. 13 OCT 2003 1 5 DETERGENT | NJECTI ON SYSTEMS FOR CARBON DI Ol DI GLEAN NG
APPARATUS Janes P. DeYoung, Tinmothy J. Rornack, and James B. MO ain 10
Rel at ed Applications This application is a continuation-in-part of comonly

owned, copending U S. Patent Application Serial No. 09/312,556, Filed 14
May 1999, the disclosure of which is incorporated by reference herein in
its entirety. 15 Field of the 1nventionlThe present invention relates to
met hods for carrying out the dry cleaning of fabries (e.g., garnments) in

| i qui d carbon dioxide, and particularly relates to nethods and apparatus
for adding detergent formulations to |liquid carbon dioxide dry cleaning 20
systens. Back ound of the Invention Many traditional solvent-based cl eaning
applications can suffer from poor performnce on aqueous born soils. A
significant portion of the soils found in 25 conventional dry cleaning can
be categorized as partially or wholly water-soluble. Water-in-oil _
~surfactgnts have been . devel oped that effectively disperse water to yield .
optically clear honbgeneous m xtures. These di spersions can effectively

di ssol ve wat er - sol UDEEERGENT INTEGIION SMSTEMSHORITARBONN, if the
proper water activity is i i I cl i sol vent. Water
activity, determ ned by a ﬁﬁﬁg@#ﬁg?tgéﬁﬂgh¥g&?”ﬂﬁg&tﬁ?ng tenperature, the
nature of solvent-solute interactions and the nolar ratio of surfactant to
water, is generally nonitored in conventional dry cleaning by what is
“termed as rel ati veJmed iiRe¥ oungcTaaming RemickwindJames B. Melflaine humi dity and
130 q T 2003 2 hence low water activity will not allow for secondary
solubligation of aqueous born soils. Water exceeding a critical |evel can

~ lead to non-dispersed bul k wat er Helktbd @@iplications ‘ :

This application is a continuation-in-part of commonly owned, copending U.S.
Patent Application Serial No. 09/312,556, Filed 14 May 1999, the disclosure of

which is incorporated by reference herein in its entirety.

15 7
Field of the Invention
The present invention relates to methods for carrying out the dry cleaning of
fabrics (e.g,, garments) in liquid carbon dioxide, and particulatly relates to methods
and apparatus for adding detergent formulations to liquid carbon dioxide dry cleaning
20 systems.

Background of the Invention ,
Many traditional solvent-based cleaning applications can suffer from poor
performance on aqueous bom soils. A significant portion of the soils found in
25 conventional dry cleaning can be categorized as partially or wholly water-soluble.
Water-in-oil surfactants have been developed that effectively disperse water to yield
optically clear homogeneous mixtures. These dispersions can effectively dissolve
water-soluble soils, termed secondary solublization, if the proper water activity is
achieved in a given cleaning solvent. Water activity, determined by a number of
30 factors including temperature, the nature of solvent-solute interactions and the molar
ratio of surfactant to water, is generally monitored in conventional dry cleaning by

what is termed as relative humidity. A cleaning bath with low relative humidity and



be del eterious to certain garment types. Carbon di oxi de based diy 8Céapiig .
is a new technol ogy that has only recently 5 been commercially

i npl ement ed. Li ke conventional dry cleaning solvents water- soluble soils
are not inherently soluble in liquefied carbon dioxide. Surfactant systens
that enable the water bearing nature of liquid carbon di oxi de have been
disclosed in the patent and open literatuure. Under certain conditions these
systens have denonstrated that water-soluble materials can be dissol ved
and di sper deded lovawatd akiivity wilk aobaliowifox setendeedlisslibliddion cfomussdsi gl | v
used water-si%r_l- ow surfactants .ap%iie?j to dry cleaning solvents are not
conpat i bl e SAHE-h WA PEeREERe & STifien: le¥sl qaBread o uoma@iensnted tudl teatasithag cadhat i s
terned to %dé%@?&d&%ﬁ%ﬁ&%{&@ﬁ?@ve been proven to be useful in the
emul sification of water in . Thée excl usive use of sone of these

materi al s can b&abordokidsrmhédity clearfing isvamyw aphhblog tenbas Jle reqsdyf or

di ssol u%i og)eof wat eer-.%ﬁl ubl tderi s in CO2 can be further conplicated
by the Peverst5PEHEYRLY JPPHETREHh @ convERHoRar I clepaRng gelvents Wateng

car boni ¢_aebrhbleT Béits WRAkoR GhkkrihiyC BoluBket Sigheidt LlnoliBlia8ndsaaian

di oxide as pressure is |lowered and CO2 is r-grmved can have sugs ant al

i npl i cati ors¥stems thategnably the wpterrbegdy nadwerofviqued aadionvdioyidealmveffeent t he

20 abilit . nj flu.d to dissolve water-sol uble soils.
Certain pﬁ d@%ﬁsg‘? é%aﬁégg%e a%eéldhﬁ%mﬁ’ﬁeq u@ﬁé)eérﬁ?@p‘"é?”@?‘q%s FseyBteRs
control théaptldemonstiealithafiveit-salithle MRS RIJOIPHOAisdVed And 'disgeé&g'ﬁ?ﬁt

water activity. Attenpts to raise the water - activity I n current processes
by t he 18ddiliquihcasbonipkidgaredivman fail because of the inability of the CO2

and surfact ant ' ' iciently stabilize the water.,25 Bul k.
wat er phase-sep;ﬁgggeggﬁe%%ﬁfllﬁl&u?’gé%t%rl& | R4t &P e sleping
cl eani ng f |solwtstscannionensatibéd evithilijuidl €10, sabRhaky e Cis e iohtahingCl ean
only fabrics. .Not al.l stai“ag)éare_v,ya er soluble. Indeed, a significant
nunber of SYBAtAS fEA tonbR ¢ Cha- nBEction Bavy peen xavendgodpre psafiloin thee

hydr ophobi Gemuylfifiatidabragklet ind0}.0 | 05 el ¢ 1S
al so desi raﬁe to_have a neansoéogﬁggglg%g&?%véj%\g’grHitgﬁgé%{%aseér%gﬁt
f or nul d€i oreost probibitiyen fati many eppligatinneanTing casgsfor NdissoRGOn2of waktr-séluBle
Patent No." 2,850, 9780 %LU coll ol i s L bRt 0B

and carbon dioxide producing carbonic acid. This weak acid which reverts back to )

water and carbon dioxide as pressure is lowered and CO, is removed can have

substantial implications on water activity in CO,. Lower water activity can effect the

20 ability of the CO; cleaning fluid to dissolve water-soluble soils. Certain pH buffers

have been used in liquid and supercritical CO; to control the pH of aqueous micro and

macro-domains and in turn augment water activity. Aitempts to raise the water

activity in current processes by the addition of bulk water can fail because of the

inability of the CO; and surfactant combinations to sufficiently stabilize the water.

25 Bulk water phase-separated from liquid CO, cleaning fluids and conventional

cleaning fluids can have substantial detrimental effects on many dry clean only
fabrics.

Not all stains are water soluble. Indeed, a significant number of stains that

must be cleaned in a dry cleaning operation are hydrophobic. Thus, in addition to

30 aqueous detergent formulations, it is also desirable to have 2 means for adding low

water content detergent formulations to carbon dioxide dry cleaning systems.



. Jureller et al. (see also 5,683,977 to Jureller et al.) desi:ai%ﬂﬁ%m

di oxi de dry cl eaning nethods and conpositions. Qur co-pending U S. Patent
Application Serial No. 09/047,013 of McClain et al., filed March 24, 1998,
descri bes carbon dioxide dry 5 cl eaning apparatus. Dry cl eani ng apparat us
is also described in U S. Patent Nos. 5,467,492 to Chao et al. 5,651, 276
to Purer et al., and 5,784,905 to TownseBd et al. It 10 is will be seen

that there is a need for better ways to add detergent forrnulations to the
carbon di oxi de dl¥SnHatepaiatd,8r.022 thBompgkastaluand QbmPateyt Bb. 5,683,847 ent i on

A first asp resent o i .on i g, Syst or.the controlle
addition Of %d%%r%g?it Eoch %:F%ﬁz% Rl R &l o‘Ieé%bSr ERoRy Fb%‘éf’e%”

cl eani ng appA¢ing MmethdBeandysHhRositaf QD@bdoypéhamgrU%?iateﬁﬁhgaﬁéﬂtﬂh JuRpSUr €
wash vessel; an auxiliary vessel; (c) a drain line connecting the

b
auxiliary vé‘%%éw)f‘%"&qlﬁ@f\ké%@%@& filegd Mprch @Aal 998, Bescribeseteabarbdipxida dry

. separatecgve ' CHH L1 ak essel .tq .t h sel ;
PP AL sV eied 1 BORIEC D0 L e QUNLLELY HESRSLE L sy Sosel
det ergent r eséFA4drtotChableeal. 8651 276y Purs 66dl., a0l 5 T4 05 &0CowhsehBiebal. 1t

apparatus is at, because the detergent fornulation can be punped into
the auxiliar sesp thel therp iv 8eed ferregen RIS adsy detersentformplations to the

predet er m ned i 8 HMM ransferred into the wash
vessel wher g&lrt 256'%05 I NES "W t Oﬁta(ﬁéﬁ??%t#gﬁéar bon di oxi de cl eani ng
solution, the detergent fornulation can be added to the cleaning solution
in a nore controlled or accurats manner._ A second aspect of the present
inventidil is a nmet hod for the c th of a | owwater content
detergent fornul ahifRs Rpeck BE el B ike ﬁ@n&tﬁ’%{gﬂl fr e E&Uofllggg%ﬁi)ﬁbh%@) to.
a carbon dioxide dry cleaning system Tﬁe met hod conpri ses: a
providing a Wﬁ@ﬁ tmulﬁtl@scm;hthm@kappar gdrben clowidé sleaging appatatusveThel and
a separate %ﬂeﬁﬁ@'sﬁ‘oﬁ’f&%ﬁ;ﬁs&?’ 0 C ( 20L13 .

(a) a high pressure wash vessel;

15 (b) an auxiliary vessel; o
(c) a drain line connecting the auxiliary vessel to the wash vessel;

(d) optionally but preferably, a separate vent line connecting the
auxiliary vessel to the wash vessel; '
(e)a detergen{: reservoir;and
20 () a detergent supply line connecting the detergent reservoir to the
auxiliary vessel.
An advantage of this apparatus is that, because the detergent formulation can be
pumped into the auxiliary vessel in 2 predetermined aliquot or amount, which
predetermined aliquot or amount can then be transferred into the wash vessel where it
25  combines with the liquid carbon dioxide cleaning solution, the detergent formulation
can be added to the cleaning solution in a more controlled or accurate manner.

A second aspect of the present invention is a method for the controlled
addition of a low-water content detergent formulation or the like (e.g., a starch or size
formulation) to a carbon dioxide dry cleaning system. The method comprises:

30 (a) providing a carbon dioxide cleaning apparatus comprising a wash

vessel and a separate auxiliary vessel;



4 (b) reducing the pressure in the wash vessel and the auxiliary3§q§@plﬂ@3
then (c) adding a detergent fornmulation to the auxiliary vessel, the i
detergent (c) formulation conprising (i) at |east 30 percent organic
co-solvent, (ii) at 5 least 1 percent surfactant; and (ii) not nore than 10
percent water (and preferably |ess than 10 percent water); then (d)
increasing the pressure in the wash vessgl so that liquid carbon dioxide
can be punped therethrough to clean articles in the wash vessel; and then
10 (e) transferring t{ip rediodrgythet prbssuraiinathe onashresael Agd dwxililkary veessel to
t he wash vessel &g facilitate the cleaning of articles therein. Athird
aspect of the pr&$Bnt invention is a systemfor the addition of aqueous

det ergent fornul ati ong;asdy i &nﬁﬂ&?cfxpﬁ L QX{: i system
under turbul ent cond?:t)i Qnsjég'eldﬁgéré‘f/‘tg?em preter a%?%ﬁé%%ﬁr‘?qé%%%ﬁa@?ma hi gh
pressure wash ve&idbrmulgtign eoiptising ;() (at)least Gdr parcentlioppdntte cobelaantngiisal ut i on
drain Ii§1e interﬁ%%}ngcti ng th sh \éeéael to the filter; (d) a carbon
di oxi de “cl eani ng 80! UtHGHFHE SHERSARE ARd GH Bk Mok than 4P| Regsent Jpater; (e wash
vessel; (e) a fipeferiBlgespaRSS0 RO Waldr); they @ PUMP that is capable of

punping |iquid solutions conprising |iqurd carbon dioxide) or other |iquid
transfer neans oper affyinersasieg tthel prasswe insthecvmhedssel tsh thiteligidi carbdme;

(fl a detergent | at i reseryoir: 2 g),_a detergent fornul ation
“supply line conné@%g r?grerg%pgg\}ﬁFﬁe{hg%u@h& glﬁ%‘rﬁﬁﬁleﬂ%b%e | S lngpd
sol ution supply thefie or drain line; and (h) a second high pressure punp

operably connected to the detergent fornulation supply line for
transfetding det er genfe fiGnsigrng the dateaentformulation fromt thecumilizay ivessel to

reservoir i.nto t Re I Q1+ i.ng saol uti.on, 30 under turbul ent

conditions. An a va‘ﬁi&gge&gﬂc’?ﬁ#}gﬁﬁ%g%g“u‘gl%%%ﬂ?s%mburovi des for the

i ntroduction of dethidgepct of the present invention is a system for the addition of agueous
detergent formulations and the like to a carbon dioxide dry cleaning system under

turbulent conditions. The system preferably comprises:

15 ' (@)a h1gh pressure wash vessel;
(b) a filter;

{¢) a carbon dioxide cleaning solution drain line interconnecting the
wash vessel to the filter;

(d} a carbon dioxide cleaning solution supply line connecting the filter
20 to the wash vessel; _ |

(e) a first high pressure pump (i.e., 2 pump that is capable of pumping
liquid solutions comprising liquid carbon dioxide) or other liquid transfer
means operably connected to or associated with the drain line;

() a detergent formulation reservoir;

25 () a detergent formulation supply line connecting the reservoir to the
carbon dioxide cleaning solution supply line or drain liﬁc; and _

(h) a second high pressure pump operably connected to ﬁc detergent
formulation supply line for transferring detergent formulation from the
detergent formulation reservoir into the carbon dioxide cleaning solution

30 under turbulent conditions.
An advantage of this apparatus is that it provides for the introduction of detergent
formulations and the like under turbulent conditions, which facilitates the mixing of



formul ati ons and the like under turbulent conditions, whicH 34T ipges the
m xi ng of 13 OCT 2003 5 the formulations with the liquid carbon dioxide
wash sol ution. Such a manner of introduction is particularly advantageous
when the detergent fornmulation is immscible, wholly or in part, with the
| i quid carbon di oxi de wash solution. A fourth aspect of the present
invention is a method for the addition3f 5 aqueous detergent formulations

and the like to ar bon, dj oxi de dry cl.eanjn stem under turbul ent
condi 1| ons BeTigmHERAB Wiy b Sk GrHeR Jpids RS RO AES ST GRr | bed
| mredi at el ypRaueon e pRbRedy CONRN36Sus (BhlenP RY Q?t@ﬁ%eﬁ‘t %ﬁﬂﬂ%ﬁ o de

cl eani ng apparatus conprising a wash™ vessel and a filter; .10 (b) punping
a cont i nuousmscids rwholllylor qupadt, athitbe iditdxdadenaliedde wgsh sadibticn. on from t he

wash vessel thrqugh the filter. and back to.the wash.vessel,to,.clea
Articlos in the waSR eweeh of B PreflorPRiPm tyE PR oT GMaRdBPBrP nt o
the congi nuguspus Be@ARhOforbiBtbes arfPihl Akedb Xéalord ai@;kid%weieﬁnmgtsyﬁezam nt
downstream of the filter and upstream 15 of the wash vessel) To introduce

t he deter gtnderfigrtmlgng iconditipes o Theenetbed imayobs catriedaont with ln tappardss easgent
formul ation_c isin 1)..at _least 10 .or preferably at |east 20 percent
wat er, andrafﬁclg}wéaﬁﬁ%%g{ewlabﬁg?c _?%ﬁ]"#é’g{%’ﬁlﬁ?&so that water in the

detergent fornul ati ofgi grodidsiped 688onh didxde Llesiuhé a cHhnpxkide aPiishr to

entry into the wash vessel, w thout depletion in e filter. 20 The systens
descri bed above VAl 898 3flFi ded i ndependent |y on a cleaning apparatus, or

may be;gonbi ned toge J cleanl r at t. LOVI tihe ability
of bot Illﬁmanners of dwgf"%rg‘%gian ?nouulgg:f %ﬁeﬁgrcffeﬁqlbgsc(%ﬁﬂ& %%ﬁld(e)fd%a%gn%

Drawi ngs 25 Fi gisdietidn Sohetmetwagiavtssel thicuphrihd GRerdhdtiol tetheswishrvetdebto
controlled int—ro?uctio .of det grgen} fQrmul ations into the wash vessel of
a carbon di oxi d&*@p G840 thsprasarvessel afgure 2 schematically illustrates an

apparatus for the in i : : n
S oL 1L L, oGP S8 eRUEtly 6 B SR e RRR”
il lustrates a coatbonaivxagpdontampidiat h peapaloanstrganp ob thedilter fand upsitdam

15 of the wash vessel}) to introduce the detergerit formulation into the continuous

2

stream, with the detergent formulation comprising (§) at least 10 or preferably
at least 20 percent water, and (i) at least 1 percent surfactant, so that water in
the detergent formulation is dispersed in the liquid carbon dioxide prior to
~ entry into the wash vessel, without depletion in the filter.
20 - The systems described above may be provided independently on a cleaning
apparatus, or may be combined together on a cleaning apparatus to provide the

capability of both manners of detergent introduction.

Brief Description of the Drawinges

25 Figure 1 schematically iltustrates an apparatus for the controlled introduction

of detergent formulations into the wash vessel of a carbon dioxide cleaning apparatus. -

Figure 2 schematically illustrates an apparatus for the introduction of

detergent formulations into a carbon dioxide dry cleaning apparatus under turbulent
conditions.

30 Figure 3 illustrates a combined apparatus which separately provides for both

the controlled mtroduction of detergent formulations into the wash vessel of a carbon



the controlled introduction of detergent formul ations intOTQh?pwa%ﬁ vessel
of a carbon 1 3 OCT 200;3 6 dioxide cleaning apparatus, an or t é

i ntroduction of detergent formulations into the carbon dioxide dry

cl eani ng apparatus under turbulent conditions. Figure 4 is a further
enbodi nent of the present invention simlar to that of Figure 1, with an
alternate drain control system 5 Figur€ 5 is a further enmbodi ment of the

present in -4.0 ] everal . .alternate drain control system Detailed
Descri ption o%det ﬂ%&%né/g?ﬂ%f%w*ﬂ%fﬁréf‘?ﬁ“%d@%m aldeiergent fermetlationsfigtosthe o any
removal of cmbhdicddiddd:ﬁg:ldaﬁﬁga?bmﬁdgiﬁﬁ% UofiflapRd erial , whet her
partial or conplete. The invention may be used to clean nonpol ar stains

(i.e., those whifdgure ¢ine fughestenbadimertiof thegesseyt hoamnosmOke & tet of
conmpounds ' LS, sebu nd the like), polar stains (i.e.,
?i%iti‘e ASpith by &gét% gﬁ’%ﬂ 801}%61

hydrophi lic 3taihs suc SESWof f ee and tea stains), compound

hydr ophbbi ¢ st aiFigurel Seis,a FufhdSemBd@MeAPbE thé!l 5 %ﬂ? AnASitibh PSehC e R

candl e Wax%h and particular soils (Le., solls .i contalni’ng i nsolubl e

sol i d ‘conpBiiEREE oBEolsystemat es, carbon bl ack, etc.). Articles that can
be cl eaned by the nethod of the present invention are, in general,
garnents and fabrics (including woven and non woven) fornmed from materials

such as cotton, wool, silkDet£iRHMRGcripAYRBE MROINRALGH. acetate, fiberglass,
furs, etc:, fog,ged I nLqQ itens such as clothing, work gloves, rags, |eather
goods (e.g., 20°R3FEbag@mRs used Beregnmfers to eny rePeovalrafesoll, Hivt, minad, iopns
descri fpgd b&@phﬂw&g@dﬁ%ﬁ}j | . qui d_carbon,. di oxi de (whi.ch mgy al so
contain surfactants an otaﬁ’:‘?h%ﬂﬁéer\rh%%l%f%g’ Agfe At Syecaten jnayhe ‘bﬁgg\ﬁ?de
liquid carplean gorpolatestiins@e., diigse Hdelnategt tHhlPRade §¥lﬁl§}n dl ki ons
typically Sgrﬁg{’i%sz %}5 a ftoméero, 0.02, 0.05 or 0.11%0 5‘por 10 percent
(more pref 67 ABYSFOF SBAE 2501y oll, sshvm @nd the likedr polahstaips fiva rhydirephilitestgine
bal ance; t syhCal dritpejuide 364 @Qn@ﬁﬁg%%; r nt.(preferably. from
0.1 or .5 per cenétTIEOjS or 1%_pe_r cent t t‘é‘f‘@%ﬁ‘. Cl{;fd}éﬂvi) e&?ﬁgﬁ"s f one
or nore di FPEY Eerialy much amtlipstickiadd SGndl) WaxRmul paitionBo 8E QRBL LoMET €
pref er.pjjl ycgﬂtﬂjﬂin%rinsllolgﬁé &8 cgngpo%%ngesglgﬁgé gﬂiggtes, carbon black, etc.).

Articles that can be cleaned by the method of the present invention are, in

general, garments and fabrics (including woven and non-woven) formed from |

materials such as cotton, wool, silk, leather, rayon, polyester, acetate, fiberglass, furs,
etc., formed into items such as clothing, work gloves, rags, leather goods {e.g.,
20 handbags and brief cases), etc.

Detergent formulations described herein are combined with liquid carbon
dioxide (which may also contain surfactants and other previously added ingredients)
to provide liquid carbon dioxide-based dry cleaning compositions.  Such
compositions typically comprise:

25 {(a) from zero, 0.02, 0.05 or 0.1 to 5 or 10 percent (more preferably from .1 to

4 percent) water; '

(b) carbon dioxide (to balance: typically at least 30 percent);

(c) surfactant (preferably from 0.1 or .5 percent to 5 or 10 percent total, which

may be comprised of one or more different surfactants); and

30 (d) from 0.1 to 50 percent (more preferably 1, 2 or 4 percent to 30 percent) of

an organic co-solvent.



- an organic co-solvent. 1 3 OCT 2003 7 Percentages herein' #$3el8Xppi#dsed as
percent ages by wei ght unl ess otherw se indicated. The conposition is
provided in liquid format anbient, or room tenperature, which wll
,generally be between zero and 50 Centigrade. The conposition is held at a
pressure that maintains it in liquid formvmthln the specified 5
tenperature range. The cl eaning step i s/ preferably carried out with the
conposition at janbi.e

{ t l.
co-solvent is, PR ﬁ%tﬂ%rsa <t e”r’i?&%&?ﬁ?%‘o?? E% gnaa}g\f;gﬁy Wi n‘&“i?ﬁsfr{gw igl :

co- sol vent jridscatdll. a'h&“%aﬁ@o%bﬂ%t proViddd G Jfuld 620 altl R8Blent, Dérabsed, and
cyclic al kanes, and-nmixtures thereof (preferably saturated) currently

preferred. tem[@fﬁm}anﬂvchc‘@ﬂb@en@ﬁﬂypb@flar\aéﬁnyzd:rasarai fSD&stBermgmﬁe abithee 140F,
and nore prefera a flash oi nt .above 170F, Cc co:saql vent

oy bo o PEGRR SRy s fuh e iher B RealRRNT AR TR SR BE SR hove,
or m Xtyresen@ﬁerm %errq"he ci’éaﬁﬁg%pﬁ bietaBRAaried &R%M@%oﬁ%@ﬁt&?aione or

nore al cohols (e.g., fromO or 1to5%of 'a Cl to Cl5 alco (1 ncludi ng
diols, tri @H@lenétemp)?yat@ﬂefferent fromthe organic co-solvent may be

i ncluded with the organic co-solvent. Exanples of suitable co-solvents

I ncl ude, but are not |imted to, aliphatic and aronmatic hydrocarbons, and

esters andie ficbeseEntsparticul arly nono and di-esters 20 and ethers
(e.g., EXXON | SOPAR L, | SOPAR M | SOPAR V, EXXON EXXSOL, EXXON DF 2000,
CONDEA VI STA LPAhE peaeniceyseirenyis in sepmal g@ydrosgrbp@ re-selvente, Typirallylithet hy |

succi nape) , n y rho
di—buty?bcarc %hiét%{elt ?Sdlg[-l?dlgglﬂgy{:o- |c§@bon t?h?ﬂ“ S CZ# naﬁb, ‘gﬁc&gﬁc
propyl ene aikzhes;ahémixairkytheref @Skéf@ﬁbly&hﬁﬂdt@d)&uﬁbﬁ@f) beeferaait] Tk hegmiand
esters thereof_ 25 (e hyl ene glycol -n-butyl ether, diethylene

gl ycol - n- b&PSﬁPIVQPWF?mtﬁYS‘&? &lash goipt above k4§l and mere PrefesslipPreadagh yeol

met hyl et hgbmtfasw mvi:e%eg:l%ﬁﬂé cg‘%Bmé%rb g@g Qﬂu df 95:99@/&@9%9& ygol

met hyl eth acetate | act on act one
(ep5| | on) cmmtmfmdhaneamd g@@alaba)fc,dmdmuamak aﬁbnmm) moad alidss Additiatiabl s

02,913 BaRBPRRk 2 TR o e gl 3. TELOY: 36 a0l o ol
2- et hyl - 21M6D{1ﬁﬂﬁ&ﬁhg| dioRNEHols, etc.)) different from the organic co-solvent may be
included with the organic co-solvent.
Examples of suitable co-solvents include, but are not limited to, aliphatic and -
aromatic hydrocarbons, and esters and ethers thereof, particularly mono and di-esters
20  and ethers (e.g., EXXON ISOPAR L, ISOPAR M, ISOPAR V, EXXON EXXSOL,
EXXON DF 2000, CONDEA VISTA LPA-170N, CONDEA VISTA LPA-210,
cyclohexanone, and dimethyl! succinate), alkyl and dialkyl carbonates (e.g., dimethyl
carbonate, dibutyl carbonate, di-t-butyl dicarbonate, ethylene carbonate, and
propylene carbonate), alkylene and polyalkylene glycols, and ethers and esters thereof
25  (e.g., ethylene giycol-n-butyl ether, diethylene glycol-n-butyl ethers, propylene giycol
methy] ether, dipropylene glycol methyl ether, tripropylene glycol methyl ether, and

dipropylene glycol methyl ether acetate), lactones (e.g, (gamma)butyrolactone,
(epsilon)caprolactone, and (delta) dodecanolactone), alcohols and diols (e.g., 2-
propanol, 2-methyl-2-propanol, 2-methoxy-2-propanol, 1-octanol, 2-ethy! hexanol,
30 cyclopentanol, 1,3-propanediol, 2,3-butanediol, 2-methyl-2,4-pentanediol) and
polydimethylsiloxanes (e.g., decamethyltetrasiloxane, decamethylpentasiloxane, and

hexamethyldisioxane), etc.



pol ydi net hyl si | oxanes (e.g., decanethyltetrasil oxane, [
decanet hyl pent asi | oxane, and hexanet hyl di sl oxane), etc. O C T 9%%3 8
2. Surfactants. Any surfactant can be used to carry out the pr esent

i nvention, including both surfactants that contain a COz-philic group
(such as described in PCT Application 5 W96/27704) |inked to a C02
-phobic group (e.g., a lipophilic group)g and (nore preferably) conventiona
surfactants, or surfactants that do not contain a C02-philic group (Le.,
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(typically éigoghi | i g: group). A single surfactant may be used, or a
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ethoxylated fatty esters and oils, fatty esters, flucrocarbon-based surfactants, glycerol
20  esters, glycol esters, hetocyclic-type products, imidazolines and imidazoline
derivatives, isethionates, lanolin-based derivatives, lecithin and lecithin derivatives,
lignin and lignin derivatives, maleic or succinic anhydrides, methyl esters,
monoglycerides and derivatives, olefin sulfonates, phosphate esters, phosphorous
organic derivatives, polyethylene glycols, polymeric (polysaccharides, acrylic ztcid,

25  and acrylamide) surfactants, propoxylated and ethoxylated fatty acids alcohols or
alkyl phenols, protein-based surfactants, quaternary surfactants, sarcosine derivatives,

silicone-based surfactants, soaps, sorbitan derivatives, sucrose and glucose esters and
derivatives, sulfates and sulfonates of oils and fatty acids, suifates and sulfonates,
ethoxylated alkylphenols, sulfates of alcohols, sulfates of ethoxylated alcohols,
30  sulfates of fatty esters, sulfonates of benzene, cumene, toluene and xylene, sulfonates
of condensed naphthalenes, sulfonates of dodecyl and tridecylbenzenes, sulfonates of

naphthalene and alkyl naphthalene, sulfonates of petroleum, sulfosuccinamates,
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di octyl sulfosuccinate, AEROSOL I B-45Th sodi ugne'gi’i sobutyl” “sul f osucci nat e,
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TERGE-8TH ol.ei id, i | am f. ' | f i nate),
sul foloci PFPEYERt sAEtiber Bt B coPopItE: Hpready VOB o
- N-oct adecyTwsw tipsudeden ighd! enodstitOwate, 22RMDIET I 2500TM URRIDb:{ybiidleHe (8)
di car boxyet-hyl )-N oct adecyl sul fosuccinamate) sorbitan_esters including
deri vat i vesonpfierger. @dudéne gpdfe | Blyrk sepelymers nwrl eBEFRONIKAR L a9d
oxyet

o T e Ty
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(e.g., CALI MULSE EM99Th branched dodecyl benzene sul foni"c "aci d,
sulfosuccinate, SOLE TERGE-8™ oleic acid isopropanolamide monoester of sodium
sulfosuvccinate), sulfosuccinamic acid and esters thereof (e.g. AEROSOL 18™
disodium-N-octadecyl sulfosucciniamate, AEROSOL 22™ tetrasodium N-(1,2-
20  dicarboxyethyl)-N octadecyl sulfosuccinamate) sorbitan ésters including derivatives
thereof (e.g., SPAN 80™ sorbitan monoleate, ALKAMULS 400-DO™ sorbitan
dioleate, ALKAMULS STOT™ sorbitan trioleate, TWEEN 81™ polyoxyethylene (5)
sorbitan monoleate, TWEEN 21™ polyoxyethylene (4) sorbitan monolaurate),
isothionates including derivatives thereof (e.g., GEROPON AC-270™ sodium cocoyl
25  isothionate), polymeric alkylaryl compounds and lignins, including dexivatives thereof
(e.g., LIGNOSITE 50™ calcium lignosulfonate), alkylaryl suifonic acids and salts -
thereof (e.g., CALIMULSE EM-99™ branched dodecylbenzene sulfonic acid,
WITCONATE C-50H™ sodium dodecylbenzene sulfonate, WITCONATE P10-59™

amine salt of dodecylbenzene sulfonate), sulfonated amines and amides (e.g,

30 CALIMULSE PRS™ jsopropylamine sulfonate), Betaine and sultaine derivatives,
and salts thereof (e.g., lauryl sulfobetaine, dodecyldimethyl(3-sulfopropyl)ammonium
hydroxide, FOAMTAIN CAB-A™ cocamidopropyl betaine ammonium salt,
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phosphated mono- and diglycerides), sulfates and sulfonates of fatty acids (e.g,

ACTRASOL PSR™ suifated castor oil, ACTRASOL SR75™ sulfated oleic acid),

sulfates of alcohols (e.g., DUPONOL C™ sodium lauryl sulfate, CARSONOL SHST™

20 sodium 2-ethyl-l-hexyl sulfate, CALFOAM TLS-40™ triethanclamine lauryl
sulfate), sulfates of ethoxylated alcohols (e.g, CALFOAM ES-301™ sodium lauryl

ether sulfate), amines, including salts and derivatives thereof (e.g.,
Tristhydroxymethyl)aminomethane, ARMEEN™ primary alkylamines, ARMAC

HT™ acetic acid salt of N-alkyl amines) amide sulfonates (e.g., GEROPON TC-42™¢

25  sodium N-coconut acid-N-methyl taurate, GEROPON TC 270™ sodium 'cocoﬁ:tethyl
tauride), quaternary amines, including salts and derivatives thereof (e.g., ACCOSOFT

750™ methyl bis (soya amidoethyl)-N-polyethoxyethanol quaternary ammonium

methyl sulfate, ARQUAD™ N-alkyl trimethyl ammonium chioride, ABIL QUAT

3272™ diquaternary polydimethylsiloxane), amine oxides (e.g, AMMONYX CO™

30 cetyl dimethylamine oxide, AMMONYX SO™ stearamine oxide), esters of glycerol,

sucrose, ghicose, sarcosine and related sugars and hydrocarbons including their

derivatives (e.g., GLUCATE DO™ methyl glucoside dioleate, GLICEPOL 180T™
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- CGer man, Pat Appl i cat i DE 39 04514 Al, that are not soluble in liquid
car bo_ﬂldi)S %i (5:@10 %Eﬁcpogﬁcyéaﬁqraaq?%ﬁ,% utilized in the invention
_described in U Bhusiat pidseMNOnverioB3Bay B cdrfed Bi€hdifg cSitveRtion? sulthcRantfat ent .
" No. 5,683,977 to Jureller et al. As will be apparent to those skilled in

the art, niaFedEEs batdioti bmiied jtagthedianionis ot arpnenit nalkyllenizener sulfonaiss.er gent
formul atio | ' it e ) i Zi . Star Sy enzynes,
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inclu 0t ori zontal - .drum and vertical drum apparatus. en the drum
is ah Igztgxﬁ agd gﬁqlé]:( F@ﬂ%@wﬂ%ﬁ qnhlbzed in the invention desgrebed in U.S. Patent No. ,

5,683,473 to Jureller et al. or U.S. Patent No. 5,683,977 to Jureller et al.

As will be apparent to those skilled in the art, numerous additional ingredients

can be included in the detergent formulations, i.hcluding whiteners, softeners, sizing,
starches, enzymes, hydrogen peroxide or a source of hydrogen peroxide, fragrances,
20  etc '

3. Cleaning Apparatus. _
Any suitable cleaning apparatus may be employed, including both horizontal
- drum and vertical drum apparatus. When the drum is a horizontal drum, the agitating
25  step is carried out by simply rotating the drum. When the drum is a vertical drum it
typically has an agitator positioned therein, and the agitating step is carried out by
moving {e.g., rotating or oscillaﬁng) the agitator within the drum. A vapor phase may
be provided by imparting sufficient shear forces within the drum to produce cavitation
in the liquid dry-cleaning composition.
30 U.S. Patent No. 5,858,022 to Romack et al. and U.S. Patent No. 5,683,473 to
Jureller et al. (see also 5,683,977 to Jureller et al.) describe carbon dioxide dry

cleaning methods and compositions which may be used to carry out the present
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4. Low-Water Detergent Formulations.

As noted above, in one embodiment of the invention the detergent formulation
is low in water content, or substantially nonaqueous. Preferred low-water content
dete;ge:it formulations for carrying out the present invention typically comprise, by

20  weight:

' (a) at least 10 percent organic co-solvent (and preferably at least 40,
50, 60 or 80 pérccnt organic co-solvent or more, up to 99 percent organic co-
solvent or more) (which may be one or more organic solvents);

(b) at least .1 percent surfactant (preferably 1, 2 or 4 to 5, 10 or 15
25 percent surfactant or more); and
(¢) not more than 5 or 10 percent water. In some cases, the forrulation

may be free of water (or non-aqueous), or may contain up to not more than 1,

2, 3 or 4 percent water.

Additional adjuncts useful in these formulations include whiteners,

30  bnghteners, fragrances, sizing agents, coatings, pH buffers, bleaches, enzymes,

alcohols, peroxides, softeners, etc.
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preferably, a vent Iine 14 connects lary vesse e wash vessel
to provi dethegwhardewssﬁ}mmm&hblmlﬁdmeddmﬁmﬂhﬂ v(rashevessdlmndpﬂmrnontﬂnts '

connect,l on .of he v n ach ve seI is ahove the || UI d-fi | evel
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~vessel to bfeeerawhaweﬁﬁﬁie 14lémﬁe@'t§ttﬁé g@Aliary SRREey % Eheléaéhsvégﬁém Qﬂfhdaand a.
det ergent supply line 16 is provi ded connécting the detergent reservoir to

the auxil i 8rySijesemmuniggligrethencpetviegndy.e. therpoiitddconnectiontor ¢t Yﬂnehsg'm em as

dlscussed h..i. s refer

oxponer v ELHHEEISE BRIk 1GOM 1V AUIRES M Sk RebbE SRl
fromthe debmmofmemmvess&tamemhe@mns 20 coul d al so be enpl oyed.
For ex l e, the %ﬁ ergent. reservoir coul d be . positioned above the ,

auxiliaty vesse ':?fgq% TSIRRYQLF Sy 1S, pEeadedy rand; t‘ydqtﬁBP@dS‘#Hbenhﬂﬁel

reServoi r. provided connecting the detergent reservoir to the auxiliary vessel. Valves 17, 18 are

provided to control the system, as discussed in greater detail below.

A pump 19, which is preferably an inexpensive, low pressure pump, is

provided to fill the auxiliary vessel from the detergent reservoir. Other mechanisms
.20 could also be employed. For example, the detergent reservoir could be positioned
above the auxiliary vessel and the auxiliary vessel gravity filled from the reservoir.

The wash vessel may contain a rotating basket driven by any suitable drive

" means 20, including but not limited to a turbine drive, a direct motor drive, an internal
or external electric motor, etc. Drive mechanisms are discussed in greater detail in the
25  patents and patent applications referenced above.

In operation, the aforesaid apparatus provides a method for the controlled
addition of a low-water content detergent formulation or the like (e.g., a starch or size
formulation) to a carbon dioxide dry cleaning system. In general, valve 17 is closed to
fill the auxiliary vessel and opened to empty the auxiliary vessel into the wash tank.

30 Valve 18 is opened to fill the auxiliary vessel, but closed when the pressure in the
wash tank is increased to prevent back pressure from reaching the detergent reservoir.

The method involves, initially, reducing the pressure in the wash vessel and the



The wash vessel may contain a rotating basket driven by an‘b?fs@ﬂaﬂﬁlﬂé drive .
means 20, including but not limted to a turbine drive, a direct notor
drive, an internal or external electric notor, etc. Drive nmechanisns are
di scussed in greater detail in the 25 patents and patent applications
ref erenced above. In operation, the aforesaid apparatus provides a nethod
for the controlled addition of a | owwater content detergent formnulation
or the like (e.g., a starch or size formulation) to a carbon dioxide dry
cl eani ng systibany vessefjeTée prssswelmay b vitwliglcegreidlly refliddd, biteis arefetabiy ¥
vessel and apen to enBt the auxiljary vessel into the wash tank. 30
Valve 18 i®¥ g‘b afmpsppgrfc presswie, gt (the, tine, thecwash pemselcisersaedute Aemenee
bressur e | aiclte sutBSh ddilte o faBAEARALA Soya EXERL RSk SR AL
reaching the detergent reséervoir. The nmethod 1nvdl'ves, Thitially, reducing
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- The pressure be ,101IﬂI or, partially reduced, but is preferabl .reduced
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above or bBredovablan thesprssate imhey wash oessal &t then inbrbsedoss thap liqoidneabeon mor e
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therethrough tg clean articles in the wash vessel.” The detergent
for mul ¥t i ofp fasilitatethe plsaripg of afidlesobereie biguid carbon disssdd cleaning) eolutisih

vessel. 10 acdd.l i f. articl.es therein.  .Liquid carbon \
di oxi de cl Ié%nf)ngéﬂs% iﬂ%ﬁ#ﬁﬁ %g gllrﬁ{ggagidfs&gﬁ ?lgﬁmu%ﬁjﬁe‘aaﬁhn‘feése&nl—l?#?ff EeEd

t hrough t htewdestrgemisioahulatiod hrebemn ristired! fiem ARt QLeAly (kUL ahé QAsRAs
been transferred fromthe auxiliary vessel to the wash vessel. 15 6.
Aqueous De¥®F®Ent Fornul ations. As noted above, the present invention

di scl oses aqueous based detergent conpositions and their nethod of
introduction into |liquid carbon dioxide dry cleaning mnachines. The
conposl i ofi. Aqrireous PBetbraéntfHayniwdationsa of t hese materials provides for

i mproved wat er - sl ubl | eanj,ng_i n carbon. di gxi de dry cl eani ng nmachi nes.
These 20 corrpos?%sl B aar%é’v?’o e PTERTH X ERLOR &?ﬁkﬁ%?ﬂ‘}eoﬁ%e‘g%%@@nto
liquid car bemp6iif¥nstnd their method of introduction into liquid carbon dioxide dry cleaning

machines. The composition and method of application of these materials provides for
Vimproved water-soluble cleaning in carbon dioxide dry cleaning machines. These

20 compositions are to be injected automatically or by choice into Hquid carbon dioxide
wash fluid during 2 cleaning cycle which may or may not contain surfactants, co-
solvents, and other adjuncts previously disclosed.  The method of ihjection is
important in determining the effectiveness of the aqueous cleaning, as is the
composition of the i_njected detergent.

25 The composition of the -useful detergents is generally agueous in nature with
water representing between 5 and 100% of the injected material, preferably between
50 and 98%. Formulations also contain surfactants that help disperse water once
injected into the CO, wash fluid, help wet the surface of the articles to be cleaned,
help lower static interactions between soil and items to be cleaned, or help deplete

30 water at the surface of items to be cleaned. Useful surfactant levels are between 0 and

20%, preferably between 0 and 5%. The formulations may also contain co-solvents



wash fluid during a cleaning cycle which may or may not congaim! 2(933
surfactants, co- solvents, and other adjuncts previously disclosed. The

met hod of injection is inportant in determning the effectiveness of the
aqueous cleaning, as is the conposition of the injected detergent. 25 The
conposition of the useful detergents is generally aqueous in nature with
wat er representing between 5 and 100%pf -the injected material, preferably
between 50 and 98% Formul ations al so contain surfactants that help

di sper se wetfil imnedifyingjtee sastentrpowvet hE thE@Owaskful inuquiptitied etwedn ¢ hed sur f ace
of the artjgles to gﬁ%gel eaneﬁ, 9@] p lower static interactions between soil
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to be cleaned. plagful %é;'ﬁéfoﬁﬁté&&rgEﬁV%ﬁmﬂﬁ@orBetf&e%ﬁrr?inén@ut 2080 preset er abl y
between 0 and 5% The fornulations may al so contain to-solvents 3 0 CT 2003
15 usef ul inventivndjpigalhocontprissobywaighpower of the C02, useful in quantities

between 0 and 90% re,useful between d 30% Pyefer agueo

deter _ggnt formul atio aﬁﬁ"“cﬁb?f’% vg%?r E?ﬁw { erﬁéte‘{ﬂfggh&?ﬁ),g@m |y
conprise, by wehghdnt water ofindr€afito YO pefieaeWhtel\at @bref; and preferably at

| east 40, 50, or 80 percent water -or- nore, up to 99 percent water or

nore); (b) at |east (bl sbdeastrl pergentanrfanany mreferablibly2 pr Htod, W 015, 10 or
15 percent surfact I re): \a (c) fromzero, | or 2 to 5, 10, 20 or
40 percent of aﬁefg?"gg i co-§§‘¥d\§ee)h€‘§d 10 Additional adjuncts useful in these

formul ati ons i ncl ude@Micaenebs] or Dtd HM0ePE 640 ptreatt@f 8n ordabRYossvlvedt. Si zi ng
agents, coatings, pH buffers, bleaches, _enzynes, peroxides, softeners,

etc. 720 Appar at AdditepalapfivRstnquedls Detthesge formmgenensatipeiide YRIEREener al |

t he desireq. f 1.0 8ct | L0 & jNe. | ar e[ggﬁgg | t he .
- ¢l eani ng cg%éﬂég&lrg ?ls?gqlﬁn%c‘)rtgnt Q%Sha%ﬂg%e%ggf teclog%n%f I{I—%e etérg%%‘%ﬂggs
acconpl i shemkyimes, werbddés, sofidnerspewduce copi ous m xi ng of the detergent. with

the CO2 containing wash fluid prior to exposure of the itens to be
cl eaned. Useful conponents to this end include but are not limted to

static ni xer fppdvi@Eifer AHARCSA oGRS TditiPaht PoRaatiRs.Pr €ssure drop
OI’IfICGS, prpe constri ctions, narrow sections O uni ng, control val Ves,

15 In general, the desired mode of injection into the machine 1s carried out during

the cleaning cycle. It is important that the addition of the detergent is accomplished in

a fashion to produce copious mixing of the detergent with the CO; containing wash

fluid prior to exposure of the items to be cleaned. Useful components to this end

include but are not limited to static mixers, dynamic mixers, centrifugal pumps,

20  pressure drop orifices, pipe constrictions, narrow sections of tubing, control valves,

and additional equipment beneficial in providing high shear mixing. The sheared

fluid composed of the CO, wash fluid, water, surfactants, cosolvents and adjuncts 1s

exposed to the articles to be cleaned. Water that cannot be stabilized in the system in

the form of an optically clear emulsion, dispersion or solution depletes evenly on

25  fabric surfaces facilitating the dissolution of water-soluble soils. The formulations are

typically used at levels between 0.1 and 10% of the total wash fluid volume and
preferably between 0.2 and 2.0%.

Cleaning of articles by contact with a liquid composition containing carbon

dioxide, water, a surfactant, and an organic cosolvent has been previously disclosed.

30 Injection of water or water and surfactant separate from the CO; and cosolvent in the

present invention has been determined to be advantageous in some cases. Organic

cosolvents have been disclosed as solvent modifiers that serve to increase the solvent



and addi tional equipnent beneficial in providing high shear jn} X9 2adhe
sheared fluid conposed of the CO2 wash fluid, water, surfactants,
cosolvents and adjuncts is exposed to the articles to be cleaned. \Water
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ot her synthetic materia t is an additional conponent of this nvention
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raised to lower water solubility, resulting in partitioning of water from the bath to the ’

fabric throughout the wash cycle.

20 A system for the addition of agueous (or nonagqueous) ‘detcrgent formulations
and the like to a carbon dioxide dry cleaning system under turbulent or high shear
conditions is disclosed in Figure 2. The system comprises a high pressure wash vessel
11 and a drive means 20 as described in connection with F-igurc 1 above. In addition,
the system includes a filter 30, a carbon dioxide cleaning solution drain line 31

25  interconnecting the wash vessel to the filter, a carbon dioxide cleaning solution supply
line 32 connecting the filter to the wash vessel, and a high pressure pump 33 operably

-connected to the drain line. The filter may be a lint filter and/or carbon filter, or any
other suitable filter.
A detergent formulation reservoir 34 is provided, with a detergent formulation

30 supply line 35 connecting the reservoir to the carbon dioxide cleaning solution supply
line. A second high pressure pump 36 operably conmected to the detergent
formulation supply line is provided to transfer detergent formulation from the



. fabric throughout the wash cycle. 20 A systemfor the additliddof 28881eous
(or nonaqueous) detergent forrmulations and the like to a carbon dioxide
dry cl eani ng system under turbulent or high shear conditions is disclosed
in Figure 2. The system conprises a high pressure wash vessel 11 and a
drive nmeans 20 as described in connection with Figure 1 above. In addition,
the systemincludes a filter 30, a carhlign di oxi de cleaning solution drain
line 31 25 interconnecting the wash vessel to the filter, a carbon dioxide
cl eani ng sdtwtgennicmupityn rkiameoiB ihte drenerbom diokitde ¢ledrfirgy sdletidnhendsa diiphvessel ,
and a high _pressur.e punp 33 operably connected to the drain line. The
filter may® %”§°W£ngfilter and/or carbon filter, or any other suitable
filter. A detergg ' N ' | Wb Bind rgent
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f ormul abi odilter duopgadditiomof the dorafwatiemai d appar at us provi des a nethod of

adding a de't er gelgtOPeraﬁon, the aforesaid apparatus provides a method of adding a detergent

foud

formulation to a carbon dioxide dry cleaning system. In operation, a continuous |
stream of liquid carbon dioxide cleaning solution is pumped from the wash vessel f
through the filter and back to the wash vessel to clean articles in the wash vessel, and
20 = the detergent formulation is added into the continuous stream of liquid carbon dioxide
at a point downstream of the filter and upstream of the wash vessel at junction 37 to
introduce the detergent formulation. Since pumping of the continuous stream by the
first pump 33 is preferably carried out at a rate of about 10 or 20 to 200 or 300 gallons
per minute, turbulence will occur at least a junction 37 when the detergent
25  formulation is pumped into the stream. Those skilled in the art will appreciate how to
spa:ciﬁcally configure size and shapes of the pipes and the rate of pumping of the
 detergent formulation and confimuous’ stream to facilitate turbulence and
corresponding mixing.
Figure 3 represents an apparatus that employs both the system described in
30 Figure 1 and the system described in Figure 2. Since many cleaning operations
incorporate different types of surfactants, some of which may be maintained in-the

carbon dioxide liquid in sigmificant quantities from wash to wash and others of which



formul ation to a carbon di oxi de dry cleaning system |n opg¢iEatiConz{la
continuous streamof |iquid carbon dioxide cleaning solution is punped
fromthe wash vessel through the filter and back to the wash vessel to
clean articles in the wash vessel, and 20 the detergent fornulation is
added into th e continuous strearn of liquid carbon diwdde at a point
downstream of the filter and upstrearn g§ the wash vessel at junction 37 to
i ntroduce the detergent formulation. Since punping of the continuous stream

by the fimsay prsdepladsd putogthe bdiclsity bealedned and/or tle Altdra HROnOWagDIMvask) Or 20
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t he sys em%g%gr? ed2f1§$‘%30 Figure 1 and the system described in Figure 2.

Since many cl eaning operations incorporate different types of surfactants,
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Addi ti onal 3l r NSe.:Fi: 4 i|lustyates..an apparatus simlar
to Figure 1. exgeﬁgg?h%t’ agﬁ%‘lﬁeren% gg(flpﬁrl'??ﬁ% ?—6}1’“%%8%#35*0 BpUTadRd. The
syst em conpessskesThe wnghanyressliispovitdnedesset thelQadhlvdsiel s6-thatthd@sheesse!
that is ca | i c‘%jegﬁé%r bon_di oxide), an auxiliary vessel

5?@1' e of,. cont ai,ni ng
52, and a Af ACTOTIHEY ESSUSAREE HrHyeTRe by gmviwitaly weshswssel. Optinmalipint
vessel . Therefepablyl aWénVBSSS4 cbxﬁaeeugsth{: hﬁﬁﬁgﬁe S| &éltlg? ‘P",%g?gvesgftg{ﬁ s ;L hat

the contents of the auxiliary vessel can Yo the
wash vESseBas-gige icommunjcatipnttherpbativeermbldy derpeanteskivorr 55 iCHRREES add8

auxi liary h vessel to provide 15 gas-side communication

t her ebet weé%élsg% Elge"&’g iygheél?ﬁ,\?”f’é é’é?\’}@# c‘g‘?e&%n%ﬂhﬁ Jetgegent grsgrvair to the auxiliary
vessel. Valve 58 is provided to control the system, typically by closing the valve
during the wash cycle or whenever the wash vessel is pressurized. A pump 59, which

is preferably an ix;expensive, low pressure pump, is provided to fill the auxiliary

20  wvessel from the detergent reservoir. The wash vessel may contain a rotating basket

- driven by any suitable drive means 60, including but not linﬁted to a turbine drive, a
direct motor drive, an internal or external electric motor, etc.

The drain Iine contains a raised portion 62 which functions as a valve, with a

corresponding inlet portion 63 and outlet portion 64. The system uses a low pressure

25 pump on the soap supply system, which requires that the auxiliary vessel be at

essentially ambient pressure when it is being filled, and likewise requires the wash

vessel to be at essentially ambient pressure. When the level of detergent in the

auxiliary vessel goes above the level of the raised portion 62, represented by line 61,

then the contents of the wash auxiliary vessel raises in inlet portion 63 through the

30  raised portion 62 is siphoned into the wash vessel through outlet portion 64. In the

alternative, the detergent in the auxiliary vessel can be raised to the raised level but

not above the raised level and CO; gas can be pumped into the wash vessel to swell



detergent supply line 56 is provided connecting the detergentObestifdoir to
the auxiliary vessel. Valve 58 is provided to control the system
typically by closing the valve - during the wash cycle or whenever the wash
vessel i's pressurized. A punp 59, which 1is preferably an inexpensive, |ow
pressure punp, is provided to fill the auxiliary 20 vessel fromthe
detergent reservoir. The wash vessel nmay contain a rotating basket driven
by any suitable drive neans 60, including but not limted to a turbine
drive, a therdéaérgemt formoative, by itndtRivoahe efis@K t@eDahd @heskt theCdoi@bedt, etc.
The drain Line contains a raised portjion 62 which functions as a val ve,
with a coforeaation;tn dramngq thsyash 9asseB and outl et portion 64. The system

uses a | ow pres e LA, ﬁn@@ﬂ t es t hat
the auxiliary vg‘sse ﬁlgg at esdg%nl{ﬂ }1 y an‘%ﬁg@t‘é{%‘rs%g:s%%en [ e| ng
filled, anthatidfeligaee Hedui differt e hwasht theemagdliaryovdase] admptiese ahd ahlfﬁctanbi ent

pressurge. en the | evel etergent,in the  auxiliary yessel goes above
the | evel JmSFﬁfés Pal sy Bfgfl’cf? ?Pteﬂznptfﬂesrres@ﬁwé@%ynx PRAR ob which piddthse

contents ofmbiag  WRANTAL G LkAr é’ou?f%-%’é? Iailﬁll {»ﬁl: R;eé%@]]r t”f Epe 63 LAgough

the 30 raised portion 62°1s skp vesse rough outl et
portion 64vessel thhkis ca;babhmfaaqnt@nmg ﬂnquidedaﬂ:og&hbmda) theuslixiyl veasey 72eagiel can
be raised to thehr;)at]%ed | evel e‘g not above tE}e8 rai,sed Iev and. CO2 gas

can be purrf) SOTRRG g5 Yessel tp3the wesh veseel. 1 e apeilight er gent
fornul at i 0QessBI isgaint poditONEd E@@vertﬁé %ﬁ% ’v@s‘é@ll Q%Pfﬁﬂéﬁﬂcﬂ%ﬁﬁ.&ﬁ&%t

formulation to drain’into the wash vessel. A sti further enbodinent is
i | ust kGt eba@ypﬂesw Bns74 Tonnscisythe ewiliary siessel wﬂmmashhasmbto pioyideazad- but

Tere e A L Ao B P S0 T8 Lokl Lgstrotes

i npl ement edetedgeat SutplyERACTERRY, @ﬁ&e@cdﬁh%ngrtﬁ§ﬁ%fgeﬂ@ﬁbeﬁﬁ§ $@{he7a3mﬂiary e., a
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typically by closi n%ht he val ve.

motor, etc. The drain line contains a raised portion 82 which functions as a valve as

in Fig 4 above, with a corresponding inlet portion 83 and outlet portion 84. In this

20 case, however, as will be apparent from the detergent transfer mechanism described

below, all that is required is that the auxiliary vessel not drain by gravity prior to its

contents being pushed into the wash vessel; thus; the raised portion in the drain line

could be eliminated, and the auxiliary vessel simply positioned below the wash vessel.

The system of Figure 5 further includes a high pressure pump 90 and filter 91 through

25 . which the carbon dioxide cleaning medium is cycled via line 92 during the cleaning

;_.

cycle.

There are three options by which the contents of auxiliary vessel 72 may be
transferred to wash vessel 71, as follows:
(A) First, simple back pressure from valve 101 (or other backpressure means
30 such as a constricted section of pipe) from flow through line 74 into tank 72 will flush
the contents of the auxiliary tank into the wash tank via line 73A.



during the wash cycle. A punp 79, which is preferably an idexf@€isies, | ow
pressure 15 punp, is provided to fill the auxiliary vessel fromthe
detergent reservoir. The wash vessel nmay contain a rotating basket driven
by any suitable drive nmeans 80, including but not limted to a turbine
drive, a direct notor drive, an internal or external electric notor, etc.
The drain line contains a raised portiogg 82 which functions as a valve as
in Fig 4 above, with a corresponding inlet portion 83 and outlet portion

84. In this 20 (Bén atididener in akertnbtive RahaPRRESRE, fioTal BoudeksroRMd
transfer nmechani sm described below, all that is required is that the

auxiliary ¥ the, detergen) W%@adpr%ﬁmmsgelg Tsis comixedt withéhamapushed
into the wagh,yas: e?ﬂmﬁﬁ'fifﬁnéﬁbéﬁfﬁ%‘?gsir%%%g t@%}i&%@g%@' nline could be

el imnated, and the auxiliary vesse p | ow t he wash

vessel . The sy¢Cphinelly,Angudition tburtihaltematldittethe FoRipBhePhis F3CMmaURP 90
and filter Q%Iaro%{gﬂ S . Whi c&t he carbon di oxide cleaning nmediumis

cycl ed Vi aP¥q ga ‘?%H@hﬁqﬁ?ﬂé Bhihspuxdipey wessshandecombinedwith thpniagns by
whi ch the garlentise o : ransferrad to wash
vessel 71, ggmf olhlﬁoagpﬁ?ii)o q%?pgltﬁgéﬁfr%ﬁ%%ﬂgim%g geéﬂﬁngBr%%\'/al ve 101 (or ...
ot her backpr essin 2l afthndoreging intalamative amsding & flach H8E tHreuphdinelidpe paé r om

flow throu?oﬁ tl in 54%| ntq.tank 72 will flush the contents of the auxiliary

tank into "elbve??r?t IR aRigh presgure gas sopres H0XAp- 200 sygem stilb) the gasiside of on or

I n al t ernagicygmtdsdrhe | | Vi he
cvoprasi hapaelis i, 245, Gpphe DB S i b

detergent fornulation in auxilTary vesss cOo-m € nain
car bonl@i othegardliagy ressal ta Austogr peshothe dohteints: theteof fgtd the wasls kesselSTEr 71.

(O Finall ' Ft.l.on.to or .in alternative to the foregoing,, |ipe 73C
ey be s P50 BEAOR 1 8 Bl aifhafhiehiths brfaite v o eRB e
conbi ned wptdviddddn Bptrative asiscitibh Wittee MxilabPledsd] fodfal ﬁ%%ﬁf@?&%ﬂm@?

after the hi gﬂ pressure punp 90. In all of thHe foregoing, in alternative to
usi ng a f| @SRy Hesteh rBd gRseithe confents thpgeof tpekpand inte the0fashryesseh ohligh
pressure ggg source 103 (e.g., a systemstill, the gas side of a
conpressor, a conpressed gas vessel, etc.), and high pressure gas all owed

to ent® 10 the Vhile the presemeinseitionds Hesesibe® abiueswith Ae: ©RMradish phessel into
t he wash vessel. 71 or. |ljine . 92. In_addition to or in alternative to the

f or egoi ng, PAZRAt BROPinG iEHE fAsborationde fam thajwash Newsplrmin line Hrsugli ati on
Wi th the agkel aidBack 86 &R wish VasR, it {81 6025058 thdt Wher fluid transfer means

for transfering the liquid carbon dioxide wash medium can also be employed as an

alternate to, or as a supplement to, a high pressure pump. Such other fluid transfer

20  means include, but are not limited to, a system for supplying a second compressed gas

to push the densified liquid carbon dioxide from one location to another in the system
as described in U.S. Patent No. 5,412,958 to Iliff et al.,, and the use of multiple
pressure tanks as described in U.S. Patent No. 5,904,737 to Preston et al., the
disclosures of both of which are incorporated by reference herein in their entirety.
25 '
9. Cleaning,

The details of the overall cleaning process will depend upon the particular
apparatus employed, as discussed in greater detail above. In practice, in a preferred
embodiment of the invention, an article to be cleaned and a liquid dry cleaning

30  composition as given above are combined in a closed drum. The liquid dry cleaning
composition is preferably provided in an amount so that the wash vessel contains both

a liquid phase and a vapor phase (that is, so that the drum is not completely filled with



~auxiliary vessel and cause the contents thereof to expand i hB3oGChe?#Wash
vessel or line 92. 15 Wile the present invention is described above with
the use of a high pressure punp-for punping liquid carbon dioxide fromthe
wash vessel drain line through a filter and back to the wash vessel, it

wi || be appreciated that other fluid transfer nmeans for transfering the

| i qui d carbon di oxi de wash nedi um can gjso be enployed as an alternate to,
" or as a supplenent to, a high pressure punp. Such other fluid transfer 20
means i ncl tlae artisie asd éhenbquili commdition). Ahs psticdenis deensagipted g the sessend

oont 1 on & OERDiRRRR et HacE eniants taeh fekdeid By Fremneormmnsuiod g o

5,412, 958 tapdd pHabe, olitRithe AREbRLHER 6t B kiRl Qufffies 3/ tRab ANK BHRR.
described in U'S. Patent No.- 5,904,737 to Preston et al., the disclosures

of both of Theid¢anad artiole &y ther acmaves) fioef thealrpm. h€he ariiclenmjiaiptiopallyl bety. 25
9. d eani ng, et all f the overall cleaning process w lJl..depend upon
the particu éér&%%’gﬁté‘%%%s%&%%%, s%@éﬁ?&gow%n%@r%&'f“erad at f%5Bove.
I'n practi ceolution sudh &f lequi® O, FHAdr Wioud hddiiend] N @edibRS sudadhhfet 8-t 0 be

- cleaned and a liquid dry cleaning 30 conposition as given above are
conbi ned i FokYeBt eisado ghadmmypeitating theadicle istearinsasolgionpremaviegthe ginse
preferably | d i 0 the wash vessel .contains both a
i quid phassgfu;ﬁ#c]f %@%"%& 6%2%@%‘@3#@‘2&%%“?%% Stef and e fiee %ﬁoﬁe‘%"a’ letely

filled witHrom 3hé€ drudk. cURB @2 clédntngpicbingbgtiaird ahdi@hd e GoRMIBROThdyi B8) . The
article is then agitated in the vessel, referably so that the article

cont actl§ bIEHOYHLPY Iy suable jucars AnsIRging ba P2 vapor phase,
with the agitati Edik 8vedbn fior -1 P [ iﬁg%-] : n 14 bric.
The ¢l eaned arti-lg?'eﬁll%s t hen reIrer\(ee %%%ﬁg%ﬁm 2195% ?@Il% ngyﬁc’%
opti onal | y lmitiSg ekasplds.(f or exanpl e, by renoving the conposition fromthe
drum adding a rinse solution such as liquid CO2 (with or w thout
additional ingredients such as water, co- solvent, etc.) to the drum
agitating the article in the rinse pglANIPPE,1 renoving the rinse solution,
and repeating as desired), after the agitating step and before it is
rem)v_ecl5 fromthe drum The¥era "‘3_1"._-;'1 centriformiuiat] 8 and the rinse o
oo vent e Poan et RTY G ooty HbARROSS AR et dib Ry Ueaflp™ ™' O
system that can be used to carry out the present invention is a mixture that contains:

4.2% ISOPAR M™ organic solvent;
0.24% water;
20 | 0.196% TRITON™ RW-20 (commercial detergent available from
Union Carbide; a secondary amine ethoxylate);
0.048% TRITON™ GR-7M detergent (a commercial detergent of

Union Carbide; sodium dioctyl suifosuccinate in aromatic and aliphatic

PP

hydrocarbons); and
25 0.48% TERGITOL™ 15-S-3 detergent (a commercial detergent of
Union Carbide; a secondary alcohol ethoxylate; and
carbon dioxide to balance. _
The formulation (all ingredients except carbon dioxide) is added to the liquid
carbon dioxide by adding it to the wash tank through an auxiliary vessel as described
30 in connection with Figure 1 above. Thus, for example, the concentration of the

ingredients in the mixfure contained in the auxiliary vessel would be: 85.7% ISOPAR



The present invention is explained in greater detail in thq ‘i caldjozh non-
limting exanpl es. EXAMPLE 1 15 Nonagueous Deter ent Formnul'ation exanpl e
of an essentially nonaqueous |iquid carbon dioxide dry cleaning system
that can be used to carry out the present invention is a mxture that
contains: 4.2% 1 SOPAR MIM organic solvent; 0.24%water; 20 0.196% TRI TONTM
RW 20 (conmmerci al detergent avail able hhom Union Carbide; a secondary

am ne et hoxylate); 0.048% TRI TONTM GR- /M det ergent (a conmerci al detergent
of  Uni on KEmMbiotent; SRSURRGEOE.HYY SRITONTE GwWal(re déibregehtd MBI0% BIFoM™phat i ¢
hydrocarbons); and 25 0.48% TERG TOLTM 15-S-3 detergent (a conmerci al

det er gent ~TMfletsngandr a31ddb80% TSHRGHRL Y B-Sdhmirfastahioxy| at e; and car bon

di oxi de to bal ance. The fornulation (all ingredients except carbon di oxide)
is added to the liquid carbon dioxide by adding it to the wash tank
through an auxiliary vessel as des@XABDPLIBQ in connection with Figure |
above. Thus, for exanple, the concentration_of the ingredients in the

m xtur@ contained in the aliong s Adefepgent Karmulationgs 795 | SOPAR 1 3 C C 1

2003 22 Nfm SOy et 4.5 .. 09006 TR TONT .0 90%

TR TONT | R 7 ar arisat St b o Boothogsh ARG BYAaRS) Rl oo

2 5 Nonaqubeussdietemryent theerasahtdhventioArs addituromal cananpl e of a |iquid

carbon di oxide dry cl e%% s%ys{temthat, can be used to carry out the

present invention is3& ﬁb}? AaT OrEsRtcAPYENt; 3. 07% | SOPAR MTM or gani ¢

sol vent; 1.32% DPMVA j tate); 10

0.087% wat er; O. 023%ﬁ$%%%%@m%&g%Egﬁppl%ghg%ﬁh%gfr%ﬁ%ﬁa%g%fezzﬁ gent of

10 - 0.087% water; ‘ '

0.023% TRITON™ GR-7M detergent (a commercial detergent of N

Union Carbide; sodium dioctyl sulfosuccinate in aromatic and aliphatic

hydrocarbons); and
0.5% TERGITOL™ 15-S-3 detergent (a commercial detergent of
15 Union Carbide; a secondary alcohol ethoxylate); and
carbon dioxide to balance.
The formulation (all ingredients except carbon dioxide) is added to the liquid
. carbon dioxide by adding it to the wash tank through an auxiliary vessel as described
in connection with Figure 1 above. Thus, for example, the concentration of the
20  ingredients in the mixture contained in the auxiliary vessel would be: 61.4% ISOPAR
| M™ solvent; 26.4% DPMA, 1.74% water; 0.46% TRITON™ GR-7M detergent; and
10.0% TERGITOL™ 15-S-3 surfactant. .

EXAMPLE 3
25 Aqueous Detergent Formulations

A series of different aqueous detergent formulations suitable for liquid carbon
dioxide dry-cleaning are given as Examples A through F below. Percentages are

given as Percent volume/volume,

30 Formulation A

95% water;

3% TERGITOL 15-S-3™ surfactant;



Uni on Car bi de; sodium dioctyl sulfosuccinate in aromatic apngd @7 pinagic

hydr ocar bons); and 0.5% TERG TOLTM 15-S-3 detergent (a conmerci al detergent
of 15 Union Carbide; a secondary al cohol ethoxylate); and carbon dioxide
to bal ance. The forrmulation (all ingredients except carbon dioxide) is
added to the liquid carbon dioxide by adding it to the wash tank through
an auxiliary vessel as described in cognection with Figure | above. Thus,
for exanple, the concentration of the 20 ingredients in the mxture
contained in the auxl%i”BEBlGI/'m}S&IS demtanﬁbné% | SOPAR MIM sol vent ;

26. 4% DPMA, 1. 74% wat er %T M GR-7M detergent; and 10.0%

TERG TOLTM 15-5-3 suW“a}B’tPé‘PHY ene gycobmonghl ethes. Aqueous Det er gent

Forrmul ati ons A series of di fferent aqueous detergent formulations suitable
for liquid carbon dioxide dry-cleaning are given as Exanples A through F
bel ow. -Percent ages aFermugiatien Bis Percent vol une/vol une. Forrmulation A 95%
wat er; 3% TERG TOL 122 3Tmsurfactant; 1 3 °30C1 2003 5 10 15 20 25 30 23
1% TERA TOL 15-S- 7ThO3trWéth ant: and 1% Di propyl ene gl ycol monobut yl

ether. Formul ation B30y, [SOPAR M™ organic solvent;
3% TERGITOL 15-5-3™ surfactant;
1% TERGITOL 15-S-7™ surfactant;
0.50% AQT surfactant; and
10 : 0.50% TERGITOL 15-S-15™ surfactant.

Formulation C
05.5% water; ,

_ 3% TERGITOL 15-S-3™ surfactant;

15 0.25% TERGITOL 15-S-15™ surfactant;
0.25% TERGITOL TMN-6™ surfactant; and
1.5% Cetyltrimethylammonium chloride;

Formulation D
20 : 65.75% water;

25% ISOPAR M™ organic solvent;

5% hexylene glycol;

3.0% TERGITOL 15-S-3™ gurfactant;

1.0% 3-Dodecyldimethylamminiopropane-1-sulfonate;
25 0.25% TERGITOL TMN-6™ surfactant.

Formulation E

96% water;

2% TERGITOL 15-8-3™ surfactant; and
30 2% TERGITOL 15-S-7™ surfactant.

Formulation F




65% wat er ;

30% | SOPAR MTM organi c solvent; 3% TERA TOL 15-S-3TM

surfactant: 1 % TERGA TOL 15-S-7TM surfactant; 0.50% AoT! Subl £ Acinant :
0.50% TERG TOL 15-S-15Th surfactant. Forrmulation C 95.5% water; 3%
TERG TOL 15-S-3TM surfactant; 0.25% TERG TOL 15-S-15TI "M sur fact ant;
0.25% TERG TOL TMN-6TM surfactant; and 1.5% Cetyl tri methyl anmoni um

chl ori de.

- hexyl ene glycol; 3.0% TERG TOL 15-S-3T

Formul ation D 65.75% wat er; %%5% | SOPAR MIM or gani ¢ sol vent;
surfactant; 1.0%

and

5%

3- Dodecyl di et hyl ammppi,apr@pane - | -sul fonate; 0.25% TERG TOL TMN-6TM
surfactant. Fornul ati on E 6% water; 2% TERGE TOL 15-S-3TM surfact ant ;
2% TERG TOL 15- S- 7113 ¥sipfenylenetglydebmonbatitybethér; 13, 0 L, T 2003 24 5 94%

Di propyl eng@%ﬁwgg%% ether; 2% TERG TOL 15-S-7Th
surfactant; and 1% PDVS-TU- 1y di iagxane -graft polyethyl ene
glycol  copol yner) (5WPWS%-PE@@OWMeﬁ?psigfxgﬂé-gﬁﬁ%olycthylene glycol

water; 3%

5

10

15

20

25

copolymer) (500 g/mol PDMS with 350 g/mol PEG).

EXAMPLE 4
Addition of Aqueous Detercent Formulation A

_ 1.0 Iiters of a formulation such as that described in Formula A in Example 3 is
injected into a CO, based dry cleaning machine with a liquid volume of
approximately 80 gallons such that the formulation is fed to the low pressure side of a
centrifugal pump. The pump is used primarily to transfer fluid from storage to the
cleaning wheel and back, and to circulate the cleaning fluid through appropriate filters
and h_eat exchangers. In this case the pump also serves to mix and shear the added
detergent prior ifs tranépox‘t to the cleaning vessel. The well-mixed detergent is then
carried into the vessel by the flow of the wash fluid -and water that cannot be

stabilized in the wash fluid is evenly depleted on the garments to facilitate aqueous
detergency. '

EXAMPLE 5
Addition of Aqueous Detergent Formulation _
1.5 Iiters of a formulation such as that described in Formula B in Example 3 is
injected into a CO; based dry cleaning machine such that the formulation is fed to the
high-pressure side of a circulating pump. The detergent is carried by the flow of the
wash fluid through a static mixing tube prior to it transport to the cleaning vessel
containing articles to be cleaned. The well-mixed detergent is then carried into the
vessel and water that cannot be stabilized in the wash fluid is evenly depleted on the

garments to facilitate aqueous detergency.

and



~wash fluid t

EXAMPLE 4 Addition of Aqueous Detergent Formulation A 1.0 Iit%r% 2@ a
formul ati on such as that described in Fornula A in Exanpl eld U&1 3
injected into a CO2 based dry cleaning machine with . a liquid vol une of
approximately 80 gallons such that the formulation is fed to the | ow
pressure side of a centrifugal punp. The punp is used primarily to
transfer fluid fromstorage to the clegsaning wheel and back, and to
circulate the cleaning fluid through appropriate filters and heat
exchangers. In this case the punp also serves to m x and shear the added 15

detergent prior its transport to t I | ng vessel. The well-m xed
detergent is then carried into thg‘mgi%ﬁy the flow of the wash fluid

and wat er that cannot bggasddPif A&&hus DetdieelPBididbtni S evenly depl eted
on the garnents to faciTitate aqueous d 0 Y. XAMPLE 5 Addition of
A ueous Det er geht liEgs ol b d¢tinurationSsuch e thet déscaibédimdratiloh is Exhmalke 3 Wat

described in For.nul a L n mle 3 is .injected intp a CO2 b ry

cl eani EPS n’&ﬂ?‘ﬁt‘%emng’lfbﬁgﬁ Ill?ﬁfela;(ﬁ%‘: B?Jr?ﬁl%%?] sugh ﬁ@ﬂﬂieof%flﬂglan% {f'?f"gg%g’&ur e

side of a Eigﬁ%és@ﬁx'e%dd)ﬁma- ciﬂaﬂﬁ_ﬁﬂgtﬁ.{nﬂﬁ”frh!esteﬁx?éﬁbﬁg oDtht e hengOfhet he 25
rough a-static mxing tube prior to it transport to the

cl eani ng vigeasion of thetdetergeny Ve Fe Igﬁsomghomethc legeln dlat: teipsraneske [of Hiedesth is

detergent |s then ied intg.th vessel and water that cannot be

st abi i zed q‘%cr?cﬁtgs&;%hy?}}eu nglq%éhee Wﬁg‘%%f'et ed on the garnents to

facilitate aqueous detergency. 1 3 0 CT 2Q03 25 EXAMPLE 6 Addition of

Agueous Detergent Formulation 1.0 liters of a formulation such as that

describ®d in Formula F in Exanpl e EXAMBLE{j ected into a C®2 based dry

cl eani ng machi ne such thg di%i&?ofﬂ%@&ﬁt .891- 'eg i, ) tﬁe hi gh- pressure

side of a circulating ptmp.—TIe LEH‘D’ET%UT‘Eé_UFEﬂ%hEé{%T during the

i njection of the.odéesraferformsladéi-suchlasahegldestribed ¢én Fyahwla Fhia Exauwpde Afur e of

the bath i | onered t o 50F he. end of the.cl| eaning cycle. 10 EXAMPLE 7
Addi tion O?njgﬁ aé‘é}zéqa@%% ingpachine such that e fotm atilonxs edto%ﬁé

low-pressure side of a centrifugal pump. The wash fluid in the system is composed of

15  approximately 95% liquid CO, and 4% of an organic co-solvent. The sheared mixture
is then carried into the cleaning vessel where the bath temperature is 45°F.
Throughout the cycle the temperature of the bath is raised to 70°F.

The foregoing is illustrative of the present invention, and is not to be construed
as limiting thereof. The invention is deﬁhed by the following claims, with

20  equivalents of the claims to be included therein.



1.0 liters of a fornulation such as that described in Fornu g BT npgxanpl e
3is injected into a CQ2 based dry cl eaning nmachi ne such that the
formulation is fed to the |ow pressure side of a centrifugal punp. The
wash fluidin the systemis conposed of 15 approximately 95% i quid CO2, and
4% of an organic co-solvent. The sheared mi xture is then carried into the
cl eani ng vessel where the bath terrperat%gre is 45F. Throughout the cycle
the tenperature of the bath is raised t6 70F. The foregoing is illustrative
of the preygat whitheRldAmedand is not to be construed as limting thereof
The invention is defined by the following clains, with 20 equival ents of
the clainms to bé Ansysieredor Her edditiod 30aleE2qat F6mitiationshioch chbos | Abxied i S:

1. Asystemfor the addition of detergent formulations to a carbon dioxide
cl eani ng apiyarat febae tﬁ%ﬁ@mﬁwsﬁﬁ:ng: (a) a high pressure wash
vessel; (b)) an/guhibhrassiiesiRhivedsed @ drain [ine connecting said
auxiliary vessel to said wash vessel; (d) a vent |ine connecting said

auxi | i aty vesselbas amilirynsessehessel ; (e) a detergent reservoir; (0 a

det ergent suppl y,line. gonnect i said detergent, reservojr to_said auxiliary
10 vessel ; and {cé)a cﬁ%&ﬁgnecc ﬂ??cgﬁ‘gﬁé%‘gﬁ@fgﬁseléw JsBivessel with said
drain line for (dantdmiiht behdebing k@ a@kiligthVeie b of Gfé%}? gent formul ation
fromsaid auxiliary_ vessel i nt.oésai d vvagz \?essgf. ?5 .{’%géslystem accordi ng
to claim1, fur{@érdesgaprtireseritpin | ow pressure punp operatively associ at ed

with said deter ty hbhe. for transferring detergent frp aid
reservoir to sa%gggi#g%ﬂzg%uyﬂﬂ\}gg?g%?m%c gg?gtd&"ﬁgﬁ@g(ﬁ?sﬂg’r?&tp By

wher ei 10 sawekstlomadr essure punp is a 20 peristaltic punp or a piston punp.
4. A system accggr)di ng to cl gi m 1, wherein said drain control neans :
conprises a dr&/n%Apyeentrel means gperativelycassednted withcsaid ndrdin nerfoirn sai d

auxiliary ¥gsffling thePfitle!dftigiling of detergent formulation from said auxiliary vessel

into said wash vessel.

15 2. A system according to claim 1, further comprising a low-pressure pump
operatively associated with said detergent supply line for transferring detergent from
said reservoir to said auxiliary vessel. - '

3. A system according to claim 2, wherein said low-pressure pump s a
20  peristaltic pump or a piston pump. '

4. A system according to claim 1, wherein said drain control means comprises
a drain valve,

25 3. A system according to claim 4, wherein said auxiliary vessel is positioned
above said wash vessel so that detergent formulation can be transferred from said

auxiliary vessel to said wash vessel by gravity.

6. A method for the controlled addition of a low-water content detergent
30  formulation to a carbon dioxide dry cleaning system, said method comprising:

providing a carbon dioxide cleaning apparatus comprising a wash vessel and a

separate auxiliary vessel;



above said wash vessel so that detergent formulation can be §rEnsfsg ed
fromsaid auxiliary vessel to said wash vessel by gravity. 6. A nethod for
the controlled addition of a |lowwater content detergent 30 forrmulation to
a carbon dioxide dry cleaning system said nethod conprising: providing a
carbon di oxi de cl eani ng apparatus conprising a wash vessel and a separate
auxiliary vessel; 1 3 OCT 2003 27 (a)2yeducing the pressure in said wash
vessel and said auxiliary vessel; then (b) adding a detergent fornulation
to said auxili afay rathisBelthe prebsthrelizt idyensh vebssl and sdid emxitianypressilyther(i ) at

| east 30 percent organic co-solvent, (ii) at, least 1 ,per cenh ur f act ant;
and Vii) not nof% ﬁbﬂg 3 (ferapend fermpladen 1o sald swakiary; Yiseda ¥ g‘fettﬂgerﬂr essure

in said I tanatsy Ld QL 1| OXi
{her ot hr ouRmpEESfeoR Blifg ) b 1 SOTRERM bulk B cBoIVeAR (9ot IAPE ferent
t ransf er r i ngfasaint adé {Er e mioré dramilOgieramnt fvatemthei d auxiliary vessel to said
wash vessel to facilitate the cleaning,of articles therein. 10 7. nmet hod
accordihg to cl & ihEcashpe s BlesSEieny W&S%HBSSFJr S S RS %%tbém’@ree

car i ed OULril i Rl RIS 9 8Raf ARIGHTHANA R EHIRRR S21 d vash

vessel an auxiliary vessel. 8. A nethod according to claim 6,
wherein said tr&isfasfinng stié deiesgant foimsdatinn frotSsaid agxibieqyt yesseldorsaige. 9. A

met hod according t | al erei n.said addi.ng step is carried out by
punpi ng sal'g® E%é?%@ﬁ?ﬁ%&%%%ﬂgpﬁ C@ﬁﬁﬁf%xi liary vessel. 20 10. A
met hod according to claim®6, wherein said punping step is carried out wth
a |l ow pressure punp. 11. A systemfor the addition of aqueous detergent

formul & i ons to7a Aandthed astoniingite drim 6] whereingaid adding fOnTRg) FEPY
conditions, said st.em, connLi-sing; .2 hiabh pe . | :
T T e e Y SRUC AR SR Yo Rl AL SR €aiti AR (RS2

i nt er connegkd §gd aatitlaashselvessel to said filter; (d) a carbon dioxide
cl eaning solution supply line connecting said filter to said

8. A method according to claim 6, wherein said transferring step is carried out
15 by gravity drainage.

9. A method according to claim 6, wherein said adding step is carried out by

pumping said detergent formulation into said auxiliary vessel.

20 10. A method according to claim 6, wherein said pumping step is carried out

with a low pressure pump.

11. A system for the addition of aqueous detergent formulations to a carbon
dioxide dry cleaning system under turbulent conditions, said system comprising:
25 {a) a high pressure wash vessel ;
(b) a filter;
(c) a carbon dioxide cleaning solution drain line interconnecting said wash
vessel to said filter;
(d) a carbon dioxide cleaning solution supply line connecting said filter to said
30  wash vessel;
(e) a first high pressure liquid transfer means operably associated with said

drain line;



30 wash vessel; (e) a first high pressure liquid transfer yneanst opgyably
associated with said drainline; 1 3 0 CT 2003 28 (f) a detergent

formul ation reservoir; - (g) a detergent fornulation supply line
connecting said reservoir to said carbon dioxide cleaning solution supply
line or drain line; and (h) a second high pressure punp operably connected
to said detergent 5 fornulation supply2 ine for transferring detergent
formul ation fromsaid detergent fornul@ation reservoir into said carbon

di oxi de cl eani ngy a@lettrgsht fotbelfstddrcbitgpt = conditions. 12. A system
according to claim 11, wherein said filter conprises a carbon 10 filter.
13. A system acd®r 8i ¢afengentc farmldtion wiyedeilineseomhebtitg sxidcrsgvoseae saildli nt

filter. 14, st ccording.to claim 1l  wherein said first high
pressur e lfa@@&%?éﬁs%%?&%é%?p@ e&f,ﬂg@migl_e;gp ystem according to
claim1l, wherei® aakéton8CHi } r r } kSt )

09, AbtoRICRY BRBABIARRY GuBID ot 5L

aphragm
punp. 20 16. A nethod for t addi ti on of aqueous trons to

a carbon d@Elgongsuprdy diaaifey tapsfemingu delerzenu fruhdattoncfroni sdicd rdetergeritd
t hod i Sines i.di ben_di oxi de_cl-eani t
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l i qui d car komdidomsxi de cl eaning solution 25 from said wash vessel through

said filter and back to said wash vessel to clean articles in said wash
vessel ; and (c) adding a detergent fornulation into said continuous stream

of liquid carbon, diQqQxl | ce the detergent fornulation into said
conti nuous st reg% %7\,1 htgg]ai&%o}&cr{éé g(?gian ]quk‘%%feé? g%‘ﬁ %1 Pf“’é}Pﬁﬁs ?iC?IbQP | east
20 per tent fikmter, and (ii) at least 1 30 percent surfactant, so that water

in said detergent forrmulation is dispersed in said liquid carbon dioxi dqf
prior to entry into said wash vessel, w thout depletion in said filter.

13. A system according to claim 11, wherein said filter comprises a lint filter.

14. A system according to claim 11, wherein said first high pressure liquid
15  transfer means is a pump. |

15. A system according to claim 11, wherein said second high pressure pump
is a piston or diaphragm pump. h

20 16. A method for the addition of aqueous detergent formulations. to a carbon
dioxide dry cleaning system under turbulent conditions, said method comprising:
(a) providing a carbon dioxide cleaning -apparatus comprising a wash vessel
and a filter;
(b) pumping a continuous stream of liquid carbon dioxide cleaning solution
25  from said wash vessel through said filter and back to said wash vessel to clean articles
in said wash vessel; and
(¢) adding a detergent formulation into said continuous stream of liquid carbon
dioxide to introduce the detergent formulation into said continuous stream, with said
detergent formulation comprising (§) at least 20 percent water, and (i) at least 1
30  percent surfactant, so that water in said detergent formulation is dispersed in said

liquid carbon dioxide prior to entry into said wash vessel, without depletion in said
filter.



1 30CT 2003 29 17. A nethod according to claim16, mhere#gj&s]aigitep of
punpi ng a continuous stream of |iquid carbon dioxide is carqr' o@ i) t a -
rate of about 10 to 300 gallons per mnute. 5 18. A nethod according to
claim 16, wherein said step of punping a continuous streamof |iquid
carbon dioxide is carried out at a rate of about 20 to 200 gal | ons per

m nute. 19. A nethod according to clai 96, wherein said adding step is
carried out 10 by punping said detergent fornulation into said continuous
stream 20. A rre]t%odAa!@Etb?’@iiﬁ@@orﬂﬁlchCaiCMQlQ\m@ﬂmSdlét steperft PYTOPIRG| @t i on

and said cont r @am af [ .under ,t ur bul ent ndj t i on 15 21.
A carbon dicg)g(l %%e%ggﬁi% %@@%oﬁ%gtlyﬁ%rpﬁ? £ ?%%méedaf‘i‘o‘%"%&%?" g(a%eous .
det er gent fgallond pdrirpingtet 0 a car bon di oxi de dry cl eani ng system under

turbulent conditions, and also permts the controlled addition of :
detergent fornulations and the |ike, said systemconprising: (a) a high

pressure wash v el ; | ra..{Ckca S04 QX in

sol uti o% drain ?lﬁﬁe %nﬁné;ﬂggﬁ%cggﬁd;ﬂ#g&gﬁlad&mggh%\%ﬁ% géég&dﬁﬁﬁﬁgrg (d) a
car bon di oxdodtinudusastieny fdiquid embaudipkidel is eariedoneat 4 fge shakbut 20 te20do sai d
wash vessel ; 25--"é§) a first high pressure liquid transfer neans operably
associ at ed SLCRSBHI MU ain line; and (f) a first detergent formulation
addition systemconprising (i) a detergent formulation reservoir; (ii) a
detergent fornulation supply Iine connecting said reservoir to said carbon
di oxi de cl eani ngl%olunethnd scqepding [to wkrimr 16 mdiereih iszid;adding stépi is )camic@Ons econd
hi gh pregssure pu opgrably connected.to said detergent fornulation supply
line f t?@'@&%&?‘ﬁﬁ%ﬁfg eé%&é‘%“f‘%‘%ﬁﬁl”&‘?is @P'ﬁﬂ?@’é%ﬂ’eﬁﬁt ergent fornulation
reservoir into said carbon dioxide cleaning solution under turbul ent

conditions; and 1 3 O C T 2003 30 .
20. A method according to claim 19, wherein detergent formulation and said

continuous stream are combined under turbulent conditions.

15 21. A carbon dioxide dry cleaning system that permits the addition of aqueous
detergent formulations to a carbon dioxide dry cleaning system under turbuient
conditions, and also permits the controlled addition of detergent formulations and the
like, said system comprising:

(a) a high pressure wash vessel;

20 (b) a filter;

(c) a carbon dioxide cleaning solution drain line interconnecting said wash
vessel to said filter;

(d) a carbon dioxide cleaning solution supply line conﬁecting said filter to said
wash vessel;

25 (e) a first high pressure liquid transfer means operably associated with said
drain line; and

() a first detergent formulation addition system comprising (i} a detergent
formulation reservoir; (7)) a detergent formulation supply line connecting said
reservoir to said carbon dioxide cleaning solution supply line or drain line; and (iii) a

30 second high pressure pump operably connected to said detergent formulation supply

line for transferring detergent formulation from said detergent formulation reservoir

into said carbon dioxide cleaning solution under turbulent conditions; and



(g) a second detergent formnulation addition system conpri si?n% {%Cﬁ @ﬁ?
auxiliary vessel; (ii) a drain |ine connecting said auxiliary vessel to

said wash vessel; (iii) a vent line connecting said auxiliary vessel to
said wash vessel; (iii) a detergent reservoir; and (iv) a detergent supply -
i ne connecting said detergent reservoir to said auxiliary vessel. 22. A
system according to claim 21, wherein s@djfilter conprises a carbon

filter. 10 23. A systemaccording to claim?2l, wherein said filter

conprises a lint ¢ 4tebnd a4 IS ; i 2L, 7 i ai d
nm & nd détergfn %?ﬁnﬁfﬁh@ﬁ%@ﬂﬂbﬂ%ét&n@o%ip%%fﬁ‘i%%%ﬂhi\?

first high pressure liquid transfer means conprises

syst em accoVEssEl (b2 e1ain linecponogtingesiaid axilikrg vessalitorsaihwashesssel;ofijunyenti s an
i [ ] di. to.claim?21, fyrth i Si
| o pr ossr o seAneBn XHAMALED ERP 10 S wheh Eaael. (i ErisEeey SBI | ne

for transfegndyy) dedetsrgaintsupplo fline?&nﬁ_@dﬁgﬁﬁﬁﬂét@}g'éni Rs&bH 18WHd hdil¥ary
vessel. 27. A systemaccording to claim 26, wherein said | ow pressure” punp

is a petisi8€lc punp or a piston punp. 25 28. A system according to claim
21, further conprising a drain valve operatively associated with said
drain line for controlling the tinme of draining of detergent formnulation

fromsaid auxili @2y Aeysem dcobmlisgidiclans 1y /ssrin sR8- filfr S¥SHERRPE ebdhng to
cl ai m 28, rein said-auxiliary vessel is 30 positioned above said wash

vessel so t Aa¥ETdet ergent fornulation can be transferred fromsaid
auxiliary vessel to said wash vessel by gravity.

10 23. A system according to claim 2-1, wherein said filter comprises a lint filter,

24. A system according to claim 21, wherein said first high pressure liquid

transfer means comprises a pump.

15 ~ 25. A system according to claim 21, wherein said second high pressure pump

1s an impelier pump.

26. A system according to claim 21, further comprising a low-pressure pump
operatively associated with said detergent supply line for transferring detergent from

20  said reservoir to said auxiliary vessel.

27. A system according to claim 26, wherein said low-pressure pump is a

peristaltic pump or a piston pump.

25 28. A system according to claim 21, further comprising a drain valve
operatively associated with said drain line for controlling the time of draining of

detergent formulation from said auxiliary vessel into said wash vessel.

29. A system according to claim 28, wherein said auxiliary vessel is
30  positioned above said wash vessel so that detergent formulation can be transferred

from said auxiliary vessel to said wash vessel by gravity.



