
;CDe3e<T9,"N|6TT(-'W- January 2003 bRY C'LEA1V1NG h~IE'THOD AND SOLYIENT
BAGKCItOIINO~F THE lhlV'E_NT10N FIELD OF THB 1NVENTlOh1 This invention is
in the general ficid of dry cleaning of clothing, textiles, fabrics and the
like. The invention is more particularly directed to a method and apparatus
for dry cleaning fabrics usitlg a solvent not heretofore used in dry
cleaninb machines- The invention is morn paiticulady directed to a dry
cleaning apparatus wherein a silicon-based solva~t is utilized which bas a
dc~~irable flasli point rating (over GO degrees Celsius) and fnbrie-srxfo
qualities (non-dyo pulling and non-shrinkage) together with superior
solvency far fatty acids, grease and oils irl a specially designed dry
cleaning process. PRIOR ART Dry cleaning is a nzajor industry throughout
the world. In tJic United States alone, there are rnotro than forty
thousand dry cleaners (runny of these have enultiplG locations). The dry
cleaning industry is an essential industry in the grescnt ccononry. Ylany
articles of cloii~ig (and. other items) toast be dry cleaned in order to
rennin clean (llie relnova! of body fats raid oils), and presentable (do
not shrink or discolor clothing). The most widely used dry clcanietg
solvent until now has been Perc. There arc numerous disadvaufages to Perc
including its toxieily and odor. 'fbe machinery widely used, until now) has
been manufactured specifically for use with Pere. This has been another
limiting factor in the industry. Another problem in this field is that
different fabrics required different handling in lhc presently used sysrGms
in order to prevent damage to the fabrics during the dry cleaning process.
n~uuma ~~e~~~~~  



1~- January 2003 The pnor art tn dry cleaning includes the use of vanous
solvents with appropriate machinery to accomplish the cleaning. In the most
recent past, the solvent most widely used has been perchloroethylene
(herein generally referred to as "Perc"). Perc has the advantage of being
an excellent cleantn~ solvent) but the disadvantage i f being a major
health and environmental hazard (i.e , it has been Irnked to numerous forms
of cancer and it is very destructive to ground water and aquatic hfe). In
some areas Perc is no longer allowed to be used Additionally, in the past
other solvents such as petroleum-based solvents and glycol ethers and
esters have been tried and used. These vanous solvents have been used with
mixed cleantn~ results and problematic fabric/textile compatibility as
compared to the results obtained with Perc The present tnvenhon is distinct
from the prior art that it relies upon a non-Perc solvent with superior
charactenstics as descnbed below, and used m a method involving dry
cleantt~~ machinery which has been specially designed for the solvent. The
only use of a cyclic siloxane composition for cleaning purposes is
disclosed in U.S. Patent No. 4,685,9.i0 to Kasprzak. Elowever, the
disclosure therein is for spot cleaning applications only. There is no
disclosure of immersing articles into the cyclic siloxane nor is there any
suggestion of using the cyclic siloxane in a dry cleaning machine.
Moreover) there is no suggestion of subjecting such articles immersed tn
cyclic siloxane to agitation, spinning, partial vacuum and heating in a
continuous process to dry clean articles tn a bulk process for removing
fats, oils. rease and other soils from a large number of entire clothing
articles 2   1~ January 2003 D~ 37 39 71 t A discloses x method of dry
cle8riiug actiGleB cotnprxsing the saps of immersing dte articles in a
fluid containing a cyclic siloxane composition) agitating the articles and
removing liquid from the arliclcs using neat. .TP O1 A 1599 A discloszs y
drp cleaning machine wlach circulaics air and utilizes a reduction in
pressure to assist in the solvent gas recovery quicker than wnventionul dry
clowning machines, U~ paten t 5,30! ,~ 79 discloses a method for using
contb0.atible and potentially explosive solvents iu dry-clesming
operations, based on hydrocaitxm cvmpouads, the dry-cleaning machine is
formed with an explosion-rosiatant hous<ng st~c~rounding a pertbraied,
rotatnblc drum into which the goads urc introduced. SUM1~IARY OF'~HE
Ilr'VEaJTION The present invention comprises a novel dry ciea~ung system
and method.: in whsch specifically designed oc modif cd machinery is used
ut conjunction with a specific solvent known as cyclic silaxancs. f.'yclic
siloxanes allow the dry cleaning processing to be very effective and result
in envirnnrncntully Friendl} processing which is more effective in cleaning
fabnos and flee like lhan any lrnown prior system. la a preferred
embodiment, the method comprises the stops of landing articles into n
cleaning basket; agitating the articles and the cyclic si loxanc solvent in
which the articles art immersed; remov ing most of the solvent;
ccntriCuging the articles; subjecting tire articles to a partial v4cuurn
pressure (to lower tho flashpoiut oC the cyclic siloxane solveui) a~td
olevatal te>ztpetaturc; and removing the articles fi om the basket after
cooling the articles and returning the pressure to ambient, In an
crnbodirncnt the atticlcs being dry clcanod, after having been agitated,
but before being ccniriCuged and heated, arc subjecaed to a vacuum. 3   14
January 2003 UBlECTS UFTHE INVENTifl~ It is therefore a prineiPal object of
this invention to provide a method oFdr~ cleaning using envirotztrtentally
friendly solvents and tecfnique5. It is another object of this invention to
provide a dty craning u~ethc~d wherein tbc articles being clcanai arc not
banned by the solvent. 



It is another objeca of this invention to provide a dry cleaating solvent
which d~cs not deposit and or build ~p in clothing and is also
hyponllorgenic. Another object of this invention is to provide a dry
cleaning solvent which has unique tlaauuability characteristics) wherein
the flashpoint and fire point are separated by at lease 5.5G degrees
Celsius whereby the solvent is self extinguishing between the flashpoint
and the tlashpoint. Yet another obj ect of this i nveution is t4 provide a
dry c leaning solvent which can be heated about tuom temperature (over 21
degrees Celsius) without causing harm to fabrics which further improves and
speeds up the cleaning process. Still another object of this iavcmtiau is
to provide a dry teeming Folvertt which has a surface tcnsiun less than 18
dyncelsquarc centimeter ~ bitter penetrate fabric ftbors to rcrnovc debits
to snake it easier to remove the solvent from the fabric. The f~rcgaing and
other objects and advantages of this invention will hccomC apparent to
those skilled in the art based upaa the following description of a
ptcferrod ernbodimcnt. 4   1January 2003 BRIEF DESCRIPTION OF THE DRAWING
The aforementioned objects and advantages of the present invention, as well
as additional objects and advantages thereof, wtll be more fully understood
hereinafter as a result of a detailed 



description of a preferred embodiment when taken in conjunction with the
following drawing in which: FIG. 1 is a block diagram of the steps of the
process showing one embodiment of the present tnvenhon. 5   1~-January 2003
D~TA1LED DESC`~RIPTtOI\~ aF A PREFERRED EMHOV1M~NT The present metaod of
dry cleaning is unique) particularly with the use of a commonlyl:rwwn
fluidciass oFcyclic silaxaucs used for cosmetics and topical
pharmaceuticals. These cyc;lio sitoxanes are more particularly known as
oetarnethylcycJototrasilaxaae ~t,~tramey and decamethyl-cyclvpentasflo~be
(pent~mer). These fluids have never been disclosed as a dry cleaning
solvent alternative far use is a dry cleaning u~aclvae. Combiaativns of the
about tetrdmer and pentamcr arc by themselves not completely suitable for
dry cleaning in their pure form. 'They :uc modifeed iin the dry cJeaaing
method of the preferCCd ernbodiniznl. The modification is in lhc forru of
adding soil suspcading additives to prevent redcposition oFdirt durir~ the
wash and rinse cycle, detergents for water-base ssains, and disi nfectantJ
for the disinfection of bacteria and oilier force oFmic,-roarganisms which
are present in all clothing. 'Che following steps more specifically
describe the dry cleaning method of the prcic:rcd emobdiment: Al ste 1
garments or other items to bo dry cleaned are planed in a vertical
combination washer dryer with a horizontally rotating agitating cleaning
brisket (known to those skilled in the art)_ 'fhe barrel of the baslet will
have numerous holi:s or perforations, preferably each liole will be .3175
to .95?5 eentimeicrs. At rte 2 the wash cycle is initiale3 with the solvent
e~msisting of a cornbintetion of the tetramer and pentarner cyclic
siloxans. The preferred combination is 84% tctraraor and 20"/~ pcntarner by
weight. The additives which mvdif~ the about mixture may be added
ac,~paratcly just before the washing cycle and coed not be part of the
solvent composition. The use of these additives) ttamely detergents and
suspending agents, allows the sol~~t to parfurm a tots! garment cleaning
process. The solvent is pumped from a bolding tank into the cleaning
basket. The items being cleaned are agitated, such tlyat the mechanical
rubbing o f the clothes and the infiltrating solvent dissolves sod loosens
dirt) debris sad body tats from tare fabric fibers, said agitation t~tmg
from 3 to 10 minutes or more. 'fhe solvent is then puutped out ofthe basktt
back into the hoJditrg rant: thrcsagh a ehaz~coal andlor clay filter
systctn in order to remove the impurities tvttictr rosy have entrred the
solvent daring tile washing cycle. 6   1January 2003 At ste 3 the iterus
barring hcxn cleaned are spin dried, prcfdrably for nbout threo to ~vc
minutes somevrheao beiwecn 350 to 1000 rpm (revolutions pCr ntinutc);
prcterably betwcon 450 la 750 rprn. ?his operniion Ic;~aves no more than
3J~ solvcrtt residuo in the items being eleaaed. The higher the rpm) the
faster the solvent is removed by the centrifugal force of the spinning
basket. Tltc very law surFaee tmsiou of the solvent muxintitos the e~ca~Cy
of ~olvcnt removal via this centrifugal spinning process. 



At sbet~_4 the garments arc h:mblcd is the basket acrd heated to tt
temperature between 49 to 60 degrees Celsius. This is accomp(ishod by
passing pressuriccd steam through a coil which heats up the air insid;, the
basket througb the use of a cirerdating fan. White this is happeaing, a
partial vacuum is created inside the utachine at negative pressure between
6G,b7 IiPa and BO hPa of mercury (where atmospheric pressure is 101.3 kPa).
luring this hcatiag cycle) the solvcnl is vaporized and c;arriai by
circulating air to a refrigerated condensing coil a hich condenses the
solvent from a vapor to a liquid collected out of the main air streant. 1n
time, typically 15 to 50 minutes, a13 the solvent is r~emuved from the
gammnts. Al etcQ 66 the heating cycle is stopped and the cooling cycle
beings.1'he temperature is reduced from 60 degmes Celsius to below 38
degrees Celsius. This is accomplished by clirninating the vacuum and
circulating the air through the refrigoratcci coils until the process is
cornplctc. The cleaning process is complete when the ga.nncnta aue removed
from the machine at near body tempcratttre ar below to redact secondary
wrinkling. Rctnoving the Katraents al a high temperanrre would cause
wrinhlittg. Having thus disclosed a preferred embodiment of the mcth~d and
apparntus of the present invention, it being understood that the
dcscriplion is only oxemplary surd not aecessarfly limiting of ~e scope of
the invention, what is clairned is: 7   1~-January 2003 CLA>ZY1S 1. A
utethod of dry cleaning urticlos comprising the steps of.' inserting
articles to be cleaaed into a rnachn~e; immrnsing said articles to be dry
cleaned in a dry cleaning Quid including a cyclic siloxane couiposition;
agitating said artiolcs in said cyclic siloxane composition; removing said
cyclic siluxane composition from said articles by centrifugal action;
removing said cyclic siloxane composition 6~om said articles by circulating
air about said articles; iaaintaining a temperature of said circulating air
between 49 to 60 degrees Celsius during tire removal of said cyclic
siloxane composition from said articles; arui prcventlng said articles From
wrinkling by cooling said articles below 38 degrees Celsius prior to
removal 6nm the machine. 2. The method as recited in claim 1) whcr~in said
articles being dry cleaned) after having Ixcn ugiiatvd, but before being
centrifuged and heatod) arc subjected to a vacutun by reducing a presstue
to lower a flashpcunt of said cyetic siloxanc composition. 3. The method us
recited in claim t) whcmitt said cyclic silokane composition comprises
pent;3mec and totramvr cyclic b-il4xane as a solvent. 



4. The niGthod as recited ir1 claim 3) ~hen~ein said tot.ranter cyclic
siloxane is 80~/ by wci~t and said pcntamer cyclic siloxalte is 20% by
weight. S. The method as recited in claim 1) wherein said cyclic siloxano
composition comprises a mixture of oetatuethyl-cyclotctrasilo~cane and
deoumothyl-cyclopantasiloxanc. 6. The method as recited in claim 1, wherein
said cyclic siloxane composition comprises a mixture of at toast two forms
of cyclic siloxancs. 8   14- January 2003 7. The method as recited in claim
1, futihcr comprising the step of containing said articles in a cleaning
basket. 8. The motltod as recited in claim 7, wherein said cleaning basket
includes a plurality oi' holes having diameters between .3175 to .952S
centitnetcrs. 9. The method as rcxited in claim l) further comprising the
step of: subjecting slid articles to a partial vacuum during drying. t U.
The method as recited in claim 1, wherein said cetUrifugal action includes
spinning said articlGS ;tt a rate between 350 RPM to 1000 R.PM. 11. The
method as recited in claim 1) wherein said centrifugal actioa includes
spinning said articles at a rate benveen 450 RPM to 750 t~PM. l2. The
ruethod as recited in claim I, wherein said centrifugal action leaves no
more then 3.~a of said cyclic siloxane composition in said articles. 13.
The mothod as trcitad in claim 1, wherein said articles in said cyclic
siluxane composition arc agitated for a time periud between 3 and 10
minutes. 14. The method as recited in claim 1, further comprising the step
of filtering said cyclic siloxane composiliort for removing impurities that
have entered said cyclic siloxane compasition tvhcn said articles arc
a6~itatcd. 15. The method t~.s recited in claim 1, wherein said dry
cleaning fluid further corttpriSes a detergent, a disinfectant, suspending
agents strtl brightoners. I6. The method as recited in claim 1, wherein
said articles ar-C cooled by circulating said 
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