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1 CEEANI NG COVPOSI TI ONS This invention relates to cl eaning conpositi ons/ Pp%

V\?}Ch wi Il replace cleaning agents containing an organic solvent including ~
f¥on and the like, and their use.

. »

; o CLEANING COMPOSITIONS

Background of the Inventioh
1. Field of the Im(ention

This invention relates to cléanin_g compositions which will
replace cl'e'aning agenté cbntaining an oréahic solvent inciudingé
flon and the like.

2. - Description of the Related Art.
In :manufacturing variouss_ parts such as metal parts, plated
and coated parts, and eiectronic and semiédnductor parts, flon
\/ containing solvents suéh as flon 113, and oiganic solvents such
as trichloroethane, trichlorethylene, tetrachloroethylene, and
~carbon tetraéhloride are widely used as cleaning agents for
eliminating oil stains and the like. |
The above organic solvent containing cleaning 'agents' are
‘also _'u_sed '.as'_.dewatering cleaning lagents after having washed
. VArious parts with water in order .to_ avoid the following problems
that are associated with direct dryixig of_ water pi'esent on an
object to be cleaned: - -
(i) Heating (100°C or'more)_ which entails energy loss;
(2) Reducing in productivity due to time taken in drying;
.(3)_ Likely deformation of the objec't to be cleaned due to
~ heating (thermai eipahs'ion that exceeds the télerance);
and | |
(4) Increase in space for '-instali’ing a cleaning'system
including a coolerl.and a heat shielding unit.

The term "dewatering cleaning agent" is used herein to
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| n= manuf act uring various parts such as netal parts, plated and coated
parts, and electronic and sem conductor parts, freon containing solvents
- stich as freon 113, and organic solvents such as trichl oroet hane,

trichl oretdenete.a idiganing axnty liate wandhcan sbjdct rtaﬁlﬂeouléarmde whdehy
used as cl €ani ng agents for eI|n1nat|ng oil stains and
has been washed with water, is xmmersed 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
témperature or heated ;0'60°C or less so that the object can be
dried; | | | |

However, ever since it has been found that ihe destruction
of the ozone layer by dischargé of flon affects seriouély the
human body and the ecological system, the use of flons such as
flon 12 and flon 113 whose ozone dest:uction coefficients are
high is on the gradual decline on a global scale for an eventual

- ‘total bah. |

Stricter regulations are imposed also on chlorine éontainihg
organic solvents sﬁch as .trichloroethylene and
tetrachloroethylene which are presumed to induce soil and

. underwater contaminations and thé_like.

Flons whose ozone destruction boefficiehts.are lower than
the currently used floﬁ containing solvents éie_being developed,
sonie of which are under . fabricaiioh on a 'conimer_cial. basis.

_ However; theée new devélopments are not so welcome becaﬁse they
e 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 agéht which is freé from environmental destruction and
contamination. However, cleaning agents. containing only
surfactants are not satisféctory in pénétrability, thereby not
cleaning, e.g., stains penetrated into 'nari'ow portions ahd medium

to high.viscous, persistently sticky oil stains.
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the |ike. The above organic sol vent containing cleaning agents are al so
used as dewatering cleaning agents after having washed various parts with

at [ der t id the foll ow blens th [ ith
e e nhd Al | BN SR MobogeS 23880 HSALY o

method of cleaning woven materials by using silicone'containing
compounds ., Accordiné to the -disclosure, a liquid cleaning
composition containing an effective ambunt_of cyclic siloxane
having 4 to 6 silicon atoms is 'used. 'However, the liquid
cleaning compositions inclﬁding the above silicone éontaining
hompound are not sﬁitable fbr_use not ohly in general industrial
éroducts due to their beingl '-specifically prepared for woven
materials, but also in éystems:using water (hereinafter referred
to as "water system") dﬁe'to their being based on a singie cyclic
siloxane or the mixture of a cyclic siloxane ahd an organic
solvent. Further, such compositions are not so dispersive in
water that the additionlof a surfactant thereto.does not assist
in blending them homogeneously, thefeby causing phase separation
'immediately. Thus, théy are not adapted_fbr use as water system
cleaning agents. | |
' On the other hand, Japanese faﬁént Laid Open_No"56203/1978
~recites an aerosol aqueous cleaning coﬁpoéition_containing a
chain polydimethylsiléxane ha\iing 2  1:0 3. silico'n.'.atox_ns' in a
single-molucular. Sinée its content is limited to about 0.02 to
S 0.1 wt.%, no such advantage as improving the cleaning property
| of water system cleaning comp¢sitions is disclosed.

Under such circumstances, the developﬁenf of high-
performance water systém cleaning agents free from environmental
problems is strongly called'for.. _.

- In the meantime, the use of lower alcohols such as isopropyl
alcohol is under studf'fdr a new deveiopment that can replace

the above-mentioned organic solvents for dewatering.'_However,
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an obj ect to be cl eaned: (1) Heating (100[err]C or rmre) which entails

energy loss; (2) Reduction in productivity due to the time taken in drying;

(B) Likely defornatlon of the object to be cleaned due to heating (thermal
* isopropyl alcohol has a flash point of 11.7°C, which is lower

\ than room temperature, and thxs involves some danger of fires

under ordinary handling conditions. In addition, isopropyl
alcohol is highly compatible with water, so that the initial
‘dewatering pi:operty i_s ensured, lbut its repetitive use canses
diss’ol\_red,.water to be present acja_in. As a result its dewatering
property will be impaired on a long-term basis. To refine
isopropyl alcohol for i'euse by femoving water from the water
oonteining isopropyl alcohol',' a tremendous equipment imiestm’ent
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 ro'om temperature allows a compératively easy
removal of water, but their low volatility prevents drying
themselves at low temperstures, e.g., .60°C or less, thei:eby
'making them unsuitable for applications to dewatering cleaning
' agents. | B |

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
N including such as flon and whioh are stable as water system

- cleaning agents and free from environmental destruction and

: contaminetion. | |

Another object of the in__'vention- is .to provide dewatering
-compositions which have the substituting and drying properties
equivalent to those of orgam.c solvent contain:.ng dewaterlng
cleaning agents, wh:.ch have few rJ.sks of fires and which are free

from environmental destruction.
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expansion that exceeds tolerances); and (4) Increase in the space for
installing the cleaning system which includes a cooler and a heat
shielding unit. The term "dewatering cleaning agent” is used herein to

denote & cl eani ng agent Summary of the Invention

l

A cleaning agent composition of the inventlon comprises at
least one low molecular weight polyorganosiloxane selected from
the group consisting of straight chain polydiorganosiloxane

represented by a general formula:

ces eee ces (1)

(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 poljdiorganosiloxane represented by a:

general formula:

I
Rl

RI
‘)
Si—0——
/m eee oo see (II)
(wherein R! is an organic group of single valence substituted by
.the same of different gréup of uhsubstituted, and-m is an integer
from 3 to 7). |
Each of such low molecular weigh; polyorganosiloxanes
exhibits powerful penetfabiiity.:to. sﬁaiﬁs and satisfactory
substituting property with waterfalone, making itself a feature
cbmponent-of the invenfion. Reference character R' in formulas
(I) and (II) denotes a éubstituted or unsubstituted organic group
"of single valence inclﬁding: a single-valence unsubstituted
hydrocarbon group suéh.aé an alkyl:group such as a methyl group,
an ethyl group, a propyl group, and a butyl group and a phenyl

g:oup; and a single-valence substituted hydrocarbon group such
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into which an object to be cleaned;, which has been washed with water, is
i mmersed or with which the object is rinsed by shower, such that water
ptesent on the object is substituted by the cleaning agent and then
vapor i sedaisy aaitir il ucxmme Epkrgroup, Ohs Hehe & wbi6b dsr placed| stsasoendat
t heobj ect *can be dri ed.
of formula (I), an amino group, an amide group, an acrylic acid
ester group, and a mercaptan group are typical organic groups;
however, the methyl group is most preferable from the viewpoint
6f 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, décamethylcyclopentaéiloxane and
‘mixtures thereof, each having"a cyclic structure; énd
octamethyltrisiloxane and decamethyltetrasiloxane, each having
a str#ight chain structure, from the viéwpoint of penetrability
and cleaning capabilityu 'In regions where the water system
cleaning composition has a stfoﬁg.alkaline property from the
'vieﬁpoint of stability of polysiloxane, the low'moiecular'weight
polyorgancsiloxane having a stréight_chain structure which is
rép:esented'by formula (I) is preferable. |

- For usé'as a dewatering gleaﬁing 'agent', low molecular weight
N\ pol_{rorganosiloxanes having ‘a cyclic #tructure .are preferable
from the viewpoint of substltuta.ng property with water and

.penetrablllty and the like, octamethylcyclotetrasiloxane,

‘decamethylcyclopentasiloxane, aﬁd mixtures thereof Vare more

- preferable. | | | |

A case in which the'cleaning compositions”of the invention
are used as water syéﬁem'cléaning agentslwill'now be deécribed.

Although the 1low molecular weight pglyorganosiloxanes
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However:, ever since it has been found that the destruction of the ozone
| ayer by discharge of freon agents can seriously affect the human body and
the ecol ogi cal system the use of freons such as freon 12 and freon 113,
whose ozorneepreesentedon byoef formebas arfd)hi gind s, (33)t heexjviduital peuerﬁglon
a gkobal scale fowards an event ual
penetrability to stains, each compos1t1on 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 is,
it is proposed to use them in combxnatlon with polyoxyalkylene
group containing polyorganos;loxane having in a single molecule
at least one siloxy unit represented by a general formula:
Rz

|
Si

A | e e e @
(wherein R? is an alkyl or phenyl group and A is a
polyoxyalkylene group)l As a result of such use in combination,
the low molecular weiéht 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 compesitions for a water syetem cleaning
agent of the invention contain the low molecular weight
polyorganosiloxane represented. by formula (I) or (II); the
polyoxyalkylene group cohtaiﬁing polyorganoeiloxane having at
O least one siloxy unit represented by formila (III) in a single

molecular, a surfactant; and water.
 fThe polyoxyalkylene group containing polyorganosiloxane
exhibits affinity for water owing to its polyoxyalkylene group

_bonded with the silicon atom; thus not ohly'being a component for

a stable water system dispersed solution or aQueous_solution.but
also acting as an agent for elimihating'etains.by.penetrating

into the interface between the stains and a substrate which is
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> made of, e.g, a metal and which has the stains deposited thereon,

and as an antifoammg agent as well.

Such a polyoxya_lkylene group containing polyorganosiloxane
can be prepared by hydrosilyl:group containing polyorganosiloxane
and a 'polyoxyalkylene compound having ar; 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 gr_ouo denoted by reference
character A in formula (iII) is, e.g., a single-valence group
represented by the formula: _

—R? ——(~0—R*—), —OR’* ‘s one see (1IV)
(wherein R’ is a two-valance group selected from the group
consistlng of an alkylene group having from 1 to 8 carbon atoms,
a {3 -hydroxypropyleneoxyalkylene group and a polymethylene
oxyalkyelene group, both -hav:.ng from 4 to 11 cerbon atoms; R* is
an alkylene group having fr_o:h 2 to 4 oarbon atoms; _R5 is an end
group selected from a hydrogen atom and a single-valenee organic
group; and n is a positive J.nteger) | |

- Siloxane that forms a main component of the polyoxyalkylene

- group containing polyorganos1loxane is not particularly linuted-.

The organic group that is to be bonded with the silicon atom of
the siloxane is basically a methyl group, but may also contain
a s:mgle-valence hydrocarbon group such as an ethyl group, a
propyl group, a butyl group, a phenyl gfbup, or a singl_e-valence
substituted hydrocarbon group soch_ as a trifluoromethyl group as

long as the advantages of the invention can remain harmless

" therefrom.

Also, the molecular weight of the siloxane is not
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2 Stricter regulations are inposed also on chlorine-containing organic
sol vents such as trichloroethylene and tetrachl oroet hyl ene which are
presuned to induce soil- and underwater-contam nations and the |iKke.

* 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 dispersi&e. However,
it is practically preferable to limit the moiecular'weiéht 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 toﬁal
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:organie groups bonded with silicon
afoms of the polyorganosiloxane from the standpoint of system
stability.
Exemplary polyoxyalkylene group” -containing
polyorgancsiloxanes include..
a chain polyslloxane represehted by the formula:
CH; ~ CH, |
(CHy )5S0~ ( éio-)p —(S10 -)q = Si(CHs)s
< | L (CH;)3;O—(CH26H20), —
CH,
L (CH, éHO), - OCH,3

(whereln P, 9, *, and s are posxtlve 1ntegers) and

- a cyclic polysiloxane represented by the formula:

mmmmm
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Fr.eons :whose ozone destruction coefficients are |ower than the currently
used flon containing solvents are bei ng devel oped, sone of which are being
produced on a conmercial basis. However, these new agents are not so

melcone\becausedthey are still destroyers of the ozone |ayer.
" ] CH, . CH,
(SlO-)t —(8i0 -),—
b,
(CH;)3-0-(CH,CH0), H

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

The 'sorfactant serves. as a component for dissolving,
emulsifying, and stabilizing the stains removed by the low
molecular weight polyorganosiloxanes or polyoxyalkylené 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 the7above.types of surfactants. However, to
obtain the advantage from their combination with . the
polyoxyalkylene group containing polyorganosiloxane, it is
preferable to use anionic,'nonlonic, or'amphoteric surfactants.

' Particularly, the use of the polyoxyalkylene group contalnlng
polyorganosiloxane in comblnatlon with elther anlonlc/nonionlc
surfactants or amphoterlc/nonlonlc surfactants provides a

\J, remarkable synergetic effecf in improving tﬁe_cleaning property

‘and penetrability of the low molecﬁlar weight polyorganosiloxanes

. or the polyoxyalkylene groﬁp.containing'polyorganosiloxanes.

Exemplary suitable ‘surfactants .to be ‘applied to the
'lnvention include: anionic surfactants such aa polyoxyalkylene
alkylether sulfonates and phosphoric esters; nonionic surfactants
éuch as polyalcohol fatfy'acid esters, polyoxyalkylene fatfy'acid

esters, and polyoxyalkylene alkylethers; amphoteric surfactants

10
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As- a replacenment for the above organic solvents, surfactant-based water
system cl eani ng agents which are free from environnental destruction and
contam nation are gradually attracting attenti on. .However, cleaning agents

cont ai ni nguh W ss infidalzallin detivelt isais §fand wamndnit&@urrﬂwwxf@lshlchy as
t hereby not cleaning, e.g., stains which have

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 aynthetic 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_thé polyoxyalkylene group
containing polyorganosiléxane, and 1000 parts by ﬁeight 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 polybrganoaiioxane.' Too amall 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 systemtdiffichlt 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

polyoxyalkylene group contalnlng polyorganos1loxane.n 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

11
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penétrated'into restricted regions and al so nmedi umto high viscous,
persistently sticky oil stains. Japanese Patent Publication No. 50463/ 1988
di scl oses. a net hod of cl eaning woven materials by using silicone containing
conpoundshadec watieng 40 wihet drsamiasirer, more preferably, 70 to 93.5 wt.%
‘ t; the total composition from a stability viewpoint. |
By the way, the pblyoxyalkyléne group cdntaining
polyorganosiloxane having in a single molecule at least One_
siloxy unit represented by foimﬁla (I1I1) penetrates,_as described
. above, into the interface between the'stains and-the_substrate
made of, e.g., a metal to which the.stains adhere to "peel 6ff”.
the stains. Thﬁs, even a tertiary compoéition éonsisting 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 combosition.
The fractions of the tertiaiy or~quaternary water system
'cleaning agents méy 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 canvaé method specified as a fiber/tgxtilé
test.method'by Japanese Industrial Standards (JIS) is'adoptedf-
Sincé'thé cleaning propérty'of these wéter'system'cleéning'égents
| 'depehds.on the PH value of the solution_itséif,.it_is desirable
A to adjust the pH value to the alkﬁli region. The pH value is
7m9ré.preférab1y be between 8 td_14.' ) | |
"The tertiary or-Quaternary cleaning agenﬁs caﬂ“be prepared
'éasily by blending éhd stirring the above-mentioned
poiyoxyalkyiene group containing polyorganosiloxane, a’
. surfactant, water, or further the low ﬁoleéular weight
polyorQénoSiloxane represented by_formul& (i) or (II),'whefe

necessary. The use of a'known'dispersing device will help obtain

12
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a liquid

si | oxane

sui tabl e

cl eani ng
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cleanlng conposi tion containing an effective amunt of .cyclic
having 4 to 6 silicon atons is used. However, the method is not
for application as an industrial cleaning process. Aqueous

} QORI |t &R G Al g PRYURE SRTeR’ bayane are known

The water 'syste’m 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 may play an important part depending on their

application.

The water system cleaning.agente 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 :

'preCLsion machinery parts, optical parts, glass and ceramic

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

T‘process usually involves cleaning of any of the above-described

parts'_by such a . process as ultrasonic process, mechanical
etirring 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 allike_process.

- The cleaning composition in which the stain separated from the

part is present is treaﬁed by, e;g;; separating the stain through
a filter or the like and thereafter by being_subjecteﬂ to a
general waste water'treatment process, thereby allowing the
composition to be unhazardons and pollution-free easily.
 According to the 'water eyscem cleaning agent of the

invent'ion, the powerful penetrating property of the low molecular

13
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frome.'g. EP-A-351 185 EP-A-352 783, GB-A-2 173 508 and DE-A-3 321 289. .
Non- agueous conpositions contalnlng pol yor ganosi I oxanes have been proposed

for purposes of surfacé coating, e.g. in US-A-4 501 682, which however_is
not_di recY’éélgf‘G EOéIY%ﬁW%M 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 containing cleaning agents. - The use of the
polyoxyalkylene group containing polyorganosiloxane . in
'combination' ﬁith 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 :_agen_t 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, lt 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 substances which-;have considered
" hazardous. | | |
W, - A.case in which a cleaning composition of the inVentigg is
‘used as a dewatering cleaning agent will now be described.
| Here, the term "dewatering'agent“ is oniy so named after
"water," which is a tfpical'liguid 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 subétitﬁting and cleaning liquids other than

| water. The applicable liquids may be those which are insoluble

il l’iiilﬁul fii

14




L

The use’of |ower al cohols such as isopropyl alcohol has al so been under
study for a new devel opment that can replace the above-nentioned organic
sol vents_for dematerlng However ,. i sopropyl .al cohol Eas a fiash oi nt of

11. 7[err]‘C°r\m¢£ﬁf|i§“|1 £o; the (g r dyr Eh Cant®¥hi o et ’és‘%%#ﬂa"

danger of fTi§°%@%%5é¥f¥£E¥ srgg]lwhéke surface tensions are larger than

those of the low _molecular we:.ght polyorganosxloxanes. . The
"water" to be cleaned may include 1liquids using water as a
dispersion medium such as mlxtures of water and alcohols and
liquids in which various substances are dlssolved.

The low molecular weight polyorganosiloxane 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 polyorganoslloxane and with it a

- satisfactory effect can be obtained. However, its cleanlng and
dewatering properties and the like will be further improved by
forming it into a composition having the low molecular weight
polyorganos;loxane nixed with a surfactant and/or a hydrophillc
solvent. | |

The above-mentioned surfactants -contribute to improving
partlcularly the cleaning and dewaterlng property, ‘and suitable
surfactants to be applied ‘to the invention include: anlonlc

_ surfactants such as polfonyalkylene.alkylether sulfonates and
| phosphoric esters; nonionic surfactants such as i:olyalcohol fatty |
acid esters, polyoxyalkylene  fatty acid esters} and
polyonyalkylene alkylethers; amphoteric surfactants such as.
imidazolin derivatives; and cationic surfactants - such as
alkylamine salts, alkyl quaternary ammonium salts. In addition

'thereto, terpene contalnlng compounds which are rarely present

in the form of a single substance and extracted from natural
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condi titons. In addition, isopropyl al cohol is hi ghly conpatible with water,
so that an : - : _ _

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 surfactantsl 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 to 100 parts by .weight of low moleculai' 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 viewpoint. The-hydrophilic solvent contributes to

':improving substituting property by water.i

Suitable hydrophilic solvents include: polyalcohols and_
their derivatives such as ethylene glycol monomethyl ethers,
ethylene glycol monoethyl ethers, ethylene glycol monopropyl'
ethers, ethylene - glycol monobutyl ethers, ethylene glycol
monobutyl ether acetates, diethylene glycol monobutyl ethers.
Particularly preferable are diethylene glycol monobutyl ethers

from the viewpoint of its compatibility with the. low molecular

'weight polyorganosiloxanes and safety to the human body and the

like. Since these compoﬁnds'exhibit improved ﬁroperties'when

'coexisting with the low molecular weight polyorganosiloxanes, a

composition only using this combination may allow substitution'

16
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3 knitial dewatering performance-is ensured, but the dewatering performance
of isopropyl alcohol containing nuch water resulting fromits repetitive

use deterl or at es because |sopropyl al cohol acts as water rather than as
al cohol s* b vates papd dR¥ifgrer remains |

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 lpolyorganosiloxane. |

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, o_ptical parts, glass and ceramic
parts, and the like. 'An exemplary genera_l-_purpose cleaning
process usually involves immersing of any of the above-descril:ed
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 immers'ing a.nd spraying processes may be
-_.acco.mpanied' by-.an 'ultrasonic process and mechanical stirring..

: ~ The dewatering cleaning agents of the inventlon ’ exhibiting

.a powerful dewatering property, can not only prov:.de cleanlng and

water-subst:.tuting effects’ equivalent to those of conventional

S _ cleaning sgents contain_ing flon anci the like but also allow

various materials to be stably cleaned with their low eroding

-action. In addition, conta.ining 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

.envirom.ne_nt'. Thus, it can be'.said that the dewatering cleaning

: agents of the invention will be a viable replacement for the

conventional organic sol\fent containing dewatering cleaning

17
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on-the 'surface of the object. As a result, its eventual dewatering property
is inmpaired. To refine isopropyl alcohol for reuse by renoving water from
the used i sopropyl alcohol, a trenendous equi pnent investnent is.required.
Al so, iSoagenys. suchhals tiohqwalch hayehbeen &mﬁpsumgﬂthesenkitnnménknbr

that tends*to mitigate against its use.
problems. _

Brief Description of the Drawings
- Fig. 1 is a diagram showing an exemplary qqnstruction of a
_cléaning system using a deﬁate:ingﬁ cleaning agent of the
invention. | _ | |
Detailed Description of'fhe Preferred Embodiments
The invention will now be descr:.bed with reference to
examples in which a cleanlng comp051tlon ‘of the anention is

applied to water system cleaning agents.

C Example 1
N - | . | - - -
Two kinds (Al and A2) of polyoxyalkylene group containing
polyorganosiloxane, each represented by formula (V) and (VI),
were prepared. | |
L/I

18
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The use of hydrocarbon and hi gher al cohol's which have higher flash points
than roomtenperature allows a conparatively easy renoval of water, but
their low volatility prevents themfrombeing dried at |ow tenperatures,
e.g. 60Cxxrs | ess, thereby making themunsuitable for application as

dewat eri ng*cl eani ng agents. . ' _

- CHj : CH, _
(CH3;)3Si0- ( 8i0-)s —(Si0 -)s - Si(CHy)s
' (!‘.Hg
L— (CH,)3=0- (CH;,CH,0)¢ -
CH, '. |
L (CH,CHO)s -~ OCH; e cos (V)
A2:
K—/ _ CH, CH;
| (Si0-), —(Si0 -);—
| CH,

(CH;)3~0- (CH;CH;0) 10 H  eee oes ooe (VI)
Then, the polyoxyalkylene = denatured silicone . (Al)
'repres_entéd by formula._ (V),._ polyoxyalkylene denatured silicone
(A2) represented by formula (VI), sodium laurate (Bl) and
polYoxyethylené octylphenyl ether (B2) (20 moles of
polyoxyetfx_Ylene) ' bot;h. servihg as _surf_acténi:s, and water were
K, - weighed so thaﬁ their lra!_ltio by wei'éht_wili-bé 535 _.4 : 4 82.
Thereafter, these co_mp_o_n_ents' were charged into a homogenizing
‘mixer for blendixi_g to obtai_n a_watér system cleaning éo:ﬁposition
Example 2
o The polyoxyalkylene gfou_p contain_ing poiyorcjanbsilo#ane
(Al)', the sodium laurate (B1) .a'nd pdlyoxyethylene octylphenyl -

ether (B2), both serving as 'Surfactants, and water were weighed

19
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Thus, ah. object of the invention is to provide dewatering conpositions
mhlch have the substituting and drying properties equivalent to those of

otganic solvent contai ning dewatering cleani.ng agents, which have |ess risk
of fire ‘amd Whath they setisfyaha Sompes ktd ot adde eperifiedTan Tahdeeting

conpositiods of the present
Then, a water system cleaning composition P2 was obtained as in

Example 1.
‘Examples 3 to 5 | |

The polyoxyalkylene group containing polyorganosiloxanes
(Al) and'(AZj, dioctyl sodium sulfosuccinate (B3) that serves as
a surfactant 'in addition -to the surfactants (Bl) and (B2),
"octamethyl tetras;loxane (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 waterl system cleaning compositions were
prepared in a manner 51milar to that of each of the above
examples except ‘that . no polyoxyalkylene group contalnlng
polyorgan051loxane was mlxed.
The properties as a cleaning agent:were evaluated as to the
water system cleaning compositions of Examples 1 to 5 and
_:Comparative examples 1 to3 by'the follow1ng'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 x_ixote effective in cleaning 'smaller
parts. ' | - |
(2) Cleanlng property test

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

20

This Sheet Has Been

umlu rmu 1 liu



-

i nventi én are, of course, non-aqueous conpositions. The present invention
Is therefore directed to the use of a non-aqueous conposition conprisi-ng

at | east one | ow nol ecul ar W@ight|mNQMNganosiloxane of formula [err .
- strip ,and baking it at 135°C for 48 hours. The property is

\ evaluated by the time spent fof_cleaning the oil baked onlthé
sample (by ultraéonic cleaning). The smaller the value is, the
better the cleaning propérty becomes.

(3) Stability test

Each Composition was contained in a transpafent bottle of
200 ml séaled 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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wherein’ Rlerr] is independently selected fromthe group consi sting of

met hyl, ethyl. propyl, butyl, phenyl, trifluoro-nethyl; and | is an integer
fromO to 5, as a dematerlng cleanlng agent Each of such | ow nol ecul ar

wei ght bolyorgan03|loxanes exhibits powerful penetrability to stains and
satlsfactory substltutlng property mnth wat er al one.
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However, methyl group is nDst_preferabIe'fron1the vi ewpoi nt of stability,
and voIatiIity The tern1"dematering agent has al ready been defied. It is

used because "water", is a tz pi_cal ui d cagable of belng su?stihuted'%&
the Iom1nn|ecu|%§ &g,ggparen from th “result shown in Table

system cleaning agent of the invention exhibits ~excellent
cleaning capability and penetrability, attesting to its
availability as a replacement for the_conventional solvent based
cleaning agents containing. flon and the like. With its
stability, it is cons1dered a hlghly practlcal product._ In
.contradistinction thereto, the ‘water system cleaning agents
- according to Comparative examplee were satisfactory neither in
- cleaning capability nor in penetrability. |
An exemplary process employed to clean a specifie part using
a water system cleanin'g ._a.gent of the inventi_on will now be
edescribed. | | |
.Example 6 _ _
' In fabricating a liquid crystal device, a liquid crystal
cell is evacuated to a high.vacuum degree and a liquid ctystal
_material_is-sealed in a.device; In this case, the evacuation is
' cafriedeout 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.waﬁe: system cleaning agent qf the
Y ‘invention was used-in lieﬁ of a'convehtional triethane eleaning.
agent. _
A.pump part made of a stalnless steel SUS304 and a Nl-plated.
stainless steel SUS304 mater1a1 hav1ng an adhesion of Silicon Oil
F-4 (trademark of Shinetsu Chemical) as a d;fquLOn oil was
'cleaned. | o
o The composition ratio of the used water sys;em cleeniné
: egent.is as shown below.
23
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pol yor ganosi | oxanes. However, for the avoidance of doubt, it should al so be
understood t hat the cl eani ng. conpositions of the |nvent|on may al so be used.
as "liquid renDV|ng agents in substituting and- cleanlng l'i qui ds ot her than

wat er. Rel evant ui s mhlch t hus .be renoyed in Iude hose, whi ch are
|nsoluble or le?? ul o B "BY ' wes fa YSti-exch ange& water %exng

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.

CH, CH,

(S10—y——(8i0 =) ——
b, |
(CH;)3-0- (CH,CH,0),5 — H
Oh 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 sulforlc'acid ester PURLONIC structure
was adoed to the aboée water/siloxane solution.
After dilutiﬁg the_water system cleaning agent th'u's_ obtained
'was oiluted by ion-exchanged water -at an arbitrary ratio,
Silicone 0il F 4 was: cleaned using the diluted cleaning agents.
As a result, the pump part was satlsfactorlly cleaned. through..
immersion by stxrrlng for 1 mlnute in a 1/10 diluted cleanlng
o 'agent at ambient temperature; through immersion by oscillating.
for 1 minute in a 1/30 diluted cleaning agent at 40°C or through
1 minute ultrasonic cleanihg at 20°C in the same cleaning.agent;
and through 1 minute ultrasonic cleaning in a 1/50 diluted
cleaning agent.at'50°c,.respeotively.l'
For comparison, the pumplpart wae similarly cleaned with
'compom.ta.ons contain:.ng only surfactant(s) and no polyoxyalkylene.

group containing polyorganosxloxane.-_ 'Silicone 0il was not

24
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di ssol vied in the | ow mol ecul ar wei ght pol yorganosi | oxanes and whose surface
tension is larger than that of the | ow nolecul ar vvel ght
pol yorgan05| | oxanes. The "water" to be

< removed sufficiently with 10 or more minute immerszon ultrasonic
cleaning in a 1/10 diluted composition at ambient temperature.
To remove Silicone 011 with this compos:.t:.on, it took more than
5 minutes at 65°C or more.
| It is understood from this data that the clean:.ng agent that
i'ncorporates the - polyoxyalkylene - group containing
polyorganosiloxane of the invention exhibits an oix’tstanding
cleanimj property.
Example 7
" The peiyoxyalkylene group containing polyorganosiloxanes and
O the low molecular weight polyorganosiloxanes of the invention _
contribute to significantly improve the cleaning. capability . of
comercially available water-soluble cleaning agents. |
An aqueous solution of C_hemic_iean MS-109 (trademark of Sanyo
Kas-ei Kogyo), which ie a surfactant cont_ain.ing, low foaming, rust
-p'_re%rentive cleaning agent, is typically used to clean :techanical
ar.ld. metailic parts. Blend.mg 3 wt.% of the polyoxyalkylene |
denatured s:.llcon (Al) represented by formula (V) in Example 1,
_S_Wt.% of cycllc- hexamethylcyclotrlsiloxane, 17 wt.% of ion-
exchanged water with 65 wt'.'% of the above a_q'ueeus solution, a new
cleaning compos:.tion was prepared. | .
This new clean.mg composition was 1/20 diluted by ion-
- .exchanged water and its cleam.ng property was evaluated by the _
felloﬁing methoci. The _"reetilt is shown in Table 2. f'or
comparisori, the evaluation result of 1/20 dilﬁted 'Cheiniclean MS-
109 was 'also 'shewn.
“Test Method

(1) Cleaning test - 1

25
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4 renoveéd includes those quuids whi ch have water as di spersion nedi um
such as mxtures of water and al cohol s and I qui ds |n whi ch vari ous

substances are di ssol ved.
: The followz.ng contaminants were applied to a degreased

‘ 'aluminum plate (AC-4A) by imner_s:.ng, dried by 'blow.tng_, and
immersed while stirred (400 rpm) in respective cleaning agents
(1/20 diluted) for 15 seconds to 1 minute. Then, after immersed
in water,l the aluminum plate was dried by blowing. Each
contaminant was transfer:ed'oh white baper through an adhesive

tape for reflectance.measurement by a colorimeter thereby to

calculate the cleaning rate.

Contaminant:
Spindle oil S 78%
Fatty acid ester - .15%

~ Chlorinated paraffin 5%

Carbon black g - 2%

Cleaning rate (%) = Rw - Rs / Ro - Rs.
Ro: Refleetence_of the'original white paper
Rs: Reflectance of the standardlgohtamineted'plate

" Rws Reflectance of'the contaminated plate efter'
cleaned |
(2) ‘Cleaning test - 2.
A contaminant was prepared_by adding 2% of carbon black to
-\ ' a water-soluble machining'.oil (emulsi've), and the test was

performed in a manner'similar_to that of Cleaning test -1. Its

'cleaning rate was similarly calculated.

26
Sheet Has Been Reﬂlaced

llllllll i Il




The | ow nol ecul ar wei ght pol yorganosi |l oxane represented by fornmula (1) can
be, as described previously, substitute for water alone, thus allow ng
itself to be easily vaporised and dried by hot air below 60[err]C The
dew@terTng conposi tions used iTabbe Bnvention may consist only of or

Immersion time Cleaning rate (%)
" (second) Invention MS-109
| 15 72.4 59.0
Cleaning test - 1 30 - - 86.5 65.2
60 ' 100.0 67.8
Cleaning test - 2 15 . 81.7 58.0
. 30 ' : 93.8 . 71.0
U
w
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substantially of, the | ow rolecul ar wei ght  pol yorganosi |l oxane and with it a
sati sfactory effect can be obtained. However, its cleaning and dewatering
properties will be further inproved by formng it into a conposition having
t he | ownol ecul ar wei ght pol yorganosi |l oxane m xed with a surfactant _and/or
a hydrophi l.i c shimklar tests were conducted on EP-680 (trademark of E.P.
Japan) which is a commercially available superefféctive cleaning
solution and water system cleaning agent; Banrise D-20 (trademark'
‘0of Joban Chemical Iﬁdustriés)_which is an emulsive degreased
"-cléaning agent; and ﬁikéri Ace (trademark of Shoko Trade) which
ié a powerful special -cie&ning' agent. As al result, these
cleaning agents, when used in cbmbination of the polyoxyalkylene
gtoup containing polyorganosilbxane and,the'IOW'moleculax'weight
_polyorQanosiloxané of the invention, exhibifed a significantly
improved cleaning proéerty. |
(L Example 8
The water sysiem 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
twb ”types:. rosin containing .and water-solluble.' A specific
exaﬁple 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'boérd, a
WW rosin ester was put on a éart and immetséd in alsoldeflbath
at 230 to 250°C and then the_part.was mounted. It was observed
that the fiux was completely removed when the ptinted board was
~ shower-rinsed for 35°C for 45 seconds using a water system
cleaning agent desc;ibgd below. | |
The'water'system cleahiﬂg compositionlused here is prepared
by blending 2 wt.% of the 'polyoxyalkylene group containing
polyofganoéiloxane 'repreSented by formula (VII), 3 wt.% of
- Senkanocl FM (trademark of ﬁippon Senka), which is an amphoteric

surfactant, 5 wt.% of Nikkol CMT-30 _(trademark of Nippon
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Ther ef ot e,

a non-aqueous dewatering cleaning conposition according to

anot her enbodi nent of the present invention conprises at | east one | ow
WDIecuIar wei ght- pol yor ganosi | oxane of fornula (1):- [err]

3

_ Surfactant) . which is a sodium-N-COCOIL methyl taurine containing

nonionic surfactant, and adding ion-exchanged water to prepare
100 wt.% of the composition. |

CH,

(CHy)5810- ($10-)s — (810 =) - SL(CHy)s

- CHy
(CH,)3-0~ (CH;CH,0)s =

‘—-—-(CHz?HO):. - OCH, cee eee ese (VII)
' CH, |

When acceleration aging tests which guarantees US MIL-~-P-

14256C standard, surface _insulation resistance tests, ion

.residual tests and the 1like were conducted on the above

composition which was 1/10 diluted by i_on-exchanged water, the
results were satlsfactory
Examples in which cleanlng comp031tions of the invention

were appl:.ed to dewatering cleaning agents will now be described.

‘Examples 9 to 17

Octamethyltrisiloxane (El), octamethyltetrasiloxane (EZ),

'and decamethylpentas;loxane (E3) were prepared as low molecular

we:.ght polyorganos_iloxanes, polyoxyethylene cleyl ether (Fl)
(P.O.E =6 nmdes),_and polyoxjethylene.octylphenyl ether (F2)
(P.O.E = 10 molee)c as surfactants; anc diethylene glycol
monobutyl.ether (Gl)_as'a-hyarophilic solvent were prepared. _

| These components were selected and blended so that the.
composition ratio-shown in 'Table 3 were satisfied to obtain
respective dewatering cleanlng agents |
Comparative examples 4 to 8

_‘;——\
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wherein R err] is independently selected fromthe group consisting of
met hyl, ethyl, propyl, butyl, phenyl, trifluoro-nethyl; and 1 is an integer
fromO to 5; and a surfactant and/or a hydrophilic solvent. Surfactants

contribute to IPIRMOYLBY MethylenedhldriRié) daipi®pyldalieshot] iampi ethanol
? v;ere prepared as conventional dewatering cleaning agents to
obtain 5 types of dewatering clean;ng agents whose composxt1on
ratios were as shown in Table 3. |
| The propertles of Examples 9 to 17 and Comparatlve examples
‘4 to 8 were evaluated by the following methods. The result is
also shown in Table 3.
| (1) Dewatering property
Various pieces (2 stainless steel strip, a ceramic piece,
a polycarbonate plece, a Nl-plated steel strlp) 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 | polirorganosiloxane blended to prepare each
dewatering cleaning agent. Thereafter, each piece wae dried inl.
an oven at 50°C. The water -marks_ (a. stain by .impurities
_'dissolved in water) after drying each piece was observed visibly'
and b_y a scanning elec_tron.n.u'.croscope and evaluated in accordance
with.the following criteria.g_
_ xX:  Not evaiuable_ due to. erosion of the piece durir;g-
| dewatering. | “ | |
o Xt Water marks were visibly observed.
| ‘os No water marks were Visibiy observed.

No water marks whose size is 50 um or more were

' observed by'. the SCanning electron micros'cope.
(2) Continuous dewatering property |
A continuous dewatering test w1th a frequency of 50 tJ.mes
were conducted-on a stainless steel strip and the appearance of

the strip was evaluated in a manner similar to that of item (1).
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properties of the conposition. Suitable surfactants for this purpose

I ncl ude: anionic surfactants such as polyoxyalkylene al kyl et her sul fonates
and phosphoric esters; nonionic surfactants such as pol yal cohol fatty acid
esters, prByox9§Y&99eF§°PEFFW acid esters, and pol yoxyal kyl ene al kyl et hers;

anphoterlc surf%gtgg;inazgg %iée (§¥¥49 was immersed in each dewatering

cleaning agent and dried in the oven at 50°C. During the drying
process, the strip was toﬁched by a finger to see the drying
condition every 5 mlnutes and the time required for drying was

recorded on a S-minute basis.
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derivati ves:
quat er nary

and cationic surfactants such as al kyl ami ne salts and al kyl
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5 ammoni um sal ts. fn addition thereto, terpene-containing conpounds which
are rarely present in the formof a single substance and extracted from .
mat ural substances, as well as higher fatty acid esters may al so be used.
It is also possﬁsbl éstcapgerexyut Ifxdtcnc. the result shown in Table 3, the
dewaterlng cleaning agents of the "invention,: exhibiting.
satisfactory dewatering property, can be a viable substitute for
organic.solvent containing flon and the.like based cleaning
sgents.' | | |
De&atering cleaning agents containing'ﬁethylene chloride or
isopropyl alcohoi (Combarative examples 4 and 5) ruSt and erode
- metal films and plastics. In eontradistinction ﬁhereto; the
dewatering cleaning agents of the invention are stable to metal
films and plastics and exhibit satisfactory dewatering property
even to’ cera:hics 'whic_:h have large surface roughness values,
ﬁhereby ensuring their. reliability when applied to psrts
including metal, plated, electronic, semiconductor, plastic, and
ceramic parts. The dewatering cleaning agent containing
isopropyl alcchol permirted water to; be dissolved' therein,
thereby causing Qater to present on thelpart again. |
_' Moreover, it is understood thar mixing of surfactants end
hydrophilic solﬁehts with the dewatering cleanihg agents of the
. inventlon lmproved the dewatering property, thereby attesting to
': their industrial appllcablllty |
{J, o Anuexemplary cleaning system usiﬁg a deﬁatering cleaning
agent of the.invention ﬁill-now be described with reference to
Fig. 1. | |
A eleanin§ system shown in Fig{ 1 consists roughly of a
clean1ng/water-subst1tut1ng process A and a r1n51ng/dewater1ng.
process B. |
The cleaning/wat'er-substitﬁtiﬁ'g process A, whi’ch is the

first process involves a first cleaning vessel 1 and a second'
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compounds in which part of the chemical structure of each conpound is
substituted by a fluorine or silicon atom However, it is nore preferable
to use pnonionic surfactants for enhancing the dewatering/cleani ng agent

perfor manee, Wi eybie ATOYNt k] 0 oL BT IR 1Ly PAS3ERL® R¥ough

sedimentation and a separator through ovérflow, and a dewatering

vessel 3, The first and second cleaning vessels 1 and 2
commﬁnicate with each other ﬁhrough a drain line 2a and an
overflow line 2b. The first and secohd cleanihg vessels 1 and
2 are operated together with ultrasonic, oscillating, ﬁechanical
stirring,'cléaning agent heatihg, and h;ushing proceSSes and the
like, if necessary. '
The first.and secpnd cleaning vessels 1 and 2 respectively
contain a cleaning_aéent D1 composed of a low molecular weight
KyJ polyorganosiloxane and a surfactant, thch is one of the
dewatering cleaning agents of the invention. The surfactant
_ contaihing cleaning agént D1 may:be'so prepared that its specific
gravity is smaller than that of watét_and larger than that of an
oily stain,  Therefore, water f introduced.by an object to be
cleanéd X is_Separated.bf being sedimentated at the'bdttom.of the
surfactant conﬁaining cleaning agent D1 that has been charged in
the firSﬁ and secohd cleaning-veSSels i and 2. If an oily stain
- 'z is preéent on the object x,'the oiiﬁ_stain-z is séparéted'by_"
_floating upward in_ihe_éurfactant cohtgining cleahing agentlDI
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';he first
cléaning vessel i}thrqugh audrainllihe 2a while the water Y
separated by being sedimentated in'the.firstlcleaning vessel 1
is intermittently dischargéd to a cleaning ageﬁt recycling )
mechanism C (described later)'through a diain.line 4, A drain

line 3a donnected to the drainage vessel 3 is also connected to
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deSirable to have 20 parts by weight or less, or, nore preferably, 3 parts
by weight or less, of the surfactant, relative to 100 parts by wei ght of
l-ow nol ecul ar wei ght pol yor ganosi | oxane. [f present a suitable hydrophilic.
sol yent for inckusion in conpositions -

the cleaning agent recycling mechanism C.

The oily stain 2 separated by floating in the first and
second vessels 1 and 2 is discharged outside while continuously
overflown through an overflow line 5 connected to the first
.cleaning vesselil. ._ |

‘The surfactant containing cleaning agent D1 cnarged 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 1like
contained in the cleaning agent D1. o

/  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 conmunicates with the third cleaning vessel 7 through a

| drainfline 9a and an overflow line 9b. The'third cleaning vessel

7 is ‘also operated.-together' with ultrasonic, oscillating,
mechanical stirring,j cleaning agent :heating, and brushing

_ processes and the like, if necessary

The third cleaning vessel 7 contains a cleaning agent D2
consisting only of a silicone composxtion identical to the low

'molecnlar‘weight polyorganosiloxane uSed:in tne first process A.
The cleaning agent D2 inay ‘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 2 is separated by floating upward in
the cleaning_agent_pz. |

The water Y separated by being sedimentated in the third
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achrdfng to the present invention may be one conpatible wth the | ow
nol ecul ar wei ght pol yorganosi | oxanes, and nore particularly fronlthe

practi cal

vi ewpoi nt, one whose flash point is 40[err]C or

nor
hydr ophi | i¢leaning: vesaed Jutiss inyarmithanily bsschaxrged e oEBPt ylsyning

wat er .

- 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.cieaning agent D2 charged in the-thiid'cleaning vessel

7 is continuously’circulated”through a'filter_lz that serves to

‘remove solid particles, H,0 patticles, undissolved substances,

and the like contained in the cleaning agent D2.

The objectlto be cleaned'x_undergoés the first process A and
then the second process B, cléaned and dewatered, and then driéd
by a fan forced drier (not shown) to complete the cleaning
process. N | _ o

The cleaning agent used in the cleaning sysﬁem is sﬁbjected
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 conhected to the cleaning agent recycling
meéhanism C. The cleaning agent D1 or D2 contained in each

cleéning.Vessel is constantly cleaned_by the filters 6 and.lz.

However, when heavily contaminated, the 'cleaning agent is

-introducéd to the cleaning agent reéydling mechanism C through

drain lines 4 ahd 10 by a conveyer pump 13 for fractional
distillation. The cleaning'agent D1 deposited in the dewatering

vessel 3 is also supplied 1ntermittently to the cleanlng agent

. recycling mechanlsm C.

- At the cleaning agept.récycling mechanism C, the introduced
cleaning agent is separated into liquid compdnents”and solid

components by a filter 14, and only the iiquid'components'are
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Sui t abl'e hydrophilic solvents for this purpose include: polyal cohols and
their derivatives, e.g. ethylene glycol nononethyl ethers, ethylene glycol
nonoet hyl ethers, ethylene glycol nonopropyl ethers, ethylene gl ycol

monobut yl et her.s, ethylene glycol nonobutyl ether acetates and diethyl ene
gl ycol nifcabeaydedt ey sa ng.,qqidque;.ﬂ;ﬁ 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. |
| Siﬁce the cleaninc 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
\_ cleanlng agent D2 to be recycled. The components other than the
recycled cleaning agent Dz, i.e., the surfactant, water, and the

like will be destroyed.

: The'recycled cleaning agent 92 is forwarded to'a mixer 18
from which the cleaning agent D1 is supplied to the shower rinse
veseel 8, the third cleaning vessel 7,'6; the second cleanihg
vessel 2 through a line 17. |

In the shower rinse vessel 8, a shower rlnsing process is
.~ conducted using only the recycled cleaning agent D2 or a cleaning
; a 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 eurfactant newly supplied from a surfactant supply line
20 to prepare a new cleaning_agent.Dl.. The new cleaning'agent
D1 is supplied to the second cleaning vessel 2, if necessary.
Wiﬁh the cleaning sjstem_of.such construction as described
abo#e, the dewatering cleaning agents of rhe inventiOn can be

used efficiently'.and' effeCtively' enjoyihg the advantage of
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préferrTed are di ethyl ene glycol nonobutyl ethers, because of its
conpatibility with the | ow nol ecul ar wei ght- pol yor ganosi | oxanes and human
safety. «+ 'Since these corrpounds exhibit inproved properties when coexisting

with the | ow rﬂpcul ol anosi | oxanes, a conposition only using
this conbiSFHS P © edn opgrt es. | |

Industrial Applicability
| As described in the _foregoing pages, the cleaning
comp’ositions_ of the invention, when used as watér systém cleaning
agents, exhibit a cleaning effect 'equivalent' to that of
conventional flon _containingl cleaning agents and an excellent
stab'ility. as a water system with no risk of enviromental
destruction and pollution, thereby making a viable replacement
for the organic solvent based cleaning agents including flon and
the like which have envirbmﬁental disadvantages. 1In additionm,
U the cleaning compositions of the invention, when used as
dewatering cléaning agents, provide .a' powei:ful déwatering
'property with no risk of enfriro’mnental destruction and pollution,
thereby serving a _viable replacement for the organic solvent
based dewatering -éleaning agents i_ncluding flon and the like

© - which have environmental disadvantages.
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advant aéeous for substitution for water, as well as d'ﬂys
anount of the hydrophilic solvent is not particul arl y ||
preferabke to have 100 parts by wei ght or |ess or,

part.s by wej ght ‘or | ess of the hydrophlllc solvent relatlve to 100 parts by

wei ght of Whag lewClsiimed oks:

1. A cleaning composition comprising at least one low molecular
weight polYorganosiloxane selected from the group consisting of

straight chain polydiorganosx.loxane represented by a general

formula.
Rl
1 '. )1
R —Si R
él eee see s (I)

(wherein R! is an organic group of single valence substituted by
the same or different group or unsubstituted, and 1 is an integer
N\ from 0 to 5), and cyclic polydiorganosiioxane represented by a
) .

general formula:

"\
Si—0-

| S
Rl _ /m ) . ‘ eee esse see (II)

(wherein R1 is an organic group of s.mgle valence substituted by
the same or different group or_ unsubstituted, and m is an integer

from 3 to 7). | |
2. .A cleaning .'compos'ition. .a_cco.rding to. 'c.'laim 1 further

o comprisings _ | o | |

poIYOxyalkylene group containing polyorganosiloxane naving
in a single molecule 'at_'_. leest one siloxy unit represented by a.
formula: | | |
; -

Si

A

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

Lo ‘\\

Y o |



wef-ght ‘ipol.yorganosi | oxane.

k]

-
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a surfactant; and

water.

3. A cleaning composition according to claim 2 wherein said

polyoxyalkylene group denoted by reference character A in said.
formula (III) is a singlé-valence group répresented by a formula:

.__Ra ——-—(—-O—-—Rl‘ Ya — ORS ees oo v (IV)

(wherein R® is a ‘two-valance .group selected from ‘the group
cons:.st:.ng of an alkylene group having 1 to 8 carbon atoms, a $-
hydroxypropylene oxyalkylene group and a polymethylene

oxyalkylene group, both having 4 to 11 carbon atbms; R* is an

- alkylene group having ' 2 to 4 carbon atoms; R’ is an end gronp

selected from a hydrogen atom and a single-.val'ence organic g.roup ;

and n is a positive integer). _ _
4. A cleaning comnosition'according to claim 2 wherein said
surfactant is mixed within the range of 10 to 1000 parts by
" weight to 106 parts by weight of said pol'yoxyaikylene group
containing polyorganos.iloxane-. said low .molecu.lar ‘weight
: !polyorganosxloxane is m.t.xed w:.th:.n the range of 1000 parts by n

" weight or less to 100 parts by weight of a total of said

surfacta_nt and said polyoxyalkylene group containing

.polydrganosiléxan,e;"and'said water is contained by 40 wt.$ or

more of the total compbsitidn. '

5. A clean:.ng compos:.t:.on according to clalm 1 consisting

_ essentlally of said low molecular welght polyorganosiloxane.

6. A clea_m.ng - compos£tion according to claim 5 further

comprising a surfactant and/or a hydrophilic _solvent.

7. A cleaning composition' according to claim 1, 2, or 5 wherein
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. 1ms sneet Has Been Replaced

6 The dewateri ng cl eani ng agents of the invention may be apH",ﬁﬂ" ",I'm
ceram cs and pl asti cs. More specifically, they nay be ap

netal lic,parts, surface treated.parts, electronic and sem conductor parts,
el ectric asali¢r empasition is applied to clean at least one material

selected from the group consisting of a metal, a ceramic, and a

plastic. | | | a

8. A dewatering cleaning agent conslsting essentially of.at
: least one low molecular.weight polyorgancsiloxane selected from

the group consxstlng of stralght chain polydlorganosiloxane

represented by a general formula-

RY ' R _ R
1 l. . I . I .1
R -——?1 - ?i . Ti——— R
Rl R1 1l R1 ’ see eee ves . (I)
(v/ _ (wherein'Rlie 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 polydxorganosxloxane represented by a
general formu1a°
RI
e
fi——c
]R1 /m eee sos see (II)
(wherein R! is an organlc group of single valence substltuted by
-.the same or different group or unsubstituted, and m is an integer
. from 3 to 7). |
(Y

9. A dewaterlng cleaning'agent acccrding.to clain 8 wherein a
- surfactant and/or a hydrophilic solvent are mixed with seid low
molecular weight folycrganosiloxane.

10. A dewatering cleéning'agent eccording to claim 9 wherein
said hydrophilic solvent has a flush noint of 40°C or more.
11. A dewatering _cleaning ‘agent according to claim 8 or 9

wherein said low molecular weight polyorganosiloxane is cyclic

_—

A



machi nery parts, optical parts, glass and ceramic parts ThlAﬁhea)Ha eaRyplace
gener al - purpose cl eani ng process usually I nvol ves |nnersr
above- described parts in, or spraying themwth devvaterr
of the |np9r1tyﬁb1tga,§¢§)§1¢*yﬁg for any water present on the pa a
it by blow ng hot air.

12. A dewatering cleaning agent according to clai.m 11 wherein

5 nt
U

said cyclic polydiorganosiloxane is octamethylcyclotetraslloxane,
decamethylcyclopentas1loxane, or mixtures thereof |
13. A water system cleaning agent compris;ng.

a polyoxyalkylene group containing polyorganosiloxane having

in a single molecule at least one siloxy unit represented by a

formula:
_ o
5
\/ : 1'; | | _ o ces oo coe i)
(wherein R? is an alkyl group or a phenyl group and A is a
'polyoxyalkylene group) ;
a surfactant, and
water.
14. .A Water 'system cleaning agent' according to .claiin 1_3 wherein
said snrfa'ctant is mixed wi.thln the range of 10 to 1000 parts by.
we:r.ght to 100 parts by we:.ght of said polyoxyalkylene group
containing polyorganos:.loxane and said water is- contained by 40
'wt 8 ] or more of the total compos:.tlon. _
— 15. A water system cleaning agent according to claim 13 further. _

compr.t._s:.ng at least one low molecular weight po]_.yorganosiloxane
| _ selected from the group 'consisting of straight chain
' poleiorganosiloxane represented by a general formula: -

R Rt

~Si Si— R
Rl" . 1 R1 . . ®oe sse see . (I)

(where:.n R .'I.S an organ:.c group of single valence substituted by |

42

* [ L m s . =x



v

The*i mmer si on and spr.ayi ng processes nmay be acconpame"&1 SB&nmmh“ﬁ
agi tation and nechani cal stirring. The dewatering clean
i nvention, exhibit a powerful dewatering perfornance an
pr-oovi.de® cl eani ng* and wat er -substituting effects
the same or different group or unsubstxtuted, and 1 is an integer

from 0 to 5), and cyclxc polydiorganosiloxane represented by a

general formula:

[ ) N
R m B eees sse oo (1I1)

(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). |

,K,/ - 16. A water system cleaning agent accoiding to claim.ls wherein
.séid surfaétant is mixed ﬁithin the:range of 10 to 1000 parts by
Qeight to 100 parts by weight of éaid polyoxyalkylene group'
containing polyorganosilo#anef said 1low molecular 'weight
'polyorganosiloxane is mixed within the range_df 1000 parts by
weight or less to 100 pari:s_ by weight of a total of. said
surfactant and s&id. .polyoxyalkylene group containing
polyorganosiloxane; and said water is contained by 40 wt.$ or

‘more of the total composition.

TR



equVarent to those of conventi onal

like but also allow various materials to be stably cl eaned mrt
as preferred agent s of fornula (1) contea

erosion.; In addition,
hal egen such as*chlorlne and Alpsd
or poIIutlng t he environnent.

Thus;
A cleaning compontion comprinng at least one low molecular

cleanrng agents contarnlmgsgkamhaudnkammai

L

gure ri sk of
inthis

:weight polyorganosiloxane selected from the group consisting of

straight

formula:

Rl

chain polydiorganosiloxane '.represented by a general

(1)

(wherein R' is an organic gfoup 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’

(I1)

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

the same or different group or unsubstituted, and m is an integer

—
general formula:
Rl
T
$1—0—1—
\ R! )Ln
from 3 to 7).
polyoxyalkylene. -group
.KJ snrfcctant, and water are additionally'mixed.'
cleaning effect ' free
contamination,

from environmental destruction

To use it as a water system cleaning agent,

containing polyorganosiloxane, a
Accordingly, a

and

equivalent to flon containing cleaning agents,

~ and satisfactorily stable in terms of dispersion as a water

system cleaning agent can_be'obtained;

a ‘dewatering .

polyorganosiloxane |is

surfactant and/or a hydrophilic solvent.

cleaning

In addition, to use as

agent, ﬁhe low molecular weight

additionally mixed alone or with a

Accordingly, cleaning

.44



appli‘cation, the dewatering cleaning agents of ‘the ‘invention represent a

vi abl e repl acenent for conventional organic solvents containing agents such
as flon, which have posed environmental problens.- The present invention

wi || wow andewpkeirnedbist itmtd nde ipridpent iresf exprictallentt o flon containing

dewatering cleaning agents and environmental safety can be

obtained.
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£ -
fol'l owi ng Exanpl és and with reference to the acconpanying’ drawing, in
which:- Figure 1 is a diagram show ng an exenplary construction of a

ceani ng~syst em usi ng a dewat eri ng cl eaning agent of- the invention.
“Exanpl Bs 1 to-3’ -
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’Cbtaﬁethyltr|5|loxane (E1l) and octamethyltetrasil oxane (E2) were prepared
as a.low nole si | oxanes and pol yoxyet hyl ene
oIeerther (Fi#‘ ﬁﬁ%ﬁgﬂﬁéﬁﬂ s)gagg used as surfaectant. E1 and E2 are
conpounds of fornula Hé Tgese conponents were sel ected and bl ended so
that for each mggq

1

CLEANING COMPOSITIONS

Background of the Invention

1. Field of the Invention
This invention relates to cleaning compositions which Qill
replace cleaning agents cbntaining 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 electronié and semiqonductor parts,lflon
containing solvents éuch as flon 113, and organic solvents such
as trichloroethane, trichloreﬁhylene, tetrachloroethylene, and
carbon tetrachloride are widely used as cleaning agents for
eliminating oil stains and the 1like.
| 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 6: 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'iq space for installing a cleaning syétem
. including a.¢ooler and a heat shielding unit.

The term "dewatering cleaning agent®” is used herein to
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dematerlng conp05|t|on nt invention shown in Table 1, the
conponent s yetsds e g%"i%?#‘%f“‘%%ﬁ& es 1-3,

Date: ?]l117t

e 2 | -
denote a cleaning a§ént into which an object to be cleaned, which

hés been washed with water, is immersed or'with which the object
is rinsed by shoﬁer thereby to have water present on the object
substituted by itself éﬁd then vaporized by air at room
temperature or heated to 60°C or less so thatlphe object can be
dried. | o

However, ever since it has been found that the destruction

of the ozone layer by. dlscharge of flon aff”'ts seriously the

P2

'ﬁ’;;cal system, the use of flons such as

flon 12 and flon 113 Qiose ozone destruction coefficients are
high is on the gradual decline on a global scale for an eventual
total ban. _ ,

Stricter regulétions 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 6zone destruction coefficiénts‘are lower than
the currently used_floh 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 organig solvents is a surfactant-based water system
cleaning agent which is free from enviroﬁmental destruction and
contamination. .ﬁowever, 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.
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7 Corrpar ative Exanples A to E Flon 113, nethyl ene chloride, isopropyl

al cohol, and ethkanol were prepar 5
his is the replacemgr?t Sthe?

Date: 7-}?7‘\“’ 3

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 siloxane
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 oyclic _
siloxane 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.

On the other hand, Japanese Patent Laid Open-No. 56203/1978
‘recites an aerosol aqueous cleaning composition containing a
% chain polydimethylsiloxane having 2 to 3 silicon atoms in a

single molucular. Since its content is limited to about 0.02 to

0.1 wt.%, no such advantage as improving the cleaning property

of water system cleaning compositions is disclosed.

Undexr such circumstances . the development of high-
performance 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 developmeqt that can replace

the above-mentioned organic solvents for dewatering. However,
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'Con\}érgtional dewat ering cleaning agents to obtain 5 types of dewatering
¢/ eani ng agent sywlaoganhe seplasemeohshefli os were as al so shown in Table 1. The
properties of Exanples 1 to 3 and Conparative Exanples Ato E were

eval uated by the foll oy thods. The result is also shown in Table 1.
~ Date: Qr"ﬂ}ﬁtre 4

isopropyl alcohol has a flash point of 11.7°C, which is lower
" than room temperature, and ;his involves some danger of fires
under ordinary handling conditions.. In addition, isopropyl
alcohol is highly compatible with water, so that the initial
dewatering property is ensured, but its repetitive use causes
dissolved water to .be presént 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

(L 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 systeni
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
equivalenf. 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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“(§) Dewatering qéoperty Various pieces (a stainless steel strip, a ceramc
jl ece, a polycarbonate pi¢ t3stdet pl ated steel strip) were imersed in
each demateriﬁ§$dﬁégﬁfﬂ§5§%§%? after being washed with water. In Exanples 1
to 3, the piece was ?ngbginsed by the | ow

<X

1e:
Da 5

Summary of the Invention

A cleaning agent composition of the invention comprises at
least one low molecular weight polyorgandsiloxane selected from
the group consisting of stfaight chain polydiorganosiloxane

represented by a general formula:

R R! R!
1 l l I 1
R ———?1 Tl ?i——— R
R1 Rl 1 R!' "eee oo eee (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:
R!
o
?i——c
RI /m con -;- ese (II)
(wherein R! is an organic group of single valence substituted by
the same of different group of unsubstituted, and m is an integer
¢ from 3 to 7).
—

Each of such 1low molecular weight polyorganosiloxanes
exhibits powerful penetrabiiity to stains and sétisfactdry
substituting property with water alone, making itself a feature
component of the inﬁention. 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 éroup,
an ethyl group, a propyl group, and a butyl group and a phenyl

group; and a single-valence substituted hydrocarbon group such

", This Sheet Has Been Replaced
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‘nol etul ar wei ghFhﬁdPQB?jEWSE?WSQ‘aﬂ&% ended to prepare the dewatering

cl eani ng agent There ftier, the piece was dried in an oven at 50 [err]C
The water mar kspéigé,alz; s}ﬁ duced by inpurities dissolved in water) after
dryi ng the piece wereladsessed visibly ahd with a scanning el ectron

m croscope (SEM and evaluated in accordance with the

as a trifluoromethyl group. As the R! which is placed at an end
of formula (I), an amino group, an amide group, an acrylic a'cid
ester group, and a mercaptan group are typical organic groups;
however, the methyl group is }qost preferable from the viewpoint
of stability, and maintainability of volatility, and the like.

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

For use as a water system cleaning agent, suitai:le low

N 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
view,;_:oint of stability of polysiloxane, the low mgiecular 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 c¢yclic structure are preferable
from the viewpoint of substituting property with water and
penetrability and the 1ike, <;ctamethy1cyclotetrasiloxane ’
decamethylcyclopentasiloxane, and mixtures thereof are more
preferable. |

A g::asé in which thé cleaning compositions of the invention
afe used as wate_r system cleaning agents will now bé described.

Although the low molecular weight polyorganosiloxanes

-
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fo(ldmnng crlterLa XX: Not eval uabl e due to erosion of the piece during
dewaterl ng. *X: Yhkas therdearamentghsiébl e. 0: No water marks were visible.
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Date: 2

represented by formulas (I) and (II) exhibit péwerful
penetiability to stains, each composition is not compatible with
water singly nor is it soluble and stabiy 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 polyorganosiloxane having in a single molecule
at least one éiloxy unit represented by a general formula:
R?
U si
' i _ ces sas see am
(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. 1In
addition, the use of a surfactant in combination with the
compositions may improve their cleaning property.

Thus, préferable compositions for a water ;ystem cleaning
agent of the invention c¢ontain the low molecular weight
polyorganosiloxane represented by formula (I) or (II); the.
polyoxyalkylene group containing polyorganosiloxane having at
least one siloxy 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 polyoxyaikylene group
bonded with the silicon étom, thus not only being a component for
a stable water system dispersed solution or agqueous solution but
also acting as an agent for eliminating stains by penetrating

into the interface between the stains and a substrate which is

" This Sheet Has Been Rep 1a



‘@ Nd_éwater mar ks whose size | rrlmor nore were observed by SEM (2)
Gont i-nuous devvath’lﬂS mthﬁrFSB@FV%R’E’gB%% nuous dewatering test with a
frequency of 50 tinmnes syconducted using a stainless steel strip and the
appear ance of tfﬁatagrb_\;?? %eval uated in a nmanner
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made of, e.g, a metal and which has the stains deposited thereon,

and as an antifoaming agent as well.

Such a polyoxyalkylene group containing pelyorganosiloxane
can be prepared by hydrosilyl group containing polyorganosiloxane
and a polyoxyalkylene compound having an unsaturated group at the
énd-td'fﬁt;ract 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:

—R} ——(—0—R'—), OR? eee see oes (IV)
(wherein R’ is a two-valance group selected from the group
consisting of an alkylene group having from 1 to 8 carbon atoms,
a (3 ~-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 poiyorganosiloxahe 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 may also contain
a single-valence hydrocarbon group such as an ethyl group, a
propyl group, a butyl gr.oup,.a phenyl group, or a single-valence
substituted hydrocarbon group such as a trifluoromethyl group as
loﬁg as the advantages of the invention can remain harmless
therefrom.

Also, the molecular weight of the siloxane is not

This Sheet Has Been Reﬂlaced
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-anafbgous to that in test (1) above. (3) Drying property The stainless
steel.” strip* ,T%rﬁgﬁcbmeﬂhshe@ewat ering cleaning agent and dried in the
oven at 50[eﬁ??t,. ring the drying process, the strip was touched with a

Date: ﬁ? b

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

Sﬁ/ 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 wiﬁh silicon
atoms of the polyorganosiloxane from the standpoint of system
stability.
Exemplary polyoxyalkylene group containing
polyorganosiloxanes include: -
a chain polysilokane represented by the formula:
— CH, CH,
(CH,;)3Si0- ( Si0-), —(Si0 -), - Si(CH,),
b,
— (CH;)3-0-(CH;CH;0), )
_ CH,
——(CH,CHO), - OCH,

(wherein p, g, r, and s are positive integers); and

a cyclic polysiloxane represented by the formula:

This Sheet Has Been Repla
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fi rfg}ér to test the drying condition every 5 mnutes and the tinme required
f.or drying was rqm%eﬁ\empmcsmnhﬁf'%“basi S.
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c':n, CH,
(Si0-). —(?10 <o
CH,
(CH;);~0-(CHCH,0), H

{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
preferable to use anionic, nonionic, or." amphoteric surfactants.
Parti'cularly, the use of. the polyoxyalkylene group containing
N polyorganosiloxane 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

This Sheet Has Been Replaced
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such as imidazolin derivatives; and cationic surfactants such as

alkylamine salts, alkjrl quaternary ammonium salts. In addition
thereto, terpene containing compounds which are rarely present
in the form of a s:.ngle substance and extracted from natural
substances as well as h:.gher 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.
U 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 polyorganoéiloxane, 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
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 polyorganosil.oxane 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
polyoxyalkylene 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

is Sheet Has Been Re laced
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-9 AS*is apparent, fromthe result shown.in Table 1,

agent’s

This is the replacement sheet
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have water 40 wt.% or more or, more preferably, 70 to 99.5 wt.%

12

to the total composition from a stability viewpoint.

By the way, the polyoxyalkylene group containing
polyorganosiloxane having in a single molecule at least one
sildiy'unit represented by formula (III) penetrates, as described
above, into the interface between the 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 polyorganosiioxane, 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 is
more preferably be between 8 to 14.

The tertiary or quaternary cleaning agents can be prepared
easily by  Dblending and stirring the above-mentioned
polyoxyaikylene group containing polyorganosiloxane, a
surfactant, water, or further the 1low molecular weight

polyorganosiloxane represented by formula (I) or (1), where

necessary. The use of a known dispersing device will help obtain

t he dewatering cleaning
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dewat.eri ng perflormance and are viable substitutes for cleaning agents which
contain flon-based organjc solvents and the |ike. Dewatering cleaning
agents cont ai nimge:re’l-ﬁ&?l‘/e%e chl oride or isopropyl alcohol
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a water system cleaning agent with ease.

The water systém 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-éleaning' added-value improving
agents and the like, dé_pending 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 watér system cleaning agents of the invention may be
applied to metals, ceramics, plastics, and the like. More
specifically, they may be ap_plied to metallic parts, surface
treated parts, electronic and semiconductor parts, electric and
precision machinery parté ¢ optical' parts, glass and ceramic
parts, and the like. An exemplary general-purpose c{.eaning
process usually involves cleaning of any of the ;bove-deécribed
parts by such 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.
The cieaning 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 pe_netrating property of the low molecular .
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-( Conpar at i ve _Exappl es @\a@ﬁg\eﬁ) shé@t and erode netal films and plastics.

However ,

conpatible with nmet

dewat er i

t hé Thésns Ofi "8 eani ng conpositions of the invention are
iLhns and plastics and exhibit satisfactory

[ il
ng prpfs! t 44Vé for ceranics which have si gnificant surface

roughness. Thus, these conpositions are reliable when applied
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weight polyor;anosiloxane iepresented 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 cleanirig performance equivalent to that of the conventionally
used flon containing cleaning agents. The wuse 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 cénsiting of
the polyoxyalkylene group containing polyorganosiloxang, the
surfactant, and water, the cleaning agént 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 b.e an attractive
replacement for cleaning agents based on organic solvents
containing £flon and other substances which have considered
hazardous.

A case in which a cleaning co'mposi,tiqn, of the invent{.;__o;_t 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 insolu_blé

IO
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't ofparts I ncluding netal , plat eqbef | ectronic, sem conductor, plastic, and
ceram c par f sThishe tUem‘@P?’HB"E? I ng agent containing isopropyl alcohol
causes water to be dissglved therein, thereby causing water to present on
the part at t%%tg'nd¢?f' ﬁ(ﬁ process.
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or difficult to be dissolved in the low molecular weight

poi!.yorganosiloxanes and whose surface tensions are larger than
th-!gse of the low molecular weight polyorgancsiloxanes. The
"Qater" to be cleaned may include liquids using water as a
dispersion medium such as mixtures of water and alcohols and
liquids in which various substances are dissolved.

The low molecular weight polyorganosiloxane represented by
formula (I) or (II) can be, as described previously, substituted
by ﬁater 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
phosphoric esters} nonionic surfactants such as polyalcohol fatty
acid esters, polyoxyalkylene fatty acid esters, and
polyoxyalkylene alkylethers; amphoteric surfactants such as
imidazolin derivatives; ana cationic surfactants such as
alkylamine salts, alkyl quaternary ammonium salts. In addition
thereto, terpene containingl compounds which are rarely present

in the form of a single substance and extracted from natural
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reodver, i nclusjon of the surfactants and hydrophilic solvents with the
dewateri ng ¢l eafidg mgeapmpemnh@&? in Exanple 1 to 3 inproved the
dewat eri ng perfornmance. An exenplary cleaning system using a non-aqueous

dewat eri ng cl eani n
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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 flﬁozine 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
polyorgaxys':iloxane is to be further improved. .
While the composition ratio of the surfactant is not
W 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 t6 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 vie@oint. The hydrophilic solvent contributes to
improving substituting property-by water. i

Suitable hydrophilic solvents include: polyalcohgls and
their derivatives such as ethylene glycol monomethyl ethers,
ethylene glycol monoethyl ethers, ethylene glycol monopropyl
.ethers, ethylene glycol monobutyl ethers, ethylene glycol
monobutyl ether acetates, diethylene glycol moncobutyl ethers. -
Particularly preferable are diethylene glycol moncbutyl 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
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‘c?ﬁ6§i tion of theid W@m_dlmmﬁntls"’ﬁﬂw be described with reference to Figure
1# The cl eani ng system shown in Figure 1 conprises of a cleaning/water-
substituting process an 6 ri nsi ng/ dewat eri ng process B. The
cl eani ng/ wat er - Dabest ™ Lt ng%process A, which is the first process, involves
a . .
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by water and drying.

While the composition ratio of the hydrophilic solvent.is
not particularly limited, it is preferable to have 100 parts by
weigh{: or less or, more preferably, S50 parts by weight or less
of the hydrophilic solvent mixed with 100 parts by weight of the
low molecular weight polyorgancsiloxane.

The dewatering 'cleaning agents of the invention may be
applied to metals, ceramics, plastics, and the like.  More

N specifically, they ﬁz___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-;iescribed
parts or spraying a dewatering cieaning 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 c'ontaining 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 géneral, 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 invention will be a viable replacement for the

conventional organic solvent containing dewatering cleaning

—This Sheet Has Been Reliﬁced




-first cleaning wessel 1 a cl eaning vessel 2, each serving both
as afseparator'm%ﬁﬁhﬁﬁ'ggggﬁ@ﬁﬁgﬁﬁ%% and a separator through overflow, and
a drai nage vessel 3. The finrst and second cl eaning vessels 1 and 2
comuni cate w th ,each uh&ﬂ t hrough a drain line 2a and an overflow |ine
2b. The first an% secoind cl eaning vessels 1 and 2 are

18

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
U éxamples 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

poiyorganosiloxane, each represented by formula (V) and (VI),

were prepared.

il



-operated with ultrasonic, oscillati ng, mechani cal stirring, heating, and
br uslii ng prbcesses and the | i l&?e gi i rst and second cl eaning vessels 1
and 2 respecti veTlvsé%meaT‘?P‘%cecl eanl ng agent D1 conposed of a | ow nol ecul ar
wei ght pol yor ganosi | oxa[ F 8 a surfactant, as

Al: Date: 15
CH, CH,
(CH3)3Si0~ ( SiO-)s  —(S10 =-)s0 - Si(CH;);
b,
— (CH;)3=0-(CHLCH0)s  —
CH,
L (cH, CHO)¢ - OCH; vee see eee (V)
_ A2:
CH, CHy
(Si0-);, —(Si0 -);—
CH,

(CH;)3~0~-(CH;CH;0) 0 -

H see ses oo (VI)
Then, the polyoxyélkylene ~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
N polyoxyethylene), both serving as surfactants, and water were
weighed so that their ratio by weight will be 5 1 5 : 4 : 4 : 82.
Thereafter, these components were charged into a homogenizing
mixér for blending to obtain a water system cleaning composition
Pl.
Example 2
The  polyoxyalkylene i';roup_ containing polyorganosiloxane-
(Al), the sodium laurate (Bl) and polyoxyethylene octylphenyl

ether (B2), both serving as surfactants, and water were weighed
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so that they satisfy the composition ratio specified in Table 1.

Date: ™=

Then, a water system cleariing composition P2 was obtained as in
Example 1.
Examples 3 to S5 |

The polyoxyalkylene group containing polyorganosiloxanes
(A1) and (A2), dioctyl sodium sulfosuccinate (B3) that serves as
a surfactant in addition to the surfactants (Bl) and (B2),
octamethyl tetrasiloxane (D1l) and octamethyl trisiloxane (D2),
both as low molecular weight polyorganosiloxanes, and water were
selectively mixed to prepare water system cleaning compositions
P3 to P5 having compositibn 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 méﬁner similar to that of each of the above
examples except that no polyoxyaikylehe -group containing
polyorganosiloxane was mixed. i

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

This Sheet Has Been Rerlaced
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a conposition according to the present invention. The surfactant containing
c] eani ng agehtT@gigmhetgmanaﬂﬁaﬁéweghch that its specific gravity is |ess
than that of water and | arger than that of an oily stain. Therefore, water
Y i ntroduced by an ob 140 be cleaned X i's separated-off by being
sedi ment at ed aDatdie Dpttiom of the surfactant ‘

21

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 S0 to 25°C, its appearance in

the bottle is observed.

‘This Sheet Has Been Refilaced

[




'cont a| ning ¢leamng agent D1 that has been charged in the first and second
¢l eani ng vessel s_1 ang‘ rep Hcemenbls 99'sta| n Zis present on the object X
the oil stain z i & arated of f by upwards floatation in the surfactant
cont ai ni ng cl eani ng age?u IT]ﬂ‘Ln the first and second cl eaning vessels 1 and

2. pate: 2!
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‘Tg; wat er Y separ t ed- off3a§ ARbmdstsedi nentated in the second cl eani ng
I'sc

vessel 2 is intef t?éﬂ?f
through a drain line 2aéw2£ﬁ2ithe wat er Y separated by bei ng sedi nent at ed

in the first clepaidigoy

agent

recycl i ng mechani

harged to the first cleaning vessel 1

is intermttently discharged to a cl eaning
(described later).
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As is apparent from the result shown in Table 1, the water
system cleaning agent of the invention exhibits excellent

cleaning capability"and penetrability, attesting to its

.availability as a replacement for the conventional solvent based

cleaning agents containing flon and thé like. Wwith its
stability, it is considered a highly practical product. In
contradistinction thereto,' the water system cleaningo 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.

Examplé 6

In fabricating a liquid crystal device, a liquid crystal
cell is evacuated to a high vacuum degree and a liquid crYstél'
material is sealed in a device. 1In 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
stainless steel SUS304 material having an adhesion of Silicon 0il
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.
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ithfothh a drain lin e@“emlshaet 3a connected to the drai nage vessel '3
Is al’so connect@ﬁsﬂ%“{ehe eani ng agent recycling nechanism C The oily
Stain Z separated-off ating in the first and second vessels 1 and 2

I s di scharged 055@ .dey ;WY' Z,contl nuousl y overflown through an overflow |line
5 _
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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.

CH, CH,

-(ém—a——(%m -)e

CH,

~ (CHz)3-0- (CH,CH,0),5 — H

On the other hand, as a surfactant, a mixture of 8 wt.$ of
special nonionic Adecanol B-4001 (trademark of Asahi
Blectrochemical) and 6 wt.$ of anionic TWA-2023 (trademark of
Ippoéha 0il and Grease) of sulfuric acid ester PURLONIC structure
was added to the above water/siloxane solution.

After diluting the watef system cleaning aQent thus obtained
was diluted by ion-exchanged water at an arbitrary ratio,
Silicone 0il F-4 was cleaned using the diluted cleaning'agent_s.

L/ 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
1 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 polyorganosiloxane. Silicone Oil was not
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. connected to the f| rst cl eaning vessel. 1 The surfactant containing
cl eani ng agenf drmerttlsbedl r st and second cl eaning vessels 1 and 2
is continuous )) Cl rcuI ated through a filter 6 that serves to renove solid

particles, Herr]Odr P>~ ,{tg undi ssol ved substances, and the |ike contained
I n Date: f
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removed sufficiently with 10 or more minute immersion ultrasonic
cleaning in a 1/10 diluted composition at ambient temperature.
To remove Silicone 0il with this composition, it took more than
5 minutes at 6§5°C or more.

- It is understood from this data that the cleaning agent that
incorporates the polyoxyalkylene group containihg
polyorganosiloxane of | the invention exhibits an outstanding
cleaning property.

\_ Example 7

| The polyoxyalkylene group containing polyorganosiloxanes and
the low molecular weight polyorganosiloxanes of the invention
contribute to significantly improve the cleaning capability of
commercially available water-soluble cleaxiing agents.

An aqueous solution of Chemiclean MS-109 (trademark of Sanyo
Kasei Kogyo), which is a su}:factant containing, low foaming, rust
preventive cleaning agent, is typically used to clean mechanical
and mete.x.llic parts. Blending 3 wt.% of the polyoxyalkylene
denatured silicon (Al) represented by formula (V) in Example 1,
5 wt.$ of cyclic hexamethylcyclotrisiloxane, 17 wt.% of ion-
exchanged water with 65 wt.$% of the above aqueous solution, a new
cleaning composition was prepared.

This new cleaning composition was 1/20 diluted by ion-
exchanged water and its cleaning property was evaluated by the
following method. The result is shown in Table 2. For

comparison, the evaluation result of 1/20 diluted Chemiclean MS-
109 was also shown.

Test Method

' : ' - Been Replaced
(1) Cleaning test - 1 ”“eetHas een eﬂac
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Tﬁg¥CIean|ng agent Dl1. The rlnﬁéﬂ%@gematering process B, which is the
second processy gnw\yeaplacqfﬂ?'? cl'eani ng vessel 7 and a shower rinse

vessel 8. Below the sho rinse vessel 8 is a buffer tank 9 that

conmmuni cat es mntTGSHEYQﬁrhﬂacleanlng vessel 7 through a drain line 9a
Da b

The following contaminants were applied to a degreased

aluminum plate (AC-4A) by immersing, dried by blowing, and

immersed while stirred (400 rpﬁ) 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 oh white paper through aﬁ adhesive

tape for reflectance measurement by a colorimeter theteby to

calculate the cleaning rate.

o Contaminant:
Spindle oil 78%
Patty acid ester 15%
Chlorinated paraffin 5%
Carbon black 2§

Cleaning rate (%) = Rw - Rs / Ro - Rs
Ro: Reflectance of the original white paper
Rs: Reflectance of the standard contaminated plate

Rw: Reflectance of the contaminated plate after

'cleaned

(2) Cleaning test -~ 2
A contaminant was prepared by adding 2% of caxbon black to
a 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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-and an overflow.],ne beerhémtrsheet eani ng vessel 7 is also operated
toget’her with JF% d§3ﬁ$é?a&BC|llatlng mechani cal stirring, cleaning agent
heating, and brushing pgrocesses and the like, if necessary. The third

cl eani ng vesselc%ngonL%Khs cl eaning agent D2 consisting only of a
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Table 2
Immersion time Cleaning rate (%)
{second) Invention MS-109
15 72.4 59.0
Cleaning test - 1 30 86.5 65.2
60 100.0 67.8
Cleaning test - 2 15 ' 81.7 58.0

30 93.8 71.0
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Similar tests were conducted on EP-680 (trademark of E.P.
Japan) which is a commercially available supereffective cleaning
solution and water system cleaning agent; Banrise D-20 (trademark-
of Joban Chemical Industries) which is an emulsive degreased
cleaning aéent; and Hikari Ace (trademark of Shoko Trade) which
is a powerful special cleaning agent. As a resuit, these
cleaning'agents, when used in combination of the polyoxyalkylene
group conﬁaining polyorganosiloxane and the low molecular weight
L 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 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-x;insed 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
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11 the first pro ewe*mrsgea‘gent D2 may be so prepared that its
specific gra\)lty é%‘ﬁ an that of water and |larger than that of an
oi | stain. Therefore, as, in first process A, water Y is separated-off
by bei ng sedi ment ghed 31) b}e‘l‘gpttom of the
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Surfactant), which is a sodium-N-COCOIL methyl taurine containing

nonionic surfactant, and adding ion-exchanged water to prepare
100 wt.% of the composition. |
CH,
(CH;)3Si0~ (S10-)s — (510 -)3s = Si(CH),
| b,
(CH,)3~0-(CH,CH;0)s ]

L—(CH, CHO), ~ OCHj ees see oee (VII)
s,

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
compositioh 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

W Octamethyltrisiloxane (El), octamethyltetrasiloxane (E2),
and decamethylpentasiloxane (E3) were prepared as low molecular
weight polyorganosiloxanes; polyoxyethylene oleyl ether (Fl)
(P.0.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 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
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“cl eam ng agent %sa,gqhéhépl@beeetsheetZ is separated by upwards floatation
kN the cleaning agent D2. The water Y separated by being sedinentated in
the third-cleani ng vesgel s intermttently discharged to the cleaning
agent recycling Da%e;:haﬁd'/s Cbhéhrough a drain

Flon 113, methylene chlorid3e0 , isopropyl alcohol, and ethanol
were prepared as conventional dewatering cleaning agents to
obtain S5 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 eiraluated 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-platéd 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
diss_olved in water) after drying each piece was obsefved visibly
and by a scanning electron microscope and evaluated in accordance

with the following criteria.
N | XX: Not evaluable due to erosio_n 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 éppearance of

the strip was evaluated in a manner similar to that of item (1).
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‘(lne 10 while thg oily stain u‘%%grated-off by floating in the third
cl eani ng vessﬁhmﬂsﬁbedﬁﬁﬁﬁﬁpﬁatﬁ i de through an overflow line 11. The
cl eaning agent D2 chargegd in the third cleaning vessel 7 is continuously
éirculated_thgﬁggh g fi*[Q), 12 that serves to renmove solid partiles,
H err] O dropl o
31
(3) Drying property
The stainless steel strip was immersed in each dewatering
cleaning agent and dried in the oven at 50°C. During the drying
process, the strip was touched by a finger to see the drying
condition every 5 minutes and the time required for drying was

recorded on a S-minute basis.

e
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to conplete the cl eaning process.

Table 3 ’
Examples Comparative
examples
13 14 15 16 5 6
Low molecular weight| E1 [100 - - 50 100 - - - = | - - =~
polyorganosiloxane E2 - 100 50 50 - 100 100 100 - 50 - -
E3 - - 50 - - - - - 100 - - -
Compo- Surfactant Fl - 0.3 0.3 - - - -
sition F2 - - 0.2 - - -
ratio -
(Parts Hydrophilic solvent} Cl - - - 10 - - -
by
weight)| Methylene chloride - - - - 100 -
Freon 113 - - - - - - 100
Ethanol - - - - - - - -
Isopropyl alcohol - - - - - - - -
Dewater-| Stainless steel @ © ® ® 0 @ o ©
4dng Ceramics o O) ® O ®@ ©® X o
property| Polycarbonate ® ® ® © ® ® XX @
Ni plated strip ® ® @@ ® ® ® X ®
Continuous dewatering property ® ®© @ 0 ©® © O ®
Drying property (50°C in oven
in minute) S 10 10 10 5 5 10 5 5 <5

Note:

* Solvent cracks occurred.



* The ‘cl eani ng ag 2 tisl{ﬁg(ﬂeélacémemcs‘@&hi ng systemis subjected to the
follow ng récy ﬁng process. As described above, the drain lines 4, 3a, 10
of the first, second ahd thiyrd cl eaning vessels 1, 2 and 7, and the
dr ai nage vesselbﬁe:ar'é*!EBn{wﬁ ed to the cleaning |
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As is apparent from the result shown in Table 3, the

dewatering cleaning agents of the invention, -exhibiting
satisfactory dewatering property, can be a viable substitute for
organic solvent containing flon and the like based cleaning
agents.

Dewatering cleaning agents containing methylene chloride or
isopropyl alcohol (Comparative examples 4 and 5) rust and erode

- metal films and plastics. 1In contradistinction thereto, the
dewatering cleaning agents of the invention are stable to metal
films and plastics and exhibit satisfactory dewatering ptoperty
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 watér to present on the part again.

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

An exemplary cleaning system using a déﬁatering cleaning
agent of the invention will now be described with reference to
Fig. 1.

A cleaning system shown in Pig. 1 consists roughly of a
cleaning/water-substituting process A énd a rinsing/dewétering
process B. | |

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

first process involves a first cleaning vessel 1 and a second

This Sheet Has Been Refilaced




. agent

recycling nmechanism C. The cl eani ng agent D1 or

:cleahlng ves seiis isstheoreptaenient shedined by the filters 6 and 12. However,
when heavily contani nated, the cleaning agent is introduced to the cleanlng

agent

recycling ne
13 for fract ilda&r
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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 a drain line 2a and an
overflow line 2b. The first and second cleaning vessels 1 and
2 are operated together with ultrasonic, oscillating, mechanical

stirring, cleaning agent heéting, and brushing processes and the

1ike, 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. Therefore, water Y introduced bf an object to'bé
cleaned X is separated by being sedimentated at the bottom of the
surfactant containing cleaning agent D1 that has been charged in
the first aﬁd_seccnd-cleaning vessels 1 and 2. If an oily stain
Z is present on the object X, the oily stain 2 is separated by
floating upward in the surfactant containing cleaning agent Di
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 sedimentated in the first cleaning vessel 1
is intermittently dischafged 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

D2 contai ned in each

Tanl qLC through drain lines 4 and 10 by a conveyer punp
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) dIStI||atI0n The cleanlﬁ@ grat D1 deposited in the dewatering vessel 3 is
‘al so supplmﬂ%isﬂheﬂﬁPFF% P€ to the cl eaning agent recycling nmechani sm C.
At the cl eani ng agent cycllng mechani sm C, the introduced cl eani ng agent
i s separated |nt 14 conponents and solid conponents by a filter 14,
and only tHaate:
35

the cleaning agent recycling mechanism C. .

The oily stain Z separated by floating in the first and
second vessels 1 and 2 is discharged outside while continuously
overflown through an overflow line 5 connected to the first
cleaning vessel 1.

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 cle_éning 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 neceséary.

N\ The third éleaning vessel 7 contaiﬁs a cleaning agent D2
consisting only of a silicone composition identical to the low
molecular weight polyorganosiloxane used in the fiist 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 cléaning
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
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* Iidhid components are forwarded to a distiller 15 with the solid conponents
- bei ng dest riojidsl is Theeratilatanhérdrshedt separ at es vari ous conponents, water, oily

’stains in the
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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,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,
secqnd, and third cleaning vesséls 1, 2, and 7, and the
deﬁatering'vessel 3 are connected to the cleaningfagent recycling
méchanism C. The cleaning agent Dl 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 récycling mechanism C, the introduced
cleaning agent is separated intd ligquid components and solid

components by a filter 14, and only the liquid components are
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12 cleanlng agenL utilising the difference in their boiling points. Water

and the
decant er

li ke twik’ i€ eweraplacenoens siedt i | | er 15 are further separated by a

16.
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- 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 Dl is an agent having a surfactant
added to the cleaning agent D2 that contains only the low
molecular weight polyorgénosiloxane, 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 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 mixér 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 advant age of
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Since the cleaning agent Dl is a conposition having a surfactant added to

“t he-'conpositi gk thehreplasement 35eehl y t he | ow nol ecul ar wei ght
pol yor ganosi | oxane) the | ow nol ecul ar wei ght pol yor ganosi | oxane,

. €.

t he

‘cl eani ng agent ah.be. gextracted fromboth cl eaning agents D1 and D2,
[Pngi h& LPelRe |

t hereby al |l ow ng agent D2 to be
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excellent cleaning properties.
Industrial Applicability

As described in the foregoing pages, the cleaning
compositions of the invention, when used as water system cleaning
a.gentg + 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 which have environmental disadvantages. 1In addition,
the cleaning compositions of the invention, when used as
dewatering c¢leaning agents, provide a powerful dewaterihg
property with no risk of environmehtal 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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. recycl ed. The conponents other than the recycled cleaning agent D2, i.e
‘t he .Surf act amshsmteereplammam6haeke wi Il be destroyed. The recycl ed

‘cl eaning agent D2 is foi‘vvarded to a mxer 18 from which theTteanng d.g

Dl is supplied to Hhia.s Eer rinse vessel 8, the third cle
e A L [T umum

what is Claimed Is:

1. A cleaning composition comprising at least one low molecular
weight polyorganosiloxane selected from the .group' consisting of

straight chain poiydiorganosiloxane represented by a general

-——Si——o——(— '—4{}——Si———
. 1 R1 ee eese -ooo (I)

(wherein R' 18 an organic group of single valence substituted by

formula:

wo-

the same or different group or unsubstituted, and 1 is an integer
from 0 to 5), and cyclic polydiorganosiloxane represented by a

general formula:

R
o
fi——c
Rl /m ' oee sae eoe (II)
(wherein R! is an organic groué of single valence substituted by

the same or different group or unsubstituted, and m is an integer

from 3 to 7).
2. A cleaning composition according to -claim 1 further
comprising: o

polyoxyalkylene group containing polyorganosiloxane having

in a single molecule at least one siloxy unit represented by a

R? . ' .
‘ L . ) | |
. TJ. .
A . : see sse o am

(wherein R?! is an alkyl group or a pheny __g__p_irg_h_i_s__a

formula:
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“or flhe second clibimisnhevreprebem2nt bheetgh a |ine.17. I n thé shower rimse

wvessel 8, aitshdwer rinsjng,process is conducted using only
cl eani ng agent or e}_}‘ ftﬁ g agent D2 newy introduced l"ﬁ”mmn Imil”“l

Cle_ani ng agent o1y | 19, both being free fromlrrpurl

polyoxyalkylene group); 40

a surfactant; and

water. |
3. A cleaning composition according to claim 2. wherein said
polyoxyalkylene group denoted by reference character A in said
formula (III) is a single-valence group represented by a formula:

—R? ;.(_Q_R‘_)n —0R? ees see see (IV)
(wherein R’ is a two-valance group selected from the group
consisting of an alkylene group having 1 to 8 carbon atoms, a f-

N\ hydroxypropylene oxyalkylene group and a polymethjlene
oxyalkylene group, both having 4 to 11 carbon atoms; R' is an
alkylene group having 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).
4. A cleaning composition accordi'ng to claim 2 wherein said
surfactant is mixed within the range of 10 to 1000 parts by
weight to 100 parts by weight of said polyoxyalkylene group
containing polyorganosiloxane; said low molecular weight
L polyorganosiloxane is mixed within the range of 1000 parts by

weight or less to 100 parts by weight of a total of said
surfactant and said polyoxyalkylene' group containing
polyorganosiloxane; and said water is contained by 40 wt.$ or
more of the total composition.
S. A cleaning composition according to claim 1 consisting
essentially of said low molecular weight polyorganosiloxane.
6. A cleaning cémposi‘tio’n according to claim S5 further
comprising a surfactant and/or a hydrophilic solvent.

7. A cleaning composition according to claim 1, 2, or 5 wherein
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" The 'mi xer 18 rihisds thecreniaGRMeN 8588hew i eaning agent B2-with the
surf-act ant ﬁemﬁy‘supp}ieg froma surfactant supply line 20 to prepare a new

o e sacripkly sppygpoteleoni g saent oL 1< soop! e NN IR

cl eani ng vesse ne
construction as described above, the
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said composition is applied to clean at least one material

selected from the group consisting of a metal, a ceramic, and a

plastic.

8. A dewatering cleaning agent consisting essentially of at |
- least one low molecular weight polyorganosiloxane selected from

the group consisting of straight chain polydiorganosiloxane

represented by a general formula:

R! R! R!
. | | | ,
K/' R ———?1 Tl ?1——— R .
: R" Rli 1 Rl see eoe 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:

Rl
(o)
- Si—0-

l [ | )
RI m see ose oo (II)

ij (wherein R! is an otganic group of single valence‘substituted by
the same or different group or unsubstituted, and m is an integer
from 3 to 7). '

9. A dewatering cleaning agent according té claim 8 wherein a

surfactant and/or a hydrophilic solvent are mixed with said low

molecular weight polyorganosiloxane.

10. A dewatering cleaning agent according to claim 9 wherein.
said hydrophilic soivent has a flush'point of 40°C or more.

l1l1. A dewatering cleaning agent according to claim 8 or 9

wherein said low molecular weight polyorganosiloxane is cyclic

This Sheet Has Been Re[ilaced '
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polydiorganosiloxane.

12. A dewatering cleaning agent according to claim 11 wherein
said cyclic polydiorganosiloxane is octamethylcyclotetrasiloxane,
decamethylcyclopentasiloxane, or mixtures thereof.
13. A water system cleaning agent comprising:

a polyoxyalkylene group containing polyorganosiloxane having
in a single molecule at least one siloxy unit represented by a

formula:

R? |
TJ. _ _
a e oo s m

(wherein R? is an alkyl group or a phenyl group and A'is a
polyoxyalkylene group);

a surfactant; and

water.
14. A water system cleaning agent according to claiin 13 wherein
said surfactant is mixed within the range of 10 fo 1000 parts by
weight to 100 parts by weight of said polyoxyalkylene group

i\ containing polyorganosiloxane and said water is contained by 40

wt.$ or more of the total composition.
15. A water system cleaning agent according to claim 13 further
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 B R T
R ?J.—'—C ?1 Si——m R
Rl' \ R1 1l RI see ese o;o (I)

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

general formula:

Rl
o)
Si—0C
;;} '/m. : ese soe see (1I)
(wherein R! is an organic group of _single valence substituted by
the same or different group or unsubstituted, and m is an i.hteger
ffom 3 to 7).

16. A water system cleaning agent acéording to claim 15 wherein
sa;i.d surfactant is mixed within the range of 10 to 1000 parts by
weight to 100 parts by weight of said polyoxyalkylene group
containing polyorganosiloxane; said 1low molecular weight
polyorganosiloxane is mixed within the range of 1000 parts by
weight or less to 100 parts bj weight of a.‘total of said
surfactant and said polyg:_:yalkylene group containing
polyorgancosiloxane; and said water is contained by 40 wﬁ.% or

more of the total composition.
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Abstract of the Disclosure
Cleaning Compositions
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! ——éi éi Si—. R!
1|11 ;Igl 1 fI{‘ ses cee cae (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:

RI

.

lS.i.'-'—C

Rl /m see see oo (II)

(wherein R! is an organic group of single valencé 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,
polyoxyalkylene group containing polyorganosiloxane, a
surfactant, and water are additionally mixed. Accordingly, a
clea'ning effect free from envirdmnentél destruction and
contamination, equivalent to flon containing cleanihg 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 1low molecular weight

polyorganosiloxane is additionally mixed alone or with a

surfactant and/or a hydrophilic solvent. Accordingly, cleaning

This Sheet Has Been Reﬂlac
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and water substituting properties equivalent to flon containing

dewatering cleaning agents and environmental safety can be

obtained.

(Figure 1)
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conprlses at | east one | ow nol ecul.ar,wei ght pol yorganosil oxane of formula
(1):- [ery] mhewﬁhﬂsEhewemaﬁﬁm?ﬁﬁgﬁéﬁdentIy sel ected fromthe group
con5|st|ng of methyl, ethyl, propyl, butyl, phenyl, trifluoro-methyl; and 1
-i's an integer f&ﬂH]O §g75z{ g a surfactant and/or a

1
CLEANING COMPOSITIONS

This invention relates to cleaning compositions which will replace cleaning
agéms containing an organic solvent including flon and the like, and theig use.

In manufacturing various parts such as metal parts, plated and coated parts, and
electronic and semiconductor parts, freon containing solvents such as freon 113, and - |
brganic solvents such as tiichloroethane, 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 ixaving washed various parts with water in order to
avoid the following probléms 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) Reduction in productivity due to the time taken in drying;

(3) Likely deformation of the object to be cleaned due to heanng (thermal
expansion that exceeds tolerances), and

(4) Increase in the space for installing the cleaning system, which includes a
cooler and a heat shielding unit. '

- - The term "dewatering cleaning agent” is used herein to denote a cleaning agent
| into wt_xich an object to be cleaned, which has been washed with water, is immersed or
with which the object is rinsed by shower, such that water presehr. on the object is
| substituted by the cleaning agent and then vaporised by air at room temﬁ_eramre, ot
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 freon a.Qents can seriously affect the human body and the ecological
system, the use of' freons such as freon 12 and freon 113, whose ozone destruction
coefficients are high is, on the gradual decline on a global s¢ale towards an eventual

total ban.



hydrophilic sol Ve%ns ié the replacemenicghé®lis dewat ering cl eani ng conposi tion
according to claim3, conpri s?ng at | east sai.d surfactant, the surfactant

bei ng sel ected.from ani ?%I el sfjict ants, nonionic surfact ants, anphoteric
surfactants, and &@@onic [surfdctants. . 5

Stricter regulations are imposed also on chlodné-containing organic solvents
such as trichloroethylene and teu'achlometﬁYlene which are presumed to induce soil-
and underwater;contammationé and the like.

- Freons whose ozone destruction coefficients are lower than the currently used
flon containing solvents are being developed, some of which are being produced on a
| commercial basis. However, these new agents are not so welcome because they are
- still destroyers of the ozone layer.
| As a replacement for the above organic solvents, surfactant-based water system
cleaning agents which are free.from envirorimemal destruction and contamination are
gradually attracting attention. However, cleaning agents containing only suifa_ctants
are not satisfactory in their penetrability, méreby nbt cleaning, e.g., stains which have
p_enetrated into restricted regions and also medium to high viscous, persistently sticky
ol stains. |
Tapanese Patent Publication No. 50463/1988 discloses a method of cleaning
. woven materials by using silicone containing éompounds. According to the disclosure,
a liquid cleaning composition containing an effective amount of cyclic siloxane having
4 10 6 silicon atoms is used. However, the method
~ isnot suﬁable for application as an ihdustrial cleaning process.
Aqueous cleaning compositions containing polyorganosiloxane are known
-/ from e.g. EP-A-351 185 EP-A-352 783, GB-A-2 173 508 and DE-A-3 321 289.
Non-agueous compositions containing polyorganosiloxanes have been proposed for

purposes of surface coating; e.g. in US-A-4 501 682,

which however is not directed to a cleaning process.

- . The use of lower alcohols such as isopropyl alcohol has also been under study
for a new development that can replace the above-memibned 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 fire under ordinary handling

éonditions. In addition, isopropyl alcohol is highly compatible with water, so that an
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‘nitial dewatering performance is ensured, but the dewatering perfonnance of isopropyl
alcohol containing much ‘watar resulting from its repetitive use deteriorates hecauvse

- isopropy! alcohol acts as water rather than as alcohols. As a result, the water rer..ains

on the surface of the object. As a result, its eventual dewatering property is impaired.
To refine isopropyl alcohol for reuse by removing water from the used isopropyl
alcohol, a remendous equipment investment is required. Also, isopropyl alcohol is
toxic to the human body which is another factor that tends to mitigate against its use.

The use of hydrocarbon and higher alcohols which have higher flash points than
room tempefamre allows a comparatively easy removal of water, but their low
volatility prevents them from being dried at low temperatures, e.g. 60°C or less,
thereby making them unsuitable for applicction as dewatering cleaning agents.

Thus, an 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 less risk of fire and which are not
so deleterious to the environment. The dewatering compositions of the present '
invention are, of course, non-aqueous compositions.

The present invention is therefore directed to the use of a non-aqueous composition
comprising . at least one low molecular wexght polyorganosiloxane of formula

(D:- ' l
o ;-—ss. |
. R ) 1 l‘ oo 000 o000 (x,

wherein R is independently selected from the group consisting of methyl, ethyf,
propyl, butyl, phenyl, trifluoro-methyl; and 1is an integer from 0 to 5, as a dewatering cleaning agent.
Each of such low molecular weight polyorganosiloxanes exhibits powerful
penetrability to stains and s.itisfactory substituting property with water alone.
However, methyl group is most preferable from the viewpoint of stability, and
volatility.
The term "dewatering agent” has already been defined. It is used because
"water", is a typical liquid capable of being sub_éﬁmted by the low molecular weight
polyorganosiloxanes. However, for the avoidance of doubt, it should also be
understood that the cleaning compositions of the invention may also be used as "liquid
removing” agents in substituting and cleaning liquids other than water. Relevant
liquids which may thus be removed include those which are insoluble or difficult to be
dissolved in the low molecular weight polyorganosiloxanes and whose surface tension
-is larger than that of the low molecular weight polyorganosiloxanes. The "water" to be



5. . A non-aquequfs @ehatrepiangmentd®y conposition according to claim 4,
wherein.the surfactant is an anionic surfactant selected from

pol yoxyal kyl ene al kyl et el sﬁl phonat es and phosphoric esters. 6. A
non- aqueous dewalR¥®hd ¢l €ani'ng conposition according to claim4 wherein
4

removed includes those liquids which have water as dispersion medium, such as
mixtures of water and alcohols and liquids in which various substances are dissolved.

The low molecular weight polyorganosiloxane represented by formula (I) can
be, as described previously, , substitute for water alone, thus allowing itself to be easily .
vaporised and dried by hot air below 60°C.

The dewatering compositions used in the invention may consist only of or
substantially of, the low molecular weight j:olyorganosiloxane and with it a satisfactory
effect can be obtained. However, its cleaning and dewatering properties
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.

Therefore, 2 non-aqueous dewatering cleaning cb:n}pos.itii_m accordmg to another embodiment of the
U present invention comprises at least one low molecular weight polyorganosiloxane of

formula (I):-

L 'Q
I .
l, |

R

[y .
. 000 900 sooe ‘x,

wherein R' is independently selected from the group consistirfg of methyl, ethyl, propyl,
butyl, phenyl, trifluoro-methyl; and 1 is an integer from O to 5, and a surfactant and/or a
hydrophilic solvent.

Surfactants contribut2 to improving particularly the cleaning and dewatering
properties of the composition. Suitable surfactants for this purpose 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 imidazoline
derivatives; and cationic surfactants such as alkylamine salts and alkyl quaternary
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5
ammonium salts. In addition thereto, terpene-containing compounds which are rarely
present in the form of a single substance and extracted from natural substancés. as well
Cas higher fatty acid esters may also be used. 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
for enhancing the dewatering/cleaning agent performance. |
While the amount ratio of surfactant (if present) is_ not pénicularly limited, it is
desirable to have 20 parts by weight or less, or, more preferably, 3 parts by weight or
less, of the surfactant, relative to 100 pans by weight of low molecular weight -
U polyorganosiloxane. | |
If present, a suitable hydrophilic solvent for inclusion in compositions
according to the present invention may be one compatible with the low molecular |
. weight polyorganosiloxanes, and more particularly from the practical viewpoifxt. one
whose flash point is 40°C or more. The hydrophilic solvent contributes to improving
substituting property by water. -
Suitable hydrophilic solvents for this purpose include: polyalcohols and their
derivatives, e.g. ethylene glycol monomethyl ethers, ethylene glycol monoethyl ethers,
ethylene giycol monopropyl ethérs. ethylene giycol monobutyl ethers, ethylene glycol
monobutyl ether acetates and diethylene glycol monobutyl ethers. Particularly
preferred are diethylene giycol mdnobufyl ethers, because of its compatibility with the
| low molecular weight polyorganosilbxanes and human safety. Since these
compounds exhibit improved properties when coexisting with the low molecular
weight polyorganosiloxanes, a composition 6nly using tlus combination is
advantageous for subsn'tutioﬁ for water, as well as drying. |
 While the amount of the hydrophilic solvent is not particularly limited, itis
preferable to have 100 parts by weight or less or, more preferably, 50 parts by weight
.or less of the hydrophilic solvent relative to 100 parts by weight of the iow molecular

weight polyorganosiloxane.
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The dewatering cleaning agents of the invention may be applied to metals,
| cemniés and plastics. 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, An exemplary
general-purpose cleaning process usually involves immersing of any of the above-
described parts in, or spraying them with dewﬁmring cleaning agent of the invention to
substitute for any water present on the part and drying it by blowing hot a:r
The immersion and spraying processes may be accompanied by ultméonic agitation and
mechanical stirring. : ~
Y The dewatering cleaning -agehts of the invgr_x_iion, exhibit a powerful dewatering
performance and 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 low erosion. In addition, as )
preferred agents of formula (T) contain no element'halogen such as chlorine and
bromine, they have littie risk of destroying or polluting the environment.- Thus, ih this
a_pplication, the dewatering cleaning agents of the invention represent a viable
replacement for conventional organic solvents containing agents such as flon, which
have posed environmental problems. | '
 The present invention will now be explained in more detail by reference to the |
following Examples and with reference to the accompanying drawing, in which:-
Figure 1 is a diagram showing an exemplary construction of a cleaning system
using a dewatering cleaning agent of the invention.
Examples 1to3
'Octamethyitrisiloxane (E1) and octamethyltetrasiloxane (E2) were prepared as
a low molecular weight polyorganosiloxanes and polyoxyethylene oleylether (F1)
(P.O.E = 6 moles) was used as surfactant. E1 and E2 are compounds of formula (I).
These components were selected and blended so that for each nonaqueous
dewatering composition of the present invention shown in Table 1, the components

were as listed for Examples 1-3,.



8. ' A non-aquequs Bd‘b\atfépﬁaﬁamgmeamﬁg conposi tion according to claim4,
wher ei.n.t he surfactant | s cationic surfactant selected from al kyl am ne
sal t's and al kyl uat erp niumsalts 9. A non-aqueous dewat eri ng
cl eani ng conposit %} ac to claim3, further
7
Flon 113, methylene chloride, isopropy! alcohol, and ethanol were prepared as
conventional dewatering cleaning agents to obtain 5 types of dewatering cleaning

agents whose composition ratios were as also shown in Table 1.

The properties of Examples 1 to 3 and Comparative Examples A to E were
~ evaluated by the following methods. ‘The result is also shown in Table 1.
(1) Dewatering property N
Various pieces (a stainless steel strip, a ceramic piece, a polycarbonate piece, a
W, 'Ni-plated steel strip) were immersed in each dewatering cleaning agent after being
washed with water. In Examples 1 to 3, the piece was then rinsed by the low
molecular weight polyorganosiloxane blended to prepare the dewatering cleaning
agent. Thereafter, the piece was dried in an oven at 50 °C. The water marks (stains
produced by impurities dissolved i_n water) after drying the piece were assessed visibly
and with a scanning electron microscope (SEM) and evaluated in accordance with the
following criteria. | |
XX: Not evaluable due to erosion of the piece during dewatering.
X: Water marks were visible.
o: No water marks were visible.
©: No water marks whose size is 50 um or more were observed by SEM.
(2) Continuous dewatenng property
~ A continuous dewatenng test with a frequency of 50 times was conducted
using a stainless steel suiﬁ and the appearance of the strip was evaluated in a manner
analogous to that in test (1) above. o
(3) Drying property
The stainless steel strip was xmmersed in each dewatering cleaning agent and
dried in the oven at 50°C. During the drying process, the strip was touched with a
finger to test the drying condition every 5 minutes and the time required for drying was

recorded on a 5-minute basis.
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11. * A non-aqueous dewateri ng cl eani ng conposition according to any of
clains 4- 8, whergi Melrdplagement sb’&e’ct he sufactant is 3 parts by wei ght - or
ess relative to 100 parts by weight of the pol yorganosil oxane of formula
gl ) \I/\,hérzéi ] A ns)ag;?ckug s~ Yat er ing cleani ngg _corrpos.i..t I on accor di ng to cl a.i m
As is apparent from the result shown in Table l; the d_e\;vatcﬁng cleaning agents
used in accordance with the present invention exhibit satisfactory dewatering
' pérformance and are viabie substitutes for cleaning agents which contain ﬂon-baséd
organic solvents and the like.
Dewatering cleaning agents containihg methylene chloride or isopropyl alcohol
. (Comparative Examples A and B) rust and erode metal films and plastics. However,
the dewatering cleaning compositions of the invention are compatible with metal films
and plastics and exhibit satisfactory dewatering properties even for ceramics which
have significant surface roughness. Thus, these compositibns are reliable when applied
to parts including metal, plated, electronic, semiconductot. plastic, and ceramic parts.
The dewatering cleaning agent containing iso';iropyl alcohol causes water tobe
dissolved therein, thereby causing water to present on the part at the end of the
process. | '_ |
Moreover, inclusion of the surfactants and hydrophilic solvents with the
dewatering cleaning agents, as used in Example 1 to 3 nnptoved the dewatering
performance. ' |
An exemplary cleaning system using # non-aqueous dewatering cleaning
composition of the invention will now be described with reference to Figure 1.
W The cleaning system shown in Figure 1 comprises of a cleaning/water-
substituting process A and' a rinsing/dewatering process B.

'f'he cleaninglwatet-substitﬁting process A, which is the first process involves a
first cleaning vessel 1 and a second cleaning vessel 2, each servixig both as a separator
through sedimentation and a separator through overflow, and a drainage vessel 3. The

. firstand second cleaning vessels 1 and 2 communicate with each other through a drain
| line 2a and an overflow line 2b. The first and second cleaning vessels 1 and 2 are |
operated with ultrasonic, oscillating, mechanical stirring, heating, and brushing
_ processes and the like, _
 The first and second cleaning vessels 1 and 2 respectively contain a cleaning

agent D1 composed of a low molecular weight potydrgandsiloxane and a surfactant, as



sai d hydrophilig # \g&m@tfshagh poi nt of 40[err] C or nore. 13. A
non- agueouys de-Wi éﬁ‘ ng I'eani ng conposition according to claim3 or claim

12, - conprising at |least s ﬁ hydrophilic solvent, the hydroph| i c sol vent
bel ng sel ect edea{é:gmtm{lya hol s and their 1gerl vat i ves.

a composition according to the present invention. The surfactant conmmng cleaning
agent D1 may be prepared such that its specific gravuy is less than tpat of water and
larger than that of an oily stain. Themfore, water Y mtroduced by an object to be
cleaned X is separated-off 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 cily stain Z is present on the object X, the oil stain Z is
separated-off by upwards floatation in the surfactant containing cleamng agent D1 in
the first and second cleaning vessels 1 and 2. |
The water Y separated-off 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 sedimentated in the first cleaning vessel 1 is
intermittently discharged to a cleaning agent recycling mechanism C (described later)
through a drain line 4. AdrainlineBaconn_ectedtothedminagevessel3isalso
| connected to the cleaning agent recycling mechanism C. '
The oily stain Z separated-off 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 comaxmng cleaning agent D1 charged in the first and second
.cleamng vessels 1 and 2 is continuously circulated through a filter 6 that serves to
reroove solid particles, H)O droplets, undissolved substances, and the like contained in
the cleaning agent D1. |
The nnsmgldewatenng process B, which is the second process, invoives 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 sijrr_ing; cleaning agent heating, and brushing
processes and 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



14.. A non- aqgRRUS tﬁl@v\qb\acémgn'fciihﬁﬂi ng conposition according to claim 13,
wherein.the hydrophilic solvent is selected from pol yal cohols and their
derivatives selected § q__ ﬂ hyl ene gl ycol nononethyl ethers, ethylene

gl ycol nonoet hjdatek R 1

the first process A. Theé cleaning agent D2 may be so prépared that its specific gravity
 is smaller than that of watér and larger than that of an oil stain. Thercfbr’e, as in the

- first process A, water Y is separated-off by being sedimentated at the ﬁouom of the

cleamng agent D2 and the oily stam Z is separated by upwards floatation in the
cleanmg agentD2.

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 sepamed—offby ﬂoanng in the third cleaning vessel 7 is |
discharge outside through an overflow line 11.

AN The cleaning agent D2 charged in the third cleaning vessel 7 is connnuously
circulated through a filter 12 that serves to remove solid particles, HyO droplets,
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 to be cleaned and dewatered, and is then dried by a fan forced drier (not
shown) to comblcte 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 drainage vessel 3 are connected to the cleaning
agent recycling mechanisra C. The cleaning agent D1 or D2 contained in each cleaning
vessel is constantly cleéned by the filters 6 and 12. However, when heavily

_ contaminated, the clearﬁng 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
suppﬁed 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 diSﬁller 15 with tixe solid components being

destroyed. The distiller 15 separates various components, water, oily stains in the
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* cleaning agent uuhsmg 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 agenl Dlis a.composition having a surfactant added to the
composition D2 (that contains only the low molecular weight polyorganosiloxane) the
low molecular wexght polyorganosxloxane, i.e., the cleaning agent D2, can be extracted
from both cleamng agents D1 and D2, thereby allowmg the cleaning agent D2 to be
recycled. The components other than the recycled cleaning agent D2, i.e., the
O surfactant, water, and the like will be destroyed. |
The tecycled 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 cleaniné 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 lme 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 cleaniisg 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 propemes
As described in the foregoing pages, the non-aqueous dewatering cleaning .
compositions of the invention provide powerful dewatering performance without risk
of envlronmental destruction or pollutien. Thus, they are a viable replacement for
these conventional organic solvent based dewatering cleaning agents which include

flon and the like, which have the aformentioned environmental disadvantages.



rmn_obutyl et herhrcettas esplacementesiig®tene gl ycol -nonobutyl ethers. 15. A
non-‘aqueous dewat eri ng, cl gani ng conpositon according to claim13 or claim
T4, wherein the anDuP Z e hydrophilic solvent is 100 parts by weight or
| ess relative B#taioo 2 by wei ght of the pol yorgan03| | oxane of formul a
13

().
LAIMS:

1. Useof a non-aqueous composition

compnsmg at least one low molecular weight polyorganosxloxane of formula (I):-

Y
s
a! __?1 o . R}
/! ‘_ sse oo oo (1)

| wherein R' is independently selected from the group consisting of methyl, ethyl, propyl,
— butyl, phenyl, trifluoro-methyl; and 1 is an integer from O to 5, as a dewatering cleaning
agent

2. Use accordmg to claim 1, wherein said non-aqueous composition consists

c-

 essentially of said low molecular weight polyorganosilaane of formula (I).

3. A non-aqueous dewatering cleaning composition, characterised in that it -

comprises at least one low molecular weight polyorganosiloxane of formula (I):-

R [ (
Co | | ‘
—/ “ '3.. 1 & e0e veev oo (1)

wherein R’ is independently selected from the group consisting of methyl, ethyl, propyl,
butyl, phenyl, trifluoro-methyl; and | is an integer from O to 5; and a surfactant and/or a
hydrophilic solvent. '

4. A non-aqueous dewatering 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.

| TR O O A



16.. A non-aqueous dewateri gani ng conposition according to either of
clainms 13 orfwisés thell’diap‘%?gfeéﬁ%’htg e anount of the hydrophilic solvent is 50
parts by weight. or | esslélel ative to 100 parts by weight of the

0 .

ol yor ganosi | oxang fy i la (1).
pol yorg Date:ﬁ@?; mila (1) |
14
5. A non-aqueotis dewatering cleaning composition according to claim 4, wherein

‘the surfactant is an anionic surfactant selected from polyoxyalkylene alkylether

sulphonais and phosphoric esters.

6. A non-aqueous dewatering 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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7. A non-aqueous dewatering cleaning compositidn according to claim 4, wherein

the surfactant is an imidazoline derivative amphoteric surfactant.

8.  Anon-aqueous dewatering cleaning composition according to claim 4, wherein
the surfactant is a cationic surfactant selected from alkylamine salts and alkyl
quaternary ammonium salts. '

9.  Anon-aqueous dewatering cleaning composition according to claim 3, further
comprising a terpene-containing compound or a higher fatty acid ester.

- 10. A non-aqueous dewatering cleamng composition according to any of claims 4-
8, wherein the amount of the surfactant is 20 parts by weight or less relative to 100
parts by weight of the polyorganosiloxane of formula (D).

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

~ pants by iveight of the polyorganosiloxane of formula (T).

122 A non-aqueous'dewa_tering' cleaning composition according to claim 3, wherein
said hydrophilic solvent has a flash point of 40°C or more.

13. A non-agueous dewatering cleaning composition according to claim 3 or claim
12, comprising at least said hydrophilic solvent, the hydrophilic solvent being selected

from polyalcohols and their derivatives.

14. - A non-aqueous dewatering 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,

: * c L M S *
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ethylene glycol monopropyl ethers, ethylene glycol monobutyl ethers, ethylene glycol

monobutyl ether acetates and diethylene glycol monobuty! ethers.

15. A non-agueous dewatering 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 (T).

16. A non-aqueous dewatering cleaning composition according to either of claims
13 or claim 14, wherein the amount of the hydrophilic solvent is 50 parts by weight or
less relative to 100 parts by weight of the po’lyorjancsiloxane of formula (). .

[
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CLEANING COMPOSITIONS
ABSTRACT

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 :
1 N . S
R —‘?1 TL Ti— R
R" Rl 1 R1 eee sse e (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 polydiorganosiloxane represented by a general

(1.

: . |
\ Rl ]m _ ees osse oo (II)

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

formula :

unsubstituted, and m is an integer from 3 to 7). To use it as a water system cleaning agent,
polyoxyalkylene group containing polyorganoéiloxane, a s;Jrfactant, aﬁd water are additionally mixed.
Accordingly, a cleaniné 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 fs additionally mixed alone or with a surfactant aﬁd/or a hydrophilic
solvent. Accordingly, cleaning and water substituting properties equivalent to flon containing

dewatering cleaning agents and environmental safety can be obtained.

Figure 1



