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BACKGROUND OF THE INVENTION

Dry cleaning is a major industry throughout the world. In the United States alone, there are more
than forty thousand dry cleaners (many of these have multiple locations), The dry cleaning
industry is an essential industry in the present economy. Many articles of clothing (and other
items) must be dry cleaned in order to remain clean by removal of body fats and oils, and

presentable by preventing shrinking and discoloring.

The most widely used dry cleaning solvent until now has been perchioroethylene (PERC). There

are numerous disadvantages to PERC including inherent toxicity and odor.

Another problem in this field is that different fabrics require different handling in the presently

used systems in order to prevent damage to the fabrics during the dry cleaning process.

Prior art dry cleaning processes include the use of various solvents with appropriate machinery
to accomplish the cleaning. As mentioned earlier, the solvent most widely used has been PERC.
PERC has the advantage of being an excellent cleaning solvent, but the disadvantage of being a
major health and environmental hazard, i.€., it has been linked to numerous forms of cancer and
it is very destructive to ground water and aquatic life. In some areas PERC is prohibited due to
these disadvantages. Additionally, in the past, other solvents such as petroleum-based solvents

or hydrocarbons have been tried and used. These various solvents are less aggressive than



ers Drive, El Dorado Hills, CA 95762 (US). (74) Agent: STEPHENS, Keith, L.;
Carlton, Fields, Ward, Emmanuel , Smth & Cutler, P. A, 777 S. Harbour

I sland Blvd., Tanpa, FL 33602 (US). (57) Abstract: A system an& rymémF
provi ded for separating wa- ter from solvent during dry cleaniT

is an inlet (52) capable of receiving a mxture of dry cleaning fluid and
water from a basket of a dry cleaning apparatus. The dry cleaning fluid
i ncl udeFERG bpiowe stdhdassidiep esvalatdnorgmic compoanddddG’s). Asfsuchysodirebmpbimes ( 60)

f [ ' : lved fromthe outlet. Coupled to the
R R L

fl ow con- escent media (64) that receives the m xture
urged by the flow controller (60). A chanber (68) is coupled to the

| es- t dia.(64 i Vj th ] f t escent nedi a
() °t o 8Ny PR bRy b ot Pl By bt e S ol B VLB ot he
haTber Oy T o o B o el )
chanber i ) ] ; ) :

AG AL, C%ﬂﬁﬁp a‘%@fs ‘%%?0“*“%5\, 8‘8@%%@“%%%9,“82{”@@,35 bsips eynthelie ¢z, DE

DK,  DZ,combourid¥hat i non@mrsdble 484 h atidRereldihg aln@cle!allrin%\lhéliﬁéﬁdeﬂ?orl 004
SYSTEM AND METHOD FOR EXTRACTI NG TER TN A DRY CLEANI'NG PROCESS | NVOLVI NG

A SI LOXAlgnisgindrsiy. feginingrn fhael S7NwEER Oxpsiiepad forpgessdivercanesr inanitals.gener al
or e par puar g o P e B Vab vz AN o s o or
from a dhaytigeelemn wdichgblesalnd intesnilegd grougdiwattbnsi ty and speci fic wei ght
characteristics. BACKGROUND OF THE | NVENTI ON

Environmental Protection Agency regulations gradually were tightened, culminating in a law

that took effect in 1996 that required all dry cleaners to have “dry to dry” cycles, meaning that

fabrics and articles of clothing go into the machine dry and come out dry. These required

“closed loop™ systems that can recapture almost all PERC, liquid or vapor. The process “cycle”

involves placing fabrics or articles of clothing into a specially designed washing machine that

can hold 15 to 150 pounds of fabrics or articles of clothing that are visible through a circular

window. Prior to being placed into the machine, the fabrics or articles of clothing are checked

and treated by local hand spotting for stains. If the fabric is unusual or known to be troublesome,

the label is checked to verify that the manufacturer has deemed the item safe for dry cleaning. If

not, the stain may be permanent. As an example, a sugar stain may not be seen, but once it is run

through the dry cleaning process, it oxidizes and turns brown. If the stain is grease related, water

won’t help, but solvent will as it solubilizes grease. In fact, the principle reason for dry cleaning

certain clothes (which should not be washed in a regular washing machine) is to remove the

build up of body oiis (known as fatty acids) because they too oxidize and produce rancid nasty

smells.

The grease and fatty acids which build up in the solvent is removed by filtration and by
distillation of the solvent. In other words, the dirty solvent is boiled and all vapors are
condensed through a condensation coil back to a liquid. The liquid recovered is comprised of
both solvent and water and the liquid is then passed through a separator in order to separate the

two non-miscible liquids. The water may originate from the natural humidity of the ambient air
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an interface level between the water and solvent. The polar solvent soluble contaminants in this
interface level may include fatty acids, food, perspiration, and general body odor. The extended

settling can quickly result in the growth of bacteria and the end result of odor.

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

dissatisfaction.

One of the criteria in the selection of a proper water/solvent separation system is the difference in
the density or specific gravity of the solvent and water. The density or specific gravity of PERC
(the most commonly used solvent) is 1.619, as compared to water which is 1.0. The next most
commonly used type of solvent is the petroleum based type or hydrocarbon solvent whose
specific gravity ranges between 0.754 and .820 with the most common hydrocarbon solvent (DF-
2000) being 0.77. The greater the difference in specific gravity between the water and the

solvent, the easier it is to separate the two. Gravity separators have been designed and are used
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because they too oxidize and produce rancid nasty snells. The grease and
fatty acids which build up in the solvent is renoved by filtration and by
distillation of the solvent. In other words, the dirty solvent is boiled
and all vapors are condensed through a condensation coil back to a |iquid.
The liquid recovered is conprised of both solvent and water and the liquid
is then passed through a separator in order to separate the two

non-m scible liquids. The water may originate fromthe natural humdity of
the anbient air 2 -9 JAN 2004 exposed to the textiles prior to cleaning.
Anot her source of noisture may be nmaterials used during pre-spotting.
Before textiles are renoved fromthe nmachi ne, the washer beconmes a dryer.
Hot air is blown through the conpartnment but, instead of being vented
outside, the air stream goes through a condenser that condenses the vapors
to liquid. The liquid then passes through a separator to



decant off the water fromthe solvent and return the solvent for reuse. If
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cl eaned. The hydrocarbon solvent is a feed stock for bacteria and may
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vastly the dry cleaning fluid. Also coupled to the chamber is an outlet to remove the dry cleaning fluid

from the chamber in the absence of the water.



departed fromthat of water (1.0), no efforts have been nade to separate
wat er and solvents with a specific gravity closer to 1.0. 4 - gglﬁm‘ﬁggon#
SUMVARY OF THE | NVENTI ON The present invention enploys a specifi

which is derived froman organic/inorganic hybrid (organo silicone) whose
specific gravity is 0.95. The closeness in density and specific gravity of
the solvent with respect to that of water é}l.o , _plus the viscosity of the
solvent, results in snal PEGEBERTION OF THEDRAWINGS t he dry cl eani ng
process. Standard gravity separator used for decanting conventional
solvent and water will not work with the (organo silicone) solvent. To
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a sil oxane conposition. Also provided is a flow controller for urging a
flow of the m xture received fromthe outlet. Coupled to the flow

cont r ol [Figurd Bisa scialatis daniepres®il Adry BRUnihEMacieSthitheuddl X tIselvekigg hidya t he
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recei vi AGIPHROT; RETPRIES YiFrRASEHdHBscent nedia to separate the water and
the dry cleaning fluid. Also coupled to the chanber is an outlet to renove
the dry_cleaning fluid fromthe chanber in the absence of the water. 5 -9
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Figure 4 is a schematic that represents the mechanism used in separating water from solvent

wherein the density of both are very close, as set forth in Figure 3.



Figure 2 is a flow diagramindicating the steps of the nethod of dry
cleaning in accordance with one enbodi nent of the present | nvemiﬂgmgpqﬁ

Figure 3 is a flow diagramindicating the functional steps of t
separating water from the solvent; and Figure 4 is a schematic that

represents the nechani sm usegsip EPREASE solvent wherein the
density of both are very close, as set o:l?hw?n éﬁ@& 6 -9 JAN 2004

DI SCLOSURE OF THE | NVENTI ON The present invention includes an apparatus and
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dry cl eaﬁ? kaﬁg%fn glr%tlf]écé?rggate clgs S"etﬁfse‘ olx g the PIyeR IRYGnHGRs /&y Gleanzng system
hor i zont &is shotvait schgmattdatig i Fepubes kttholkoh f%fis $o5o Yt G aterddiGe MiaRigYCl € TS

initiated wth a dry cleaning fluid including an organo silicone-based
si | oxaneCYHBYEICnS gitbe Wigdp doshoyldre noted ithet the clelhingsybterni of Bigprenpady beom

either a Mrf&]iﬂg new.sol yent tank 16, and then to the

cl eani ngu basket C%?Sﬂgj‘gjﬁh?ﬁgﬂgﬁt@gp&spy‘?ﬂé course of the punped sol vent can
either be through a filter 18, or directly to the cleaning basket 10. From
t he cl ea.?]ibcng bzi\sket 10, .the solvent is then circul ated through the button
trap 20 Heleaningpipsticlay erotherdems haginstyrplacipg them iy ahorexdntatootating f

time, thgesfhyBie ' either of . the three tanks 14,
16, and 29 sh%wn Fﬂnﬁ)F%tti}%gf%?rﬁﬁe’ﬂ g{%agsﬁicxéﬁﬁggw}gaﬁeciwtpsa %%Héﬁam&&{fﬁf uged
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directly to the cleaning basket 10.

From the cleaning basket 10, the solvent is then circulated through the button trap 20 to the
pump 12. After agitation for a predetermined amount of time, the solvent is drained and pumped
to either of the three tanks 14, 16, and 22 shown in Figure 1. The cleaning basket 10 is then

centrifuged in order to extract the remaining solvent to any of the tanks that is the desired.

The types of filtration systems compatible with the particular solvent of the present invention
are: a spin disc of a 20 and 30 micron type with diatomaceous earth being capable of optional

use with the 30 micron spin disc; a tubular filtration (flex, rigid, or bump) also being capable of
opticnal use with diatomaceous earth; a cartridge (carbon core, all carbon or the standard size,
jumbo or split size); and Kleen Rite cartridge system which results in no need for a still. Filters
may also be used with a dimension between 10 to 100 microns to filter condensed Vapors prior to

separation.

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



use with the 30 mcron spin disc; a tubular filtration (flex, rigid, or
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urges the condensed sol vent into a separator 28. The rate of flow,

dependi gg} on the still range, between .75 and 1.25 GPM and the
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fl ow exPtan qvpeuatoepmpess clisaisk by a ¥entarhd passes over cooling coils of a
dryi ng vapor condenser 36 where the vapors condense back to a |iquid.
Gavity feeds such liquid to the separator 28 via a conduit 37. The vapor
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48 and 59
forced by a fan 32 over heating coils 34, which results in the incoming air flow to be between

48 and 83 degrees Celsius. As the solvent and water remaining on the articles are heated
and become vapor, the air flow exits the cleaning basket 10 and passes over cooling coils of a
drying vapor condenser 36 where the vapors condense back to a liquid. Gravity feeds such

liquid to the separator 28 via a conduit 37.

The vapor laden air that leaves the cleaning basket 10 ranges in temperature between 48 and 59
degrees Celsius. This temperature is important in that it is 17 degrees Celsius or more

below the flash point of the aforementioned solvent. In one embodiment, the rate of flow of the
condensed liquid may be limited to 0.75 GPM, and the separator may thus be engineered for the

combined flow rate of condensed liquid from the still and drying vapor condensers 26 and 36.

Figure 2 illustrates an order in which the various components of the present invention may be
- employed for clarification purposes. Having followed the foregoing process of dry cleaning,
there is no less than one but as many as two or more sources of solvent to the separator. The

ability to return re-condensed solvent to the dry cleaning system is dependent on the separator 28
and its efficiency.
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such that there are no low points where water can collect. This way, the flow of the mixture may

be afforded as direct an entry as possible to the separator 28.

The hydrated solvent enters the separator 28 at 50 where gravity feeds it down the inlet tube 52
which terminates several inches above an interface level 54 between the water and the dry
cleaning fluid. The silicone-based solvent is insoluble in water yet water, in micelle form,
suspends itself in the hydrated solvent until they form globules of about .015 ¢m in diameter.
Due to the combined weight, the globules settle to the bottom of the main chamber 48. The

hydrated solvent flows horizontally out horizontal ends 55 of the inlet tube 52 to minimize

turbulence.

As the overall liquid in the main chamber 48 rises, a float level switch 58 is tripped which in turn
activates a submersible pump 60 that is rated up to 400 GPH. Such pump 60 draws the hydrated
solvent from a level of between 1/3 and 1/2 the overall height of the main chamber 48. The
liquid is then pumped by the pump 60 into a filter housing 62 which has a vertical cavity of
between 2 and 20 inches.



The hydrated sol vent enters the separator 28 at 50 where gravity feeds it
down the inlet tube 52 which term nates several inches above an interface
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As the separated liquid leaves the filter housing 62, it enters a vertical tube 66 in another
chamber 68 which allows the water globules to settle to a bottom thereof. The separated solvent

flows out the solvent outlet 69.

The collected water globules at the base of the chamber 68 flow via gravity through the water
gravity via a tube 70 to the bottom of the main chamber 48, In one embodiment, the line 70 has
an inner diameter of between 1/8 and 1/4 inches. The water that is collected at the bottorn of the
main chamber 48 is evacuated by a water float level switch 72 which mechanically opens a
hinged valve 74. There is also an option of using two conductivity points, or probes (not
shown), that make contact as the water rises in order to complete a circuit to signal either a
pneumatic or electric valve which may discharge the water that is in the main chamber 48. There

may also be a manual drain at the bottom of the main chamber 48 for manual periodic

maintenance.
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As the separated liquid |leaves the filter housing 62, it enters a vertical
tube 66 in another chanber 68 which allows the water globules to settle to
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concern for controlling temperature has caused manufacturers of dry cleaning machines to install

water cooling coils placed in the base tanks, and in-line water cooling jackets on the plumbing

lines for heat transfer.

By increasing the temperature of the silicone-based solvent of the present invention to a range of
32 to 55 degrees Celsius, an aggressiveness in cleaning is afforded, without the result of

pulling or stripping dyes. This is best accomplished by circulating water in a closed loop fashion
between a hot water tank and through a circulating pump is controlled by a temperature

probe that can be placed in the solvent. The result is precisely controlled solvent temperature
which influences the aggressiveness of the solvent without causing damage to the articles being

cleaned,

While varjous embodiments have been described above, it should be understood that they have
been presented by way of example only, and not limitation. Thus, the breadth and scopeof a

preferred embodiment should not be limited by any of the above described exemplary
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articles being cleaned, resulting in the transfer of these dyes to other
articles being cleaned. The <concern for controlling tenperature has caused
manuf acturers of dry cleaning machines to install water cooLLngHQnggg4
pl aced in the base tanks, and in-line water cooling jackets on"the pl unbing
lines for heat transfer. By increasing the tenperature of the
silicone-based sol vent of the present invention to a range of 32 to 55
degr ces embpamess, b sty badafivedests in avcartiwanvit tHegolntiog dets il ieout t ho
result Q&m?&&h&”g or stripping dyes. This is best acconplished by
circulati'ng water in a closed | oop fashion between a hot water tank and
through a circulating punp is controlled by a tenperature probe that can be
pl aced in the solvent. The result is precisely controlled sol vent
tenperature which influences the aggressiveness of the solvent w thout
causi ng damage to the articles being cleaned. Wile various enbodi nents
have been descri bed above, it should be understood that they have been
presented by way of exanple only, and not limtation. Thus, the breadth and
scope of a preferred enbodi nrent should not be limted by any of the above
descri bed exenplary 11 -9 JAN 2004 enbodi nents, but should be defined only
in accordance with the following clains and their equivalents. 12 - 9 JAN
2004 CLAIMS: 1. A systemcontaining a siloxane solvent conposition and
capabl e of separating water froma siloxane during dry cleaning conprising:
(a) an inlet that receives a mxture of dry cleaning fluid and water from a
condenser of a dry cl eaning apparatus, wherein the dry cleaning fluid

i ncl udes a sil oxane solvent conposition; (b) a flow controller for urging a
flow of the m xture received fromthe
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inlet; (c) a separator controlling a coal escent nedia that receives the

m xture urged by the flow controller; (d) a chanber coupled to the

coal escent nedia for receiving the mxture fromthe coal escg_rgemw%
separate the dry cleaning fluid and the water; and (e) an ou

to the chanber to renove the dry cleaning fluid from the chanber in the
subst anti al sence of the water. 2. The systemrecited in claim1, and
further conp %% filter coupled to the inlet having protrusions with a
di mensi on between {10 to 1. C .. 3. The systemrecited in claim]l,
wherein the inlet Ts pl upr}r%ggtg%noégﬂ\}%f]ﬂlgl BRHOFPIeN IRV Hompopigian andueapablei of)
of the wat erseparatifhiwatey fbaa situxiateduring dyaidihh, c%ﬁ?)ﬁfs ther conprising a
second coal escent dia _co Pl ed to, the Inlet #or rt her coal escing. 5.
The system reci ted® n clagilﬂté that 1eeives arnitute iy sloaing fhid end wacaakas cent

medi a coupl ed to the outchfdenk@ of HINEY, I .ng. The system recited
in claiml, wherein the flow cont rol)rereaﬁiggaa%@%ggﬁ’mwge’?m %‘?ea/rg ta0iRe Baid o

in claimi1, wherein the Bbdgsadifoxaie sobvenscammsition; 8. The systemrecited in
claim?7, wherein the punpgs by at .a flLoat evel switch. 9. The
systemrecited i nt(c aim 7, ﬁh@%‘térwr{\&tﬁg ‘g%‘“n«g% ¥ rohthe psteg regrivegl fromptheThe

systemrecited in clai mimet;wherein the punp is a pneumatic punp. 11. The-
is drained.

" systemrecited ingg aim.]1 rein the water in the chanber i
12. The system rec(lg)![ ed Fnseg\f(l\%?or'ﬁ (ioffmaﬁ&@icﬁalﬁf‘%?ﬂ iedip hat reopivanather mixtom
the chanber through a dueged tyitheflodZontroller;

@ a chamber coupled to the coalescent media for receiving the mixture
from the coalescent media to separate the dry cleaning fluid and the
water; and )

(e an outlet coupled to the chamber to remove the dry cleaning fluid from
the chamber in the substantial absence of the water.

2. The system recited in claim 1, and further comprising a filter coupled to

the inlet having protrusions with a dimension between 10 to 100 microns.

3. The system recited in claim 1, wherein the inlet is plumbed to avoid low

points that allow accumulation of the water.

4, The system recited in claim 1, and further comprising a second

coalescent media coupled to the inlet for further coalescing,

5. The system recited in claim 1, and further comprising a second

coalescent media coupled to the outlet for further coalescing,

6. The system recited in claim 1, wherein the flow controller is a vacuum.

7. The system recited in claim 1, wherein the flow controller is a pump.

8. The system recited in claim 7, wherein the pump is activated by a float

level switch.

9. The system recited in claim 7, wherein the pump is an electrical pump.

10. The system recited in claim 7, wherein the pump is a pneumatic pump.

11. The system recited in claim 1, wherein the water in the chamber is

drained. |

12. The system recited in claim 11, wherein gravity urges the water from

the chamber through a drain tube.
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-9 JAN 2004 13. The systemrecited in claim12, wherein the water is
drained fromthe chanber through a hinge valve activated by a fl.fﬁﬂ hgﬁgl
switch. 14. The systemrecited in claim12, wherein the vvater"gs ]
fromthe chanber through a valve that is activated by conductivity created
by two probes that conplete a circuit upon the water rising to a level.
15. The systemrecited in claim1l, wherein the dry cleaning fluid is
circul ated throughl3.i|tefhke systa‘nu Iretmﬂedmmt:laparl&l, othleftlre t1eOwhte ANda e R 'RHE the
pol yneri zatign. of dr .cle n 6. . Th stemreC|ted|n clarm
1, wherein a terrﬁre?gg g %ge?' H&V’aﬁé’a‘(rﬁfiﬁ‘“efvleﬁ?v& G5 mai nt ai ned bet ween
90 and 130 degreesI4:ahre’nlli‘sesﬁste(@zeo&eglléélaq}ﬁqrge%eg%&i USdter lsltzmm'gqu S‘%fﬁ%

Si

recited in clai 1 wherein up to three coal escing mediuns are
bet ween the § r fqugh e Yﬂm gt 13 getivatadebh sendiciivigp aratddnby moqrrolf)dfsomaa

sol vent dur i dbnglete aCiRaR uPen tHeQMREd 13 eps of. (a) immersing articles
to be dry cl eanlgd in adr 3 cl egﬂ%%ng %?%J{O{}ql ?1%:1] uding a siloxane sol vent

conposi tions; (b) Byi t at sy:ﬁ@naremtod as ¢laint He \sﬁldremafte 86} CRahing fluid is

conposition; h anl ng fl uid and any wat er
fromthe ar%nf&%até&@)&\ﬁglgﬁol?ﬁrg}o%ﬁ r Dél '{til @Féﬁ?l 9 B e%trﬂflmgé?aﬁo{ld’f the
recei vi ng th‘h‘ywﬁaum faridl condensing the vapors (e) urgl ng a fl ow of the
condensed vapors throu hysgetcoal esce th mf a1 and separating the dry
cleaning fluid fromth S¥S emlr&mt in claim wherematemperature of the dry cleaning
fluid is maintained between 90 and 130 degrees Fahrenheit (32 and 54 degrees Celsius).

17. The system recited in claim 1, wherein up to three coalescing mediums
are positioned between the inlet and the outlet,
18. A method of separating water from a solvent during dry cleaning
comprises the steps of:
(@) immersing articles to be dry cleaned in a dry cleaning fluid including a
siloxane solvent compositions;
(b) agitating the articles in the siloxane solvent composition;
{c) removing a mixture of the dry cleaning fluid and any water from the
articles by vaporizing the dry cleaning fluid and water;
(d) receiving the vapors and condensing the vapors;
(e) urging a flow of the condensed vapors through a coalescent media; and

® separating the dry cleaning fluid from the water.
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