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CROSS- REFERENCE TO RELATED APPLI CATI ONS This application is a

conti nuati oQ@'L%ngﬂr;t of US Serial No. 09/438,069, filed rdawsoiees3710, 1999.
TECHNI CAL FI The present invention is directed to a process, nore
specifically, to a process for stabilizing silicone dry cleaning solvents
containing acidic inpurities. BACKGROUND Current dry cleaning technol ogy
uses perchl or oet hyl engroced3ERR' 3Ta8f 11221304 l0f| SnoxAvasedrommberi al s as t he

cl eaning solvent. PERC suffers fromtoxicity and odor issues. The

petrol eum based products are not as effective as PERC in cleaning

garnents. Vol gjd I, e A0, bt into the dry . cleaning

i ndustry as gﬂi ’%ﬁ@@%ﬁ%&k@ﬁﬁ&@éﬂﬁﬁzﬁ exists a need to
stabilize the siloxane solvents to prevent undesirable cyclic sil oxane (D4)
10 formation and Thisypplicativi i9 8 condrivaton-ifi-parttof &9 Betial Noa0d,/aBs,069, _

or ganopol ysi | oxanes have previously been reported, but they have not been
reported for ﬁ@ﬁ@ﬁﬁ?@‘bﬁ%’&fl?ﬂ?- of certain cyclic siloxanes (Ds). Methods
for purifying organopol ysil oxanes utilizing elemental netals have been
reported {seqefmuICALridD. Ot her patents 15 disclose the purification of
pol yether silicones by contacting with an aqueous acid and renoving the

odorous naterials forned (see US 5,118,764), or the reaction wth hydrogen
and a hydr ogenat i 5he Presentjisyentioads diceatedto progess, mopssneeifisaliniiar | oxane has

been purifi egrpc)ésssﬂg g&%ﬁizi’x?g %&%E@?Eﬁéa%k BoRerts 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 'sﬂoxaneé 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 (D)

10 formation and polymerization.

Methods for the purification of organopolysiloxanes have previously
been reported, but they have not been reported for the purifi—cation 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 pﬁrificatioﬁ of 'i:)olyéther silicones by contacting with ani 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



WD 01/ 34613 PCT/ 13500129537 condensation catal yst, washing wth water,

separating the phases, distilling the siloxane, treating with acid clay
and then trd¥@PHYSIE t h activated carbon (see US 4, 774, 348FTU8W8¥2nes have
al so been purified by contacting with steamand distilling out the

impurities (see EP 543 665). A deodorization 5 method utilizing active

bon to which t I b f d t h | bond
ALY A SR T AT A T A LR T e
purifying sil yeoRe, agent to
silicone and pa55| ng ablgxnﬁg/atg?ac\?/%glo hﬁ%é}?e?\etg%agﬁ %‘r*%ga‘ﬁ‘%ﬁd sy&?em (see
US 4, 661, 612) (sed WSHEM346% Silomels Have aldodieeh iparifigd biyeontdcting mdthand
suppressing reequil ion a poI prizatlon_of the volatile siloxane
cont ai ni ng acP*&P aﬂ‘#‘gﬁ&ﬁ‘f‘gé’é‘t fééﬁetﬁ?#féa ¢hAP HPRcat i ons.
SUMVARY G- IS

B&iﬁ@@ﬂ\@or Egttngebc%:a;rﬁﬁ{ toaﬁﬂﬁﬁfa mﬁ&?oéﬂi gﬁﬁgﬁha!s ‘HEER h#&i"

directed to a net hod I zing silicone ani ng sol vents that
may contain atl'nmngha|sﬂalln¢lé>ond51aabeehmpmtpdr(sebﬁ]&:&bi&;ﬁ%) oFinallyysai ng cycl ic

si | oxane formation I‘ISI ont acti the, siljcone so]vent w

2dsor bent ,  neGHeR ¥R GERR LT BRILLERHBFERS GhoX FAEBEA JIHG BB | ng ¢ he
silicone SO' V%hds&ﬁﬁoﬁ%@&&&é sﬂfcoﬁé‘&‘ncpf)&‘s%&{gta FoWﬁQEérQHpbﬁn@ftfgt%t ive in
preventing formation of certain cyclic siloxanes (i. hat are

undesi rabl e i throhgh tixsystem (sendSsbe61612). As used herein, the terns "D4",
"D5 ° and "D6 ‘refer to cyclic siloxanes having the formul a: -(RRSI O, r

where X ¢ 4,5 OF Pk ifa neddrok Stabfl5A B WbtHe' BASBrdsEREANE) - - 2

reequilibration and polymerization of the volatile siloxane containing acidic

r‘l‘

impurities that is used in dry cleaning applications.
SUMMARY OF THE INVENTION

In a first aspect, the present invention is directed to a method for
stabilizing silicone dry cleaning solvents that may contain an undesirable
15 acidic impurity capable of causing cyclic siloxane formation, comprising
contacting the silicone solvent with a. adsorbent, neutralizing agent, or

combination thereof, and separating the silicone solvent.

The process of the present invention is effective in preventing

formation of certain cyclic siloxanes (i.e., Ds) that are undesirable in the

20 silicone solvent.

- As used herein, the terms “Dy”, “Ds” and “De"refer to cyclic siloxanes
having the formula: -(R2SiO)x- where x is 4, 5 or 6 (i.e., Ds is
decamethylcyclopentasiloxane).



WO 01/ 34613 PCTI USOQ 29537 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Preferably, the first preferred enbodi nent of the nethod of .the present

i nvent i on w@pAskReS, contacting a silicone dry cl eani ngpspusoemdsst hat nmay
contain an undesirable acidic inmpurity capable of causing cyclic siloxane
formation with an adsorbent, neutralizing agent, or conbination thereof,
and 5 separating the silicone solvent. Preferably, the silicone dry

cl eani ng soDETAILEP DESCRIPTIONOF THEANVENTFIONed, cyclic or a conbination
thereof, siloxane. The amount of these inpurities that nay be present in

the siloxane sqlvent wth vent ree UI | i bra | y be up to about

0.1 parts by V\gILYS blil“rf%‘ ?‘ﬁﬁ:ﬂ!’g @the silicone

sol vents du not renoved,
{afeeaumvérhﬁn%m ﬁé'@bﬁ@c% ﬁh&&{e abls #éﬁ’g"é’é‘%ﬁa

reequilibration and polynerization e soI and
undesi r abl ennycbnbmmendémhbaddﬁjmqmmmsapable abd:aeusmg dyblic sahbxamebent are
t hose that ffetlve

t he d|c | rity, .and event gelling and
formation o ggiwrl %%ﬁ?ﬁn&f‘w lﬂgfﬁ%“ ?ﬁ{éﬂﬂ t&‘@ ?aﬁganpl es of
adsor bgnt s @@hﬁ@%&h& Silicoitesolvik. UPR ferAblY, the 8ilithe Hiyeib&Afng Solv&aidon bl ack,
silica gel, Celite, fullers earth, deco orizin charcoal; filtrol,

mol ecul ar s veletile liriear, branschediryelis arrn corbination thersef fséloxane. cob powder
clays, and alunmna. In a preferred enbodi nent, the adsorbent is a selected

fromsilica gel a@@ﬂﬁﬁ gjtéFE f ' 4A 11 20
nmol ecul ar si eves?hq. nol ec aﬁﬂé%egsﬁédrﬁéfgggg ortllgﬁirl\% L([ﬁ%(g%{ecoal

Conpounds sao}taihhaﬂmtprmrehhngmequmbbaﬂnmmbeuplta'abdu&031pm@b}e sol vent of
t he present Héiéer@on are, thos:tecont E’éﬁg a_. pol.ysil o ane tructure t hat

i ncl udes f réREaLt SIFRYIIties JAY, F%%‘F cf’ﬂ%s‘? “HPgbr anched,

;ol atifpe SifheuaeRaming opltationy&ld/if Wilyairé hét M&rea?éeéthﬁiea@.a,anaor exanpl e,

polymerization of the solvent may take place, and undesirable cyclics are

formed.

Compounds suitable as the édsorbent are those that effectively remove
the acidic impurity and prevent gelling and formation of undesirable cyclics
15 in the siloxane solvent. Examples of adsorbents suitable for use include, but
are not limited to, carbon black, silica gel, celite, iullers earth, decolorizing
charcoal, filtrol, molecular sieves, diatomaceous earth, magnesium sulfate,
cob powder, clays, and alumina. In a preferred embodiment, the adsorbent is
a selected from silica gel, diatomaceous earth, fullers earth, acid clay, 4A
20 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

25 boiling of below about 300°C point at a pressure of 760 millimeters of.
mercury (“mm Hg").




25 boiling of bel ow about 300C point at a pressure of 760 mllineters of.
mercury ("mmHg™). Il 3 WD 01/34613 PCT/ USOQ 29537 1In a preferred
enbodi ment , wd@/3ssmear or branched, volatile siloxane conPET/E8W29¢ or nore
compounds of the structural forrmula (1): M+y+2zDXTyQz (I) wherein: 5 M
Is RI3SiAO12; Dis R2Si212; T is R3SiGB/2; and Qis SiH/2 Rl, R2 and
R3 are each independently a nonoval ent hydrocarbon radical; and 10 x and y
are each integers, mbepteferted embsdiméntathe lidear onybranchid, eoldtilR sdoxarfe 10.
Sui t abl e nonoval entf hydrocarbon groups include acyglic_ hydrocarbon

radi cal s, non&PHPEES qgﬁP#%W@éP@%ﬁW&fﬁ?%é?al ent and
aromati ¢ hydrocarbon radicals. Preferred nonoval cnt hydrocarbon radicals
are monoval ent al kyl ragj, -Q;QQﬂtaining f@pn11 to 6 carbons per group,
such 15 as, for exanple, thyl’, ethyl, propyl, iso-propyl, n-butyl, k

o- butyl, sec-vpﬂﬁg , tert-butyl, pentyl, hexyl, preferably nethyl,
nonoval ent aryl radicals, such as, for exanple, phenyl,

2,4,6-triget hyl 2- 1 sopropyl net hyl phenyl, 1. -pent al enyl, napht hyl,

ant hryl, %?efé%@%ﬁﬁg%ﬁéhy|, and nonoval ent aral kyl radicals such as, for
exanpl e, phenxﬂet .~ 20 phenyl propyl, 2-(1-naphthyl)ethyl, preferably
phenyl propyl , ﬁﬁgﬁég%ybropyl, bi phenyl oxypr opyl .

T is R%SiOs/2;

and Q is SiOy/2
R, R2? and R? are each independently a monovalent hydrocarbon radical; and
10 x and y are each integers, wherein0<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 monovalnt 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 >-butyl, sec-
butyl, tert-bultyl, pentyl, hexyl, preferably methyl, monovalent aryl radicals,
such as, for example, phenyl, 2 4,6-trimethylphenyl, 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.



In a preferred enbodi nent, the nonoval ent hydrocarbon radical is a

nonoval ent al kyl radical containing from1l to 6 carbons per.group, nost
pref er abl yWonis3#6t3 4 WO 01/ 34613 PCT/ US00/ 29537 | n a preemalspgs@nbodi nent ,
the linear or branched, volatile siloxane conprises one or nore of,

hexanet hyl di si | oxane, octanethyltrisiloxane, decanethyltetrasil oxane,
dodecanet hyl pent asi | oxane, tetradecanet hyl hexasil oxane or

hexadecanet hyi hepnagireferad emprodiment; the lineas¢rt branchedy Volatiloslpsideane. | n a

nore highly odi t the .Li.near or. branched, volatile

si | oxane of %’g{e@‘gﬁ% %ﬂfﬁ?ﬁ“&% ’rﬁrd?sélg’é““eoe‘ft%&ﬂé'iqsﬂ?WOX ane,
decanet hyl t eddcasiethylteiasiloxane, dodecan@hpbRAS Gaht, 0xane or
methyltris(trinmethylsiloxy)silane. In a hi ghlli|e preferred enbodi nent, the

si | oxane cortpBndaramsthyliexasilonse ior hexadetametbylbeptasitweane ok nvent i on consi st s
coeent 1 AR S Y ik G Bed

vol atil e sil oxane

hydrol ysi s ahellinexrde beaiched, vllatilo sil®angof thePrescheirivealbRESARbHIR.
met hyl tri chl orosi | ane,_ dinethyldich]orosilane, trinmethylchlorosilane, or

by i sol at i orPcimethulinisiloxaney decamethpltetsasilaxaneg@t | i brate 15 mixture of

hexamet hyl di {idbS%A0H doxane, or the. like = and
are commrci‘gil(ﬁ y ava?’]rapggfagﬁé %gn%gﬁlegysﬁ é—%}(ﬁ%ﬁﬁe& lgfsf&(’iyﬁseﬂa?ﬁ'ch %h@‘ryoxane
conponent  ofprefeered eededimentnthersiloganeaiompdnestofdhe taihposiforopPdby si | oxane
ring structure that includ is from?2 to 20 sjilicon_atons in the ring.

Pref er 3B1 y, PIERENF INyeRtion consisty ¢ssendially of decamethiltptrasilexane. si | oxanes are

relatively volatile materials, having, for exanple, a boiling point of
bel ow about 300Csgitable RAGS D1 bfarthed $Olakie dilbRied bfe Rde by known

methods, such as, for example, hydrolysis and condensation of one or more of
tetrachlorosilane, 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 ata 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):




mercury ("mmHg"). In a preferred enbodi nent, the cyclic siloxane conponent
conprises one or nore conpounds of the structural fornula I“&h 5 WO
01/ 34613 PCW@BR¥139537 g5 7 (Si Oa (Si Ob | f R6 R8 (}’?3(’”5 &ein: R5,
R6, R7 and R8 are each independently a nonoval ent hydrocarbon group; and 5
a'and b are each integers wherein 0:5 a:5 10 and 0:5 b:5 10, provided that
3:5 (a +b):!:, 10. In a preferred enbodi nent, the cyclic sil oxane
conprises one or nore of, @ctamnethylcydotetrasil oxahe,
decanet hyl cycl opent asi | oxang, a]%pdecamath)éi.;:ydohexas | oxane,

e

t et radecanet hyl cycl ohept asi Ij ox In a 10tnore highly preferred

enbodi nent, the cyclic siloxanelof the present _inveption conprises

oct anet hyl cycl ot etrasi | oxaneofSi ec@etydicyci @bemtasi i oxane. In a highly
preferred enbodi nent, the cycli¢ siloxane!conponent of the conmposition of
the present invention consists gssentiall of
decanet hyl cycl opent asi | oxane. 18%sui t abl e %?clic si|l oxanes afl® nade by
known net hods, such as, for exanple, hydrolysis and condensation of

di met hyl di chl ggggigl.ane and are conmercially available. It is believed that
those dry cleaning solvents useful in the present

RS, RS, 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 that 3 <
(a+b) <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.



~invention that |lack a cyclic siloxane conmponent woul d be nore stable than
20 those which include a cyclic siloxane conponent, in that.cyclic

si | oxanes @@L\ t 0 ri ng open and pol ynmeri ze under aBEHPI0EEAT hasi ¢
conditions. 6 WD 01/34613 PCT/US00/29537 In a first enbodi nrent of the
met hod 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

mor e pref erabl y Inm fixst émbodinpmivobtheanethed pfithe present inventiemnt acts up to

about 100, nore preferahly up to. Wi, 5 5..even re . preferably up to

about 10 pbWB’P‘&B@tﬁﬁl}@ﬁtﬁ,;ﬂﬁgﬁt‘Yﬂ%‘ iﬂ%wﬁgo‘gﬁ{lomnesgﬁr h@\aﬁg\yfg%‘thereof,

for about Oy Q@é.ﬂﬁxé&tgbl?u%ﬂ&%ﬁevémh&egﬁefeﬁmiahpt&ommpbwifaa. 01 to about
a

2 hours, eveh nore prefe y for about 0.1 to about 0.5 hours, at a
t enper at ur eaddiciimpuriipeontatt upctoabout 1Womoreypreferpblyrugy tapbput3bm about 20

to about 60C. After the siloxane salven sorbent for
the appY opr F‘é%mf’ﬁ%"‘—gﬁ%ﬁxé‘? Bé‘gﬂuﬁ?rﬁ‘{’ 8€€£st° ﬁ%&%’?}%g%g‘lr% ;ngégxgﬁo? can be
recycl ed i n,kb@biHatios tRéaBof) torabeas (10025 to AbsutBidues] mdretphefepibisfont

i nvention effectively reduces the level of inpurities in the silicone

sol vent . | nabous@Bid abawictiherznicven mare Prefembly for abow Ok oabeut OAvention, a
dry cleani g&u{s,lnae ! %F'g%een{t&aéo abOi 1055 Qﬂ&t%oé,*}ﬁoﬁéﬁséﬁbé%f%ﬁm on. 15

The net hod I'nventi on al’'so conprises a ning process
conpri si ng hhsut2099 abait60e0NA&et thegiloxar@isblvehthas dotaeted thecone sol vent,

and renoving the silicone solvent, then treating, t si]icone_solvent that
has b¥en radssveentifor theapReantiage time agd hag bern B‘SI‘@"éﬂ?h ‘{oﬁa%ﬁf%‘@?ér bent ,
neutralizin . @t&lﬁ ' . THRInStRBA bRiHeWedeh® Si 1 cone
sol vent 20%“3?%%%%18%5@;} be ?%%gtﬁpﬁé%g%sngﬂghe treat egr}gi | 1 cone sol vent
in the dry imvention effeqtivelyaeduces 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.



The follow ng exanples illustrate the process of the present invention.
They are illustrative and the clains are not to be constr limted to
the exanpl S¥OO0I34§3 01/ 34613 PCT/ US00/ 29537 EXAMPLE 1 Ve RGorbbt
Decanet hyl cydopent asi | oxane (Ds) that was used as a dry cl eani ng sol vent
was mxed with an acid (LPNC) to nake a stock solution containing 200 parts
per mllion ("gpm"! é‘PNC' Ali quots of the stock solution were heated to
100C to deter kEdhe mixture woul d undergo reequilibration and

pol ynmeri zation (increased D4 and D6 | evels as well as increased viscosity).

The results Qb&ﬁeﬁ&&&%beﬁ%ﬁﬁﬂaﬁ@ms?ﬂﬂt%&shﬁéﬂakdeﬁbie&ﬁilglééiv@m W t hout
any added acid, the was stable at 100C for 24 hours. In the presence of

200 ppm LPNC, wiakenixed with anacid (iENG) forroakea staclosalution pentaining0ipasts
conposition was_unabl e, to er,m ned. sqrhents,.used i.n npl es

Adsor bent Ty pB%'PﬁiaE&%ﬂﬁ%aﬁ@h&%&éfﬁ%ﬁﬁ SO?%?IT ‘fvgfer})‘eagf%o B 4A

nol ecul ar Sie!@?@o%&@ﬁﬁﬁ@ﬁ}ﬁé&rﬁﬁh@ﬁbﬁfdﬁdﬁg@me t6H arlll ar sieves E
silica gel 60-200 mesh F acid clay (Filtrol(r) F-25) G fullers earth H

Powder ed decolpelymsrizgticn fincreased Dagnd Pelevels 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

Powdered decolorizing charcoal

(Norit®)

Ol ol ml 9 O] w




8 - -—---- e e -
Exanpl es ACI %
(linear pMRMYMEtrilic chloride)

WO 01/ 34613 PCT/ USOQ 29537 Acids used in
pe of Acid T DDBSA (dodecyl benzenesul fonic acid
V Hydrochl oric acid XSG Enesul foni ¢

U

acid X Acetic Acid Y Phosphoric acid Z Sulfuric acid Table 1- Pol
erization and Ree uilibration of Ds with LPNC Exp # Tenp LPNC Rxn % D* % Ds

% D6 Rxn

Gel ™ *Vi
cont ai ni ng
vari ety of
adsor bent

m nut e, an
100C for 4
24 hours,

% D4 %Ds % D6 Visc % m_Time Time " Increase (h) Control
100None0<02994604724461“99§ %11002007---24--
STOST Ty Was tgi—to TEaspTr e E?(#N‘PISE?—?E ck—sotuttons
200 ppm acid 'E‘Il-’NC) |n D5 wefe prepare R FHen treated with a
adsorPents—an am of

LPNC

IICUL t (J.I I LI Tlg

g

hours and cych | evel s were

has added to 1

and cyclic levels were again

grans of sol ug

B R oo et tmie arid
-egd—Frhe—sol-ution-was heated
HRYG (Haepr phosphonigilicehlpridghe

easured

\ Hydrochloric acid

w p-Toluenesulfonic acid
X Acetic Acid

Y Phosphoric acid

V4 Sulfuric acid

n for 1
to

d until

Table 1 - Polymerization and Reequilibration of Ds with LPNC

Exp# ] Temp | LPNC | Rxn |%Dy| %Ds |%Ds|{ Rxn {%Ds|%Ds;|%Ds] Visc
(°C} | (ppm) | Time Time © ]Increase
(h) (h)
Control{ 100 | None 0 <02 {946 | 047 | 24 | <0.2 |99.46] 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 levels were again measured.

Table 2 shows the results of cyclic formation.




Table 2
Table 2

DS 98,

99. 45 0.

24 <0.1

99.46 0.

shows the results of cyclic formation. 9 WO 01/ 34613 PCT1US00/ 29537
-1% Adsorbent with 1 mnute contact tine. Exp. # Adsorb. Rxn %4 %
Rxn WapM/3#61BS % D6 time tinme (h) 2 H 4 <0.1 99. 4BCHUSW23587 <0, 1
55 3 E 4 <0.1 99.45 0.55 24 <0.1 99.45 0.55 4 C 4 <0.1 99.44 0.56
99.46 0.54 5 1 4 <0.1 99.45 0.55 24 <0.1 99.35 0.55 6 F 2 <0.1
54 24 <0.1 99.43 0.58 Table 2 indicates that using a low |l oading (1

% and short contact tinme (1 minute), silica gel, carbon black, fullers
earth, powdered 13X nol ecul ar sieves and acid clays all effectively

prevented pol yneri zati qrabierpmggggd%fgeglgmmnw &ﬁt‘i&,ﬁrﬁgt he control
sanpl e treat qURPMF A&L‘SrbSOU”MW/F? T, D2 VD, ({E T, C ,/oDs d 4 show
0 Hading

the type of dcid apd the ef figet

aci d|l'evdl on the equilibration

of Ds. Table |3 -1000 macild gan |Ds gt 12( OCE>(:|{) # Acild Rxn| % D4{ %5 % D6
Rxn % Da %09 [90@ {i meHtine 4 ()<0N)99.45 | 6.54 1<Q4 1| 950554 68488 HBs5<D. 1 99. 39
0.61 8 W4 0./56399/84 B.59 24 1.93 |9648 | 0569 20 K H.<U. %489 ®h50] 49 24 <0.1

99.52 0.

48 4 C 4 <0.1 | 99.44 | 056 | 24 <0.1 99.46 | 054
5 I 4 <0.1]9945 | 055 | 24 <0.1 99.35 0.55
6 F 2 <0.1 9946 | 0.54 | 24 <0.1 9943 | 058

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 |%D;] %Ds |%Ds| Ren | %Dy | %Ds | %Ds
time time
(h) : (h)
7 v 4 <01 ]| 9952|048 | 24 <01 | 9939 | 061
8 W 4 056 | 99.84 | 059 | 24 1.93 97.2 1.05
9 X 4 <0.1] 9951 [ 049 | 24 <0.1 99.52 0.48
10 T 4 11089) 8053 | 627 | 24 15.12 74 7.67

10



10 T 4 10.89 80.53 6.27 24 15.12 74 7.67 10 WO 01/ 34613 PCT/ USO0/ 29537
Table 4 -1000 ppmacid in D5 (at 120 C after treatnent wth .1 % adsor bent
for 1 m nuwe)n1B46pd # Adsorbent Acid Rxn % Ds % Ds % D6 R&H/USH0853% Ds % D6
time (h) time (h) 11 None W4 0.70 98.31 0.96 24 1.25 98.37 1.14 12 H W4
0 99.26 0.74 24 0 99.32 0.68 13 F W4. 0 99.33 0.67 24 0 99.05 0.95 14 D
W4 0 99.25 0.75 24 0 99.55 0.45 15 None T 4 1.08 90.89 3.28 24 2.96 93.05
2.05 16 H Tabled o900 ppongcddimDg 99.30 0.70 17 F T 4 0 99.23 0.76 24 0

Goi ol G (3 o il g g i 17 | 09932 0,68

24 0 99 24 W Addakbéent [ 06 2] %2 s 7%3% (.4D;Fpreeds Nunber
of the acids._alhigh | Dadl nec bssarly totm_ge(h) eactipn with Ds fat
el evat ed t gndér pt Dewss, | e | sadre Ph¥ENt 8%6and24ont 18% s|vi8BE fuhli4 with a
l i near sil axddel (MM | Mntaidigg Bcl 8%26 F&Zy) 1 8¢ afe 8hofuP%i3h [Tabies] 5 to
7. Table 5 - 1830| ppd acl d¥i p MPM £ 0.2, 24 Aci (I P995 o0 98.9% Bxn ti ne
% % % % ti|nd4 MM MBM M1 VDM (h)0 2M B43M O 99.55 0.45

15 None T 4 1.08 {9089 { 328 | 24 2.96 93.05 2.05

16 H T 4 0 99.26 | 0.74 24 0 99.30 0.70

17 F T 4 0 1992310761 24 0 99.26 0.74

18 D T 4 0 100 | © 24 0.04 98.52 1.47

19 None U 4 Gel Gel | Gel 24 Gel Gel Gel

20 H U 4 0 [9933}1066] 24 0 9922 | 078

21 F U 4 0 |9932)068 | 24 0 9324 | 0.76

2 D U 4 073 | 97031092 ] 24 0.67 97.92 | 092

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 (MD;M) containing acids. Results are shown in Tables
5to7.

Table 5 ~ 80 ppm acid in MD;M at 100 °C,

Exp.#] Acdd |Rm| % | % | % | % |Rxntime] % | % | % | %
time (MM [MDM{MD;M{MD:M| () | MM {MDM|MD;M|MD:M
()
% | Control | 4 | 0] 0 | 999 ] © 24 | 0 | 0 |99 0
2 U 4 |17.08| 1858 | 1611 | 128 | 24 | 7.7 | 669 | 1157 | 13.1
25 A\ 4 0 0 99.9 0 24 0 0 99.9 0
26 W 2 0| 0 [9%9] 0 24 | 0 | 0 |99 o0
27 X 4 0 0 99.9 0 24 0 0 99.9 0
28 Y 4 0 0 95.9 0 24 0 0 99.9 0
29 | Z 2 |0 ] 0 |99 0 24 | 0|0 [99] 0

Table 6 - 1000 ppm acid in MD2M at 120°C.

Exp. # Acid Ran | % % % % Rxn | % % % %
time | MM MDM|MD:M|MD;M]} time | MM | MDM |MDM{MD;M
(). (h)
30 T 4 |11.16}15.02) 4145 | 1246 | 24 11344 ] 1652 | 3611 | 135
31 W 4 0 0 99.9 0 24 | 13 82 19703 | 44
Again, high levels of acids were necessary to catalyze the redistribution of

MD:M.
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, Control 4 0099.90240099.90 24 U4 17.08 18.58 16.11 12.8 24

74 6.69 11.57:13.1 25V 400%99.90240099.90 26 W4 00 99.9 0 24
0 99.9 0 WJdoid44130 0 99.9 0 24 0 0 99.9 0 28 Y 4 0 0 99couseo24539 O 99.9
0 29Z240099.902400099.9 0 Table 6 -1000 macid in MD2M at 120C.
Exp. # Acid Rxn % % % % Rxn % % % % time MM MDM MD2M MD3M tinme MM NDM NMD2M
MDBM 30 T 4 11.16 15.02 41.45 12.46 24 13.44 16.52 36.11 13.5 31 W4 00
99.9 0 24 1.3Thgacidropteminaits sgralidrbe randgred inastive of lésg activelyrteeatments sary t o
catal yze the redi | Lon of 7 J VL 01/ 34613 PCT/ US00/ 29537 The
add contam naﬁ?%%‘%ﬁ%‘%%%gg?gﬁﬁ%ygom%%%@g or less active by treatnent

W th nunmerous agents as shown in Table 7. Table 7 -1% Adsorbent with 1 mn
contact at 200 Tyble 7PU%E Adsdybedd with 1 tiGContaxpat 200 ARsOLPNT inID,Kbatoe % Rxn %
% % %tinme MM MDM VMD2M MD3M tinme MM MDhpdvlozM MD3SM h (h) 32 H4 <0.1 0

2:
7.
0

99. 01 . 89 24 [Up. PP AadsorBenPPRxmP % |2 %<U. % 0| 9% 47 Rafld 95 1L 9% - [2o00F 19 |/
34 C4 <0.1 Q 99.57 .33 24 éind| K181 |0DM(RDM|MD:M| time | MM | MDM |MD.M|MD:M
(h) (h)

32 H 4 |<01| 0 |99.01| 89 | 24 0 0 |9837] 163
33 E 4 |<01| 0 |9947| 43 | 24 | 15 72 | 9612 | 7
34 C 4 J<0a1] o T9957] 33 | 24 0 0 |9803]| .29
35 D 4 |2051] 217 11765 [ 1374 | 24 |1298| 1928 | 17.74 | 153
36 B 4 [10.28[15.49| 1927 | 1666 | 24 |2175| 22 | 17.74 | 13.68
37 G 4 [<01] 0 |9890| o 24 0 0 989 | 0
38 F 4 |<01] 0 | 9960 ] 296 | 24 0 0 [992] o
39 A 4 {2133]21.49( 1765 | 1394 | 24 |1521| 18.64 | 1574 | 12.58

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

acidic impurities in the silicone solvent.
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35 D4 20.51 21.7 17.65 13.74 24 12.98 19.28 17.74 15.3 36 B 4 10.28 15.49
19.27 16.66 24 21.75 22 17.74 13.68 37 G4 <0.1 0 98.90. 0 24 0.0 98.9 0
38 F 4 <OMO®@/BA360 .296 24 0 0 99.22 0 39 A 4 21.33 XCUEWPY5 13 94 24
15.21 18.64 15.74 12.58 5 The process of the present -invention is
effective in reducing the level of acidic inpurities in the silicone
solvent. 12 WO 01/ 34613 PCT/ U900/ 29537 CLAIMS: 1. A nethod for stabilizing
silicone drGLAIMEhi ng sol vents that may contain an undesirable acidic

i mpurity capable of causing cyclic siloxane formation conpri sing,
contacting the sjilic H?WE : =Tt

neutrali zi ng agzlr']t, %ﬁlgg{r%%gﬁggiﬁa. ereeg?l,g ndlEss}gggrsglti ngq{lﬁgﬂéysi | i cone
sol vent fr osoritdin andewickieatile addicTinpurity tapablef of chasing dyclin/sdoxsne t he anount of

adsorbent, neutralizing agent, or conhinatjon, thereof used,is up to 100
LS by wefcRBLIoR S pORmEsREaEAE 8¢ BB IR e B 2y 03 *Thvo
met hod of clal b of S NGt eteof 4N sepaatinb Ty
neutralaszi n%&égg?éerl;%' %@ﬁzzag%%gr?gﬁ%ﬁf%(ﬁg? eof ft(‘:!;[ré ez)bout s8?0025§to about 6

hours. 4. Téilconetsobenbfronl theaddorbemter ei n t he sol vent contacts the
adsorbent, neutral: zing agent or conbination thereof at a tenperature of

from 15 about 10 0380y 80 1 5im 1V 1A aflouit & dlsbrbelier o1 1 the

adsor bent used sel'e
neutralizing agent, or combination thereof used is up to 100 parts by weight

per 100 parts by weight of silicone solvent.

10 3. The method of claim 1, wherein the solvent contacts the

adsorbent, neutralizing agent or combination thereof for about 0.0025 to about

6 hours.

4. The method of claim 1, wherein the solvent contacts the

adsorbent, neutral:zing agent or combination thereof at a temperature of from

15 about 10 to about 80°C.

5. The method o 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.

e

L
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fromthe group consisting of silica gel, diatomaceous earth, fullers earth,
acid clay, 4A nol ecul ar sieves, 13X nol ecul ar sieves, and decol ori zing
charcoal . | MO@ABiti IMI 11111 I1~til 13 WO 01/34613 PEGTUASR939537 6.
The nethod of claim 1, wherein the solvent is a |inear or branched sil oxane
conprising one or nore conpounds of the structural formula: M+y+2zDXTyQZ
5 wherein: Mis RI3SiO1l/2; Dis R2Si2/2; Tis R3Si@/z; and Qis
Si04/2 10 Rl, R2 ahd RI¥hermethadlof chite fewherein thesoheneisal lrdar by dr ocar bon
radi cal ; and b{);?lgg%/ each integers, wherein 05x 51 %qr}g0< y510and05z<_10.
7. The net hod sliRxgne GPPEFIRG ORE OF FpEe ForgpoRRds o the sTyeineali | o

si | oxane of thgpRiigsent invention conprises octanethyltrisiloxane,
decanet hyl te rasi | oxane, or dodecanethylpentasiloxane or 15
methyltris(trinethylsil oxy) 36%11111111111 P 12122 110 1l 14 W
01/ 34613 PCT/ US00129537 8 ?’h 5d of claim1, wherein the silicone is
a cyclic 53| I o%ggemcorrprl si ng one or nore corrpounds of the structural
formul a: 1

M is R13Si0q/2;
D is R%5i02/2;
T is R?5i03/2;
and Q:is SiOq/2

10 R, R? and R?® are each independently a monovalent hydrocarbon radical; and
x and y are each integers, wherein0<x<10and 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,
decamethylte'rasiloxane, or dodecamethylpentasiloxane or

15 methyltris(trimethylsiloxy)silane.

* [ L M S *
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(S Oa (S - Ob 1 I RS R8 (In wherein: 5 R5 R6, R7 and R8 are each

I ndependent|ly a nonoval ent hydrocarbon group; and a and b _are each

i ntegers WW@PHI4A130: 5 a: 5 10 and 0:5 b:5 10, provided thrdct'r/gsngms% + b):5
10. 9. The nethod of claim8, wherein the cyclic siloxane is 10
octanethylcyclotetrasionane or decanethylcyclopentasionane 10. The

nmet hod of claim rein_t ;cidi i{.jes removed . fromthe
solvent are lin Hﬁ}ﬂm EPF 4UﬁF’Gg'P'¥§GﬂFBF?§WFBCSWGP%ChI oric
aci d, nethapes| 4.d, p-toluenesul foniec
aci d, aceti@ﬁgé#%g &F?u??geg0| or sul gg@%&ﬁﬁg or a ‘combi nati on t her eof .
15 11. A silicone dry cleaning fluid treated by the nethod of claiml1. 12.
An adsorbent used in the rfethod of clarm 1, whereih the adsorbent
conprises the inpurities rfenoved fromthe solvent pgre |inear
phophonitrilic chloride, qulf%ric acid, @drochlor c acid, nethanesul fonic
aci d, dodecyl benzenesul forji ¢ Cld p- toluenesulfon c acid, acetic acid,

sul furic 20 acid or sul furitc @icrd Q) =a—d8irbim@biom thereof. 15 jjlITUIil]
[T 1111 L L 14 WD 01/ 34613 PCJ/ USOO 2953 13. A dry |l eaning process
conprising: (a) contacting th artlcle vmtg1 a silicone solﬁsnt and

wherein:

5 R5, RS, R7 and RS 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
10 octamethylcyclotetrasiloxane or decamethylcyclopentasiloxane.

10.  The method of claim 1, wherein the ..cidic 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 11.  Asilicone dry cleaning fluid treated by the method of claim 1.

12,  An adsorbent used in the method of claim 1, wherein the
adsorbent comprises the impurities removed from the solvent are linear
phophonitrilic chloride, sulfuric acid, hydrochloric acid, methanesulfonic
acid, dodecylbenzenesulfonic acid, p-toluenesulfonic acid, acetic acid, sulfuric

20 acid or sulfuric acid or a combination thereof.

15

HII\II\ |\||\| III\l l\I|| l\ \III




(b) renoving the silicone solvent; and (c) contacting the renoved silicone
solvent with an *5 adsorbent, neutralizing agent, or conbination thereof;
and (d) sepX®8134¢)3t he silicone solvent fromthe adsor benPCT/USW2958he
process of claim 13, further conprising reusing the treated silicone
solvent in step (1). 10 15. The process of claim 13, wherein the adsorbent
used is selected fromthe group consisting of silica gel, diatonaceous
earth, fuller¥. earh Aty deaning proggss enmprising:ul ar si eves, 13X nol ecul ar

sireves, and decol orizing charcoal. 16. The process of claim 13, wherein the

comprising St eps (2 and (b arsamaphg et dple PO aBuEBe R SR, ) o

conprising steps (c) and (d), -e -herein the dry cleaning cycle is

repeated one or nore tines (dr eamovigithelsilicongsayetteand ["1"1 111itl" 1111
Lrer 111 CL 16
()  contacting the removed silicone solvent with an
5 adsorbent, neutralizing agent, or combination thereof;
and

(d)  separating the silicone solvent from the adsorbent.

14.  The process of claim 13, further comprising reusing the treated

silicone solvent in step (1).

10 15.  The process of claim 13, 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.

16.  Ihe process of claim 13, wherein the dry cleaning process
comprises a plurality of dry cleaning cycles comprising steps (a) and (b), and
15 a plurality of stabilizing cycles comprising steps (c) and (d), vherein the dry
cleaning cycle is repeated one or more times per each stabilizing cycle.

I
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