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METHODS AND APPARATUS FOR LAUNDERING 
WITH AQUEOUS AND NON-AQUEOUS WORKING 

FLUID 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to the following 
applications of overlapping inventorship and common oWn 
ership hereof and ?led the same day as this application: “A 
Multifunctioning Machine and Method Utilizing a TWo 
Phase Non-Aqueous Extraction Process” our docket number 
20040138, “Methods and Apparatus to Accelerate the Dry 
ing of Aqueous Working Fluids” our docket number 
20050054, “A Method For A Semi-Aqueous Wash Process 
And A Recovery Method Employing The Same” our docket 
number 20050156, and “A Method For Fluid Recovery In A 
Semi-Aqueous Wash Process”. 

[0002] The present application is also related to the fol 
loWing applications, the speci?cations and draWings of 
Which We incorporated by reference: application Ser. No. 
10/ 957,484, “Method And Apparatus Adapted For Recovery 
And Reuse Of Select Rinse Fluid In A Non-Aqueous Wash 
Apparatus” ?led Oct. 01, 2004; Ser. No. 10/957,485 “A 
Fabric Laundering Apparatus Adapted For Using A Select 
Rinse Fluid, ?led Oct. 01, 2004; Ser. No. 10/956,707 “A 
Method For Laundering Fabric WithA Non-Aqueous Work 
ing Fluid Using A Select Rinse Fluid, ?led Oct. 01, 2004; 
Ser. No. 10/957,555 “Fabric Laundering Using A Select 
Rinse Fluid And Wash Fluids, ?led Oct. 01, 2004; Ser. No. 
10/957,451 “Non-Aqueous Washing Apparatus And 
Method, ?led Oct. 01, 2004, Ser. No. 10/957,486 “Non 
Aqueous Washing Apparatus And Method, ?led Oct. 01, 
2004; And Ser. No. 10/957,487 “Non-Aqueous Washing 
Machine And Methods”, ?led Oct. 01, 2004, our docket 
Number 20050157. 

TECHNICAL FIELD OF THE INVENTION 

[0003] The invention relates to method and apparati for 
laundering fabric Where the Wash step can be comprised of 
either an aqueous, non-aqueous, or combination Working 
?uid and the extraction and drying steps can be aqueous or 
non-aqueous as Well. 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates to a program of 
events, ingredients, controls, and sensors that make it pos 
sible to produce a laundering machine that is self-contained, 
automatic, and relatively compact. It can be used in the 
home, lightly in industry as Well as commercially, and is 
capable of utiliZing a complete aqueous cycle, a semi 
aqueous cycle, or a non-aqueous cycle. Additionally, the 
present invention describes a method of drying fabric that 
contains Water and a soil. The machine offers the consumer 
the ability not only to launder their traditional fabrics 
(cotton, polyesters, etc.) At home, but also have the ability 
to handle delicate fabrics such as dry-clean only fabrics, 
nano-coated fabrics, and fabrics that contain electronics as 
Well. 

[0005] Water, as a cleaning solvent itself, has many ben 
e?ts as Well as disadvantages. Water is useful as a cleaning 
agent for many soils especially hydrophilic soils and pro 
vides excellent solubility characteristics With conventional 
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detergent formulations. HoWever, Water is responsible for 
damage (shrinkage and Wrinkling) to many of the traditional 
garments laundered at home. Additionally, Water is very 
polar causing it to hydrogen bond readily, has a high heat 
capacity, and a loW vapor pressure making it di?icult to 
remove from fabric Without adding a lot of energy either in 
terms of heat or centrifugation. 

[0006] On the contrary to aqueous-based cleaning, there 
have been numerous attempts at making a non-aqueous 
laundering system; hoWever, there have been many limita 
tions associated With such attempts. Traditional dry-cleaning 
solvents such as perchloroethylene are not feasible for 
in-home applications because they suffer from the disadvan 
tage of having perceived environmental and health risks. 
Fluorinated solvents such as hydro?uoroethers have been 
proposed as potential solvents for such an application. These 
solvents are environmentally friendly, have high vapor pres 
sures leading to fast drying times, and provide some level of 
cleaning, but have some limitations With hydrophilic stain 
removal. 

[0007] other solvents have been listed as potential ?uids 
for such an application. Siloxane-based materials, glycol 
ethers, and hydrocarbon-based solvents all have been inves 
tigated. Typically, these solvents are combustible ?uids but 
the art teaches some level of soil removal. HoWever, since 
these solvents are combustible and usually have loW vapor 
pressures, it Would be di?icult to dry With traditional con 
vection heating systems. The solvents have loW vapor pres 
sures making evaporation sloW; thus increasing the drying 
time needed for such systems. Currently, the national ?re 
protection association has product codes associated for 
?ammable solvents. These safety codes limit the potential 
heat such solvents could see or the infrastructure needed to 
operate the machine. In traditional Washer/dryer combina 
tion machines, the capacity or load siZe is limited based on 
the drying rate. HoWever, With the present invention, the 
capacity of the machines Will be more dependent upon the 
siZe of the drum than the siZe of the load. 

[0008] The present invention uses some of these afore 
mentioned solvents to clean fabrics Without the drying 
problems associated With these solvents. This is accom 
plished by using a non-?ammable, non-aqueous Working 
?uid that solves many of these drying problems. This system 
incorporates a process Wherein Water or other polar solvents 
could be used as cleaning ?uids and traditional means for 
removing the aqueous solvent from the fabric such as 
convection based drying methods could be utiliZed. This 
present invention also alloWs for a non-aqueous drying 
means for these aqueous cleaning solvents. Additionally 
aqueous and non-aqueous solvents can be combined giving 
the consumer the semi-aqueous option of cleaning With an 
aqueous solvent for superior hydrophilic soil removal, 
cleaning With a non-aqueous ?uid for superior hydrophobic 
soil removal, and then drying With one or more non-aqueous 
?uids to provide reasonable drying/cycle times. Further the 
consumer can select a complete non-aqueous cycle Wherein 
a non-aqueous ?uid cleans the fabric and the same or an 
additional non-aqueous ?uid is used for drying. 

[0009] US. Pat. No. 5,498,266 describes a method using 
petroleum-based solvent vapors Wherein per?uorocarbon 
vapors are admixed With petroleum solvent vapors to 
remove the solvents from the fabrics and provide improve 
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ments in safety by reducing the likelihood of ignition or 
explosion of the vapors. However, the long-term stability of 
these mixtures is unknown but has the potential of separat 
ing due to dissociating the separate components. 

[0010] Us. Pat. No. 6,045,588 describes a method for 
Washing, drying and recovering using an inert Working ?uid. 
Additionally, this application teaches the use of liquid 
extraction With an inert Working ?uid along With Washing 
and drying. 

[0011] Us. Pat. No. 6,558,432 describes the use of a 
pressurized ?uid solvent such as carbon dioxide to avoid the 
drying issues. In accordance With these methods, pressures 
of about 500 to 1000 psi are required. These conditions 
Would result in larger machines than need be for such an 
operation. Additionally, this is an immersion process that 
may require more than one rinse so additional storage 
capacity is needed. 

[0012] Us. patent publication number 20030084588 
describes the use of a high vapor pressure, above 3-mm hg, 
co-solvent that is subjected to lipophilic ?uid containing 
fabric articles. While a high vapor pressure solvent may be 
preferred in such a system, us 20030084588 fails to disclose 
potential methods of applying the ?uid, When the ?uid 
should be used, methods minimiZing the amount of ?uid 
needed as Well as potential use of aqueous ?uids as Well. 

[0013] Various per?uorocarbons materials have been 
employed alone or in combination With cleaning additives 
for Washing printed circuit boards and other electrical sub 
strates, as described for example in Us. Pat. No 5,503,681. 
Spray cleaning of rigid substrates is very different from 
laundering soft fabric loads. Moreover, cleaning of electrical 
substrates is performed in high technology manufacturing 
facilities employing a multi-stage that is not readily adapt 
able to such a cleaning application. 

[0014] Us. Pat. No. 5,888,250 describes a biodegradable 
ether solvent Which may be used as a dry cleaning solvent 
or as a solvent for completing non-aqueous cleaning in the 
home. 

[0015] Us. patent publication number 20030046963 is a 
patent application disclosing a machine that can be prepro 
grammed to use a selective amount of Water for laundering 
fabrics. 

[0016] WO 0194675 describes the use of an apparatus 
capable of aqueous and non-aqueous methods for launder 
ing. This application fails to teach any embodiments in 
Which these methods can be easily practiced. Additionally, 
the solvent choices readily identi?ed by this application, 
decamethylcyclopentasiloxane and Water, are readily incom 
patible and for such a machine or method to Work the 
apparatus Would need to be equipped With separate hosing or 
involve a clean-out cycle betWeen runs utiliZing a solvent or 
Water. This application differs from the present invention in 
that the present invention describes an additional semi 
aqueous method plus describes methods in detail on hoW to 
minimiZe the cycle times for both aqueous and non-aqueous 
based cleaning ?uids. 

[0017] Us. patent publication number 20030196277 
describes ?gures Wherein an apparatus is capable of com 
pleting both a solvent-based cleaning and Water Washing 
process. This application fails to teach any embodiments 
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Wherein the aforementioned processes can be completed. 
The present invention not only discloses and teaches meth 
ods, chemistries, and apparatus Wherein a non-aqueous and 
aqueous cleaning cycle are possible, but methods for mini 
miZing solvent usage as Well as processes for minimiZing 
cycle time. 

[0018] The disclosures and draWings of each of the above 
references are incorporated herein by reference. 

[0019] An object of the present invention is to provide a 
complete sequence of laundering Wherein the system can 
utiliZe an aqueous process, a semi-aqueous process, or a 
non-aqueous process While drying quickly. 

[0020] A further object of the invention is the provision of 
a speci?c process Wherein an aqueous Wash is folloWed by 
a non-aqueous rinse to improve the cycle time by reducing 
the time needed to dry. 

[0021] Another object of the invention is the provision of 
techniques and methods for minimiZing the amount of 
non-aqueous ?uid needed and the time that the non-aqueous 
?uid should be in contact With the fabric articles. 

[0022] Another object of the invention is the provision of 
a loW energy drying process that results in improved fabric 
care and shorter drying times. 

[0023] Another object of the invention is the provision of 
recovery methods and techniques for the semi-aqueous and 
non-aqueous systems described in this invention. 

[0024] A further object of the invention is the provision of 
a single apparatus With multiple Working ?uid options 
including Water Wherein the apparatus is designed to com 
plete either an aqueous, semi-aqueous, or non-aqueous laun 
dering methods, loW temperature drying, and recovery meth 
ods. 

[0025] A further object of the invention is the provision of 
means for concentrating and disposing of soils in an envi 
ronmentally friendly manner. 

[0026] It is a further object that the materials used are all 
of a type that avoids explosion and manages ?ammability 
haZards. 

[0027] Another object of the present invention is the 
provision of means Wherein the drying alWays occurs in the 
presence of a non-?ammable ?uid rich environment. 

[0028] It is still a further object of the present invention 
that the consumer can select an aqueous cleaning cycle and 
a non-aqueous fast drying cycle. 

[0029] Another object of the present invention is the 
provision of means Whereby the consumer can select a 
non-aqueous fast drying cycle With a traditional hand/feel 
Wherein moisture is added at the end of the cycle. 

[0030] It is still a further object of the present invention to 
provide speci?c chemistries and materials that make the 
aqueous, semi-aqueous, and non-aqueous processes of the 
present invention possible. 

[0031] Further objects and advantages of the invention 
Will become apparent to those skilled in the art to Which this 
invention relates from the folloWing description of the 
draWings and preferred embodiments that folloW. 
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SUMMARY 

[0032] The present invention relates to a method and 
apparatus in Which both an aqueous and non-aqueous sol 
vent can be used separately or in combination to launder 
fabrics in a manner Which removes both aqueous soluble and 
oleophilic soluble soils. This invention also describes a 
single apparatus that is capable of aqueous, semi-aqueous 
and non-aqueous laundering processes and methods for 
ensuring that non-aqueous solvents are not disposed of doWn 
the drain in concentrations exceeding the acceptable thresh 
olds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a ?oW diagram of one embodiment of 
Wash, rinse, dry, and recovery events that With materials 
described make possible a laundering machine With an 
aqueous, semi-aqueous, and non-aqueous method. 

[0034] FIG. 2 is a ?oW diagram of a second embodiment 
of Wash, rinse, dry, and recovery events that With materials 
described make possible a laundering machine With an 
aqueous, semi-aqueous, and non-aqueous method. 

[0035] FIG. 3 is a ?oW diagram of a third embodiment of 
Wash, rinse, dry, and recovery events that With materials 
described make possible a laundering machine With an 
aqueous, semi-aqueous, and non-aqueous method. 

[0036] FIG. 4 is a ?oW diagram of a fourth embodiment 
of Wash, rinse, dry, and recovery events that With materials 
described make possible a laundering machine With an 
aqueous, semi-aqueous, and non-aqueous method. 

[0037] FIG. 5 depicts a ?oW diagram of a ?fth embodi 
ment of Wash, rinse, dry, and recovery events that With 
materials described make possible a laundering machine 
With an aqueous, semi-aqueous, and non-aqueous method. 

[0038] FIG. 6 depicts a ?oW diagram of a sixth embodi 
ment of Wash, rinse, dry, and recovery events that With 
material described make possible a laundering machine With 
an aqueous, semi-aqueous, and non-aqueous method. 

[0039] FIG. 7 depicts a ?oW diagram for one embodiment 
of the recovery process. 

[0040] FIG. 8 depicts a ?oW diagram for one embodiment 
of the drying process. 

[0041] FIG. 9 depicts a ?oW diagram for some of the 
cycles possible. 
[0042] FIG. 10 represents potential recovery methods for 
a system containing a non-aqueous ?uid in the absence of an 
aqueous Working ?uid. 

[0043] FIG. 11 represents potential recovery methods for 
a system containing an aqueous Working ?uid for cleaning 
and non-aqueous Working ?uid for drying. 

[0044] FIG. 12 represents a plumbing system for such an 
apparatus capable of handling both aqueous and non-aque 
ous Working ?uids. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Modi?cations of the machine shoWn in us. patent 
application 20040117919 has been used to test the e?icacy 
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of the Washing and recovery operations of the present 
invention and Which are described in the folloWing speci? 
cation are incorporated herein by reference. 

[0046] patent application Ser. No. 10/956,707 describes a 
similar technique utiliZing a select rinse ?uid and is there 
fore, included herein for reference. 

[0047] Figures in both the aforementioned cases (U.S. 
20040117919 and Ser. No. 10/956,707) shoW machines that 
can be used for techniques described in this invention. In the 
instance for both an aqueous and non-aqueous Working 
?uid, it should be noted that the dispensers might be separate 
for each classi?cation of ?uid, chambered separately Within 
the same housing, or be the same dispenser. The key features 
Would be sensing technology that Would recogniZe the 
differences that exist betWeen the Working ?uid’s detergent 
formulation; thus indicating to the consumer that the Wrong 
detergent type has been entered. 

[0048] One embodiment of the present invention could 
comprise a consumable detergent composition comprising a 
surfactant capable of enhancing soil removal bene?ts and 
additionally being dissolved in either aqueous and/or non 
aqueous Working ?uid, an aqueous and/or non-aqueous 
?uid, optionally other cleaning adjuncts capable of enhanc 
ing soil removal. The aqueous ?uid, non-aqueous ?uids and 
cleaning adjuncts Which could be utiliZed in such a con 
sumable composition Will be discussed later in the speci? 
cation. In addition, the constituents of the composition can 
be compounded Within the con?nes of the machine. 

[0049] The heater should be controlled in such a Way that 
it can be operated regardless of the Working ?uid selected for 
operation. If the Working ?uid selected has a ?ash point, the 
heater should regulate the system to control the temperature 
to 30° f. beloW the ?ash point of the Working ?uid if the 
concentration of the Working ?uid exceeds 0.25% of its 
loWer ?ammability limit or the oxygen concentration is 
greater than 8%. 

[0050] Other condensing methods not mentioned may be 
utiliZed for such an invention. The condenser can be addi 
tionally selected from air to air heat exchangers, cold Wire 
inserts, tube bank heat exchanger, cross-?oW, counter ?oW, 
tube and shell, impinging jets, evaporative cooling, spray 
droplets, trickle beds, condensing spinning discs, cooling 
toWers, thermoelectric or combinations thereof. The cooling 
medium can be air, Water, refrigerant, or the Working ?uid. 
The condenser should be designed to handle multiple ?uids 
and separate multiple ?uids upon condensation. 

[0051] FIGS. 1-6 illustrate various methods of Washing 
and drying fabrics in accordance With the present invention. 
In FIGS. 1-6, a ?rst step in practicing the present invention 
is the loading of the machine 200 or chamber. The consumer 
can select a complete aqueous cycle in step 202 after or prior 
to the loading of the machine. The next step involves the 
addition of the aqueous Working ?uid, 204. This Working 
?uid may be a polar solvent as Well. A polar solvent is a 
solvent or molecule With a permanent electric dipole 
moment as de?ned by atkins 5th edition of physical chem 
istry. The permanent moment arises from the partial charges 
on the atoms in the molecule that arise from differences in 
electronegativity or other features of bonding. The term 
purposively added Water is meant to describe Water added 
for the purpose of cleaning, drying, extracting, etc. An 
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example of non-purposively added Water is Water moisture 
that results from the humidity of the environment and that is 
naturally contained Within a fabric article. A method of 
characterizing the aqueous Working ?uid is through their 
hansen solubility parameters. The aqueous Working ?uid 
aforementioned can be characterized as having a hansen 

solubility polarity parameter of greater than 6 dynes/cm or 
a hydrogen bonding solubility parameter greater than 15 
dynes/ cm. Optionally, additives can be added to the aqueous 
Working ?uid to further promote soil removal, care of the 
fabric, Whitening or other features. The Working ?uid and 
additives comprise the Wash liquor. 

[0052] The Washing additive can be selected from the 
group consisting of: builders, surfactants, enZymes, bleach 
activators, bleach catalysts, bleach boosters, bleaches, alka 
linity sources, antibacterial agents, colorants, perfumes, pro 
perfumes, ?nishing aids, lime soap dispersants, composition 
malodor control agents, odor neutraliZers, polymeric dye 
transfer inhibiting agents, crystal groWth inhibitors, pho 
tobleaches, heavy metal ion sequestrants, anti-tamishing 
agents, anti-microbial agents, anti-oxidants, linkers, anti 
redeposition agents, electrolytes, ph modi?ers, thickeners, 
abrasives, divalent or trivalent ions, metal ion salts, enZyme 
stabiliZers, corrosion inhibitors, diamines or polyamines 
and/or their alkoxylates, suds stabiliZing polymers, solvents, 
process aids, fabric softening agents, optical brighteners, 
hydrotropes, suds or foam suppressors, suds or foam boost 
ers, fabric softeners, antistatic agents, dye ?xatives, dye 
abrasion inhibitors, anti-crocking agents, Wrinkle reduction 
agents, Wrinkle resistance agents, soil release polymers, soil 
repellency agents, sunscreen agents, anti-fade agents and 
mixtures thereof. 

[0053] The Wash liquor is preferably a combination of a 
Working ?uid and optionally at least one Washing additive. 
The chamber by its rotation adds mechanical energy 206 to 
the combination of the Working ?uid and fabric. The 
mechanical energy may be of the form of, but is not limited 
to, tumbling, agitating, impelling, nutating, counter-rotating 
the drum, liquid jets that spray ?uids thus moving the 
fabrics, vibrating, oscillating, or combinations thereof. This 
mechanical energy is one form for processing the fabric 
load. Other forms may include adding, mixing and removing 
the fabric load. The mechanical energy should be added 
continuously or intermittently for a time ranging from 2-120 
minutes, but may be longer depending on the amount of 
cleaning needed. The Wash liquor is then removed in step 
208. Potential methods for removing the Wash liquor 
include, but are not limited to, centrifugation, liquid extrac 
tion, the application of a vacuum, the application of forced 
heated air, capillarity, the application of pressuriZed air, 
simply alloWing gravity to draW the Wash liquor aWay from 
the fabric, the application of moisture absorbing materials or 
mixtures thereof. 

[0054] After removing the Wash liquor, the Wash liquor is 
prepared for disposal, 210. This process may be different 
than traditional laundry processes of today in that this step 
involves determining the amount of non-aqueous contami 
nants that exist in the liquor make-up and determining 
Whether this amount can or should be disposed of doWn the 
drain. In step 212, the contaminants are disposed. The 
contaminants can be disposed doWn the drain or collected in 
a ?lter device and then disposed of periodically. The peri 
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odic disposal gives the ?exibility of the machine not having 
to be located close to a Water source. 

[0055] A preferred embodiment of such a technique is to 
add Wash liquor to a fabric load, processing the fabric load 
resulting in a second Wash liquor, measuring the concentra 
tion of a non-aqueous ?uid (i.e. decamethylcyclopentasilox 
ane) in the second Wash liquor, if the concentration exceeds 
a predetermined acceptable level (i.e. 2%) the processing the 
second Wash liquor to form a third and optionally fourth 
Wash liquors and then disposing of said Wash liquors. 

[0056] Additional aqueous Working ?uid can be added as 
a rinse ?uid or as a second Wash step in 214. The Working 
?uid can be accompanied by Washing additives and the Wash 
liquor is then mixed With the fabric load through added 
mechanical energy, 216. The added mechanical energy is 
similar to that described above. The Wash liquor is removed 
in 218 and all the remaining steps involving the removal of 
the Working ?uid from the fabric load can be accomplished 
via the aforementioned techniques. 

[0057] The Wash liquor is prepared for disposal in 220 and 
this can be similar to or different than the preparation 
technique in step 210 and disposed in 222. The number of 
rinses can vary and steps 214 through 222 can be repeated 
as often as necessary. 

[0058] A drying gas is introduced in step 224 and the 
Working ?uid is removed from the fabric and routed through 
a condenser and condensed in step 226. The drying gas can 
be selected from, but is not limited to, the folloWing: air, 
nitrogen, carbon dioxide, other inert gases, and mixtures 
thereof. The ?uid condensed in step 226 is prepared for 
disposal in step 228. This step may be similar to or different 
from steps 210 and 220 mentioned above. The contaminants 
are collected and then disposed in step 230. The disposal of 
contaminants could occur together if necessary. This 
embodiment describes a condensing drying technique that 
Would result in a dry fabric load, 232. It should be noted that 
an open-loop drying system might be utiliZed Where the 
Working ?uid vapor removed from the fabric during the 
drying process is removed from the system via ventilation to 
an external environment. An open-loop system is only 
possible for an aqueous cycle With a traditional dry. Some 
embodiments may incorporate a condensing, closed-loop as 
Well as open-loop system depending on the Working ?uid 
choice. Open-loop drying in meant to describe a technique 
Which takes the air from the drum and vents it externally to 
the environment Without passing through a scrubbing tech 
nique such as adsorption, absorption or ?ltration. 

[0059] The process described in FIG. 2 begins in a similar 
fashion to that in FIG. 1. The machine is loaded and the 
consumer selects an aqueous cycle With a fast dry, 238. The 
aqueous Working ?uid is added, mechanical energy is 
applied, the Wash liquor is removed, and the Working ?uid 
is prepared for disposal. A non-aqueous Working ?uid is 
added in step 240. This non-aqueous ?uid is added to 
remove more of the aqueous Working ?uid from the fabric, 
to provide cleaning of some hydrophobic soils that are 
di?icult to remove With aqueous Working ?uids, and to 
improve the drying process and cycle time. The Working 
?uid is selected for having miscibility With the aqueous 
Working ?uid and being non-?ammable. The miscibility of 
the Working ?uid With the aqueous Working ?uid should be 
less than 20% by Weight Without the addition of any solu 
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bility enhancers such as temperature, pres sure or surfactants, 
and preferably less than 10%. The non-?ammability char 
acteristics are described by the closed cup ?ammability as 
de?ned by the 2000 edition of the national ?re protection 
association. Further, the Working ?uid should have a vapor 
pressure greater than 5 mm hg under standard operating 
conditions. Such ?uids that are potential non-aqueous Work 
ing ?uids for the current embodiment include but are not 
limited to ?uorinated solvents, ionic liquids and carbon 
dioxide. More speci?cally the Working ?uid is further 
selected from the group including but not limited to meth 
oxynona?uorobutane, ethoxynona?uorobutane, hfe-7300, 
or combinations thereof. Hfe-7300 is a ?uorinated solvent 

from 3m With a cf3cf2cf(och3)cf(cf3)2 structure. 

[0060] Additives can be coupled With the non-aqueous 
Working ?uid to further enhance the removal of the aqueous 
Working ?uid, the soil removal and/or the reduction of cycle 
time. These additives can be similar to those added With the 
aqueous Working ?uid or different. The additive can be 
selected from the group consisting of: builders, surfactants, 
enzymes, bleach activators, bleach catalysts, bleach boost 
ers, bleaches, alkalinity sources, antibacterial agents, colo 
rants, perfumes, pro-perfumes, ?nishing aids, lime soap 
dispersants, composition malodor control agents, odor neu 
tralizers, polymeric dye transfer inhibiting agents, crystal 
groWth inhibitors, photobleaches, heavy metal ion seques 
trants, anti-tamishing agents, anti-microbial agents, anti 
oxidants, linkers, anti-redeposition agents, electrolytes, ph 
modi?ers, thickeners, abrasives, divalent or trivalent ions, 
metal ion salts, enzyme stabilizers, corrosion inhibitors, 
diamines or polyamines and/or their alkoxylates, suds sta 
bilizing polymers, solvents, process aids, fabric softening 
agents, optical brighteners, hydrotropes, suds or foam sup 
pressors, suds or foam boosters, fabric softeners, antistatic 
agents, dye ?xatives, dye abrasion inhibitors, anti-crocking 
agents, Wrinkle reduction agents, Wrinkle resistance agents, 
soil release polymers, soil repellency agents, sunscreen 
agents, anti-fade agents, temperature, pressure and mixtures 
thereof. Mechanical energy may be applied in the form of, 
but not limited to, tumbling, agitating, impelling, nutating, 
counter-rotating the drum, liquid jets that spray ?uids thus 
moving the fabrics, vibrating, oscillating, or combinations 
thereof is added to the drum, 216. The Wash liquor is 
removed from the drum in step 218. The removed Wash 
liquor is sent to the recovery system, 242, Which Will be 
described in greater detail later in the speci?cation. 

[0061] The addition of the non-aqueous Working ?uid to 
the drum can be completed prior to completing a series of 
one or more aqueous rinse steps. The non-aqueous Working 
?uid addition can be completed one or more times to 
decrease the aqueous Working ?uid concentration beloW a 
set value or until enough soil has been removed. The longer 
contact time and the more the non-aqueous ?uid used in the 
rinse, the loWer concentration of the remaining non-aqueous 
?uid. A drying gas is passed over the fabrics in step 224. The 
drying gas can be selected from, but not limited to, air, 
nitrogen, carbon dioxide, other inert gases, and mixtures 
thereof. Optionally, the drying gas can be heated to improve 
the removal of the Working ?uids from the fabric. The drying 
gas containing Working ?uid vapor is then passed over a 
condenser and the Working ?uids are condensed, 226. The 
condensed ?uids are then separated in 246 and dry fabric, 
232, results When su?icient Working ?uid vapor has been 
removed from the fabric. 
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[0062] A further embodiment is described in FIG. 3. This 
particular process is similar to that described in FIG. 2 until 
the addition of the non-aqueous Working ?uid in step 240. 
This non-aqueous ?uid should be miscible With an aqueous 
Working ?uid to greater than at least 0.05% and have a ?ash 
point preferably greater than 1400 f. as de?ned by the 
national ?re protection association. It is preferable that the 
non-aqueous Working ?uid has a surface tension loWer than 
that of the aqueous Working ?uid. A further characteristic 
identifying viable non-aqueous Working ?uids is hansen 
solubility dispersion parameters greater than 12 dynes/cm 
and a hansen solubility hydrogen bonding parameter greater 
than 10 dynes/cm. Working ?uids that are acceptable as 
non-aqueous Working ?uids as mentioned above include but 
are not limited to terpenes, halohydrocarbons, glycol ethers, 
polyols, ethers, esters of glycol ethers, esters of fatty acids 
and other long chain carboxylic acids, fatty alcohols and 
other long chain alcohols, short-chain alcohols, polar aprotic 
solvents, siloxanes, hydro?uoroethers, dibasic esters, ali 
phatic hydrocarbons, carbon dioxide, ionic liquids, glycol 
ether acetates, and/or combinations thereof. Even more 
preferably, the Working ?uid is further selected from deca 
methylcyclopentasiloxane, dodecamethylpentasiloxane, 
octamethylcyclotetrasiloxane, decamethyltetrasiloxane, 
dipropylene glycol n-butyl ether (dpnb), dipropylene glycol 
n-propyl ether (dpnp), dipropylene glycol tertiary-butyl 
ether (dptb), propylene glycol n-butyl ether (pnb), propylene 
glycol n-propyl ether (pnp), tripropylene methyl ether (tpm), 
i-propyl myristate, soy clear methyl esters, ethyl hexyl 
lactate, and/or combinations thereof. 

[0063] At least one Washing additive can be added to the 
non-aqueous Working ?uid. This Washing additive can be 
similar or different from the Washing additive added With the 
aqueous Working ?uid. The Washing additive can be selected 
from the group consisting of: builders, surfactants, enzymes, 
bleach activators, bleach catalysts, bleach boosters, 
bleaches, alkalinity sources, antibacterial agents, colorants, 
perfumes, pro-perfumes, ?nishing aids, lime soap dispers 
ants, composition malodor control agents, odor neutralizers, 
polymeric dye transfer inhibiting agents, crystal groWth 
inhibitors, photobleaches, heavy metal ion sequestrants, 
anti-tamishing agents, anti-microbial agents, anti-oxidants, 
linkers, anti-redeposition agents, electrolytes, ph modi?ers, 
thickeners, abrasives, divalent or trivalent ions, metal ion 
salts, enzyme stabilizers, corrosion inhibitors, diamines or 
polyamines and/or their alkoxylates, suds stabilizing poly 
mers, solvents, process aids, fabric softening agents, optical 
brighteners, hydrotropes, suds or foam suppressors, suds or 
foam boosters, fabric softeners, antistatic agents, dye ?xa 
tives, dye abrasion inhibitors, anti-crocking agents, Wrinkle 
reduction agents, Wrinkle resistance agents, soil release 
polymers, soil repellency agents, sunscreen agents, anti-fade 
agents and mixtures thereof. 

[0064] The next difference between FIGS. 4 and 5 takes 
place after the Wash liquor is removed and sent to the 
recovery system. The addition of the non-aqueous Working 
?uid can take place once and/ or for a time su?icient to loWer 
the concentration of remaining Working ?uid beloW a set 
value. This value is preferably less than 50% by mass of the 
fabric, more preferably less than 25% and most preferably 
less than 15%. An additional non-aqueous Working ?uid is 
added in step 248. This non-aqueous Working ?uid is added 
to remove the ?rst non-aqueous Working ?uid, to decrease 
the time needed to remove the remaining Working ?uid and 



US 2006/0260064 A1 

aqueous Working ?uid and to provide a non-?ammable ?uid 
as the ?nal ?uid. The preferred characteristics of this non 
aqueous ?uid include a surface tension loWer than the ?rst 
tWo Working ?uids added, a kauri-butanol value less than the 
kb value of the non-aqueous Working ?uid added in the prior 
sequence of steps and the Working ?uid should be non 
?ammable. Further, the non-aqueous Working ?uid is 
selected based on being miscible With the non-aqueous 
Working ?uid added during the previous sequence of steps 
and having hanson solubility parameters (expressed in dynes 
per centimeter) With one of the following criteria: a polarity 
greater than about 3 and hydrogen bonding less than 9; 
hydrogen bonding less than 13 and dispersion from about 14 
to about 17; or hydrogen bonding from about 13 to about 19 
and dispersion from about 14 to about 22. More speci?cally 
the non-aqueous Working ?uid Will be selected for having 
the folloWing properties: have a viscosity less than the 
viscosity of the Working ?uid and/or a vapor pressure greater 
than 5 mm hg at standard conditions. 

[0065] Even more speci?cally, the non-aqueous Working 
?uid is selected from the group consisting of per?uorinated 
hydrocarbons, deca?uoropentane, hydro?uoroethers, meth 
oxynona?uorobutane, ethoxynona?uorobutane, carbon 
dioxide, ionic liquids, hfe-7300, and/or mixtures thereof. At 
least one Washing additive can be added to the second 
non-aqueous ?uid. These additives can be the same or 
different from those added in any of the previous steps. The 
Washing additive can be selected from the group consisting 
of: builders, surfactants, enzymes, bleach activators, bleach 
catalysts, bleach boosters, bleaches, alkalinity sources, anti 
bacterial agents, colorants, perfumes, pro-perfumes, ?nish 
ing aids, lime soap dispersants, composition malodor control 
agents, odor neutraliZers, polymeric dye transfer inhibiting 
agents, crystal groWth inhibitors, photobleaches, heavy 
metal ion sequestrants, anti-tamishing agents, anti-microbial 
agents, anti-oxidants, linkers, anti-redeposition agents, elec 
trolytes, ph modi?ers, thickeners, abrasives, divalent or 
trivalent ions, metal ion salts, enZyme stabiliZers, corrosion 
inhibitors, diamines or polyamines and/or their alkoxylates, 
suds stabiliZing polymers, solvents, process aids, fabric 
softening agents, optical brighteners, hydrotropes, suds or 
foam suppressors, suds or foam boosters, fabric softeners, 
antistatic agents, dye ?xatives, dye abrasion inhibitors, 
anti-crocking agents, Wrinkle reduction agents, Wrinkle 
resistance agents, soil release polymers, soil repellency 
agents, sunscreen agents, anti-fade agents and mixtures 
thereof. 

[0066] Mechanical energy is then added to the system. 
After a time su?icient to loWer the concentration of the ?rst 
non-aqueous Working ?uid to loWer than 50% by mass of the 
fabric, more preferably less than 25% and most preferably 
less than 15 %, the Wash liquor is removed and sent to the 
recovery system. The remaining Working ?uid is removed 
via a drying gas. The vapors from the drying gas are 
condensed and the condensate is separated in step 250 into 
mostly aqueous Working ?uid, the ?rst non-aqueous Work 
ing ?uid and the second non-aqueous Working ?uid. 

[0067] Laundering fabric With Water as the polar Working 
?uid, removing a substantial portion of the Water via cen 
trifugation, contacting the fabric With dipropylene glycol 
n-butyl ether to provide additional cleaning of some hydro 
phobic soils as Well as to remove some of the Water that 
remains in the fabric, removing a substantial portion of the 
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dipropylene glycol n-butyl ether, contacting the fabric With 
ethoxynona?uorobutane to remove a majority of the dipro 
pylene glycol n-butyl ether and remaining Water, centrifug 
ing the fabric load, and then contacting the fabric With 
heated air to remove the remaining Working ?uids is a 
preferred embodiment. This particular method can take 
place in an apparatus designed for both aqueous and non 
aqueous Working ?uid. In addition, due to the relative 
compatibility of the dipropylene glycol n-butyl ether, Water 
and ethoxynona?uorobutane, a single plumbing system 
could be utiliZed. 

[0068] Another preferred method includes laundering fab 
ric With Water as the polar Working ?uid, removing a 
substantial portion of the Water via centrifugation, contact 
ing the fabric With decamethylcyclopentasiloxane to provide 
additional cleaning of some hydrophobic soils as Well as to 
remove some of the Water that remains in the fabric, 
removing a substantial portion of the decamethylcyclopen 
tasiloxane, contacting the fabric With ethoxynona?uorobu 
tane to remove a majority of the decamethylcyclopentasi 
loxane and remaining Water, centrifuging the fabric load, 
and then contacting the fabric With heated air to remove the 
remaining Working ?uids. In this system, due to the relative 
incompatibility of decamethylcyclopentasiloxane and Water, 
separate aqueous and non-aqueous plumbing systems should 
be utiliZed in an apparatus designed to complete the afore 
mentioned method. 

[0069] In FIG. 4, the consumer selects a completely 
non-aqueous cycle, 260. In this instance, a non-aqueous 
Working ?uid is added, 262, to the container. The non 
aqueous Working ?uid should have a surface tension less 
than 35 dynes/cm and preferably be non-?ammable. More 
speci?cally the Working ?uid is selected from terpenes, 
halohydrocarbons, glycol ethers, polyols, ethers, esters of 
glycol ethers, esters of fatty acids and other long chain 
carboxylic acids, fatty alcohols and other long chain alco 
hols, short-chain alcohols, polar aprotic solvents, siloxanes, 
glycol ether acetates, hydro?uoroethers, dibasic esters, ali 
phatic hydrocarbons, carbon dioxide, ionic liquids and/or 
combinations thereof. Even more preferably, the Working 
?uid is further selected from decamethylcyclopentasiloxane, 
dodecamethylpentasiloxane, octamethylcyclotetrasiloxane, 
decamethyltetrasiloxane, dipropylene glycol n-butyl ether 
(dpnb), dipropylene glycol n-propyl ether (dpnp), dipropy 
lene glycol ter‘tiary-butyl ether (dptb), propylene glycol 
n-butyl ether (pnb), propylene glycol n-propyl ether (pnp), 
tripropylene methyl ether (tpm), i-propyl myristate, soy 
clear methyl esters, ethyl hexyl lactate, and/or combinations 
thereof. 

[0070] At least one Washing additive can be added to the 
non-aqueous Working ?uid. This additive can be similar or 
different than the additives mentioned above. The Washing 
additive can be selected from the group consisting of: 
builders, surfactants, enZymes, bleach activators, bleach 
catalysts, bleach boosters, bleaches, alkalinity sources, anti 
bacterial agents, colorants, perfumes, pro-perfumes, ?nish 
ing aids, lime soap dispersants, composition malodor control 
agents, odor neutraliZers, polymeric dye transfer inhibiting 
agents, crystal groWth inhibitors, photobleaches, heavy 
metal ion sequestrants, anti-tamishing agents, anti-microbial 
agents, anti-oxidants, linkers, anti-redeposition agents, elec 
trolytes, ph modi?ers, thickeners, abrasives, divalent or 
trivalent ions, metal ion salts, enZyme stabiliZers, corrosion 
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inhibitors, diamines or polyamines and/or their alkoxylates, 
suds stabilizing polymers, solvents, process aids, fabric 
softening agents, optical brighteners, hydrotropes, suds or 
foam suppressors, suds or foam boosters, fabric softeners, 
antistatic agents, dye ?xatives, dye abrasion inhibitors, 
anti-crocking agents, Wrinkle reduction agents, Wrinkle 
resistance agents, soil release polymers, soil repellency 
agents, sunscreen agents, anti-fade agents and mixtures 
thereof. 

[0071] A similar or different non-aqueous ?uid can be 
added in step 240. If the non-aqueous ?uid added in step 260 
is ?ammable, then it is preferred that the non-aqueous ?uid 
in step 240 is non-?ammable. In addition to non-?amma 
bility, other characteristics ideal for the non-aqueous ?uid 
include but are not limited to: vapor pressure higher than the 
vapor pressure added in step 260, surface tension loWer than 
the surface tension of the non-aqueous ?uid in step 260 and 
hansen solubility parameters selected from the folloWing 
criteria: a polarity greater than about 3 and hydrogen bond 
ing less than 9; hydrogen bonding less than 13 and disper 
sion from about 14 to about 17; or hydrogen bonding from 
about 13 to about 19 and dispersion from about 14 to about 
22. The only remaining step that differs from FIG. 2 is after 
condensing the Working ?uids, the Working ?uids are sepa 
rated in step 266. 

[0072] In almost every instance, the non-aqueous Working 
?uids are more expensive than their aqueous counterparts. 
Therefore, minimiZing non-aqueous Working ?uid is essen 
tial for apparatuses and methods involving these ?uids. One 
potential method for minimizing ?uid usage is through spray 
rinse or spray Wash technology. Spray Wash/rinse technol 
ogy Works by adding the non-aqueous Working ?uids While 
the drum is spinning at a force su?icient to move the fabrics 
toWard the Wall of the drum. This may occur at a force 
greater than 1 g. Generally this force is at a spinning speed 
of at least 50-rpm, more preferably greater than 100 rpm and 
most preferably greater than 200 rpm. The time required is 
dependent upon the application but should be greater than 30 
seconds and shouldn’t exceed 15 minutes. The amount of 
non-aqueous ?uid required is to provide su?icient soil 
removal or su?icient removal of other Working ?uids. This 
amount should be less than 10 liters of non-aqueous ?uid per 
kilogram of fabric, more preferably less than 5 liters per 
kilogram of fabric and most preferably less than 2 liters per 
kilogram of fabric. 

[0073] FIG. 5 describes an embodiment utiliZing a semi 
aqueous Wash. The consumer selects the semi-aqueous Wash 
With fast dry cycle, 270. Next a mixed Working ?uid is added 
in step 272. The mixed ?uid Will be a portion of aqueous 
Working ?uid as Well as non-aqueous Working ?uid. The 
purpose of the mixed ?uid is to enhance the removal of oily 
soil Without limiting the removal of the hydrophilic soil. The 
mixture can be favored toWard aqueous Working ?uid or 
non-aqueous Working ?uid. The composition of aqueous 
Working ?uid should range from 0.05% -99.95% While the 
composition of non-aqueous Working ?uid should range 
from 0.05-99.95%. The ideal aqueous Working ?uid for this 
type of process has been described above as Well as the 
non-aqueous Working ?uids best suited for this process. The 
one limitation placed on the non-aqueous ?uid is that it 
should be able to hold at least 0.05% of an aqueous Working 
?uid. The remaining part of the process is nearly identical to 
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FIG. 4. A non-aqueous Working ?uid removes the mixed 
Working ?uid, folloWed by removal and drying processes. 

[0074] FIG. 6 describes an embodiment similar to FIG. 5 
in that a mixed Working ?uid is utiliZed to complete a 
semi-aqueous Wash cycle. In this method, a non-aqueous 
Working ?uid is used to remove most of the mixed Working 
?uid While an additional non-aqueous ?uid can be added to 
improve the drying performance. 

[0075] FIG. 7 describes another embodiment of the inven 
tion. In this case, Wash liquor is transported from the 
semi-aqueous process to the recovery system in step 300. 
Step 302 represents a decision on Whether an adequate 
concentration of non-aqueous ?uid is present. Mechanisms 
to determine the adequate non-aqueous ?uid concentration 
include, but are not limited to pressure, turbidity, conduc 
tivity, infrared, ultrasonic, shaped electromagnetic ?elds 
(sef), ?oat sensing, laser de?ection, petrotape/chemtape, 
electric ?eld imaging, capacitive, humidity, non-dispersive 
infrared, solid state, acoustic Wave, metal oxide semicon 
ductors, ph, ionic strength, oxidation reduction potential, 
refractive index, and mixtures thereof. One particular 
embodiment that could be utiliZed is a combination pressure 
to determine level, turbidity to determine soil concentration 
and conductivity to determine Water concentration. An algo 
rithm can be designed to estimate the non-aqueous concen 
trations from these measurements. The decision in step 302 
represents a method to potentially dispose of the Waste/ 
contaminants doWn the drain. If the non-aqueous ?uid 
concentration exceeds the acceptable disposal limit, then a 
?uid recovery process, 306, is completed. If not, then the 
Wash liquor is ?ushed in 304. If after one cycle, the 
concentration of the non-aqueous ?uid still is not loWer than 
that speci?ed by the decision matrix, additional recovery 
cycles can be completed. Concentration limits that may be 
acceptable depend on the Working ?uid choices and the 
environmental protection association (epa) should set guide 
lines. Disposing the contaminants is alWays completed in an 
environmentally friendly manner. It is preferred that the 
non-aqueous ?uid concentration does not exceed 2% per 
liter of ?uid, more preferably less than 1000 g/ liter and most 
preferably less than 100 g/liter. These numbers are true if the 
Waste is disposed doWn the drain. If the Waste Will be sent 
to a ?lter for land?ll disposal, the numbers Will change. 

[0076] FIG. 8 represents a method of drying. The drying 
cycle is started in 400. The humidity of the load is checked 
in 402. The purpose of checking the humidity is to determine 
the Water content in the air stream and the fabric load and 
using this information to determine moisture content or to 
control temperature spikes as the Water is removed. Methods 
of sensing the humidity include but are not limited to 
conductivity, humidity strips, thermisters, infrared, pressure, 
refractive index, and mixtures thereof. The non-aqueous 
?uid concentration is sensed in 404. This is done to under 
stand if non-aqueous vapor is already in the drying gas 
stream, to determine the amount of drying time necessary 
and to potentially help control the temperature in the system. 
Methods of sensing the non-aqueous ?uid concentration 
Were disclosed above. The drum is rotated in step 406. The 
drum may be rotated clockWise, counter-clockWise and/or a 
combination of both. The drum may be rotated at different 
tumbling speeds and the tumbling speeds can vary as a 
function of the dryness of the fabric load. The drying gas is 
heated in step 408 and forced through and around the fabric 










