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TECHNICAL FIELD

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
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 solv-nts to prevent undesirable cyclic siloxane (Da)

formation and polymerization.

Methods for the purification of organopolysiloxanes have previously
been reported, but they have not been reported for the pmﬁcaﬁon of certain
cyclic siloxanes (Ds). Methods for purifying organopolysiloxanes utilizing
elemental metals have been reported (see US 5,245,067). Other patents
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
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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.



impurities. BACKGROUND Current dry cleaning technol ogy uses

perchl oroet hyl ene ("PERC') or 5 petrol eum based materials as the cleaning
solvent. PERC suffers fromtoxicity and odor issues. The peﬁroI@WQﬂhased
products are not as effective as PERC in cleaning garnments. oHatiIe

sil oxanes are being introduced into the dry cleaning industry as an
alternative to PERC. However, there exists a need to stabilize the

sil oxane solvents to prevent undesirable cyclic siloxane (D4) 10 fornmation
and pol ynerization. Methods for the purification of organopolysil oxanes
have previously been reported, but they have not been reported for the
purificati QUIMARY B THY INVENTIOXanes (D5). Methods for purifying

or ganopol ysi | oxanes utilizing elenental netals have been reported (see US
5,245,067). OQther patents 15 disclose the purification of polyether

si l'icones by Coghaacﬁfs'ﬂgs ctthe Dradue tventidn! ie d%@te!’d%%%@ﬁx&d ‘%rOdOVOUS
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si | oxane, tsepanating the silicaoe dobveay fromal thehadsorbat i ng with activated car bon
(see US 4,774,346). Siloxanes have al so been purified by contacting with
steamand distilling out the inmpurities (see EP 543 665). A deodori zation

met hod util i zi ndhegooicess afathb gmedent wiveanltioa it gfitttive @ prrvenpnpderhateon f i xed
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and an adsorption agent to silicone and passing a | ow water vapor inert
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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; (¢) 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.
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subdi viding granules of two different surface active adsorbents, such as an
activated carbon adsorbent and a nol ecul ar sieve adsorbent, adding the

m xed adsorbents to the contam nated oil preferably with hi il ddteddim xi ng
and heating, allow ng the m xed adsorbents to renove the contam nants, ‘and
separating the colloidal sized solid adsorbents fromthe treated materials
by for exanple filtration. Qls able to be treated include silicone oils
and mneral oils. Wth this nmethod, it is possible to in sone instances
remove contam nants w thout renoving additives, if desired. DE-A-3739711
di scl oses pol ydi al kyl cyclic siloxanes as dry cleaning solvents for
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D4) that are undesirable in the silicone solvent. As used herein, the terns
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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 300°C at a pressure of 760 millimeters of mercury ("mm Hg").



earth, fullers earth, acid clay, 4A nolecul ar sieves, 13X nol ecul ar sieves,
and decolorizing charcoal; and (d) separating the silicone solvent from
the adsorbent. 2a 1 0 JUN 2004 DETAI LED DESCRI PTI ON OF Tﬁﬁjhwé | ON
Preferably, the first preferred enbodi nent of the method of Q 6resent

i nvention conprises, contacting a silicone dry cleaning sol vent that
contains an undesirable acidic inpurity with an adsorbent and separating
the siliconewobvmes. Preferably, the silicone dry cl eani PEr/essResint is a
volatile linear, branched, cyclic or a conbination thereof, siloxane. The
anount of these inpurities that may be present in the siloxane solvent

W t hout preventing reequilibration may be up to about 0.1 parts by weight.
The inpurities may bea preferosiienbbdiment, tivdireat oxhmacied) wdatls siloxanag the dry
cl eaning operation,. and if they are not .r m)vecgle equj | i bration and

pol ymer i zat i on ‘SFPPFRE L) <5 ERTe Fe PR ?)Eltg%ﬂ?“ é%ﬁ%&b (bétbl e cyclics are
formed. Conpounds suitable as the adsorbent are those that effectively
renove the acidic i mpurMiy.and,@sevent ge{l)ing and formation of
undesirable cyclics in the siloxane solvent. Exanples of adsorbents
suitabl e for usehdréial ude, but are not limted to, carbon black, silica
gel, celite, fullers earth, decolorizing charcoal, filtrol, nolecular

si eves, diat onaeorIsSiOakLi h, magnesi um sul fate, cob powder, clays, and
alumna. In a preferred enbodi ment, the adsorbent is selected fromsilica
gel, di atonmacequs RR®iO));; fullers earth, acid clay, 4A nolecul ar sieves,
13X nol ecul ar sieves, and decol ori zi ng charcoal. Conpounds suitable as the
linear or branghegsiwghatile siloxane solvent of the present invention are
those containing a polysiloxane structure that includes from2 to 20
silicon atoms. sRef A5}y, the linear or branched, volatile siloxanes are
relatively volatile materials, having, for exanple, a boiling of below

about 300C at a_pressure of 760 m|lineters of mercury (brrm Hg") .
R1, R? and R?® are each independently a monovalent hydrocarbon radical; and

10 x and y are each integers, wherein 0 <x <10and 0<y <10and 0 <z <10.

Suitable monovalent hydrocarbon groups include acyclic hydrocarbon
radicals, monovalent alicyclic hydrocarbon radicals, monovalent and -
aromatic hydrocarbon radicals. Preferred monovalunt 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, it >-buty], sec-
butyl, tert-butyl, pentyl, hexyl, preferably methyl, monovalent aryl radicals,
such as, for example, phenyl, 2,4,6-trimethylpheny], 2-
isopropylmethylphenyl, 1-pentalenyl, naphthyl, anthryl, preferably phenyl,
and monovalent aralkyl 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.
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l'inear or branched, volatile siloxane conprises one or nore conpounds of
the structural formula (1): M+y+2zDxTyQz (1) wherein: 5 Migsyik3®GC, / z;
Tis R3SiB12; and Qis SiHA/2 R, R2 and R3 are each

s R22Si @2/ 2:

I ndependent|y a nonoval ent hydrocarbon radical;
i ntegers, wherein Osx<_10and 0<_y< | Oand 05z<10. Suitabl e nonoval ent
hydr ocar bon gW¥eeséidncl ude acyclic hydrocarbon
alicyclic hydrocarbon radicals,
radi cals. Preferred nonoval ent hydrocarbon radicals

radi cal s, PADHSMAEN
nonoval ent and aromatic hydrocarbon
are nonoval ent al kyl
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octamethyltrisiloxane, decamethyltetrasiloxane, or
dodecamethylpentasiloxane or methyltris{trimethylsiloxy)silane. Ina highly
preferred embodiment, the siloxane component of the composition of the

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
tetrachlorosiline, methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorosilane, or by isolation of the desired fraction of an equilibrate
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 s
from 2 to 20 silicon atoms in the ring. Preferably, the linear, volatile siloxanes
and cyclic siloxanes are relatively volatile materials, having, for example, a
boiling point of below about 300°C 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):

20

corit ai ni ng



1 0 JUN 2004 WD 01/34613 PCTIUSOQ 29537 In a preferred enbodi nent, the

| i near or branched, volatile siloxane conprises one or nore of,
hexanet hyl di si | oxane, octanethyltrisiloxane, decanethyltetddsiibxdhie ,
dodecanet hyl pent asi | oxane, tetradecanethyi hexasil oxane or
hexadecanet hyl hept asi | oxane or 5 nethyltris(trinmethylsiloxy)silane 1In a
nore highly preferred enbodi nent, the |inear or branched volatlle

si | oxane of MWR9IFGAEIent invention conprises octanethyltr? ¥R
decanet hyl tetrasi | oxane, or dodecanet hyl pentasil oxane or nethyltris
(trimethylsiloxy)silane. In a highly preferred enbodinent, the siloxan
conponent of the conposition of the 10 present invention consists
essentially of decanmethyltejfrasil oxane. Suitable lijnear or branched

vol atile siloxanes are madel by known methpds, such as, for exanple,
hydrol ysi s and condensati on jof §he or nnré%gf tetrachlorosil,ne

nmethyltrichlorosilane , dineth Idlchlor05|lane rii znet hyl chl orosi | ane,
or by isolation of the desire b act Pl orChHR éaﬁlllbrate 15 m xture of
hexanet hyl di si | oxane and octa thylcyclotetraS|onane or the like and
are commercial l'y available. Conpgunds suitglyl e as the cyclic, siloxane
conponent of the present invention are those containing a | ysi | oxane
ring structure that includ es from2 to 20 silicon atons in the ring.
Preferably, thghédeftear, volatile siloxanes 20 and cyclic siloxanes are
relatively volatile materials, having, for exanple, a boiling point of

bel ow about 3 a gssure, of . 760 i_met er ner cur Hg"). In
a preferred eg%gg??gﬁflgﬁﬂﬁ‘é e€§leFfdfpg?ﬁle&]gr?én%lboryﬁ%ﬁ'ghdl%ﬁ%ro I éup’one or
nore conpoundszf the structural forrmula (I1): 5 1 0 JUN Zf XJ WO 01/ 34613
PCT 1t 1S00129537

5 a and b are each integers wherein 0 <a <10 and 0 <b <10, provided that3 <
(a+1b)<10.

In a preferred embodiment, the cyclic siloxane comprises one or more
of, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane,
dodecamethylcyclohexasiloxane, tetradecamethylcycloheptasiloxane. Ina

10 more highly preferred embodiment, the cyclic siloxane of the present
invention comprises octamethylcyclotetrasiloxane 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.



L-- (Si - Oa - (S --- Ob J R6 RS wherein: R5, R6, R7 and R8 are each

I ndependently a nonoval ent hydrocarbon group; and 5 a and b are each

i ntegers wherein 0:9 a:5 10 and 0 <_ b 510, provided that 3'16QKm)ﬁ$9- In a
preferred enbodi nent, the cyclic siloxane conprises one or nore of,

oct anet hyl cycl ot etrasi | oxane, decanet hyl cycl opent asi | oxane,
dodecanet hyl cycl ohexasi | oxane, tetradecanethyl cycl oheptasiloxane. In a 10
nore hi ghly Ye#8#dd enmbodi nent, the cyclic  sil oxane df“{48%33P¥sent

i nvention conprises o ctanethyl cycl otetrasil oxane or

decanet hyl cycl opent asi l oxane. 1In a highly preferred enbodi nent, the cyclic
sil oxane conponent of the conposition of the present invention consists

essential ly of decmefintempodiopenioathemathpad of theprasgntiawertianycl i ¢ si | oxanes

are made by kn . b 3. £ Vgl

condensati on oﬁ%%‘ggﬁrr{gﬁ?g?% @#@ﬁ?‘gémp%ﬁd%g&agg%&&tgéﬁsl?%;%gl | able. It
i s believed thaitot0i)peefaraplycheri(.0lg el mord prefegatliip tn0.00iephw esent

i nvention that |ack a cyclic siloxane re stabl e than

t Id b
20 those whi cACiHE FHRIFIE, CPAtTURT a&?&h@%mfﬁ%q}f HPt’fﬁaggltfy‘s& i C

si | oxanes zar e ' | oA Prall basi c
condi ton. 6 R s PRESBR APEALARIR W TR D B R ATk G

enbodi ment of & dvenbinatimecthefeof, fier ghoat@OR25ita abeitibdwurs, appe praferablylfor 100 parts
by wei ght (" pbw! si,| 0 e sol vent that a tQ 0. 1,..poreferably
i to 0r01 eviRUREPLeSHer RS rsR ot Py SE oo BBl oS
contacts up thoikgut a idRperafir€offieh abodt 1) tl pbd 884D tiord Prefbrablyefforor e
preferably up to about 10 pbw of adsorbent, neutralizing _agent or

about 20 to about 60°C. After the siloxane solvent has contacted the

10 adsorbent for the appropriate time and has been purified, the siloxane 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.



a conbination thereof, for about 0.0025 to about 6 hours, nore preferably
for about 0.01 to about 2 hours, even nore preferably for a‘Pgl&yuoaé to
about 0.5 hours, at a tenperature of from about 10 to about , fe
preferably from about 20 to about 60C. After the s il oxane sol vent has
contacted the 10 adsorbent for the appropriate tinme and has been purified,
the siioxane solvent can be recycled in the dry cleanin us. The
nmet hod of the™BME¥&Ht invention effectively reduces the P‘é@@ﬁ‘%&g"
inmpurities in the silicone solvent. - In a second enbodi nent of the nethod
of the present invention, a dry cleaning fluid is treated by the nmethod of
the present in m 15 The nethod of the present invention also
conprises a dry Jhg process conprising the steps of: contacting an
article with a silicone solvent, and renoving the silicone solvent, then
treating the sbDetanethylsptlopmtasiivainel{Rs) thitcess useday & drpylearing sslvérmg t he
silicone solvent w.th ap, adsor.bent neutralizing agent, .or i nation

t her eof , and s@’ﬁapéf?%@“q‘ﬁ’éagﬁl(fﬁgﬁét% "e?‘u?toéﬁscg'&‘i‘ ?Wéﬁ‘gg?ﬁﬁ t hen
reusing the t:rga;tx%ﬂu&a tﬂlp?a{’r LERICY e0iquiots dffiRe flbok soblRA WA HRARERSS. The
follow ng exanples illuStrate the process of the present invention. They
are il ustrati V@°Grid deteemisieaf the mixarewouldutrergoresquilibration andri ted to the
exanples. 7 1 Q JU 004 . 4 9 .

ecanet hyl cycl BVRISER T arkae=td B R E el R U Rt b VRS ) col vent
was m xed W t hThéresaitslof(th&déntrdl expaitteras stechbwadh Tabled below. avithoge 200 parts
per mllion ("ppm'(% LPNC. Aliquots of the stock solution were heated to
100C to det er nipeaddedagict, thedpywas siakle gt 1090 fyP4heoussuiln tis presense ghd

pol ymeri zat i onsdy epaRd .and: : L ed viscosity).
The results of Zéd contr6ﬁ%&%ﬁﬁﬁ@¥g¢§e§%gﬁéﬁnﬁ£i%&%%Eel ow. Wt hout
any added aci deoripesitiden wasusabidlodeatetex0@®&d.or 24 hours. In the presence of

Absorbents used in Examples
Adsorbent Type of Adsorbent
A Diatomaceous earth (Celite® 545)
4A molecular sieves

Powdered 13X molecular sieves

13X molecular sieves
silica gel 60-200 mesh
acid clay (Filtrol® F-25)
fullers earth

T O o ml O A w

Powdered decolorizing charcoal

(Norit®)




200 ppm LPNC, the viscosity rapidly increased over 7 hours and the
conposition was unable to be determ ned. Absorbents used in Exanpl es

Adsor bent Type of Adsorbent ADi atomaceous earth ( Celite(r) pgpuNBAB:

nol ecul ar sieves CPowdered 13X nol ecul ar sieves D13X nol ecul ar si eves
Esilica gel 60-200 nmesh Facid clay (Filtrol(r) F-25) Gullers earth
HPowder ed decol ori zing charcoal (Norit(r)) 8 1 0 JUN 2004 WD 01/ 34613 Aci ds
used i n ExanpY@YA#Ed| Usoo 29537 Aci dType of Acid TDDBSA FCT/US0029537

(dodecyl benzenesul foni ¢ acid) ULPNC (linear phosphonitrilic chloride)
VHydrochl oric acid Wh- Tol uenesul fonic acid XAcetic Acid YPhosphoric acid

ZSul furic acid Table 1- Polynerizat.ion and _Reeujlibration of D5 with LPNC
Exp # Tenp LPNC Vim % D, % D5 % Cldwﬁ%‘ﬁﬁa%iebs % D6 Visc. (C (ppm
Time Tinme incfease Acid Type of Acid

T DDBSA (dodecylbenzenesulfonic acid)

U LPNC (linear phosphonitrilic chioride)

Vv Hydrochloric acid

w p-Toluenesulfonic acid

X Acetic Acid

Y Phosphoric acid

Z Sulfuric acid

Table 1 - Polymerization and Reequilibration of Ds with LPNC

Exp# ] Temp JLPNC | Ron |%Dy| % Ds |%Ds|] Rxn {%Dy|%Ds|%Ds] Vise
(*C) | (ppm) | Time Time * }Increase
(h) ()
Control| 100 None 0 <02 | 9946 {047 | 24 <02 199461 047 No
1 100 200 7 - - - 24 - - - Gel*

*Viscosity was too high to measure.
EXAMPLE 2

Stock solutions containing 200 ppm acid (LPNC) in Ds 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 100°C for 4 hours and cyclic levels were measured.
Heat was continued until 24 hours, and cyclic Jevels were again measured.

Table 2 shows the results of cyclic formation.



Control 100 None0<0. 299. 460. 4724<0. 299. 460. 47No 1100 2007--24---Cel *
*Viscosity was too -high to nmeasure. EXAMPLE 2 Stock sol utions containing
200 ppmacid (LPNC) in D5 were prepared and then treated with a variety of
adsorbents and neutralizing agents. Approxinmately 0.1 grarhbHUNd®¥ bent
was added to 10 grams of solution (1 % |oading) and shaken for 1 m nute,
and then the adsorbent was renoved. The solution was heated to 100C for 4
hours and cydY@@/3¥@¥els were neasured. Heat was conti nuetF¥H¥#584 hours,
and cyclic levels were again nmeasured. Table 2 shows the results of cyclic
formation. 9 1 0 JUN 2004 WO 01/ 34613 PCTI US00I 29537 Table 2 -1 %
Adsorbent with | mnute contact tinme. Rxn Rxn Exp. #Adsorb.tine % D4% Ds%
D6t i me% 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

51 4<0. 199. 450. 5524<0. 197a68Q.-3% Alst#Derk YtbMhirnde doittadt e} 30. 58 Tabl e 2

i ndi cat es t hat[ gl AisbBW|IRad] RO, [ ¥70: [300; [SRar T wopiag b, {lawd, (1 m nute),
silica gel, cdrbon bl ack, fludeefs eprth,| po efd 13X|{nol equl ar [si eves and

acid clays all_effectively|pfevented pollynerii fMtfon friom ogcurrijing when
2 H 4 1<01]9945 {054 24 | <01 | 9945 | 055

E <0,119945 ]| 055} 24 <0.1 99.45 0.55
C <01 {9944 | 056 | 24 <0.1 99.46 0.54
I <01 19945 | 055 24 <0.1 99.35 0.55
<01 | 9946 | 054 | 24 <0.1 99.43 0.58

U s [
N2 [ ] i |

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 ppm acid in Ds at 120 °C
Exp. # Acid Rxn |[%Dy| %Ds5 |%Ds| Rem | %Ds | %Ds | %Ds

time time
() : {h)
7 \' 4 <11 ] 99.52 | 0.48 24 <{).1 99.39 0.61
8 w 4 056 | 99.84 | 0.59 24 1.93 97.2 1.05
9 X 4 <(.1 | 99.51 | 0.49 24 <{.1 9952 0.48
10 T 4 10.82 | 80.53 | 6.27 24 15.12 74 7.67

10



conpared to the control sanple treated with the sane | evel of acid. EXAVPLE
3 Tables 3 and 4 show the type of acid and the effect of acid | evel |oading
on the equilibration of Ds. Table 3 -1000 macid in D5 at 120 OC DU

Exp. #Aci dRxn % D4% Ds% D6% D4% Ds% D6 tine (h) 10 JUN 2004
7V4<0. 199. 520. 48F24<0. 199. 390. 6 1 8WIO0. 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 200201485181/ 34613 Table 4 - 1000 ppm acid i n D5PYLYSPISIC af t er
treatment with 1% adsorbent for 1 mnute) PCT/USOQ 29537 Exp.

#Adsor bent Aci dRxn % D4% Ds% D6Rxn % Ds% Ds% D6 ti nmeti nme (h)
11hbnevw0.7098$§%8§9%i§1.2598.37 .14 12HWI099. 260. 7424099. 320. 68
13FW099. 330. 6 ol pres acid 99. 250. 7524099. 550. 45

15NoneT41. 0890, 88 28242 +3893nP 2214 IR BrA6Rintd34099. 300. 70

Exp. #| Adsorbent| Acid | Rxn | %Dy | %Ds |%Ds| Rxn % Dy % Ds % Dy
time (h} time (h)

11 None w 4 070 19831 | 09 24 1.25 98.37 1.14
12 H w 4 0 99.26 | 0.74 24 0 99.32 0.68
13 F W 4 0 99.23 | 0.67 24 Y 99.05 0.95
14 D w 4 0 99.25 | 0.75 24 0 99.55 0.45
15 None T 4 1.08 j 90.89 | 3.28 24 2.96 93.05 2.05
16 H T 4 0 99.26 | 0.74 24 0 95.30 0.70
17 F T 4 0 99.23 | 0.76 24 0 99.26 0.74
18 D T 4 0 100 0 24 0.04 98.52 147
19 None U 4 Gel | Gel | Gel 24 Gel Gel Gel
20 H U 4 0 99.33 | 0.66 24 0 99.22 0.78
21 F U 4 0 99.32 | 0.68 24 0 99.24 0.76
22 D U 4 0.73 1 97.03 | 0.92 24 0.67 97.92 0.92

For a number of the acids, a high loading was necessary to see reaction with
Ds at elevated temperatures. The same experiments and controls were run
with a linear siloxane (MD2M) containing acids. Results are shown in Tables
5to7.

Table 5 - 80 ppm acid in MD2M at 100 °C.

Exp. # | Acid Rxn| % | % % % |[Rxntime| % % % %
time | MM MDM|MDM(MDsM| (h) | MM (MDM|MD;M|MD:M
[11))
2 Control 4 |0 0 | 999 0 24 0 0 | 99 0
24 1] 4 |[1708]1858] 1611 | 128 24 | 774 1669|1157 | 131
25 v 4 0 0 {999 | 0 24 0 0 | 9ol o
26 W 4 [ o 0 | 999 0 24 0 0 ] 991 0
27 X 4 [0 0 | 999 0 24 0 0 | 99.9 0
28 Y 4 10 0 | 9959 0 24 0 0 | 999 0
29 Z 4 10 0 | 999 0 24 0 0 | 999 0

Table 6 - 1000 ppm acid in MD.M at 120°C.
Exp. # Acid Rxn % % % % Rxn % % %o %
time | MM MDM|MDM{MD:M| ime | MM | MDM jMD.M|MDsM

(h) ()
30 T 4 1116)15.02] 4145 | 1246 | 24 |1344| 1652 | 3611 | 135
31 W 4 0 0 19991 0 24 |13 | 82 [9703] 44
Again, high levels of acids were necessary to catalyze the redistribution of
MD:M.
11



17FT4099. 230. 7624099. 260. 74 18DT401000240. 0498. 521. 47

19NoneWGel Cel Gel 24Cel Gel Gel 20HU4099. 330. 6624099. 220. 78

21FU4099. 320. 6824099. 240. 76 22DU40. 7397. 030. 92240. 6797. 920. 92 0FeN aggpunber
of the acids, a high |oading was necessary to see reaction with D5 at

el evated tenperatures. The same experinents and controls were run wth a

| i near siloxane (MD2M containing acids. Results are shown in Tables 5 to
7. Exp. #Aci oRuni/463 % % Rxn time % 0/0 % PCT/US00/29537

t i meMVWDMIVD2MVD3M h) MMIVDIMVD2MVD3M 23Cont r ol 40099. 90240099. 90

24U417. 0818. 5816. 1112. 8247. 746. 6911. 5713. 1 25V40099. 90240099. 90

26WI0099. 90240099. 90 27X40099. 90240099. 90 28Y40099. 90240099. 90

29740099. 902408be2dd centgmingstsireuld 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 MD;M at
100°C

Exp. # | Adsorbent | Rxn | % %% % % Rxn % Y% % %
time | MM [MDM|MD,M MD:M| time | MM | MDM {MD.M!MDsM
th) (h)
32 H 4 {<01] O 901 | .89 24 0 0 98.37 | 1.63
33 E 4 |<01] © 9947 | 43 24 1.5 72 96.12 7
34 C 4 |<01] © 9957 | 33 24 0 0 98.03 | .29
35 D 4 |2051) 21.7 | 1765 | 13.74 | 24 |1298| 1928 | 17.74 | 153
36 B 4 [10.2811549| 19.27 | 1666 | 24 |21.75 22 17.74 | 13.68
37 G 4 <01} O 98.90 0 24 0 0 98.9 0
38 F 4 (<01} 0O 99.60 | 296 24 0 0 99.22 0
39 A 4 1213312149 1765 | 1394 | 24 {1521} 1864 | 1574 | 1258

The process of the present invention is effective in reducing the level of

acidic impurities in the silicone solvent.

12



% % % % Rxn ova ado MDV1IND3M #ti me MMIVDMVD2MVD3M i me MVIVDM

30T411. 1615. 0241. 4512. 462413. 4416. 5236. 1113. 5 31WI0099. 90241. 3. 8297. 03. 44
Again, high levels of acids were necessary to catal yze the redilst JUNu@Pbon
of NMD2M Table 5 - 80 macid in MD2Mat 100 C. Table 6 -1000 macid in
MD2M at 120C. 11 1 0 JUN 2004 WD 01/34613 PCT/ USO0/ 29537 The acid
contam nants could be rendered inactive or less active by treatnment wth
nuner ous agents as shown in Table 7. Table 7 -1 % Adsorbent with 1 mn
contact at 200 ppm LPNC in MD2M at 100C 5 Rxn % %

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 80°C.
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



% % Rxn % % % % Exp. #Adsorbentti ne MWVDVVD2MVD3M ti me MVIVDMIVD2 MVD3M
_LhL(h) 32H4<0.1099. 01. 89240098. 371. 63 33E4<0.1099. 47.43241.5.7296.12.7

34CA4<0. 1099. 57. 33240098. 03. 29 35D420. 5121. 717. 6513. 742412. 9819. é}7 7415 3

36B410. 2815. 4919. 2716. 662421. 752217. 7413. 68 37(4<0. 1098. 9002400

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- inpurities in the silicone solvent. 12 1 0

JUN 2004 CLAIMS : 1. A nmethod for stabilizing silicone dry cleaning

solvents that contain an undesirable acidic inpurity conprising,

contacting the sglicong ﬁ'ﬁ:ﬂm@bﬁ@ﬁmq %ﬂie‘f&ﬂtth\é‘sbﬁeﬁﬁlsagﬁﬁ lF]ra
separating the silicone solvent fromt "he ~ adsor bent e met of claim

1, wher ei n silaaaaoonipridgingosoobanire eormouads vf theosth@Aupd fosnbl: wei ght per
100 parts by weight of silicone solvent.

Moiyi2:D:TyQ:
wherein:
M is R'58i0yy;
D is R%,Si0,;
T is R’SiOsp;
and Q is Si1044,

R', R” and R’ are each independently a monovalent hydrocarbon radical; and

x and y are each integers, wherein 0 < x < 10 and 0 <y<10and 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



3. The method of claim1l1l, wherein the solvent contacts the adsorbent for
about 0.0025 to about 6 hours. 4. The method of claim1, wherein the

sol vent contacts the adsorbent at a tenperature of from about{ flQUR20%bout
80C. 5. The nethod of claim 1, wherein the adsorbent used is selected from
the group consisting of silica gel, diatonaceous earth, fullers earth, acid
clay, 4A nol ecul ar sieves, 13X nol ecul ar sieves, and decol orizing charcoal.
13 1 0 JUN 2004 6. The nethod of claim1, wherein the solvent is a linear

or branched siloxane conprising one or nore conpounds of the structural
formul a: M2+y+2zDxTyQz wherein: Mis RI3SiOl/2; Dis R2SiQ@/2 ; Tis

R3SI @B/ 21 and Qis Finethd? of ElAirANd vﬁ?bré’iheth@%ﬂtbdn@qgBedgléﬁetshﬁxéne
nmonoval ent hydrocarbon radical; and xandy are each 1 ntegérs, wherein 05x<_
10 and O_y Sohfprasidg 0ge or mdi@. co?npdihﬁisrtﬁ’tthedtmémhlafdmlﬁla.mher ein the linear
or branched, volatile siloxane of the present invention conprises
octanethyltrisiloxane, decanethyltetrasiloxane, or
dodecanet hyl pent asi |l oxane or__nethyltris(trinethylsiloxy)silane. 14 1 0 JUN
2004 8. The net hod of cl ai 1 wherein the siligone is a cyclic siloxane
conprising one or nore co gs of theystructujal fornmula: ~ (Si - Oa -
(Si - (¢c))b ---j (n) wherein: ﬁ (ﬁ

@i —O)g— (8 — O

1
R6 R ()

wherein:
R’ R®, R” and R® 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 <

(atb) < 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



R5, R6, R7 and R8 are each independently a nonoval ent 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 nmethod of claim8, wherein the cyclic
siloxane is octamethyl cyclotetrasiloxane or decanet hyl cycl opehfadlIN @0ane.
10. The method of claim1l, wherein the acidic inpurities renoved fromthe
sol vent are linear phophonitrilic chloride, sulfuric acid, hydrochloric
aci d, nethanesul fonic acid, dodecyl benzenesul fonic acid, p-toluenesulfonic
acid, acetic acid, sulfuric acid or sulfuric acid or a conbination thereof.
15 10 JUN 2004 11. A dry cleaning process conprising: (a) contacting the
article with a sjijli coneryelea8itig prdcBis EGHBMsRg: the silicone solvent; (c)
contacting the renoved silicone solvent with an adsorbent selected from

t he group consisting of si(h)ca aakactingi the amicleowvish eailidonef sdllvearts eart h,
acid clay, 4A nolecular sjeves, 13X mol ecul ar sieves, and decol ori zi ng
charcoal ; and (d) separat(Phg tE@0ying heralicens/elventi om t he adsorbent. 12.

The process of claim 11, fugther conprising reusi the treate silicone
sol vent of step (d). 13. Fh prc(?t?iascénpn@ftﬁglr%‘?’ﬂlvi ?ﬁngéPV@ﬁé’” §1 ¢l eani ng
process conprises a plural I i LB ps (a)
and (b), and a plurali ty%g?&%ﬁegéﬁﬂ%gﬁeﬁgﬁ%{;gﬁggf%@ng(??sgﬁn gf%lgga%’ and
(d), wherein the dry cl ealiatothaeyoheehish,fabiess edtigneidtlayDaa bltealdarer each
stabilizing cycle. 16 _ _ o

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.
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