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The present invention is directed to a process, more specifically, to a
process for stabilizing silicone dry cleaning solvents containing acidic
impurities. BACKGROUND Current dry cleaning technology uses
perchloroethylene ("PERC") or 5 petroleum based materials as the cleaning
solvent. PERC suffers from toxicity  and odor issues. The petroleum-based
products are not as effective as PERC  in cleaning garments. Volatile
siloxanes are being introduced into the dry  cleaning industry as an
alternative to PERC. However, there exists a need to  stabilize the
siloxane  solvents to prevent undesirable cyclic siloxane (D4) 10 formation
and polymerization. Methods for the purification of  organopolysiloxanes
have previously  been reported, but they have not been reported for the
purification of certain  cyclic siloxanes (D5). Methods for purifying
organopolysiloxanes utilizing  elemental metals have been reported (see US
5,245,067). Other patents 15 disclose the purification of polyether
silicones by contacting with an aqueous  acid and removing the odorous
materials formed (see US 5,118,764), or the  reaction with hydrogen and a
hydrogenation catalyst (see US 5,225,509).  Hexamethyldisiloxane  has been
purified by successive treatments with a 1 1 0 3 U N 2004 condensation
catalyst, washing with water, separating the phases, distilling the
siloxane, treating with acid clay and then treating with activated carbon
(see US  4,774,346). Siloxanes have also been purified by contacting with
steam and  distilling out the impurities (see EP 543 665). A deodorization
method utilizing  active carbon to which a functional group has been fixed
through a silanol bond  has been reported (see US 5,238,899). Finally, a
method was reported for  purifying silicone oil by adding a drying agent
and an adsorption agent to  silicone and passing a low water vapor inert
gas through the system (see US  



4,661,612). US-A-3,755,152 discloses treating oils or other inorganic
liquids having  contaminants which are difficult to separate from the oils
by mixing and finely  subdividing granules of two different surface active
adsorbents, such as an  activated carbon adsorbent and a molecular sieve
adsorbent, adding the mixed  adsorbents to the contaminated oil preferably
with high shear mixing and  heating, allowing the mixed adsorbents to
remove the contaminants, and  separating the colloidal sized solid
adsorbents from the treated materials by for  example filtration. Oils able
to be treated include silicone oils and mineral oils.  With this method, it
is possible to in some instances remove contaminants  without removing
additives, if desired. DE-A-3739711 discloses polydialkylcyclic siloxanes
as dry cleaning  solvents for textiles. The solvents may be regenerated by
distillation and/or  filtration or adsorption. There is a need for
stabilizing the siloxane and suppressing  reequilibration and
polymerization of the volatile siloxane containing acidic  impurities that
is used in dry cleaning applications. 2 1 0 JUN 2004 SUMMARY OF THE
INVENTION In a first aspect, the present invention is directed to a method
for  stabilizing silicone dry cleaning solvents that contain an undesirable
acidic  impurity, comprising contacting the silicone solvent with an
adsorbent, and  separating the silicone solvent from the adsorbent. The
process of the present invention is effective in preventing formation  of
certain cyclic siloxanes (i.e., D4) that are undesirable in the silicone
solvent. As used herein, the terms " D4", " D5" and " D6" refer to cyclic
siloxanes  having the formula:- (R2SiO)X where x is 4, 5 or 6 (i.e., D5 is
decamethylcyclopentasiloxane). 



In a second aspect, the present invention is directed to a dry cleaning
process comprising: (a) contacting the article with a silicone solvent; (b)
removing the silicone solvent; (c) contacting the removed silicone solvent
with  an adsorbent selected from the group consisting of silica gel,
diatomaceous  earth, fullers earth, acid clay, 4A molecular sieves, 13X
molecular sieves, and  decolorizing charcoal; and (d) separating the
silicone solvent from the  adsorbent. 2a 1 0 JUN 2004 DETAILED DESCRIPTION
OF THE INVENTION Preferably, the first preferred embodiment of the method
of the present  invention comprises, contacting a silicone dry cleaning
solvent that contains an  undesirable acidic impurity with an adsorbent and
separating the silicone solvent. Preferably, the silicone dry cleaning
solvent is a volatile linear,  branched, cyclic or a combination thereof,
siloxane. The amount of these impurities that may be present in the
siloxane  solvent without preventing reequilibration may be up to about 0.1
parts by  weight. The impurities may be introduced into the silicone
solvents during the  dry cleaning operation, and if they are not removed,
reequilibration and  polymerization of the solvent may take place, and
undesirable cyclics are  formed. Compounds suitable as the adsorbent are
those that effectively remove  the acidic impurity and prevent gelling and
formation of undesirable cyclics in  the siloxane solvent. Examples of
adsorbents suitable for use include, but are  not limited to, carbon black,
silica gel, celite, fullers earth, decolorizing charcoal, filtrol,
molecular sieves, diatomaceous earth, magnesium sulfate, cob  powder,
clays, and alumina. In a preferred embodiment, the adsorbent is  selected
from silica gel, diatomaceous earth, fullers earth, acid clay, 4A
molecular sieves, 13X molecular sieves, and decolorizing charcoal. 



Compounds suitable as the linear or branched, volatile siloxane solvent  of
the present invention are those containing a polysiloxane structure that
includes from 2 to 20 silicon atoms. Preferably, the linear or branched,
volatile  siloxanes are relatively volatile materials, having, for example,
a boiling of  below about 300C at a pressure of 760 millimeters of mercury
("mm Hg"). 3 1 0 JUN 2004 WO 01/34613  PCTIUS40/29537 In a preferred
embodiment, the linear or branched, volatile siloxane  comprises one or
more compounds of the structural formula (I): M2+y+2zDxTyQz (1) wherein:  5
M is Rx3SiO;/z; D is R22SiO2/2:  T is R3SiO312;  and Q is SiO4/2 RI, R2 and
R3 are each independently a monovalent hydrocarbon radical; and 10 xand
yare each integers, wherein Osx<_10and 0<_y<_l0and 05z<10. Suitable
monovalent hydrocarbon groups include acyclic hydrocarbon  radicals,
monovalent alicyclic hydrocarbon radicals, monovalent and  aromatic
hydrocarbon radicals. Preferred monovalent hydrocarbon radicals  are
monovalent alkyl radicals containing from 1 to 6 carbons per group, such 15
as, for example, methyl, ethyl, propyl, iso-propyl, n -butyl, k o-butyl,
sec- butyl, tert-butyl, pentyl, hexyl, preferably methyl,  monovale.-at
aryl radicals,  such as, for example, phenyl, 2,4,6-t rirnethylphenyl, 2-
isopropylmethylphenyl ,1-pentalenyi, naphthyl,  anthryl, preferably phenyl,
and monovalent aralky l radicals such as, for example, phenylethyl, 



20 phenylpropyl, 2-(1-naphthyl)ethyl, preferably  phenylpropyl,
phenyoxypropyl, biphenyloxypropyl.  In a preferred embodiment, the
monovalent hydrocarbon radical is a  monovalent alkyl radical containing
from 1 to 6 carbons per group, most  preferably, methyl. 4 1 0 JUN 2004 WO
01/34613 PCTIUSOO/29537 In a preferred embodiment, the linear or branched,
volatile  siloxane  comprises one or more of,  hexamethyldisiloxane,
octamethyltrisiloxane,  decamethyltetrasiloxane ,
dodecamethylpentasiloxane,  tetradecamethyihexasiloxane  or
hexadecamethylheptasiloxane or 5 methyltris(trimethylsiloxy)silane  In a
more highly preferred embodiment,  the linear or branched, volatile
siloxane of the present invention comprises  octamethyltrisiloxane ,
decamethyltetrasiloxane, or  dodecamethylpentasiloxane  or methyltris
(trimethylsiloxy)silane. In a highly  preferred embodiment, the siloxan
component of the composition of the 10 present invention consists
essentially of  decamethyltetrasiloxane. Suitable linear or branched
volatile  siloxanes are made by known  methods, such as, for example,
hydrolysis and condensation of one or more of  tetrachlorosil,me,
methyltrichlorosilane ,  dimethyldichlorosilane,  triznethylchlorosilane,
or by isolation of the desired fraction of an equilibrate 15 mixture of
hexamethyldisiloxane  and  octamethylcyclotetrasiloxane or the like  and
are commercially available. Compounds suitable as the cyclic siloxane
component of the present  invention are those containing a  polysiloxane
ring structure that includ es  from 2 to 20 silicon atoms in the ring.
Preferably, the linear, volatile  siloxanes 20 and cyclic siloxanes  are
relatively volatile materials, having, for example, a 



boiling point of below about 300C at a pressure of 760 millimeters of
mercury ("mm Hg"). In a preferred embodiment, the cyclic siloxane component
comprises  one or more compounds of the structural formula (II): 5 1 0 JUN
ZfXJ WO 01/34613 PCT 1t1S00129537  L-- (Si - O)a - (Si --- O)b J R6 RS
wherein: R5, R6, R7 and R8 are each independently a monovalent hydrocarbon
group;  and 5 a and b are each integers wherein 0:9 a:5 10 and 0 <_ b 510,
provided that 3  (a+b)_10. In a preferred embodiment, the cyclic  siloxane
comprises one or more  of,  octamethylcyclotetrasiloxane,
decamethylcyclopentasiloxane,   dodecamethylcyclohexasiloxane,
tetradecamethylcycloheptasiloxane. In a 10 more highly preferred
embodiment, the cyclic   siloxane of the present  invention comprises o
ctamethylcyclotetrasiloxane or  decamethylcyclopentasiloxane.  In a highly
preferred embodiment, the cyclic  siloxane  component of the composition of
the present invention consists  essentially of
decamethylcyclopentasiloxane.  15 Suitable cyclic siloxanes  are made by
known methods, such as, for  example, hydrolysis and condensation of
dimethyldichlorosilane and are  commercially available. It is believed that
those dry cleaning solvents useful in the present  invention that lack a
cyclic siloxane  component would be more stable than 20 those which include
a cyclic siloxane component, in that cyclic  siloxanes are  known to ring
open and polymerize under acidic and basic conditions. 



6 1 0 JUN 2004 WO 01/34613 PCT/US00129537  In a firat  embodiment of the
method of the present invention,  approximately 100 parts by weight ("pbw")
of  siloxane solvent that mya can  up to 0.1, preferably up to 0.01, even
more preferably up to 0.001 pbw of an  acidic impurity, contacts up to
about 100, more preferably up to about 50, 5 even more preferably up to
about 10 pbw of adsorbent, neutralizing agent or  a combination thereof,
for about 0.0025 to about 6 hours, more preferably for  about 0.01 to about
2 hours, even more preferably for about 0.1 to about 0.5  hours, at a
temperature of from about 10 to about 80C, more preferably from  about 20
to about 60C. After the s iloxane solvent has contacted the 10 adsorbent
for the appropriate time and has been purified, the  siioxane solvent  can
be recycled in the dry cleaning apparatus. The method of the present
invention effectively reduces the level of impurities in the silicone
solvent. - In a second embodiment of the method of the present invention, a
dry  cleaning fluid is treated by the method of the present invention. 15
The method of the present invention also comprises a dry cleaning  process
comprising the steps of: contacting an article with a silicone solvent,
and removing the silicone solvent, then treating the silicone solvent that
has  been removed by contacting the silicone solvent with an adsorbent,
neutralizing agent, or combination thereof, and separating the silicone
solvent 20 form the adsorbent, then reusing the treated silicone solvent in
the dry  cleaning process. The following examples illustrate the process of
the present invention.  They are illustrative and the claims are not to be
construed as limited to the  examples. 7 1 0 JUN 2004  



WO 01134613 PCT/US00/29537  EXAMPLE 1 Decamethylcyclopentasiloxane  (Ds)
that was used as a dry cleaning solvent  was mixed with an acid (LPNC) to
make a stock solution containing 200 parts  per million ("ppm") LPNC.
Aliquots of the stock solution were heated to  100C to determine if the
mixture would undergo reequilibration and  polymerization (increased D4 and
D6 levels as well as increased viscosity).  The results of the control
experiments are shown in Table 1 below. Without  any added acid, the Ds was
stable at 100C for 24 hours. In the presence of  200 ppm LPNC, the
viscosity rapidly increased over 7 hours and the  composition was unable to
be determined. Absorbents used in Examples AdsorbentType of Adsorbent
ADiatomaceous earth ( Celite(r) 545) B4A molecular sieves CPowdered 13X
molecular sieves D13X molecular sieves Esilica gel 60-200 mesh Facid clay
(Filtrol(r) F-25) Gfullers earth HPowdered decolorizing charcoal (Norit(r))
8 1 0 JUN 2004 WO 01/34613 Acids used in Examples PCTIUSOO/29537 AcidType
of Acid TDDBSA  (dodecylbenzenesulfonic acid) 



ULPNC (linear phosphonitrilic chloride) VHydrochloric acid Wp-
Toluenesulfonic acid XAcetic Acid YPhosphoric acid ZSulfuric acid Table 1-
Polymerization and Reeuilibration  of D5 with LPNC Exp # Temp LPNC Vim % D,
% D5 % Ds  Rxn % D4 %o D5 % D6 Visc.  (C) (ppm) Time Time increase
Control100 None0<0.299.460.4724<0.299.460.47No 1100 2007--24---Gel*
*Viscosity  was too high to measure. EXAMPLE 2 Stock solutions containing
200 ppm acid (LPNC) in D5 were prepared and  then treated with a variety of
adsorbents and neutralizing agents.  Approximately 0.1 gram of adsorbent
was added to 10 grams of solution (1 %  loading) and shaken for 1 minute,
and then the adsorbent was removed. The  solution was heated to 100C for 4
hours and cyclic levels were measured.  Heat was continued until 24 hours,
and cyclic levels were again measured.  Table 2 shows the results of cyclic
formation. 9 1 0 JUN 2004 WO 01/34613  PCTIUS00I29537 Table 2 -1 %
Adsorbent with I minute contact time. Rxn Rxn  



Exp. #Adsorb.time % D4% Ds% D6time% D4% Ds% D6 (h)
2H4<0.199.450.5424<0.199.450.55 3E4<0.199.450.5524<0.199.450.55
4C4<0.199.440.5624<0.199.460.54 5I4<0.199.450.5524<0.199.350.55
6F2<0.199.460.5424<0.199.430.58 Table 2 indicates that using a low loading
(1%) and short contact time (1  minute), silica gel, carbon black, fullers
earth, powdered 13X molecular sieves  and acid clays all effectively
prevented polymerization from occurring when  compared to the control
sample treated with the same level of acid. EXAMPLE 3 Tables 3 and 4 show
the type of acid and the effect of acid level loading on the  equilibration
of Ds. Table 3 -1000 m acid in D5 at 120 OC DU Exp.#AcidRxn % D4% Ds% D6%
D4% Ds% D6 time (h) 7V4<0.199.520.48F24<0.199.390.6 1
8W40.5699.840.591.9397.21.05 9X4<0.199.510.49<0.199.520.48
10T1_____4_____1_10.89180.536.272415.12747.67 10 1 0 JUN 2004 WO 01/34613
Table 4 -1000 ppm  acid in D5 



(at 120 C after treatment with 1% adsorbent for 1 minute)  PCT/USOO/29537
Exp. #AdsorbentAcidRxn  % D4% Ds% D6Rxn % Ds% Ds% D6 timetime (h)
11NoneW40.7098.310.96241.2598.371.14 12HW4099.260.7424099.320.68
13FW4099.330.6724099.050.95 14DW4099.250.7524099.550.45
15NoneT41.0890.893.28242.9693.052.05 16HT4099.260.7424099.300.70
17FT4099.230.7624099.260.74 18DT401000240.0498.521.47
19NoneU4GelGelGel24GelGelGel 20HU4099.330.6624099.220.78
21FU4099.320.6824099.240.76 22DU40.7397.030.92240.6797.920.92 For a number
of the acids, a high loading was necessary to see reaction with  D5 at
elevated temperatures. The same experiments and controls were run  with a
linear siloxane (MD2M) containing acids. Results are shown in Tables  5 to
7. Exp. #AcidRxn % % % % Rxn time % 



0/0 % timeMMMDMMD2MMD3M(h)MMMDMMD2MMD3M 23Control40099.90240099.90
24U417.0818.5816.1112.8247.746.6911.5713.1 25V40099.90240099.90
26W40099.90240099.90 27X40099.90240099.90 28Y40099.90240099.90
29Z40099.90240099.90 Exp. AcidRxn % % % % Rxn ova ado MDV1MD3M
#timeMMMDMMD2MMD3MtimeMMMDM 30T411.1615.0241.4512.462413.4416.5236.1113.5
31W40099.90241.3.8297.03.44 Again, high levels of acids were necessary to
catalyze the redistribution of  MD2M. Table 5 - 80 m acid in MD2M at 100 C.
Table 6 -1000 m acid in MD2M at 120C. 



11 1 0 JUN 2004 WO 01/34613  PCT/US00/29537 The acid contaminants could be
rendered inactive or less active by treatment  with numerous agents as
shown in Table 7. Table 7 -1 % Adsorbent with 1 min contact at 200 ppm LPNC
in MD2M at  100C 5 Rxn % % % %  Rxn % % % % Exp. #Adsorbenttime
MMMDMMD2MMD3M time MMMDMMD2MMD3M _LhL(h) 32H4<0.1099.01.89240098.371.63
33E4<0.1099.47.43241.5.7296.12.7 34C4<0.1099.57.33240098.03.29
35D420.5121.717.6513.742412.9819.2817.7415.3 



36B410.2815.4919.2716.662421.752217.7413.68 37G4<0.1098.900240098.90
38F4<0.1099.60.296240099.220 39A421.3321.4917.6513.94 11
2415.2118.6415.7412.58 The process of the present invention is effective in
reducing the level of  acidic- impurities in the silicone solvent. 12 1 0
JUN 2004 CLAIMS : 1. A method for stabilizing silicone dry cleaning
solvents that  contain an undesirable acidic impurity comprising,
contacting the silicone dry  cleaning solvent with an adsorbent, and
separating the silicone solvent from the  adsorbent. 2. The method of claim
1, wherein the amount of adsorbent used is  up to 100 parts by weight per
100 parts by weight of silicone solvent. 3. The method of claim 1, wherein
the solvent contacts the adsorbent  for about 0.0025 to about 6 hours. 4.
The method of claim 1, wherein the solvent contacts the adsorbent  at a
temperature of from about 10 to about 80C. 5. The method of claim 1,
wherein the adsorbent used is selected  from the group consisting of silica
gel, diatomaceous earth, fullers earth, acid  clay, 4A molecular sieves,
13X molecular sieves, and decolorizing charcoal. 13 1 0 JUN 2004 6. The
method of claim 1, wherein the solvent is a linear or branched  siloxane
comprising one or more compounds of the structural formula: M2+y+2zDxTyQz
wherein: M is R13SiO1/2;  



D is R22SiO2/2 ; T is R3SiO3/2i  and Q is Si04/2  R', R2 and R3 are each
independently a monovalent hydrocarbon radical; and  xandy are each
integers, wherein 05x<_ 10 and 0_yS 10 and 0<_z < 10. 7. The method of
claim 6, wherein the linear or branched, volatile  siloxane of the present
invention comprises octamethyltrisiloxane,  decamethyltetrasiloxane, or
dodecamethylpentasiloxane or  methyltris(trimethylsiloxy)silane. 14 1 0 JUN
2004 8. The method of claim 1, wherein the silicone is a cyclic siloxane
comprising one or more compounds of the structural formula: ` (Si - O)a -
(Si - (c))b ---j (n) wherein:  R5, R6, R7 and R8 are each independently a
monovalent hydrocarbon group; and  a and b are each integers wherein 0 <_ a
< 10 and 0 <_ b <_ 10, provided that 3  (a+b) <_ 10. 9. The method of claim
8, wherein the cyclic siloxane is  octamethylcyclotetrasiloxane or
decamethylcyclopentasiloxane. 10. The method of claim 1, wherein the acidic
impurities removed  from the solvent are linear phophonitrilic chloride,
sulfuric acid, hydrochloric  acid, methanesulfonic acid,
dodecylbenzenesulfonic acid, p-toluenesulfonic  acid, acetic acid, sulfuric
acid or sulfuric acid or a combination thereof. 15 10 JUN 2004 11. A dry
cleaning process comprising: (a) contacting the article with a silicone
solvent;  



(b) removing the silicone solvent; (c) contacting the removed silicone
solvent with an  adsorbent selected from the group consisting of silica
gel,  diatomaceous earth, fullers earth, acid clay, 4A molecular  sieves,
13X molecular sieves, and decolorizing charcoal;  and (d) separating the
silicone solvent from the adsorbent. 12. The process of claim 11, further
comprising reusing the treated  silicone solvent of step (d). 13. The
process of claim 11, wherein the dry cleaning process  comprises a
plurality of dry cleaning cycles comprising steps (a) and (b), and a
plurality of stabilizing cycles comprising steps (c) and (d), wherein the
dry  cleaning cycle is repeated one or more times per each stabilizing
cycle. 16 


