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(57) ABSTRACT 
A Solvent contaminant detection device is configured to 
detect the presence of dissolved contaminants in a Solvent 
used for performing a Solvent dry cleaning process. The 
Solvent cleaning proceSS utilizes a Solvent based cleaning 
fluid comprising cyclic siloxane Solvent. A detector output 
Signal indicative of contaminant concentration may be pro 
cessed to enable a user of a dry cleaning appliance to replace 
Solvent regeneration absorption media when necessary and 
avoid the possibility of using Solvent that is not purified, 
thereby reducing operational costs as well as improving 
wash quality of the appliance. 
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DETECTOR FORMONITORING CONTAMINANTS 
IN SOLVENT USED FOR DRY CLEANING 

ARTICLES 

0001. This application is a continuation-in-part of co 
pending and commonly assigned U.S. patent application Ser. 
No. 10/127,001 filed Apr. 22, 2002. 

BACKGROUND OF THE INVENTION 

0002 The present invention is generally related to a 
laundering appliance, and, more particularly, to a dry clean 
ing appliance that uses Siloxane Solvent for cleansing the 
articles and, even more particularly, to detectors for moni 
toring contaminants in the Solvent used by the appliance. 
0.003 Conventional household clothing washers use any 
where from about 60 liters to about 190 liters of water to 
wash a typical load of clothing articles. The spent water and 
cleaning agents are then dumped into Sewage. Furthermore, 
the water is frequently heated to improve wash effectiveness 
and usually requires a large amount of energy to be put into 
the articles as heat in order to vaporize the retained water 
and dry the articles. The combination of high water usage, 
high-energy usage and disposal of cleaning additives in the 
detergent can put a large Strain on the environment. 
0004 Conventional professional dry cleaning perchloro 
ethylene (PERC) solvent has been shown to be hazardous to 
human health as well as to the environment. Use of a cyclic 
Siloxane composition, more specifically decamethylcyclo 
pentasiloxane (or simply siloxane, also commercially 
referred to as D5), as a replacement for PERC is known. The 
use of a siloxane Solvent in laundering has been shown to 
result in reduced wrinkling, Superior article care, and better 
finish than water washing. Furthermore, the Siloxane Solvent 
has a lower heat of vaporization than water. Compared to 
water, the Siloxane Solvent can be more easily dried out of 
the article. If a washing machine contained a Solvent based 
cleaning cycle, the Solvent cycle could replace Some or all 
of the Washing currently being done in water, which would 
result in a significant reduction in energy and water use. 
0005 There are currently commercial dry cleaning 
machines, which use a cyclic siloxane dry cleaning process, 
but these machines present Several barriers to in-home use. 
Known commercial dry cleaning machines are generally 
much larger than typical home washing machines, and 
would not fit within typical washrooms. These commercial 
dry cleaning machines typically require high Voltage power 
(>250V) and often require separate steam Systems, com 
pressed air Systems, and chilling Systems to be attached 
externally. The Solvent amount generally Stored in the com 
mercial dry cleaning machines is usually more than about 
190 liters, even for the Smallest capacity commercial 
machines. The typical dry cleaning facility has both Solvent 
cleaning and water cleaning machines on the premises and 
uses each machine for their Separate functions. Known 
commercial dry cleaning machines are typically designed to 
be operated by a skilled employee and do not contain 
appropriate Safety Systems for either in-home locations or 
for general use. In many States, the use of commercial dry 
cleaning machines by the general public is forbidden. 

0006 U.S. patent application Ser. No. 10/127,001, titled 
“ Apparatus and Method for Article Cleaning, filed on Apr. 
22, 2002, (Attorney Docket No. RD-29557), commonly 
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assigned to the same assignee of the present invention, and 
herein incorporated by reference in its entirety, represents 
one innovative implementation of an appliance that provides 
Solvent, or water-based cleaning (or combination thereof). 
AS Set forth in the foregoing patent application, this appli 
ance may be advantageously accommodated either in an 
in-home or in a coin-operable laundry Setting. That is, an 
appliance that may be used not just for commercial dry 
cleaning applications, but also having the appropriate Small 
size, cost, and user-interface considerations for a home 
based laundry System. 
0007 An appropriate level of solvent purity is paramount 
for effective Washing. Contaminated Siloxane Solvent may 
be purified for reuse via an adsorption medium that has a 
limited capacity for cleansing the Solvent. When this capac 
ity has been reached, the adsorbent no longer purifies the 
solvent and a filter bed should be replaced with fresh 
adsorbent. Presently, manufacturers of commercial-type dry 
cleaning equipment typically recommend bed exchanges 
based on off-line analysis or an estimated time for full 
capacity based on experience. For example, the manufac 
turer may recommend that the adsorption cartridge be 
eXchanged every month based on average number of washes 
and contaminant (e.g., Soil) concentrations regardless of the 
actual Soil contents of the Solvent. 

BRIEF DESCRIPTION OF THE INVENTION 

0008 Generally, the present invention fulfills the forego 
ing needs by providing in one aspect thereof, a Solvent 
contaminant detection device configured to detect the pres 
ence of dissolved contaminants in a Solvent used for per 
forming a Solvent dry cleaning process. The Solvent cleaning 
process utilizes a Solvent based cleaning fluid comprising 
cyclic Siloxane Solvent. 
0009. In another aspect thereof, the present invention 
further fulfills the foregoing needs by providing an article 
cleaning apparatus including an air management mecha 
nism, a cleaning basket assembly, and a fluid regeneration 
device. A working fluid device is coupled to the fluid 
regeneration device, the cleaning basket assembly and the 
air management mechanism. A clean fluid device is coupled 
to the cleaning basket assembly and the fluid regeneration 
device. The controller is coupled to the air management 
mechanism, the cleaning basket assembly, the working fluid 
device, the regeneration device, and the clean fluid device. 
The controller is configured to control a cleaning process 
including at least a Solvent cleaning process that utilizes a 
Solvent based cleaning fluid comprising cyclic Siloxane 
Solvent. A Solvent contaminant detection device is coupled 
to the fluid regeneration device to determine an amount of 
Solvent contaminant that may accumulate in the Solvent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The features and advantages of the present inven 
tion will become apparent from the following detailed 
description of the invention when read with the accompa 
nying drawings in which: 
0011 FIG. 1 is a block diagram of an article cleaning 
apparatus that may benefit from the teachings of the present 
invention; 
0012 FIG. 2 is a schematic diagram of the fluid process 
ing mechanism, as may be used by the article cleaning 
apparatus, 
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0013 FIG. 3 is a schematic diagram of a filter arrange 
ment for the article cleaning apparatus, 

0.014 FIG. 4 is a schematic diagram of another embodi 
ment of a filter arrangement; 

0.015 FIG. 5 is a schematic diagram of an air manage 
ment mechanism and a cleaning basket assembly for the 
article cleaning apparatus, 

0016 FIG. 6 is a schematic diagram of another embodi 
ment of the air management mechanism and the cleaning 
basket assembly; 

0017 FIG. 7 is a schematic diagram of exemplary 
devices that may be coupled to a controller for the article 
cleaning apparatus; 

0.018 FIG. 8 is a schematic cross sectional view of one 
exemplary embodiment of the cleaning basket assembly; 

0.019 FIG. 9 is a three-dimensional partial cross sec 
tional view of one exemplary embodiment the article clean 
ing apparatus; 

0020 FIG. 10 is a plot of retained moisture content as a 
percentage of an article's weight Versus the relative humid 
ity; 

0021 FIG. 11 is a block diagram of the process selection 
for the article cleaning apparatus, 

0022 FIG. 12 is a flow diagram of a humidity sensing 
proceSS for the article cleaning apparatus, 

0023 FIG. 13 is a flow diagram of a solvent cleaning 
proceSS for the article cleaning apparatus, 

0024 FIG. 14 is a flow diagram of a water cleaning 
proceSS for the article cleaning apparatus, 

0025 FIG. 15 is a flow diagram of a basket drying 
proceSS for the article cleaning apparatus, 

0.026 FIG. 16 is a flow diagram of a cycle interruption 
recovery process for the article cleaning apparatus, 

0.027 FIG. 17 shows a block diagram of an exemplary 
electromagnetic Solvent contaminant detection device, Such 
as an ultraviolet (UV) detector, for detecting the amount of 
dissolved contaminants that may be present in Siloxane 
Solvent, in accordance with aspects of the present invention; 

0028 FIG. 18 shows an exemplary spectrograph (e.g., 
based on gas chromatography mass spectroscopy) of Solvent 
contaminants as may be present in Siloxane Solvent used for 
dry cleaning; 

0029 FIG. 19 shows a plot of exemplary soil concen 
tration as a function of clothing weight as may accumulate 
in the Siloxane Solvent after a number of Washing cycles 
have been performed; 

0030 FIG. 20 shows respective plots of exemplary 
absorbance as a function of Soil concentration at 274 nanom 
eters and 223 nanometers, 

0.031 FIG. 21 shows respective plots of exemplary soil 
concentration as a function of wash cycles for pre-filtered 
and post-filtered siloxane Solvent, 
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0032 FIG.22 shows a plot of exemplary UV absorbance 
as a function of wavelength for a reference Soil Standard 
used for testing an exemplary Solvent contaminant detection 
device; 
0033 FIG.23 shows a plot of exemplary UV absorbance 
as a function of wavelength for actual wash Samples mea 
Sured with an exemplary Solvent contamination detector; 
and 

0034 FIG. 24 shows an exemplary serial arrangement of 
two filtering cartridges and a Solvent contaminant detection 
device of an exemplary Sequence of events for replacing the 
cartridges. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035. The present invention includes an apparatus and 
method for the cleaning of articles at home or in a coin-op 
laundry Setting. AS used herein, the term, “articles' is 
defined, for illustrative purposes and without limitation, as 
fabrics, textiles, garments, and linens and any combination 
thereof. AS used herein, the term, “Solvent based cleaning 
fluid” is defined for illustrative purposes and without limi 
tation, as comprising a cyclic Siloxane Solvent and, option 
ally, a cleaning agent. If water is present in a Solvent based 
cleaning fluid, the water is present in an amount in a range 
from about 0.25 percent to about 10 percent of the total 
weight of the Solvent based cleaning fluid. In another 
embodiment of the present invention, if water is present in 
the Solvent based cleaning fluid, the water is present in an 
amount in a range from about 0.25 percent to about 2 percent 
of the total weight of the solvent based cleaning fluid. As 
used herein, the term, “cleaning agent' is defined for illus 
trative purposes and without limitation, as being Selected 
from the group consisting of Sanitizing agents, emulsifiers, 
Surfactants, detergents, bleaches, Softeners, and combina 
tions thereof. AS used herein, the term, “water based clean 
ing fluid” is defined for illustrative purposes and without 
limitation, as comprising water and, optionally, a cleaning 
agent. In the present invention, the article cleaning apparatus 
1000 of FIG. 1 is configured to perform a cleaning process 
350 of FIG. 11. As used herein, the term, “cleaning process” 
is defined, for illustrative purposes and without limitation, as 
utilizing a Solvent cleaning proceSS 375, a water cleaning 
process 600, and any combination thereof. The solvent 
cleaning process 375 and the water cleaning process 600 are 
presented in more detail after the article description of the 
cleaning apparatus 1000 of FIG. 1. It is recognized that 
alternative configurations of the article cleaning apparatus 
1000 are possible. 
0036) The article cleaning apparatus 1000 comprises the 
air management mechanism 1, the cleaning basket assembly 
2, and a fluid regeneration device 7. The article cleaning 
apparatus 1000 further comprises a working fluid device 6 
that is coupled to the fluid regeneration device 7, the 
cleaning basket assembly 2, and the air management mecha 
nism 1. The article cleaning apparatus 1000 further com 
prises a clean fluid device 8 that is coupled to the cleaning 
basket assembly 2 and the fluid regeneration device 7. The 
article cleaning apparatus 1000 further comprises a control 
ler 5 which is coupled to the air management mechanism 1, 
the cleaning basket assembly 2, the working fluid device 6, 
the regeneration device 7, and the clean fluid device 8. The 
controller 5 is configured to perform the cleaning process 
350. 
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0037. The cleaning basket assembly 2 of FIG. 1 typically 
comprises a rotating basket 14 coupled to a motor 3. The 
rotating basket 14 has a plurality of holes 17. The motor 3 
rotates the rotating basket 14. Suitable drive system alter 
natives, presented for illustration and without limitation 
include, direct drive, pulley-belt drive, transmissions, and 
any combination thereof. The direct drive orientation of the 
rotating basket 14 and the motor 3 is provided for illustrative 
purposes and it is not intended to imply a restriction to the 
present invention. In one embodiment of the present inven 
tion (not shown in FIG. 1), the motor 3 has a different major 
longitudinal axis than the longitudinal axis 220 of the 
rotating basket 14, and the motor 3 is coupled to the rotating 
basket 14 by a pulley and a belt. 

0038. As shown in FIG.2, the working fluid device 6, the 
fluid regeneration device 7, and the clean fluid device 8 
comprise a fluid processing mechanism 4. 

0039. In one embodiment of the present invention, the 
working fluid device 6 comprises a check valve 40 in a drain 
conduit line 70 that couples the cleaning basket assembly 2 
to a working tank 45. Fluid from the cleaning basket 
assembly 2 passes through the check valve 40 and is 
collected in the working tank 45. The fluid in the working 
tank 45 is defined as a working fluid 165. A drain tray 73 is 
disposed in the air management mechanism 1 to collect 
condensate. An additional drain conduit 71 couples the 
working tank 45 to the drain tray 73. Condensate in the drain 
tray 73 is typically gravity drained to the working tank 45, 
where it is collected as part of the working fluid 165. A 
regeneration pump 115 is coupled to the working tank 45 
and to a conductivity sensor 151. A waste water drain valve 
155 is disposed between the conductivity sensor 151 and the 
fluid regeneration device 7. The waste water drain valve 155 
is coupled to waste water discharge piping 154. 

0040. In one embodiment of the present invention, the 
controller 5 of FIG. 7 is configured to direct the working 
fluid 165 of FIG. 2 through to the fluid regeneration device 
7 when the conductivity sensor 151 indicates that the 
working fluid 165 comprises less than about 10% water by 
weight. The controller 5 of FIG. 7 is further configured to 
divert the working fluid 165 of FIG. 2 through the waste 
water drain valve 155 and the waste water discharge piping 
154 when the working fluid 165 flowing through the con 
ductivity Sensor 151 comprises a minimum of at least about 
10% by weight of water to avoid overwhelming the water 
adsorption capability of the fluid regeneration device 7. 

0041. In another embodiment of the present invention, a 
water separator 152 is disposed in the working tank 45. In 
another embodiment of the present invention, the water 
separator 152 is disposed between the waste water drain 
valve 155 and the fluid regeneration device 7. In another 
embodiment of the present invention, a bypass line 145 of 
FIG. 2 is disposed between the discharge of the water 
separator 152 and the inlet of the clean fluid device 8 to 
reduce the possibility of overwhelming the water removal 
capability in the fluid regeneration device 7. In another 
embodiment of the present invention (not shown in FIG. 2), 
the bypass line 145 is disposed between the waste water 
drain valve 155 and the clean fluid device 8. The bypass line 
145 is typically sized to bypass a range from about one 
quarter to about three-quarter of the total flow of the working 
fluid 165 around the fluid regeneration device 7. 
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0042. In one embodiment of the present invention, the 
water separator 152 is fabricated from materials selected 
form the group consisting of calcined clay, water adsorbing 
polymers, Sodium Sulfate, paper, cotton fiber, lint, and any 
combination thereof. In another embodiment of the present 
invention, the water Separator 152 comprises a distillation 
device that utilizes heat to remove water. 

0043. The fluid regeneration device 7 comprises a regen 
eration cartridge 141. The inlet Side of the regeneration 
cartridge 141 is typically coupled to the working fluid device 
6. The regeneration cartridge 141 typically comprises at 
least a water absorption media 130 coupled to a cleaning 
fluid regeneration absorption media 135. In one embodiment 
of the present invention, the regeneration cartridge 141 
further comprises a mechanical filter 120 and a particulate 
filter 125. In one embodiment of the present invention, the 
working fluid 165 passes Sequentially through the mechani 
cal filter 120, particulate filter 125, water absorption media 
130, and cleaning fluid regeneration absorption media 135. 
The cleaning fluid regeneration adsorption media 135 con 
tains a portion of the solvent based cleaning fluid 30 in order 
to replenish the solvent based cleaning fluid 30 that is 
consumed during the solvent wash/dry process 500 of FIG. 
13. The cleaning fluid regeneration adsorption media 135 
also contains a replacement amount of Solvent based clean 
ing fluid 30 which is disposed of when changing out the 
regeneration cartridge 141. 

0044) In one embodiment of the present invention, the 
cleaning fluid regeneration adsorption media 135 is Selected 
from a group consisting of a packed bed column, a flat plate 
bed, a tortuous path bed, a membrane Separator, a column 
with packed trays, and combinations thereof. 
0045. In one embodiment of the present invention, the 
materials to fabricate the cleaning fluid regeneration adsorp 
tion media 135 are Selected from the group consisting of 
activated charcoal, carbon, calcined clay, Kaolinite, adsorp 
tion resins, carbonaceous type resins, Silica gels, alumina in 
acid form, alumina in base form, alumina in neutral form, 
Zeolites, molecular Sieves, and any combination thereof. 
Both the amount of Solvent based cleaning fluid regeneration 
and the Speed of Solvent based cleaning fluid regeneration 
depend on the Volume of the cleaning fluid regeneration 
adsorption media 135. 

0046. In one embodiment of the present invention, the 
regeneration cartridge 141 containing the cleaning fluid 
regeneration adsorption media 135 in the packed bed col 
umn form is disposed in a single packed bed column 
cartridge form. In another embodiment of the present inven 
tion, the regeneration cartridge 141 comprising the cleaning 
fluid regeneration adsorption media 135 in the packed bed 
column form is disposed in a plurality of packed bed column 
cartridges. In an alternative embodiment of the present 
invention, the regeneration cartridge 141 comprises the 
cleaning fluid regeneration adsorption media 135 in a plu 
rality of packed bed column cartridges, which are disposed 
in Series with respect to one another. In yet another embodi 
ment of the present invention, the regeneration cartridge 141 
further comprises the cleaning fluid regeneration adsorption 
media 135 in the plurality of packed bed column cartridges, 
which are disposed in parallel with respect to one another. 
0047. In another embodiment of the present invention, 
the mechanical filter 120 of FIG.3 and the particulate filter 
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125 are part of the working fluid device 6. The mechanical 
filter 120 and the particulate filter 125 are disposed in the 
drain conduit line 70 that couples the cleaning basket 
assembly 2 to the working tank 45. The mechanical filter 120 
and the particulate filter 125 are disposed in the drain 
conduit 70 between the cleaning basket assembly 2 and the 
check valve 40. 

0.048. In another embodiment of the present invention, 
the mechanical filter 120 of FIG. 4 and the particulate filter 
125 are disposed in the drain conduit 70 between the check 
valve 40 and the working tank 45. In an alternative embodi 
ment of the present invention, the mechanical filter 120 is 
disposed in the drain conduit 70, while the particulate filter 
125 is disposed in the regeneration cartridge 141. In another 
embodiment of the present invention, the mechanical filter 
120 is not present and the particulate filter 125 is disposed 
in the regeneration cartridge filter 141. In another embodi 
ment of the present invention, the mechanical filter 120 is 
not present and the particulate filter 125 is disposed in the 
drain conduit 141. Both the arrangement of the internals of 
the regeneration cartridge 141 and the location and appli 
cation of the mechanical filter 120 and the particulate filter 
125 are provided for illustrative purposes and are not 
intended to imply a restriction on the present invention. 
0049. In one embodiment of the present invention, 
mechanical filter 120 has a mesh size in a range from about 
50 microns to about 1000 microns. In one embodiment of 
the present invention, the particulate filter 125 has a mesh 
size in a range from about 0.5 microns to about 50 microns. 
0050. In one embodiment of the present invention, the 
particulate filter 125 is a cartridge filter fabricated from 
materials Selected from the group consisting of thermoplas 
tics, polyethylene, polypropylene, polyester, aluminum, 
Stainless Steel, metallic mesh, Sintered metal, ceramic, mem 
brane diatomaceous earth, and any combination thereof. 
0051. After the working fluid 165 passes through the 
regeneration cartridge 141, it exits the regeneration cartridge 
141 as the solvent based cleaning fluid 30. An outlet side of 
the regeneration cartridge 141 may be coupled to an optical 
turbidity sensor 140. The optical turbidity sensor 140 may be 
coupled to a storage tank 35 in the clean fluid device 8. The 
optical turbidity sensor 140 may be tuned to a specific 
absorbance level that provides information about the clean 
liness of the solvent based cleaning fluid 30. When the 
solvent based cleaning fluid 30 exiting the optical turbidity 
Sensor 140 reaches a preset Specific absorbance level, the 
controller 5 of FIG. 7 sends a “replace regeneration car 
tridge” message to the operator on a display panel 200 (FIG. 
9). 
0.052 It will be appreciated that a turbidity sensor would 
be particularly useful for detection of particulates that may 
be present in the Solvent rather than dissolved contaminants. 
For example, in a dry cleaning appliance, the Siloxane 
Solvent may gradually become Soiled with fatty acids and 
esters, which would not readily register in the visible range 
of the electromagnetic Spectrum, i.e., a turbidity Sensor may 
not readily detect this type of contaminants. Also the fatty 
acids and ester contaminants would be dissolved in the 
Solvent and once again a turbidity Sensor would not readily 
pick up Such dissolved contaminants. 
0053. In view of the foregoing considerations, aspects of 
the present invention are directed to using a Suitable elec 
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tromagnetic Solvent contamination detector, Such as an 
infrared (IR) or ultraviolet (UV) detector, in lieu of or in 
combination with the turbidity sensor, for detecting the 
amount of dissolved contaminants, Such as fatty acids and 
esters, that may be present in the Solvent, So that when a 
predetermined concentration of contaminants is attained, as 
measured by the detector, then the regeneration cartridge 
141 (FIG. 2) or the absorption media 135 (FIG. 2) in the 
regeneration cartridge 141 may be replaced. In this manner, 
a user would replace the absorption media when truly 
necessary and would avoid the possibility of using Solvent 
that is not purified, thereby reducing operational costs as 
well as improving wash quality to the appliance. 
0054 As shown in FIG. 17, an exemplary solvent con 
taminant detection device 601 may comprise a flow-through 
cell 602, an electromagnetic source 604, such as a UV or IR 
Source, and a radiation detector 606, Such as a photocell, 
pyroelectric or thermopile detector. The detector may also 
employ one or more bandpass filters 608 centered at a 
bandpass of interest. In case of a UV detector, measurements 
may be typically made from about 200 nm to about 350 nm, 
where spectral bands situated at approximately 223 nm and 
274 nm may be favored, however, a relatively narrow wave 
band, e.g. 220-230 nm, and/or 270-280 nm, may suffice. In 
one exemplary embodiment, flow-through cell 602 may be 
constructed of a material, Such as quartz, that minimizes 
interference with UV light, for example. 
0055. In one exemplary embodiment, solvent may flow 
from the regeneration cartridge 141 (FIG. 2), where solvent 
is purified, to the flow-through cell 602. A measurement may 
be made during this process to determine the purity of the 
Solvent. This measurement may be compared to previously 
Stored data, e.g., a present measurement may be indicative of 
present concentration of Solvent contaminants, and the pre 
viously stored data may be indicative of solvent with an 
upper limit of tolerable contaminant concentration. From the 
comparison of the present measurement relative to the upper 
limit measurement, the controller may determine when to 
change the cartridge or adsorption media. In one exemplary 
embodiment, detector 601 may be located downstream of 
the regeneration cartridge. The purified Solvent would pass 
through detector 601 to monitor solvent purity and in turn 
would proceed to the holding tank ready for the next wash. 
For example, Solvent may be pumped through the flow cell 
in route to the clean holding tank. 

A. Experim ntal Soil Analysis with (Gas 
Chromatography) (GC)-Mass Spectroscopy 

0056. A cumulative sample of siloxane solvent collected 
over Several washes was analyzed by GC mass spectroscopy 
and found to contain primarily fatty acids, fatty acid esters, 
Saturated and unsaturated, with molecular weights approxi 
mately from about 100 to about 600 units, see FIG. 18. 
Approximately about 1.5 microliter of Solvent was injected 
onto a gas chromatograph column (e.g., DB-5MS, 0.5 mm 
OD, 30 meters). The GC temperature program was per 
formed approximately from 50° C. to 350° C. at 10°C/min. 

B. Experimental Soil Analysis Verification 
Performed with UV Spectroscopy and Thermal 

Gravimetric Analysis 
0057. It will be appreciated that GC mass spectroscopy 
comprises relatively time and capital-intensive analysis and 
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may not be practical for routine analysis. Therefore, other 
analytical methods were investigated to experimentally 
obtain accurate information about the contaminant concen 
tration in the Solvent. In order to gather additional informa 
tion on the amount of contaminant washed from clothing 
and how best to analyze the contaminant, a Series of washes 
was conducted. Typical clothes worn and Supplied by Vari 
ous perSonnel working on development efforts for the 
present invention likely represented a reasonable Sampling 
for experimental purposes. AS the clothes were washed, 
Samples were taken after each load and analyzed for con 
taminant concentration in the D5 fluid. For this study 
consecutive wash loads were done with the same 7 gallons 
of D5 and each load was approximately 5 lbs. 

0.058. Two methods were used to analyze the samples, 
UV spectroscopy and thermal gravimetric analysis (TGA). 
UV samples were run on a Hach DR/4000U spectropho 
tometer blanking against pure D5 Siloxane fluid. Samples 
were Scanned from about 200 nm to about 350 nm. Stan 
dards were made as described below. Distinctive peaks were 
noted at approximately 223 nm and 274 nm, wavelengths 
with good absorption and linearity. The measurements had a 
standard deviation of approximately 1.7%. 
0059 For the thermogravimetric analyses, samples were 
filtered with Whatman Uniprep filters (e.g., 0.45 micron) to 
remove non-Soluble particulates. Approximately 6 mg of 
solvent was injected onto the TGA pan with a 10-microliter 
Syringe. The temperature program Was: heat applied from 
30 to 220 C. at 10 C/min, held for 10 min, and heated 
from 220 C. to 500 C. at 10 C./min. The D5 Solvent was 
detected first (e.g., approximately below 200° C), followed 
by the higher boiling contaminants that were detected gen 
erally below 500 C. The method had a relative standard 
deviation of 6.2%. 

0060. As shown in the plot shown in FIG. 19, the two 
analytical techniques, UV and TGA were in substantial 
agreement with one another. The data are reported in wt % 
of contaminant in D5 per pounds of clothing. These results 
show that approximately after 137 lbs of clothing were 
washed, the 7 gallons of D5 fluid contained approximately 
0.7 wt % impurities, or 1.5 grams of contaminant for every 
pound of clothing. This information along with the capacity 
of the adsorbent allows for a prediction for the number of 
wash loads that can be processed before the cartridge should 
be exchanged. Additionally, this data shows a Substantially 
linear relationship between UV absorbance and the concen 
tration of contaminant in the Solvent, which is the basis for 
an accurate yet low cost Solvent contaminant detection 
device embodying aspects of the present invention. When 
the contaminant detected in the Solvent reaches a predeter 
mined level, it may then be presumed that the adsorption 
cartridge is Saturated and requires changing. For example, 
when the Siloxane Solvent has reached a predetermined level 
of contaminant then the controller would indicate, e.g. by an 
indicator light or any other Suitable indication, that the 
adsorption bed is Saturated and needs to be replaced. 

0061 Because contaminated solvent has a prevalence of 
fatty acids and esters, the concentration of contaminants 
may be preferably measured in a UV range of approximately 
200-350 nm, which is responsive to the carbonyl function 
ality of the acids and esters at intensity proportional to the 
concentration of Soluble contaminants present. This detector 
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would provide real time information concerning the adsorp 
tion efficiency of the bed by comparing the contaminant 
concentration of the Solvent exiting the adsorption bed 
relative to a Stored reference indicative of clean Solvent. 

C. Standards-Reference Samples for UV Analysis 
0062 Reference contaminant standards from approxi 
mately 0 ppm to approximately 1,000 ppm were dissolved in 
Siloxane Solvent. Extraction techniques, Such as extracting 
the contaminant from Saturated carbon with methylene chlo 
ride, allowed generating the reference Standards. The result 
ing Soiled Solution was freed of methylene chloride and 
redissolved in D5 to the desired concentrations. Table 1 
below and FIG. 20 respectively show exemplary data and 
graph indicative of the reference contaminant Samples. 

TABLE 1. 

Reference Samples analyzed by UV spectroscopy 

Actual Calculated Calculated 
Conc, Conc, ppm Conc, ppm 

Sample ppm 223 nm 274 mm 223 mm. 274 nm. 

1OOO ppm 1OOO NA O.733 NA 977.3 
1OOO ppm 1OOO NA O.732 NA 976.O 
1OOO ppm 1OOO NA O.732 NA 976.O 
500 ppm 500 1.287 O.37 495.0 493.3 
500 ppm 500 1.286 O.369 494.6 492.0 
500 ppm 500 1.288 O.37 495.4 493.3 
250 ppm 250 0.655 O.186 251.9 248.0 
250 ppm 250 0.655 O.186 251.9 248.0 
250 ppm 250 O.654 O.186 251.5 248.0 
1OO ppm 1OO O.266 O.O76 102.3 101.3 
1OO ppm 1OO O.266 O.O76 102.3 101.3 
1OO ppm 1OO O.267 O.O76 102.7 101.3 
50 ppm 50 O.135 O.O39 51.9 52.0 
50 ppm 50 O.136 O.O39 52.3 52.0 
50 ppm 50 O.137 O.O38 52.7 50.7 

D. EXprim ntal Apparatus and Procedure 
0063 A fully integrated full-scale prototype unit was 
constructed for experimental purposes. An exemplary test 
wash procedure was as follows: Clothing (about 7-8 lbs) was 
added to the washer and the door with safety lock was closed 
and the wash cycle Started. About eight gallons of Siloxane 
wash fluid (D5) was pumped over 132 seconds from the 
clean holding tank to the wash drum. The wash cycle 
proceeded to agitate for about 10 minutes. The wet clothing 
in the drum was rotated slowly, at about 60 rpm under a 
force of about 1. g. The drum Speed was carefully Set So that 
the clothing nearly reached the top of the basket, and then 
fell to the bottom of the basket Supplying the necessary work 
for cleaning. After 3 complete revolutions the direction was 
reversed for 3 revolutions, and in this manner clothing 
entanglement was avoided. After the completion of the wash 
cycle, the Solvent was drained into the gray holding tank for 
processing. The Spin cycle began and the drum speed was 
ramped up slowly to reach a maximum speed of about 1000 
rpm, and was held at a maximum spin rate for about 8 
minutes. The Solvent was periodically pumped as it was 
Spun from the clothing. 
0064. After the spin cycle was completed, the drum was 
Slowly stopped and restarted at a slow tumbling Speed for 
drying. AS the wet clothing was slowly tumbled, the drying 
cycle Started when the heater, condenser, and air blower 
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were turned on for a drying period from approximately 30 to 
120 minutes depending on the wash cycle and whether or not 
water was present. AS the cleaning Solvent was condensed, 
it was drained to the gray holding tank. 
0065 While the clothes were drying, solvent was regen 
erated for the next wash. Solvent exited the wash drum 
passing first through a lint filter to remove lint and large 
particulates, followed by a particulate filter to remove 
Smaller insoluble impurities. The Solvent was next pumped 
through the water Separator where the aqueous phase was 
Separated and disposed of, followed by the clay/carbon 
adsorption filter to remove Small amounts of residual water 
and soluble dirt. As the purified solvent exited the adsorption 
cartridge, it passed through the UV detector to detect the 
level of impurities in the solvent. It is contemplated that 
when the level of impurities is sufficiently high, then the 
detector will emit a signal, e.g. an indicator light will turn on 
indicating the time to replace the adsorption cartridge. The 
purified solvent exited the UV detector and was returned to 
the clean tank where it remained until a next wash. 

Example 1-Data and Results 
0.066. In this first example, a series of 48 washes were run 
and D5 solvent samples were drawn from each wash before 
and after Solvent purification. Samples were analyzed off 
line to determine contaminant concentrations. In example 2 
below, an on-line UV cell was used to obtain on-line 
information, as would be likely used by a consumer. 
0067 Table 2 includes wash load and contaminant con 
centration data. Also listed in the table are data for moisture 
in the clothes and lint quantities. At the bottom of the table 
are the column totals and averages. The first column in Table 
2 is wash number, a total of 48 loads of laundry were washed 
in this test series. Load size ranged between 4.86 and 9.58 
lbs and the average load weight was 7.3 lbs. 

Redep 
Wash No Swatch Wt, Ibs 

1. 4.96 
2 1. 8.52 
3 2 9.58 
4 3 7.78 
5 4 6.95 
6 5 6.18 
7 6 5.71 
8 7 6.85 
9 7.95 
1O 6.58 
11 8 7.00 
12 9 6.03 
13 1O 8.50 
14 6.87 
15 5.37 
16 7.46 
17 11,12,13 8.37 
18 14 7.89 
19 15 7.57 
2O 16 9.47 
21 17 7.16 
22 18 7.62 
23 19 7.87 
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0068 Various contaminant concentrations are listed in 
Table 2. Contaminant feed concentration is the amount of 
contaminant determined in the cleaning fluid after each wash 
and contaminant product concentration is the amount mea 
Sured after the Solvent was processed through the adsorption 
column. "Soil/load additional' is the amount of contaminant 
added to the solvent from that individual wash and "Soil/load 
cleaned” is that amount cleaned or the difference between 
the amount fed and the amount in the product. The feed and 
product contaminant concentrations, i.e. before and after 
adsorption processing, are plotted in FIG. 21. Samples 
analyzed by UV-Vis spectroscopy (e.g., 223 nm), show a 
monotonic increase and correlate to the amount of contami 
nant present. This is the basis for the on-line contaminant 
detection device to determine when to change the absorption 
media. After approximately 43 loads the column required 
replacing. This is evident in FIG. 21 where concentrations 
of contaminant in the feed and product Streams converge 
approximately at load 43 indicating that contaminant is no 
longer adsorbed. This occurred at a contaminant concentra 
tion of approximately 1400 ppm. Accordingly, in one exem 
plary embodiment, the UV absorbance corresponding to 
approximately 1400 ppm of contaminant might be the upper 
limit of contaminant and a light or any other Suitable 
indication would come on indicating to the consumer to 
replace the adsorption filter. 
0069. The second column in Table 2 lists the redeposition 
Swatches. A clean white Swatch added to most of the loads 
of laundry and was analyzed by light reflectance to deter 
mine contaminant redeposition. The Swatches were base 
lined for whiteneSS prior to Washing. All the Swatches were 
Submitted for analysis after washing to determine the effect 
of contaminant redeposition on the whiteness of Swatches. 
Results showed that the whiteness rating decrease by leSS 
than about 5% during the trial which is excellent by industry 
Standards. 

TABLE 2 

Wash and Soil Data 

Soil?load Soilfload 
Soi Soil Additional Cleaned Moisture in 

Feed, ppm Prod, ppm ppm ppm Clothes, wt % Lint, gm 

624 O 624 624 
354 O 354 354 
62 O 162 162 

570 O 570 570 
236 O 236 236 
494 7 494 487 
344 86 337 258 
876 62 791 814 
44 8 42O 433 
534 96 526 4.38 
419 128 324 291 
544 171 416 373 
404 124 233 28O 
353 132 242 221 
386 90 254 295 
3OO 136 250 163 
464 124 327 339 
883 299 759 584 
638 304 519 334 
63 404 327 227 
768 4O7 364 361 
805 38O 398 425 
789 469 409 32O O.26 
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TABLE 2-continued 

Wash and Soil Data 

Redep Soil Soil Additional 
Wash No Swatch Wt, Ibs Feed, ppm Prod, ppm ppm 

24 7.52 976 397 598 
25 2O 7.24 796 430 399 
26 21 7.59 343 666 913 
27 22 7.27 330 897 663 
28 23 6.60 346 998 449 
29 4.86 193 907 195 
3O 24 7.04 O37 900 130 
31 25 7.87 154 O34 254 
32 26 6.95 291 939 257 
33 27 7.00 229 O3O 289 
34 28 6.63 245 923 397 
35 29 7.96 388 173 465 
36 3O 7.74 495 307 322 
37 31 7.56 356 969 49 
38 32 7.32 3OO 121 332 
39 33 7.29 32O 183 198 
40 34 9.O2 356 173 172 
41 35 7.37 408 258 234 
42 36 7.35 557 154 299 
43 37 7.55 398 258 260 
44 38 6.50 521 430 263 
45 39 6.83 408 443 -23 
46 40 7.40 404 362 -39 
47 41 6.62 411 398 49 
48 42 6.93 593 528 195 

Breakthrough 
totals 

43 314 3.7537 23149 16209 
Breakthrough 
Averages 

1. 7.3 873 538 377 

Example 2-Data and R Sults 

0070. In Example 2 the data corresponds to an on-line 
detector affixed to the dry cleaning appliance to obtain 
feedback information essentially in real time with respect to 
the Solvent purity and adsorption efficiency. A UV Source, 
detector, and flow-through cell with suitable fiber optic 
connectors, e.g., commercially available from Ocean Optics, 
was purchased and installed on a washer prototype. Refer 
ence Standard Samples were made up as described above, 
and were injected into the flow cell. UV data was scanned 
and recorded as shown in FIG. 22. A relatively small 
absorption media (e.g., about 400gms carbon) was used for 
this experiment. Washes were performed as described in 
example 1 above. After each wash, a Stream of purified 
solvent was directed to the flow cell and the resulting UV 
spectrum was recorded. FIG. 23 shows the spectra for 
washes 1, 5, 9, and 15. After wash 15 the effluent solvent 
comprised approximately 1000 ppm of contaminants, a 
maximum level of acceptable Soil chosen for this experiment 
and the carbon cartridge was replaced. It is contemplated 
that in a production appliance an indicator light may be 
wired to the detector to be turned on at a predetermined 
absorbance corresponding to a contaminant level that would 
indicate time for cartridge or adsorption media replacement. 

0071. As will be appreciated by those skilled in the art, 
there are a number of possible configurations for the adsorp 
tion cartridges and the placement of one or more detectors. 
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Soilfload 
Cleaned Moisture in 
ppm Clothes, wt % Lint, gm 

58O 1.75 
366 O.21 
676 2.3 2.07 
432 2.5 
348 2.2 5.19 
286 3.2 2.83 
37 6.54 
2O 2.6 1.26 

351 1.8 O.22 
98 2 1.9 
322 2.2 6.52 
215 1.4 2.81 
89 1.6 1.74 
387 1.39 
79 2.5 1.34 
37 
82 
50 
403 
40 
91 

-36 
42 
13 
65 

14388 24 36 

335 2.2 2.4 

Multiple adsorption cartridges may be possible, placed in 
Series or in parallel, and one or more detectors may be used 
for the purpose of monitoring Solvent contamination. By 
way of example, one design, as described in Examples 1 and 
2 above, is to just employ one detector after a single 
cartridge. A Second arrangement, shown in FIG. 24, con 
templates use of two cartridges, Such as cartridges 702 and 
704, with the detector 601 placed between them. In this 
fashion when the upstream cartridge (e.g., cartridge 702) 
becomes Saturated, as indicated by detector 601, this car 
tridge is replaced and the Second cartridge (e.g., cartridge 
704) is swapped to be first in the series circuit. A new 
cartridge 706 would then be placed to be the second car 
tridge in the Series circuit. This exemplary design may allow 
for full saturation of the first cartridge while still catching 
contaminant in the Second cartridge that may bypasses the 
first cartridge. 
0072 The storage tank 35 of FIG. 2 in the clean fluid 
device 8 stores the solvent based cleaning fluid 30 received 
from the fluid regeneration device 7. The clean fluid device 
8 further comprises a pump 25 that is coupled to the Storage 
tank 35. The pump 25 is coupled to the cleaning basket 
assembly 2 via an inlet line 26. In one embodiment of the 
present invention, the pump 25 is also typically coupled to 
the air management mechanism 1 via cooling coil wash 
down tubing 160. In another embodiment of the present 
invention, the clean fluid device 8 further comprises a Spray 
nozzle 67 that is typically disposed in the cooling coil wash 
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down tubing 160 to control the flow of the solvent based 
cleaning fluid 30 to the air management mechanism 1. AS 
used herein, the term, "spray nozzle” is defined to be a 
nozzle, an orifice, a Spray valve, a pressure reducing tubing 
Section, and any combination thereof. In one embodiment of 
the present invention, the Spray nozzle 67 is coupled to the 
controller 5 as is shown in FIG. 7 when the spray nozzle 67 
is a spray valve. 

0073. The air management mechanism 1 of FIG. 5 com 
prises a cooling coil 65, a heater 55, and a fan 50. The air 
management mechanism 1 is coupled to the cleaning basket 
assembly 2 by Suction ventilation ducting 51 and discharge 
ventilation ducting 52. The fan 50 is disposed to provide 
airflow 53 through the cooling coil 65, the heater 55, the 
discharge ventilation ducting 52, the cleaning basket assem 
bly 2, and the Suction ventilation ducting 51. A temperature 
sensor 57 is also typically disposed in the airflow 53. The 
temperature Sensor 57 is typically disposed in the Suction 
ventilation ducting 51, the discharge ventilation ducting 52, 
the cleaning basket assembly 2, and any combination 
thereof. 

0.074 The cooling coil 65 is configured to have a cooling 
medium disposed to flow acroSS one side of a heat transfer 
surface of the cooling coil 65, while the airflow 53 passes 
acroSS the opposite Side of the heat transfer Surface of the 
cooling coil 65. The heat transfer surface of the cooling coil 
65 separates the cooling medium and the airflow 53. The 
inlet temperature of the cooling medium utilized is typically 
cooler that the temperature of the airflow 53 in order to 
condense vapors in the airflow 53. As used herein, the term, 
“cooling medium' is defined, for illustrative purposes and 
without limitation, as being Selected from water, refriger 
ants, air, other gasses, ethylene glycol/water mixtures, pro 
pylene glycol/water mixtures and any combination thereof. 
The drain tray 73 is disposed under the cooling coil 65 and 
is coupled to the working tank 45 as described above. 

0075. In one embodiment of the present invention, the air 
management mechanism 1 typically further comprises an air 
intake 156 and an air exhaust 157. The air intake 156 and air 
exhaust 157 are disposed to provide air exchange between 
the airflow 53 and the air that is outside of the air manage 
ment mechanism 1 to promote the drying of articles that 
have been subjected to the water cleaning process 600 of 
FIG. 14. The air intake 156 and air exhaust 157 are disposed 
in a similar configuration to that of a conventional dryer. In 
one embodiment of the present invention, the air intake 156 
of FIG. 5 is disposed in the ventilation path between the 
heater 55 and the fan 50, while the air exhaust 157 is 
disposed between the cooling coil 65 and the cleaning basket 
assembly 2. The locations of the air intake 156 and air 
exhaust 157 are provided for illustration and in no way 
imply a restriction to the present invention. 

0.076 A solvent sensor 59 may quantifiably detect the 
presence of the solvent based cleaning fluid 30 in the airflow 
53 that circulates between the cleaning basket assembly 2 
and the air management mechanism 1. For example, the 
solvent sensor 59 may be used to determine whether a 
Solvent vapor pressure level or a Solvent concentration 
reaches a predetermined level that indicates that the airflow 
53 is no longer entraining Specified amounts of the Solvent 
based cleaning fluid 30 of FIG. 2. The solvent sensor 59 of 
FIG.6 may be disposed in the discharge ventilation ducting 
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52. In another embodiment of the present invention, the 
solvent sensor 59 may be disposed in the Suction ventilation 
ducting 51, the discharge ventilation ducting 52, the clean 
ing basket assembly 2, and any combination thereof. 
Examples of Sensor types that may be used for Solvent 
Sensor 59 may include spectroscopic Sensors, piezo-based 
Sensors with Specific coatings, Strain-gauge based Sensors 
including an appropriate coating; and capacitive Sensors. 

0077. The cooling coil 65 of FIG. 6 further comprises a 
cooling coil air inlet 66. In one embodiment of the present 
invention, one end of the cooling coil wash down tubing 160 
is aimed at the cooling coil air inlet 66 of FIG. 6. The spray 
nozzle 67 and the pump 25 flushes away lint and debris that 
accumulates on the Surface of the cooling coil air inlet 66 of 
FIG. 6 to maintain airflow 53 (i.e. decrease the pressure 
drop across the cooling coil 65) through the air management 
mechanism 1 and the cleaning basket assembly 2. In one 
embodiment of the present invention, Spraying the Solvent 
based cleaning fluid 30 of FIG. 2 at the cooling inlet 66 of 
FIG. 6 provides additional cooling and condensation of 
vapor in the airflow 53. 

0078. As shown in FIG. 6, in another embodiment of the 
present invention, the air management mechanism 1 further 
comprises a compressor 75, high-pressure tubing 80, low 
pressure tubing 85 and pressure reducing tubing 90 are 
disposed in a vapor compression cycle. AS used herein, the 
term, “high-pressure tubing” is used to indicate that the 
high-pressure tubing is designed to contain a refrigerant 95 
at a higher pressure than the "low-pressure tubing”. The use 
of the terms “high-pressure tubing” and “low-pressure tub 
ing” are used to express a relative pressure differential acroSS 
the compressor 75. AS used herein, the term, “preSSure 
reducing tubing” is defined to indicate that the “preSSure 
reducing tubing comprises a flow restriction that is Suffi 
cient to provide the relative preSSure differential at a junction 
between the “high-pressure tubing” and the “low-pressure 
tubing”. The high-pressure tubing 80 of FIG. 6 is disposed 
from the compressor 75 to the heater 55. The pressure 
reducing tubing 90 is disposed between the heater 55 and the 
cooling coil 65. The low-pressure tubing 85 is disposed from 
the compressor 75 to the cooling coil 65. The refrigerant 95 
is disposed to flow between the compressor 75, heater 55, 
and cooling coil 65. 
0079 The vapor compression cycle attains a higher coef 
ficient of performance (COP) for solvent wash/dry process 
500 of FIG. 13. The vapor compression cycle operating in 
a heat pump configuration reduces energy requirements for 
the solvent cleaning process 375 of FIG. 11. Energy is 
conserved as the refrigerant 95 of FIG. 6 passing through 
the cooling coil 65 absorbs heat from the airflow 53 and then 
the refrigerant 95 rejects the heat back into the airflow 53 by 
passing through the heater 55. In one embodiment of the 
present invention, the refrigerant 95 is fluorocarbon R-22; 
however, other refrigerants known to one skilled in the 
refrigerant art would be acceptable. The heater 55 functions 
as a condenser (warming the air flow 53 through the heater 
55), while the cooling coil 65 functions as an evaporator 
(cooling the air flow 53 through the cooling coil 65 and 
condensing any vapor). 

0080. In another embodiment of the present invention, 
the air management mechanism 1 further comprises an 
auxiliary heater 158 of FIG. 6. The fan 50 is further disposed 



US 2004/011 7920 A1 

to provide airflow 53 through the auxiliary heater 158. 
Typically, the auxiliary heater 158, used in conjunction with 
the heater 55, provides a higher temperature in the airflow 53 
that enters the cleaning basket assembly 2. The auxiliary 
heater 158 is disposed in the discharge ventilation ducting 
52. In another embodiment of present invention, the auxil 
iary heater 158 is disposed in the Suction discharge venti 
lation ducting 53. Raising the air temperature of the airflow 
53 typically decreases the drying time for the articles in the 
humidity sensing process 400 of FIG. 12 and the solvent 
wash/dry process 500 of FIG. 13. 
0081. The inputs to the controller 5 of FIG. 7 are 
typically Selected from the group consisting of the door lock 
sensor 18, the temperature sensor 57, the solvent sensor 59, 
the optical sensor 140, the conductivity sensor 151, the 
basket conductivity cell 170, the basket level detector 172, 
the basket humidity sensor 173, the operator interface 190, 
the acceSS door lock Sensor 248, the Solvent contaminant 
detection device 601 and any combination thereof. The 
outputs of the controller 5 are typically selected from the 
group consisting of the motor 3, the door lock 19, the pump 
25, the fluid heater 27, the check valve 40, the fan 50, the 
heater 55, the spray nozzle 67, the compressor 75, the 
regeneration pump 115, the water Separator 152, the waste 
water drain valve 155, the auxiliary heater 158, the mixing 
valve 185, the display panel 200, the access door lock 246, 
the water drain valve 260, and any combination thereof. 
0082 The controller 5 is further configured to perform a 
Solvent based cleaning fluid recirculation process. In the 
Solvent based cleaning fluid recirculation process, the Sol 
vent based cleaning fluid 30 passes through the fluid pro 
cessing mechanism 4 and cleaning basket assembly 2 as 
discussed above for a predetermined amount of time. The 
Solvent based cleaning fluid recirculation proceSS is per 
formed when the article cleaning apparatus 1000 is not 
engaged in either the cleaning process 350 of FIG. 11 or the 
drying proceSS 360. In the case where the operator Selects 
either the cleaning process 350 or the drying process 360 
during the Solvent based cleaning fluid recirculation process, 
the controller 5 recovers the article cleaning apparatus 1000 
using a cycle interruption recovery process 800 of FIG. 16, 
which will be subsequently described in detail. As used 
herein, the term, “recovers the article cleaning apparatus,’ 
relates to placing the article cleaning apparatus 1000 in a 
condition to perform either the cleaning process 350 or the 
drying process 360. 
0083) The cleaning basket assembly 2 of FIG. 8 depicts 
one embodiment of the present invention where a cleaning 
basket Support Structure 12 Supports the rotating basket 14 
through a door end bearing 22 and a motor end bearing 21. 
The motor 3 is disposed to the rotating basket 14 at the 
opposite end of the rotating basket where a basket door 15 
is disposed. The cleaning basket assembly 2 further com 
prises a gasket 16, a door lock Sensor 18, and a door lock 19. 
The basket Support Structure 12 further comprises a liquid 
drain connection to the drain conduit 70 and a solvent based 
cleaning fluid Supply connection to the inlet tubing 26. The 
basket Support Structure 12 further comprises a connection 
to the discharge ventilation ducting 52 and a connection to 
the Suction ventilation ducting 51. A lint filter 60 is typically 
Situated in the Suction ventilation ducting 51. The cleaning 
basket assembly 2 of FIG. 8 further comprises a basket 
humidity sensor 173 that has the capability to determine the 
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humidity level in the rotating basket 14. In one embodiment 
of the present invention, the basket humidity sensor 173 is 
disposed inside the basket Support Structure 12 adjacent the 
rotating basket 14. 
0084. The air management mechanism 1 of FIG. 1, the 
cleaning basket assembly 2, fluid processing mechanism 4, 
and the controller 5 are disposed inside an enclosure 230 of 
FIG. 9, where only the cleaning basket assembly 2 is 
depicted in the cut away view of the enclosure 230. Addi 
tionally, the controller 5 of FIG. 7 is configured to receive 
input controls from the operator from an operator interface 
190 of FIG. 9 and configured to provide a cleaning status at 
the display panel 200. The enclosure 230 further comprises 
an enclosure floor 250 that is substantially perpendicular to 
an enclosure rear wall 240. The rotating basket 14 has a 
longitudinal axis 220 that is about parallel to the enclosure 
floor 250. As used herein, the term, “about parallel' is 
defined to include a range from about -3 degrees to about +3 
degrees from parallel. The enclosure 230 further comprises 
an enclosure front wall 242 that is on the side of the 
enclosure where the basket door 15 is disposed. In one 
embodiment of the present invention, the operator interface 
190 and the display panel 200 are disposed on the enclosure 
front wall 242. The location of the operator interface 190 and 
the display panel 200 is provided by way of illustration and 
is not intended to imply a limitation to the present invention. 
In one embodiment of the present invention, the enclosure 
floor 250 is configured to act as a containment pan to collect 
leakage of the Solvent based cleaning fluid 30. In another 
embodiment of the present invention, the enclosure 230 is 
configured to act as the containment pan to collect leakage 
of the solvent based cleaning fluid 30. 
0085. In one embodiment of the present invention, the 
enclosure 230 has an overall volumetric shape of about 0.7 
meters in width, by about 0.9 meters in depth, by about 1.4 
meters in height. This Volumetric shape represents the 
typical Space available in an in-home laundry Setting. 
0086 The regeneration cartridge 141 of FIG. 2 is typi 
cally the one item in the fluid processing mechanism 4 
requiring periodic replacement. In one embodiment of the 
present invention, the enclosure front wall 242 of FIG. 9 
comprises an access door 244, an access door lock 246, and 
an access door lock Sensor 248. The location of the access 
door 244, access door lock 246 and the access door lock 
sensor 248 is provided by way of illustration and is not 
intended to imply a limitation to the present invention. The 
access door lock 246 and access door lock Sensor 248 are 
coupled to the controller 5 of FIG. 7. The controller logic in 
the controller 5 keeps the access door lock 246 locked during 
the cleaning process 350 of FIG. 11, the drying process 360, 
and the Solvent based cleaning fluid recirculation process. 
The controller logic only permits replacing the regeneration 
cartridge 141 of FIG. 2 when the article cleaning apparatus 
1000 is not operating any of the following: the cleaning 
process 350 of FIG. 11, the drying process 360 and the 
Solvent based cleaning fluid recirculation process. When the 
controller logic verifies that any of the following: the 
cleaning process 350 of FIG. 11, the drying process 360, and 
the Solvent based cleaning fluid recirculation proceSS are not 
in progress, then the controller 5 of FIG. 7 unlocks the 
access door lock 246 in response to an operator request Via 
the operator interface 190 to replace the regeneration car 
tridge 141. If an operator requests to replace the regeneration 
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cartridge 141 and the article cleaning apparatus 1000 is 
operating any process, the operator is notified that the 
replacement of the regeneration cartridge 141 is not permit 
ted via a notification message displayed on the display panel 
200. By not permitting the cleaning process 350 of FIG. 11, 
the drying process 360, and the solvent based cleaning fluid 
recirculation process to be performed by the article cleaning 
apparatus 1000 of FIG. 2 during the regeneration cartridge 
141 replacement, the operator is afforded protection from an 
inadvertent exposure to the solvent based cleaning fluid 30. 
Additionally, the controller logic does not allow the article 
cleaning apparatus 1000 to initiate any process until the 
access door lock sensor 248 of FIG. 9 verifies that the access 
door 244 is shut and the access door lock 246 is locked. The 
access door lock Sensor 248 is additionally configured to 
detect that the regeneration cartridge 141 of FIG. 2 is 
properly installed before indicating that the access door 244 
of FIG. 9 is properly closed and that the access door lock 
246 is properly locked. 

0.087 Additionally, in one embodiment of the present 
invention, the regeneration cartridge 141 of FIG. 2 further 
comprises a leak proof double inlet valves assembly 101 and 
a leak proof double outlet valves assembly 106 to minimize 
the operator's contact with the Solvent based cleaning fluid 
30. In another embodiment of the present invention, the 
regeneration cartridge 141 (not shown in FIG. 2) further 
comprises a leak proof single inlet valve assembly 100 and 
a leak proof single outlet valve assembly 105 to minimize 
the operator's contact with the solvent based cleaning fluid 
30. As used herein, the term, “leak proof” is defined to mean 
that there is no leakage of the solvent based cleaning fluid 30 
beyond about 1 ml evident at 1) either end of the regenera 
tion cartridge 141 after removal and 2) the connection points 
where the regeneration cartridge 141 installs into the fluid 
regeneration device 7. 

0088. The controller logic in the controller 5 of FIG. 7 is 
designed to keep the basket door lock 19 locked shut while 
performing any of the following: the cleaning process 350, 
the drying process 360, and the solvent based cleaning fluid 
recirculation process. This limits the operator's ability to 
expose oneself to the solvent based cleaning fluid 30 during 
any of the following: the cleaning process 350, the drying 
process 360, and the solvent based cleaning fluid recircula 
tion process thereby reducing the number of opportunities 
that the operator is exposed to the Solvent based cleaning 
fluid 30. 

0089. In one embodiment of the present invention, the 
clean fluid device 8 of FIG. 2 further comprises a fluid 
heater 27 disposed between the pump 25 and the cleaning 
basket assembly 2 in the inlet line 26. The fluid heater 27 is 
coupled to the controller 5 of FIG. 7. The fluid heater 27 has 
the ability to increase the temperature of the solvent based 
cleaning fluid 30. The elevated temperature of the solvent 
based cleaning fluid 30 has the effect of improving the soil 
removal cleaning performance for Some types of article and 
Soiling combinations. 

0090. In another embodiment of the present invention the 
article cleaning apparatus 1000 of FIG. 1 is further config 
ured to add a small quantity of water (in the range from 
about 1 percent to about 8 percent of the total weight of the 
Solvent based cleaning fluid 30) and other cleaning agents to 
the rotating basket 14 to mix with the Solvent based cleaning 
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fluid 30 entering the cleaning basket assembly 2 through the 
inlet line 26. In one embodiment of the present invention, the 
cleaning basket assembly 2 of FIG. 8 further comprises a 
hot water inlet 175 and a cold-water inlet 180, both of which 
are coupled to a mixing valve 185. Abasket conductivity cell 
170 and a basket level detector 172 are disposed in the 
cleaning basket assembly 2, Such that the basket conductiv 
ity cell 170 determines the conductivity of the fluid in the 
rotating basket 14 and the basket level detector 172 deter 
mines the level of the water based cleaning fluid 31 or the 
solvent based cleaning fluid 30 in the rotating basket 14. In 
one embodiment of the present invention, a dispenser 300 is 
disposed off a line that couples the mixing valve 185 to the 
basket Support Structure 12. Additionally, the operator adds 
the cleaning agents to the dispenser 300 and the Subsequent 
action of the water running through the line coupling the 
mixing valve 185 to the basket Support structure 12 entrains 
the cleaning agents that are disposed in the dispenser 300 
into the water entering the rotating basket 14. 

0091. In one embodiment of the present invention, the 
article cleaning apparatus 1000 of FIG. 1 is further config 
ured to perform the water cleaning process 600 of FIG. 14 
utilizing a water based cleaning fluid 31. In addition to the 
above-discussed components associated with monitoring 
and adding water to the rotating basket 14, a water drain line 
270 connects to the drain conduit 70 upstream of the check 
valve 40. The water drain line 270 also connects to the 
Suction side of the regeneration pump 115. A water drain 
valve 260 is disposed in the water drain line 270. The 
method of adding cleaning agents to the water in the rotating 
basket 14 is the same as discussed above. 

0092 A plot of retained moisture content as a percentage 
of an article's weight versus the relative humidity is pro 
vided in FIG. 10 for a variety of materials that are com 
monly used to comprise articles. AS the fluid processing 
mechanism 4 of FIG. 2 contains a finite quantity of water 
removal capability, the controller 5 of FIG. 7 is configured 
to reduce the amount of water admitted to the fluid proceSS 
ing mechanism 4 of FIG. 2. The reduction of the retained 
moisture content is accomplished in a humidity Sensing 
process 400 of FIG. 11 that is part of the solvent cleaning 
process 375. 

0093. By way of example, a chemical-specific sensor, 
such as solvent sensor 59, may be configured to monitor 
amounts of the Volatile Solvent fluid, and may be coupled to 
the controller to control a drying cycle for extracting a 
desired level of moisture from the articles. A memory device 
or look-up table may comprise means for relating a fixed or 
time dependent Voltage level in the output signal from the 
chemical Specific Sensor to moisture content in the article 
being cleansed/dried. A comparator module may allow for 
estimating additional time that may be needed to reach a 
desired level of moisture based on a present reading from the 
Solvent Sensor, or may allow for terminating the drying 
cycle, once a desired level of dryneSS has been reached. 

0094. In one embodiment of the present invention, a 
process selection 310 of FIG. 11 occurs at the operator 
interface 190 and provides inputs to the controller 5 of FIG. 
7. The operator selects between the cleaning process 350 of 
FIG. 11 and a drying process 360. This drying process 360 
refers to the drying of articles after completing the water 
based cleaning process 600 of FIG. 14. When the operator 
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selects the cleaning process 350 of FIG. 11, the operator 
then further chooses between performing either the solvent 
cleaning process 375 or the water cleaning process 600. In 
the present invention, the solvent cleaning process 375 of 
FIG. 11 is defined to include performing the humidity 
sensing process 400 and the subsequent solvent wash/dry 
process 500. Conversely, when the operator selects the 
drying process 360, a basket drying process 700 is per 
formed. In one embodiment of the present invention, the 
operator has the option to Select an additional Solvent wash 
process as part of the solvent wash/dry process 500. The 
additional Solvent wash proceSS is typically used in con 
junction with utilizing the solvent based cleaning fluid 30 
that comprises cleaning agents. The additional Solvent wash 
proceSS typically improves the removal of the cleaning 
agents from the articles that remain after initially completing 
step 540 as detailed below. In another embodiment of the 
present invention, the operator has the option to Select an 
additional rinse proceSS as part of the water cleaning proceSS 
600. In another embodiment of the present invention, when 
the operator Selects the drying process 360 the operator is 
provided with a further option of selecting from either the 
basket drying process 700 or a timed basket drying process 
705. 

0.095 The start of the solvent based cleaning cycle 375 of 
FIG. 11 starts with the controller 5 of FIG. 7 sensing the 
humidity in the rotating basket 14 of FIG. 8 by initiating the 
humidity sensing process 400 of FIG. 12. The start 410 of 
the humidity Sensing proceSS 400 initially begins by veri 
fying that the door lock 19 is locked. A starting humidity in 
the rotating basket 14 of FIG. 8 is determined in the sensing 
humidity step 420 of FIG. 12 by the basket humidity sensor 
173. The controller 5 of FIG. 7 then tumbles the rotating 
basket 14 in step 430 of FIG. 12. The airflow 53 of FIG. 5 
is heated and passed through the air management mecha 
nism 1 and the cleaning basket assembly 2 while tumbling 
the rotating basket 14 for a predetermined pre-drying time in 
step 440 of FIG. 12. The moisture in the rotating basket 14 
becomes vapor. The airflow 53 containing the vapor comes 
out of the rotating basket 14 through the holes 17 of FIG. 8 
and then passes through the lint filter 60. The airflow 53 of 
FIG. 5 subsequently passes over the cooling coil 65 where 
the vapor condenses to form condensate. The rotating basket 
14 is tumbled and the airflow 53 entering the cleaning basket 
assembly 2 is heated for the predetermined amount of time. 
The controller 5 of FIG. 7 then determines a finishing 
humidity in the rotating basket 14 of FIG.8. If the controller 
5 of FIG. 7 determines that the finishing humidity is too 
high, then the controller 5 of FIG. 7 sends a warning in step 
470 of FIG. 12 to the operator at the display panel 200 
indicating that it may take longer to complete the Solvent 
cleaning process 375 and a longer humidity Sensing proceSS 
400 is initiated. 

0096. After completing the humidity sensing process 
400, the solvent wash/dry process 500 of FIG. 13 is typi 
cally executed. The following typical Solvent wash/dry 
process 500 of FIG. 13 is utilized in one embodiment of the 
present invention. The following steps of the solvent wash/ 
dry process 500 are provided for illustration and in no way 
implies any restriction to the present invention. The initial 
conditions at the start step 510 include reverifying that the 
door lock 19 of FIG. 8 is locked. The solvent based cleaning 
fluid 30 of FIG. 2 is added to the rotating basket 14 of FIG. 
8 as depicted in step 520 of FIG. 13 and as described in 
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detail above. The rotating basket 14 of FIG. 8 is then 
tumbled as shown in step 530 of FIG. 13. After tumbling for 
a predetermined amount of time, the controller 5 of FIG. 7 
opens the check valve 40, and the Solvent based cleaning 
fluid 30 of FIG. 2 starts to drain from the rotating basket 14 
of FIG. 8. Substantially all of the remaining portion of the 
solvent based cleaning fluid 30 of FIG. 2 is spin extracted 
by spinning the rotating basket 14 in step 540 of FIG. 13. 
The solvent based cleaning fluid 30 is drained to the working 
tank 45 and subsequently the controller 5 of FIG. 7 shuts the 
check valve 40 of FIG. 2. 

0097. Detection of solvent vapor in the rotating basket 14 
of FIG. 8 is determined in step 560 of FIG. 13. The 
controller 5 of FIG. 7 then tumbles the rotating basket 14 
and raises the temperature of the airflow 53 of FIG. 5 in step 
570 of FIG. 13. A substantial amount of the remaining 
portion of the solvent based cleaning fluid 30 and any liquid 
becomes vapor. The vapor flows from the rotating basket 14 
through the lint filter 60 and passes over the cooling coil 65. 
The vapor condenses on the cooling coil 65 to form a 
condensate. The post-drying Solvent vapor detection in the 
rotating basket 14 of FIG. 8 is determined in step 580 of 
FIG. 13. The process steps of 560 through 580FIG. 13 as 
detailed above are performed until the post-drying Solvent 
vapor in the rotating basket 14 of FIG. 8 reaches an 
acceptable level, at which point the controller 5 of FIG. 7 
unlocks the basket door 15 in step 590 of FIG.13. In another 
embodiment of the present invention, the operator Selects 
the additional solvent wash process. The additional solvent 
wash process comprises completing step 520, step 530, and 
step 540 occurs after completing step 540 and before per 
forming step 560, where the individual steps are as described 
above. In one embodiment of the present invention, the 
additional Solvent wash process enhances the cleaning per 
formance of especially Soiled articles. In another embodi 
ment of the present invention, the additional Solvent wash 
process enhances the removal of cleaning agents. The opera 
tor Selects the additional Solvent wash process at the opera 
tor interface 190. 

0098. In one embodiment of the present invention the 
rotating basket 14 of FIG. 8 has a typical load range between 
about 0.9 kg and about 6.8 kg. The rotating basket 14 has a 
rotating basket capacity with a typical range between about 
17 liters and about 133 liters, which is generally useful for 
performing laundering utilizing the Solvent based cleaning 
fluid 30 of FIG. 2. The ratio of liters of Solvent based 
cleaning fluid 30 per kg of articles in the laundry load is 
generally in a range from about 4.2 literS/kg to about 12.5 
literS/kg. The corresponding total capacity of the Solvent 
based cleaning fluid 30 per laundry load is generally in a 
range from about 3.8 liters (4.2 liters/kg times 0.9 kg) to 
about 85 liters (12.5 liters/kg times 6.8 kg), respectively. The 
total amount of solvent based cleaning fluid 30 in the article 
cleaning apparatus 1000 of FIG. 1 is from about 1.05 to 
about 2.0 times the amount of solvent based cleaning fluid 
30 of FIG. 2 required per load. The total amount of solvent 
based cleaning fluid 30 equates to a range from about 4 liters 
(3.8 liters times 1.05) to about 170 liters (85 liters times 2), 
which corresponds to a typical ratio of the capacity of the 
solvent based cleaning fluid 30 to laundry load ranges from 
about 4.4 liters/kg (4 liters/0.9 kg) to about 25 liters/kg (170 
literS/6.8 kg), respectively. 
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0099. In another embodiment, the typical amount of 
articles in a laundry load range from about 2.7 kg to about 
5.4 kg. The corresponding total capacity of the Solvent based 
cleaning fluid 30 per laundry load is generally in a range 
from about 11.3 liters (4.2 liters/kg times 2.7 kg) to about 
67.5 liters (12.5 liters/kg times 5.4 kg). The total amount of 
solvent based cleaning fluid 30 in the article cleaning 
apparatus 1000 of FIG. 1 is from about 1.05 to about 2.0 
times the amount of solvent based cleaning fluid 30 of FIG. 
2 required per load. The total amount of Solvent based 
cleaning fluid 30 equates to a range from about 11.9 liters 
(11.3 liters times 1.05) to about 135 liters (67.5 liters times 
2). 
0100. In another embodiment, the ratio of liters of solvent 
based cleaning fluid 30 of FIG. 2 to kg of articles is from 
about 6.7 liters/kg to about 8.3 liters/kg. When the load 
capacity is in a range from about 0.9 kg to about 6.8 kg, the 
corresponding total capacity of the Solvent based cleaning 
fluid 30 per laundry load is generally in a range from about 
6.0 liters (6.7 liters/kg times 0.9 kg) to about 56.4 liters (8.3 
liters/kg times 6.8 kg), respectively. When the load capacity 
is in a range from about 2.7 kg to about 5.4 kg, the 
corresponding total capacity of the Solvent based cleaning 
fluid 30 per laundry load is generally in a range from about 
18.1 liters (6.7 liters/kg times 2.7 kg) to about 44.8 liters (8.3 
liters/kg times 5.4 kg), respectively. The total amount of 
solvent based cleaning fluid 30 in the article cleaning 
apparatus 1000 of FIG. 1 is from about 1.05 to about 2.0 
times the amount of solvent based cleaning fluid 30 of FIG. 
2 required per load. The total amount of Solvent based 
cleaning fluid 30 equates to a range from about 6.3 liters (6.0 
liters times 1.05) to about 112.8 liters (56.4 liters times 2). 
0101. In order to reduce the total capacity of the solvent 
based cleaning fluid 30 in the article cleaning apparatus 
1000 of FIG. 1, the cleaning fluid processing is performed 
on-line and the processing is Synchronized with the Solvent 
wash/dry process 500 of FIG. 13. Processing the solvent 
based cleaning fluid 30 of FIG. 2 on-line typically provides 
sufficient solvent based cleaning fluid 30 in the storage tank 
35 to perform a subsequent solvent cleaning process 350 of 
FIG. 11 after completing the previous solvent cleaning 
process 350. The storage tank 35 of FIG. 2 typically has a 
sufficient capacity of the solvent based cleaning fluid 30 to 
make up for any solvent based cleaning fluid 30 that is held 
up in the fluid regeneration device 7, in the working fluid 
device 6, and retention in the “dried” articles. The regen 
eration cartridge 141 is capable of replenishing the amount 
of solvent based cleaning fluid 30 that is retained in the 
“dried” articles. In one embodiment of the present invention, 
the typical Solvent capacity of the Storage tank 35 is from 
about 10.4 liters/kg to about 12.5 liters/kg when the load 
capacity ranges from about 2.7 kg to about 5.4 kg. The 
Storage tank 35 has a corresponding typical range from 
about 28.1 liters to about 67.5 liters. Therefore, the storage 
tank 35 of the present invention typically needs only about 
36% (67.5 liter/190 liter) of the capacity of the about 190 
liter Storage tank found in typical commercial chemical fluid 
dry cleaning machines. In one embodiment of the present 
invention, the typical Solvent capacity of the Storage tank 35 
is from about 10.4 liters/kg to about 12.5 liters/kg when the 
load capacity ranges from about 0.9 kg to about 6.8 kg. The 
Storage tank 35 has a corresponding typical range from 
about 9.4 liters to about 85 liters. Therefore, the storage tank 
35 of the present invention typically needs only about 45% 
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(85 liter/190 liter) of the capacity of the about 190 liter 
Storage tank found in typical commercial chemical fluid dry 
cleaning machines. The above comparison of Storage tank 
capacity typical range from about 9.4 liters to about 85 liters 
for the present invention compares favorably to the range of 
the storage tank capacity of from about 190 liters to about 
1325 liters for typical commercial chemical fluid dry clean 
ing machines. 

0102) In another embodiment of the present invention, 
the solvent wash/dry process 500 adds water to the solvent 
based cleaning fluid 30 of FIG. 2 in the rotating basket 14, 
where the maximum amount of water added is in the range 
from about 1 percent to about 8 percent of the total weight 
of the solvent based cleaning fluid 30 that is in the rotating 
basket 14. Adding the water to the Solvent based cleaning 
fluid 30 that is in the rotating basket 14 is performed as 
described above. In another embodiment of the present 
invention, the solvent wash/dry process 500 adds water and 
cleaning agents to the Solvent based cleaning fluid 30 of 
FIG. 2 in the rotating basket 14, where the maximum 
amount of water added does not exceed a maximum of about 
8 percent of the total weight of the Solvent based cleaning 
fluid 30 that is in the rotating basket 14. Adding the water 
and the cleaning agents to the Solvent based cleaning fluid 30 
that is in the rotating basket 14 is performed as described 
above. 

01.03 Steps 560 of FIG. 13 through 580 in the solvent 
wash/dry process 500 require a typical range from about 15 
minutes to about 60 minutes for the typical laundry load, 
which ranges from about 0.9 kg of articles to about 6.8 kg 
of articles. The sensible heat required to dry the clothes, 
which is the principle Source of total electrical power the 
machine requires, is in a range between about 430 watts to 
about 6300 watts. As used herein, the term, “sensible heat' 
is defined to be the total amount of heat added by the 
combination of the heater 55 and auxiliary heater 158 (if 
installed). In another embodiment, the drying time is 
between about 20 and about 60 minutes with the typical 
laundry load range between about 2.7 kg of articles and 
about 5.4 kg of articles. In this case, the Sensible heat 
required to dry the clothes is in a range between about 1300 
watts and about 5200 watts. In each of these cases, the power 
is easily handled on a household circuit with a maximum 
Voltage of about 240V and a maximum amp rating of about 
30 amps. In Some embodiments, the article cleaning appa 
ratus 1000 of FIG. 1 is configured to run on about 220V 
service in an about 20-amp circuit, about 220V service in an 
about 30-amp circuit, and about 110V service and in a circuit 
having a amperage range from about 15 amps to about 20 
amps. All of these circuit types are typically available in 
homes for currently available cooking and drying appli 
ances, therefore, presenting no additional installation diffi 
culties. 

0104. The controller 5 of FIG. 7 controls the water 
cleaning process 600 of FIG. 14. The controller 5 of FIG. 
7 is configured to reduce the opportunity for introducing 
large amounts of water into the working tank 45 of FIG. 2 
as discussed herein. In the present invention, a fluid in the 
rotating basket 14 is defined to contain a "large amount of 
water” when the fluid comprises greater than about 10% 
water by weight. The water cleaning process 600 of FIG. 14 
is provided to illustrate a Series of StepS used in one 
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embodiment of the present invention and in no way implies 
any limitation to the water cleaning process 600 utilized in 
the present invention. 
0105 The water cleaning process 600 begins with the 
initial conditions of the cleaning agents loaded into the 
dispenser 300, and the door lock 19 engaged and the door 
lock sensor 18 verifying that the basket door 15 in the locked 
position at the start step 610 of FIG. 14. Water and cleaning 
agents are added to the rotating basket 14 to produce the 
water based cleaning fluid 31 of FIG. 9 in step 620. The 
water may be hot, cold or a mixture as detailed above. The 
rotating basket 14 is tumbled in step 630 of FIG. 14. 
Substantially all of the water based cleaning fluid 31 of FIG. 
9 is spin extracted by rotating from the rotating basket 14 of 
FIG. 2 in step 640 of FIG. 14. The controller 5 of FIG. 7 
opens the water drain valve 260 of FIG. 2 and operates the 
regeneration pump 115 as necessary to drain the rotating 
basket 14 during the spin step 640, when the basket con 
ductivity cell 170 of FIG. 8 detects that the water based 
cleaning fluid 31 of FIG. 9 in the rotating basket 14 
comprises greater than about 10% water by weight. The 
controller 5 of FIG. 7 closes the water drain valve 260 of 
FIG. 2 after removing the water based cleaning fluid 31 of 
FIG. 9 from the rotating basket 14 of FIG. 2 after com 
pleting the spin basket step 640. 

0106 Rinse water is then added to the rotating basket 14 
of FIG. 8 and the rotating basket 14 is tumbled in step 670 
of FIG. 14. The temperature of the rinse water is determined 
by the controller 5 of FIG. 7 in conjunction with the mixing 
valve 185 of FIG. 8. Substantially all of the remaining 
amount of rinse water is Spin extracted by Spinning the 
rotating basket 14 in step 680 of FIG. 14. The rinse water 
is removed as described above. The rotating basket 14 is 
tumbled in step 690 of FIG. 14. The basket door 15 of FIG. 
8 is then unlocked in step 695 of FIG. 14. 

0107. In another embodiment of the present invention, 
the operator Selects an additional rinse process. The addi 
tional rinse process reperforms step 670, step 680, and step 
690. The additional rinse process occurs after step 690 and 
before the basket door 15 is unlocked in step 695. The 
additional rinse process assists in removing the entrained 
cleaning agents that are not removed during steps 670, 680, 
and 690. The additional rinse process is especially useful 
when using soft water. As used herein, the term “soft water” 
is defined as comprising less than about 10 grains of 
hardness per about 3.8 liters of water. 
0108. In another embodiment of the present invention, 
the article cleaning apparatus 1000 of FIG. 1 is configured 
to perform the basket drying process 700 of FIG. 15. The 
basket drying process 700 of FIG. 15 is provided to illus 
trate the basket drying process 700 used in one embodiment 
of the present invention and in no way implies any limitation 
to the basket drying process 700 of the present invention. 
The basket drying process 700 begins with the initial con 
ditions of the basket door 15 locked, and the door lock 
sensor 18 verifying the basket door 15 locked at the start step 
710 of FIG. 15. The basket drying process. 700 initially 
begins by performing a Sensing humidity Step 720 to deter 
mine a start humidity, a tumble basket step 730 and heat 
airflow step 740 similar to that described above in steps 420, 
430, and 440, respectively. After tumbling and heating the 
airflow 53 for a predetermined post-water wash drying time, 

Jun. 24, 2004 

the controller 5 of FIG. 7 determines a final humidity in the 
rotating basket 14 of FIG. 8 in step 760. When the controller 
5 of FIG. 7 determines that the final humidity is too high, 
then the controller 5 initiates a longer drying Sequence in 
step 760 by re-performing steps 730 through 760. When the 
final humidity is acceptable, the controller 5 of FIG. 7 stops 
the basket drying process 700 of FIG. 15 in step 770, and 
unlocks the basket door 15 of FIG. 8 in step 780 of FIG. 15. 
0109. In another embodiment of the present invention, a 
timed basket drying process 705 of FIG. 11 is available to 
the operator at the operator interface 190. The timed basket 
drying process 705 comprises the Steps of Starting the drying 
cycle 710 of FIG. 15 by setting the predetermined amount 
of drying time, tumbling the rotating basket 14 in step 730, 
heating the airflow 53 in step 740, and stopping the timed 
basket drying process in step 770 when predetermined 
amount of drying time is accomplished. The controller 5 of 
FIG. 7 unlocks the basket door 15 of FIG. 8 in step 780 of 
FIG. 15. 

0110. It is important that a large amount of the water is 
not inadvertently directed to the working tank 45 of FIG. 2 
during the solvent wash/dry process 500 of FIG. 13 that 
adds water, in the range from about 1 percent to about 8 
percent, to the solvent based cleaning fluid 30 of FIG. 2 in 
the rotating basket 14 as discussed above. It is also important 
to reduce the possibility that the Solvent based cleaning fluid 
30 is not accidentally pumped out of the article cleaning 
apparatus 1000 of FIG. 1. If the solvent cleaning process 
375 of FIG. 11 or the water cleaning process 600 is 
interrupted by either the operator or a loSS of electrical 
power, the controller 5 of FIG. 7 utilizes a cycle interruption 
recovery process 800 of FIG. 16. The cycle interruption 
recovery process 800 operates a Series of logical Sequence 
options to control the Subsequent operation of the article 
cleaning apparatus 1000 of FIG. 1. The logical sequence 
options include completing the appropriate cleaning cycle, 
completing a fail-safe process, or informing the operator to 
call Service. 

0111. In one embodiment of the present invention, the 
cycle interruption recovery process 800 starts by verifying 
the locked status of door lock 19 of FIG. 8 via the door lock 
sensor 18 in step 810 of FIG. 16. If the door lock sensor 18 
of FIG. 8 is determined to be non-operational in the com 
ponent failure detected step 892 of FIG. 16, then a call 
Service message is generated in Step 894, which is then Sent 
to the display 200. Conversely, if the controller 5 of FIG. 7 
does verify that the door lock 19 of FIG. 8 is locked in step 
810 of FIG. 16, then the basket level detector 172 of FIG. 
8 determines if there is liquid in the rotating basket 14 in step 
820 of FIG. 16. If the controller 5 cannot tell if the basket 
level detector 172 is operational, then the component failure 
detected step 892 of FIG. 16 generates the call service 
message in step 894. If liquid is detected in step 820 of FIG. 
16 then the basket conductivity cell 170 of FIG. 8 deter 
mines whether the liquid is the Solvent based cleaning fluid 
30 or the water based cleaning fluid 31 in step 830 of FIG. 
16. Siloxane is non-conductive, therefore, the basket con 
ductivity cell 170 of FIG. 8 typically provides a conductiv 
ity measurement of the liquid in the article cleaning appa 
ratus 1000. If the controller 5 cannot tell if the basket 
conductivity cell 170 of FIG. 8 is operational, then the 
component failure detected step 892 of FIG. 16 generates a 
call service message in step 894. 
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0112) If the basket conductivity cell 170 of FIG.8 detects 
that the fluid in the rotating basket 14 comprises greater than 
about 10% water, then the fluid is defined to be the water 
based cleaning fluid 31. If the fluid in the rotating basket 14 
is defined to be the water based cleaning fluid 31, then a 
determination of where the interruption occurred in the 
water cleaning process 600 is performed in step 840. In step 
840, if the controller 5 of FIG.7 has a memory of where the 
water cleaning process interruption occurred, then the water 
cleaning process 600 resumes as depicted in step 860. If the 
controller 5 in step 840 of FIG. 16 cannot remember where 
the water cleaning process interruption occurred, then the 
water based cleaning fluid 31 is pumped out and the cleaning 
process 350 of FIG. 11 is reset in step 850 of FIG. 16. If the 
controller 5 in step 850 of FIG. 16 cannot tell if the 
components required to perform step 850 are available, then 
the component failure detected step 892 generates the call 
service message in step 894. 
0113) If the basket conductivity cell 170 of FIG.8 detects 
less than about 10% water in the liquid in the rotating basket 
14, then the liquid is defined to be the solvent based cleaning 
fluid 30. If the liquid is defined to be the solvent based 
cleaning fluid 30, then a determination of where the inter 
ruption occurred in the Solvent cleaning proceSS 375 is 
performed in step 845. In step 845, if the controller 5 of FIG. 
7 has a memory of where the Solvent cleaning proceSS 
interruption occurred, then the Solvent cleaning proceSS 375 
resumes as depicted in step 870. If the controller 5 of FIG. 
7 in step 845 of FIG. 16 cannot determine where the 
interruption occurred in the solvent cleaning process 375 of 
FIG. 11, then a warn operator fail-safe message is generated 
in step 880, which is then set to the display 200 of FIG. 9. 
0114. After generating the warn operator fail-safe mes 
sage in step 880 of FIG. 16, the solvent based cleaning fluid 
30 of FIG. 2 is pumped out in step 882 of FIG. 16. 
Subsequently the rotating basket 14 of FIG. 8 is tumbled 
and rotated to Spin extract Substantially all of the remaining 
portion of the solvent based cleaning fluid 30 of FIG. 2 from 
the rotating basket 14 in step 884 of FIG. 16. The airflow 53 
is then heated while tumbling the rotating basket 14 of FIG. 
8 in step 886 of FIG. 16. The operator is informed that the 
fail-safe is completed in step 888, and the fail-safe com 
pleted message is sent to the display 200 of FIG. 9, and the 
basket door 15 of FIG. 8 is unlocked in step 890 of FIG. 16. 
If it is determined that the components required to operate 
each of the steps 882, 884, 886, and 888 are non-operational, 
then the component failure detected step 892 of FIG. 16 
generates the call Service message in Step 894. 
0115 The cycle interruption recovery process 800 of 
FIG. 16 is provided to illustrate the cycle interruption 
recovery process 800 used in one embodiment of the present 
invention and in no way implies that any limitation to the 
cycle interruption recovery process 800 employed in con 
trolling operation of article cleaning apparatus 1000 of FIG. 
1 of the present invention. 
0116 While the preferred embodiments of the present 
invention have been shown and described herein, it will be 
obvious that such embodiments are provided by way of 
example only. Numerous variations, changes and Substitu 
tions will occur to those of skill in the art without departing 
from the invention herein. Accordingly, it is intended that the 
invention be limited only by the spirit and scope of the 
appended claims. 
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What is claimed is: 
1. An article cleaning apparatus comprising: 
an air management mechanism; 
a cleaning basket assembly; 
a fluid regeneration device; 
a working fluid device coupled to Said fluid regeneration 

device, Said cleaning basket assembly, and Said air 
management mechanism; 

a clean fluid device coupled to Said cleaning basket 
assembly and Said fluid regeneration device; 

a controller coupled to Said air management mechanism, 
Said cleaning basket assembly, Said working fluid 
device, Said regeneration device, and Said clean fluid 
device, wherein Said controller is configured to control 
a cleaning process, including at least a Solvent cleaning 
process, wherein Said Solvent cleaning process utilizes 
a Solvent based cleaning fluid comprising cyclic Silox 
ane Solvent; and 

a Solvent contaminant detection device coupled to the 
fluid regeneration device to determine an amount of 
Solvent contaminant that may accumulate in the Sol 
Vent. 

2. The article cleaning apparatus of claim 1 wherein Said 
Solvent contaminant detection device comprises an electro 
magnetic Source and detector responsive to contaminant 
absorbance of electromagnetic radiation. 

3. The article cleaning apparatus of claim 2 wherein Said 
electromagnetic device consists of a Source and detector 
Selected from the group consisting of an ultraViolet Source 
and ultraViolet detector, and an infrared Source and infrared 
detector. 

4. The article cleaning apparatus of claim 2 wherein Said 
electromagnetic device comprises an ultraViolet device 
including an ultraViolet Source, a flow-through cell for 
passing Samples of Siloxane Solvent from the fluid regen 
eration device, and a detector responsive to ultraViolet 
radiation radiated from the ultraViolet Source through the 
flow-through cell. 

5. The article cleaning apparatus of claim 4 wherein Said 
ultraViolet device further comprises a filter configured to 
pass frequencies in a bandpass responsive to the presence of 
at least one contaminant likely to accumulate in the Solvent. 

6. The article cleaning apparatus of claim 4 wherein Said 
contaminant comprises a family of contaminants. 

7. The article cleaning apparatus of claim 1 wherein Said 
Solvent contaminant detection device is coupled to the 
controller to generate a Signal when a concentration of 
contaminants present in the Solvent reaches a predefined 
limit. 

8. The article cleaning apparatus of claim 7 wherein Said 
predefined limit is chosen to indicate degradation in a 
regeneration adsorption media in Said fluid regeneration 
device. 

9. The article cleaning apparatus of claim 1 further 
comprising a turbidity Sensor in combination with the Sol 
vent contaminant detection device, wherein Said turbidity 
Sensor is configured to detect the presence of particulates in 
the Solvent, and Said Solvent contaminant detection device is 
configured to detect the presence of dissolved contaminants 
in the Solvent. 
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10. A Solvent contaminant detection device configured to 
detect the presence of dissolved contaminants in a Solvent 
used for performing a Solvent dry cleaning process, wherein 
Said Solvent cleaning process utilizes a Solvent based clean 
ing fluid comprising cyclic Siloxane Solvent. 

11. The solvent contaminant detection device of claim 10 
comprising an electromagnetic device responsive to con 
taminant absorbance of electromagnetic radiation. 

12. The solvent contaminant detection device of claim 11 
wherein Said electromagnetic device consists of a detector 
Selected from the group consisting of an ultraViolet detector 
and an infrared detector. 

13. The solvent contaminant detection device of claim 11 
wherein Said electromagnetic device comprises an ultravio 
let detector including an ultraViolet Source, a flow-through 
cell for passing Samples of Siloxane Solvent from a fluid 
regeneration device, and a detector responsive to ultraViolet 
radiation radiated from the ultraViolet Source through the 
flow-through cell. 

14. The solvent contaminant detection device of claim 13 
wherein said ultraviolet device further comprises a filter 
configured to pass frequencies in a bandpass responsive to 
the presence of contaminants likely to accumulate in the 
Solvent. 

15. The solvent contaminant detection device of claim 14 
wherein Said Solvent contaminant detection device is 
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coupled to a controller configured to generate a signal when 
a concentration of contaminants present in the Solvent 
reaches a predefined limit. 

16. The Solvent contaminant detection device of claim 15 
wherein Said predefined limit is chosen to indicate degra 
dation in a regeneration adsorption media in Said fluid 
regeneration device. 

17. The Solvent contaminant detection device of claim 10 
in combination with a turbidity sensor, wherein said turbid 
ity Sensor is configured to detect the presence of particulates 
in the Solvent, and Said Solvent contaminant detection device 
is configured to detect the presence of dissolved contami 
nants in the Solvent. 

18. An article cleaning apparatus comprising: 
a controller configured to control a cleaning process, 

including at least a Solvent cleaning process, wherein 
Said Solvent cleaning process utilizes a Solvent based 
cleaning fluid comprising cyclic Siloxane Solvent, and 

a Solvent contaminant detection device configured to 
detect the presence of dissolved contaminants in the 
Solvent, the detector coupled to the controller to gen 
erate a signal indicative of when to replace a regenera 
tion adsorption media used for purifying the cleaning 
fluid. 


