e 02/07735602mTﬂBEenber 2005 VAPOR PHASE SI LOXANE DRY CLEANI NG PROCESS
" TECHNI CAL' FI ELD The!present invention is directed to @21dvetefibesriosg.
| process, nore specifically, to a siloxane vapor phase based process, for
“use.in dry cleaning; BACKGROUND Current dry cl eaning technol ogy uses
. perchl oroet hyl ene ("PERC') or petroleum based materials as the cleaning
- solvent. PERC SUff%ﬁ’(?R?’HASE@IE RHDRICCTEINBNG FROTESS ol eum based
products are not as effective as RC 1 n cleaning garnments. Cyclic
. Sil oxanes have been reported as spot cleaning solutions, see US 4,685, 930,
*and as dry cleaning fluids in dry cleaning machines; see US 5, 942 007. .
Q her pat eTECHINSCAGSEIRLI® use of silicone soaps in petroleun1so|vents see
., JP 09299687, and the use of silicone surfactants in super critical carbon
~ di oxi de solutlons has. been reported;, see, for example, US 5,676,705 and _
 Chemi Mark. RepThepsesssd 1um10r21§2112e9ted§0 adgy Crleamvsmorpm@: BI9%cone oils

- have al so bee d,as the cl eani sol.vent auls kng. J & a _second
ashi g i AT B ARG TEPILSE Mdatidisn o TR JPhnles 7as.
15 Nunerous other patents have issued in which siloxanes or organonodified
silicones @«? - sent as addenda in PERC or petrol eum based dry

nt's,” see

cl eani ng sol've for exanple, WQ 9401510; US 4911853; US 4005231;
US 4065258. There is a continued 4 nterest in decreasing the need for large -

quantities 20 Qlrfak\depckansegtdchndlogy isespaghiproettsdene (TPERC”) or .
{ - - petroleum-based materials as the cleaning solvent. PERC suffers from o
s toxicity and odor issues. The petroleum-based products are not as effective as
PERC in cleaning garments. o |

Cyclic siloxanes have been reported as spot cleaning solutions, see US |
4,685,930, and as dry cleaning fluids in dry cleaning machines, see US
5,942,007. Other patents ¢ disclose the use of silicone soaps in petroleum
10 solvents, see JP 09299687 and the use of silicone surfactants in super cntlcal
carbon dloxlde solutions has been reported, see, for example, US 5,676,705
and Chem. Mark. Rep., 15 Dec 1997, 252(24), p. 15. Non-volatile silicone oils
have also been used as the clearﬁng solvent requiring removal by a second

(- ‘washing with perﬂueroalkane to remove the silicone oil, see JP 06327888.

15 - Numerous other patents have 1ssued in which siloxanes or
a organomodlfled silicones have been present as addenda in PERC or

petroleum based dry cleaning solvents, see, for example, WO 9401‘51{]; Us
r  4911853; US 4005231; US 4065258.

There is a continued interest in decreasing the need for large quantities

20 of solvents used in dry cleaning processes.



21 Decenber 2005 SUMVARY OF THE | NVENTI ON The process of the present
invention is directed to a cleaning process, conprising péembeseods a
volatile cyclic, linear or branched siloxane in the vapor phase for the
cleaning of articles. Disclosed herein, there nay be provided a process
for cleaning soiled articles of manufacture conprising: a) contacting the
soiled article of manufacture with a vapor phase silicone conpound; b)

al | oWiSHMMABY QI OIHE PIENTION | cone conpound in contact with the soiled
article of _manufacture to condense to the |liquid phase beconing thereby a
condensed dJihpiPEesRes of|the,pregentfygntion igl disgciidg aidrantng maraese FeaPrisiedhe | i quid

away fromthe article of nuf act ur e wher.eb ':ﬂl}gsiled article of

manur 456 8 8 viaie prlidaSer AT PR e aBRE 1 INe HEC HESE it RGNS pr ovi des
for a PIgpsess for cleaning soiled garments conprising: a) contacting the
soi | e(?, gafment with a vapor wherein said vapor consists essentially of a

vapor phasgjsgibddddendn, GRIRE iy be providtd é’%é&sffé}%le‘éﬁﬂg lsoltleificlsd éfl cone
conmpound in contact with thé soiled garnment to condense to the |iquid phase

beconmnfighutdeeirebymprisigndensed silicone liquid; and draining the condensed
silicone liquid away fromthe garnent whereby the soiled garnent is

cl eanal. Acemeding tiesgniied avitletoh enapufastara withravrepor pimasprsicomtesongpaundicess f or
cl eani ng soi l edgﬁgrmants consisting essentially of: a) contacting the

soi | ed®) gar atigvingdheryagorrlipes siligear epmpauddn oenient with i sailed afticePlent ial 1y a
Conpound | MABHHESE ORPTIRTER B UA PhaHERpMAg thercby a Eoncernsed silcane
liquid; and
c) draining the condensed silicone liquid away from the articte of manufacture whereby
the soiled article of manufacture is cleaned.
A first aspect of the present invention provides for a process for cleaning soiled garments
comprising:
. a) contacting the soiled, garment with a vapor wherein said vapor consists essentially of a
vapor phase silicone compound;
b) allowing the vapor phase silicone compound in contact with the soiled garment to
condense to the liguid phase becoming thereby a condensed silicone liquid; and
c) draining the condensed silicone liquid away from the garment whereby the soiled
garment is cleaned.
A second aspect of the present invention provides a process for cleaning soiled garments
consisting essentially of:
a) contacting the soiled garment with a vapor wherein said vapor consists of essentially a
vapor phase silicone compound;
b) allowing the vapor phase silicone compound in contact with the soiled garment to
condense to the liquid phase becoming thereby a condensed silicone liquid; and
c) draining the condensed silicone liquid away from the garment whereby the soiled

garment is cleaned.



*condense Wo §2187336qui d phase becom ng thereby a condensed silicone |iquid;

and c¢) draini ng- the condensed silicone liquid away f ramdcBmpbaarausnt -
“whereby the soiled garnment is cleaned. 2 WD 02/ 077356 DETAI LED DESCRI PTI ON

-* OF THE I NVENTI ON 21 Decenber 2005 The conpounds useful in the practice of
the present invention may be . linear, branched or cyclic volatile siloxane

' corrpounds.-DmMajﬁsmpgerlomi@pmmmI@N volatile and suitable for
use in the practice of the present invention are those si| oxanes that. are

,volatile at roomtenperature., .i.e. about 25°C. Volatility is a o
‘quantitative rreﬁharce)mmmads asejubmhteanpeiu@twféleqnidsemhmemm%r et i ned
i.nvol ves a pargl al ssur or _vapor, pressure, | sure bel ow 760

man Hg, atliBeagy Ean éfolaé?lsa?&mwnwrappp@dgl |16>g5ﬁte 7&1@59{ hose

f'h'e"txﬁgefé&éag?%*ﬁaﬁ%rfioﬁéa%a e 00 A e R PR br € o1
20 C. CommpyBRARO0A Wrk 3RbSe Sifoxahes mart%@é vBlaté APFRRH terhPepitur® 1% hBYRRE ‘

sol vent of the present invention are those containing a polysil oxane

strucs ur e 23 4@t Viohetilitdeis of quemtitative Akasivtdmert- attengiven Peefperatbky andihe | i near -
or branched, volatile siloxanes are relatively volatile materials, having,
for exanplthusdroadiodefined @iVQ3§¢®WPaﬁéﬂltPrs$W@e}.%lVﬁPOEPr%\SSpI%S gure of 760

' | t f l. '
br anched, RsPaRee EIGH A gk r it Binb SRS Sroatbodls < ne
structuralgtorm ard those I\é?i?i%gﬁ@s%y f%vd b vapor pressure or partial pressure

( 3 (as used herein the two terms are mterchangeable) above 0. 01 mm Hg ata

10 temperature of 20 °C.

Compounds suitable as the lmear or branched, volahle sﬂoxane
solvent of the present invention are those containing a polysﬂoxane structure
that includes from 2 to 20 silicon atoms. Preferably, tl'_le linear or branched, ‘

- volatile siloxanes are relatively volatile materials, having, for example, a '-
15 boiling of below about 300°C point at a pressure of 760 inilliméte_rs of

mercury (’_’mm Hg™).

In one embodiment, the linear or branched, volatlle sﬂoxane compnses

( J one or more compounds of the structural formula (I)
M_2+y+2szTsz @
20 wherein: |
’. - Mis R‘:o;SiOuz; |
. | D is RZR35i0z2/2;
T is R45iOs/2;



20 wher e| M RI3SiO/2; Dis RRR3SIR2/2; T is RASIi OB/2i WD 02/077356 *
21 Decerrb%qmi 3%%and Qis SI 04/2 R1,.R2, R3 and R4 ar g1 ercambadmesndent |y a -
“nonoval ent hydrocarbon radical having from one to forty carbon atons; and
x .and y are each integers, wherein 05 x:5 10 and 05 y:5 10 and 0O< z:5 10.
radi cal s, branched hydrocarbon radicals, nonoval ent alicyclic hydrocarbon.

radi cal s, | and aromatic or fluoro containing hydrocarbon
" radical s. E@ngygs ?gjd‘ /3ronoval ent hydr ocar bon radi cals are nonoval ent al kyl

radi cal s, nonovalent aryl radicals and nonoval ent aral kyI radi cal s 5 :

Sui t abl-e n 8 %qw% rgcar bo

- 'used herelnlé qﬁi}tez taiéﬁin{w %%ﬁ%%?ﬂ:}eﬂf nd wmﬁdﬁ%%ﬁqy ﬁ‘ﬁ% cﬁF group
cont ai ni nghéviem ftotOorke RAfPENGrBEH AOPYPanguUch as, for exanple, et hyl |
~ethyl, propyl, "iso-propyl, n-butyl, iso-butyl, sec-butyl, tert- butyI '

' pentyl hexyl, preferably nethyl.. As used here| n, the term"aryl" nmeans a

~ monoval entXandafta;neaﬁtaehln’ﬂerwm}mmrrbﬁﬁxﬁﬁgaa‘gcbmerys(lﬂtamdﬂwﬂﬂe or npre .

~aromatic or fluoro containi ng rings per group, which may optionally be '

- substjtuted on atromatic or fluoro containing rings, :
prefetably wit té@g%ﬁﬁn%‘?‘@ yEraragn g&?‘éi@ﬁ)@cm lineanhyérpaanborase of
t-wo. or _rngs.y.i ncl udi henyl ,
2,4,6-tri nlgt Eréalrp%he ny ,ecgﬁ%%%c%g’p 5 h?\%}?éfﬁ&?‘f Eﬁ? gggﬁ?ﬁargﬁﬁpht hyl ,
anthryl,  peeiclsPhonéVieNt and aromatic or fluoro containing hydrocarbon radicals.
Preferred monovalent hydrocarbon radrcals are monovalent alkyl radrcals,

monovalent aryl radicals and monovalent aralkyl radrcals

10 ~ Asused herein, the term “(Ci-Cy)alkyl” means a linear or branched
. alkyl group containing from 1 to 6 carbons per g‘rbup; such as, for exampi'e,
methyl ethyl, propyl 1so-propyl n-butyl, iso-butyl, sec-butyl, tert-butyl
pentyl hexyl, preferably methyl

As used herein, the term “aryl” means a rrlonovalent-trnsamrated
15 hydrocarbon ring system containing one or more aromatic or fluoro
containing rings per group, which may opticnally be substituted on the one
or more aromatic or fluoro coritainirrg rings, preferably With one or more (C1-. R )
Ce)alkyl groups and which, in the case of two or more rings, may be fused
rings, including, for example, phenyl, 2,4,6-trimethylpheny], 2-
20 isopropylmethylphenyl, 1-pentalenyl, naphthyl, anthryl, preferably phenyl.

As used herein, the term “aralkyl” means an aryl derivative of an alkyl
group, preferably a (Cz’—Cs) alkyl group, wherein the alkyl portion of the aryl
derivative may, optionally, be interrupted by an oarygen atom, such as, for
example, phenylethyl, phenylpropyl, 2-(1-naphthyl)ethyl, preferably

25 phenylpropyl, phenyoxypropyl_; biphenyloxypropyl. |

. /"‘h\
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“As used hgy (?2?% -ifge term "aral kyl" neans an aryl derlvétlve of an al kyl
group, preferably a (C2-C6)al kyl group, wherein the apkPecqaberizonsof the

“aryl derivative may, optionally, be interrupted by an oxygen atom such
was, for, exanple, phenylethyl, phenylpropyl, 2-(1-naphthyl)ethyl,

preferably 25 phenyl propyl, phenyoxypropyl, biphenyl oxypropyl. 4 WO

02/ 077356 21 Decenber. 2005 I n anot her enbodl ment, the nonoval ent -

hydr ocar bon r adil8@@notherepbadimentnth E(Icﬂanemlankl}ydmam@ radigaltis greferably,

methyl | | h | ati | ]
“Compt 1 ses. ARG sl HBEpretly BBty 11 51 oxne,

decanet hyl t et rasi | oxane, dodecanethylpentaS|onane

t et radecanet hyl hexasth&*aR o&?né%&%@%%%%& ’vbl%

‘methyl tris(trinmethylsiloxy)si

ane. In a nore highly pre errec?nenbodl ment ,
the |inearc@mpbisesohedr ioted, hexeenétﬁy?digﬂ@iartehecﬁmhyltnsﬂayﬁm I on
conprises octanethyltrisiloxane, decanethyltetrasiloxane, or

dodecéamnet hgeqaaneidyilte ﬂexme,ud@dhgameﬂrydpentmimr@» | oxy)silane.- In a hi ghI y

preferred enbodi nen the s | oxane, c onent_of the _conposition of the g
present i nk?gﬁqd fas ﬁPF QF’I‘%E LOXAN@ 67 | oxane. Suitabl e

for oxampi e ﬁﬁbﬁﬁl@%ﬁﬁ%ﬁ%ﬁﬁfjﬁﬁﬁéﬂﬁ an %ﬁ%g@o%ﬂ?’opﬁ%%%%e Eieh &

tet r achl orggilae or Prhhvhdd, volde 9btaeof tﬁb@ﬁé&bﬂt%@éﬂtﬁ:@é@h Bes
trimet hyl chlorosil ane, or by i sol ation of thée desired fraction-of an

ﬁqw l'i br atca:tameﬂtﬂtmsﬂxdmx dewinisthylitefrhsiiaemepor
ctamet hyl cycl otetyasil oxane or the |ike and are connerC|aIIy avallable
10 dodecamethylpentasiloxane or methyitris(trimethylsiloxy)silane. In'a lughly :
| 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
'15 tetrachiorosilane, methyl‘&ichlofo'silane, dimethyldlichlorosilaﬁe‘,_ '
ﬁ'imethylcfdorosﬂane or by isolation: of the desired fraction of an eqﬁilibrate
mixture of hexamethyldisiloxane and octamethylcyclotetrasﬂoxane or the like

and are commercially available.

Compounds suitable as the cyclic siloxane component of fhe present .
20 invention are those containing an oligomeric or polysiloxane ring structure
| that includes from 2 to 20 silicon atoms in the ring,. Preferably, the Iineér, '
branched and cycllc siloxanes are relatively volatlle materials, having, for
example, a boiling point of below about 300°C at a pressure of 760 mﬂluneters
o of mercury (“mm Hg”). Thus for the purposes of defining a volatile siloxane -
25 compound useful in the practice of the process of the present_invenﬁon a

volatile siloxane, whether linear branched or cyclic has a vapor pressure



Conpounds iuitable as the cyclic siloxane conponent of the present . 20
inyentioﬁw )

that includes from2 to 20 silicon atons in the ring. Preferably, -the

| i near,  branched and cyclic siloxanes are relatively volatile materials,
havi ng, for exanple, a boiling point of bel ow about 300C at a.pressure of
760 mllimeters: of nmercury ("mmHg"). Thus for the purposes of defining a

vol ati | e siangiegerons OdirpdielcnusHigdt 4 tenipergtuse tamgingffromealuadgseC of t he

present inventi 05 6° vol atil e siloxane, whether |inear branched or cyclic
has a'vapotP%O& BP&S ¢+ wo 02/077356 21 Decenber 2005 - ranging from 0. 01

to 760 nm Hg at a tenperature ranging fromabout 10 oC to about 300 oC. In.

t her enbodi i.c_si.l e ' . ds of -
the otructural ToPIPar ctodifndty QYRS HRaRE oRing e 4 o o Bunor oi n:

d a and b are each integers
wherein 0 S a:_ 10 and 0:5 b< 10, provided that 3<

p[s - 177

(i 0)a — (Si — Oy

'R5, R6, wlﬁﬁj%gwh&ﬂfm@&}qgmh§:a monoval ent - -hydrocarbon. group
having fromone to forty carbon atons;"dn

wherein:

R3 RS, R7 and R® are each independently a monovalent hydrocarbon group

having from one to forty carbon atoms; and

a and b are each integers wherein 0 <a <10 and 0 <b <10, provided fhat 3<

10 (a+b)<10.

In yet another embodiment, the cyclic siloxane comprises one or more

of, octamethyl_cyclOtef:rasiloxane; deca_me_thylcyclopentasiloxane, S o

dodecamethylcyclohexasiloxane, tetradeCamethy‘lcydoheptasi}oxane. Ina
more highly preferred embodiment, the cyclic siloxane of the present

15 invention comprises octamethylcyclotetrasiloxahe or
decémethylcycldpéntasﬂoxane, In yet another embodiment, the cyclic
siloxane .coniponent of the composition of the present invention consists

essentially of decamethylcyclopentasiloxane.

| Suitable cy'clic. siloxanes are made by known methods, such as, for
20 example, hydrolysis and condensation of alkylhalosilanes, e.g.

“dimethyldichlorosilane, and are commercially available.

6

»

PEF¥se cont ai ni ng an oligoneric or polysi2i@eaasbed 095st-ructure -

] - '_ | ;



"10 (a + b)lwoszd@ssed N yet another enbodinent, the cyclic siloxane conprises
one or nore of, octanethyl cycl ot etrasil oxane, decanet lmaceh@eeptessi | oxane,
dodecanet hyl cycl ohexasi | oxane, tetradecarnethyl cycl oheptasil oxane. |na

“nmore highly preferred enbodi nent, the cyclic siloxane of the present 15 -
invention conprises octanethyl cyclotetrasil oxane or :

- decanet hyl cycl OpPERé pgbedy 3P the InRetBbn3NPERRE gBHBRH TP a gﬁ@?hﬁé’é%ﬂigone

si oxane conponent of the conposition of the“present inveEntton consists
‘gssenti al [.ybyoa cdedzdnetiby lof hehitpetiteasilicoxeirea sGvichabésereyie! dwed sptignallgs are
made by known nethods, such as, for 20 exanple, hydrolysis and ' _
condensat i 68ABFING RiAsHares) asicdiove the siticone hy vapotirefadbiweddy and are

.conmerci al | vai | abl e..,.21 Decenber, 2005 The process of the jnvention

i nvol ves géﬁ@?%%%méc%vaﬁ?ﬁwgﬁi%E?Téne‘ES/‘Ogb% AR ti%’gjhﬁﬁ $eating :
the silicong.ini.a \ s 004 [l ' ressure so as.

1o al b ¢ RO R ASTHEE cORTRNEN LA TG PR of e BFe BiAS |
vapors Wi t thak htregdyieh de@cﬁbedeltnamm%hhastdaefulfiﬁrtﬁyE@a&fc%vdfithéng- S
conmpounds useful ih the process of the present inventio has al ready been

descri.bed, préssaé invengoumds oneefnbodimerttshpnid haee vapot peesspresisstiveenvent i on

- in-one enbodi nent shouyld have vapaor pressures between about 3.0 nm Hg and
" about 760 ﬁgﬂlbgaﬂ %%&@ﬁ%@@gt VRRgPAYHE drieatsratues rangingdomaboay C. I n

L
7 et RN e R AL gDt Yt ol e 21
_ about 0.01 mm Hg and about 760 mm Hg at temperatures ranging from- - L
‘about 20°Cto ab.o'ut 270 oC. In a third .el-nbodil'hent those compounds
useful in the practice of the present invention should have vapor pressures
. between about 1.0 mm Hg and about 760 mm Hg at temperatﬁres ranging
15 from about 20 °C to about 134 ¢C. In a fourth err;bodiment those _
compounds useful in the practice of the presént invention should have vapor

pressures between about 0.01 mm Hg and about 760 mm Hg at temperatures - |
ranging from about 20 °C to about 264°C.

- Alternatively, other methods known in the art can be employed to

( 20 form vapors of silicones including mechanical means.

The vapors of the compounds of the present invention thus formed,
either at atmospheric pressure or at reduced préssure, are aflowed to contact
the fabric to be cleaned for a specified time wherein these same vapors

v  condense in the fabric, dissolving the soiling material or stain and draining

25 away from the fabric, after which time the articles are removed, cooled as
needed, and dried by various methods known in the art such as air di:jring,
heated drying and the like. In one embodiment, the process of the present |

~ invention may be performed at a constant pressure. In another embodiment’

7



useful in the 71%‘[‘%ctice of the present invention should have vapor pressures .’

bet ween A0
about 20 Cto about 134 QC. In a fourth enbodi nent those conpounds usef ul
in the practice of the present invention should have vapor .pressures

bet ween about 0.01 mm Hg and about 760 nun Hg at tenperatures ranging fr
about 20 oC to. about 264 C. Alternatively, other nethods known in the art

nmm Hg and . about 760 mm Hg at tenper a2 @eeembaBPO6g from

-

om

can be enptheypedcess offthe presgrriaventishlis parfesmietichtd ppessuee taftiis ehrig@ans.

The vapors of the conpounds of the present invention thus formed, either
at at nospleenenrg phesteps ©f she procesguegdingtialy gontacting thielgamaent ¢o bent act t

Condense’ CFATE Wb {z,%ﬂa?gi%%%é%?? belE el iag herie o ew.%i.%?ztr%?a?ﬁés =
condet Sop FrRgPRge e ainate
Temoved, FUsrERe e BoRRReHR Hhfys Bl Sy bhie BT b e o

such sas. ablowdthe Afaninpe@hRE O Hatd 23R frbf #’Hg;%gkéh@ne‘ enbodi nent, the

process of the present ™ i nvention may be per _ at a. constant pressur.
I n anot her enbodi nent WD 02/ 077356 21 Decenber 2005 the process of the
present i nvent iAletinstively,dheeadtielies aeprads suthe tleaningsvesse] i thangiligoriche
steps of the_process

pressure Lo at.ms [i r.essure.to.condense the vapor.in,th ar nent and
B Fow t he 2t BHFRIE R sTorliE Vil 1R SRR s thisel i e Rag vel y.
the artichesjigiRin in the cleaning vessel and the silicone or silicone
cont ai ni ng solvent is renoved by various nmeans and the articles are drie

in the cleaning vessel as is commonly seen in typical dry cleaning

10 An arficle, such as for example, a textile or leather article, typically, a
garment, is cleaned by contacting the article with the vapors of the |
composition of the present ihventibn. In a preferred embodimént, :thé articles
to bé cleaned include textiles made from natural fibers, such as'fbr_ ex-ample; |
cotton, wdbl, linen and hemp, frpm synthetic: fibérs, éuch as, for example,

15 poiyester fibers, polyamide fiberé, p’olypropylen‘é fibers and elastomeric

| fibers, from blends of natural and synthetic fibers, from nafural or synthetic

leather or natural or synthetic fur.

The érticle and dry cleaning composition are then se_pafafed, by, for |
example, one or more of draining and centrifugation. Ina plrefe'fred
20 embodiment, separation of the article and dry cleaning composition is
followed by the applicaﬁon of heét, preferabiy, heating to a tempéréture of
from 15°C to 120°C, preferably from 20°C to 100°C, or reduced pressure,
preferably, a pressure of from 1 mm Hg to 750 mu Hg, or by application of

both heat and reduced pressure, to the article.

25 Testing for oil soluble stain removal was accomplished using a blue
50/50 cotton/ poly cloth and a red satin fabric. The approximately 2inch |

‘square samples were stained with motor oil, suspended by wires in a large

8

he

e. -

. £.9. initially contacting the garnment to be cleaned
“with a. vepsHicenegopainig solyenbis rrnoverhby varioyis maeas ayd the artiddes he .



“machi nes. wi®oAsdsti cl e, such as for exanple, a textile or leather article,
typically,. a garnment, is cleaned+by contacting the aniDack@bw 1005t he
vapors of the conposition of the present invention. In a preferred

“enmbodi nent, the articles to be cleaned include textiles made from natural
fibers, such as for exanple, <cotton, wool, linen and henp, from synthetic:
fibers, such as, faor exanple, 15 olyester flbers pol yam de fi bers,
“pol ypr opy| @ssrieserleaaipped xsitha erénompt@er@l rmcrlelweg@sutﬁapablaufar and

h
el hRaERsinb P R i G YNeRE e et er o et tat: at cd,
by, for ewasﬁegpe Ots HRLEa188 tﬂ'é éfqereg%eg% ?*e 555&59% he' n-a

preferred 20 enbo , Separation o eanl ng

conpositi omemsnu{gohbﬁdeﬂsé@ysélb@n@ppl i cation of ~heat:, pref er abl Yy, heating to
a tenperature of from 15C to 120C, preferably from 20C to.100C, or reduced

pressure . preferably, a essure-of fromT mmHg to 750 mm Hg, . or by
appl i éation of Tbetpmhe@tofdai@ pl‘eﬁm”denlvgmmﬂn‘mt lirnitedhéo dhe clehmngﬁ:ﬁ Test i ng

for oil soluble stain r S acco I she d usi ng a bI ue . 50/50 cotton/ -
poly cl ot hg%egsrc@'cﬁrgﬁﬁsrpfa%%&? ,1@@% Ghepf squarzeoigggges
were stainge .a :
21 Decenmb %nwé%%gpp{:gétg%%?s%‘l equﬁg%%gg‘){ nghgfe '%‘#lt ﬂélt%efrh t%%%ndenm ng
uni't capabibj&dted ¢6 mﬁe gﬁbé&stdi'@héfeféem RivehtibfARerefh ViR bontinaidisC! es
- were posrtroned such that the sol vent -vapors saturated the article but were
pot cont acdissblvgdtihdhe sdtoomei cognpadiamd ddamed\&m'iy, thereby removmg the -

10 contaminant from the article of manufact'ure

The following examples are to illustrate the invention and:are '_not to be

construed as limiting the claims.
EXAMPLES
Example 1 ~ Atmospheric pressei'e, cyclic solvent

Samples of red satin and blue cotton/ poly fabrics'wei‘e ﬁ_'eated with
15 motor oil which was allowed to stain for 18 hours then attached’ toa fw_i_re
N holder and suspended above a reservoir of D5. The solvent v\ra's heated to
" - boiling and the vapors allowed to contact the stained fabrics for 5 'nﬁnutes :
After this time, the heat was removed, the vessel cooled and the samples
removed and air dried and evaluated. All traces of the oil were removed from

20 both fabrics. There was some extraction of the red dye from the satin fabric.
‘Example 2 - Re.duced Pressure, cytlic solvent

Samples of red satin and blue cotton/poly fabrics were treated with
motor oil which was allowed to stain for 18 hours then attached to a wire

~holder and suspended above a reservoir of D5. The pressure in the system



The'procevgﬁ g} 7tl:le present invention is not limted to the cleaning of
garnents %4178 es of clothi ng, it may be applied taidegerabsr200d of
manuf acture contam nated with a silicone sol uble contam nant that nay be
subjected to the process of the present invention wherein the contam nant i
is dissolved in the silicone conpound and drai ned away, thereby renoving

- the 10 f foll I
are to i1 1ap ridiled TN PigAdd lenTRIBHER of fie lien s Siot WA | ho
the cl ai Moy V80 BEATRE 9adors ﬁlef@ﬂl’&%dcto%?ﬁéé’cr the s?élﬁleﬂ‘fa@ﬂl:s’ f&ﬁtS 1 5

Sanpl es of red satin and blue*cotton/ poly fabrircs were treate

not or oil mmsvm&eatlhmmﬂe,tthehbat Wafs@émb‘ire@ﬁﬁévbbﬁl cabledchiRlith® a wire
hol der and suspended above a reservoir of D5. The sol vent was heated to

boi ling arkne Svﬁmﬁgdaﬂﬂmdned awhevaluateth Al draved of #he bdsvérer 5
‘mnutes. Afte i I he _heat was .r ved he,_vessel cooled, and the
sanmpl &s rrgﬁ%‘?/‘éeilit% épﬂla@blr AEXEASHOR xed Cllfea@'%n Hie satin @ﬁ%ﬂ%r e

renmoved fr‘?g% fabrics. There was sone extraction of the red dye from
ric e

‘the satin ’arrple 2 - Reduced Pressure, cyclic solvent Sanples of
red satin and bl-ue cotton/poly fabrics were treated with ‘motor oil which

was al | owgtkairpRizal Refiaced Prépues lidian salveaghed to a wire hol der and
suspended above a reservoir of D5. The pressure in the system9 WO.

02/ 077356 21 Decenber 2005 was reduced to 1-2 nm Hg and the tenperature of
the sol vent resiemyples ofiaed saunsad blue £Oti60/ Oly 'Ii’abrmapmm tremted atithwed to
-contact the stalﬂn Sjufabrlc? for e
motor oil which was allowed to stain for 18 hours then attached to a wire ( |
' "10 “holder and suspended above a reservoir of MD2M. T-he pressure inthe
_ system was reduced to 1-2 mm Hg and the temperature of the solvent
reservoir was raiséd to 70-80 °C. The vapors were allowed to contact the
stained fabrics for 5 minutes. After this time, the heat was removed, the vessel
cooled and the samples removed and air dried and evaluated. All fraces of the
15 oil were removed from both fabrics. No extraction of the red dye from the

satin fabric was observed

10



m nutes. After this time, the heat was renoved, the vessel cooled and the
sanpl es renoved and air dried and evaluated. Al traces of the oil were
renoved fromboth fabrics. No extraction of the red dye fron?fP@o%rﬁtP‘?rr?O%
fabric was observed. Exanple 3 - Reduced Pressure, linear solvent Sanples
of red satin and blue cotton/ poly fabrics were treated with notor oil.
which was allowed to stain for 18 hours then attached to a wire 10 hol der
and suspended above a reservoir of MD2M The pressure in the system was
reducg:g{_\w 1-2 mm Hg and the tenperature of the solvent reservoir was
raise %0- 80 ,DC. The vapors were allowed to contact the stained fabrics

for 5,mnu ok tR blebhg sdilkBamidn® LRfhisiigs renoved, the vessel cool ed
and tﬁl'e sak I%s rem)\(/eed %?1(5 g?? dried anidmgval uated. All traces of the s

oi | W§¥ e I esmidiflg tHesBilegdmbaiithesvapblowsertin agitivaporebnsitte essuhtigyeoftar om t he
satin tabric was observed. 10 21 Decenber 2005 CLAIMS: 1. A process for

cl eani ng seagoe ghasersiieotescaopopnd;si ng: a) contacting the soiled garnent with
a vapor wherein said vapor consists essentially of a vapor phase silicone
conpobnd; Bljowdnd baivarpr phesesdisone pepasind jn qoplasbvithuihp soiled gasmedi®act with the

soiled garnment to condense to the |iquid phase becom ng thereby a
condensed §eNdeE¥he the 'dﬂb‘idd’i‘aé‘?ﬁew&'“ﬂjﬁhgfehyﬁ@?%@s%‘gﬂ'&ﬁ?ﬁg gidiadcone 1 quid

f he. wh . SOI ' . Th
o1 otetk of IR Eael R idhed Bl Rine B AR ARt e BRI RRS e,
M2+y +aDXTy&?ment is cleaned. '

2. The process of claim 1 wherein the silicone compound has the formula:
May+2:DxTyQz
7 Wherein:

M is RIsSiOy/z;
. Dis ReROSiOz/2;

T is R4Si0s/2;

and Qis SiO;/,z

_R‘l, R?, R%and R* ére each indépe_ndently’ a monovalent hydrocarbon radical

ha;ving from one to forty carbon atoms; and x and y are each integers,

' wherein 0<x<10and 0<y<10and 0<z<10.

11



wherein: Mis RI3SiOl/2; Dis RRSSI2/2; T.is RASI@B/2; and Qis Sit4/ 2
© Rl, R, ROWH'R4 are each i ndependently a nmonoval ent 2hydeeaBsieoosr adi ca
having fromone to forty carbon atons; and x and y are ‘each integers,
swher ei n0<x<10and. 0<y<10. and0<_2<10. 11 WO 02/ 077356 21 Decenber 2005 3.
The process of claim1 wherein the silicone conmpound has ‘the formula: (Si -
Oa.. (Si Ob ---j R8 wherein: Rs, R6, RWand R8 are each independently a
monoval ent3. hydﬂﬂuapnmnmgDbdbnnhhvﬂngeﬂTHMﬂmﬁmnﬂardmmbwnddﬁhdheﬂhmmﬂa and a
and b are each integers wherein 0::9 a.5 10 and 0<_ b:5 10, provided that 3
~ (a+b)<10. 4. The process QL_QLﬁLﬂLZ_MhEFEIn each of the steps a), b) and c¢)
are independently conducfed at a.tenperature ranging from about 10 oCto
~about 10 300 0C. 5. The pfocess of claim 3.wherein each of the steps a), b)
and c) are independently,conq cted at a nper ature({rangi ng. from about 10
~C to about. 300 oC. 6. The prlocess of cldim4 wherejfn each of the steps
a), b) and c) are —— (Si — 0)3. — (Si — O)b

SR

R6 RS

wherein: .

R5 RS, R7 and R8 are each mdependently a monovalent hydrocarbon group

5 havmg from one to forty carbon atoms; and

~aand b are each integers wherem 0<as<10and0<bs =10, prov1ded that 3<

(a+b)<10

4. The process of claim 2 wherein each of the eteps a);, b) and ) are
" independently conducted at a temperature ranging from about 10 °C to about
10 300°C. |
5.  The prdcess of claim 3 wherein each of the steps a), b) and c) are
7 1ndependent1y conducted ata temperature rangmg from about 10 °C to about -
300 °oC.

6. The process of claim 4 wherein each of the steps a), b) and c) are
15 independently ¢onducted ata pressure ranging from about 0.01 mm Hg to

about 760 mm Hg.

7 The process of claim 5 wherein each of the steps a), b) and ¢) are
- independently conducted at a pressure ranging from about 0.01 mm Hg to

~ about 760 mm Hg.

12



i s independently conducted at a pressure ranging fromabout 0.01 nun Hg to
about 760 mm Hg. 7. The process of claimb5 wherein eagh Diceinber Z6ps a), b)
and c) are independently conducted at a pressure ranging fromabout 0.01
mmHg to about 760 nm Hg. 12 21 Decenber 2005 8. The process of claim®6
wherein the silicone conpound is selected fromthe group consisting of
hexanet hyl di si | oxane, octanethyltrisiloxane, decanethyltetrasil oxane,
dodecanet hyl pent asi | oxane, tetradecam ethyl hexasil oxa ne,

hexadecanet hyl hept asil oxane and nethyl tris(trinmethylsiloxy)silane. 9. The
process of claim7 wherein the silicone conpound is selected fromthe group
consi sting of hexanet hyl di sil oxane, octanethyltrisiloxane,

decane hyl iToe prosebosfaliaim 6 wherkie thewsilivgtpeampesnd isegiested from the group

t et radecanet hyl hexasi | oxane, hexadecanet hyl hept asi | oxane and

met hyIGPP$'§t(“9rq¥ H@Eﬂ‘ﬂﬂ“&ﬁ'qlﬁlﬁﬁr@r paigBethyipisiloxape. sleeamgethjietrasilosfieng soi | ed

gar nment con esse ontatln the spiled garment with a
Vapor eihi%ﬂ fRSREF. tbmerd ShiaSealeant pexttenapapenlotie | | cone
corrpo or phase silicone conmpound in contact with the
soi | e gar f&(trm@% égﬁs”\éﬁ o the |iquid phase becom ng thereby a
condensed silicone liquid; and c) draining the condensed silicone liquid
away fromthe garnment whereby the soiled garnent is cleaned. 13 21

Decenfger 2GA6 pickessidfeldnh Jeerteiwiheclliadnd ddmpoined & seldctee fdi the giipconpound has
the formula: M2+y+2zDxTyQz
consisting of hexamethyldisiloxane, octamethyitrisiloxane, decamethyltetrasiloxane,
dodecamethylpentasiloxane, tetradecamethylhexasiloxane, hexadecamethytheptasiloxane

and methyltris(trimethylsiloxy)silane.
10. A process for cleaning soiled garments consisting essentially of:

-} contacting the soiled garment with a vapor wherein said vapor consists essentially of a

vapor phase silicone compound;

b) | allowing the vapor phase silicone compound in contact with the soiled garment to

condense to the liquid phase becoming thereby a condensed silicone liquid; and

c) draining the condensed silicone liquid away from the garment whereby the soiled

garment is cleaned.

13



wherein: Mis R13SiO/z; Dis RR3SS2/z Tis RASI@Bf2; and Qis Si M/ 2

- dR R, R2, R3 and R4 are each i ndependently a nonoval enthdegmbacz0dson

radi cal having fromone to forty carbon atons; and x and y are each

i ntegers, wherein 0:9 x510and05y510and05z.:5 10. 12. The process of claim
10 wherein the silicone conpound has the fornula: 7 wherein: |1 | R6 R8 R5,
R6, R7 and R8 are each- independently a nonoval ent hydrocarbon group

havi ng1f r oithe pecess df clainy 1€ awhérein the siiene nwpouraitdsithesfoandach | nt eger s
wherein 0:5 a:5 10 and 0 <_ b < 10, provided that 3 +b}510. 14 21 Decenber
2005 13. The process gzlzlgl )¢ 1 wherein each of the steps a), b) and c)
are i ndependently con Jct ed a tenperature ranging fromabout 10 Cto
about 300C. 14. The process of cI aim 12 wherein each of the steps a), b) and
c) are |ndapnﬂéﬁntly conducted at a tenperature ranging fromabout 10 Cto

about 300C.
M is R13SiOy/2;

D is RZR35iO0yy2;
'Tis R45iOs/2; -
- .aﬁd Qis SiO4/2
R', R? R®and R* are each indepen&ently a monovalent Hydrocarbon radical having from one

to forty carbon atoms; and x and y are each integers,

 wherein0<x<10and 05y <10and 0525 10.

- 12.  The process of claim 10 wherein the silicone compound has the formula:

-.1?['5_' | N 1}7

’l |

R6 RE8

. wherein:

“R5 R¢, R? ancl R8 are each 1ndependently a monovalent hydrocarbon group
having from one to forty carbon atoms; and

aand bare each integers wherein0<a<10and0<b <10, provided that 3 <
(a+b)<10.

14



15. The process of claim 13 wherein each of the steps a), b) and c) are

I ndependently conducted at a pressure rangi ng from abotiDedefbenzotsg t o
about 760 mm Hg. 16. The process of claim 14 wherein each of the steps a),
b) and c) are independently conducted at a pressure ranging from about
0.01 M Hg to about 760 mm Hg. 17. The process of claim 15 wherein the
silicone conpound is selected fromthe group consisting of

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

hexadecet MHewpdess of @ximme wiasneln satHyf the stefd 4) BRinay) ard indapesdéraige. 18. The
process of claim 16 wherein the silicone conpound is selected fromthe
group cwuedted Atayteoiperatyca gl fcbimsabiauk 4t EC tooagtoahret hyl tri si | oxane
decanethgttetrasiloxane, dod ecam et hyl pentasil oxa ne,

tetrad t hyl hexasi | oxane, hexadecanet hyl hept asi | oxane and
methyltris(trimethylsiloxy)silane. 15

14.The process of claim 12 wherein each of the steps a), b) and ¢) are independently
conducted at a temperature ranging from about 10 °C to about

300°C.

15.  The process of claim 13 wherein each of the steps a), b) and c) are
independently conducted at a pressure ranging from about 0.01 mm Hg to

about 760 mm Hg.

16.  The process of claim 14 wherein each of the steps a), b) and ¢} are
independently conducted at a pressure ranging from about 0.01 mm Hg to about

760 mm Hg.

17. The process of claim 15 wherein the silicone compound is selected from the group
consisting of hexamethyldisiloxane, octamethyltrisiloxane, decamethyltetrasiloxane,
dodecamethylpentasiloxane, tetradecamethylhexasiloxane hexadecamethylheptasiloxane

and methyltris(trimethylsiloxy)silane.

18. The process of claim 16 wherein the silicone compound is selected from the group
consisting of hexamethyldisiloxane, octamethyltrisiloxane decamethyltetrasiloxane,
dodecamethylpentasiloxane, tetradecamethylhexasiloxane, hexadecamethylheptasiloxane

and methyitris(trimethylsiloxy)silane.
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