; .~e3e( 6T( SX" 10 January 2003 ~ooooa~ 1 DRY CLEANI NG METHOD AND MODI FlI ED
SCJ_VE mﬂ%m‘u\ HE I NVENTION Thi s Invention is in the general field of

“dry cI othing, textiles) fabrics and the |like, and is nore
partic |rected to a method and apparatus for dry cﬂbdanmyeamu cs

using a nod'fied sol vent not her et of org used in dry cleaning. BACKGROUND OF
THE I NVENTION Dry cleaning is a ngjor Industry throughout the world. In the
United States al one, there are nor h for dry cl eaners (nmany
of these have rruIPRH‘e Fé@ﬁ{‘lﬁbw@ﬁﬁ’h&aﬂPﬁQﬁféE@ES try is an
essential industry in the present econony. Many articles of clothing (and
other itens) nust be dry cleaned in order to remain clean by renoval of
body fats and oils, and presentable by preventing shrinking and

di scol oring. The nobst wi dely used dry cleaning solvent until now has been
per chl aroet hyl ene (PERC). There are nunerous di sadvantages to PERC

i ncludi ng i nherent toxicityFHEIdD OFHEANMENTFIQN oblemin this field is that
different fabrics require different handling in the presently used systens
i N or dffiis invemioaMe it the gereg fichl dffdey &ledmingosl cmhjmnhgl,gexmﬂne fAbiycseing i likg, pidocess.

Prior art dry clean rocesses incl ude t e us i ous solv W th
approp‘lsl"é’t"ép%?fﬂ?rﬁé %f 9,2 gisthndiang appcatys i ‘éﬂp’r‘f a"'ﬁé}(a%é’ﬁ% 'i’Sd)'h‘ge*’dm@‘i'lr‘lr3 er, the

sol vergoh)ggﬁm\%[@e]fyreq,g&ﬂnmﬁscl@ﬁeﬁ%]PERC PERC has the advantage of being an
excel l ent cl eaning sol vent, but the di sadvantage of being a nmajor health
and environnental hazard, i.e., it has been linked to nunerous forns of
cancer and it is very d nd aquatic life. In sone
areas PERC i s prohi bi te?%(ﬁfgé?gy%ie)g)eﬁ | sa v‘\é\%thgelg Additionally, in the
past, other solvents such as petrol eum based sol vents and gl ycol ethers and
esters_haye been teed.and used The iou nts have been used wth
i xed RPASIG 5 e bt S s D iserEs vt R DRl S A FE 8 Toreas
conpar@gh toftylihishiRBAt thRakipd @ixd?@@f‘t’ﬂe&%ﬁgmltlple lolzﬁloﬂ NTRE YryaPdadinO 001 04222
2 PCTNS99/ (5923 The dry cleaning industry has |on epended on

pet r ol wdusityasressitiabidustryrin therpsesgrd| cconamdivMan asudlesf slothnaiend athbons)

per chl e i fabrics and
A T e A e LI AL S S

synt hepreenblebyprcventuag shrigkingand Hiagnlerbige and has great degreasing and
cleaning qualities ideal for the dry cleaning industry. Beginning mthe
1970°s, PERC was Cound to cause liver cancer in anunals. This was an

al ar m Tig: lbss a0dety Wsedaisy deatmcg @hrenghtivasw Gasieesn ptrailedethpleh@®PERIA)] Thevd
dunpsters at th t fune, g@h Cﬁh |t&Leached N ntg aoil and ground water.
Envi r oHfrBHREPY ‘Bﬁdé{é‘ﬂt?%f’ﬁ‘ g Reyn FTEMLONPYAIAPHYF- wer e ti ght ened,
cu)trurrating in a law that took effect m 1996 that required all dry
cleaners to have "dry to dry" c cles, nmenaing that fabrics and articles of
cl ot hi Appthes nrQbﬂ@ﬂnrh@lSrMISrﬁ tdr rqﬁ&bééﬁ@qwmdl&?rynmm@mgeqthxgeetserulyosed

| oop r_vapor. The
proceslz%%%m 7 'P%}d ‘\ﬁ/‘eg'gﬁ) %It@!h tnrc ?lélgnfrﬁﬁg? de%g ERPEr ot hi ng into a
speci al ly desi gned vvashl ng rrachl ne that can hold 6 8 to 68 kil ograns of
fabric ticles of clothin hat re,vuttilethro h a cacu] ar w ndow.
Pri or 'Pfﬁﬁadﬁ@dﬁ?‘%i’eﬁf"?%feé RAYRICHRE 1e 98 Variqis selufs wath approgRate grackipery| Bt hi ng
are cheekaplisaikk dlemigd Aymérioned frae e 5d1vat be widdidee had theen PRRLI CS or
articles of clothi n%gare checked and treated by | ocal hand spotting for

st ai nsPERG hag{he advantage of hemnganaxgeliept cleangigrsolventplut the dipaf wasgeof heing 4 apbel i s
checkeg, g;BPhééﬁﬁ b edviBhmbiS H%E&HfIEI:CtlH{aQBeé?Ia\ﬁxkg@@%glertongfo% gah& -ty dry

cl eanin not, the stain nay be pernanent. an exanple, a sugar stain
may nortxsbens@emcttyytto gmued wateq @quuatmhwfeulghomherewBERﬂ squmhntgtcpdocess it

put - peeeegei St Auinondd8 ool AR Fuch By BB ofBllson 1 or

dry clganiygl @Rért ahdlestdrolidve sesthinedah@ed. dTied vAiouiwasiRed have ek @@4Y! ar
washi ng. machine) rs to renmove the build up of bodY oils (known as fatty
adds) Wdtawed ctppps rositoddrotensis fb‘?’b‘&ﬁ’&‘ée poPRafIbHtIY28 ComBHE todhe

results obtained with PERC.
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The | ;rease which builds up in the solvent is renoved by filter and by
distilling the PERC. In other words, the duty PERC |slgnggga§Pd25§ ors are
+ condensed back to a clean liquid. A small anount of detergent 5% by
volune of the total mxture) is typically mxed with PERC to hel p
solubilize stains and/or stain residues from prespotting Before clothes are
r enoved wo @muibe nmachi ne, the washer becones a dryer. matusasiisess bl own

t hrough the conpartnent, but instead %f bei ng vented outside, the air
stream goes through a condenser that |iquefies the PERC vapors and returns
t hem f offherdenpipanuisfirtdestry balwnamamhwlglramu'aﬁyfdﬁgm@wpﬁé@' lapven cilogmatsed and coned

10 Janu 2003 3 Th cl ean rocess renov PERC from
t he cl oF’P‘%’?rb" ?/f/éc\l}lérf'gyl%i'c g"r‘?ﬁlci"‘”&%‘:ﬁc orisa e Fleaniag ¢ r%%ﬁ?? errt'mgcﬁto}cf(’%bérs of

cl ot hessh&tuRiifhoERC SRAlpKEOT as beih@ B syRhdhe Estipouhi®ihat B X Mah@ablc AR gt f i Ders such
as cottons, wools and thicker articles such as sl eeping bags) down coats

and shotdedems p@ldlsanmemdllttcodqﬂébrahcmmms sdistpe Bteumhan the KE0S, |P§‘Fﬁ s fogndtp cl es or

synthetic fibers. em as iated wit ng
cl ot hes“E "FREELP 8| ""’? a‘?-'tz'sn“éaé g a(l) s°°(§°ryé§5 scgcf e BRI ac"dr'%//'é"rd{/'ﬁé'&‘lgr essi ve

sol vent d@mderwau,;tamolﬁefnwtunﬂn@Ly&&musmn&youmuf acturers are fugitive within
PERC or other dry cleaning solvents. At tines the fabnc nmay be | abel ed dry
clean only but the prints or surface dyes are fugitive in solvents | eaving
t he ar t Evlr@mprsah Breteapercieaivly egulanprs pracuptly avete ilisjlreecdicslrne‘hfeame@wamdma%ccanf ugi Uve
dye the article suffers and the other articles will experience redeposition

of dye bR’ 'f‘ﬁécﬂ‘f“"%ﬂrdfyaﬂ%mm‘b“teh‘g*‘°5r? O%T'%Tﬁ'e&aé'?df‘é'lfﬁ’f"gd"‘\ﬂ"flﬁ A Hehiegs 0 eani ng
of fabriLachie dy16d LRIGRAT | FrisQeduiRl ~cWLl Bbs SyAedd U cad Rlabriie LARL a1PRNE 1LREEN

| oosened fromone fabric or article of clothing, and redeposited onto the
same orora#pot Mesrprdcabifi g cloTnvalyds pladug fdfics eraotibsiondotgiungs spceirietknedvaihat i | e
silicone solvents alone, are extrenely effective in dissolving fats, oils

and ot hWBFIEERAGD RIS 1P & iPestTr fdRPRAS AL G e 5yRG cRbeedhartge ophisiraugh A én5| on, but
cannot 1 I i ) a proper
deter geﬁ?‘lhoﬁ?r gﬁg?r%%%%g %et%s%te}%c sd? raf%}ﬁ 9.%91’51&%&128&&@89}%%?%8 gérg bcﬁ'ﬁs ed

sol vent faccdSpeai @lcnitehemigedt stidraveiohagie de:v&alamlp.edcdmploemamp&thgropﬁa@bI ens of
suspensi on of water-soluble soils in these organic solvents and of the

r edeposif thi B éfunistrby Enogp fo|bs rquplespe, Hielhel iideckrd (ponrly mﬂéwwfa@derm decmge Wi t h
PERC artgmirggtsafé:(gr%)yagcl bl e wi th voI at| le silicone sg vents. The onl use of a

f not, the sta ermanent. AS an example, a suga
cyclic & 10N Coirposi 1o ARG BUr DONEE 4 LB I TR0 Stefy

Pat ent d\¥ponceds M@@u&&y&e@am&kss, nH;amma).m.;t}amdmgls@,sugreaséraﬁsa,e‘!v&rl s for
spot cleaning applications only. There is no disclosure of inmersing
arti cl ewenit helppbut h@%y't#siueol@ihmxrm Imfent, “icsﬁnlc'w&?msoafvydqswggestdamnlomffs( usi ng the

cycllc 0oX ry clean there is no suggestion
subj Z‘“%"r‘*‘r?%“ Siite s ’f XF%"'“ g q“a&?"é’)l 'so"r’lwm(r’lv cyc'1'lX b"fi{)‘%'éﬁ‘% TR Bt i ng)

spl NNi Ngis) PRLEL toga,g;&gémd%n,ducbg@tdlngggsmalsa continuous process to dry cl ean
articles ma bulk process for renoving fats, oils, grease and other soils
from a Thagrgeee whiphbelds uwpfin thegxiven] igreragvedibg Fileesand by dlsﬁlhnlaalmﬂalw 12 8wolds[Die ddty 39 711 A
di scl oses a nethod of dry cleaning articles conpr|5|ng the steps of

i mrer si TGC tshaledd rwpaye ‘f°ﬁd°%f°dfbl“t'i|'°d’ Lt Ay oEyRrsieecyil kot conposi ti on,
agi t at 'Jagmzm,e@oum.l,,@s d&‘“ YRRV RNERE QL) Sidi rmgmutsu@{] | Gla6s iS00 heat.
SUMVARY OF THE | NVENT According to one aspect o e rnvention there is
provi degouag met hod of dry cleaning articles conprising the acts of:

innersin9 said articles to be dry cleaned in a dry cleaning fluid including
a cycl ilyiclotisearemetfiers tht pehine Yrerhst brcogetia dvesy et ppss Yewndxagtehc onposi ti on
further ted. form up of
chem car'gé’f"ﬂ%%%kﬁ%d %Fbgel{;khg]teﬁg‘gjq q%(?'é%%?&ego’:szhs@ghr ndambé“gll'%uc‘tms i%ce%% gl ycol

et her daprsapyt@mnehetd: hyde AGEhat@ung gldigop, cB&J@@:’éstﬁEhﬂ}éh«ﬁfb@cdbut yl acetate,

2- et hyl hexyl al cohol, cycl ohexanol and hexanol ;



agitating said articles in said cyclic siloxane conposition; renoving said
cyclic siloxane conposition fromsaid articles by centrifugal action and by
‘circulating air about said articles; and naintaining the tenperature of
said circulating air between 43 to 77 degrees Cel sius durif@g/annary2003val of
said cyclic siloxane conposition fromgaid articles. The present invention
conprises a novel dry cleaning systemand nethod, in which specifically
designed or nodified nmachinery is used in conjunction with a specific

sol vent _known as cyclic sil oxanes, |ic siloxanes allow the dry cl eaning
pr oces JiMAENt YeanaREPSPSTIMAEsimast aﬁ'&%’ O e Qi APRPCRI Sy'aﬂﬁ"&vm y

pr oces g aGeMainC DifiSreMR sk Rales YRaih drk 63 M thahi IerE SFRREMHIE dalde t han
any known prior system In order to enhance the cleaning capabilities of

t he cydibew su¢h vxatensbaeds arhigkerartideciick at sleaping kagprsiemvm coats and shogldeheni cal
that is lected fr tcal s i ' 2- et hyl hexyl

acet at 8?&2‘%&“’303’?‘3%&%’ﬁ‘;a%%@9%“2@3?9?%%@%%@%%@F“\?ﬁ‘lﬂﬁg}‘c"g& ate, glycol ether EB
acetate, 2-ethyl hexyl alcohol, cycl ohexanol and hexanol. In a preferred

enbodi nent, the nmethod conmprjses the steps of .| oadi articles jnto a

C1 oani AgobEs s PRy G R TLg B e TR s e e T Gotetsc BB vant i n
whi ch 4h& BRCIsQS/cBl Bgiclivy SRGnt d’nﬂﬂ?ﬂb BHeMs Uy&f uskd By FRhyBAtrersceOt ri f ugi ng
the articles; and renoving the articles fron1t%e basket after cooling the
arti cl degitive withig RRR&r9f og0dy 5lepmaerplpante N CEmasHize fRapionedefapsied dry

afore i r -i [ addi ti onal
objec?EQ%%§“2§$gﬂ¥Eﬁgggfﬁégéﬁ?égﬁﬁﬁﬁgﬁggWéggggﬁﬂﬁﬁ"ﬁﬁ %%@%%Sgéhereinafter
as a resauictatdd. Wheletradride isdérmued qudihana ddgitavepiye filer arocle eufifasiamight otbien t aken
in conjuynction with the, foll ow drawing in which: Figure 1 is a block
diagraﬁpﬁCSFH@C§F@8§36?kPﬁ¥Kﬁf8§g§8"gﬁﬂﬁﬁ §%ne enbodt nent of the present

t nvenUon 10 January 2003 6 DI SCLOSURE OF THE | NVENTI ON The present

i nvention includes a nmethod and apparatus for_ dry cleaning fabrics using a

si | i cof@opsspigblent apwsialafyitrhhdey dragingiof sbries Fithsrdgrasiion by ater-gduldegr ees
Cel si Ug);i1 ARG HaPbhdef 1658ErRd Ba dnliRic (0P ARICHYSE cRIthihk NG 3L 590 SLb ik age)
together with superior solvency for fatty acids, grease and oils in a dry
cl eani sgmpemelsr fabric or article of clothing being cleaned. Volatile silicone solvents alone, are
extremely effective in dissolving fats, oils and other organic soils from garments and keeping
them in suspension, but cannot hold water-soluble soils in suspension without the aid of a proper

detergent.

The same problems exist for PERC and the hydrocarbon based solvents. Special detergents have
been developed to solve the problems of suspension of water-soluble soils in these organic
solvents and of the redeposition of these soils from them. Detergents developed for use with

PERC are not compatible with volatile silicone solvents.

The only use of a cyclic siloxane composition for cleaning purposes is disclosed in U.S. Patent
No. 4,685,930 to Kasprzak. However, the disclosure therein is for spot cleaning applications
only. There is no disclosure of immersing articles into the cyclic siloxane nor is there any
suggestion of using the cyclic siloxane in a dry cleaning machine. Moreover, there is no
suggestion of subjecting such articles to immersion in cyclic siloxane agitating, spinning, partial
vacuum and heating 1n a continuous process to dry clean articles 1n a bulk process for removing

fats, oils, grease and other soils from a large number of textile articles.



The present nmethod of dry cleaning enploys a fluid class of cyclic

sil oxanes commonly used for cosnetics and topical pharmaceuticals. These

- cyclic siloxanes are nore particularly known as

oct amet hyl - cycl ot etrasi | oxane (tetraner), decamethyl cycl olfefansery éddhe
(pentaner) and dodecanet hyl -cycl o- hexasi | oxane (hexaner). The sol vent of
the present invention is thus environmestal Iy friendly, does not deposit
and or build t Ri pg., i S..uni fIa ility
char act or sti B8 ITAF LR Qttos? s HBRR 0L img IR A DAL IGN LTS o e
separ at edinyyersing| the rtidessd ajﬂgtdeemt@emsuaueychméow qomosmbveagltatlsg del f
extingui shie@s Bgd Y@x%\nﬁé"ﬁ th%ttp%rahlaa%st@%ett repoint. Further, the

sol vent can be heated (over 38 degrees Cel Sius) w thout causing harmto
fabrics which further inproves and speeds up the cleaning process. Finally,

the sol vent may have a surfacg@/MIMERYOFIISE INVENBIONNES/ square centinetre
to better penetrate fabric fibr renoye debris to nmake i . easier to
renove the so&? ttimgrt%ﬂt‘? e qﬁﬁ%mv%téoq %%Hf P{?H“j(‘]’fisadfl%‘E%@; {Wé/ PPmécat i on
of vol ati dricles gamnprising theareesofas alternative solvents to the conmon
petrol eum bas n ogar ban
Organosi | i conzrgmgjrs fél%%%dl %1181‘85(? HQG ﬁ?%“’gﬁﬁ ahﬁg%%%m%%?g"éahcq é%? ﬁ%sltc
The ul ti ngitoxang egrapasyionawaeicsl san%cxréxndllemnlelcememdomﬁtrde) isgnodifibdwith a
I nor gani Ceidnlit A4 ah&Sis é’é‘ﬂi‘c@d@l TR 1Py rgMOQfChEllﬁﬁ:a%aﬁlkﬂldﬁlgﬁ ‘éﬁéfihcflx_gf?a?etate

organ05|llcones were first synthesised

first prephiedibasicestarnalycsl edsedipropyiens m‘?ﬁh}’lcﬁﬁﬁ%@ glysphkethey qtlh)d%@tbur%lny

ot her deracéaitd \zeahmé;eylawahaesymxaﬁdl aﬂ@ﬁeﬂ%ﬁbl until the 1940's that
wi despread inter anosi.|i cqne chem str ]}6 ener ged. 10 January 2003

Silicais a r# tﬁﬁ‘%%ﬁ'?f 'gtcgeétl?%gﬂ' S ALOX S FOMPOSIERE: f or ms pol ar coval ern

bonds with carchonmgndidtyddic stbemendampositiohUtim gaidhetidled by eamjifugal iagan and

oxygen. T, silicone depend on the relative

el ect rone%lgt@{/{lﬁngatt?g%ﬁddbgﬁtas% %ﬂl%%s \%]E'dch silicones will be covalent(y

bound. The polm@tananeﬂlq}pmner@bm pbsdiddirenfating ajshetweaeth toy? 7fdsgmes Belsius

pol ysi | ox@nfg: tha_%%ﬁfa?bfﬁaicpcﬁﬂg silb%@"corﬂ%é{{?&{ ﬁoﬁds% %@%C' all'y known as
ar and i nsolu

silicone Iluids. Silicone. f sarenonrqo le in water or
the | ower al cwresentﬂeﬁn%%cmfpﬂeéﬁepyel ry. ¢leppiag syster gnd aethad, phwhick and

aromat i ¢ spetiviessdesigheli ol mlﬂdaantba.tmyeﬁatseduﬁainmt@n withla PEGSIO %lyent
partially mscible vm‘ﬁhthe E dlatel etro fractions suc

napht hen @OV 15 5lie SHPXANEE dé'f’ Tedp et ec PPRNEPIPRFETBE L }t,gry t ube
oi | s, waxectitatng remitdm, enmgetrmbtaﬁydnbmdlarpdommmlwmﬂ &% mordeffest@e,int he
volati!l e Gughis fé‘\b'rthkcaﬂﬁet EiHc0hat LY @I pﬂgr BERATR )oFftt% Jche

sol ubl e |n rocar ons. "In fac |ng and
cross st al ‘?ﬁ“l‘ﬂﬁ ‘E}"P@H‘f@%?@lhp €yeliq Bloxarssbaged seleniprish saivpntds m@de\dlth Ar ough

the act uadhemfshiGhito® sbtecieaaﬁémcme Qrod 181 Thédicl Cihtladik! Péﬁ@ﬁéxﬁsa&fa@é y
cl eani ng sol ve i cants

in a conventi y cleanjn par.at us
further % Sr’lcg‘it’ﬂf‘&‘destt?fét g]tyﬁ!%jl bgg’l afgatsr SBF&N%‘R%FSEQC‘?C&E% 2\1\}?‘{1}‘1“?‘?
convent i omedhowymenmnmem hexaﬁcuatd ¥ prefdrisdnaiid dithiént the smﬁdd%m;ﬂls@s the

significant e t.o the . dr e 0 or hi

measur ed BYPSt %Pﬂ)ﬁ?"lgl %?} %f’ iPiRa2 e }a/ﬂgol’ 5?8 rﬁ%kt '8%&2% ’é“cgt?ﬁdanalrﬁl C‘Fyé’ of

cl ot hi ng, siloggrer sdless iof whmhoth): afdcles h'mfs mmrersedseermd\emgtlmtg;t pifotlecolvent;y. As
an optio I tion
it an’ estEr g fr dEAE U ERIER BEGLE Rl e e R
provi de t#éclpasis for superior sol vency and cleaning ability. In testlng
the degreasing ability of the volatile cyclic silicone/EHA m xtures it was
found that they performed better than the petrol eumbased aliphatic

sol vents and conparable to the level of PERC. PERC is a very good and
aggressive solvent as a degreaser, however, it can be an overkill for the
purpose of normal dry cleaning. The principle purpose of dry cleaning is to
pull out the soil and snelly fatty acids which accunul ate ma gacTnent or
pi ece of clothing during wear. An ideal dry cleaning solvent should not
have the strength to pull dyes) nelt plastics and alter the color or
texture of the material to be cl eaned 10 January 2003 8 The vol atile
cyclic silicones in conjunction with certain organic esters, ether and

al cohol s possess many uni que physical and chemical qualities which
conventional solvents cannot match. The preferred m xture of

decanet hyl pent acycl osi | oxane and 2Et hyl Hexyl Acetate are uni que for many
reasons and are truly selective degreasing agents which are chemcally
inert to the dyed fibre of a fabric no matter if it is synthetic or
naturaI ThIS nmeans that the dye |s not attacked or puIIed frontthe flbre

T o

cally.



Therefore, the preferred m xture shall be |less than 40% EHA and nore than
50% pentaner. This range will allow for the devel opnent of sol vent

* conpositions which are suitable for nost dry cleaning operations. Although
the EHA ester is the preferred material, there are numerdlfsJamaey 28035 from
the ester, ether and al cohol famlies,5which may exhibit simlar
capabilities as nentioned earlier. The following is a list of chemcals

whi ch can be used as a re E?%ﬁgﬁpf [ ferred m xture: Esters
Di basic Esters dycol Et h?r rodﬂhggg%r%}fx SeAcet ate. The DPMin

G ycol Ether D Propylene Methyl (DPM Acetate nmeans Di Propyl ene Met hyl for
the chem cal dipropyl ene gl ycal nethyl. ether acetate (CAS# 889| 7-22-0) 10
Januar ybe)@fgre@‘C@'Q/‘%ladﬁ?ﬂgge%E? Ky PEsE I'"Y%B?“’ﬂééiegtﬂ%?ddg‘ﬁ’é‘a 15 480y col ~ Et her
Et hyl BupWanfaE®thAest atie beRaRSfully a6 Bbrdihadc@ s § heulchRdctdled 8ERMb G

gl ycol nmono butyl ether acetate (CAS # 112-07-2). Al cohols 2-Ethyl hexyl

Al cohol oypietsres ambpdimephben Ekinap sompyction vethibe foitpring djawing Bt Weeh:DPTB

G ycol Ether DPNP Although the above represent only a few of the likely
additives to the volati |le organo cyclic siloxanes, it is the scope of this
i nvent i Biguted is abllasializgras of tHotsteps of thd processshowing oa¢ gobdsemersbéthephaatntcert ai n
additives such as petrol eum based derivatives i.e. mneral spirits,

hal ogen® &Y' By dr ocar bons may be added to the above formulae to attain
certain cleaning and/ or degreasing results which nmay not be achi evabl e
solely by the above conposition. The followng lists various materials
conpositions relative to the above: Conposition-1: Tetraner-75% by wei ght
EHA- 25% by wei ght 10 January 2003 10 Conposition - ~~ EHA - SO% by

wei ght Pentanmer - 50% by wci ght Conposition - 3: EHA - 30% by wei ght
Pentanmer - 70% by wei ght Conposition - 4~ Tetranmer - 15% by wei ght



Pentamer - 55% by wei ght EHA - 30% by wei ght Conposition - 5: EHA - 85% by
wei ght Pentaner - 15% by wei ght Al though the above conpositions are mainly
- based on the volatile organo cyclic siloxanes and EHA, it is within the
scope of this invention that the follow ng ranges of conpisdanuary 290& ur es
are contenplated: EHA - 1 %to 99% by wei ght Pentanmer - 1 %to 99% by

wei ght Tetramer - 1 %to 99% by wei ght &€onbi nati ons of the aforenentioned
solvents or by thensel ves may be nodified and enhanced i n one enbodi nent of

the dry cleaning nmethod ofDISGLGSEREOF TIEINVERNTION nodification is in
the formof adding soil suspending additives to prevent re-deposition of
dirt during thee RESENtaRyentjonsiachyles @ mefhed ppd ppparpts R dey ckhanwgsiebii¢hs, and

di si nf ect adih a klicohdBasdil SHINERGIAIONhAS a BAGHBEIfRSRPEInPIVRE 60 @é%@eso(f?%]sigs)t hat
e. note a

m cr oor gani which are. present in_all clothing. It shou]d

the addi tmﬂi%% AHRlff edorlyg %ﬁ%ﬁaﬁtmafshgﬂka%ﬁ%ﬁ CIs¥Itht TBAYr as a
separ at e efediicy forlfdity acidgigyeadaiid dils if asdiy cRAhiag pedcessgent , conpatible with

t he sil oxane ﬁ)l vent hereof,) | dilscl.osed P]erei N, a dlfor a ar.} of the
nvention.  ThanrErYeemodnph Aoe slanng maliuy Ai Mo as PR eelnrlondbss i on
havi ng a tongnbylyhystd dphobsrgetics redrtopicalcpltinnacantigamn ot sisk i ayohe shacinbone wi t h
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solvent may have a surface tension less than 18 dynes/square centimetre to better
penetrate fabric fibres to remove debris to make it easier to remove the solvent from the
fabric.

The invention discloses the application of volatile organo silicones as alternative
solvents to the common petroleum based aliphatic compounds and the halogenated
hydrocarbons.  Organosilicones are not found in nature and must be prepared
synthetically. The ultimate starting material is sand (silicone dioxide) or other inorganic
silicates, which make up 75% of the earth’s crust. The organosilicones were first
synthesised in 1863 by Friedel and Crafts, who first prepared tetraethyl silane. In the
following years, although many other derivatives were synthesised, it was not until the

1940’s that widespread interest in organosilicone chemistry emerged.



S. Wiere the hydrophilic fingers result fromsubstitutions of the

hydr ophobi ¢ backbone through reactions with ethylene oxide gnglor, cmﬁ%/déane
- oxide to create polyethers. Exanples of such material conpositions that use
organo-silicate backbones are: Cyclic Organo-silicone products devel oped
by, and currently available from Gengral Electric Silicones Division,
Wat er bury) NY and known by their designated product nanes as: SF-1288
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440 (408bipparieilyhiscitdé weh ithel inteanasixatel getpx}ﬁum frqiqnngsemy\ as naphthenes. Silicone
fluids are insoluble in the higher hydrocarbons, lube oils, waxes, fatty acids, vegetable oils and
animal oils... however, the volatile cyclic silicone fluids (tetramer and pentamer) are somewhat

soluble in the higher hydrocarbons.

In fact, the lack of dye-pulling and cross staining by the cychc siloxanes was unexpectedly
discovered through the actual reduction to practice of the said cyclic siloxanes as a dry cleaning
solvent in a conventional dry cleaning apparatus. The applicants further experienced that the dye
pulling problems associated with the conventional solvents were virtually eliminate which
resulted in a significant economic gain to the dry cleaning operator. This gain was measured by
the ability of the operator to mix garments and articles of clothing, regardless of color, and thus

increase cleaning productivity.

As an option, volatile organo silicones (cyclics) may be used in conjunction with an ester
additive, more particularly, 2-ethylhexyl acetate (EHA) , provide the basis for superior solvency

and cleaning ability.

In testing the degreasing ability of the volatile cyclic silicone/EHA mixtures it was found that
they performed better than the petroleum-based aliphatic solvents and comparable to the level of
PERC. PERC is a very good and aggressive solvent as a degreaser, however, it can be an over-
kill for the purpose of normal dry cleaning. The principle purpose of dry cleaning is to pull out
the soil and smelly fatty acids which accumulate 1n a garment or piece of clothing during wear.
An ideal dry cleaning solvent should not have the strength to pull dyes, melt plastics and alter the

color or texture of the material to be cleaned



Surfynol 465 ( 65% by wei ght, of ethylene oxide polar fingers) The
preferred detergent is an 80:20 conbination of GE SF-1528 and Surfynol 440.
- The above categorizes the basis of the preferred detergent for use with

vol atile silicone solvents. The principal intent of this 18iJapnanigld3is to
address the fact that volatile silicone solvents should have added

conpati ble detergents in order to fulfifl the required dry cl eaning
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which can be used as a replacement for EHA in the preferred mixture:

Esters

Dibasic Esters

Glycol Ether DiPropylene Methyl (DPM) Acetate. The DPM in Glycol Ether
DiPropylenc Methyl (DPM) Acetate means DiPropylene Methyl for the chemical
dipropylene glycol methyl ether acetate (CAS# 88917-22-0)



10 January 2003 14 basket. In the alternative, any type of cartridge,

di scs, flex-tubular, rigid-tubular either individually or in conbination.

- As yet another option, the filtration systemfurther conp**gss ei r an
addi ti ve such as carbon or diatonaceous earth. At step 3 nug avi ng

been cl eaned, the m xture is punped fromthe basket to the working tank or

still and then the articles are centrifiuged to renove as nmuch m xture as

possi bl e and Ayl t I 0§ ! r i Stipat i on.

The centrif ugﬁeﬁg%%hc%&?“V%%‘v&%%%*{%”?’%ﬁﬁﬁpe%ﬁé%‘p%a%‘.‘)%gﬁ%%ﬁ?lh@ﬂ
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bet ween 4504 9175Q7r9m This operation | eaves no nore than 2-5% or

typically 3% solvent residue in the itens being cl eaned. The hi gher the

rpom the faster the solvent is renoved by the centrifugal force of the

spi nni ng baskglcohdibe very | ow surface tension of the solvent maxim ses the

efficiency of | vent 1 val via this centrifugal process. At steps 4 and

5 the gar nent%igl?yelﬁ‘fwmqgg‘o n the basket and heated to a tenperature

bet ween 43 t oCyclobe@nekes Cel sius. The tenperature is neasured as the

vapour - | aden ﬁLL“&%its t he cl eani ng basket at the pre-condensation point.

The heating i's acconplished by passing pressurised steamthrough a coi

that heats up the air inside the basket through the use of a circulating

fan. Wile thﬁ%e&s happeni ng, a partial vacuum can optionally be created

i nside the machine at negative pressure between 6.67 kPa and 80 kPa (where

at nospheri ¢ prlselEther #1113 kPa), thereby reduci ng the vapour points of

sai d conposi tGRRRoPRaRr DPAB recovery time can be shortened. During this

heating cycle,, th ol m xture i s vaporised and carried by circulating

air to a refrflsp @ﬁrX’ nsing coil that condenses the vapours to a

liquid that is collected out of the main air stream The air stream nmay

t hen be heate ain,in,a closed D- t ysi n.ti:ne, . twpically 10 to
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Cel si us, pHeradsanity hajpganated hudrpearhensmay be addsd tadhe abavedormgnigs to IHigig | s
acconpl i sdeedindyledlihgiandlot eglchendeaultanthici iyl ek aihbleh@ldigalyediecoi |
w t hout steam flow.ng through the coils. The cleaning process is conpleted
when t he GLYFENPROSE" r emoved from the machine at the cool ed down

t enper at ur e tThe fetlowmgdscovatiany materinls|composiRemnelange tdegboveent s at a hi gh
tenperature woul d cause winkling. At step 7 the contam nated sil oxane

solvent is reprocessed and purified through vacuumdistillation by way of
the liquid rié&ﬂummmugﬂbthod or the venturi nmethod with additional fan

assi st. This?&ﬁaﬂ&ﬁ?ﬁ%#%&béghpy punping the solvent with inpurities into a
vacuum still whose chanber I's evacuated to assist the drying process. Heat

i s gener at ed EHA0Q2Yabyare)g#003 15 t hr ough steam energi sed coils in contact
with the chanber in the range of 110 to 149 degrees Celsius. The cyclic

si | oxanes have boiling points over 66 degrees Celsius. For exanple, the
tetramer has a boiling point over 79 degrees Celsius and the pentaner has a
boi ling point over 98 degrees Celsius. To distil these siloxanes at their
normal boiling point w thout vacuum tenperatures can assi st the cause of
chem cal destruction, i.e., the ring structure is broken down to a |inear
structure over 66 degrees Celsius and results in the formation of

for mal dehyde. In one enbodi nent of the present invention, it is
econoni cal | y advant ageous that provisions be nade to purify and recover the
contam nated cyclic siloxane which will keep their cyclic ring structure
intact, bringing the reprocessed solvent. Vacuumdistilling the

contam nated cyclic siloxane solvent (s) elimnates the |ow boiling point
contam nants, including residual water, as well as high boiling point
contam nants. It has been discovered that the cyclic siloxanes, nanely, the
tetramer and pentaner will azetrope at a | ow tenperature such as 98 degrees
Celsius, resulting in pure water and pure solvent with the solvent's
cont am nat ed sol ubl es renai ni ng behind as a residue. 10 January 2003 16




CLAIMS: 1. A method of dry cleaning articles conprising the acts of
imrersing said articles to be dry cleaned in a dry cleaning fluid including
- a cyclic siloxane conposition, wherein said cyclic siloxane conposition
further is nodified with a chenical that is selected frorfGJanugro2¢03of
chem cal s including 2-ethyl hexyl acetate, esters, dibasic esters, glycol
et her di propyl ene nethyl acetate, gly&ol ether ethylene butyl acetate,
2- et hyl hexyl al cohol, cycl ohexanol and hexanol; agitating said articles in
sai d cgembésigbl oOxane conposition; renoving said cyclic siloxane conposition
fromsaid articles by centrifugal action and by circulating air about said
articlggf“aﬂﬁﬁhﬁﬂﬁﬁﬁrning the tenperature of said circulating air between
43 to gdslRarees, (Ehvekhs during the renmoval of said cyclic siloxane
conposition fromsaid articles. 2. The nethod of claim 1, wherein said
cyclic siloxane conposition conprises a cyclic siloxane conposition
selectégnggﬁgth§ group including pentaner, tetranmer, and hexaner cyclic
si | oxa M i met hod of claim2, Werein said cyclic siloxane
conposEHAoB0¢Obpweges a detergent. 4. The method of claiml, wherein said
articles are g@ptained in a cleaning basket that includes a plurality of
hol es FEVAMY ~dP4Ht %78/ bet ween 0.3175 and 1.27 cm 5. The nethod of claim
1, wherein said articles in said cyclic siloxane conpositions are agitated
for a tine between 1 mnute and 15 mnutes. 6. The nethod of claim]l,
f urt heCompesirdnsi4ig the step of filtering said cyclic siloxane conposition
for r I Ng | it that have entered said cyclic siloxane conposition
when §§$§ng?tﬂ%ﬁ§§\%%§ﬁagitated. 7. The nethod of claim6, wherein said
filterPempme -Cavabyedeighit by a filtration systemtaking the formof at |east
one of o idge,,a disc, a flexible tube, and a rigid tube. 8 The
nethodEgﬁ”g*%{hxg?@Qherein said filtration system further conprises an
additive selected fromthe group of nedia including absorbing carbon and
di at omaceous earth. 9. The nethod of claim11, further conmprising the act of
vacuuntemBesitian n¥ sai d cyclic siloxane conposition for purification from
non- v il@o I, g 10. The nmethod of claim9, wherein said vacuum
disti?#gkig§/§§§gg?ﬁ%d out by at |east one of the liquid ring punp nethod
and t hRenvamdrurlid%ntetweoghtor with fan assist. 11. The nethod of claim1,
wherein said centrifugal action includes spinning said articles at a rate
greater than 350 RPM

Although the above compositions are mainly based on the volatile organo cyclic siloxanes and

EHA, it is within the scope of this invention that the following ranges of composition mixtures
are conterﬁp!ated:

EHA - 1% to 99% by weight

Pentamer - 1% to 99% by weight

Tetramer - 1% to 99% by weight

Combinations of the aforementioned solvents or by themselves may be modified and enhanced in
one embodiment of the dry cleaning method of the present invention. The modification is in the
form of adding soil suspending additives to prevent re-deposition of dirt during the wash and
rinse cycle, detergents for water-base stains, and disinfectants for the disinfection of bacteria and
other forms of microorganisms which are present in all clothing. It should be noted that the

additive may be included as a component of the solvent solution or as a separate agent



10 January 2003 17 12. The nethod of claim 11, wherein said centrifugal
action has a duration between one and seven mnutes. 13. The nethod of

- claim1l, wherein said articles after being centrifuged are heated, b
circulating air {measured at the vapour |aden point) bet vﬂé’e*?“&'sﬂt%ooé?
degrees Celsius for the renoval of salbl cyclic siloxane corrp05|t| on from
said articles. 14. The nethod claim V\Qerei n hhe dry chanber is
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wherei R said articl es may be conprised of synthetic or natural artléles or
conbl nh[ghmdt@pbmflmear,qg cxalic orgg%sm(mnc hagkhone vagh hydrophilic polar side-chain
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backbone. The backbone may be a pure organic molecule or a mixed organo-silicone molecule
2. 1-300 moles of polar fingers per molecule.

3. 20% to 90% by weight of polar fingers.

4. Hydrophile: Lipophile Balance (HLB) of 4 to 18.

S. Where the hydrophilic fingers result from substitutions of the hydrophobic backbone

through reactions with ethylene oxide and/or propylene oxide to create polyethers.
Examples of such material compositions that use organo-silicate backbones are:

1. Cyclic Organo-silicone products developed by, and currently available from, General

Electric Silicones Division, Waterbury, NY and known by their designated product names as:
SF-1288 (Cyclic Organo-silicone backbone; 66% by weight of ethylene oxide polar fingers)

SF-1528 (Cyclic Organo-silicone backbone; 24% by weight of ethylene oxide and propylene

oxide polar fingers; dissolved (10% in 90%) in pentamer).
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SF-1328 (Organo-silicone backbone, 24% by-weight of ethylene oxide and propylene oxide

polar fingers; dissolved (10% 1n 90%) in a tetramer and pentamer mixture).

SF-1488 (Organo-silicone backbone; 49% by weight of theylene oxide polar fingers)

2. Organo-silicone products developed by and currently available from Dow Coming Corp.,
Midiand MI, and known by their designated product names as-

3225C (Organo-Silicone backbone; ethylene oxide and propylene oxide polar fingers, dissolved

in chyclomethicone).

3. A series of linear organic polyethers with ethylene oxide polar fingers developed by Air

Products and Chemucals, Inc , Allentown PA and known by their designated product names as-
Surfynol 420 (20% by weight, of ethylene oxide polar fingers).

Surfynol 440 (40% by weight, of ethylene oxide polar fingers)

Surfynol 465 ( 65% by weight, of ethylene oxide polar fingers)

The preferred detergent is an 80:20 combination of GE SF-1528 and Surfynol 440.

The above categorizes the basis of the preferred detergent for use with volatile silicone solvents.
The principal intent of this disclosure is to address the fact that volatile silicone solvents should
have added compatible detergents in order to fulfill the required dry cleaning parameters required
by the industry.

Preferred detergent compositions are as follows:

1. SF-1328 (50%-90%, by weight), and Surfynol 420 (50%-10%, by weight)

2. SF-1328 (70%-95%, by weight), and Surfynol 440 (30%-5%. by weight)
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5. SF-1528 (70%-95%, by weight), and Surfynol 440 (30%-5%, by weight)

6.  SF-1528 (60%-95%, by weight) and SF-1488 (40%-5%, by weight)

7. SF-1528 (50%-85%, by weight), Surfynol 440 (49%-5%, by weight) and
SF-1288 (1%-10% by weight)

8. SF-1528 (50%-70%, by weight), Surfynol 440 (49%-5%, by weight), and
SF-1488 (1%-25%, by weight).

It should be noted that the above formulations and materials are merely examples of
material composition that will achieve the desired objective, in this case a detergent. Any
organic, and/or organo-silicone-based detergent such as the numerous aforementioned
organic and/or inorganic organo-silicone compounds may be used to achieve the desired
result along with any other related detergent which is compatible with the volatile silicone
dry cleaning solvents as long as it removes water-soluble soils from fabrics and prevents
their redeposition during the following dry cleaning process.

The following steps more specifically describe the dry cleaning method of the
preferred embodiment.

At step 1 garments or other items to be dry cleaned are placed in a vertical
combination washer dryer with a horizontally rotating agitating cleaning basket (known to
those skilled in the art). The barrel of the basket will have numerous holes or perforations,
preferably each hole will be 0.3175 to 1.27 centimetres in diameter. One of the main
reasons for these hole sizes, is to take advantage of the low surface tension of this cyclic
siloxane to allow the immediate removal of the same during centrifugation.

At step 2 the wash cycle is initiated with the solvent consisting of a combination of
the tetramer and pentamer cyclic siloxane. The preferred combination is 80% tetramer
and 20% pentamer by weight. In the alternative, the cyclic siloxane solvent may include
any of the aforementioned combinations. The additives which modify the above mixture
may be added separately just before the washing cycle and need not be part of the solvent
composition. The use of these additives, namely detergents and suspending agents,
allows the solvent to perform a total garment cleaning process. The solvent and detergent
(if used) is pumped from a holding tank into the cleaning basket. The items being cleaned
are agitated, such that the mechanical rubbing of the clothes and the penetrating solvent
dissolves and loosens dirt, debris and body fats from the fabric fibres, said agitation
lasting from 1 to 15 minutes. During the cleaning cycle, the solvent and the detergent
mixture (if used) is pumped out of the basket through a “button trap” and then across a
filter. The filter system helps to remove the particulate and impurities from the mixture.
At times a choice of a “batch” solvent flow may be used wherein the mixture may not be

exposed to the filter system, but be pumped from the button trap directly back to the
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At step 3 the items having been cleaned, the mixture is pumped from the basket to
the working tank or still and then the articles are centrifuged to remove as much mixture
as possible and pump or gravity feed the remaining mixture to its destination. The
centrifuging process lasts from 1 to 7 minutes depending on the articles and greater than
350 Revolutions Per Minute (RPM); preferably between 450 to 750 rpm. This operation
leaves no more than 2-5%, or typically 3%, solvent residue in the items being cleaned.
The higher the rpm, the faster the solvent is removed by the centrifugal force of the
spinning basket. The very low surface tension of the solvent maximises the efficiency of
solvent removal via this centrifugal process.

At steps 4 and 5 the garments are tumbled in the basket and heated to a temperature
between 43 to 77 degrees Celsius. The temperature is measured as the vapour-laden air
exits the cleaning basket at the pre-condensation point. The heating is accomplished by
passing pressurised steam through a coil that heats up the air inside the basket through the
use of a circulating fan. While this is happening, a partial vacuum can optionally be
created inside the machine at negative pressure between 6.67 kPa and 80 kPa (where
atmospheric pressure is 101.3 kPa), thereby reducing the vapour points of said
composition such that recovery time can be shortened. During this heating cycle, the
solvent mixture is vaporised and carried by circulating air to a refrigerated condensing
coil that condenses the vapours to a liquid that is collected out of the main air stream.
The air stream may then be heated again in a closed loop-type system. In time, typically
10 to 55 minutes, the solvent mixture is removed from the articles and recovered for
reuse.

At step 6 the heating cycle is stopped and the cooling cycle begins. The cooling
cycle may take between 1 to 10 minutes. The temperature is reduced from a range of 43
to 77 degrees Celsius to below 38 degrees Celsius, preferably in a range between 21 to 38
degrees Celsius. This is accomplished by eliminating the heat and circulated about the
heated coil without steam flowing through the coils. The cleaning process is completed
when the garments are removed from the machine at the cooled down temperature to
reduce secondary wrinkling. Removing the garments at a high temperature would cause
wrinkling.

At step 7 the contaminated siloxane solvent is reprocessed and purified through
vacuum distillation by way of the liquid ring pump method or the venturi method with
additional fan assist. This is accomplished by pumping the solvent with impurities into a

vacuum still whose chamber is evacuated to assist the drying process. Heat is generated
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vacuum temperatures can assist the cause of chemical destruction, i.e., the ring structure
is broken down to a linear structure over 66 degrees Celsius and results in the formation
of formaldehyde. In one embodiment of the present invention, it is economically
advantageous that provisions be made to purify and recover the contaminated cyclic
siloxane which will keep their cyclic ring structure intact, bringing the reprocessed
solvent. Vacuum distilling the contaminated cyclic siloxane solvent (s) eliminates the
low boiling point contaminants, including residual water, as well as high boiling point
contaminants.

It has been discovered that the cyclic siloxanes, namely, the tetramer and pentamer
will azetrope at a low temperature such as 98 degrees Celsius, resulting in pure water and

pure solvent with the solvent’s contaminated solubles remaining behind as a residue.
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sﬂoxane composition, wherein said cychc sﬂoxane composmon rther 1s modlﬁed with a
chemical that is selected from the group of chemicals including 2-ethylhexyl acetate,
esters, dibasic esters, glycol ether dipropylene methyl acetate, glycol ether ethylene butyl
acetate, 2-ethylhexyl alcohol, cyclohexanol and hexanol;

agitating said articles in said cyclic siloxane composition;

removing said cyclic siloxane composition from said articles by centrifugal action
and by circulating air about said articles; and

maintaining the temperature of said circulating air between 43 to 77 degrees Celsius
during the removal of said cyclic siloxane composition from said articles.

2. The method of claim 1, wherein said cyclic siloxane composition comprises a
cyclic siloxane composition selected from the group including pentamer, tetramer, and
hexamer cyclic siloxanes.

3.  The method of claim 2, wherein said cyclic siloxane composition comprises a
detergent.

4. The method of claim 1, wherein said articles are contained in a cleaning
basket that includes a plurality of holes having diameters between 0.3175 and 1.27 cm.

5. The method of claim 1, wherein said articles in said cyclic siloxane
corﬁpositions are agitated for a time between 1 minute and 15 minutes.

6. The method of claim 1, further comprising the step of filtering said cyclic
siloxane composition for removing impurities that have entered said cyclic siloxane
composition when said articles are agitated.

7. The method of claim 6, wherein said filtering is carried out by a filtration
system taking the form of at least one of a cartridge, a disc, a flexible tube, and a rigid
tube.

8.  The method of claim 7, wherein said filtration system further comprises an
additive selected from the group of media including absorbing carbon and diatomaceous
earth.

9.  The method of claim 1, further comprising the act of vacuum distilling said
cyclic siloxane composition for purification from non-volatile residue.

10. The method of claim 9, wherein said vacuum distillation is carried out by at
least one of the liquid ring pump method and the venturi method or with fan assist.

11.  The method of claim 1, wherein said centrifugal action includes spinning said
articles at a rate greater than 350 RPM.
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Celsius for the removal of said cyclic siloxane composition from said articles.

degrees

14. The method claim 13, wherein the drying chamber is subjected to a partial
vacuum between 6.67 kPa and 80 kPa which reduces vapour pressure and reduces recover
time.

15.  The method of claim 1, wherein said articles may be comprised of synthetic

or natural articles or combinations thereof.



