3 wt.%of SenkEol FM (trade®lly k of Ni ppon Sefka&}—whi-chi.s—

ved
j a

Surfactant), which isja sodiumN L methyl tauri

sur fact ant , (gmg,S¥0di 780 -Rn- exch

conp03|t|on

anphoteric surfactant,| 5 wt. % of N Kkol CMI-30 (trad mar k of N ppon
| er tosgcHpare 100 wt. % of the

CH;

— (CHy);-O-(CH,CH,0), ——

CH;

L (CH,CHO), —— OCH;

(wherein p, q, 1, and s are positive integers); and a cyclic polysiloxane represented by the

formula:

CH, CH|3
L (Si0), — (Si0-)y —
CH,
___ (CH,);-0-(CH,CH,0), ——— H

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

The surfactant serves as a component for dissolving, emulsifying, anﬁ stabilizing the stains

removed by the low molecular weight polyorganosiloxanes or polyoxyalkylene group containing

polyorganosilaxanes.

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
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. withthe polyoxyélkylene group containing polyorganosiloxane, it is preferable to use anionic,
nonionic, or amphoteric surfactants. Particularly, the use of the polyoxyalkylene group containing
polyorganosilaxane in combination with either anionic/nonionic surfactants or
amphoteric/nonionic surfactants provides a remarkable synergetic effect in improving the cleaning
property and penetrability of the low molecular weight polyorganosiloxanes or the

polyoxyalkylene group containing 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 such as imidazolin derivatives; and cationic surfactants such as alkylamine
salts, alkyl quaternary ammonium salts. In addition thereto, terpene containing compounds which
are rarely present in the form ofa single substance and extracted from natural substances as well
as higher fatty acid esters may also be applied. It is also possible to use synthetic compounds in
which part of the chemical structure of each compound is substituted by a fluorine or silicon

atom.

While the composition ratio of the above-mentioned quaternary water system cleaning agent is
not particularly limited, it is preferable to blend 10 to 1000 parts by weight of a surfactant to 100
parts by weight of the polyoxyalkylene group containing-polyorganosilaxane, and 1000 parts by
weight or less of the low molecular weight polyorganosilaxane to 100 parts 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 capability, while too large an amount
impairs the penetratbility. Too large an amount of the low molecular weight polyorganosiloxane
not only makes the system difficult to disperse but also reduces stability as a water system
composition. A preferable fraction of the surfactant is 30 to 700 parts by weight, or, more
preferably, 50 to 300 parts by weight, to 100 parts by weight of the polyoxyz'xlkylene 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 have
water 40 wt.% or more or, more preferably, 70 to 99.5 wt.% to the total composition from a

stability viewpoint.
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i 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 agent. In this case, the fractions of the quaternary water system cleaning agent will

apply to the tertiary composition.

The fractions of the tertiary or quaternary water system cleaning 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 evaluation, 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 value of the
solution itself, it is desirable to adjust the pH value to the alkali region. The pH value in more
preferably be between 8 to 14.

The tertiary or quaternary cleaning agents can be prepared easily by blending and stirring the
above-mentioned polyoxyalkylene group containing polyorganosiloxane, a surfactant, water, or
further the low molecular weight polyorganosilaxane represented by formula (I) or (II), where
necessary. The use of a known dispersing device will help obtain 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-soluble cleaning agents such as pH modifiers, adsorbents, 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 niay play an important

part depending on their application.

The water system 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
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ion-exchanged water), and is dewatered by drying the part with heated air or a like process. The

cleaning composition in which the stain separated from the part is present is treated by, e.g.,
separating the stain through a filter or the like and thereafter by being subjected to a general
waste water treatment process, thereby allowing the composition to be unhazardous and

pollution-free easily.

According to the water system cleaning agent of the invention, the powerful penetrating property
of the low molecular weight polyorganosiloxane represented by formula (I) or (II) 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 to that of the
conventionally used flon contaifling cleaning agents. The use of the polyoxyalkylene group
containing polyorganosiloxane in combination with the water system cleaning agents of the
invention allows satisfactory dispersing property in water. In addition, when applied as a tertiary
composition consisting of the polyoxyalkylene group containing polyorganosiloxane, the
surfactant, and water, the cleaning agent of the invention exhibits excellent cleaning property by
the penetrating capability of the polyoxyalkylene group containing polyorganosiloxane with
respect to the stain. Being a water system agent, it will bring no risk of environmental
destruction and pollution. Thus, it can be said from the above that the water system cleaning
agent of the invention can be an attractive replacement for cleaning agents based on organic -

solvents containing flon and other subatances which have considered hazardous.

A case in which a cleaning composition of the invention is used as a dewatering cleaning

agent will now be described.

Here, the term "dewatering agent" is only so named after "water”, which is a typical liquid
capable of being substituted by the low molecular weight polyorganosiloxanes, and the cleaning
compositions of the invention may also be used as "liquid removing” agents in substituting and
cleaning liquids other than water. The applicable liquids may be those which are insoluble or
difficult to be dissolved in the low molecular weight polyorganosilaxanes and whose surface

tensions are larger than those of the low molecular weight polyorganosiloxanes. The “water” to
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The low molecular weight pélyorganosiloxane represented by formula (I) or (II) can be,
as described previously, substituted by water alone, thus allowing itself to be easily vaporized
and dried by hot air below 60°C.

Such a dewatering cleaning agent may consist substantially of the low molecular weight
polyorganosilaxane and with it a satisfactory effect can be obtained. However, its cleaning and
dewatering properties and the like will be further improved by forming it into a composition
having the low molecular weight polyorganosiloxane mixed with a surfactant 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 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 such as imidazolin derivatives: and cationic
surfactants such as alkylamine salts, alkyl quaternary ammonium salts. In addition thereto,
terpene containing compounds which are rarely present in the form of a single substance and
extracted from natural substances as well as higher fatty acid esters may also be applied. It is also
possible to use synthetic compounds in which part of the chemical structure of each compound is
substituted by a fluorine or silicon atom. However, it is more preferable to use nonionic
surfactants if the effect as a dewatering cleaning agent used in combination with the low

molecular weight polyorganosiloxane 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 tc

100 parts by weight of low molecular weight polyorganosiloxane.

A suitable hydrophilic solvent may be one compatible with the low molecular weight

polyorganosiloxanes, and more particularly, one whose flash point is 40°C or more from the
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Suitable hydrophilic solvents include: polyalcohols and their derivatives such as ethylene glycol
monomethyl ethers, ethylene glycol monoethyl ethers, ethylene glycol monopropy! 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 polyorganosiloxanes and safety to
the human body and the like. Since these compounds exhibit improved properties when
coexisting with the low molecular weight polyorganosiloxanes, a composition only using this

combination may allow substitution by water and drying.

While the composition ratio of the hydrophilic solvent is not particularly limited, 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 parts 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 dewétering property, can
not only provide cleaning and water-substituting effects equivalent to those of conventional
cleaning agents containing 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 the invention have few risk of destroying

or polluting the environment. Thus, it can be said that the dewatering cleaning agents of the
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invention will be a viable replacement for the conventional organic solvent containing

dewatering cleaning agents such as flon, which have been imposing the environmental problems.

Brief Description of the Drawings

Fig. 1 is a diagram showing an exemplary construction of a cleaning system using a

dewatering cleaning agent of the invention.

Detailed Description of the Preferred Embodiments

The invention will now be described with reference to examples in which a cleaning
composition of the invention is applied to water system cleaning agents.

Example 1

Two kinds (A1 and A2) of polyoxyalkylene group containing polyorganosiloxane, each
represented by formula (V) and (VI), were prepared.

Al:
CH; CII-13
(CH;)3S8i0 —— (SiO-)g —— (810 -)sp — SI(CH,);
CH,3

L— (CH,);-0-(CH,CH,0)

CH,

| (CH,CHO), - OCH, N 4|
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A2:

L (Si0-), —(Si0 -),

CH,

L (CH-O-CH,CH,0)p ——— H . (VD)

Then, the polyoxyalkylene denatured silicone (A1) represented by formula (V), polyoxyalkylene
denatured silicone (A2) represented by formula (VI), sodium laurate (B1) and polyoxyethylene
octylpheny! ether (B2) (20 moles of polyoxyethylene), both serving as surfactants, and water
were weighed so that their ratio by weight will be 5 : 5 : 4 : 4 : 82. Thereafter, these components
were charged into a homogenizing mixer for blending to obtain a water system cleaning

composition P1.
Example 2

The polyoxyalkylene group containing polyorganosiloxane (A1), the sodium laurate (B1)
and polyoxyethylene octylpheny! ether (B2), both serving as surfactants, and water were weighed
so that they satisfy the composition ratio specified in Table 1. Then, a water system cleaning

composition P2 was obtained as in Example 1.
Examples 3 to 5
The polyoxyalkylene group containing polyorganosiloxanes (A1) and (A2), dioctyl

sodium sulfosuccinate (B3) that serves as a surfactant in addition to the surfactants (B1) and (B2)
octamethy] tetrasiloxane (D1) and octamethyl trisiloxane (D2), both as low molecular weight
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Comparative examples 1 to 3

Three kinds of water system cleaning compositions were prepared in a manner similar to
that of each of the above examples except that no polyoxyalkylene 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 were 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 strip and baking it at 135°C for 48
hours, The property is evaluated by the time spent for cleaning the oil baked on the sample (by
ultrasonic 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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With its stability, it is considered a'highly practical product. In contradistinction thereto, the
water system cleaning agents according to Comparative examples were satisfactory neither in

cleaning capability nor in penetrability.

An exemplary process employed to clean a specific part using a water system cleaning

agent of the invention will now 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 carried
out by a high performance diffusion vacuum pump. Since the diffused oil enters into the vacuun

system in the form of mist, the pump must be cleaned often to remove the oil.

In this example, the water system cleaning agent of the invention was used in lieu of a

conventional triethane cleaning agent.

A pump part made of a stainless steel SUS304 and a Ni-plated stainless steel SUS304
material having an adhesion of Silicon O1] F-4 (trademark of Shinetsu Chemical) as a diffusion

oil was cleaned.
The composition ratio of the used water system cleaning agent is as shown below.

That is, in 80 wt.% of ion-exchanged water being sufficiently stirred at ambient temperature, 6
wt.% of the polyoxyalkylene group containing polyorganosiloxane having the following
chemical structure was gradually added to obtain an achromatic translucent homogenous

solution.
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On the other hand, as a surfactant, a mixture of 8 wt.% of special nonionic Adecanol
B-4001 (trademark of Asahi Electrochemical) and 6 wt.% of anionic TWA-2023 (trademark of
Ipposha Oil 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 diluted by
ion-exchanged water at an arbitrary ratio, Silicone- Oil F-4 was cleaned using the diluted cleaning
agents. As a result, the pump part was satisfactorily cleaned: through immersion by stirring for 1
minute in a 1/10 diluted cleaning agent at ambient temperature; through immersion by oscillating
for 1 minute in a 1/30 diluted cleaning agent at 40°C or through | minute ultrasonic cleaning at
20°C in the same cleaning agent; and through 1 minute ultrasonic cleaning in a 1/50 diluted

cleaning agent at 50°C, respectively.

For comparison, the pump part was similarly cleaned with compositions containing only
surfactant(s) and no polyoxyalkylene group containing polyorganosilaxane. Silicone Oil was not
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 that the cleaning agent that incorporates the polyoxyalkylene group

containing polyorganosiloxane of the invention exhibits an outstanding cleaning property.
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An aqueous solution of Chemiclean MS-109 (trademark of Sanyo Kasei Kogyo), which is
a surfactant containing, low foaming, rust preventive cleaning agent, is typically used to clean
mechanical and metallic parts. Blending 3 wt.% of the polyoxyalkylene denatured silicon (A1)
represented by formula (V) in Example I, 5 wt.% of cyclic hexamethylcyclotrisiloxane, 17 wt.%
of ionexchanged water with 65 wt.% of the above aqueous solution, a new cleaning composition

was prepared.

This new cleaning composition was 1/20 diluted by ionexchanged 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 MS109 was also shown.

Test Method
(1) Cleaning test - 1

The following contaminants were applied to a degreased aluminum plate (AC~-4A) by immersing,
dried by blowing, and immersed while stirred (400 rpm) in respective cleaning agents (1/20
diluted) for 15 seconds to 1 minute. Then, after immersed in water, the aluminum plate 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%
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Cleaning rate (%) =Rw-Rs /Ro - Rs
Ro: Reflectance of the original white paper
Rs: Reflectance of the standard contaminated plate

Rw: Reflectance of the contaminated plate after cleaned

(2) Cleaning,test - 2

A contaminant was prepared by adding 2% of carbon black to a water-soluble machining

oil (emulsive), and the test was performed in a manner similar to that of Cleaning test - 1. Its

cleaning rate was similarly calculated.

Table 2
Immersion time Cleaning rate (%)
(second) Invention MS-109
Cleaning test - 1 15 72.4 59.0
30 86.5 65.2
60 100.0 67.8
Cleaning test - 2 15 81.7 58.0
30 93.8 71.0

Similar tests were conducted on EP-680 (trademark of B.P. Japan) which is a commercially

available supereffective cleaning solution and water system cleaning agent; Banrise D520
(trademark of Joban Chemical Industries) which is an emulsive degreased cieaning agent; and
Hikari Ace (trademark of Shoko Trade) which is a powerful special cleaning agent. As a result,

these cleaning agents, when used in combination of the polyoxyalkylene group containing

polyorganosiloxane and the low molecular weight polyorganosiloxane of the invention, exhibited

a significantly improved cleaning property.
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The water system cleaning agent of the invention 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 soldering a part on a printed board, a WW rosin ester was put on a part

and immersed in a solder bath at 230 to 250°C and then the part was mounted. It was observed

that the flux was completely removed when the printed board was shower-rinsed for 35°C for 45

seconds using a water system cleaning agent described below.

The water system cleaning composition used here is prepared by blending 2 wt. % of the

polyoxyalkylene group containing polyorganosiloxane represented by formula (VII), 3 wt.% of
Senkanol FM (trademark of Nippon Senka), which is an amphoteric surfactant, 5 wt.% of Nikkol

CMT-30 {trademark of Nippon

Surfactant), which is a sodium-N-COCOIL methyl taurine containing nonionic surfactant, and

adding ion-exchanged water to prepare 100 wt.% of the composition.
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Examples in which cleaning compositions of the invention were applied to dewatering

cleaning agents will now be described.
Examples 9 to 17

Octamethyltrisiloxane (El), octamethyltetrasiloxane (E2), and decamethylpentasiloxane (E3)
were prepared as low molecular weight polyorganosiloxanes; polyoxyethylene oleyl ether (F1)
(P.O.E =6 moles), and polyoxyéthylene octylphenyl ether (F2) (P.O.E. = 10 moles) as
surfactants; and diethylene glycol monobutyl ether (G1) as a hydrophilic solvent were prepared.

These components were selected and blended so that the composition ratio shown in

Table 3 were satisfied to obtain respective dewatering cleaning agents.
Comparative examples 4 to 8

Flon 113, methylene chloride, isopropyl alcohol, and ethanol were prepared as conventional -
dewatering cleaning agents to obtain 5 types of dewatering cleaning agents whose composition

ratios were as shown in Table 3.

The properties-of Examples 9 to 17 and Comparative examples 4 to 8 were evaluated by

the following methods. The result is also shown in Table 3.
(1) Dewatering property

Various pieces (a stainless steel strip, a ceramic piece, a polycarbonate 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
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[ he cl eani ng agent D2, can be extracted from
bot h cl eani ng a;th@F?# z@j ,{ thereby allow ng the cleaning agent D2 to
be recycl ed. [fThe cofnpone ot her than the recycl ed cl eaning agent D2,
i.e., the surfat - d the |i wi |l be 'destroyed. The recycled
cleaning agenf D2 is forwarded fto a m xer 18 from which the cl eani ng agent
D is suppliedT0 the stiower—rt+nse vessel 8, the third cl eaning vessel 7,
or the secoRreté!neakd agtdiebe Rhputitieh dissudveddn watee) dfter drying each piece 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 ciewatering. _
X: Water marks were visibly observed.

o: No water marks were visibly observed.

@: No water marks whose size is 50 um or more were observed by the scanning electron

microscope.
(2) Continuous dewatering property

A continuous 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).

(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 5-minute basis.
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As described in the foregoi ng pages, the cleaning conpositions of the

i nvention, when used as water system cl eaning agents, exhibit a cleaning
ef fect equivalent to that of conventional flon containing cleaning agents
and an excellent stability as a water systemw th no risk of environental
destruction and pollution, thereby nmaking a viable replacenent for the

organi ¢ sol vent based cleanlng agents hcluding flon and the |ike whi ch
have envi ronnent aé di sadva-@t ages. In addition, the clEeanng—Cconposttioys of
the invention,®wh&n used as dewatering cl eaning agents,REBMaS'&ﬂe ful
dewat eri ng @ oper with ng risk of environnmental dedtrfuctionand
pol I uti on, Ig']e'r‘eb serving'a viable replacenent for. tjhe

_ vent
based dewat ging cl eaning ggents including flon and tihe EaP\EAg thlve
environment 8 @& s&lvant agey.
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31 A non-aqueOﬁi gl eani ng conpogi §i on capabl e of cl eaning an object, the

conposition co
of formula (I1):} [terr

rijsip pfm%lwt- ome | ow nol ecul ar wei ght pol yorganosi | oxane
P( ereini[err] is an organic group of single val ence

substituted by t{hé—same—ot—ai+f€r¢nt group or unsubstituted, and mis an
integer from3 tjo 7). 2. A non-aqyeoux2kl eani ng conposition according to

claim1, co %sl ig %ﬁp@gen?ﬁ%z%%é xae[sllxly sh%Ivn'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 conmining methylene chloride or isopropy! alcohol
(Comparative examples 4 and 5) rust and erode metal films and plastics. In contradistinction
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 large surface roughness
values, thereby ensuring their reliability when applied to parts including metal, plated, electronic,
semiconductor, plastic, and ceramic parts. The dewatering cleaning agent containing isopropyl

alcohol permitted water to be dissolved therein, thereby causing water to present on the part again.

Moreover, it is undex_‘stobd that mixing of surfactants and hydrophilic solvents with the
dewatering cleaning agents of the invention improved the dewatering property, thereby attesting to
their industrial applicability.

An exemplary cleaning system using a dewatering cleaning agent of the invention will now

be described with reference to Fig. 1.

A cleaning system shown in Fig. 1 consists roughly of a cleaning /water-substituting

process A and a rinsing/dewatering process B.

The cleaning/water-substituting process A, which is the first process involves a first cleaning
vessel | and a second cleaning vessel 2, each serving both as a separator through sedimentation and
a separator through overflow, and a dewatering vessel 3. The first and second cleaning vessels 1
and 2 communicate with each other through ad rain line 2a and an overflow line 2b. The first and
second cleaning vessels 1 and 2 are operated together with ultrasonice, osciflating, mechanical

stirring, cleaning agent heating, and brushing processes and the like if necessary.

The first and second cleaning vessels 1 and 2 respectively contain a cleaning agent D1 composed
of a low molecular weight polyorganosiloxane and a surfactant, which is one of the dewatering
cleaning agents of the invention. The surfactant containing cleaning agent D1 may be so prepared

that its specific gravity is smaller than that of water and larger than that of an oily stain.



r:-Rﬁé‘E{iﬁﬁMﬁﬂm §WEJayosi | oxane of fornula (11). 3. A

said | ow nol ecul §
non- aqueous cl eali g conpositTomjagcording to claim?2, further conprising a
surfactant and/ of h ﬁf@lm ofvent. 4. A non-aqueous cl eaning
conposi ti on accogdi ngz aifm 3} €onprising at |east said surfactant, the
surfactant beinggs I ®ni c rfactants, nonionic surfactants,
anphoteric surfadtants, and cationfc surfactants. 5. A non- agueous cl eani ng
conposition according to trarm#==nherein the surfactant is an anionic
surfactant SHepsforrOwateOYim@diced b lali vbjettao beé dydned XaEs sepatared bydleing sédiftentated at
phosphoric esters. 6. A non-aqueous cl eaning conposition according to claim
4. wherein tthebettpm eicthe surfagiantcontaining cleaning agent D1 that has been charged in the first and

second cleaning vessels 1 and 2. If an oily stain Z is present on the object X, the oily stain Z is

separated by floating upward in the surfactant containing cleaning agent D1 in the first and second

cleaning vessels 1 and 2.

The water Y separated by being sedimentated in the second cleaning vessel 2 is intermittently
discharged to the first cleaning vessel 1 through a drain line 2a while the water Y separated by
being desimentated in the first cleaning vessel 1 is intermittently discharged to a cleaning agent
recycling mechanism C (described later) through a drain line 4. A drain line 3a connected to the

drainage vessel 3 is also connected to the cleaning agent recycling mechanism C.

The oily stain Z separatéd 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 cleaning

vessel 1.

The surfactant containing cleaning agent D1 charged in the first and second cleaning vessels 1
and 2is continuously circulated through a filter 6 that serves to remove solid particles, H,0

particles, undissolved substances and the like contained in the cleaning agent D1.

The rinsing/dewatering process ﬁ, 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 tank 9 that
communicates with the third cleaning vessel 7 through a drain line 9a and an overflow line 9b.
The third cleaning vessel 7 is also operated together with ultrasonic, oscillating, mechanical

stirring, cleaning agent heating, and brushing processes and the like, if necessary.

The third cleaning vessel 7 contains a cleaning agent D2 consisting c;nly of a silicone
composition identical to the low molecular weight polyorganosiloxane used in the first process
A. The cleaning agent D2 may be so prepared that its specific gravity is smaller than that 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.
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The water Y separated by being sedimentated in the third cleaning vessel 7 is intermittently
discharged to the cleaning agent recycling mechanism C through a drain line 10 while the oily
stain Z 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 continuously circulated
through a filter 12 that serves to remove solid particles, H,O 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 cleaning

process.

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 first, second, and third cleaning vessels
1, 2, and 7, and the dewatering vessel 3 are connected to the cleaning agent recycling mechanism
C. The cleaning agent D1 or D2 contained in each cleaning vessel is constantly cleaned by the
filters 6 and 12. However, when 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 agent 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 .
forwarded to a distiller 15 with the solid components being destroyed. The distiller 15 separates
various components, water, oily stains in the cleaning agent utilizing the difference in their
boiling 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 polyorganosiloxane, the low molecular weight



9. A non-aqueous cleaning conposition accot daffg ACOMENRISHER] Wherein the
surfactant is a terpene-containing conpound ' ty acid ester.
10. A non-aqueous cl eani ng conposition accér di t ficlains 4-9,
wherein the anount of the surfactant is 20{p rifoﬂ'&mt of less relative
to 100 parts by wei ght of the pol yorganosi lfoxane . of . fornubs (I1). 11. A
non- agueous cl eani ng conposition accorgangijto any of clains 4-9, wherein

t he amount of the surfactant is 3 parts by wekght—e+t+ess-1tfative to 100
parts by wej . \els ' Qf‘ﬁ% Iean
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recycled cleaning agent D2, i.e., the surfactant, water, and the like will be destroyed.

The recycled cleaning agent D2 is forwarded to a mixer 18 from which the cleaning 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 shower rinse vessel 8, a shower rinsing process is conducted using only 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 cleaning agent D2 with the surfactant newly
supplied from a surfactant supply line 20 to prepare a new cleaning agent D1. The new cleaning

agent D1 is supplied to the second cleaning vessel 2, if necessary.

With the cleaning system of such construction as described above, the dewatering
cleaning agents of the invention can be used efficiently and effectively enjoying the advantage of

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 equivalent 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 whic:h have environmental
disadvantages. In addition, the cleaning compositions of the invention, when used as dewatering
cleaning agents, provide a powerful 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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A non-aqueous cleaning composition capable of cleaning an object, the
composition comprising at least one low molecular weight polyorganosiloxane of
formula (II):

(wherein R! is an organic group of single valence substituted by the same or different

group or unsubstituted, and m is an integer from 3 to 7).

2. A non-aqueous cleaning composition according to claim 1, consisting essentially of

- said low molecular weight polyorganosiloxane of formula (II).

3. A non-aqueous cleaning composition according to claim 2, further comprising a

surfactant and/or a hydrophilic solvent.

4. A non-aqueous cleaning composition according to claim 3, comprising at least said
surfactant, the surfactant being selected from anionic surfactants, nonionic surfactants,
amphoteric surfactants, and cationic surfactants.

5. A non-aqueous cleaning composition according to claim 4, wherein the surfactant is
an anionic surfactant selected from polyoxyalkylene alkylether sulphonates and

phosphoric esters.

6. A non-aqueous cleaning composition according to claim 4, wherein the surfactant is a
nonionic surfactant selected from polyalcohol fatty acid esters, polyoxyalkylene fatty
acid esters and polyoxyalkylene alkylethers.
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wherei n t he anount oRERUMEMEm'quIE iL solvent is 100 parts by wei ght or

less relative to 100 t{ of the pol f formula
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imidazoline derivative amphoteric surfactant.

8. A non-aqueous cleaning composition according to claim 4, wherein the surfactant is a

cationic surfactant selected from alkylamine salts and alkyl quaternary ammonium salts,

9. A non-aqueous cleaning composition according to claim 4, wherein the surfactant is a

terpene-containing compound or a higher fatty acid ester.

10. A non-aqueous cleaning composition according to any of claims 4-9, wherein the
amount of the surfactant is 20 parts by weight or less relative to 100 parts by weight of

the polyorganosiloxane of formula ().

11. A non-aqueous cleaning composition according to any of claims 4-9, wherein the
amount of the surfactant is 3 parts by weight or less relative to 100 parts by weight of

the polyorganosiloxane of formula (II).

12. A non-agueous cleaning composition according to claim 3, wherein said hydrophilic

solvent has a flash point of 40°C or more.

13. A non-aqueous cleaning composition according to claims or claim 12, comprising at
least said hydrophilic solvent, the hydrophilic solvent being selected from polyalcohols

and their derivatives.

14. A non-aqueous cleaning composition according to claim 13, wherein the hydrophilic
solvent is selected from polyalcohols and their derivatives selected from eth.ylene glycol
monomethyl ethers, ethylene glycol monoethy! ethers, ethylene glycol monopropyl
ethers, ethylene glycol monobutyl ethers, ethylene glycol monobutyl ether acetates and
diethylene glycol monobutyl ethers.
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16. A non-aqueous cleaning composition according to any of claims 13-1 5, wherein the
amount of the hydrophilic solvent is SO parts by weight or less relative to 100 parts by

weiglit of the polyorganosiloxane of formula (II).

17. A method of cleaning an object, the method comprising treating the object with a

non-aqueous cleaning composition according to any preceding claim.

18. A method according to claim 17, wherein the object to be cleaned comprises at least

one material selected from a metal material, a ceramic material and a plastics material.

19. A method according to claim 18, wherein the material is in the form of at least one
part selected from a metallic part, a surface-treated part, an electronic part, an electrical
part, a semiconductor part, a precision machinery part, an optical part, a glass part, a
ceramic part and a plastic part.

20. A method according to any of claims 17-19, wherein the step of treatment with said
non-aqueous cleaning composition involves immersion of the object in, or spraying the

object with, the non-aqueous cleaning composition.

21. A method according to claim 20, wherein the immersion or spraying process in the

treatment step are accompanied by ultrasonic agitation and mechanical stirring.

22. A method according to any of claims 17-21, further comprising the step‘o.f drying

the object after the step of treatment with said non-aqueous cleaning composition.

23. A method according to any of claims 17-22, further comprising the steps of:

a



treatnment step.arg.a ' -4l trasoni c agitation and _nechani cal
stirring. 22. AR REPICACEMENT ASHEETt D any of claims 17-21, further compri sing

the step of dryigg, I the step of treat I’

non- aqueous cl eal r itionl £3. A nethod accord| m uu Mw
17-22, further cg $ of : 34 a cleaning ste ring
and cleanlng an 'ect to be cleanéd by a cleaning vessel contalnlng t he

non- aqueous clea‘

a cleaning step of dewatering and cleaning an object to be cleaned
by a cleaning vessel containing the non-aqueous cleaning composition of
formula (II), and

a rinsing step of rinsing and cleaning said object to be cleaned after
the dewatering and cleaning by a plurality of rinsing cleaning vessels in
sequence, each of the rinsing cleaning vessels containing a rinsing cleaning
agent, the rinsing cleaning vessels being connected such that said rinsing
cleaning agent is transmitted in sequence in the direction opposite to that of
transmitting said object to be cleaned,

wherein said rinsing step is conducted while a rinsing cleaning
waste liquid is recovered from the most downstream rinsing cleaning vessel of
said plurality of rinsing cleaning vessels, the recovered rinsing cleaning waste
liquid is distilled so as to be recycled, and the recycled rinsing cleaning agent is

re-supplied to the most upstream rinsing cleaning vessel.

24. A method according to claim 23, wherein said rinsing cleaning waste liquid is

filtered as a pre-treatment for the distillation.

25. A method according to claim 23, wherein the cleaning waste liquid of the cleaning
step is recovered from the cleaning vessel and the recovered cleaning waste liquid is

distilled to recycle said low molecular weight polyorganosiloxane of formula (II).



formula (11), and a rinsing step of rinsing and cl eaning said object to be

cleaned after the dewatering and cleaning by a plurality of rinsing
cl’eani ng vessel s in sequence, each of the rinsing cleaning vessels
containing a rinsing cleaning agent, the rinsing cleaning vegsels_-heing

connected such .that said rinsing cleani 3§ agent is transmtt eoREPMAGansﬁEET
in the direction opposite to ULEANING COMPOSITEONS2ai d obj ect [o~be

cl eaned, wherein said rinsing step 1's conducted while a ringj

waste liquid is recovered fromthe nost downstreamrinsing dl ga

of said plurality of rinsi ngngmr&f&livfmfsgwguhicovered

cl eani ng waste

DQI nn

£ GFERCEar

A cleaning composition comprising at least one low molecular weight
polyorganosiloxane selected from the group consisting of straight chain

polydiorganosiloxane represented by a general formula:

R! R} R!

R! \ R 1 R' 4]

(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 polydiorganosiloxane

represented by a general formula:

RI

(wherein R’ is an organic group of single valence substituted by the same or different
group or unsubstituted, and m is an integer from 3 to 7). To use it as a water system
cleaning agent, polyoxyaikylene group containing polyorganosiloxane, a suffactant, and
water are additionally mixed. Accordingly, a cleaning effect free from environmental
destruction and contamination, equivalent to flon containing cleaning agents, and
satisfactorily stable in terms of dispersion as a water system cleaning agent can be
obtained. In addition, to use as a dewatering cleaning agent, the low molecular weight

polyorganosiloxane is additionally mixed alone or with a surfactant and/or a hydrophilic



liquid is distilled so as to be recycled, and the recycled rinsing cleaning

agent is re-supplied to the nost upstreamrinsing-e 3 ’T 24. A
nmet hod according to claim23, wherein said rinsin p g lfiquidis
I
%a%

filtered as a pre-treatnent for the distillation.’
claim 23, wherein the cleaning waste |i@éi d of th
recovered fromthe cleaning vessel and the recovege

FER 9%9p

ani ng wasj e liquid

formula (11). .
solvent. Acoordmgly, cleaning and water substituting propemes equxvalent to ﬂon

containing dewatering agents and environmental safety can be obtained.
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