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B. MCOain 10 Related Applications This application is a
continuation-in-part of commonly owned, copending U S. Patent Application
Serial No. 09l 312,556, Filed 14 May 1999, the disclosure of which

i ncorporated by reference herein in itsjentirety. is Fleld“mwm mwn M tion
The present invention relates to nmethods for carrying out |ng
of fabrics (e.g., garnents) in liquid carbon dioxide, and part Fieadsar |y
relates to nmethods and apparatus for adding detergent formulations to

| i qui d carbon di oxide dry cleaning 20 systens. Background of | nvention
Many traditional solvent-based cleaning applications can sufl&@ mm mmmm&
per formance on aqueous born soils. A significant portion of und
in 25 conventional dry cleaning can be categorized as partially*@powhol |y
wat er-sol uble. Water-in-oil surfactants have been devel oped t hat

effecti¥ely disperse water to yield optically clear honogeneous m Xt ures.

These di spersions c termed
secondary sol ubli za?ﬁ‘lﬁéﬁéﬁﬁﬂﬁ g?@&é?éﬁ%“ﬁ?%y I's achi eved in a
gi ven cl eani ng sol vent. V\&)mm:[ﬂlmmgl’m a nunber of 30

factors including tenperature, the nature of solvent-solute interactions
and the nolar ratio of surfactant to water, is generally nonitored in

mlar al Iy moni tored
cl oani ng bat h w t R 2eSerle Yoty £ KRG addBefgk EEMCRA T B,

hence how water activity will not aI | ow for secondary sol ublization of
aqueous born soils. Water exceed'i ng a cri E_i cal level can lead to ,
non- di spersed bul k wat er that ca®& s to certain garnent types.
Car bon di oxi de q%ﬁ €3 UoR8niatioR-iRSulo %Y oWhé&d, cBpeh V.S.
recently 5 been co rci e?ﬁllly i npﬁﬁrémagt Lg% Ee conventl onalc dr?m(’:% eani ng
sol vent s vv@hﬂ:nsalpphbmmoﬂmahﬂ\h) r0S(3 1256 eﬁﬂd:cy 14aMajp 11899 nthei diselpsuzel of ar bon

di oxi de. Surf. C.t ant at epabl e. t.he water bearing nature of liquid
carbon di oX¥ tr‘?ggg'é'ﬁ{éﬁ‘?éﬂ I MJSFRPEY- and open literature. Under
certai @?condl ti ons these systens have denonstrated that water-sol uble
materials can be dissolved and dispersed in a 10 |iquid carbon di oxide

medi um Many conventional |y usedﬂ&ﬂ.ﬂﬁl@rfact ants applied to dry

cl eani ng sol ven are not cor ihl e vmt

Surfactants contL% rﬁrﬁﬁnﬁﬁgfn? éf%ﬁsef? 95‘ 9%%“-%% ‘ﬁ&mg%%%?y%{ﬁﬁgzve been
proven to Woritsqb.dl, dabméts) BNilnsiti lcafbahi dibxige, sl particulaifioRelatél eo enathadsi ve
use of sone of these materials can be 15 cost prohibjtive for

appl i cat i 084 appRraus dor afdémgoﬁeé%rsm}tfwaﬁulamwpén%mB%dmd@rq%cg%wﬂgcoz
can be, g ?émgonpl icated by the reversible reaction between water and

car bon“di ox7dé producing carbonic acid. This weak acid which reverts back
to water and carbon dioxide as pressure is lowered and CO2 is renoved can

have substantial inplications_on water cLi ity |n C02. Lower water
activity can effect the 20 abigﬁﬁkﬁﬂ’éﬂi&d—Mi ng fluid to dissolve

water- sol ubl e sqidhsy (GRftloBAINsARUYELE] LUAAKE HARAAcd shifGUEHnABGor

supercritical tto control the pH of aquedus mcro and nacro-donai ns and
inturn augmﬁbrmma:t:eon aqueouist yorn AtoilenpAs sigoificants pottios efather saitst fonndyml n
curren processes£ly hﬁ additio of bul k ilater ( fall eca f t he
i nabi I fy SPRYHEopabdnycleaips Lap Pty W F’S/ Plgﬁl lize

ta 23 \gg; S;mxf&gﬁg&ﬁ il WatBdtartt) &80e 5@&@&&&%& HR4D éffeaavay QipesseOattntd Jield ds
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




cleaning fluids can have substantial detrinental effects on many dry, ]C|2%51:§‘|
only fabrics. Not all stains are water soluble. |ndeed, a signifitcant '
nunber of stains that nust be cleaned in a dry cleaning operation are

hydr ophobi c. Thus, in addition to 30 aqueous detergent fornmulations, it is
al so desirable to have a neans for adding | ow water content detergent

formul ations to carbon dioxide dry cleaning systens. ~y 7 ("~ T3 US

Patent No. 5,858,022 to Ronack et al. and U. S. Patent No. 5,683,473 to

i oxi de i el dat e ReR RV Bt ot TebrdeipuoBlizdioh dirguens SR en
Appl i cati ogoifserwaler Ek@ceeﬁﬁféoﬁzgﬁ&ﬁ 10¥e] Mafli@iido @lonadisperdell IRtk Mates thA%an 1998,
ry

descri bes carbon di oxi de ¢ Meani ng appar at us. y cleaning apparatus is
al so descr bpéeleicRons 19, cerainegATMRPBLLYPEs- 467, 492 to Chao et al. 5,651,276 to

Purer et al., a 784..909. Townsend et al .. | i |l be seen that there
is a need for bg?{bgp é\i\/%?ggf% (2)Lé eg m@?agfnfeﬁta ﬁeﬁﬁﬁﬁ‘é‘%@’ng‘aﬁ}aﬁ?@yéﬁﬁﬂﬂﬁ

di oxi des dubéepgcapeeridlnimpletdeatedppailes Bsnverforall AR deading BEIVERY QAteON A
first aspect of the present invention is systemfor the controlled addition

of det er gesRluble soils AT opRt inhgranHy solpkletin Lguafiedoparbiomdionide| eSurfasgant

appar at us. r [ X i gh py.essur.e sh

vessel ; 15 3% E; aﬁ%&%@?:‘%& @%ggﬁ%ﬁét)ﬁg%%ﬁ%q@q 2’81%88%8??? rhgavfh n

auxi liary &isslsled_d inothtfpatemglndva;ﬁnditerahd'k_ - Qﬂﬁdeﬁ@ahml' d@uﬂirt]il@hgfﬂ@dﬁa%étemﬁl (o)

separate vent |ine connecting the auxiliary vessel to the wash vessel; (e

a deter genlﬁla‘fce‘?é‘?Wthéﬁﬂt '2'6‘3{‘501&%1?9{1’6 tcag hspissqlysdeandy dispersechip ahe

deterggnt f; ﬁ%ohdﬁcﬁd&@ﬁaeﬁi&ﬂ.l iary vessel. An advantage of this apparatus
e de

is that, because t tergent formulation can be punped into the auxiliary
vessel in a preNsngreinventicialiguatedowatein-oil, surfacthtspagliet efoine dleahinguot or
anount can_then be transfersed j niio 1he wash vessel where it 25 conbi nes

with the | SJuFHs E‘ﬁr‘l%mﬁpﬁs?{’lﬁew@ Hmdnéoé SPlyent Ry stemse SyEtastagsRODIANIRE | at i on

can be addgflaf & fechfied k6! ACORBhIHc” FinttbrRhdR! BeerOPoval k@%gqufeﬁﬁ%fﬁae

manner. A second aspect of the present invention IS a net or the
cont r ol | edemulsification of watardn/GQu eFhe exalesive uket ofr spenet ofitheswrnaterials can behe

like (£ Q. st.ar ch size formul.ation) to a carbon di oxi.de dr |.eani ng
syste Th‘é"%@f%é‘%&’ 8;#% R a%‘?}‘c(ah?mpr g%hecﬁaﬁﬁ f§r %@Bﬂ?’ai%x\”ﬂg’élégﬁi ng

appar at Us gatepfaisih D AcHEBd i ies ebmplicatéd Eﬁﬂfér&%‘rsﬁﬂw&b@éd’bé’t%é@%tqr L, =,
[ i ~ 1S~ 4 (b) reducing the pressure in the wash vessel and the auxiliary

vessel ; t hatfl carbom dipxide produeiag garhonio peid! sflismweak acidewhichirevertsybackdeel
T A 4§ W e B L o
per cent wasubstaptisldnpliehtoratdn/ whies actiHaniniCOpeL.ewst wiet &tivityt dageffetCthe

G e PO R G
10 (e) tr aHNeQ{eEﬁ ﬂ&dtiﬁﬁ% Eﬂcgﬁii)gré cﬁ}'t% itcgé‘bx{uro? mﬁtﬁ@o?ﬁﬁéoh@fﬂ%}g?ﬁae' to

the wash vessel to facilitate t cl eani articles el n. rrd
aspect of maeropdamsaint and\ienturmraugmeat syesdreantivity. t Astemgt td oaisotheaguaanus
detergent fornul.ations and the like to _a carbop di oxide dry cleaning system
under t ur bBFEHY BHEE (Pﬁ%c.esspﬁebys% %‘?ﬁ‘B‘i’%P@?’&B‘] yates #aR i fal 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 a means for adding low

water content detergent formulations to carbon dioxide dry cleaning systems.



15 (a) a high pressure wash vessel; (b) a filter, (c) a carb@n(ioxide
cleaning solution drain line interconnecting the wash vessel to the filter;
(d) a carbon di oxide cleaning solution supply Iine connecting the filter 20
to_ the wash vessel; (e) a first high pressure punp (i.e., a punp that is
capabl e of punping liquid solutions conprising liquid carbon dioxide) or
other liquid transfer nmeans operably congected to or associated with the
drain line; (f) a detergent formulation Teservoir; 25 (g) a detergent

formul ation supphys! g G BeRs 012 oMok &XE DI dndl 0 st PeieRAKBOS 685 @13 46

cl eaning solution supply Iiné or drain I'ine; and (h) a second high pressure
punp oper ablyreBematesl ddeet also He68PEF dedurdlor wtilah) idescrivgpgrrion idiexifdordry

t ferring, det £ f | ation f t he det f | at i i
it the caPlsBRmarERres TroRmARITRaF UG FORSOEHIECT - SAIST GRPLEBIR 15 Bhs. An
advant age ofNd b9/¥)4_‘9‘,@l?%ﬁMb€l%iﬁ elt AL filell MO 2@,@@}9%9&%6%4 éé&ﬁ&ﬂ&isﬁqgcfaﬁff

detergent formulations and the |ike under turbul ent conditions,
facilitalesrlearingiappagtusf Dralcleanimg' appafiatus is alse desoribetl dini 05 Ratenh Ndse
liquid carb iaxi de.wash.s J uch a, man i nptroduction js -
- particul arl 39’32\7"%5%%&6%? Mhﬁ’hzg@e}?ﬁb@ﬁ%’ Mﬁ?ﬁ%?%w i%wpff?ﬂfl&lﬂbﬁé,
whol I'y or i RviR®elseet\tHah tHehCis! d Aeddlfor Bea walisXi 448 et fert ThithilfonsAoltBE T t D

aspect of the present invention is a nethod for the addition of 5 aqueous
det er gent f ambon diaxidesduzing oppratipn jof theappargtisbon di oxi de dry cl eani ng system
under turbulent conditions. The nethod may be carried out with an apparatus
as described i medi ately above. The nethod conprises: (a) providing a
carbon t oxi de cl eani ng appar atSe rof $hé Thveneah vessel and a filter)

10 (b) punping a cgntinuous_stream of Iiguig carbon di oxi de_cl eani ng

sol ution from t hé fies pspeesefthe presspyinventiont is sy gemafer therantroied pdditien lof
vessel to c i | Sely~a i er t
formul ati on h?ﬁ%ﬁ{ E%@:‘g%ﬁh% ua})lg gthg?@gbailnqegf&ho& u ?%"é‘g"? %lg%g%g g%?%'g&%f o?ﬁg
exanpl e, at spst¢mipréferdblyreainpeses:of the filter and upstream 15 of the wash
vessel) to introduce the detfergent foynul ation into the continuous stream
with the detergent fo(&.ﬂlgﬂ‘a E‘Uﬁmséiv 2](:i) at least 10 or preferably at

| east 2fs percent wat eig) Anehfidr) védsel;east 1 percent surfactant, so that
water in the deter gent(b)f ornul ation i $ dispersed in the liquid carbon

di oxi de prior to entr yoiadraintline consectingsbedyxilidry ivessel thethé wtaslowessel; t he
filter. 20 The syste descri hed, abov be provided,independently on a
cl eani ng appar at us, g?‘%ﬁ?“%‘@ﬂé{ohﬁbﬁé%el?nﬁléetahégp%ﬁeav"(ﬂt GganesHng dheis t o
provi de the capalidilibsy vebsePeS theAPdtResseBf detergent introduction. Brief

Description of the Drawi ngs 25 Figure 1 schematically illustrates an
apparatus for the cont®® detergeniressavainiadd of detergent fornmul ations into

Schemat 72al Ty 111 ust r J9ccOBRtbell s 158 LAARABRTR derabiCibdis 8, e

formul ati ons i nt augiliefryeeseldi oxi de dry cl eani ng apparatus under turbul ent
conditions. 30 Figure 3 illustrates a copnbi ned apparatus which separately

provi des fofAhatyantage fothis apnagatus ¢ teplyubeqasse gic delersegkfrmrulation ean bas

into the wa :ar ho I ST 6. di,oxi de cl.eani ng
appar at us. - SupSpa i, S BebBERCNessel o & predeermined. aligyor o WA iER

car bon di oxipddettrpined eliguoter appanttarsthem e trahsfedded Bnd theowskht vessed wheregitr e 4
is a further epbodi nent of fhe present. invepntion simlar to that of [Figure
17 Wit ot SPEBRIRSPETS DA Qe e rauRes, 414 eterRet opaplation
enbodi ment  @fy bdIEIRURS .ﬁﬁtc.léaﬂﬁgq ol nWatﬁ?or%%ﬁffﬁhec%rta%E&%fe%QrSﬁ%&.” cont r ol

system Detailed Description the I nvention e term"clean” as used
herei n refers tofamsgcandnzspait of thoipreseni invention re,a aretlidd fidrhthe comtsviledd

mat erial, whether partial or conplete. The inventiaon y be used to cl ean
nonpol ar st & ‘51‘90{‘ iogaéqv,‘"mﬁnﬁéﬁe%c@ g’fm}‘gﬁgfl 05%]5% (E\8-rfett@chpr 83Rpol ar
organi ¢ conponds L ik drS o] SRR t j -ak. stains (i.
e.) hydrophilic s%%??l&s]ag%}éﬁﬁ as grap cjl ul cg,%’%g?‘f e'ﬂgﬁat{?%h@egorgﬁlé%%'s),
conpound0 hydr ophobi ¢ qtjapmesiding aearbomt divxide tleaningedpparaslsscomrisings a w43kt i ck
and candl e wax), and rticular sqj.ls %i e.) soils 15 containing insoluble

sol i d conponent s Y&t#¢h sppratedudliary yessgh bl ack, etc. ).




Articles that can be cleaned by the nethod of the present inventign are, in
general, garnents and fabrics (including woven and non-woven) f ol fed:from
materials such as cotton, wool, silk, |eather, rayon, polyester, acetate,
fiberglass, furs, etc., fornmed into itens such as clothing, work gl oves,
rags, |eather goods (e.g., 20 handbags and brief cases), etc. Detergent
formul ati ons described herein are conbined with liquid carbon dioxide

(which may al so contain surfactants and ot her previ ously added i ngredi ents)
to provide liquid car i.0xi de- based dry cl| eani ng, comnposi ti.ons. Such
conposi tions typical I@yg%cgrr’ﬁlrniéstg’:g pf‘?asss'f'rae)mf1¥‘8r?‘\n'azS rvgfgb.aﬁg?heo?‘ﬁ%ﬁw ‘G’.S%it 05
or 10 percent (nbege preferably from.1 to 4 percent) water; (b) carbon

di oxi de (to bal ance; g}/pi cally at l|east 30 percent); (c) surfactant
(preferably from 0.1 & addingadeergent fraubgtiongoshy suxiliary yessel, tivhdestreanty be

perbent (mor e pr(@ SRt éosfffile A 363:P B ool Braitiq ssO i Pila ¢
co-solvent.  Cupast Peerent sgdsctiie] @hd @) enRAXROASHRE 36 fedpervaae

wei ght unl ess otherw_ se_ indicated. The conposition is provided in l'iquid
form at anbi ent ,Preferablpless thapd @ipsragaiewatgn; tienwi | | general |y be between zero

and 50 Centigrade. T : id i . ressur af intains it
inliquid formwthi 2@%@%@% *ﬂéﬁcéu?%%et?%?%?g "F%gsﬁgés &f%eﬁ?ﬁgga %él step
is preferably calioxide canibe putiped ftiterethrqughitbicddnadrticlebirethe wahpesad drl 1.

Organi c Co-sol vepts. The organic co-solvent is, in general, a hydrocarbon
co-solvent. Typi®#ly the 10 co-solvent is an al kane co-solvent, with C10

to C20 ki near, branc mm ém{]}i,l 15 ukig

(pref e_rlgbly sat ur at eg)e}jcurrent yh]%?g%@gg g%or ga%ﬁu%g%o-sorfgéyl to
pref erabl y-has ahé Mashhvesselrto fadilitate thd Oleaniagdfartickesphatiay abl y has a fl ash
poi nt above 170F, .The organi c co-sol.vent. may be a m xture of conpounds,
such as m'xture&&“‘gmﬁﬁe‘gtﬁ%pﬁqs%rfmé%?&lgérsyﬂls%t F the additigneotquaons

al kanes. Adtbdrp @ FormPaGSHEPAUNER BHCD 8TafiR Sioxide’ dry HIGRRY Systén Gnded FOM O
or 0.1 to 5%of a C1l to C 15 alcohol (incl ud?ingagi%rs, trlofys, etc.

di f ferent ftuinient eonsditensi J@G}’Wc@pﬁmi uded with the organic

co- sol yent. Exanpl es htabl e co-saolvents include, but are not limted
to, al ;ighati c and ar o@?%ﬁfﬁ%\%@n@sﬂhd esters and ethers thereof,
particularly nono andagla filet;ers 20 and ethers (e.g., EXXON | SOPAR L, | SOPAR
M | SOPAR V, EXXON EXXSOL, EXXON DF 2000, CONDEA VI STA LPA- 170N, ACONDEA

VI STA LPA- 210, cycl ohékarfeskon diopidsi cleaning selution résain)lincainkgreonneating theky |
carbonates (e.qg. i nate, dibutyl carbonate, di-t-butyl

di carbonate, ethy en‘gg%:cgydbtg%gh%g and propyl ene carbonate), alkylene and

pol yal kyl ene gl ycol s, (dhadarbbhaliexide dleasing rsohitioarsephly Ame(cengecting tthey fiktere

gl ycol -n-butyl ether, diethylene glycol-n-butyl ethers, propylene glycol
met hyl 2@t her, dit8 ?)VF%]?S ycol methyl ether, tripropylene glycol nethyl

et her, and di propyle ; | :gcet GOk

(ganmma) but yr ol act one?ﬁ)( ggﬁ%ﬁ%&%ﬁgf gg?l?:](ég gr*g ?d’éﬁait gs) gggggﬁgglg)(ﬁgone) ,
al cohol s and di diguid eolption? gooypaismig, liguidetanyon Aiqxide)asrobther liquid transfer

2- met hoxy- 2- propanol , 1-oct anol -et hyl hexanol,, 3Q cycl opent anol ,

i, 3- propanedi ol ,m%-oﬁﬁﬁagﬁ'e‘iﬂnf}@teé1‘11‘&"%%"—@?&%@6@%8’@6‘} ire " and

pol ydi met hyl si | oxanesg ) £ddergeptfoaiRaiYn t&ak

fv%%il oxane
decanet hyl pent asi | oxane, and hexanet hyl di s oxane), etc. 1;;, .. ~~~
_,,~ 852, surfactant) assiergent famdatiorc supphe line eohreoting theyresarvoir he ther esent

i tion, includi t. rfactant.s that contain.a.C02-phili h
15 Geserbed i n et SERARE SBRSn ey ERe o HRUBIES 28 Coo. phabi ¢ o1 oup
(e.g., a lipophilic gfpdmkcaitdhighGiressifeop@haRipklabRoediRiRbe@Rd khes HitRghaN S,

or surfactants that do not contain a CO2-philic group (i. e., surfactants
that conprise a feymnlspen |supplyr dims farnkeusfening idptdrgeph olormulgtioni framn! he

| i pophilic) group). A sikngle surfactant. may, be used,,. ot, a conbi nati on of
surfactants may Cg crﬁgrétdfon%&afﬁnl\ifm@ﬁs% rqEl ]% Sc{l

b .

Gd digxidey RSARTE oS U WL
skilledgi n the agider feBule cBnditiWgEut cheon's Vol ume 1: Enmulsifiers &
Detergents (1995 North Anmerican Edition) (MC Publishing Co.,175 Rock Road,
d en Rock, A advasage ofBbinpppesatos it that aepmvidasribatheaimtrotiygtion ofidetergant be
used to car ut. the present invention include the. alcohols, ..

al kanol ani d%é?&gflﬁﬁsn%ng%eag(g,"Dé‘f:f(&rg‘r‘lﬁf“ QRS ¥ ,Chaﬁgﬁ'g‘?éﬁ/‘rsneﬂ%?%
acids, 15 al kyl benzenes, am ne acetates, am ne oxides, am nes, sulfonated
am nes and am des, betaine derivatives, block polyners, carboxylated

al cohol or al kyl phenol ethoxylates, . carboxylic acids and fatty aci ds,

di phenyl sulfonate derivatives, ethoxylated al cohols, ethoxyl ated

al kyl phenol s, ethoxyl ated am nes and/or am des, ethoxylated fatty acids,

o, N . o o 1 1 . o o



monogl ycerides and derivatives, olefin sulfonates, phosphatie;esters,.
phosphor ous organi c derivatives, polyethylene glycols polynerlc :

{pol ysaccharides, acrylic acid, 25 and acryl am de) surfactants,
propoxyl at ed and et hoxyl ated fatty aci ds al cohols or alkyl phenols,
prot ei n-based surfactants, quaternary surfactants, sarcosine derivatives,
silicone-based surfactants, soaps, sorliitan derivatives, sucrose and

gl ucose esters and derivatives, sulfates and sulfonates of oils and fatty
aci ds, sulthatfesndmehes ulitiofiat Beuid elaltony diokeid whdty sl Suclts ul haies off
aIcohoIs sul fates of ethoxylated ai cohol s, 30 sulfates of fatty esters,
sul f onat esm@t) dyssianp e ffe, PaEtifEY, qd&ﬂ@ég@“and"b@yl dife, deteneenin fomaulaione dadensed

napht hal ene o] | f onat es of

napht hal en Islc.sgier %ﬂﬁﬁ)ﬁap tpﬁql gﬁ%ﬂe E‘ﬂﬂ%‘tﬁé‘{bgg%%‘t’&&@%’%e%&“n@ i

sul f osucci nanat gsfourth ~aspéct, df HesSpresens Uacémpnels andetted ifunthe additibmwiat es,

thio and nercapto derivatives, trldecillg and daqdecyl benzene sul fonic aC|ds
e

etc. Addi tagyeeus derereent dermalations end ithi like o arcarhon diaxide 8ay elsaning systet t he

Terer ToL 108 SHERCLHRRRS. O R T ERAed RN SRS S O

di nonyl phedestritsidiaxyddidtely abtﬁ@)@heﬁﬂetﬁo&b‘bﬂnpnsemry al cohol et hoxyl at e,
RHODASURF BC-410TM i sotri dec al cohgl et hoxyl ate, RHODASLTRE DA- 63 TM
tridecyl alcohol eth@kprond &I ‘E‘P ‘g E-8DPaTaLs GOMAGSIEs At
derivatives they 9{1 ah&a tcr.acetl c acid, MARLOVJET 4530TM di al kyl phenol
pol yet hyl ene gl yco acetl c acid, MARLOWET 1072TM al kyl 10 pol yet hyl ene

gl ycoIlOet her acetl c @Ip]h)nplmg hmophnumt $tedatry ofidiquisd (carbgn, d.tmlcte@nng
1'1"W"s dieth ene col not al | owat e YDET O0TM pol yoxyet hyl ene
(8) nonost ear at %&% WQS%WEH%&?MQ%F& %th%ﬁ&ﬁ and
TETRONI CTM pr OdélEénSde@EEftﬁé QR vakaohd s and diols (e.g., SURFYNOLTM and

DYNOLTM products), nono- and di-estefs of sul fosuccinic aci d (e.g., AERCSOL
15 OTTM sodi um di oct(ScPaédmg adammf@mtﬂar@s@m 1he-costnnas diream of | 1gwlduty|

sul f osucci nat e, MACKANATE d| net hl e _gopal
sul f osucci nat e, °3§ PC 5? a4, peig ggﬁ%fo %f@&%&?%%ﬁg%w of
sodi umssul f osucef thetwaksh vésslatb 96 UitRididdtie dérdefdrmatlafos iith gieeintintog:
AEROSCOL 18TM di sodi um N-oct adecyl sul fosuccl ni apate, AEROSOL 22TM

t et rasodi um N- (Streanp ovith the dpieregat farmplatogcompsising @Latflssﬁtéemaﬁeefe@ly

sorbitan esters_j| f

nonol eate, ALK, %\}E%ﬁgefg%cwgtg]r%?ﬁ) &Ilggsgﬁ a&giﬁﬁ%@%%o |tan
trioleate, TMEEme&eT&‘gmlfﬁﬁﬁMﬁdwteﬂﬁpé@d dorthé tiquidreabore dioxideTikdiNo21 TM
pol yoxyet hyl ene (4). sorbltan nonol a t;%: |soth|o tes including
derivatives thef&fintethg coyl 25 isothionate),
pol y c al kyl eof
e o 2 s Ttﬁ%at&@%@’é%%t?g%‘?sﬂttona *&fdﬁqt%??tﬂﬂéﬁtt S 00 and
salts t herqqfara(tes gor, m@ALHeMedrhsiBedENo S8l bn e cleading oappaydtie to gnevides itheoni ¢
acid, WT . M sodi ugt %odec ’é% zene sul fonate, W TCONATE P

10- 59TM anfiHé f’ Gth fRAIRES Oh g o Bﬁéﬂne) sul fonat ed ani nes and

am des (e.g., 30 CALI MULSE PRSTM i sopropyl am ne sul fonate), Betai ne and
sul tai ne derivatives, and salts ther eof (e. g ; IauryI sul f obet ai ne,

dodecyl di net hyl ( 3- suI f opr opiiik g 4P s EOAMTAI N CAB- ATM

cocanu propyl Bet ai MTAl NE

COCaRUADDT oDV, Bk, SRR S o st o i dled SRR
derivati Veéf&a&fﬁeﬂffoﬁﬁtﬂﬁuomm%ﬁ\ﬁe@'\df%&%dddlbﬁde clafiag abpatawef ol eic
acid, MONOQAZCLI NE TTM substituted inudazoline of Tal ), oxazolines

i ncl udi ng deri vEigures2t srbemetically, gllusuntesmmmr@wfombm infredertionv f i ve, 5

ALIGTERCE. T YEML SRR e ARG A bt o ol g ©
OL7TM ol ei gomiitiehso! ygl ycol ester), diphenyl sul fonates including

derivatives thereof (e.g., DONFAXTM det ergent di 1;;henyl oxi de di sul f onat e,
DONFAXIM dry detFégurerd illuseatpusrcambined dppgiatusi whis )SBP@&fFUePYGN@GlS forretle,

i tor | nat ol ERLERodp ety S e Pt el B ook Bt PLEFBhen

sul fonat e, FLUORAD FC- 135TM f | uoroal kyl quaternary anm)nl um i odi des,
FLUORAD FC- 143TM anmmoni um perfluoroal I ryl carboxyl ates), |ecithins
including lecithin derivatives {e.g., ALCOLEC BSTM soy phosphati des),
phosphate esters (e.g., ACTRAFCS SA-216TM al i phati c phosphate 15 ester,
ACTR. AFCS 110TM phosphat e ester of conpl ex aliphatic hydroxyl conpound,
CHEMPHOS TC- 310TM aromati ¢ phosphate ester, CALGENE PE- 112NTM phosphat ed
nono- and di gl ycerl des) sulfat es and sulfonat es of fatty aC| ds (e g.,

A N~ A ~ ~1 NANTN"T" R A T T N e r— N~ P~ NN g w——.




30 U.S. Patent No. 5,858,022 to Ronmack et al. and U S. Patent No. 5,683,473
to Jureller et al. (see also 5,683,977 to Jureller et al. )‘descrlbé“carbon'
di oxi de dry cl eani ng net hods and conpositions which may be used to carry
out the present i~ ~3 12 invention. Al issued and pending United States
Patent references referred to herein are to be incorporated by reference
herein in their entirety. Qur co-pending U S. Patent Application Serial No.
09/ 047,013 of McClain et al., filed March 24, 1998, describes carbon

di oxi de dr@tonﬁealcamggappaaﬁts Ugndt foptheMBito O tion bRt £nf Bkt Abbhns iAtE (L esent
i nvention. gﬂ al ter nat e .enbodi nent of the invention, agitation may be

i npart ed tﬁ?ﬂ??é xige dretleaping APRAEHUBENdEs Serbilsaticonditions. Pat ent No.

5,467,492 to , i S |nco rate herei n by
ref er ence. Ascrllgglelgé gg(g)\? fu}t?ﬁ %lﬁ%ldﬁ%ﬂ{ ?f el%rgﬁ?'ﬂgjn%e&ﬂ% ?Jrntoi at'of

pr ef er abl fxgnedmmmem&hw@nﬁ@nmntl on, and the 10 agitating step is
preferably carr ed oyt ,at anbient tenperature, w thout the need for

associ gtl ng a §F¥"’n§ i émwmomﬁléamengragpamemm Rivitla| deyerablr y

cl eani ng gﬁ%&t t F?]}ét used to carry out the present invention is
al so desc?gﬁoe idr#aﬂ%.%bga JENOS 5,651,276 to Purer et al. and S, 784, 905
to Townsend et al. 15 4. Low Water Detergent Fornul ations. As noted above,
in one enbodi ment of the i ventlon the detergent fornulation is lowin
water content, or substant?&# led Description ef thedoventieon] | ow- wat er cont ent
detergent for mypatdenh s » eahi ically
conprise, by 20 vvetieggt c}‘e(g‘zﬁi)gi %H}g”‘ﬁ%f%ﬁ:gﬁ &?‘é@%%g%‘@:‘gﬂa%%’ﬁf ?rand

pref ed@bi piker unyastedanatesal, wibther pafiaber camplens. JFHY iverBionthEBE vesd fI0T €, Up

to 99 per ¢g nt ar nic .co olvent o whi ch rray be one or_ nore organic
sol vents) ! ?al ’1e'p PE‘e‘t’t’i“chl?F‘? é?cl £35h Paytallymeads tthn@pomorgaqu 5,

per Srem”mé?‘é“?“f‘?%‘é'?}%‘g RS, oAl B AP, polk sl (7, BrsBBRUE Pl

non- aqueo§ygh a%mpaymeerqoﬁen autb tcaostamts), rwmpouhdihydxopﬁob@ stiins(i 08 st

wat er. Ad | i se riul.ati ons i ncl ude whiteners,
30 bright eﬂné Q’H&\l"?%g sé’ﬁﬁ Hgfebftg ‘Q %‘r‘fﬁ% w{’§atainﬁ ﬁ?lfse(’se sbilsaches,
enzynmes) abmhﬂh@m@l@b%ﬁ&%omﬁeﬁén@ﬁfcﬁ as%ilﬁ:ates %g% ppar atus for
Addi ng Low Wat er Detergent Foriul ations. not e ove "present

i nvention pr oviAFtisles thalsgaanbe eleanedeby: dhe nwlthc@doﬁdm pncsentahvd&barag‘e,nin

forrrulatl i t C xi de cl eanin aratu

illustrat d in’ %&g%;%gtslh&% h%blg?s@%ﬁgrn%f ovﬁfly cg ‘g%‘éﬁpﬂg [ﬂ“@ﬁapﬁ%’sure
wash S veswsdriald sich. aseofton, woclsille $euther] figrb ﬁolyed@&ba&taé fondIaLNingg, | 1 qui d
car bon di OE;I dg& an auxi | i aﬂ?/ vessel 12 an% drain |ine 13 Tonnect’ing the
auxi | i ar y Sifestominet Jniq, items cbﬁsgpm%ewadklgll@éﬂsyfagésém‘thﬁrsgqnd&ttergmed
abovesg hehwgymgﬁeﬁgsé ?a& the contents of the auxiliary vessel can be
transferred by gravity ’he wash vessel. Alternatively the auxiliary
vessel could b@ep@scntl fmmdldmehs\desdrﬂ)erd/ahdfrcimewbombﬁeﬂ h@ith Aifued tearbda

thereof trans red to the wash vessel ans of a Optional ly, but
pref er abl yf% e @H‘Pdlf e aﬁ? 3RS a?tﬁ%tséﬂgeqtb‘a'rlgfe‘(ﬁégfé)élad@@ﬂ m&c%@ﬂ vessel
to provide g REdTTERbLEAR MRS R einee nt
connection o e vent I|ne to each vesseWsaae%%L\% tcﬂm&)Pgug’?gd fi lfchl evel
t herein). CqTHPQSI‘Fl%TD'PlCaHJQGOthSGtranSfer of the contents of the auxiliary
vessejsto the vessel d reservoir 15 is provided, and a
det er gent supp\(@ ﬁ?rﬂézei%oi‘oglgr(@\ﬁrg}e t‘ggrﬂﬁégtﬂeﬁﬁf‘fﬁéoﬁdﬁm froexdrigoi r to
the auxiliary vgrs®nt)waéyes 17,18 are provided to control the system as
di scussed in greater detai | below. A punp 19, which is preferably an

i nexpensi ve, %‘MW@dpmﬂaﬂse pypicaldieat ltasttBOIplcrdeh’Q auxiliary vessel
fromthe det er chani snms 20 coul d al so be enpl oyed.
For exanpl e, ﬂ‘?r}g‘r{a&% é@gg%rﬁ%%@%ﬁc‘ﬁé@ﬁtqrdﬁé&%b@éalt wauch
auxiliary vessmayadtd:otﬂwxse&zsfbﬂeadrmr&%ﬁﬁtmﬂt Sibdclantd 4 from the

e

reservoir. The wash vessel may contain a rotating t driven by any
suitatfl e drive(@ from 0.1 to 50 percent (more preferably 1, 2 or 4 percent to 30 percent) of

an organic co-solvent.




means 20, including but not limted to a turbine drive, a dijre¢t. mpt.or
drive, an internal or external electric notor, etc. Drive nechanisns are
di scussed in greater detail inthe 25 patents and patent applications
referenced above. In operation, the aforesaid apparatus provides a nethod
for the controlled addition of a | owwater content detergent fornulation or
the like (e.g., a starch or size formulation) to a carbon dioxide dry

cl eani ng system In general, valve 17 is closed to fill the auxiliary
vessel and opedémtcdxmgsrﬁteyemhec axpriebiedras pﬁe@@@ges hy ovaiglet yrless etherise30
Valve 18 is, 0 ed il t e auxilia essel, but Ios d h
pressure i‘ﬁdF%‘éH Qjﬁ‘et ﬁﬂlﬁ‘pf’ﬁ ?Ihc‘FeB‘?é’ o' ﬁleg\%dnf IB%{ gmgl‘ghg‘r fré%rﬁ,‘
reachi ng t,0g,deheE IGMicH SRR Yoidrally hf‘c mm_g t&yoéﬂae%w@eﬁu@tdey TiRduci ng
t he pressure P t he wash vessSel and t : ~ ~0~3 14 auxiliary
vessel . Thengposiurie heklyattepressurd ;hao mquaaﬂns a m)llqu&ijfarmdwnbmt the spgpifedder abl y
reduced to atnospheric ur.e at t.he t t he.wash v S oenedto
renove artfieapset@aa?g&s% @ﬁ‘?“'ﬁ% B?lergglty \gﬁo ﬁ’o ecﬂ?@??’ ﬂ’é\‘?&
articles t ghire Then, a detergent formul ation or the |ike such as
described a ove or beI ow (and 5 preferably a formul ation that does not
contain nore than 10 percent water), is transferred into the auxiliary
vessel frogt é)eservar 5 by nmeans of punp 19. Preferably, the pressure in
t he wash vesS&EBaHE tTeased so that |iquid carbon dioxide can be

punped theret hrm&ghaxc%eﬁmt i, ¢4 Béndrdl, & RPdreB&EDBorY €6-86tvent] MBypitalig RgE Nt
formul ation is then transferred fromthe auXil | ary vessel to the wash

vessel 1010 ¢asdluent|istan alkane corsedyantgvith &na te1Gs lingay; dyranchedqand) cyalivon

di oxi de cl ng | wtion angy

t hr ough thé'%% a'rtfp bté%g?tb ?ﬁgﬁlgg%t&jm J{J&ffor rrulergtlt f%ginﬁas been
transferr eéo-ﬁél%ﬂttﬂ?&cﬁbxy hhsd flasiepoimk abovel O Rpatd me&sprbferdlﬂy has Adlastous

Det ergent Fornul ations. As noted above, the gresent i nyention di scl oses

aqueous bapeiat ehove1J0%. dbeorraniq egrsolyrRt mak aﬁ’éFWB‘d° ‘F°‘PPR‘-F’6§LF<’:’F}FB1"1 into

l'iquid car [ qﬁgl od of
applicati o&&gqﬂts%gsag&lng{é? Evﬁg%%%es o?s ?grp&geove wat er - sol t?aemc'f‘]tpeanl ng
in carpon &b tﬂﬂsdﬂqhaéewongmmahohds (e.ghefremADorchiijto S bbrLlatoeCliH be

duri ng ?““’ Hipclyite ol wolimion b ook Heapreagi st oy be U1 ¢
cosol vent sy, %ﬁt%e% dﬁg@éoﬁsdfl{r&i’t. iously disclosed. The nethod of
i njection | s I nportant termning the effectiveness of the aqueous

cleaning, as i sﬂcbmpbsrqf(smtahlono-@bl\tehe inelpde; thut| axgatos dimited topaliphatic and

conposition of I he useful dete ent s eper a u U

wat er repré%o 717%1'&659/0 %ﬁlﬁrmf’rﬂ\é@?ﬂ&g@ rif’iéc[r}f@‘fh'l’%)sr?m%werabI y
bet weepg 50aad1éth9&‘y gEOEth@mIsos'Aﬂ $9 Isopm M, 950PAR vnmwt EXXSPL,

di sperse wat er once |nbect ed into_the CO2 wash flujd B’%he surface

of the art ESPEANt PFpa0 @emEﬁeﬁGSTwﬁsﬂENCWﬁct toeth soi

and itens n c tens
to be cl eatﬁg%}gﬁ@&?el sur crltﬂ g"clggge kﬁpa.%&i{iﬁfkgﬂ%}%gﬁaé&“ Vo %F%}he)’rl ably
between 0 ambohite, dibutiybr ﬁatbaialt@n%-mhm)al ﬁinaﬁhmhm netbp}eaol vabbsate, apdn ~UU3
15 useful in rmdlfyl ng the saol vent power of th @ﬂ};ful in qgﬁntltl es

bet ween 0 @Fﬂpymcampet%ﬁkx} nend RRIALSY aRIE 00, aPFl
G B VSt i SR g A P B B

| east 40, mthﬁ(?bﬂ&rr %rmﬂaﬁ:rglymﬂtmethgr etiier, eripropyleme QE'cpmehyl ethat,emdor
nore); (b) at |east erc surfactan refer ny 0 5) 10 or
15 percent dﬁfPPﬂE’tear&lY &B’; fd a(’Et?té’rHﬂ)\'f éga.n%mfl)g;ugrolja_g} ‘220 or
40 percent C QindOfdeeY - doHBea ail IdneHSdiesefalb, in these
formul ati 0,@6 mcggx%%ﬁeé%gﬁs gﬁ? gt?gie%eggc{dna’go 8 s, fragr ancgsé Si zi ng
agents, cogropaysl, phhddqflikpmpaxtﬂleaeﬂmemoxmzmmol pE+ootandle 2-ethyt thexanoy, et c.
7 Appar, at us for Addi ng_ Agueous ter ent Fo Sln raI, t he
desi red rmcféfde’elitﬁ‘}(%ctl GNPIORERS H d{“gu gr’P‘F‘BH‘ %%tPCBE?PF haé‘d
cleaning c r t igaﬂ{e ¢d gmcg{gﬁg 4dnd
acconpl i shﬁ% I rltmg{h 15%8%‘%?1&t%%3r% ucetﬁjlg}!g%%&%éz:aﬁgé%f fl e detergent with
the CO2 cortieatmethgldigdstank),witad prior to exposure of the itenms to be cl eaned.
Useful conponents to this end include but are not limted to static m xers,
dynam c m xers, centrifugal punps,




20 pressure drop orifices, pipe constrictions, narrOM/sectiogs pfftngng, .
control val ves, and additional equipnent beneficial in providi'ng high shear
m xi ng. The sheared fluid conposed of the C02 wash fluid, water
surfactants, cosolvents and adjuncts is exposed to the articles to be

cl eaned. Water that cannot be stabilized in the systemin the formof an
optically clear enulsion, dispersion or§§olution depl etes evenly on 25
fabric surfaces facilitating the dissolution of water-soluble soils. The
formul ations are typically used at |evels between 0.1 and 10% of the total
wash fluid volume and preferably between 0.2 and 2.0% C eaning of articles
by cont act 2Mm Surfacthntsui d conposi ti on contai ni ng carbon di oxi de, water, a

surfactant, and an organic co;ol v&rt has been previously. disclosed. 30
I nj ection of wateRy SWIIEATE CamRE USeh FREATBhPUSIEH PFeseRt I et qm dnatpding bath
cosol vent i r Avephl QR e 1 . : ous
in sonme cassgls'ga E%rnhgatﬁ?tg%n(t)%%?évg?f ?Bﬁg%gmggﬁu‘g} é%?(%%?g%égsmg %%tgl iers
t hat sefve WO96/RA764) dinkdtetos al @OpHphobikc group '(e.g.,' a 2iPaphilié grotpntndi(mote
liquid CO2. Fixi ?98 the | eve] of cosolvent_in a cleaning systemumay _ he

desired to tqr¥eR Styfactants, of Syfaetants dhat dompt eontaina COaPRNG ng

" Ho t | exiebil i . y ot s ‘
and surf actg (it Bt that Rolfsd st FOU) 1ERe e Wb oBobtE P
of a gi ven (tpeeatiynigpaphdicd graupd.dsA Singld surfactant cuaypbe @sed) for lychmigihatiorc of

fabrics such _as cotton and,cotton blends can require nore water for
di ssol uti Oﬁu&%ﬂ%t[s&?a_ys e soil's than | oads prinarily conposed of

hydr ophgbi ¢ f abriigmefous hupfctamlsy &%t Riovii doOfHoSE skMMAN G ithe BL €T3R! e glt 1S
an additional conponent of this invention that tenperature can be used to
control parMr€nisheonys Yolume &r Emudsifiens s Ret¢rgents i(1 29fs North bemeticaanBdition)

conversely t.hel t | eane e e ~tunabl e: . nature of
liquid and @%@?P%ﬁf‘%‘?%gf’" T75 BORR o5, G RV R) Bpaddle EX4iBISs PLIBE REGT of
vat er in Clrfadtahe types ihitdemabt Yusad t6 dadCoutOtheOpresaiPBveititneincidehtlehi s
feature the agueous detergent can be injected to the machine at a

t enper at ur el s.gdkmolpraings, alindaryl sulfonatdst sikylaryleulfonigeicids) ow,

Lo 15° facr CRfofiiERg BBy Srbi OAAE, Ufodt shiffl 'y ok Baf Spidet” °

surfaces ofbetdine dérivaives, blockhpmiymens] ¢drbawylated alcohel dredikylphennt etRylates] he
detergent can be..injected_into,the wash fluid at a | ower_ tenperature where
sol ubi ity @&W&ﬁ@ﬁéﬁag faty Q‘é‘iﬁp&kﬁﬁ)’qé“&f;ﬁatﬁéleﬂaﬁ%\@a, ethoxyinled algabels,
solubility, 555"1'4 i i t deth QU M Aforf sfabric
t hr oughout etd?\e wa% H%?‘c@%@%&%’@@f?‘%?ﬁ% t%rfg%?%%’%ﬁ]%?iagecﬁj%gggﬁ tc{g?
nonaqueous )etbiaxydated fattyf estenyidnad oids; fatggnesterhefhiorkearbon-hasedrsuofactdntsx glyeerdt y

cl eani system under turbul.ent or. high shear cqonditions is .di.sclosgd in
Fi gur 28, YIRS ARl coifemy dioorlie S modie et gy Biratie | ve
means 20 asdefiaavesh pbtHiohabd afelinWased HErivatIEE, CleditRROMR. lebithiadtlivaties, t he
system i ncl udes a filter 30, a carbon dioxide cleani ng solution drain |ine

31 25 int erlignimeand nlignimedsiishives s saaleie oor hsuctinie eanhydrides; boretidil o gsters,
cleaning s ' Ly qld 2. copnect i the filter to the wash vessel,
hiclecBBP o ARadert RS ehRe i i | PHBPRHES

and a high pre e pur operabl _ )
filter may digaric|defivatives! polyethgleas gipdddpolyhésd (pslysatarideleicrfli¢ afdl e
filter. A detergent fornmulation reservoir 34 is provided, with a detergent

f or mul 3Pi orfndoadrylapige)) susfactantse propaxylatey end ethaserlated fattyo acide aleatiobn or

di oxi de cl egpJ ut i on I i.ne. A second high pressure punp..36
operably con elg?‘ é%gﬂtsb‘gljf) cén'g%{%g F gen%tm?tf?rciﬁ??em rf“g%gtﬂ'wg Tair?'noéu}es&)eﬂ'wgweifed to
transfer defikcaperaséDsurfacahis)BodpsOsorbiten derfvatived, sdcrose-ardd gllicRt &Geahd
formul ation_reservoir into the carbon_di oxi de cleani ng solution under high

shear condidsriyasvesjsatfates ad splfonatespefl eilsngnd fawy ecidsoswiates and sulfenages,
b oo o ] o YRS’ ¥ : FEES,
Che enper USRS ARbEeGEE 08t Beondlle SUBRSCe TR PRl ne”

|'i qui d30I npeilfaesk qifamsesiars, suEbhites d0Bdnzehe, cRhithe G106a8 and SRHE, susfenaeb| e
for the first high pressure punp, do not operate under conditions where
there can WRf congensed aaphthaiereseswfanatas of dedewl @nd At depytbenpenes subfonvies 06

their is a sjgpi.flca S hffer ial across the pu as_in.the
second hig h&’l r gls?jéédl %e Q%du %%‘)%ﬁ }s{{}%‘h&g‘%%gr?p ssei'gﬁtp@g‘ﬁ pi'c QF‘S‘Q}ICB‘& i S["i%é&iﬁréaﬁ?a&%se ment
punps such as 10 piston punps or di aphragm punps. ' In an alternative
enbodi nent, the detergent fornulation supply line 35 could be connected to
the drain line 31, but the detergent formulation would then pass through
the filter and potentially be depleted on the filter. Optionally, control
val ves and a bypass |ine, dead-head, or other bypass neans can be provided

o "

-




15 filter during addition of the formulation. In operation,'fhETaﬂQM§said
appar atus provides a nethod of adding a detergent fornulation to a ¢arbon
di oxi de dry cleaning system In operation, a continuous streamof liquid
carbon di oxi de 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 .the continuous stream of

| i quid carbon dioxide at a point downstream of the filter and upstream of
the wash yggsekcifdted bt Bérdvatideés, ttaurant hituae] ideecaget dsranied, aridedyatiadn.

Since punping of the continugus streamby the first punp 33 is preferably
carri ed odpdesyl benzemreswfonigreids, ¢6- or 20 to 200 or 300 gal | ons per minute,

t ur bul il j {

ormul atton | s A Blany 80 b Sl Yl o LUER 1 aRPoE S-SR

aﬁpr eci at e?\hmibﬁ mcam?ndoﬁohd(ji@/alkﬁphér@?pelyslkyb;therd(esgé,a’bERGbTOLHé-?pﬁﬁés and

the rate of punping of 't ef er nd gontinuoys sifreamto

facili}at écqq%ﬂg& eﬁgﬁ‘@o&n&&@ﬁy g%’fﬁﬁ‘g %%EWF‘%B?@P&W ngg’éWLa an

appar at us \iighof Y. 9% Ritidar} BRoRY s ies RHGBASURPBCH foasduidadr t he
SCTibed 1'n Figlre 2.

system de I'nce many ¢l eani ng operations Incorporate
di ff erent alaohelethbxylate] REIGDASURR BA-630Mhiridecytealcdim) reshioxylate)ealkylaryl he

others of caoases, Inpluding saldang epivoes erpob & ge gt 8o MAKFOVET T ¢ s
to b I } io Yol d f both
o be c 632?2?‘3 pﬁch g?%ﬁx&%g[wc AciWe MART DAWEPNTUTR®k il of  bo

types of ent “fornu 1on systens is advant a%eous,

parti t0l arpoyyetitybere glyéd] ethemtacttic aeiihtalkoxylateds fagtydasitlst (er@auJPPAdEORddi ti on

system Li arts in Fiqure 3 are assi ' er r to 5
F%/gur es 1 éﬁd 2&5%3‘?89 %lgﬁﬁd Hﬁ%@%ﬁ%%ﬁ%%ggr@yﬁéﬁ‘giﬁg &

i |1 ustrat gfoftiteaRRS! ahlk§lett NMoxide tBlofk JubpblfmeRX (@R, tPBURONICO T eragdt drain
control systemis provided. The system conprises a high pressure wash
vessel 10 FHTRONIGM prodstsh sestwetior aleehols aadskiols dect. SUREXNORE* 1#0dui d

bon di gx{ iy i | 0l 3 ing th
i 1 ary OBl riip; R festits of MiBedtlBid arldfe.20 ATKOSOL 09 {1
above jshe gmoh ssaaar! disetyl hahlfodueciaae) eAEROSOL hEB-45% | saitym v diiseiutydan be

transferred by gravity to the wash vessel . tionally, bu ref.erably, a
vent | i ne Sslfosusainates s MACKRANATE, P&ﬁ“l ?%°%SWQP8§'§EI ‘5“6°‘%E}“8vi de 15

Csid hp ] j i i ded,
gas-si de W&%ﬁ%‘b?;@ﬁ FE -W&exc’aacgcggsgo BholafRf MBhdestep of Soditu@vi de

and a detergen I'S provi necti ng the detergent
reservoir sulfosiveinate); sulfospceinamiy acidatnd: esigrs shepeafviaimd AERQIQE 018Mhe

system typically b | 0si ng.t he .val ve duyrj e h cle or ever
the wash \)@&‘ﬁ‘l‘mh‘oﬁ?éﬁzr .“°%“‘6_ﬁ‘r‘?§°’ SWQQ ?Z\ﬁgr‘eﬁ%‘b‘f‘@ gr%{l

| NeXpeRsi VlicarbOWeRyERRUsRad¥efP sulfcsuitinithAg0sdrbitdr kdtedshinciditig] dertwitivés vessel
fromthe det ergent reservoir. The wash vessel nmay contain a rotating basket
driven by theseof (e.gabBRANr BUR! rsoehiten cmonolease.y d $ AOO-PRMY etprbigang

turbine drive, i i nt | i tor,
ctc. The. diene; ARCARER REOI¥ saitfien WaleReo § N itk HolR FREE L, ™" '
val ve, Wi t{prBitdn0imidioRaby]i TWERN e Porgdlgsxyedytind )t lseibiter inonolatrhte),The

system uses a_| ow pressure 25 pu on the soap supply system_ which
requi res tisathiqnates meaﬂsnmsg&cmfa(@ge 9?9&0‘9‘%&%%9'{3@%%‘?83’]9 when

it iseein Ll ed, ' ' ' S :

essential | o{atlﬁrfi?fl %ﬂ-tp@?‘g%‘iéu%‘g%@ﬁé’ﬁﬁ‘?ﬁié&%ﬁéﬁ‘ 0 blgltc er gﬁ‘!tlerfv%tltp etﬁ%rﬁgﬁl iary
vessel goeg. abDIGNOSETE 08H wicitthdigmissiéshaps)y hikglard2sulfonjpr esidnted shlys | i ne
61, then the contents of the wash auxiljary vessel raises in_jnlet gortion
63 t hr oughthereef 3@-8.ai GRHIMULSE.ENMSE brapghnde dodegydbenzen OfiEs 8¢

t hrough ou E QL s8d™ LO4ilhe ' g i
auxiliary %Iglgg\%c%ﬁqgg rai Iss‘g%lh&od c%ﬁrsé%{é%g?lgl%& mﬂ%@;ﬁ&ggogéé t@g:‘ rai sed
| evel and &ikhegadlt cifn dbdecplbeneshei Bilforiats), wakbnated sahinto awdehbidesl (ggyv v ~

L'.JUJ_ 19 the detergent formulatjon, bring it abgve the raj seéj | evel and
cause tthe GALAMIEARE BT sopopylaming splonate)e Betaing saf | AeTINARYSS; |

further e I LSedl - F : [ LB arsiddhi to

t hat of Frgﬁ‘?%ﬁ%%ﬁff%#fﬁ g%ﬁ%ﬁﬁqnbg%uﬁ, E%egy gjd%-g g(f ;SXI \f}fggfsz’]gygerrpti é@ and
in fact 5 hidrogideat BOAMTAIN etCARA fdoeamidopesyyl y bagime cdambsivs) sty one
of which could be inplenented. The system conprises a high pressure wash
vessel 71 (i.e., a wash vessel that is capable of containing |iquid carbon
di oxide), an auxiliary vessel 72) and a drain |ine 73 connecting the
auxiliary vessel to the wash vessel. The auxiliary vessel is again

positi oned above the wash vessel. A vent line which also serves as a 10
back pressure line 74 connects the auxiliary vessel to the wash vessel to

o o o o - T T I o




15 punp, is provided to fill the auxiliary vessel fromthe detergent
reservoi r. The wash vessel may contain a rotating basket driven"by" aﬁy
suitable drive nmeans 80, including but not limted to a turbine drive, a
direct nmotor drive, an internal or external electric notor, etc. The drain
| ine contains a raised portion 82 which functions as a valve as in Fig 4
above, with a correspondi ng inl et portlon 83 and outlet portion 84. In this
20 case, however, as wll be apparent fi%m t he detergent transfer nechani sm
descri bed ed | t he auxiliary sel.. not
desor ! bed bSLRPEARE  SEprhe e Lotil s bhat e bl L2y Yesselinol
thus, the 1&181'118&% dh@irvfah%’s ﬂh@rebh?e S JIONIO AZOLAE D bes Bkdiftdadhfigazofnéd of he
aUX|I|ary vesse posi ti oned bel ow the wash vessel. The syst em of

Figure 5 fcdmtc:hmd,l WM@éZ(HJItﬁgHTﬁrswsum@edpumdmﬂnmdf Tall tQsh), @xazdiimgaigh 25
whi ch the ¢ O.XI e cl an| i aI| e 92 during the
cl eani ng c‘% gm UYL ¢ z]:rg opts” OMW@E Ci=‘t‘113’({| Ws dgf' Eval ary
vessel 572 ABKAH@RGE@W%&}@IH@& hoxeesk®d dérdvatie),l edrbeiated Alcohbl ok,

si npl e back pressure fromvalve 101 (or other backpressure neans 30 such as

a const ri calkylpbensl ethexphtesiipelpding darivativesthereafdl.g.i MARIDSOk OL7AMIoldio wi | |

flushthe co y Lank,into a Vi 73A.
e by ByehL ST %P%eﬁ’ rsuifi ottt Tt e iR e 7
coul d be IOD@“WFIRXWOdétBQEmt KR E 'oxedy diﬁﬂmhtetIDOWWI y adetergeigsel 72
is co-mxed with the main car ond|OX|defIU|d|nI|ne92b ore it is

returned t%diym hn-hexadecyl7 diphegyl mxidg | disulfonated JPOWRAXIM oPry nhsedre'é@ppat ive
t th h st th
Lo 11 o7 GORIR ekl WreRficfmie RS RN HASSLARE o A 30 o5 FROBRAGT | 1
i1l uist r at e?():—lQO't"afdmhoﬁﬂnm ?e@ummugaﬂgga%: HLUOR%DIFC—@BSM@ubeaﬂgdi n%bz
in alternative 0O usling,a | | , a . gas I e |r]e
froma hi B4y ARmPRIE é@@l{ 92&%%@ %&aﬁl@fde of
t d | | owed
a conpres S@d}b%@lgtg{?})pi@c;@gﬂvgfggﬁ i@éfupﬁ derivativeRd( J%GMGEE@J@S@@%@ ove

to enter 10 t or push'the contents theredf into
the wash vﬁmphatﬂibsb rphosptmté) 25tetsn (agdi ACARARODISA+216T™ eliphaticvphasphatee

bt O AL AR08 31078 Hbsrbafy, e o Sormcr o RER dre o Z5RPERaLl *and
cause the cpmMPIBSt heceniorio &&Bﬁﬁ@' phofalle Uash \CASGENET PENQIRRNM 15

Wiile the present invention is described above wth the use of a high

pressure ppigsphated roomd-nend diglyerridas)h onlfdtes vnde sulfonatashef fattyhasids delg.,dr ai n

that ot ner ACTRASOL SRR sUBIRY CRabr Bl ATIRSRE, SRaST it aPBO RO e

wash medi ugalfatss oflafsdhbl (€87 DYVEPONDL @™abiiefatsylsalfatef CARSONOID SHSTNt t o,
a hig Zlqoressure gu‘é@ ]rSuch other fluid_transfer 20 neans include, but are
¥

not |i#f t eSpdiyn Ehendr suliate) AL FOAM: cHeS O Bigthanolpming olaveydh t he

e descri bEd PREERE GhOXERa ARRACE 2 ERTIROAME ERUBE sobfinl el F

mul tipl e petassurselfaiehks aminedes dnélodihg n shltsS. aRdt ederidiveS, MéredB7 (e,

Preston et_al t he dis¢l osures_ of bo i ch are incorporat

ref erence RESGYromethy; fhyllaminqmethage MWaWTﬁ]@’@&‘%‘?SP SXMﬁ:e

overal |l cl I ? ™
BaMAge Q&§§aﬁt 3¢ Nk alﬂﬁ téa)pzﬁﬁhg{:)ove SHild %g SBERDPAONTES42

enpl oyed, as discussed I n greater ictice, in a preferred
enbodi 2Ent sadiuniie-cooeren atidAN-raethygl taucite, GBROBON é‘z{h 2T Mrebdiunk coeanetbyly

i ui . ry ROFQSh AR T I SO G AR AR DFs Bt (€ AbRUSO o 1
i qui ry n ot at
that "the droomi S’E‘ﬁ%%'abﬂﬁ%&g%Z“r‘ﬁ‘d&?‘?’e@%”?ﬁ%@%ﬁﬁ?@%ﬁ SR O

conposi t i omethylrelfate; IARQUIAD T dhaliyl ttatmethyl rantrhemums skdbridgr 4B < DUA TS0

vapor Bﬁaiéﬁfﬁ“ewﬁﬁﬁé%spcﬁvﬁﬁﬂt@ﬁ el e @31, (- ANRONR CB el can

the fabgiceedh %%@&&&'Mom g@“@f@&aﬁﬁ%ﬁﬁ% Ehdtor FReadit i Cl e

may optionally be rinsed (for exanple, by renoving t corrp05|t| on from
the drum auosey giucosnsearwstmd:lamd mla:ﬂedamghrsqandi IGRRodavtiaink  includintgh their

additional ;inoredi ents SHER Ak h% mElyl glucoside dioleate, GLICEPOL 180T




solvent, etc.) to the drum agitating the article in theyrinse saolution,
removing the rinse solution, and repeating as desired), after t he agitating
step and before it is renoved fromthe drum The dry cl eani ng conpositions
and the rinse solutions may be 10 renoved by any suitabl e neans, including
bot h draining and venting. The present invention is explained in greater
detail in the following non Iimting exanples. EXAMPLE 1 15 Nonaqueous

Det ergent Formul ation An exanple of an essentially nonaqueous |iquid carbon
di oxi de d ch%fcﬁ%'[ﬁafkg HAPOTW DAL - soR é%ﬁnb&%ﬁﬁl; lhﬁ&ogﬁééir?{os%htte HheMPESEDt
inventionTiI's a m xture that contains: 2% | SOPAR MI'M or gani ¢ sol vent;

0. 24% wat ™ 20 N}MIS%YTRI BANOSIRYY Zoc@dﬁﬂéEm aCCoét erp}epyleas/al IZptd from
Uni on Car hi de; econ am ne ,et.hoxyl.a 48%.TRI TONTM -7M

det er gent %(‘Cgp{% cé‘f’?i detp Ty]gféﬁ?ha'l} esUnll%‘itl %:Qg bi Va%ﬁﬁ U%F%ﬁ:{)§

sul f osuccigigieopoNrDRRIDIC™MaNA! boRyaddoRariisd eREHY, abfhcents0 (4 %

TERG TOLTM 15- S-3 detergent (a commrerci al det er gen of Uni on Carbl a
secondar y AVEDER ILGS-AD% dicxyethylenel stearyh sther idissicd of Noldvadd e glutarhie acnd

car bon i ONEROET CHTRSSHE, EEREE, B8R MGET o8, R Sehn ho cal s
descri bed gﬁﬁammecmmmansm sodfisi/FER fdveplehydrblized fi@katiy NANYPOWhe

concentration of the ingredients in the mxture contained in the auxiliary
vessel wodCdMbpetassiimyogqegyipApdrolyzed; collagen), -and including thio apd wFmIca@Pyent ;

el BT RED, dokesoert B BRI ICHMER sipber oot

For nuligt i OIMPB™ edidiylated dodevyhfieraapeain),atd.i qui d carbon di oxi de dry cl eani ng
~systemthat can be used to,carry out the present invention is mxture
that cont ains: @%MP@M@WWP%P&Q’%%%@W“S% eoyepral sERaRtahy | ene

gl ycol o 1 Jggﬁm&t Bgf 18580 4E) the 10ni | G éaéh%&ﬁg@r 9&3:(8 Tﬁht%%ﬂé‘" GR-7M

det er gent rci detergent o | um di oct
sul f osucciettmixylated alkyiphenals aand ethoxgiaed daﬂnydimhalsbdcmhbechml S&hﬁHmTEERGI TOLTM

Al cohol eCIRGRRAA: ARRBRALON &1 S99 b Ale 4 525 00t SORETEr By HEARRBRD a1 |
| NGr eqsenigioadé sl wERLRIUH telRlizhd P Afhdoh RsdritRid (58" Baex| de by

adding it to the wash tank through an auxiliary vessel as described in

connect i orf, @%W%dme&euetabw& STMSNNQ)@@)B Ite Juxeller e@bcent rati on of the

61 406 Sopar Mt B e ekl o SR Bpied i flololl plthitay: Fiiel BR el
det er gent ;canbé ih€ludd HARSIdEtkddvit Fornfulatiohy) inelidaiy whEéﬁWPlsEftBnéfE, SAgHgOoUS

Det er gent For nul ati ons
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



A series of different aqueous detergent fornulations suitable faor liquid
carbon di oxi de dry-cleaning are given as Exanpl es A through F-bel awi3
Percent ages are given as Percent vol une/volune. 30 Formul ati on A 95% wat er;
3% TERG TOL 15- S-3TM surfact ant; . ...J 23 1 % TERA TOL 15-S-7TM
surfactant; and 1 % Di propyl ene gl ycol rnonobutyl ether. Fornulation B 5
65% wat er, 30% | SOPAR MIM or gani ¢ sol ve(%; 3% TERA TOL 15-S-3TM surfactant;
1 % TERA TOL 15-S-71' M surfactant; 0.50% AOT surfactant; and 10 ~ 0.50%

TERG TOL 15-S: 15TM SuE - F tiqn C 95. 5% wat 3% TERG TOL
15- S- 3TM sd??‘%‘i“l%ght@l 58! B pericti Yooy Becks 2R Rl %fﬁfr?g & ba
TERG TOL T 674 usrpariied by refétdnde R¥eiah Yhdir éftEHY! anmoni um chl ori de.

Formul ation D 20_65. /5% water. 25% | SOPAR_MIM or gani ¢ sol vent; 5% hexyl ene
glycol : 3. 0% TERQMTRY-Persing b3/ Ratert fnnlieation Sesal No. 09/047,013 of McClain ef

3- Dodecyl di_gethy i,0 ane-- nate: .25 0,25% TERG TOL, TMN- 6TM
sur f act ant .alr%-‘?ér?ul?‘gﬁ‘gﬁ’ Eé%gagﬁ%iﬂbgg%ggmn ?ﬁ-’z&iﬁ% cleen@e apprTathSthatmay be 5
30 2% TERGukedl tolferfy ofit Mhespresent irhtiofror nul ation F "1 "t ~* " ~ 1.-, ~ ~
24 94% wat er; 3% Di propyl ene gl %coltym)nobutyl .ether; 2% TERG TOL 15-S-7TM

surfactant; and IR a% pitsyRatg-emiro off thet imyEntion, agitagorymay tbepishpastedybyene

glycol 5 c rs /, WM+ I MPL ddi tion
of Aqueousq%e e;Hgé%ltté orgﬁglag}ta%%%@%&fwy'l%f ?’%%é‘%&é"ﬁ?%ﬁﬁ% %ﬁhﬁées t hat
descri bed idisdiesureibfiwhidhnis Encurpbrated heseih(by rif@ehes] ABnBted dBove DS Qs ¥

cl eaning machine with . a J-iquid volune of approximtely 80 gallons such
that-the f CSRINg FOMIPOSEIPnLLs Preferably;an ambiant desperatury Compesition, ad she punp.

The pu i §H§ﬁ§g i i i a e i ng

wheel ggd Eack, aﬁ%b ?%i’ g%fyrghl?a%ﬁﬁgﬁg?gg#%ai #ﬁ%%tg{?f gﬁ%h&a%%r%‘%?iqg{]e

filters andskmdatingedicatipgelementwithithe claswing hpparan. al so serves to ni x and
i t to,the cleaning vessel.

shear the added 15 .det rgqnt. rior its %‘r anspo
The wel | - ni xed Ve ?SBRL‘F%&PB%FPJH% 2 ma'é} g%éﬁ%é%émmtﬁéemrmﬂbf t he
wash fl uid japéhtieatieslss Bdcribad BOU. L Patind Bidsi 3,89'1,3'76 (' PurdBe bt f A@bﬂ&ﬁ%ﬁ enly

depleted on the garnents to facilitate aqueous detergency. , ES5
Addi ti on ofto Apwasend @a@d.er gent Forrulation 1.5 liters of a fornulation such
as thag described in Fornula Bin Exanple 3 is injected into a C02 based

dry cl gni ng machi ne such that the formulation is fed to the high-pressure

side of a cyy mlv.awdi&gu@gen'ﬂmﬁmlgﬁg@gt is carried by the flow of the 25

wash fluid througih) a static mxing tube prior to it transport to the

cl eani ng vessel 4vnetad abons. Hy enecerabodimeptofthe Amesaitionithee detérgentifemuuldéerer gent

is then cargi 4 I e cangot. b tabi]lized ip the

vash fluids égg'v‘?%"%gg‘?%ﬁ%?éﬁ %}%%ty%@r {’r%‘;rﬁggé?‘ﬁ' f gf:“'?‘f"t%aﬁ’g"&'& 5 Sgatent

det er gency .detergent FoBulkiXdxi¢Pfor chrrpihgi dutathe QhresbatRmvdstidetypi@bntconprze) &t i on
20  weight:

(a) at least 10 percent organic co-solvent (and preferably at least 40,
50, 60 or 80 percent 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 formulation
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  brighteners, fragrances, sizing agents, coatings, pH buffers, bleaches, enzymes,

alcohols, peroxides, softeners, etc.



1.0 liters of a fornmulation such as that described in For m'JI._,ai.;F.,i gqﬁxarrpl e
3is 5injected into a 02 based dry cl eani ng machi ne such'that 't A
formulation is fed to the high-pressure side of a circulating punp. The
tenperature of the bath during the injection of the detergent is 70F.

Thr oughout the cycle the tenperature of the bath is |owered to 50F by the
end of the cleaning cycle. 10 EXAVPLE {5 Addition of Aqueous Detergent
Formulation 1.0 liters of a formulation such as that described in Forrmula E
in Exanpl e 34 §alath EfcreidiRg . o%v- ke PRSP HnBAREHEs. TRChi ne such that
the fornmulTation 1S Ted to the TOwpressure side of a centrifugal punp. The
wash fluid in tAenstedtahovesthe grpestanvehtion pappdesxa spsteiny {586 confrlltdCO2 and

4% of an organi c co-sol vent. The shear m xture is then carried into the
ol eani ng VAL GfBi<EEsh BB o0 AL i edo Fectikne oHie GisABaE RSByl o ¢ he
tenper at ur £ QfiustafdbRt Rigue 121tHE dydtém MiEferd CEBIA)?E& Athip® prdskite twadhi ve of
the present invention, and iS not” to be construed as limting thereof. The
i nvent iSon vessaldili(hed abyash lvessebiabis capableadfmontaining lizgidcarbemtlionids),@h t he
clainms to be.include herein. . i igo ~ .. . .~JJJ.26 That ch i

Cl ai ed 1 gt VEREE L AR Brpim M 13 Gomnping, i Sy SRR IS,
carbon di oxdssk. gtheankianAPRaciat positivAed alfolettREwaehNedsel §thal the cdntengh
pressure wash vessel; e;ei,b) an auxiliary vessel; (c) a drain line

connect i ngofsthe gwelisay| vesse) cambe trnsferredhbyl gvayithi 1o dheswhsh yespela Altemativelye

connecti ng,sal d.;auxi |l iary vessel . i Y l_; ) t er gent
reservoi r?mffa)@aﬂ%tvﬁs&%w@uﬁ%ngglﬁloﬁgd i’S‘r’%ﬁ’Z@?‘i ﬁ%zgafea&geﬁngr‘ggnﬁh%ggervoi r
to saijd augklebfiittanifemée seettie ach (Wsselr By meaRt 6Pla PaPS Wticahlly,ebirt
associated with said drain |line for, controlling the tinme of draining of
det er gent Prefemhlnta vent ding ddcongecds e auiljary vessel tq theowashi vessehihp . 15
2. A system.aeeordi +.9: cl.al I IS r unp
operati vel g%o%%agﬁ%oﬁhﬁgﬁéwgé#é{é&gﬁf ?’giﬁﬁ}f?b e g\rf'\/ﬁ{ér‘gaggéftroiong
det er gent éachrvessei ik astvenholiquideils davdl ehexeih). aThisviasiditdtes the tdansfes bEithe
according to Claifp[}:h%,ﬁ erein said | owpressure punp is a 20 peristaltic

punp or a {AAGHEHO FrBtIATY AC83 tthe ¥asBVESSEh to clai m 1, wherein said drain
controls means CRMRLERRRt festhdiM 153V rovidedD and §3&E§§8ﬁ0§%?§' Bfe 16 ¢ ai m 4,

wherein said auxiliary vessel is positioned above sard wash vessel so that
det er gent provived sonnactiog thepdeterpentseservaitta the musidiary vess¢ll i Galyes\igs 38jare 0 sai d

wash vessel b ravit 6. net hod for.the contr.al addition of a

| ow wat er %H{dg&p %@méﬁﬁl’%ﬁﬁﬁﬁiwmwé&?ﬁﬁ bglcr(j?wm oxi de dry cl eaning
system said mMephgEmBOINI WhichJis BrefdtrhBliynan dn&dehsive,digwti essttee BidnpY is
apparatus conprising a wash vessel and a separate auxiliary vessel; ~ ~
~~ ¢ ~ Zooproyred 19 fillthg @unidianheesselclsem the dgtergent repgevQiny cQ8IST MER

1 _ . _ . . i
Tossel® 3,8 Sle 8 Epiobie Mk Mol i GEiBlochORUALY Bd B F0uflofll |1 &Y
or gani ¢ coalsovktieenduxilfdry vesse! drglathé adxifierycwessse] gruvitydilbedtfrora sk resdryoinot nor e

than 10 percent ter; thepn 5 (c) i.ncreasjng the pressure in said wash
vessel so that ﬁggmaah S5FED A GRIAR ac‘éﬁtﬁt’é‘ég??&gﬁe‘gﬂ‘f%‘e‘ﬁétaﬂ}f SHiEARIS 6TV ean
articles i j mgﬁx 1 ngf i s : t
formul ati oiri:le r O%’Sal a%ﬁ?ﬁdé}l?/ﬂ {\}gtstgglqmgb?cs%é‘%’ a/adgﬁ&vrggtsil%g%qﬁté@% Itate
t he cl eani ogexiémalrdi¢attiemotdreetei 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



10 7. A nethod according to claim®6, wherein said adding ang grangfgrring
steps are carried out while maintaining gas-side comruni cati on between said
wash vessel and said auxiliary vessel. 8. A nethod according to claim®é,
wherein said transferring step is carried out 15 by gravity drainage. 9. A
met hod according to claim®6, wherein said adding step is carried out by
punpi ng said detergent fornulation intg said auxiliary vessel. 20 10. A

met hod according to claim®6, wherein saf d punping step is carried out with

| . 11 A system f, he addit i f d t
For mul at | oues o0k b BeSFL S i uhaly gty oo R S phr ERE
condi t i ONgediERH hoSMBloEReEiONMEdsSid gt thE5tifne)thd WdsHvaaEQSiS WpenMBEN ratesee! ; (D)

a filter; (c) a carbon dioxide cleaning solution drain |ine interconnecting
sai d wash aredeesushoas glothing |or dabriq erein cadingrinstirb newearttleans g dedngdi on '

S Ly |i connectin aid f.ilter,to.,said,30 sh ssel : a first high
plrjggsﬁr eI 1 & ?ﬁﬁg‘ﬁg@e orrlﬁglghlgn ooﬁetlhggf%f :sa‘écgo%ﬁ ﬁg%ﬂbﬁ [aﬁogéapg%%lroa rqé'rqune; 9
i~ ~k, ipre&rfo1$& férmudatitat 20 edtles f1dt Netn@lih Ofofee BNV 90 'perdedd viatélg! @ gent
formul ati on supply. line connecting said reservoir to sai'd carbon di oxi de

cl eani ng duinsfergd g phy auxiiaryrvegsedj fowi mserveird 16hby ang%?éo@fdpﬂlﬂ@hlﬁ;i essure
t | t. 5 . ti el
Pr anst o r THgierEy BE ool B SELPVERN 1okl iReRch 40, B Rinki, Sbor

reservoir digkide scindbe pubped chepstidougt eqrvidag aiclési @ntHendash tvesselil eThe
conditions, 12. A system according to, ¢claim 11, wherein sajd filter

conpri ses dgtegendarmdaton jsdhen transtorred, ominthg cuxiligrn yessel toIthe wash vessgbr ei n

sai d fijyl t¢ I 565 %nkd. bl i.er : S [ Em 11,
wher eiIR sglichFCl #I r s% &ﬁi cglj prgre]éfs%{rugfe?i%eﬁl '1ﬁ§ﬁ¥r%€§%%{e%n@&%&a§%€&népa 15. ~
A syst em amadediepgrately plraped into andrer eyoledthrcughethe washivgbsel rbefsreioe aftenp i s a
pi ston or di gphragm_punp.. 20 16. A nethod for the addition of agueoys

det er gent tﬁs?‘ﬁ{ﬂr%&qt Sorfigion léaérG‘?I?GH rad fepm the awrlisy wysdl otk eth

turbul ent Qi tions, said nmethod conprising: (a) providing a carbon

di oxi de cl eani ng apparatus conprising a wash vessel and a filter; (b)

punpi ng a continuous stream of |iquid carbon dioxide cleaning solution 25
from igid h vessel thro gh said filter and back to said wash vessel to
cl ean ‘3rt i HRJUEIRSASIGISRAL A OBIAANANSy g (c¢) adding a detergent fornul ation
into said contiByoittedabSRNthE prestut AneentidNdidt10xdsd8qdeBud Hasddd deRrdeh
detergent formulation into said continuous stream wth said detergent

f or mul at i ctempaspians epd thein method of introdyctien intnliquidtcarbonadiexide diy cleamiegist 1

machines. The composition and method of application of these materials provides for

improved water-soluble cleaning in carbon dioxide dry cleaning machines. These

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

25 The compos.ition of the useful detergents is generally aqueous 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



30 percent surfactant, so that water in said detergent fornulati oni
di spersed in said I|qU|d carbon di oxide prior to entry int'o” saidWash
vessel, without depletion in said filter. 13~~r7?2.,,..329 17. A

met hod according to claim 16, wherein said step of punping a continuous
streamof liquid carbon dioxide is carried out at a rate of about 10 to 300
gallons per mnute. 5 18. A nethod accerding to claim 16, wherein said step
of punping a continuous streamof |iquid carbon dioxide is carried out at a
rate of a %H@@e AebWécdi Mgnd 0 claim
16, wher elg%lftélallg %@gﬁﬁ’%u%f%?)&é{ﬁgcggérrcf?etgegﬁz, %%r%l?npurrpl ngi sai d detergent

f or mul at i 0%, fioee swiful beomtenuands3®6r eam 20. A net hod according to claim
19, wherein deterge%ﬁtforrml i on and sali d. conkﬁ{nuous strea areegzc(r)l{'rbl ned

under t ur bul enfTEBREER 13RS I teﬁemA R AR RS g syst em
that per i8Rk abg,ugg detergent fornulations to a car bon
di oxi de gkré/@c#l gyst T under %ﬁr bul ent conditions, and also permts

the comtrolled addl t(n)oat 1ezistd@tm@hmtmdmﬁalrﬁﬁrﬂbl)aﬁd%éol PRef0 8mBY system
conprising: (a) a hi ressure vessel a filter; (c) a carbon
di oxi de cl eani RE%’I\%’W IHP%WW%%WWF&%W&@S?% sai d wash vessel to
said filter; (d) a qgyBoORasl QX;sé#&nels&qaum @Riferhblgn, S21BPUYtol 5,10 6o MSiect i ng
said filter to said Wwash vessel; 25 (e) a first hi gh pressure liquid

transfer neanspopenmir&cassw,matﬁémm said drain line; and (f) a first

For mutat on' 1 aser voi (B BgREFH 1ERp GeAD- Tl dfeeph L RS REbIvent. . g

sai d ﬁ§serVO' I AddiGtal ﬁgfuheﬁ diseot den Ctigaai mnﬁwmsomndumlwhitm or

drain [ine; and (iii) a 30 second high pressure punp y ected to
sai d det erbglehtcnf:n;r ralgchplsorfragippies, SIZRE RGENtE,r SAAMEH Ph‘g%&%

formul ati on from s%eges ar "(alntct§orrrul ation reservoir into sai d car bon

di oxi de cl ﬁbpg Pon under turbul ent conditions; and V. . Vv ..
J 30 (g) a second detergent fornulation addition system conprising (i) an
auxiliary vessel (i) a draln I|ne connec ald auxiliary vessel to

sai d wash e—auxiliary vessel to
sai d vygsh vess% ﬁ%x’al @déiﬁ’e&&&ﬁl tofﬁxgé&[o\ﬁ%fothéﬂﬁcﬁﬂnlﬁs éarfléd 8iitdRitingsupp! y
| i ne cdnnecting &5 etergent reservoir to said auxiliary 5 vessel. 22.
system ac Cthé dieagng oydtaltis Rportdnt thet thesalidition dfiths d&t@‘gpml is accomplishason

filter. system according.to aim 21, wh r aid
conpr i ses 3& aﬂ“ﬁ? t?lﬂr?@“ ?210“%%139%9#‘2}&‘@%% “f‘g] artf@i ?%F?gr el n said
first hi ghﬂm 1116 dxpBitir! of KROHERS tHRRNGeARAPIUSHH coniptientsto tBE. end system

according to |m 21, wherein said second high_pressure puygp jS an
i npel | er puqlpde 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 is
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



26. A system according to claim?21, further conprising a Iowuprres,s? S punp
operatively associated with said detergent supply line for t'ransferd }1 '
detergent from 20 said reservoir to said auxiliary vessel. 27. A system
according to claim 26, wherein said | owpressure punp is a peristaltic punp
or a piston punp. 25 28. A systemaccording to claim2l, further conprising
a drain val ve operatively associated w tg said drain line for controlling
the tinme of draining of detergent formul@tion from said auxili ary vessel
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detergent formulation reservoir into the carbon dioxide cleaning solution under high
shear conditions.

High pressure pumps simply refer to pumps that are capable of pumping liquid
carbon dioxide. The closed system and maintaining the temperature below 31 degrees

5 Centigrade ensures that the CO; remains liquid. Impeller pumps (or centrifugal or
rotating vane pumps), suitable for the first high pressure pump, do not operate under
conditions where there can be Signiﬁcam differential pressures across the pump.
Where their is a significant pressure differential across the pump (as in the second
high pressure pump), such pumps are typically positive displacement pumps such as

10  piston pumps or diaphragm pumps. :

In an alternative embodiment, the detergent formulation supply line 35 could
be connected to the drain line 31, but the detergent formulation would then pass
through the filter and potentially be depleted on the filter. Optionally, control valves.
and a bypass line, dead-head, or other bypass means can be provided to bypass the

15 filter during addition of the formulation.

In operation, the aforesaid apparatus provides a method of adding a detergent
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 '
through the filter and back to the wash vessel to clean articles in the wash vessel, and

20  the detergent formulation is added into -thé 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 1s 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
specifically configure size and shapes of the pipes and the rate of pumping of the
detergent formulation and continuous 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 significant quantities from wash to wash and others of which



10 U 10 U 10 U s910% U& ()- [ZdEDC 1010% & ()-& 10% & ()= - sue
10% & ()-& 10% & ()-F 10% & ()- 10% & ()- PAEbC 10 10% & ()- -

y10% & ()-10% & ()- @ 10% & ()- 910% & ()-910% & ()-? dEbC 10 |
(10% & ()-& f#10% & ()- % 10% & ()- #F 10% & ()- Y':10%& ()- 10%& ()-
q] aBbC 10341 10% & ()- 2&10% & ()-! @ y#10%& ()--110% & ()-,!10% & ()-
10% & ()-]1.0_@1010%& ()-! 9%40%y& ()- 10 10

10" 895109% & () - 7f #10% & () - 510‘V&'() I8 c) wB_@

' %R 4 /1 1S#109%& /| DS#1
é:)/:&fg#lotyé L& %) /dﬁ? qgf (tl)xe 10 & Qan %roth&ci,G te(rg from wash ‘o wgs?

0 / 4 Yy , ) 1 SH10%Y
TSt S S TR R L 50
10s 9! 10%& #§vanteggawygpartcylarly’ 'wne###uﬁ{:x\em Jfbmm@ﬁw&te( pd@d 1R darh s 10%
u& () - addition system. Like parts in Figure 3 are assigned like numbers as compared to

5 Figures 1 and 2 above.

8. Additional Drain Control Means.
Figure 4 illustrates an apparatus similar to Figure 1, except that a different
drain control system-is provided. The system comprises a high pressure wash vessel
10 51 (ie, a wash vessel that is capable of containing liquid carbon dioxide), an
auxiliary vessel 52, and a drain hine 53 connecting the auxiliary vessel to the wash
vessel. The auxiliary vessel is positioned above the wash vessel so that the contents
of the auxiliary vessel can be transferred by gravity to the wash vessel. Optionally, but
preferably, a vent line 54 connects the auxiliary vessel to the wash vessel to provide
15  gas-side communication therebetween. A detergent reservoir 55 is provided, and a
detergent supply line 56 is provided connecting the detergent reservoir 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 inexpensive, low pressure pump, is provided to fill the auxiliary
20  vessel from the detergent reservoir. The wash vessel may contain a rotating basket
driven by any suitable drive means 60, including but not limited to a turbine drive, a
direct motor drive, an internal or external electric motor, etc.
The drain line 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
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the detergent fommulation, bring it above the raised level and cause the detergent

formulation to drain into the wash vessel.
A still further embodiment is iliustrated by Figure 5. This system 1is similar to
that of Figure 4, but differs in how it the auxiliary vessel empties, and in fact
5  illustrates a variety of different emptying mechanisms, any one of which could be
implemented. The system comprises a high pressure wash vessel 71 (i.e.,, a wash
vessel that is capable of containing liquid carbon dioxide), an auxiliary vessel 72, and
a drain line 73 connecting the auxiliary vessel to the wash vessel. The auxiliary
vessel is again positioned above the wash vessel. A vent line which also serves as a
10  back pressure line 74 connects the auxiliary vessel to the wash vessel to provide gas-
side communication therebetween. A detergent reservoir 75 is provided, and a
detergent supply line 76 is provided connecting the detergent reservoir to the auxiliary
vessel. Valve 78 is provided to control the system, typically by closing the valve
during the wash cycle. A pump 79, which is preferably an inexpensive, low pressure
15 pump, is provided to fill the auxiliary vessel from the detergent reservoir. The wash
vessel may contain a rotating basket driven by any suitable drive means 80, including
but not limited to a turbine drive, a direct motor drive, an internal or external electric
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.
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%} & (tb- @th jalkilibry 784881 to flush or push the contents thcrcof into thc wash vessel 71 or
line 92. In addition to or in alternative to-the foregoing, a heater (not shown) can be

provided in operative association with the auxiliary vessel to heat the contents of the
auxiliary vessel and cause the contents thereof to expand into the wash vessel or line
92.

15 While the present invention is described above with the use of a high pressure
pump for pumping liquid carbon dioxide from the wash vessel drain line through a
filter and back to the wash vessel, it will be appreciated that other 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
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solution such as liquid CO, (with or without additional ingredients such as water, co- .
solvent, etc.) to the drum, agitating the article in the rinse solution, removing the rinse
solution, and repeating as desired), after the agitating step and before it is removed
from the drum. The dry cleaning compositions and the rinse solutions may be

10  removed by any suitable means, including both draining and venting.
The present invention is explained in greater detail in the following non-

limiting examples.

EXAMPLE 1
15 Nonaqueous Detergent Formulation
An example of an essentially nonaqueous liquid carbon dioxide dry cleaning
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 sulfosuccinate in aromatic and aliphatic
hydrocarbons); and
25 0.48% TERGITOL™ 15-8-3 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 mixture contained in the auxiliary vessel would be: 85.7% ISOPAR
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0.023% TRITON™ GR-7M detergent (a commercial detergent of

Union Carbide; sodium dioctyl sulfosuccinate in aromatic and aliphatic

hydrocarbons); and

0.5% TERGITOL™ ]5-S-3 detergent (a commercial detergent of
15 Union Carbidei 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
MT™ solvent; 26.4% DPMA, 1.74% water; 0.46% TRITON™ GR-7M detergent; and
10.0% TERGITOL™ ]5-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;
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Formulaﬁbn B
5 65% water;
30% ISOPAR M™ organic solvent;
3% TERGITOL 15-S-3™ surfactant;
1% TERGITOL 15-S-7™ surfactant;
0.50% AOT surfactant; and
10 : 0.50% TERGITOL 15-S-15™ surfactant.

Formulation C
95.5% 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™ surfactant;

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

Formulation E

96% water;

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

Formulaton F
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4&10% ()- Fy2 1% PDMS-g-PEG (polydimethy] siloxane-graft-polyethylene glycol

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

EXAMPLE 4
Addition of Aqueous Detergent Formulation A

1.0 liters of a formulation such as that described in Formula A in Example 3 is

10 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 heat exchangers. In this case the pump also serves to mix and shear the added

15 detcrgent prior its tranéport 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.

20 EXAMPLE §
Addition of Aqueous Detergent Formulation
1.5 liters 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
25  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.
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1.0 liters of a formulation such as that described in Formula F in Example 3 is
5  injected into a CO; based dry cleaning machine such that the formulation is fed to the
high-pressure side of a circulating pump. The temperature of the bath during the
injection of the detergent is 70°F. Throughout the cycle the temperature of the bath is
lowered to 50°F by the end of the cleaning cycle.

10 i EXAMPLE 7
Addition of Aqueous Detergent Formulation
1.0 liters of a formulation such as that described in Formula E in Example 3 is
| injected into a CO; based dry cleaning machine such that the formulation is fed to the
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 defined by the following claims, with

20  equivalents of the claims to be included therein.
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. h is claime
| 1. A system for the addition of detergent formulations to a carbon dioxide

cleaning apparatus, said system comprising:

(a) a high pressure wash vessel;
5 (b) an auxiliary vessel;
(c) a drain line éonnccting said auxiliary vessel to said wash vessel;
(d) a vent line connecting said auxiliary vessel to said wash vessel;
(e) a detergent reservoir,
@ a détergent supply line connecting said detergent reservoir to said auxiliary
10  vessel; and

() drain control means operatively associated with said drain line for

controlling the time of draining 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 is 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 5. 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;
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(b) adding a detergent formulation to said auxiliary vessel, said detergent
formulation comprising (i) at least 30 percent organic co-solvent, (i) at least 1 percent
surfactant; and (ii) not more than 10 percent water; then
5 (c) increasing the pressure in said wash vessel so that liquid carbon dioxide
can be pumped théfethrough to clean articles in said wash vessel; and then
(d) transferring said detergent formulation from said auxiliary vessel to said

wash vessel to facilitate the cleaning of articles therein.

10 7. A method according to claim 6, wherein said adding and transferring steps
are carried out while maintaining gas-side communication between said wash vessel

and said auxiliary vessel.

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;
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(f) a detergent formulation reservoir;
(g) a detergent formulation supply line connecting said reservoir to said
carbon dioxide cleaning solution supply line or drain line; and
(h) a second high pressure pump operably connected to said detergent
5 formulation supply line for transferring detergent formulation from said detergent
formulation reservoir into said carbon dioxide cleaning solution under turbulent

conditions.

12. A system according to claim 11, wherein said filter comprises a carbon
10 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.

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
(c) 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 (i) at least 20 percent water, and (ii) 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.
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17. A method according to claim 16, wherein said step of pumping a
_continuous stream of liquid carbon dioxide is carried out at a rate of about 10 to 300

gallons per minute.

5 18. A method according to claim 16, wherein said step of pumping a
continuous stream of liquid carbon dioxide is carried out at a rate of about 20 to 200

gallons per minute.

19. A method according to claim 16, wherein said adding step is carried out

10 by pumping said detergcnt.forrmulation into said continuous stream.

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 connecting said filter to said
wash vessel;

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

(9 a first detergent formulation addition system comprising (i) a detergent
formulation reservoir; (i) 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
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tergent s 1ne ‘cofhecting said detergent reservoir to said auxiliary

5  wvessel.

22. A system according to claim 21, wherein said filter comprises a carbon
filter.

10 23. A system according to claim 21, 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

is an impeller 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.



