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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 solv-nts to prevent undesirable cyclic siloxane (Da)

10 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

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



The present invention is directed to a process, nore specifically, t g
process for stabilizing silicone dry cleaning solvents contain1hgﬁ@b8@|c

i mpurities. BACKGROUND Current dry cleaning technol ogy uses

per chl oroet hyl ene ("PERC') or 5 petrol eum based materials as the cl eaning
solvent. PERC suffers fromtoxicity and odor issues. The petrol eum based
products are not as effective as PERC in cleaning garnents. Volatile

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 formation

and pol ynerdoadeh@ion\itN98s wWaRhiddwithUratet GRph@fingfthe Phas BN theanes
have previously been reported gut thﬁy have not, been reported for_the
puri fi cati chlogpnedreating W&%@mdcc v|25d4hen tephng wWith acfinated farben; (555 Ny

or ganopol ys{ yox3n6p Sildxahdé Hive §ls6Feeh FurifRidaBchruSiRE M @Pahled (see US
5,245, 067). ‘O her patents 15 disclgse h%égurl fication of polyether

si licones blistalbingaaitithe impuritign (gdddad3 686) A seadedrsiompethnd waliziogs
mat eri al s f. Q& c@fb? | | nd a
hydr ogenat i%ﬁlﬁggtag ystowggyg%%r%, 2 %1 g%g?%sﬁee%g?e% hyl d.@ﬁ%ﬁgﬁ@%ﬁgg been
purified byhasihseageparsed (seatthe 238,89 Hinnlly, e methof waxoeperaddasat i on

catal yst, viﬁﬁtyt, ,H% A; | =S S he

si | oxane, treati yﬂv%nk?%éﬂg{cl?;aﬁ %ﬁ{;@ %Weatréé ? F gg@‘?ﬁ;gdgmgﬁfdg&ée@g%%d car bon

(see US 4 siliaq4@)d pBisingaies wetoevapadned eas puroughdbe bystemr(secUiShg wit h

st eam and zfjbéf '6'1&%”9 out the inpurities (see EP 543 665). A deodorization
2 g Y

met hod util Pzim ctive carbon to which a functional group has been fixed
t hrough a silanol bond has been reported (see US 5,238,899). Finally, a

and an agsor pt1 Sioaent$E5% S i dneye PRk Bt BRager:

gas t hr oughlcontenmaatsewhichesre dsfficult 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.



4,661, 612). US-A-3, 755,152 discloses treating oils or other inorganic

| i qui ds having contam nants which are difficult to separate fromthe oils
by m xing and finely subdividing granules of two different Lbrf@cﬁzﬂmcti ve
adsorbents, such as an activated carbon adsorbent and a nol uljar Si eve
adsorbent, adding the m xed adsorbents to the contam nated oil preferably
with high shear m xing 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. Ols able
to be treated include silicone oils and mneral oils. Wth this nethod, it
i S possi bl &N AR TF T ANCENTREDRVE contam nants w t hout renoving
additives, if desired. De-A-3739711 discl oses pol ydial kyl cyclic sil oxanes
as dry cleaning solvents for textiles. The solvents may be regenerated by
distillation andhoffirst bfdcRhebrilonf i¥nblohq8 dirthRAol SmBtHRRPy Or
stabilizing the siloxan ppressing _reequilibration an

pol yner i zatstabiligingtsikicans dityi dleaning sebieaicidat aomfuaﬁgalaund«r&;rahlmwndiq i es that
is used inj VAR E

| NVENTI ON I'n anﬁ,r St @%ﬁgl%lohfaﬁ:hhg? Eggﬁ C%P%\/Séﬁtglng%qﬁlségl r ect%m?:ta ;owa met hod
for stabi Isepinatingithe sﬂmndﬁpl‘(cmeﬁ]mmﬁlt’saﬂsmebﬁm that contain an undesirable
acidic inmpurity, conprising contacting the silicone solvent with an
adsorbent, and separating the silicone solvent fromthe adsorbent. The
process of the [rlesgoressoidheipresdns irefdntioni iv effeatipe @vpraviengngdormstion  of

certain cycld ¢ _siloxanes at _are undesirahle kn the silicone

sol vent . F&S&&%‘@Fc 1% Sﬂoﬁ’%&‘*ﬁ Grhrs eDs) %&} At tE=T ﬁlﬁ’ mb‘hé'Sﬂ}"é’P&so Venéym ic

si |l oxanes having the fornul a: - (R28| O)X where x is 4, 5or 6 (i.e., D5is

decamet hyl chl O%snltlsaeséf lllfg]).'E:lafl ?l)lé terms " D;", " Ds" and " Dg4" refer to cyclic siloxanes
having the formula:- (R,;S10),. where x is 4, 5 or 6 (i.e., Ds 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; (¢) 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



In a second aspect, the present invention is directed to a dry cl eaning
process conprising: (a) contacting the article with a silicone solvent; (b)
renoving the silicone solvent; (c) contacting the renoved siflilcduie 2808] vent
with an adsorbent selected fromthe group consisting of silica gel,

di at omaceous earth, fullers earth, acid clay, 4A nolecul ar sieves, 13X

nol ecul ar sieves, and decolorizing charcoal; and (d) separating the
silicone solvent fromthe adsorbent. 2a 1 0 JUN 2004 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Preferably, the first preferred enbodi nent of the nethod
of the present invention conprises, contacting a silicone dry cleaning

sol vent thaghETaIl HDHESCRIPTHERN QR TEIRINVENTION ity W th an adsor bent and
separating the silicone solvent. Preferably, the silicone dry cleaning

solvent is a volatile |inear, branched, cyclic or a conbination thereof,
si | oxane. The arméfdrably, thefitst ipigfefictliepsbddiaienta? thempiRREPO theprediat

sil oxane solvent w thaut preventing.fr.eequilihbrat.ion e u Q about 0.1
bar s by WBYGHON SEBT CPDIACE BRSO laaue et et gt

sol ve_n} _sbd umdegirmbllg aciltiy igipasiny v.gt}pm?déoﬁbent zfliﬁihdp&ratth@/t}ﬁrs@litlftﬁie r erm\d/ed,
reequi il ration rrzatlion of.the sol.vent. nay .t . ace, an
indesi rabi Sotyts BlefeBBly! FhY wiGong Rl sl ity Sihis ot Ty bent ar e

t hose t hat tmhheledd, ¢gtlic beavembitdtbomthicdeaf, silpxariet y and prevent gelling and
formati on of undesirable cyclics in the siloxane solvent. Exanples of

adsorbents suitable for use include, but are not limted to, carbon bl ack,
silica gel, celiThsamohheoSthese irnpudteothat inrynge presecioml thefsilokawd ,

Clays.  and Syt BIEGERE, REhbdncRAl Ry 68 JM BhGh EBar8 LT L.
from si |l i caveight. Theatropmiteasusnay etihtrofutddemso daer silicone salventsyduring the
Mol ecul ar  SjevGSidBpBRkRRULAL iSHEY&Se nBNLrIRAR, Ll ARG HoR! -
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").



Compounds suitable as the linear or branched, volatile siloxane solvent of
the present invention are those containing a polysiloxane structure that
includes from2 to 20 silicon atons. Preferably, the |i n %rdlﬂf 2Wanched,
volatile siloxanes are relatively volatile materials, V|ng, 3r exanpl e,
a boiling of below about 300C at a pressure of 760 mllinmeters of nercury
("mm Hg"). 3 1 0 JUN 2004 WO 01/34613 PCTI US40/ 29537 In a preferred

enbodi ment, tweoldsemear or branched, volatile siloxane coM@IESH95TNe or
nore conpounds of the structural formula (I): M+y+2zDxTyQz (1) wherein: 5
Mis Rx3SiG/z; Dis R2SI2/2: Tis R3SiAB12; and Qis SiHM/2 R, R2 and
R3 are each independently a nonoval ent hydrocarbon radical; and 10 xand
yare each integers, ﬁvareéﬁrmc&nhodlﬁmndﬂﬁKlumbﬂaadck@Ezmlﬂﬂeﬁhmbl e

nonoval ent hydrocarbon Qups |nclude acy lic h car radi cal s,

monoval ent al i CYEIRTE"HY r°5 6 SATP RS §ﬁ ?Fﬂﬁ%rﬁlig’ “gn(ﬁ‘ aromati c

hydr ocarbon radi cals. Preferred m)noval ent hydrocarbon radicals are
monoval ent al kyl radi calM»¢ema@i ng from{@)to 6 carbons per group, such 15
as, for exanple, nethyl, ethyl, propyl, iso-propyl, n -butyl, k o-butyl,
sec- butyl, tenthdotibyl, pentyl, hexyl, preferably nethyl, nonovale.-at

aryl radicals, such as, for exanple, phenyl, 2,4,6-t rirnethyl phenyl, 2-

i sopropyl net hy INoReRy$iO; 4- pent al enyi, naphthyl, anthryl, preferably phenyl,
and nonoval ent aral ky | radicals such as, for example, phenylethyl,

D is R%5i02/2
T is R3i0s/2;

and Q is SiOq/2
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.



20 phenyl propyl, 2-(1-naphthyl)ethyl, preferably phenyl propyl,
phenyoxypropyl, biphenyl oxypropyl. 1In a preferred enbodi nent, the
nonoval ent hydrocarbon radical is a nonoval ent al kyl radicalg ggmtzaisni ng
from1l to 6 carbons per group, nost preferably, methyl. 4 1 0 JUN 2004 WO
01/ 34613 PCTI USOQ 29537 I n a preferred enbodi nent, the linear or branched,
vol atile siloxane conprises one or nore of, hexanethyldisil oxane,

oct anmet hyl t r i ®ppw@derie, decanethyltetrasil oxane , PCT/US00/29537
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, volatile

si | oxane of the preSenprefemedam l@ﬂdi@énﬁpﬁheéwarmraMIEdelahlesﬂmnﬂe ,

Ctrimet iyl si 1 ogoreRfange of mord B BERRLIAMINIAR, CBRRHARTEHE si | oxan
conponent of t kecanoethyltsttasiboxant, ddakecérﬂethy@smhldxaﬁént i on consists
essentially of decanet tetrasil oxane. Suitable |linear or branched

volatile sil ofSifrdeca a’@sﬂwwﬁﬁexqﬁéﬁ%%féymgw@ﬁﬂ%neem exanpl e,
hydr ol ysi sz and neeRdans@iemyial el mﬁﬁoﬁa gl bk %&@éxﬁﬁ;ﬁlﬁgﬁms”ane

met hyl trichl orosilane ", dlneth di chl or osi triznet

or by isolati oﬂledineaher btes¢heddV¢la1alctSﬂmbfﬁmpeeﬂent inlyention ékb'znpsﬁs:et ure of
hexanethyld|3|l oct anet h tetrasil oxane or the |like and
are conner0|aIPy av éﬁﬁﬂman ‘%f %?ﬁéﬁ?@ﬁﬁ?ﬁ %% the cyclic siloxane
conponent  of tﬁed@’a&&&[}ﬂpeﬁtﬁﬂ@ﬁiﬂe@& métRy PG En )@?sﬁ'ﬁn@ InROkiyRly| OXane
ring structuret ncL es from2to 20 S|I|conaom;|nther|ng
Preferably, thqu g 0} (the siloxppsconaronent ofithe eqrapositian ofdhanes are

relativel yp vol ﬁ%ésbﬁc ]ﬁ?élﬁl'bh%bﬁmst?@éébﬂﬂaﬂyf cﬁ'ﬁe@ﬁﬂém&l?etragﬂoxane.

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

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 s
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 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):



boi ling point of bel ow about 300C at a pressure of 760 mllineters of
mercury ("mmHg"). In a preferred enbodi nent, the cyclic sil oxane conponent
conprises one or nore conpounds of the structural fornula (M0 JuS 000 JUN
Zf XJ WO 01/ 34613 PCT 1t1S00129537 L-- (Si - Oa - (S --- Ob J R6 RS
wherein: R5, R6, R7 and R8 are each independently a nonoval ent hydrocarbon
group; and 5 a and b are each integers wherein 0:9 a:5 10 and 0 < b 510,
provi ded t hatv@03¢@3b) 10. In a preferred embodi ment, thePNEPsi | oxane
conprises one or nore of, octanethylcyclotetrasionane

decanet hyl cycl opent asi | oxane, dodecanet hyl cycl ohexasi | oxane,

t et radecanet hyl cycl oheptasil oxane. _In a 10 nore highly preferred

enbodi ment, the cyclic si ljoxane of the present invention conprises o
ctamet hyl cycl ot et rasi | oxane jor gecanethyliyclopent sil oxane. In a highly

preferred enbodi nent, the cycli% si | oxane{ conponent of the conposition of
the present invention consi st essenti al

decarnet hyl cycl opent asi | oxane. ®5—5uPlagprd bycl?% Si | oxanes are nade by
known met hods, such as, for exdgnple, hydrglysis and condensation of
dinethyldichlorosilane and are mer ci al lpg avail able. 1t is. believed that
those dry cl eaning solvents useful in the present invention“that |ack a
cyclic siloxane conponent would be nore stable than 20 those which include
a cyclic sil ox@Reretpnponent, in that cyclic siloxanes are known to ring
open and pol ynerize under acidic and basic conditions.

RS, R¢, R7 and R8 are each independently a monovalent hydrocarbon group;

and

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.



6 1 0 JUN 2004 WO 01/34613 PCT/ US00129537 In a firat enbodi ment of the
nmet hod of the present invention, approximately 100 parts by wei ght ("pbw')
of siloxane solvent that nya can wup to 0.1, preferably up {g QnOgseven
nore preferably up to 0.001 pbw of an acidic inpurity, contacts up to
about 100, nore preferably up to about 50, 5 even nore preferably up to
about 10 pbw of adsorbent, neutralizing agent or a conbination thereof,
for about 0. F028A3¢@3about 6 hours, more preferably for aBIHIWH to about
2 hours, even nore preferably for about 0.1 to about 0.5 hours, at a
tenperature of fromabout 10 to about 80C, nore preferably from about 20
to about 60C. After the s iloxane solvent has contacted the 10 adsorbent
for the appropri at &nefigs embgditaentpé the mefhpd pbihe prepent isvemiaaime sol vent can

be recycled in . é@gi RY,AR b 1 %é ent

i nvention effet |€xé'ﬂ{?¥er1% uces the @gl\[l/tg(lgg?’ iJr%g'ﬂrl ?gssivgé\ttt’%gngﬁ{%%cone
solvent. - | n @ ®EChpeferabbdipRIQ.0l0évdrmorsgirbiechbdf up bed.pllgstenbf aavent i on, a
dry cleaning fluid is treated by the nethod of i nyention. 15

%_gelgpr esen
The nethod of aHEC BRRIEER CONRFEHE WbQPEBOOCB&?ﬁ?P@_ ably ypyo ePenPng  process
conprising t h%héﬁﬁﬂlﬁrie ?ﬁéfeﬁﬁ@fls:g%{dﬁguﬁfb B bEAGoWehl ndufthiiif®Rsent 8 vent,

and renovi ng the si one s , then treating the silicone solvent that
has been renovaintipatimrthexsof, fier abowut @0025¢0 Abow @l howrs, nwire preferablydor bent ,

neutralizing agen onbination thereof . a epar ati h i |icone
sol vent 20 for OPﬁ%Og{Jos%)rogg% PR RYS ipﬁ%fe’iaﬁféi’ ffSJF eacfugg‘lglgla%%%r@ solvent in
the dry cl eaflidil@s,lat@féiﬁperafﬁlﬂ@oﬁfﬁduh@%moa&iabmltwctﬁmF)Eéféﬁblyi’f@oxﬁr ocess of

t he present invention. Th@é are illustrative and the clainms are not to be
construed as |abgit 2Qtorabouhe0"Cetdiep thesiloyane sglvepphasgontacted 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.



WD 01134613 PCT/ US00/ 29537 EXAMPLE 1 Decanet hyl cycl opent asi | oxane (Ds)
that was used as a dry cleaning solvent was mxed with an agi.d IHSE@?) to
make a stock solution containing 200 parts per million ("pp J

Al'iquots of the stock solution were heated to 100C to determne if the

m xture woul d undergo reequilibration and polynerization (increased D4 and
D6 levels as well as increased viscosity). The results Oﬁcﬁé{ﬂﬁ'ﬁﬁﬁro'
experiments aV¥8%#8An in Table 1 below. Wthout any adde “>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 conposition was unable to
be determ ned. wq&e&s used i n Exanpl es Adsorbent Type of Adsorbent

ADi at omaceous g I( lite(r) 545) B4A nol ecul ar sieves CPowdered 13X

nol ecul ar sieves D13X nol ecul ar sieves Esilica gel 60-200 nesh Facid clay
(Filtrol (r) F- Pejarfthy kpﬂ@p@nﬁsﬂhxdrﬁqm&advabamﬂasadmgeaﬂﬁg@cﬂﬁnt( Norit(r))

L N e ek o L B S, LSRR i P
per million (“ppm”) LPNC. Aliquots of the stock solution were heated to
100°C to determine if the mixture would undergo reequilibration and
polymerization (increased D¢ and Ds 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 100°C 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

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®)




ULPNC (Ii near phosphonitrilic chloride) VHydrochloric acid W-

Tol uenesul fonic acid XAcetic Acid YPhosphoric acid ZSulfuric acid Table 1-
Pol yneri zation and Reeuilibration of D5 with LPNC Exp # Teqp JURNEOVI m % D,
% D5 %Ds Rxn % D4 % D5 % D6 Visc. (C (ppm) Tinme Time increase.

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 caontaining
200 ppm aci d Y@BRE3in D5 were prepared and then treated WEH"%ari ety of
adsorbents and neutralizing agents. Approximately 0.1 gram of adsorbent
was added to 10 grams of solution (1 % |oading) and shaken for 1 m nute,
and then the adsorbent was rem)vgg.. Thed.sg,%uti n was heated to 100C for 4
hours and cyclic |evels were measuroutsediREXamRES continued until 24 hours,

and cyclic |leyels were agapgidreasured.  Tgbre 2 ShOW?PEIa?AI‘Cﬁ{SUI Ts of gyclic
formation. 9 1 0 JUN 2004 WO 01/34613 PCFI USO0I 29537 " Table 2 -1 %
Adsorbent witfi T mnute congact TTTe. RXN TBPESA (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) (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.



Exp. #Adsorb.time % D4% Ds% D6t i me% D4% Ds% D6 ( h)

2HA<0. 199. 450. 5424<0. 199. 450. 55 3E4<0. 199. 450. 5524<0. 199. 450. 55
4CA<0. 199. 440. 5624<0. 199. 460. 54 5] 4<0. 199. 450. 5524<0. 199. 350. 55
6F2<0. 199. 460. 5424<0. 199. 430. 58 Tabl e 2 indicates that usiAd dUNAP4 oadi ng
(19 and short contact tine (1 mnute), silica gel, carbon black, fullers
earth, powdered 13X nol ecul ar sieves and acid clays all effectively
prevent ed polWeB#EAti on from occurring when conpared t oFTHEWBHY r of
sanple treated with the sane | evel of acid. EXAMPLE 3 Tables 3 and 4 show
the type of acid and the effect of acid |level |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 tinme (h) 7V4<0.199.520. 48F24<0. 199.390.6 1

8WI0. 5699. 840. 591. 9397. 21. 05 9X4<0. 199. 510. 49<0. 199. 520. 48

10T1 4 1_10. 8918able36.1%724sdvbdrd With Brhirhile dortactdihe2004 WO 01/ 34613
Table 4 -1000 [paxpl# RCAGorbN [ [% D, | % Ds [%Ds] Rxn | %Ds | % Ds | % Ds
time time
{h} (k)
4 1<01]9945]054 ) 24 | <01 | 9945 | 055
<0119945 1055} 2¢ | <01 { 9945 | 055
<01]9944 {056 | 24 [ <01 [ 99.46 | 054
<0119945 {055 | 24 [ <01 | 9935 | 055
<01 {9946 {054 | 24 | <01 | 9943 | 058

H
E
IS
I

[l RO Ty ROLY 8]
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



(at 120 C after treatnment with 1% adsorbent for 1 mnute) PCT/USOQ 29537
Exp. #Adsorbent Aci dRxn % D4% Ds% D6Rxn % Ds% Ds% D6 tinmetinme (h)
11NoneW0. 7098. 310. 96241. 2598. 371. 14 12HWI099. 260. 7424099. 320. 68

13FWI099. 330. 6724099. 050. 95 14DWI099. 250. 7524099. 550. 45 10 JUN 200%
15NoneT41. 0890. 893. 28242. 9693. 052. 05 16HT4099. 260. 7424099. 300. 70

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

19NoneU4Gel GaY@y3268e| Gel Gel 20HU4099. 330. 6624099. 220. 78 PCT/US00129537
21FU4099. 320. 6824099. 240. 76 22DU40. 7397. 030. 92240. 6797. 920. 92 For a nunber
of the acids, a high |oading was necessary to see reaction with D5 at

el evat ed terrper g e The saHe xperinents and controls were run wth a
li near sil oxank? ﬁw{)ziﬁl“ o1 aft nF'1§5aci ds. Results are shown in Tables 5 to

7. EXp. #Aci dRym ot FeettrBattthdnt Weth¥% adsorbent for 1 minute)

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



0/0 % ti meMMVDMIVD2MVD3M h) MIWVDIVWD2MVD3M 23Cont r ol 40099. 90240099. 90
24U417.0818. 5816. 1112. 8247. 746. 6911. 5713. 1 25V40099. 90240099. 90

26W10099. 90240099. 90 27X40099. 90240099. 90 28Y40099. 90240099. PO JUN 2004
29740099. 90240099. 90 Exp. Aci dRxn % % % % Rxn ova ado NMDV1ND3M

#t 1 me MMVDMVD2MVD3M i meMWDM 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 t he wedi/sbri bution of MX2M Table 5 - 80 m aci drcTruSd2¥87at 100 C.
Table 6 -1000 macid in MD2M at 120C,

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 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



11 1 0 JUN 2004 WD 01/34613 PCT/ USO0/ 29537 The acid contam nants could be
rendered inactive or |ess active by treatnent wth nunerous agents as
shown in Table 7. Table 7 -1 % Adsorbent with 1 min contact at 1ZD@UNpHPLPNC
in MD2M at 100C 5 Rxn % % % % Rxn % % % % Exp. #Adsorbenttinme
MMVDMVD2MVD3M ti me MMWVDWVD2MVD3M _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. 2817. 7415. 3

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



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 ef ectlve in
reducing the level of acidic- inpurities in the silicone solvernt Jyy 2400

JUN 2004 CLAIMS : 1. A nethod for stabilizing silicone dry cleanlng
solvents that contain an undesirable acidic inpurity conprising,

contacting the silicone dry cleaning solvent with an adsorbent, and
separating the silicone solvent fromthe adsorbent. 2. The method of claim
1, wherein the ambunt of adsorbent used is wup to 100 parts by wei ght per

100 parts by weight ofySietddsr élﬁirl’iqmwhegeln-liﬁ@ sORIRP 91188£@$H‘B$ncmr ein

t he sol vent contacts the adsorbent for about 0.0025 to about 6 hours. 4.
The net hod sifoxahaicompriswipeors or trvee sompenhds:oﬁt}aatstsudthmlddﬁnmllaent at a
tenperature of fromabout 10 to about 80C. 5. The nethod of claim1,
wherein the adsorbent used is selected fromthe group consisting of silica
gel, diatonaceous earth, fullers eaM? ﬂ)a:rd clay, 4A nol ecul ar si eves,
13X nol ecul ar sieves, and decoloriz gv+‘¢z Qa 13 1 0 JUN 2004 6. The

met hod of claim11, wherein the solvent is a linear or branched sil oxane
conpri sing one or nore conpounds of the structural fornmula: M+y+2zDxTyQz
wherei n: MwhelidSi O/ 2;

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



Dis RR2SI2/2 ; Tis R3Si@B/2i and Qis Si04/2 R, R2 and R3 are each

i ndependently a nonoval ent hydrocarbon radical; and xandy are each
integers, wherein 05x<_ 10 and 0_yS 10 and 0<_z < 10. 7. The re} ol 2684
claim6, wherein the linear or branched, volatile siloxane of the present

i nvention conprises octanethyltrisiloxane, decanet hyl t et rasi | oxane, or
dodecanet hyl pent asi | oxane or nethyltris(trinmethylsiloxy)silane. 14 1 0 JUN
2004 8. The nethod of claim 1, wherein the silicone is a cyclic siloxane
conprising one or nore conpounds of the structural fornmula: ~ (Si - Oa -
(Si - (¢))b ---j (n) wherein: R5, R6, R7 and R8 are each independently a
nonoval ent hydrggarb a r 0 < a
10 and 0 < b 1o ORHRd BNHaird [3WhereiR e SRR AR MR O
8, wher ei n doneprising ioge i noo@rENSouralstfithe Birhctuehlofoeimudsi | oxane or

decanet hyl cycl opent asi | oxane. 10. The nmethod of claim1l, wherein the acidic
inpurities renoved fromthe solvent are |linear phophonitrilic chloride,

sul furic acid, hydrochloric__acid, nethanesulfonic acid,

dodecyl benzenesul foni ¢ aci ¢, p-toluenesulfonic jacid, acetic acid, sulfuric
acid or sulfuric acid or ajcombi nati on grhereof. {15 10 JUN 2004 11. A dry

cl eani ng process conprising: (la) contaéting thelarticle with a silicone

sol vent ; Bi — 0)a— Bi— 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



(b) renoving the silicone solvent; (c) contacting the renoved silicone
solvent with an adsorbent selected fromthe group consisting of silica
di at onaceous earth, fullers earth, acid clay, 4A nolecular sieves,
13X nol ecul ar si eves, and decol ori zing charcoal; and (d) sepat 8tJuNg200ke
silicone solvent fromthe adsorbent. 12. The process of claim 11, further
conprising reusing the treated silicone solvent of step (d). 13. The
process of claim 11, wherein the dry cl eaning process conprises a
plurality of dry cleaning cycles conprising steps (a) and (b),. and a
plurality of stabilizing cycles conprising steps (c) and (d), wherein the
dry cleaning cygl e i£ drpeRahf pRReN cdpAsingies per each stabilizing

gel,

cycl e.

16

(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.
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