
1 CLEANING COMPOSITIONS This invention relates to cleaning compositions
which will replace cleaning agents containing an organic solvent including
flon and the like, and their 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 organic solvents such as trichloroethane,
trichlorethylene, tetrachloroethylene, and carbon tetrachloride are widely
used as cleaning agents for eliminating oil stains and 



the like. The above organic solvent containing cleaning agents are also
used as dewatering cleaning agents after having washed various parts with
water in order to avoid the following problems that are associated with
direct drying of water present on 



an object to be cleaned: (1) Heating (100[err]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 heating (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 which 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
present on the object is substituted by the cleaning agent and then
vaporised by air at room temperature, or heated to 60[err]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 agents 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 scale towards an eventual 



total ban.    



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



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 environmental destruction and
contamination are gradually attracting attention. However, cleaning agents
containing only surfactants are not satisfactory in their penetrability,
thereby not cleaning, e.g., stains which have 



penetrated into restricted regions and also medium to high viscous,
persistently sticky oil stains. Japanese Patent Publication No. 50463/1988
discloses a method of cleaning woven materials by using silicone containing
compounds. According to the disclosure, 



a liquid cleaning composition containing an effective amount of cyclic
siloxane having 4 to 6 silicon atoms is used. However, the method is not
suitable for application as an industrial 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-aqueous 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-mentioned organic
solvents for dewatering. However, isopropyl alcohol has a flash point of
11.7[err]C, which is lower than room temperature, and this involves some
danger of fire under ordinary handling 



conditions. In addition, isopropyl alcohol is highly compatible with water,
so that an    



3 initial dewatering performance is ensured, but the dewatering performance
of isopropyl alcohol containing much water resulting from its repetitive
use deteriorates because isopropyl alcohol acts as water rather than as
alcohols. As a result, the water remains 



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 tremendous 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 temperature allows a comparatively easy removal of water, but
their low volatility prevents them from being dried at low temperatures,
e.g. 60C or less, thereby making them unsuitable for application 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 weight polyorganosiloxane of formula [err] 



wherein R[err] is independently selected from the group consisting of
methyl, ethyl. propyl, butyl, phenyl, trifluoro-methyl; and I is an integer
from 0 to 5, as a dewatering cleaning agent Each of such low molecular
weight polyorganosiloxanes exhibits powerful penetrability to stains and
satisfactory 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 defied. It is
used because "water", is a typical liquid capable of being substituted 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   



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[err]C. The
dewatering compositions used in the invention may consist only of or 



substantially of, the low molecular weight polyorganosiloxane 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, a non-aqueous dewatering cleaning composition according to
another embodiment of the present invention comprises at least one low
molecular weight polyorganosiloxane of formula (I):- [err] 



wherein R[err] is independently selected from the group consisting of
methyl, ethyl, propyl, butyl, phenyl, trifluoro-methyl; and 1 is an integer
from 0 to 5; and a surfactant and/or a hydrophilic solvent. Surfactants
contribute 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    



5 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 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
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, relative to 100 parts by weight of
low molecular weight 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 viewpoint, one whose flash point is 40[err]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 glycol monopropyl ethers, ethylene glycol
monobutyl ethers, ethylene glycol monobutyl ether acetates and diethylene
glycol monobutyl ethers. Particularly 



preferred are diethylene glycol monobutyl ethers, because of its
compatibility with the low molecular weight polyorganosiloxanes and human
safety.   Since these compounds exhibit improved properties when coexisting
with the low molecular weight polyorganosiloxanes, a composition only using
this combination is 



advantageous for substitution for water, as well as drying. While the
amount 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 relative to 100 parts by
weight of the low molecular 



weight polyorganosiloxane.    



6 The dewatering cleaning agents of the invention may be applied to metals,
ceramics 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 dewatering cleaning agent
of the invention to substitute for any water present on the part and drying
it by blowing hot air. 



The immersion and spraying processes may be accompanied by ultrasonic
agitation and mechanical stirring. The dewatering cleaning agents of the
invention, 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 (I) contain no element
halogen such as chlorine and bromine, they have little risk of destroying
or polluting the environment. Thus, in this 



application, 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 1 to 3 



Octamethyltrisiloxane (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,.   



7 Comparative Examples A to E Flon 113, methylene chloride, isopropyl
alcohol, and ethanol were prepared as 



conventional dewatering cleaning agents to obtain 5 types of dewatering
cleaning agents whose composition radios 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 Various pieces (a stainless steel strip, a ceramic
piece, a polycarbonate piece, a Ni-plated steel strip) were immersed in
each dewatering cleaning agent after 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 [err]C.
The water marks (stains produced by impurities dissolved in 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. 0: No water marks were visible. 



@: No water marks whose size is 50 [err]m or more were observed by SEM. (2)
Continuous dewatering property A continuous dewatering test with a
frequency of 50 times was conducted using a stainless steel strip and the
appearance of the strip was evaluated in a manner 



analogous to that in test (1) above. (3) Drying property The stainless
steel strip was immersed in each dewatering cleaning agent and dried in the
oven at 50[err]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.   



8 [err]  



9 As is apparent from the result shown in Table 1, the dewatering cleaning
agents 



used in accordance with the present invention exhibit satisfactory
dewatering performance and are viable substitutes for cleaning agents which
contain flon-based organic solvents and the like. Dewatering cleaning
agents containing 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 compositions are reliable when applied 



to parts including metal, plated, electronic, semiconductor, plastic, and
ceramic parts. The dewatering cleaning agent containing isopropyl alcohol
causes water to be 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 improved the
dewatering performance. An exemplary cleaning system using a non-aqueous
dewatering cleaning 



composition of the invention will now be described with reference to Figure
1. The cleaning system shown in Figure 1 comprises of a cleaning/water-
substituting process A and a rinsing/dewatering process B. The
cleaning/water-substituting process A, which is the first process, involves
a 



first cleaning vessel 1 and a second cleaning vessel 2, each serving both
as a separator through sedimentation and a separator through overflow, and
a drainage 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 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 polyorganosiloxane and a surfactant, as 



10 



a composition according to the present invention. The surfactant containing
cleaning agent D1 may be prepared such that its specific gravity is less
than that of water and larger than that of an oily stain. Therefore, water
Y introduced 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 oily stain Z is present on the object X,
the oil stain Z is separated-off by upwards floatation in the surfactant
containing cleaning 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. A drain line 3a connected to the drainage vessel 3
is also 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 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[err]O droplets, undissolved substances, and the like contained
in 



the cleaning agent D1. The rinsing/dewatering process B, which is the
second process, involves a third cleaning vessel 7 and a shower rinse
vessel 8. Below the shower rinse vessel 8 is a buffer tank 9 that
communicates with the third cleaning vessel 7 through a drain line 9a 



and an overflow line 9b. The third cleaning vessel 7 is also operated
together with ultrasonic, oscillating, mechanical stirring, cleaning agent
heating, and brushing processes and the like, if necessary. The third
cleaning vessel 7 contains a cleaning agent D2 consisting only of a 



silicone composition identical to the low molecular weight
polyorganosiloxane used in    



11 the first process A. The cleaning agent D2 may be so prepared that its
specific gravity is smaller than that of water and larger than that of an
oil stain. Therefore, as in the first process A, water Y is separated-off
by being sedimentated at the bottom of the 



cleaning agent D2 and the oily stain Z is separated by upwards floatation
in the cleaning agent D2. The water Y separated by being sedimentated in
the third cleaning vessel 7 is intermittently discharged to the cleaning
agent recycling mechanism C through a drain 



line 10 while the oily stain Z separated-off by floating in the third
cleaning vessel 7 is discharge 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 partiles,
H[err]O 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 complete the cleaning process. 



The cleaning agent used in the cleaning system is subjected to the
following recycling process. As described above, the drain lines 4, 3a, 10
of the first, second and third cleaning vessels 1, 2 and 7, and the
drainage vessel 3 are connected to the cleaning 



agent recycling mechanism C. The cleaning agent D1 or D2 contained in each
cleaning vessel is constantly cleaned by the filters 6 and 12. However,
when heavily contaminated, the cleaning agent is introduced to the cleaning
agent recycling mechanism C through drain lines 4 and 10 by a conveyer pump
13 for fractional 



distillation. The cleaning agent D1 deposited in the dewatering vessel 3 is
also supplied intermittently to the cleaning agent recycling mechanism C.
At the cleaning agent recycling mechanism C, the introduced cleaning agent
is separated into liquid components and solid components by a filter 14,
and only the 



liquid components are forwarded to a distiller 15 with the solid components
being destroyed. The distiller 15 separates various components, water, oily
stains in the   



12 cleaning agent utilising the difference in their boiling points. Water
and the like that remain in the distiller 15 are further separated by a
decanter 16. 



Since the cleaning agent D1 is a composition having a surfactant added to
the composition D2 (that contains only the low molecular weight
polyorganosiloxane) the low molecular weight polyorganosiloxane, i.e., the
cleaning agent D2, can be extracted from both cleaning agents D1 and D2,
thereby allowing the cleaning agent D2 to be 



recycled. The components other than the recycled cleaning agent D2, i.e.,
the surfactant, water, and the like will be destroyed. The recycled
cleaning agent D2 is forwarded to a mixer 18 from which the cleaning agent
D1 is supplied to the shower rinse vessel 8, the third cleaning vessel 7, 



or the second cleaning vessel 2 through a line 17. In the shower rinse
vessel 8, a shower rinsing process is conducted using only the recycled
cleaning agent D2 or a cleaning agent D2 newly introduced through a
cleaning agent supply line 19, both being free from impurities 



The mixer 18 mixes the recycled or new cleaning agent D2 with the
surfactant newly supplied from a surfactant supply line 20 to prepare a new
cleaning agent D1. The new cleaning agent D1 is supplied to the second
cleaning vessel 2, if necessary. With the cleaning system of such
construction as described above, the 



dewatering cleaning agents of the invention can be used efficiently and
effectively enjoying the advantage of excellent cleaning properties. As
described in the foregoing pages, the non-aqueous dewatering cleaning
compositions of the invention provide powerful dewatering performance
without risk 



of environmental destruction or pollution. Thus, they are a viable
replacement for those conventional organic solvent based dewatering
cleaning agents which include flon and the like, which have the
aformentioned environmental disadvantages.  



13 CLAIMS: 



1.    Use of a non-aqueous composition comprising at least one low
molecular weight polyorganosiloxane of formula (I):- wherein R' is
independently selected from the group consisting of methyl, ethyl, propyl,
butyl, phenyl, trifluoro-methyl; and 1 is an integer from 0 to 5, as a
dewatering cleaning 



agent. 2.  Use according to claim 1, wherein said non-aqueous composition
consists essentially of said low molecular weight polyorganosilaxane 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):- [err] wherein R[err] is independently selected from the group
consisting of methyl, ethyl, propyl, butyl, phenyl, trifluoro-methyl; and 1
is an integer from 0 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. 



14 



5.    A non-aqueous dewatering cleaning composition according to claim 4,
wherein the surfactant is an anionic surfactant selected from
polyoxyalkylene alkylether sulphonates and phosphoric esters. 6.    A
non-aqueous 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.   



15 7.    A non-aqueous dewatering cleaning composition according to claim
4, wherein the surfactant is an imidazoline derivative amphoteric
surfactant. 



8.    A non-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.    A non-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 cleaning composition according to any of claims 4.
8, wherein the amount of the sufactant is 20 parts by weight or less
relative to 100 parts by weight of the polyorganosiloxane of formula (I). 



11.   A non-aqueous dewatering cleaning composition according to any of
claims 4- 8, wherein the amount of the sufactant is 3 parts by weight or
less relative to 100 parts by weight of the polyorganosiloxane of formula
(I). 12.   A non-aqueous dewatering cleaning composition according to claim
3, wherein 



said hydrophilic solvent has a flash point of 40[err]C or more. 13.   A
non-aqueous 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,  



16 ethylene glycol monopropyl ethers, ethylene glycol monobutyl ethers,
ethylene glycol 



monobutyl ether acetates and diethylene glycol monobutyl ethers. 15.   A
non-aqueous dewatering cleaning compositon 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
(I). 



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
polyorganosiloxane of formula (I).  










