WO 01106051 PCT/ USOQ 19206 SYSTEM AND METHOD FOR EXTRACTI NG WATER I N A DRY
CLEANI NG PROCESS | NVOLVI NG A S| LI CONE- BASED SOLVENT AND METHODS ENHANCI NG
THE PROCESS OF CLEANING 5 FI ELD OF THE INVENTION This invention is in the
general fi &QOFOSYry cl eaning of clothing, textiles, fabPCTOSHE2he | ke,
and is nore particularly directed to a nethod and apparatus for extracting
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while using silicone bgiﬂﬂ“@@i FRNING | NVENTION 15 Dry
cleaning is a mgjor ustry twogmhout the world. In the United States

al one, there are nore than forty thousand dry cleaners (nany of these have
nmul td pl e locations). The dry cleaning industry is an essential industry in
t he present econony. Many articles of clothing (and other itens) nust be
dry cleaned in order to renai FIELDROF THE INWBNTZIONf body fats and oils, and

presentabl e by preventing shrinking and di scoloring. 20 The nost wi dely
used dry cleaning solvent until now has been perchl oroet hyl ene (PERC)

There are, nunerous, di sadvant es t PERC i ncl udi ng i nher ent C|ty and
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damage to the fabrics during the dry cleanl ng process,, Prior art dry

cl é&ni ngs¢} vmbayymnitmdm adspegific vsight eharasteristics) neadditionpiquechangssiq at e
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excel | enwhdtmmi@omﬂmwl\th t he di sadvantage of being a 30 major health
e very destructive i o BGKGROUATORRIE INDERIION, [ 0T 0 e areas
PERC is prohibited due to these disadvantages. Additi onal ly, in the past,
othgr sopyvey ta%msg‘{s?i‘m%%r S AR AR W] Sk fibd States alone, there are more

than forty thousand dry cleaners (many of these have multiple locations). The dry cleaning

industry is an essential industry in the present economy. Many articles of clothing (and other

items) must be dry cleaned in order to remain clean by removal of body fats and oils, and

presentable by preventing shrinking and discoloring.

20 .
The most widely used dry cleaning solvent until now has been perchioroethylene (PERC). There
are numerous disadvantages to PERC including inherent toxicity and odor.

Another problem in this field is that different fabrics require different handling in the presently
25 used systems in order to prevent damage to the fabrics during the dry cleaning process.

Prior art dry cleanihg processes include the ﬁse of various solvents with appropriate machinery to
accomplish the cleaning. As mentioned eatlier, the solvent most widely used has been PERC.
PERC has the advantage of being an excellent cleaning solvent, but the disadvantage of being a
30 major health and environmental hazard, i.e., it has been linked to forms of cancer and it is very
destructive to ground water and aquatic life. In some areas PERC is prohibited due to these
‘disadvantages. Additionally, in the past, other solvents such as petroleum-based solvents or
hydrocarbons have been tried and used. These various solvents are less aggressive than PERC,
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hydr ocar bons have been tried and used. These various solvents are |ess
aggressive than PERC, | SUBSTI TUTE SHEET (RULE 26) W01106051

PCT/ US0O0/ 19206 but are still classified as volatile organi c conpounds
(VOC s). AWGHQ@MsIsuch conpounds are regul ated and per mRQTI&S0HINOSt ai r
districts. The dry cleaning industry has | ong depended on petrol eum based

sol vent s pathek st 1248 Hidd 4RB1Ak1e oRpahid]cBfmbHide tvOEE). OAs¢ubi) R8ch dopbolidoaeet hyl ene,
for use in the cleani ng of fabrics and articles of <clothng. Since the

1940' s, MaERetedand parmitted by mostairdigrids.synt heti ¢ conpound that is non-

fl-ani i nabl e and has great degreasing and cleaning qualities ideal for the
dry cleaning industry. Beginning in the 1970's, PERC was found to cause
li ver cafi‘b@gryiclwaing indiistry hihlong dgpended ongetaeleninmhasad solvmtsiand thgavedlkpown eani ng

yiceaning ndsy I ‘ eani n
Pt i e e T

?f?t' ecti on Agency
regul ati clothingr Stheakteyl 99@s, PERCosraistd as bting aginthetic compauhdthatti$isan- t ook

effect in 1996 that requjred.all dry .cleaners.to.have "drv.to drv" cycles,
meani ng ﬁwg?q%‘?‘ﬁ?ém gxgﬁqgcqnggfe%qxn%gwlﬁ?%aeaggorﬁﬁﬁy %ﬁ%"ﬁé‘& e dry and
clorre out lBégﬁml iknin g‘h&&el' 19793@};1&%&%&@% chﬁsem'\'rercia&eﬁmsalhm' Maﬂasl mnl recapture
al nost a PERC, |iquid or vapor. The process "cycle" involves placing

fabrics Mi?%@#d&ﬁm}nﬁﬁ‘ﬁﬂ‘@sa%ﬁ%ﬁfﬁﬂﬁ@ a&é(@v@?ﬁéﬁsm%’ machi ne
thap cangbmivehickt lehded intoX8il aRPEHOESH Witer abrics or articles of clothing that
are visible through a circular w ndow. Prior to being placed into the

machi ne, the fabrics or articles of clothing are checked and treated by
| ocal ha ﬁﬁﬂ%ﬁ ' fc]@%}aj bGrel MAhinSindh 9 MW the be
t roubl esggrr‘g,___t eth{g%%‘ﬁfoflstgg%&éﬁﬁgg%g O@E?W; ﬂgft;%fshe manuf act urer has
deened t toek effestrins9P6 thiatwequired all deventéaners ta Have tdry ta drg” cyslesimeaning thatfabrasnanent .
I f the sfai.n.l I ' I : ] as it
sol ubi | i%‘gdsf?%‘!r%é’ggﬁa&%ég%t?@%%mg%lﬁﬁc%%&?ggs n ﬁiore%lségr%%gréﬁ lr?lé’pcertai n
cl dfhes gystems thas beamrbeiptare almdst aNBEREdiquid or vapoyuThe progeshifcweje’himvdlivase) is to

ot di e DR fblerdR aficie? B ooy ot { BRRLS GsoBd Wosp B8 el BERUT Bl Y 1 ©°
whi ch butol 150 ppurids of fabricsok eictes offciotliingthatde tiyibleithrbughtd ciroulamwintgw. Prior
to being placed into the machine, the fabrics or articles of clothing are checked and treated by
local hand spotting for stains. If the fabric is unusual or known to be troublesome, the label is
20 checked to verify that the manufacturer has deemed the item safe for dry cleaning. If not, the
stain may be permanent, If the stain is grease related, water won’t help, but solvent will as it
solubilizes grease. In fact, the principle reason for dry cleaning certain clothes (which should not
be washed in a regular washing machine) is to remove the build up of body oils (known as fatty
acids) because they too oxidize and produce rancid nasty smells.

-

IX

[(

25
The grease and fatty acids which build up in the solvent are removed by filtration and by
distillation of the solvent. In other words, the dirty solvent is boiled and all vapors are condensed
through a condensation coil back to a liquid. The remaining NVR (non volatile residue) is later
removed and disposed of according to regulations. The liquid recovered is comprised of both

30 solvent and water and the liquid is then passed through a separator in order to separate the two
non-miscible liquids. The water may originate from the natural humidity of the ambient air
exposed to the textiles prior to cleaning. Another source of moisture may be materials used
during pre-spotting.
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distillation of the solvent. In other words, the dirty solvent is boiled
and all vapors are condensed through a condensation coil back to a |iquid.
The remai ning NVR (non volatile residue) is later renoved and di sposed of
accor di nyOPY%08, 1 ati ons. The liquid recovered i s conprBGEPFWIPHt h 30
solvent and water and the liquid is then passed through a separator in .

or der Beforseqxtitea nre rehoved fom the mapliine; ithsl washerdgtaaes afinverHokair igblewsr i gi nat e

fromt ural hum di ty: t | e, RREEMN tiles prior
to cl e@%“%&emﬁ%%“g%&&%%&‘&&ﬁ%@g%‘ﬁg‘%}%e ITH'%EI‘I a%‘gesusecgheaéuri ng

pr e- s phiénsg tha? corfdienseSthe #apdrinto ligaidn The platec eoistShiddE| separstedSiiErthe( RULE 26)
1111211171 1f 1% W, 01/ 06051 .PCT/ USO0/ 19206 Before textiles are renoved from
t he mePh{eRe* @Wﬁ’étﬁ%tp'"ﬁig%ﬁ%‘ge'a dryer. Hot air is blown through the

conpartment but, instead of being vented outside, the air stream goes
througltél a condenser }?p%t? C ndﬁnses t he vapors to I.igui d. T%e wat er must
then b heRiaT A% Y separy m the selyentythe water will cagy gusTintp 2R ARPRIRteq ¥0M8% s 5
It heyedfadut fo iR ensi§RAl 3606 of the Bokit ob Bk YaR! If théeveldt wate'ds shfficialitr y over
into an associ ated storage tank and due to its density wll settle on the

bot t orit Will bepicked iR by fiye pump sy pndymay b pmped ogierths arfiglegbemgclegned, e i cked
b d to th ticl bei I d,
up by M;ig}rg r l?hf%gﬁgwarmﬁpunpe onto e articles being cleane

whi ch wo resu ging the articles. 10 If the water sits on the
bdse tank for a sufficient amount of tine, bacteria will begin to grow

whi ch i resul tin ' : p,;,,l?r td Rgwar ticles
being C g%aé%EHﬁ‘%“e"“H%a}("g’fég?'%gsn SO \E/%tfr:é]ﬂx}g a %’g%(g%l ocC bfe%i? bacteria and may
qui ckl whiclowill reltit indl very biath odarrtisanmill transfep socthe nitigles téing dedned.ohee based sol vent
is not, a feedstqck faor ct.eri %t |, N} . en the
li ght elﬂy%ﬁoﬁﬁ%f’?#g%’f‘?@r{?a%ﬂﬂ‘ oﬁg mragkgglﬁgg&\%l&g?ﬁ%%‘g@g a% I nt \g‘?f ace | evel
bet we eluctetib.e Thiedikvonebated solvennis nofldfeedstick fordbatterabut thelintetfacedeyal ani nants in
is interface.level pmay.incl f at acids,. food ' Lon, and
Bg ner a‘i’et‘m?&)a}h%".r S‘Fﬁ@’ @Y@ﬁ@g‘gﬁ%’@?ﬁ VAL SRR ?te%‘%ﬁl " tei ﬁértl%&g
the water and solvent. The polar solvent soluble contaminants in this interface level may include
- fatty acids, food, perspiration, and general body odor. The extended settling can quickly result in
 the growth of bacteria and the end result of odor.

20 It is therefore very critical for professional dry cleaning to control the presence of water in such a
way as to not damage the articles being cleaned or cause odors that would result in customer

dissatisfaction.

It should be noted that many organic solvents vary in their degree of hygroscopic. Organic
25 solvents in general, which are not water-soluble, have the ability to adsorb moisture from their
environment; hence they are hygroscopic. In the case of the cyclic and linear silicone solvents,
they exhibit the property of adsorbing water (their saturation points are around 200 parts per
million). The rate at which they adsorb water is increased when the solvents are heated in the
presence of moisture. In a dry cleaning application, where garments are immersed in the silicone
30 solvent during the washing process and later centrifuged, any remaining solvent in the garments
is removed through a tumbling and heating process. The heat causes the solvent and any
‘moisture .to evaporate. The solvent/moisture combination is transported to a cooling coil
. condenser at which point the resulting liquid Solvent/moisture combination may be of a milky
white appearance which is known as a colloidal emulsion or lyophobic colloid. This milky white
3
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the grom h of bacteria and the end result of odor. 20 It is therefore very
critical for professional dry cleaning to control the presence of water in
such a way as to-not damage the articles being cleaned or cause odors that
woul d resulYOP@Yst oner  di ssatisfaction. It shoul d be rRETAISOVINAS nany
organi c solvents vary in their degree of hygroscopic. Oganic 25 solvents

i n gener diquidihithe kilieone solvent\wedxisting o/ith hdserbed motechilaewatér |Ovet/cohsidastdetire,

noi sture fr ir .environnent: hence fhey are roscopic. In the case
0F the cybf FiRhe e S haiialy Re sty Slcased ) he it SIRRIRE SeApiRS oy 1y o
adsor bi nghelbdensitidstahe ravity t THeaidsd@rtion if the watik ok aled¢h tROSHIVRRAL fbledifids can
mllion). The rgge at which _they adsorb water is increased en the

sol vent s 2g2uribptedte ek vanider Waals foxces Bolding thei maelequles tqgsther temporanlyani ng
applg cation, where garnents are imersed in the silicone 30 solvent during
t he washi ng process and | ater centrifuged, any remaining solvent in the

gar ment s Alydwp selepeles atinact eagh other andithe farge herweensthem,in terms, isftalled want

causes t [ : te. !hﬁa@ . isture
conbi nat ﬁ%’rﬁ%‘%’%ﬁ%ﬁ%@é’?%mgﬁ%sﬁ‘%g"%%wg%on QRS Er ggtlx%éc poi nt the
r esul t i ngndiécyles [.es tewenstituroi al¢ctrons and nixlezathacgesyray be of a milky white
appear ance which is known as a colloidal enulsion or |yophobic colloid.
This mlky white 3 SUBSTI TUTE SHEET (RULE 26) This Sheet Has Been' kepl aced
Lerrercrrrerrerrr rrrrrrrl W 01/060. 51 PCTIUSO0/ 19206 liquid is the
silicone solvent coexisting with adsorbed nol ecul ar water. Over
considerable tine, the adsorbed water is gradually and slowy rel eased by
the solvent and the two separate given their densities and gravity. The
adsorption of the water nolecules on the solvent nolecules can be
attributed to weak van der Waals forces hol ding the nol ecul es together
tenporarily. 5 Any two nol ecul es attract each other and the force between
them in general ternms, is called van der Waals forces. They arise from
el.ectrostatic forces between various charges in these two nolecules (i.e.,
t he constituent electrons and nucl ear charges).
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4 SUBSTI TUTE SHEET (RULE 26) WD 01/ 06051 PCTIUSCQO 19206 SUMVARY OF THE

I NVENTION It is the purpose of this invention to rapidly and effectively

br eak- up_of H’S forces binding 5 nolecules of the water _and dry cl eaning
sol vent,w?)r%}g Il owing the solvent and the water ol ecUFEESWPRE a5 at e

qui ckly. The process of stripping water from hygroscopic solvents can be
greatly affected by the chem cal nature and design of the mcro-cellular
stripping filter. The pr Welo] r. from hygroscopi c sol vents
can be greatly affected méﬁ@ﬁlﬁ%ﬁg’%nd desi gn of the

m cro-cel lul ar porous structure. This is true because as the 10 v

wat er/solvent liquid mxture is forced through the t\iergqy orifjces of the
por ousltdt thepurpase of thisdnyestionto rapifly apd efigstively hrwakoup ef the fAress §iNdWst o adhere to

the S%\SEE\MS{*M@%&&%&@E& Jﬁéﬂfﬂﬁ@ﬁveﬂt,hﬂs@ﬁﬁ in3lthesoivant dndehdWdegtCul es to
separate. Urea fornal denyde foamw th a cell "structure under 10 microns is
t he prwblseulesdo separate quicklyo 'The peocessiof stripping watep frombyeresropicsolventseanbee. As t he
sol ven Qi d 4S . . | S bl s s medium the
sol ven%'le %@t&?{eﬁé‘i %{hgf f‘%’#’é‘ﬁ ?‘%ﬁ%&?‘g? e msf gﬂ&a@git:de%nglﬁy %’a‘r’qlﬁ%ﬁ%}t o the

di f f er Ehegmocessofistripping okates ifoimdygenscbpid solyents cart ke greatlyrafidgeted byothe dfemidab

adsorption forces (j.€., V der Waal s factors that al 'éo
pl ay pgz}nfremﬁ{eﬁxgngé{ygP’g?rpgﬁl?qlﬁaowag%gﬁr%?g@??)fueSS%J% ace tensions, and even
1he 2Qatdi/dolventaiipil mixnaé isfactd tiuplothe einy brifices efithepbmns smictes, thesfc;reesd f oam

se factors

nol ecul es. verses silicon nol.ecul es and foam nol ecul.es. .Th

al ong Wﬁ‘ﬁhc*‘% W&feémﬂgf'gﬁf?ﬁgh%@ tﬁwgveﬂ'fm" S5 A e h i gi o

mat er i glowin the MoREWES tBdepdttte.t O their ability to withstand greater pressure
25 differences, it should be noted that certain flexible naterials, such as
open-cel l ul ar pol yuret hane foans, and phenyl fornmal dehyde pol yners exhi bit
a si M {ah-fefialdehpiefoans WA AEIEsthRRrSRIMEIT midRals isithepréftired mardalTey be used to

construct the porous structure. The cell size,. the density of fhe foam
dhd t heonpirustienspftheiporos seHctitee Asdhe selvent{veateriapid s foscep daronsl thif AgdgRt ¢ he
medi Uﬁ}&@ﬁs‘?ﬁéﬁhﬂxﬁ $he Aégh)%nma W&wiﬁ&eﬁfaﬁ&%ﬁwa{ [RS8 ke lte (iFfefehsddi NQ)

fromthe sol vent. an exanple, 3-inc . .
" “  in their densities and also due to the reduction of the adsorption forces (i.e., van der Waals
-forces). Other

factors that also play part in the separation include capillarity, surface tensions, and even the
20 . difference of attractive forces between water molecules and foam molecules verses silicone
molecules and foam molecules. These factors along with flow rate determirne the rate of

separation.

Though rigid materials are preferred due to their ability to withstand greater pressure
25 differences, it should be noted that certain flexible materials, such as open-cellular polyurethane
foams, and phenyl formaldehyde polymers exhibit a similar ability to separate the solvent and
the water and may be used to construct the porous structure. The cell size, the density of the
foam, and the pressure at which the solvent/water liquid passes through the medium determines
the optimum degree of water coalescening (stripping) from the solvent. As an example, 3-inch
30 diameter rigid foam with a cell size of under 10 microns effectively allows the water stripping to

occur successfully at a flow rate of over 3 GPM.

It should also be noted that varying materials that may be used as the porous structure will have
differing degrees of hydrophilicity (ability to attract water). If the micro-cellular structure has a
5
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30 dianeter rigid foamwth a cell size of under 10 mcrons effectively
allows the water stripping to occur successfully at a flow rate of over 3
GPM It s I o be noted that varying materials that ed as the
porous stru t"ﬂ’?@gﬁ\n Il have differing degrees of™ hydr oph?%?"?’?”@bi lity to
attract water). If the mcro-cellular structure has a 5 This Sheet Has
Been RetigheedegtdddBhydrbibRicRiylthd effdciikdnesd@nd the kfstd of the Wated sfdpidglprbdessik| | WO
01106051 PCT@USOO/ 19206 hi gher degree of hydrophilicity, the effectiveness
and t he BYEENKPL t he water stripping process is nore efficient. The
hydrated silicone solvent, or colloids, also classified as |yophilic
colloid are produced when 5 imnscible |jiquids._are ¢aqQled together during
t he condﬁ’ﬁg‘éﬁ“ia@ﬁ sifjpong splypnd, 956?#9%#?91@35&5911 AjyoRic °8ﬁ‘_?‘ ﬁ’@?pf?pé’g’(ﬂ |l ation
Prosess. imeitis BRALs 2ERBIA dgeethurifp i cotdeARiSé fapdrs béth tifidguRyis@shdby t he
proper selection of and inpl'enentation of a coal escing or str Itfﬁlf ng medi um
The nedidyning tedistidation prosessr Theprppey sepsration pfivater dompfolvent{y inflyenced bt Bp| et s.

Coal esc%gﬁc% °f}a§§§’§@%%f@%°fm 61{1%&%{&59{?@% uge col | oi dal emul si on.

The nost™ 1I"npor S estabi [1zing a coll ol dal emul si on are:
(1) upsélhemmegivgduoselscted hety prirsarily assd walesdeofitinywatergleeplets ((Coaleserticanig anli sper sed

dropl et s_i.n.l vophobj . ollpid hat, .t he,.' zet a i.al’. di sappears or
(2" e dpdillutoN F St ab Grgin L Pl dliibd nefSeb SR e ind 22000

dr mpl et Eieftﬁbxhgiﬂg)h Lédmbiziabeﬁidlsii}]mﬁ (ﬂ)h!psetl{ﬁfg@hﬂb hyemggﬂédnﬁ:alaciﬂrgef fe ?]yst em | 03 es
ts sta ty. O e oth.t sta 0 e | ayef ,0 charges an
!the sol \?H'E’I %‘HI %%Mﬁﬁm%r&igﬁ? ‘F‘&ﬁ?ﬁ?‘ﬁ °‘Tlﬂ?§isé+ g’%ﬁ ‘g? g“%r"é"'f‘éﬁo%@?%’f e "pores
St r uct UrdestroyRigitie sobvated layer Gl wasémmaks?&eam@mymmmicwwiw gherom a
doubl e | ayer and/or renoving a_ solvated film Various extende?-surface

medi a ( desoegulieand thesystem logss its stability; qnly wapnibgth thespabilizing donble fayerafl val ence

or ot herchﬁ%&iaﬁ&iﬂe‘é@l,vﬂt@&Etﬁx‘ésﬂh@xfersm?diﬁﬁinéihe%lé_ts&éie&rﬁm surfaces that can
attract other materials, a phenonenon which is called adsorption. The 20

ador ption of ions and surfactants by the "porus structure" media are

r easonalhg «5ihd WS mefd chllido c&ffsﬁitg%gﬁééam{chw}ehﬁvin@mstﬁ%ﬁ{ £4pier | ng about

coal escence. Thus, the selection o .
layer and/or removing a solvated film. Various extended-surface media (as identified later, but

not limited to) have a significant valence or other attractive forces left over at their extreme
surfaces that can attract other materials, a phenomenon which is called adsorption. The

20 adsorption of ions and surfactants by the “porus structure” media are reasonable methods by
which the media can function and ihereby bring about coalescence. Thus, the selection of the
“porous structure” to be used as the coalesces or stripping medium is based upon its ability to in

the end separate the siloxane solvent from the water.

25 The present invention includes a system and method for separating water from a silicone-based
solvent in a dry cleaning application. According to the invention, an inlet is capable of receiving
a mixture of silicone-based dry cleaning fluid and water from a condenser of a dry cleaning
apparatus. A chamber is coupled to the inlet for receiving the mixture from the inlet. A porous
structure is positioned in the chamber for separating the dry cleaning fluid and the water. The

30 dry cleaning fluid passes through pores in the porous structure. An outlet is coupled to the
chamber to remove the dry cleaning fluid from the chamber in the substantial absence of the

water.
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"porous structure" to be used as the coal esces or stripping nediumis based
upon its ability to in the end separate the siloxane solvent fromthe

wat er. 25vdbgogasiesent invention includes a system and ﬁ‘g ,{; Msepar ating
water froma silicone based solvent |n a dry cleanlng applica

Accordirng to t nvent 0 apabl e recei a nlxture of
i 11 combos:ases Bt iRRipnh b e pe e PorpE kS g df midolf.

cl eani rm? p&b@ﬁtﬁ&mfel cmi\bsaﬁ.smsted tﬁ'uﬁéﬁ&bﬁﬁﬂdﬂh?défﬁﬁnj Riegily, ﬂgrcem ﬁmh ﬁthélhg WL he

m xture fr j nl et por ous uctur 05|t|one in the chanber
for sel%¥P *miﬁ] Y‘F@@ﬁ’?‘%ﬂ“@%ﬁﬁ%‘@f’uﬁh é?sm’f’ﬂ’ée@ﬁbary cleaning -

fluid pamsficted SiaPoBrddRine foalt) idehiBy With 268l §£e"dﬁh&€i’§ ml%n%ﬂthﬁ&ekc‘ée&oum ed to
the chanher to renmove the dry cleaning fluiid fromthe chanber in the

sdbst anP mmigronsy v prothes pspeet of thepresent inyentonshegorous strustispishadophiliey 6 .
[T~ ~1  SUBSTI TUTE SHEET (RULE 26) WO 01/ 06051 PCT/ US00/ 19206 |In one
aspect of the present invention, .the cell. size of the, porous structure
is under 10 mcrons. The porous structure can be constructed of
urea-formal dehyde foam ldeally, the cell size of the urea-fornal dehyde
foamis under 5 mcrons. Alternatively, the porous structure can be
constructed of a polyurethane foam ideally with a. cell size of under 5

m crons but may exceed 5 10 mi crons. In another aspect of the present

i nvention, the porous structure is hydrophilic. 7 SUBSTI TUTE SHEET ( RULE
26) W 01106051 PCT/ USOQ 19206 Alternatively the porous structure can be
constructed of a phenyl fornmal dehyde polyner foam ideally wth a sel

size of under 10 microns. In one aspect of the present invention the use of
fractional distillation may allow for the 5 illum nation of water from

sol vent based on density and re-circulation. Lowend boilers such as water
can be distilled prior to the distillation of silicone solvent.
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The ideal distillation of silicone solvent is by producing tenperatures of
between 235 F and 250 F wi "tbha vacuum of from 27 inches to 29 inches. By
produci ng tenperatures above the boiling 10 point of water 212 F and
creating aYQPMYM vacuum < 20 inches the process is abl PGEUSPYEBPE of f t he

| ow end boilers and urge the condensed vapors to a separate vessel. Sone
azetrop hﬁltematﬁely the petous sruciuteivan beconsttueted o€ aplemybformdidehydepolimer fam,  cause
the free te ent to |eave the system The remaining hydrated sol vent
will ret! ﬁ‘l‘mﬁy ?FF@SAZF."F"F“%%W% Sstillation. 15 After |owend boilers have
been distilled (based on either tinme or an increase in tenperature) the
full vacuum (27 to 29 inches) is established with the full tenperature (235

F to 25Qn bie BpeeOof tRSiredeht iieton @6 Useldf fidctionaldiisiillatidnahdyiliowffordky dr at ed
si:l i cone solvent. The condensed vapors are urged to a separate vessel that

mays hav §11dni&HoR of WEESHFém séwém BAEESY dendity AW EirduliEoNEL & -end boflere SiRRtas T O
| eave the system The solvent is returned to the tanks on the dry cl eaning

nmac hi ne eﬁmnépplﬁg?%ﬁggmugggfﬁﬁogg £at ed solvent is fro_m t he

drying recovery I's nor nal very hydrated and is
collected in a separate vessel that may cont a| n a water sensor so as to
elim nate free water. After the drying recovery cycle the collected

1012 B Bk Ir%nng%byt»ﬁééuﬁmgrn%nﬁrr%.r&r&eesﬁsérﬂn&?ﬁr Y
(185 O 3R 7Sk Bl Sy Rl S PR S

gt 3?2%%2&%??2?5# Bt °9%r+§?%?‘3 et FErrye 1e3é)rav8?$f§%‘?ﬁ35 a

freld The i nportance of controllln?séthe te erai e ofthe li sol vent s
that ar doWr s apbutge e ordensaf YaRoFIa A SERITASYEsel- 1 FOTIR AZCDPIH &

preval ent sol vent used, as preV| ously stated i s PERC Who?he7 te ature S

i deal | y andira Watersenser omthisyessl will cagse the fres watey presant o deave é}’%‘e s is al so

a common range for all other solvents currently being used in the field of

dry cl eZemaigng hydratedsolvent wyll retum te.the sl foprerdistilatiane.  t he

15 After low-end boilers have been distilled (based on either time or an increase in temperature) the
full vacuum (27 to 29 inches) is esﬁablished with the full temperature (235 F to 250 F) also
established resulting in distillation of dehydrated silicone solvent. The condensed vapors are
urged to a separate vessel that may have a water sensor, for safety, allowing the water if present
to leave the system. The solvent is returned to the tanks on the dry cleaning machine for reuse.

- 20 The second source of hydrated solvent is from the drying recovery head, this solvent is normally
very hydrated and is collected in a separate vessel that may contain a water sensor so as to
eliminate free water. After the drying recovery cycle the collected hydrated solvent is urged to
the still for distiliation, thus the only solvent being re-cycled is through the high-end boiler vessel

of the fractionat distillation operation.
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result is a nuch nore aggressive solvent resulting in damage to textiles
bei ng processed. The increase in the KB (kari butyl) value nost often

results usi ng dyes to be solubilize from 10 articles being cleaned,
resul ti n‘g P90 transfer of these dyes to other articIPE'sl"l@Q"r?g"ﬁcl eaned.
The concern for controlling tenperature has caused manufactures of dry

cl eani g usrcrf ilinens-haged; salyeaf allows for datitudss inj tergparefiures thet bave gotiteditiprallyase t anks,
and i neﬁgtaﬁnmtcgy %%&%g ikl ﬁ&éﬁﬂ%s%@e? hﬂ;&gﬁxmthe%mﬂewﬁé of @ lifiE@t transfer.

15 By increasin enper at ur ' the silicone-based solvent of the

pr esentolvents ¢hat arsmseddn the doy clesningip crit®@l. degr ees Fahrenheit, an
aggressiveness in cleaning is afforded, without the result of pulling or
stripping dyes. This nmay be best acconplished by circulating water in a

c$ osedTheongst preealért solvine used s previvosly viated is RER(kwhose ténhpecamgh isddeaily cul at i ng .
punmp and t hrough the LS ,(previ.ously used for cooli% nd,back to the
ot " weaiplatied 8 kyhes O£ 7P 1o 2. 0ee Eamirbel TR AlsPlecti@Sion fiHes RGN 8BE, v e
probe dohv@hts earfentl® beihg ased ih thetfieRl cfdiyvelening T Ifthe RApkiatursshionid dicpeakey tieont r ol | ed
sol vent tenperature which influences the aggressiveness of the_sol vent

wi t hou® ’a‘ﬁngfnh‘gb%%gesﬁ“ﬁ?sf’ Catiay t@ﬁé%gw%g&'ﬂ@%e%‘?gpf?ﬁeﬁ@'s%t i onal and

| S Not inkresse HbME KB Rarf Bty YRuIRBSL oRbLRBIIRGR caudihp ifes\ta bé SuksbilgipRgi ment s have
been descri bed above, i1 should be understood that they have 25 been

I? eserfrticleshipingsleansd, eulting i theransienoffhers dygsitapther ardicles bringslearede The eadt h and
scope Qhcen fd? %ﬁ(&ﬁﬂ.ﬁgﬁ@&@ E@Ea_u?é&‘?ﬁﬂnﬂfa@ﬂfes BEdrly cIBahiRg mid¥hifks Yo ﬂ£tf1l§ he
exe a odi nent s; y in

above-descri bed ¢ Y 6 ''s, but sholl d be defined on
accor dustercoolingcoils placed|in theibase tanks, and inxline watericoolingjacketsion theplumbing Sheet Has

Been Hgg%?og?g%%f FTET 1 1l 9 SUBSTI TUTE SHEET (RULE 26) WO 01/ 06051
PCT/ USO0/ 1 I 1 PTI ON OF THE DRAW NGS The af orenenti oned advant ages

of the present invention, as well as additional objects and advantages

85" Dy inffehdingli {RlpErabitd b9ind 8 bRA sdiFdnf bARL btkeni Fivéhiofi B4 fangl of®
90 to 130 degrees Fahrenheit, an aggressiveness in cleaning is aﬁ'o;'ded, without the resuit of
pulling or stripping dyes. This may be best accomplished by circulating water in a closed loop
fashion between a hot water tank and through a circulating pump and through the coils
(previously used for cooling) and back to the hot water tank. The clrculatmg pump is controlled

20 by a temperature probe that can be placed in the solvent. The result is precisely controlled
solvent temperature which influences the aggressiveness of the solvent without causing damage

to the articles being cleaned. Thisis optional and is not necessary to achieve good cleaning.

While various embodiments have been described above, it should be understood that they have
25 been presented by way of example only, and not limitation. Thus, the breadth and .scope ofa

preferred embodiment should not be limited by any of the above-described exemplary:

embodiments, but should be defined only in accordance with the following claims and their

equivalents.
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5 of a preferred enbodi mrent when taken in conjunction with the follow ng
drawing in which: Figure 1 is a schematic that represents a dry cl eaning
machi ne th%{}ﬁ?@zed with solvent that has a boiling point that if
distilled requi vacuum di stillation; 10 Figure 2 is a HOTGR0U2%r am
indicating the flow of liquid in a dry cleaning apparatus as described in
Figure 1; Figure 3 is a f I NESCREJTON ORTHEDPRAWINGS f | ow of vapor in a dry
cl eani ng apparatus as described in Figure 1; 15 Figure 4 is a flow diagram
i ndicating the functional steps of the method of separating water from the
s O{jy ent (Bie %ra&}eﬁmd_i %ﬁfﬁﬁﬁﬂm‘eq&fﬁéselﬁ ifedtion) dswdil ds&d«ﬂtiédaboﬁjelﬂ:'tswd am -
i ndi cating the functi o steps of  separating water fr SQ nt .usi ng
an appar 4PYpQtages %er?ﬂﬁ’r‘i"ﬂ?’me @YWQS‘?‘\?}‘E &tiv) aﬁﬁﬁ&?ﬁ%&“ﬁ%ﬁ?&“@@s a
flow di agfaprefiidd sGbRIRdt Whed taRenSR Bédj@icHon With bleffuwmﬁombing tepEcief the

o]

separation of water fromsolvent. 25 Figure 7 is a flow diagramindicating
the functional steps of condensing liquid in a transfer drier and noving

the Iiqui £ 2SORAGAL @bt r%\n&![]'tﬁg §‘§/| A'%H@gt%%g@ﬂgwaﬁs h%gﬁmwv&ﬁ%& flasd

transfer drier that 1S use v as a Ing polnt that

r equi r es bo¥iog peinttha if distidied wquiresvasushiistillatins Been Repl aced 1E 111111 11 10
SUBSTI TUTE SHEET (RULE 26) wo olro6osi PCT/ USOQ 19206 DI SCLOSURE OF THE

| NVENTI ON The present invention includes an apparatus and nethod used in
conjfunct Figurd 2is atflow disgyant indimatingghe fidw 6£liyuiddin 2 dheol¢aning apparatest dsdesribedd t he
like. 5 ToF.ggxrfprm the interrelated cleaning steps involving the present

i nventi oft™? 8I1y cl eani ng

Figure 3 is a flow diagram indicating the flow of vapor in a dry cleaning apparatus as described
in Figure 1;

15
Figure 4 is a flow diagram indicating the functional steps of the method of separating water from
the solvent using a separate apparatus; and

Figure 5 is a flow diagram indicating the functional steps of separating water from solvent using
20 an apparatus as a part (OEM) of the dry cleaning machine;

Figure 6 is a flow diagram and schematic of a separator with functional steps of the separation of

water from solvent.

25 Figure 7 is a flow diagram indicating the functional steps of condensing liquid in 2 transfer drier
and moving the liquid to a separator.

Figure 8 is a schematic that represents a transfer drier that is used with solvent that has a boiling
point that requires vacuum distillation.
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apparatus is shown schematically in Figure 1, although it is recognized
that alternative cleaning configurations can be used. It should be noted

t hat thevidgagbgio configuration of Figure 1 may be usegg%{gw%%essi ng
with a Cass 3-A (solvent having a flash point between and 200 F) 10

type solvent. The dry cl ' [ r itens begins by placing
themin a horizontal rot ?ﬁ?ﬁgsm*‘@'gm{“ﬁgﬁ The wash cycle is
initiated with a dry cleaning fluid including an organo silicone-based

si | oxang sol vent bein ed usin 12.. The sqlvent is punped from
5. ¢ e PEFSCRS e Rp ok ies 13 Segices e oy used it GARnHon S e O he -
cl eani ruf fAbic Sdxtiles, Ivitidhs 4ndehe liktel i Cl es. The course of the punped sol vent can
either be through a filter 18, or directly to the cleaning basket 10. From
t e cl eani ng basket 10, the solvent is then circulated through the button:

trap 20rdpgertbi® e itbirelAll a&néngfskeﬁé iR Biving (thOgtedel izi@enasx?d%}ﬂxsﬁnﬂgd amount  of

time, the solvent is drained and pu ei ther of the thré&e tanks

14, 16, PSSk by Fjgmrhgﬂng_thgm_iﬁgcmﬁg{éﬂwmtwﬁmd@g o
or o (HRipele o, BhbaRbe piFd R SRS SRR PR gk,

part i cusedfosprocessing with & Kiasp 3-ds(@olvent hawdng a Oash paint betweend 40 Fiand @0BE) of a 20
afyd 60 rﬂje%ﬂgntf ype and nay use di at onaceous earth bei ng capabl e of
optional® use with the larger mcron spin disc type; a tubular filtration

(flex, rigid, or bunp) also being capable of optional use with

di at omgeequs . eart h: artridge (gcatbon core,. all garbon.of the standard
i ze,  JRAL cdyaning O prhglés o cthel ey peiing Bk pjaging fhem in ANOTIECRI SRR sy

[) esul t cleaningbaskerd0. Tae washsdytle Iisf _inilﬁhdea afith allﬁyc(:jlédnﬁjgdﬂ_iﬁd inblading/h Brgansdi MENSI ON
et ween,,. 10 t.o. 100 mcrons to filter 30 con sed vapors prior to

separ aﬂhﬁ?ﬂe'bf’ﬁgil%lﬂi‘% ﬁ?lv?f’éyelﬂép‘f'?‘l?eﬁé’?@ﬁ appmg E't @ﬂ‘%ﬂé?&“’?ﬂeﬁ%rt i cul ate

SI5i |t leftker iaSvdi-lﬁbrg«’ﬁﬁEM,fof 2w Bélvent tahk 16,2nd ihén tolthé Sie (4R 10 BB heRepl aced
SUBSTI TUTE SHEET (RULE 26) I ~I~{ LI1LLI0T 1 1L bLl T1Tnn]l )
articles. The course of the pumped solverit can either be through a filter 18, or directly to the
cleaning basket 10.

From the cleaning basket 10, the solvent is then circulated through the button trap 20 to the pump L
20 12. After agitation for a predetermined amount of time, the solvent is drained and pumped to

either of the three tanks 14, 16, and 22 shown in Figure 1. The cleaning basket 10 is then

centrifuged in order to extract the remaining solvent to any of the tanks or to the still.

The types of filtration systems compatible with the particular solvént of the present invention

25 are: a spin disc of a 20 and 60 micron type and may use diatomaceéus earth being capable of
optional use with the larger micron spin disc type; a tubular filtration (flex, rigid, or bump) also
being capable of optional use with diatomaceous earth; a cartridge (cérbon core, all carbon of the
standard size, jumbo or split .size); and Kleen Rite cartridge system Which may result in no need
for a still. Filters may also be used with a dimension between 10 to 100 microns to filter

30 condensed vapors prior to separation.

The solvent may be filtered so as to eliminate the particulate soil that is released from the articles

11 -
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| WD 01/ 06051 PCT/USOQ 19206 being cleaned. Further, filtering of the
silicone-based solvent elimnates the polynerization of the solvent even

in the pre catal ysts. The sol vent being used for ' may be
g ZExRSRDAG

distilled at e of 10 to 20 gallons per hundred 5 p ned,
unl ess the aforementioned Kleen Rite cartridge systemis being used. To
acconpl i bting ¢ieaned. Fusther, Flt@ringmd sheisiconsehtsedgolventesiininates theelymerigaiorpE 1|t er

18, or f LRty tank:. t he wheel 10. The solvent in the dirty
R e o es ot

tank 22 can bé ill through suction since the still is
under a vacuum that maybe controlled by a float ball valve (not shown). 10

Any recoyered or, condensed vapors .ord gi i | , e
condens eﬁﬁvqm{@wﬁqéﬁg‘*@&% may e désgg ?ala%t la@%gé%ﬁ?g ng ggﬁ’?ke#érﬁl gﬁé{-ﬁ ereafter,
gr.awi ][y .?ﬁlﬁﬂﬁcl&ﬁed,fﬁﬁlfml éﬂgrﬁﬁhﬁ@aﬂ Kieah Ritecartid ge'rwsl temsieheingused. B8 or h(7)!5di ng
vessel . e rate of flow, ending qn the still., ange t : an
2. 50 o Ao is sl B4 oF e b el enhens e APOLE QAR e Bl i
created BY RifeiwhidiidoNEREsONEIPInIR: divty Bk £ éhe b3 irit@duded echs stilbthragied by a
venturi. 15 During the dl‘%l ng process either _as aﬁﬁgégﬂi)f t he sgrre machi ne

or tr anssustipreineedhe stidl isjunder a vachn that maybe sentzoiled by, YRGS ¢ bei ng
forced by a fan 32 over heating coils 34, which results in the incom ng
air flowto be between 120 and 180 degrees Fahrenheit. As the sol vent and
watldr  r dmyirsvpveredam convensad vaporseariginating iz the sl may be eendensehdy Watenfeolsd 1 | ow

exits the .cl ! sket 2 | | histe@f @ dryin
Vapor coPi i BrLteGRs e 26, ndihek 38R ugMhe FRBsRDR R B TV N0
ur ggs_ fupi%hnhdy_?eﬂaﬁtdraswbolgm'g wessel. fmJ?telaf ﬁowmpmnwndhmllm&s@ngwag a
condui . V.3P9r en.ai r_that. | eav 0 | ranges
in temegﬂw&wﬁ%@%@n‘}@@gﬁl& SCH ordﬁaﬂgglggéﬁi—‘é%&eﬁ@?tw d}%gﬁﬁ%rper at urg i s
| npor t antreated byaliquid-héad Puinp 30 obh eracuatibrprdesseréated by arventutiat e t he

tenperature at or bel ow 140 degrees such that the tenperature is 30 degrees
FaHPenheit bel ow the flash poi nt of the aforenentioned solvent. In one

enbodi e Diring e dfydleGrédess citheris @part bieheand enskitle br teunifmedty theairier, thiet ed t o
0.75 GPM and the separator may thus be _engineered for 5 e cgnbi ed flow
rate of &GiRlgEaeBumbledinil withambping faseed V“ﬁﬂ’gﬁ&"ﬁ GREsous 34 WHCHIRES R 26 and

36. the incoming air flow to be between 120 and 180 degrees Fahrenheit. As the solvent and water

remaining on the articles are heated and become vapor, the airflow exits the cleaning basket 10

20 and passes over cooling coils of a drying vapor condenser 36 where the vapors condense back to
aliquid. Gravity urges such liquid to the primary separator 28 or holding vessel via a conduit 37.

The vapor laden air that leaves the cleaning basket 10 ranges in temperature between 120 and
160 degrees Fahrenheit. This temperature is important in that it can also be an advantage to

25 regulate the temperature at or below 140 degrees such that the temperature is 30 degrees
Fahrenheit below the flash point of the aforementioned soivent. In one embodiment, the rate of
flow of the condensed liquid may be limited to 0.75 GPM, and the separator may thus be
engineered for the combined flow rate of condensed liquid from the still and drying vapor
condensers 26 and 36.

30
Figure 2, 3 & 4 illustrates an order in which the various components of the present invention
may be employed for clarification purposes. Having followed the foregoing process of dry

cleaning, there are no less than one but as many as two or more sources of solvent to the

12 _—
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30 Figure 2, 3 &4 illustrates an order in which the various conponents of
the present invention nay be enployed for clarification purposes. Having
fol | owe egoi ng process of dry cleaning, thereﬁgﬁ{ ss than one
but as dng%??’g@g{v\o or nore sources of solvent to the 1 sgégle Thi s Sheet
xasBeen SUBST| TUTE SHEET (RULE, 26).a WD 01/ 06051 PCT/ USO0N9206 . separ at or.
The abPoPRIIPr-t Theyability 19 reumIscaRdrassd selypns o the dry ¢leaping system dsfependent 08¢ o j s
dependggkepafitor alifitsSedR@emyor and its efficiency. To afford such efficiency,
a method of water and solvent separation is provided, as shown in 5 Figure
4, 5, & 6. ‘As shown, a m xture of the silicone-based dry cleaning fluid and

any wa - Eti el | ' ) >es  of
condenzg %%F%ﬁ%ﬁl e%é;ﬁmdﬁgvagﬁﬁlﬂo*mg{%ﬁﬁt@? |s g’%vg?&’?ﬂgﬁg&?? cl eani ng
pfo ceEiguredphrk f.c e shpwn, 8 mixtiexof thesilicane-baseddry cleaning fluidiand siywptervessel or .

b 1 . N ) » . . .

o eant o Bl icele bl A baf o0 D Slepitrhelodd bo SRR BhRE RRAb ATy o | |

t he sudistiliation of thedrg eleaning process.cUparrdcdipt, the mjxtineanaykitherrenter 4 haldidg y ¢l eani ng
t Fi 6.i.S 3 henat i f t t . ' t of the

o7 s ontesth LT rEH disgy froneh = pphsrbelie YRRy K SeRUBI BRI gur e 4 6

5. As wier. Nextyttefdry leanipomid Baertioved @ithe sibistantidl sbsence sTfwatddand is edogcle y

eani n | yi d, gpproaches a main chanber 48 of the separator Figure 4, 15
gb & 6’“&*&°%£§°ﬁ?‘gg§}i§%e filtered- 54 to prevent lint and particul ate soil

fromentering the separator Figure 6 which may.in turn restrict a
coal escent filter that is downstream Tq. acconplish such filtering,

coal esUBHE 6/ipschematic of the sepamtors efiongembadiment ofjthg pressptinyention, WhisR 1%, i n| et

tube Sepabld6¥ péAbinRhSthERittDA OF FighiR 43 35 Aithd MNP HE the RydiR¥d sdlvehiige nyl on or
any other coal escing nedia. The plunbing connection fromthe vapor

c ondermixfuse ofsvaigrand drysleaning diuig, suproackessimain elfamberdf of the gpaatapkigwe 4p| unbed

10 tergp’ 8 ' [ : ator Figure

19 LTSO8 kol ) B BB o i |
separator Figure 6 which may in turn restrict a coalescent filter that is downstream. To . . : _
accomplish such filtering, coalescent media 54 may be draped at the initial termination of an

inlet tube 52. The various media of the present invention may include nylon or any other

.coalescing media. The plumbing connection from the vapor condensers 26.and 36 of the dry
20 cleaning of Figure 1 & 8 may be plumbed to terminate at inlet 52

The hydrated solvent enters the separator Figure 4, 5 & 6 where gravity feeds it down the inlet
tube 52, which terminates several inches above an interface level between the water and the dry
cleaning fluid. The silicone-based'solvent is insolublé in water, yet water, in small cellular size

25 does suspends itself in the hydrated solvent until they fbxm globules. Due to the combined
weight, the globules settle to the bottom of the main chamber 48.

'As the overall liquid in the main chamber 48 rises, a float level switch 58 is tripped which in
turn activates a pump 60. The liquid is then pumped by the pump 60 through either 1 or 2 filters
30 62 that are rated as high as 20 to 50 microns and as low as 5 microns for filtering Figure 4, 5 &
6. '
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tube 52, which term nates several inches above an interface |evel between
the water and the dry <cleaning fluid. The silicone-based solvent is
yet water, in small cellular size 25_does suspends

i nsol ubl e w;b(wﬁ ,
itself in the hydfated solvent until they form gl obul es. FEI&SPYL92Eee
conbi ned weight, the globules settle to the bottom of the main chanber 48.

As t he oThe hydratdd sgiviert is theh Fotcedi pullzt alrbwiih adBrouk sieRturai64 whish mhpbel switch 58

is tripped.which. j.n._turn activates a,pu 60. .. The liqui.d is then punped by
t he purrpp%%t“}“ﬁﬁggﬁb‘ﬂ thy éiﬁé?m’%%ﬁérﬁgﬁr?sl?'feflé?'g&@ﬁt %?fﬁ?ﬂd%‘g‘ ?’%taéa as high as
20"t 0 50“cHatesdefing 2edindS. PR%raly, hisitRicRess bévedn 1/2 &id 15dndhegitlength witha& 6. s
13 This She as, Been Replaced Nfll1Il~ SUBSTI TUl}]‘;g SHEET Rttgm%) Is WO
01106051 CIogsrseetigmchetpersn &/4 and 4 inchesrand bas agsi sizs of ynder 20amicops. St ghogld b | ed

thrgugh go@maiiiers bonielas hianPis oiB kS thredBY mBR sefPad sthiehiRd ﬂ’?&éﬂﬁdﬁe& hainki | ter
had tg 62 or Placeq In-11ne post filter 62 'and which acts as a
" coal escefiha§iterdgnsing 62. [Some of thip wWater glabwlessare ereated-as thedhygwatadselvent isforpd) 15

i nches i | - | gh.ﬁq,, hegq.2nd has a
cell si z%‘%ﬂﬁ%@r %gm%mﬁgﬁ%aaﬁﬁﬁﬂﬁfgﬁgﬁag%é@ﬂ%% t her eﬁ‘éan be as
many as one to three or nore separate structures 64 positioned in |ine of
the filt S} 2. .S of the.wat ab he

hydr at edﬁsl%? vé’n‘ionrﬁ%yaqe(f}e@g’g% qﬁ?%’ff&ﬂc f%fgﬁtb gfr?bedlgé gtfapg('i:l ? ﬁ?’ée%%%%g%hgﬁ éﬁﬁ pear on

t h@0out gpumg6Gorclin thd alfetmativeos eacaum resultd insefficiént sépacation.nPhdMowrmgthbdoiegyect ri cal
or pneumgtic in form The 0 fl.ow,. et h uc s the 0. punp 60
or, int s%sk’g‘flﬁé{fﬁ%,}imﬁ"g@rg%#%l}Jlfgleil 0 L&%V%F@Hf‘ﬁgg’%gr%?%ﬂ&‘me f1 ow
net hodol g porotd @hetiresdacuill dilew, tacre-posifibring fithdidat letel SwicHIB)ivhich adtivatet nf | ow
of hydrat e?]PYSVOI vent is greater than € porqus. structur 4 wi_ll allow,

th
the re- pt&iieVsantriier, can hedoweredo aflawy for adapeer byfterdor the hydsated solvng de floge | ow
control | Rfe caft aamaﬁﬁb&wﬁfaaﬂzgtoewehggﬂgmﬁp&sduﬁé@%gmeu&fr&ﬂmngahe hydr at ed
|

solvent. The flow rate can be nodified by raising or lowering the air
prédsure or using a throttling val ve.

The hydrated solvent is moved from the primary vessel 48 through the suction line 59, through
the filter or filters 62. The hydrated solvent is exposed to the striping media 64 and then out into
the final vessel 68 having passed through a diffuser 65 and into the dry cleaning machines clear
tank 16, Figure 1.

20
Located on the final vessel are three outlets. The highest is a safety overflow 70 which carries
the solvent back to the primary vessel 48. The middle height line 66 carries the solvent to the
clear tank 16 and the lower line 67 carries the possibly hydrated soivent to the primary vessei 48
and creates a closed-loop process to protect the clear tank 16 from hydrated solvent.

When this process is applied to an OEM (original equipment manufacture) system the principals
are the same but the vessels may change. As demonstrated in Figure 6 the source of the
condensed liquid 26 and 36 are the same with the hydrated solvent routed to the first vessel 48
which if equipped with a water sensor 71 will actuate a valve so as to drain the water off and

30 close again once the water has been removed. The hydrated solvent will be circulated either by
an add on pump 60 or using an exiting dousing pump 60 that will circulate the hydrated solvent
from the vessel 48 through a filter (less than 10 micron) 62 and then through the stripping

medinm 64 which will cause the water molecules to form globular size water structures which

J—
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15 The hydrated solvent is noved fromthe primary iix vessel 48 through the
suction line 59, through the filter or filters 62. The hydrated solvent is
exposed {f )g&ﬁs]trl ping media 64 and then out into the final vessel 68
havi ng passe rough a diffuser 65 and into the dry cl BT Q{ & hi nes
clear tank 16, Figure 1. 20 Located on the final vessel are three outlets.
The hi giedlsn sersedibys the iater senesri71 and #His dhdineld fioar the essel UBeThisleawssta back to the
pri mar | 48. The l.e height Ling 66 c ies_ the solvent to the

cl ear ﬁﬂ’r’(ﬁ“%g H‘ttﬂﬁécqn(fﬁgf lﬁ’ﬁ%"’%gt‘b{;?f’[% g%é‘é"gllbl y hydrated sol vent
to the primary vessel 48 and creates a closed-1oop process to protect the
cl ear ,[fﬁnk 16 from hydrated solvent. 25 When this process is applied to an

OEM ( of PG Vatst thatds collagt matm&%%mwgh@h%%&;ﬁ&wm% mageallyOhe sane

byt thgy Hﬁié?héat B@Mclﬁ{?ﬁﬂ%wnfﬁhﬂﬁfﬂ&@l%ﬂcﬁﬁf’@pén@a E&I Al There 30MoGR Of the .
condensed liquid 26 and 36 are the sane with the hydrated solvent routed to

the fi PRtionpEusipg twogrondystivity wntédpa pmeﬂnm shawa), that r@ﬂkescen%ras the waker| act uate

a valv ﬂ'ﬁeﬁ %gﬁg I e wat er has
been rgﬁf%\?le 'Fﬁ &h@%’rgg{ce soI e %tl&rogu gg“g??ﬁg'?"%g an add on
punp 6@13@hargsshengatanhaexammegndmdwnbgrﬂnﬁﬁ%dhmmay\niﬂolbegmwdtam&he

hydr at fro e (less than 10 m cron)
62 andﬁ}gﬁgﬁ‘;‘%{ﬁrou“ﬁ‘%“&“ﬁ]‘““s?’ﬁ?é?p?’%"%ﬁe%%%% C”Ign\%l N cause t he water

MOl ecul es to formgl obul ar size water structures whi ch 14 '"t' his Sheet Has

B | d TUTE ET 2 1111 | | | / 06051
P(Cai('la'/nUS ace E@’éé‘&/&tlz % %%?Fy Y‘}ﬁmt hus drai ned

fromt aensueamglwma&he ida iof cdrbuiistee] i3 disdelygbdaineeloxiddtion ahd fubiirig can Guiskiy el y be
recycled to the clear tank 16 Figure 1. The water that is collected at the
bott onP®™t he mai n chanber 48 & 68is evacuated manually or = 5 by a water
float swtch (not shown) which nmechanically opens a hinged valve There is
al so an option of using two conductivity points, or probes (not shown),

t hat make contact as the water

This She&t Has Been Replaced

MBI
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rises in order to conplete a circuit to signal either a pneumatic or
electric valve which may discharge the water that is in the main chanber
48 & 68. There may al so be a manual drain at the bottom of the main
chanber 48WQ038605br nanual periodi c mai ntenance. 10 The PEFFSWIO6n of t he

mai n chanber 48 & 68 can be stainless steel, or poIWcti ng
with the use of carbon steel is discouraged since oxidation a Ag can
qui ckly occur. This et Has Been_Repl aced ~~ Illlllly'.lﬂm. _,

SUBSTI TUTE SHEET (RULE 26) W0 OSTGUMS. PCT/ US00/ 102 ] " ﬂ I!,[s

cl-ai med it it clathedyst €M capabl e of separating water frof atsidiGone-based

solvent in a dry cleaning 5 application, conprising: (a) an inlet capable
of receiving a mxture of silicone-based dry cleaning fluid and water from

osoraeneT oA sl dapfliE Bl BRRAIR Wifa Sicbndo SRR AR Snkg * 1o | o

for receiving tHe he i n Fous structure posftioned in
t he 5chanber fapplicatipmg camprising: he dry cleaning fluid and the 10 water,

wherein the dry cleaning fluid passes through es . in t I
structur &a’) arﬂi‘y '{‘IFL?P&IIF %J?qe gfngfdﬁ’ﬁﬁlé%oﬁsalc?%gba&%g% gpaing tﬁ‘g?rg@e&#%e dry
cl eani ng f uiforh & SoNdbier MHAIPEEaning dppRatuguUbst ant i al absence of the water.
2. The systemrecjted in claiml, wherein the cell size of the porous
struct ur@i s ibérfeupl?ﬁ*em@?f forreqeiving the ’é‘l’@%%@ﬂ"iﬁ inclaimi,
wherei n if§e CHhdrous isictith pbdifonB@MAkSchinbstForbepariting MRCRY cleaning fliidm thet. The
systemrecited in claim R wherei n the porous structure conprises urea
f orlffal dehyde Water, wherein the dry cleaning fluid passes through pores in the porous structure; and

(d) an outlet coupled to the chamber to remove the dry cleaning fluid from the chamber in the

substantial absence of the water.

2. The system recited in claim 1, wherein the cell size of the porous structure is under 10

microns.
15 3. The system recited in claim 1, wherein the cell size of the porous structure is under 5
microns.
4, The system recited in claim 1, wherein the porous structure comprises urea-formaldehyde
foam.

5. The system recited in claim 4, wherein the cell size of the urea-formaldehyde foam is

20 under 5 microns,

6. The system recited in claim 1, wherein the porous structure comprises a polyurethane
foam.

7. The system recited in claim 6, wherein the cell size of the polyurethane foam is under 5

microns.

25 8. O‘he system recited in claim 1, wherein the porus structure comprises a phenoyl
formaldehyde polymer foam.
16
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foam 5. The systemrecited in claim4, wherein the cell size of the urea
formal dehyde foamis 20 under 5 mcrons. 6. The systemrecited in claiml1,

wherein us structur ] ur et hane he system
recited }‘kr?‘gfbgﬁin 6, wherei ne“ﬂﬂ'HHIHWII’Mﬂmrthe pol yur{é{}ﬁ’%@mgm i s under
5 microns. 25 8. C he systenmrécited"insclaaim1, wherein the pores

struct 8re conprisestY3 phenoyl fornal dehyde pol yner foam 16 SUBSTI TUTE
SHEET ( RUL 06051 | Jd | : g I I :

CTT Usbo) LoBsana xR gy ikt ook g S blanbyl bl achpctan s
phenoyl forugedhyidmontoamis under 10 microns Ara 10. The syster recited
in claiml, wherein the porous structure is hydrophilic. 5 11. The system
sited in claim1, further conprising a flow controller for urging the

m Xt ur 0. thrlmagételﬁi‘&itedlﬁrdnﬁﬂh 1} @herdinghespopdussiustare is Ipdrophiliecl ai m : 11, wherein
the flaw controller is a vacuum 13. The systemrecited in claim11,
wherein the flow controller is a punp. 14. ./ The systemrecited in claim
13, wherei nTid st ieitkdinduif 1o firthbrCRinpHAAP a 1R cdfiroliedfor nrgin?lﬁeﬁm@m
recited in claim1, and further conprising a filter coupled to the inlet
havi ng per fough thgghamlierh a di nensi on between 10 to 100 microns. 16. The
systens recited in claim1l1, and further conprising a second coal escent
media coupled toghe inlet for further coalescing. 17. .- The system

recit ed2.i n Biesystem recitebingsiiaimdd awhergin thedlosv qonwollgn isa vacwwma t he chanber 15

t hrough a drain tube. _ : _

13.  The system recited in claim 11, wherein the flow controller is a pump.
14. > /The systemPrecited in claim 13, wherein the pump is an electrical pump.

10 15. «<—The system’recited in claim 1, and further comprisihg a filter coupled to the inlet

having perforantions with a dimension between 10 to 100 microns.

-16. <——The systemwrecited in claim 1, and further comprising a second coalescent media

coupled to the inlet for further coalescing.

v
17. <e—— The system recited in claim 1, wherein gravity urges the water from the chamber
15 through a drain tube.

18 t _
The system?recited in claim 1, wherein the water is drained from the chamber through a
vlave that is activated by conductivity created by two probes that complete a circuit upon

the presence of water.

20 19. A method of separating water from a silicone-based solvent in a dry cleaning application,
comprising the steps of:
(a)  receiving a mixture of silicone-based dry cleaning fluid and water;
(b)  urging the mixture through a porous structure for separating the dry cleaning fluid and the

water; and

17
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18. The sys tern recited in er is drained fromthe
chanber through a vlave t mmw{l@"mﬂﬂ;ﬁ;mw conduct|V| ty created by two
probes that conplete a cir esence of water. 20 19. A method
of separ at AP Lr froma silicone-based solvent in a dRFTAISAMIR06y
application, conprising the steps of: (a) receiving a m xture of

si | i cone-(bas ecenedwing cheaday cleanirg fhiidlinthelsubstemtial atstrice of the mgtet.he m xt ure t hr ough
a porous structure for separating the dry cleaning fluid and the water;
and 17 SUBSTI TUTE SHEET (RULE 26) 11111111 111111 121121111111111111 WO

01/ 06051 0 S Phelsykitfi@eciia Bfclaihdp, whereiu kiegell biee off the pirasntragurk istinderi 10 t he
substantial absence of the water. 20. The systemrecited in claim 19,
wherein the cB¥°%j ze of the porous structure is under 10 nicrons. 5 21.
The systemrecited in claim19, wherein the cell size of the porous
structure_is under 5 mcrons. 22. The systemrecited in claim19, wherein
t he por o3 st M%Yﬁtﬁ’@f?%teﬁsﬂcﬁl%'ﬁﬁﬁ w@erexnggceli-ﬁge %@@%mqség‘i‘%ﬂwl%dﬁ'l aim 19,
wherein the pgﬂ QY. structure conprises urea- formal dehyde foam 10 24. The
systemrecited 1n claim23, wherein the cell size of the urea-forml dehyde
foamis wunder 5 mcrons. 25. The systemrecited in claim19, wherein the

por ous stﬁuct%&w éfﬁlc%xgqbo‘wﬁ%gﬁl@ rotxé) m?eGisP%d}%hﬁYStem recited in

cl ai m 25, wher'ei Sl ze yure ane I's under 5 15
m crons.

23.  Thesystem recited in claim 19, wherein the porous structure comprises urea-

formatdehyde foam.

10 24.  The system recited in claim 23, wherein the cell size of the urea-formaldehyde foam is

under 5 microns.

25.  The system recited in claim 19, wherein the porous structure comprises a polyurethane

foam.

26.  The system recited in claim 25, wherein the cell size of the polyurethane foam is under 5

15 microns.

27.  The system cited in claim 19, wherein the cell size of the phenoyl formaldehyde foam is

under 10 microns.

28.  The system recited in claim 19, wherein the water is drained from the chamber through a
valve that is activated by conductivity created by two probes that complete a circuit upon

20 the presence of water.

29 A system for cleaning articles comprising:
(a) a cleaning basket for receiving articles therein;
(b)  one or more tanks for containing a siloxane solvent;

(c)  apump coupled between the tank and the cleaning basket for immersing the articles in

25 the cleaning basket with the siloxane solvent;
18
This Sheet Has Been Replaced
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27. The systemcited in cl rein the cell size of the phenoyl
f or mal dehyde foamis . underau l: Hu The systemrecited in claim19,
wherein the water is drai neds L #er through a valve that is '

acti vat e Bhductivity created by two probes that corfpieYoIR06; [ cyit
upon 20 the presence of water. 29 A systemfor cleaning articles :
conpr i §9)ng: a yagpum skll fagdisilding thelsdexane solyamt farveusey articles therein; (b) one
or norg,tan L A | : : bet ween
The T af ansoitgisar Al o f thal on AENEarit) thellte n ) B P SRS |2

cl eani ng baadatcowering viapars;si | oxane sol vent; 18 This Sheet Has Been Repl aced

SUBSTI E SHEET ( RUL 6) J J [ | 1 11

i 11111 Fljﬂ |?sfPF’F‘i°§ fTPEFl%‘ﬁ\‘F ol g?éé?%&%"%ﬁ%‘é&@l@kwigf%i’fgsﬂb'gm (d) a
vacuum st i | decdived frbinsthe kbridegset; he si | oxane sol vent for reuse; (e) a condenser
coupled.to aj | east, one of th | eani.ng, baskets and. o he still for
condengﬁ)ng aé‘ﬂ&"‘f %&‘ic%meﬁﬁﬁggtﬁgr(%cﬁlﬁn%ﬁ’é?ﬁi @8&?&3&"%0“%@ condenser
for decantigliagoilahdintd the &by Haskeh fog dfiig/midicooldownaftendigingr om t he
condenser; (g) a fan coupled to the cleaning basket for circulating air

past both the heater coils and the <cooling coils and into the cleaning

basket 34 0r ﬁseyéy&an@ﬂﬂem@mmm@&aﬂme%ﬁm is305till Vaor UideRissr EStpldged in

claim 29, wheréin the condenser is a sti vapor condenser couplfed to the
still for rtedesstillifenreeayeringrondensedigpers of the pidoxeng sofvgpicframpthgstl from t he
still. 10 31. The systemrecited in claim?29, wherein the condenser is a

dryi ng vapor condenser coupled to the cl eani ng basket for recovering
dBndendbd VHpGystemirecithdingldim 29, whesein thsisondenses in a dng vangneangenses k et .

coupled to the cleaning basket for recovering condensed vapors of the siloxane solvent
from the cleaning basket.

32.  The system recited in claim 29, wherein the separator receives the siloxane solvent by

way of gravity.

15 33. A method of dry cleaning articles in a closed loop or transfer system comprising the acts
of:
(a) immersing said articles to dry cleaned in a dry cleaning fluid including a cyclic siloxane
composition;
(b)  agitating said articles in said siloxane composition;
20 (c centrifuging said articles for a partial removal of siloxane solvent;
(d)  removing said articles from the basket and transferring them to a recovery drier;
(&) circulating air so as to heat articles and vapor off liquids;

® circulate air so as to cool articles after recovery.

34.  The method recited in claim 33, wherein said removal of said siloxane composition from
25 said articles is carried out by a closed loop method including:
not removing articles after centrifuging;
circulating air over heated coils;
circulating said air through said articles.

‘This Sheet Has Been Replaced
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32. The systemrecited in clai rein the separator receives the

sil oxane solvent by way of gr%ﬁgmjﬁﬁm | let hod of dry cl eaning
articles i‘gaclosedloop or tr ey : Mnprising the acts of: (a)

i mer si ng SR i cles to dry cleaned in a dry cl eani ngP$VERWITPE| udi ng a
cyclic siloxane conposition; (b) agitating said articles in said siloxane
conposi t1%n; Themethod reaited i glpim §3,odierkitduring said remeovalof gaid sijoxaner enpval of
ranarort o Cfosicofl Eok R4l durllibd ofd Bt o210 BB BAM.
transferring mntoarecovery rier, e) Circulating air so as to heat
articl es and vapappointadiffsaitt sijpxankscontpyition suckithat ssidoremovwab ofgidisioxasel articl es
after recovercé/lg%3 . _The.nethod recited in claim33, wherein said renoval of
sai d sil oxané %@8&?%‘1“6%"’? om 25 said articles is carried out by a cl osed
| cop nethod including: not renmoving articles after centrifuging;

cirgulatjng gjr over heated coils;,.circulatjng said air thr h said

e f o1 06" bl rfi imelaf B 3, B SPPIRg B UoER A Rop2le Bt PR

SUBSTI TUTE Stihingdlne A (drkikdd) bl dldindodlidto 1k bhtel fof d driol6X @4/ 06051~
CL MS * PCT/USOO 19206 35 The nmethod recited in claima33, wherein during

sai d renoval thep I simge to humidificthe aplsverior toghe siloxarecamposition; hejng pumped; ¢
articles arein%'@xlaﬁé‘s‘k&%f@asﬂirx]x acuum that reduces the vapor point of said
si | oxane conposition such that said renoval of said siloxane conposition
I s quickened. 5 36. The nethod recited in claim33, and future conprising

an i njec on @%] . Elgﬂ LWL eintdd. NASHI: DO L] hSih !11( 1 zed)
of wat er %it7's i %‘Jfl]%é e l;%ﬁi?%l l§ e géé@fre otfr?e st asﬁh?&lm nute to
hutt di fy t hedistilingtilexanersolventtand illmistihgp@ER) noo vplatile réstiodbes pagt of theped

system.

38 The method recited in claim 33, wherein mMuum still for
distilling siloxane solvent and illuminating ) non volatile resi a part of the
system.
I5 39.  The system recited in claim 38, whereby the still operates as a fractional distillation still.

40.  The system recited in claim 39, wherein the low-end (early) boilers are urged to a
separate vessel, and the high-end boilers are urged to a separate vessel.

41.  The system recited in claim 40, wherein the vessels are equipped with a water sensors

capable of indicating water and releasing water from the vessel.

20 42.  The system recited in claim 39, wherein the low-end vessel urges the hydrated solvent to
the still for re-distillation and the high-end boiler vessel urges the solvent to return to the
dry cleaning tank for reuse.

43.  The methods recited in claim 33, wherein the condensed hydrated siloxane solvent
recovered during the drying cycle is urged to a separate vessel which is then urged to the
25 still for distillation.

20
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into the basket for washing. 37. The nmethod recited in claim36, wherein
the syste np a vacuumstill for 10 distilling siloxane solvent and

i1l um naty on volatile residu as a part of the sy ?ﬁﬂg _ he met hod
recited %%p@F§F£133, wherein the syste =resi uums tiII§ or'Méﬁg illing

sil oxane solvent and illum nating )non volatjla part of the system 15 39.
The syéftem TW?MSF‘PF“E‘FHEWB‘S"F"WF‘EW‘[eﬁ%}'éleﬂ‘F‘gpqgﬁ’é‘a’a&Wé I fractional

distillati O&Pétglétéin icdtilg WhiE afid Rleasihg Watkt Bk ke vebsdi.m 39, wherein the

| ow-end (early 0|?érs are urged to a separate vessel, and the high-end
boilers are urged to a separate vessel. 41. The systemrecited in claim 40,
wherein the vessels are equi pped with a water sensors capabl e of

i ndi cating water and rel easing water fromthe vessel. 20 42. The system
recited in claim39, wherein the | ow end vessel urges the hydrated sol vent-
to the still for re-distillation and the high end boiler vessel urges the
solvent to return to the dry cleaning tank for reuse. 43. The nethods
recited in claim33, wherein the condensed hydrated sil oxane sol vent
recovered during the drying cycle is urged to a separate vessel which is
then urged to the 25 still for distillation. 20 SUBSTI TUTE SHEET (RULE
26) wo 01/06051 PCT/ USOQ 19206 44. The nethods recited in claim43,
wherein the vessel is equipped with a water sensor capabl e of indicating
water and releasing water fromthe vessel. T1IIHI TLHEELEEIE L0EELE 10 THII
S 21 SUBSTI TUTE SHEET (RULE. 26)
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