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DRY CLEANING PROCESS USING ROTATING BASKET AGITATION

Field of the Invention

The present invention relates to dry cleaning processes
in general and, more particularly, to a dry cleaning process
and system utilizing a solvent and having a rotatable

container for agitating articles.

Background of the Invention

Existing dry cleaning processes function by mechanically
agitating articles to be cleaned, e.g., clothes, and a solvent.
Typically, articles of clothing are placed in a container or
basket with an amount of a chemical solvent that loosens dirt
and dissolves staining matter from the clothes. The clothes
are then agitated by movement of the basket to increase the
effectiveness of the cleaning process. The agitation is often
in the form of rotation, and rotation with an axis in the
horizontal plane makes use of gravitational forces to further
increase the amount of agitation.

Many chemical solvents are environmentally hazardous and
present public health and safety risks. As a result, a number
of solvents have been banned by law or heavily regulated. 1In
addition, "environmentally friendly" alternatives have been
sought. One such alternative is using liquid carbon dioxide
(CO2) as a solvent.

Dry cleaning systems and processes using
liquid/supercritical dense-phase gas such as carbon dioxide
(CO,) are known in the art. In such processes, liquid CO; is
pumped throughout the system using a heavy-duty positive
displacement pump. Specifically, liquid CO; is pumped from a

reservoir into a cleaning chamber where articles come into



10

15

20

25

30

WO 00/53839 PCT/1B00/00503

- 2 -

contact with the CO,. The articles are cleaned by agitation,
such as by rotation of a container holding the articles, and
finally, the liquid CO, is pumped back into the reservoir. The
pump is also used during additional steps of the dry cleaning
process as are known in the art.

The use of such a pump has a number of disadvantages that
render prior art systems complex and/or cost-inefficient for
many applications. One disadvantage is that the pump is a
relatively expensive element of the dry cleaning system.
Another disadvantage is that the pump requires a net positive
suction head ("NPSH"). This head is generated by both the
fluid level in whatever vessel is to be drained and the
elevation of the vessel relative to the pump inlet.
Configurations that provide adequate pressure such as tall
vessels or mounting the vessel about the pump are not desirable
because they result in a large machine. Furthermore,
completely draining the cleaning chamber still may be difficult
because NPSH decreases as the chamber empties.

Another method of providing adequate pump head is by using
a distillation chamber. Gas is heated in the chamber, and the
resultant pressure increase is used to provide the desired
NPSH. However, the use of such a distillation chamber adds
complexity and cost to the system.

Furthermore, the pump is susceptible to damage and wear
from dirt suspended in the fluid, which reduces the pumping
efficiency. Filters cannot be used on the suction side of the
pump because they decrease the pressure at the pump inlet,
adding to the problem of attaining adequate positive pressure
head. Thus, in addition to equipment and operating costs,

frequent maintenance is also necessary.
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Summary of the Invention

It is an object of the present invention to provide a
process and a system for efficiently supplying and/or
recycling liquid carbon dioxide (C0O,) in a dry cleaning
system using a rotating basket. In accordance with the
process of the present invention, pressurized liguid CO; is
transported between a storage tank and cleaning chamber by
means of a pressure differential produced between the tank
and chamber, obviating the need for a pump. This eliminates
the disadvantages typically associated with such pumps, such
as high equipment cost, maintenance downtime and costs due
to wear and low efficiency and, thus, expands the
circumstances in which the present invention may be used.

In an embodiment of the present invention, the pressure
differential is produced by a gas compressor which does not
directly interact with 1liquid cCo, and, thus, does not
accumulate dirt suspended in the liquid CO,. This eliminates
the problems associated with pumps used by prior arty
systems, making the system of the present invention more cost
effective and reliable. The compressor draws gaseous CO, from
the cleaning chamber and injects it into the storage tank,
or vice versa, to create either a positive or a negative
pressure differential, respectively, between the storage tank
and the cleaning chamber. A positive pressure differential
enables flow of liquid CO, from the storage tank to the
cleaning chamber. A negative pressure differential enables
flow of liquid CO; from the cleaning chamber to the storage
tank. The magnitude of the pressure differential may be
controlled by varying the speed of the compressor motor or

using a throttle valve.
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The dry cleaning process of the present invention may
also include a method of recovering heat from the compressed
gas. In a vapor recovery step of the dry cleaning process,
as described below, heat from the gaseous CO, is transferred
to a heat sink, which may be in the form of heat exchanger
immersed in a water bath, before cooling the CO; by a
refrigeration system. This reduces the amount of energy
consumed by the refrigeration system. The heat energy stored
in the heat sink may subsequently be used to heat cold gas
during a cleaning chamber warm-up step of the dry cleaning
process, as described below, obviating or reducing the need
for additional heating. Thus, the present invention utilizes
a heat recovery cycle which improves the cost-efficiency of
the dry cleaning process.

Except for specific aspects of the present invention,
as described herein, the process and system of the present
invention are compatible with existing dry cleaning processes
and systems and may be used in conjunction with any cleaning
chambers and/or baskets and/or other parts of dry cleaning
systems that are known in the art.

A dry-cleaning system in accordance with an embodiment
of the present invention includes a storage tank for storing
CO2; at a selectable pressure, a cleaning chamber having a
pressure containment sufficient to keep CO, in a liquid
state, means for providing a pressure differential between
the storage tank and cleaning chamber, a rotatable basket
within the cleaning chamber, and a rotational drive mechanism
coupled to the basket. In some embodiments of the invention,
the system may further include a vapor heat
exchanger/recovery system, a refrigeration system, a lint

trap/filtration system, and a cleaning chamber ventilation
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system. The pressure differential between the storage tank
and cleaning chamber may be produced by a gas compressor,
which may be an oil-less compressor.

A dry cleaning process in accordance with an embodiment
of the present invention may include at least some of the
following steps:

(a) Removing moisture-laden air from the cleaning
vessel. The compressor may act as a vacuum pump to evacuate
the air to the atmosphere.

(b} Equalizing pressure between the Storage tank and
the cleaning chamber in a controlled fashion to avoid clothes
damage. CO2 gas may flow from the comparatively higher
pressure storage tanks to the comparatively lower pressure
cleaning chamber until a predetérmined pressure difference
exists between the cleaning chamber and the storage tank.

(c) Filling the cleaning chamber with a predetermined
amount of liquid CO; from the storage tank. CO, vapor may be
drawn from the top of the cleaning chamber by the compressor
and moved into the top of the storage tank, creating a
pressure differential forcing liquid to flow from the bottom
of the tank into the cleaning vessel.

(d) Agitating the articles being cleaned by rotating
the basket.

(e) Draining used/contaminated liquid from the cleaning
chamber. CO, vapor may be drawn from the top of the storage
tank by the compressor and moved into the top of the cleaning
chamber, creating a pressure differential forcing liquid from
the bottom of the chamber into the bottom of the storage
tank. The liquid may pass through a filter system located

between the vessels.
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(f) Recovering CO, vapor remaining in the cleaning
chamber after drainage. CO, vapor may be drawn from the top
of the cleaning chamber and pushed by the compressor, through
a heat recovery system and/or refrigeration system that cools
and condenses the vapor into liquid and into the storage
tank.

(g) Heating the cleaning chamber. CO, vapor may be
drawn from the top of the cleaning chamber and pushed by the
compressor through a heat exchanger system that heats the
vapor and into the bottom of the cleaning chamber.

(h) Venting the cleaning chamber. CO, vapor may flow
out of the cleaning chamber through a cleaning chamber
ventilation system, which may include a sound control

muffler.

Brief Description of the Drawings

The present invention will be understood and appreciated
more fully from the following detailed description of a
preferred embodiment of the invention, taken in conijunction
with the accompanying drawings of which:

Fig. 1 is a schematic illustration of a dry-cleaning
system during an air evacuation step of a dry-cleaning
process in accordance with an embodiment of the present
invention;

Fig. 2 is a schematic illustration of the system of
Fig.1l during a pressure equalization step of a dry-cleaning
process in accordance with an embodiment of the present
invention;

Fig. 3 1is a schematic illustration of the system of

Fig.1l during cleaning chamber filling and agitation steps of
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a dry-cleaning process in accordance with an embodiment of
the present invention;

Fig. 4 1is a schematic illustration of the system of
Fig.l during a cleaning chamber draining step of a dry-
cleaning process in accordance with an embodiment of the
present invention;

Fig. 5 is a schematic illustration of the system of
Fig.1l during a cleaning chamber vapor recovery step of a dry-
cleaning process in accordance with an embodiment of the
present invention;

Fig. 6 1is a schematic illustration of the system of
Fig.l during a cleaning chamber warm-up step of a dry-
cleaning process in accordance with an embodiment of the
present invention;

Fig. 7 1is a schematic illustration of the system of
Fig.l during a cleaning chamber ventilation step of a dry-
cleaning process in accordance with an embodiment of the
present invention; and

Fig. 8 is a schematic graphic representation of a dry
cleaning process sequence in accordance with an embodiment

of the present invention.

Detailed Description of the Invention

Reference is now made to Figs. 1-7 which schematically
illustrate a dry-cleaning system in accordance with an
embodiment of the present invention during various stages of
a dry-cleaning process in accordance with an embodiment of
the present invention. The system includes a cleaning
chamber 10, for example an about 80-gallon cleaning chamber,
having a basket 12 for holding articles to be cleaned.

Cleaning chamber 10 is preferably designed to have high
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pressure containment capability, for example, a pressure
containment of about 1,100 PSI, sufficient to maintain carbon
dioxide (CO;) in a liquid state.

Basket 12 is rotatably mounted within cleaning chamber
10 and is coupled to a basket drive 14 via a coupling 16,
which may be of any type suitable for maintaining pressure
integrity of cleaning chamber 10, for example, a mechanical
coupling with a high-pressure seal, as is known in the art.

However, 1in a preferred embodiment of the invention,
coupling 16 is a magnetic coupling which eliminates the need
for an opening in chamber 10, as required in the case of
mechanical coupling. Rotational driving mechanism using
magnetic coupling are well known in the art and are known
in the art.

The system further includes at least one storage tank
20 having a predetermined volume capacity, for example, about
30-50 gallons. Storage tank 20 preferably has high pressure
containment capability, for example, about 1,100 PSI, and is
filled with a predetermined initial amount of CO,, for
example, 100 gallons.

In a preferred embodiment of the invention, the system
also includes a lint trap/filtration system comprising a lint
trap 24, for example, a 100 mesh lint trap, as is known in
the art, and a filter 26, for example, a 40 micron filter,
as is known in the art.

In accordance with the present invention, the system
includes means for providing a pressure differential between
storage tank 20 and cleaning chamber 10 that comprises a gas
compressor 30, preferably an oil-less compressor. An
important advantage of using a gas compressor such as

compressor 30, rather than a liquid pump (as used in prior
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art systems), 1is that gas flow does not suspend dirt and,
thus, dirt is not carried into the compressor. This reduces
wear and, consequently, operating and maintenance costs of
the dry cleaning system.

Compressor 30 is preferably capable of producing partial
vacuum duty and vapor recovery. In an embodiment of the
present invention, compressor 30 is capable of decreasing the
pressure in cleaning chamber 10 to less than 400 PST,
preferably less than 150 PSI, for example about 50 PSI. It
should be appreciated that a low pressure in chamber 10
minimizes wastage of CO, during venting of the cleaning
chamber, as described below. Further, in an embodiment of the
present invention, compressor 30 is capable of increasing the
pressure in storage tank 20 to more than 750 PSI, preferably
more than 850, for example, 900 PSI. It should be
appreciated that a high pressure in storage tank 20 maintains
the CO; in liquid state with minimal cooling and, therefore,
enables more energy-efficient dry cleaning. The magnitude
of the pressure differential produced between storage tank
20 and cleaning chamber 10 may be controlled by varying the
motor speed of compressor 30 or using a throttle valve, as
is known in the art. An example of an oil-less compressor
that may be used in conjunction with the present invention
to provide the above described parameters is the Blackmer HDL
322 oil-less compressor, available from Blackmer, 1Inc.,
Oklahoma City, Oklahoma.

The system preferably further includes a heat
exchanger/recovery system 31 comprising a heat sink/water
bath 28 and associated heat exchanger 32 in the embodiment
shown. Heat recovery system 31 collects heat energy from hot

gas in one step of the dry cleaning process and utilizes that
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heat energy to warm cold gas during another step, as is
described below. Heat energy may be transferred to water
bath 28 from CO, passing through heat exchanger 32 at certain
times during the dry cleaning cycle, and water bath 28 may
transfer heat to CO; at other times during the cycle.
Preferably, an electric heater 40 is installed in water bath
28 to maintain it at a predetermined temperature, for
example, 800C, during idle periods of the dry-cleaning
process.

In an embodiment of the present invention, a
refrigeration system 35 with a heat exchanger 36 adapted for
cooling CO; is included. Preferably, refrigeration system 35
possesses sufficient cooling capacity to condense CO, passing
through heat exchanger 36.

As clearly shown in the drawings but not individually
referenced, the dry cleaning system includes piping as
necessary for connecting between the different system
elements of the system and various valves for controlling the
operation of the system and CO, flow during different steps
of the dry cleaning process. Some of these valves are
specifically discussed below with reference to steps of the
dry cleaning method of the present invention. However, the
function of most of these valves will be apparent to persons
of ordinary skill in the art of dry-cleaning systems. The
system further includes a cleaning chamber ventilation system
41 with, preferably, a sound control muffler 46 that may be
used during final venting of cleaning chamber 10, as
described below.

Reference is now made also to Fig. 8 that schematically
illustrates the different steps of a dry cleaning process

according to an embodiment of the present invention and shows
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an exemplary duration for each step. Fig. 8 1is self-
explanatory to a person skilled in the art. A detailed
description of the different steps of the dry cleaning
according to an embodiment of the present invention is
provided below with reference to Figs. 1-7.

Fig. 1 illustrates an air evacuation step of the dry-
cleaning process in accordance with an embodiment of the
present invention. The purpose of this step is to remove
moisture laden air, thus reducing the amount of water that
dissolves in the CO,. Compressor 30 acts as a vacuum pump
with respect to cleaning chamber 10. Compressor 30 1is
activated for a predetermined time period, for example, about
2 minutes, until a predetermined pressure is reached, for
example, 20-25 inches Hg, as determined by a pressure
transducer 42. Once the desired pressure level is reached,
compressor 30 is shut down.

Fig. 2 schematically illustrates a pressure equalization
step of the dry-cleaning process in accordance with an
embodiment of the present invention. During this step, the
pressure between storage tank 20 and cleaning chamber 10 is
generally equalized in a controlled fashion to avoid damage
to the articles being cleaned. Gaseous CO, flows from the
top of storage tank 20 to the top of cleaning chamber 10
through a valve 44 and an orifice 47 until the difference
between the readings of pressure transducer 42 and a pressure
transducer 48 in the storage tank 10 is below a predetermined
threshold, for example a 10 percent pressure differential.

Fig. 3 schematically illustrates a step of partially
filling cleaning chamber 10 with liquid CO, from storage tank
20. Gaseous CO, is drawn from a top opening 18 of cleaning

chamber 10 and is pushed by compressor 30 into the top of
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storage tank 20. In this sfep, compressor 30 produces a
positive pressure differential between storage tank 20 and
cleaning chamber 10, enabling the flow of liquid CO, from the
storage tank to the cleaning chamber. Although heating of the
CO2 is not required at this stage of the process, the CO,
flows through heat exchanger 32 in water bath 28, thus
utilizing the same piping scheme for different stages of the
process. The flow of gas into storage tank 20 forces liquid
CO, out of the bottom and into a bottom opening 38 of
cleaning chamber 10 until the desired level of ligquid CO, is
reached. This level may be determined by a timer (not shown)
and/or by a level sensor 50 associated with storage tank 20.

Also referring to Fig. 3, after filling cleaning chamber
10, the articies within basket 12 may be agitated by rotating
the basket. As discussed above, any suitable rotational
basket drive 14 may be used. If coupling 16 between basket
drive 14 and basket 12 is a mechanical coupling, pressure
integrity of cleaning chamber 10 may be maintained by a
suitable high pressure seal. In the preferred embodiment,
coupling 16 is magnetic so that pressure integrity is not an
issue. The basket is agitated for an adequate time to clean
the articles located therein, e.g., clothes. The time of the
agitation may be dependent upon various factors, including
the nature and amount of articles in the cleaning chamber,
the composition, temperature and pressure of the solvent, the
speed of rotation of basket during agitation, and the
configuration of any structures within the basket, e.g., the
height of paddles, as is known in the art.

Referring to Fig. 4, after agitation as described above,
used/contaminated liquid is removed from cleaning chamber 10.

Gaseous CO, is drawn from the top of storage tank 20 and is
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pumped by compressor 30 into the top opening 18 of cleaning
chamber 10. This forces the used/contaminated liquid CO, out
of bottom opening 38 of cleaning chamber 10 and into the
bottom of storage tank 20. Thus, in this step, compressor
30 produces a negative pressure differential between storage
tank 20 and cleaning chamber 10, enabling the flow of liquid
CO; from the cleaning chamber to the storage tank.
Preferably, the liquid flows through lint trap 24 and filter
26 before entering storage tank 10. Also, the liquid
preferably passes through refrigeration system 35 via its
heat exchanger 36, where it is cooled before entering storage
tank 10. The flow stops when a level sensor 57 on cleaning
chamber 10 indicates it is empty.

Fig. 5 schematically illustrates a vapor pressure
recovery step in accordance with an embodiment of the dry-
cleaning process bf the present invention. This step
recovers CO, vapor remaining in cleaning chamber 10 after the
drainage step described above. Gaseous CO; is drawn by
compressor from top opening 18 of cleaning chamber 10. The
gas exiting compressor 30 is hot and needs to be cooled. The
gas 1s directed first through heat exchanger 32 in water bath
28, where some of the heat energy is transferred to water
bath 28 and the CO, is somewhat cooled, and then into heat
exchanger 36 in refrigeration system 35. This cools and
condenses the CO, gas back into a liquid state. The liquid
CO; then flows into storage tank 20. The flow stops when the
pressure measured by pressure transducer 42 in cleaning
chamber 10 reaches a sufficiently low threshold, for example,
50 psi.

Fig. 6 schematically illustrates a cleaning chamber

warm-up step of the dry-cleaning process in accordance with
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an empbodiment of the present invention. This step 1is
implemented to warm up the interior of cleaning chamber 10
and the articles therein, thereby preventing water 1ice
formation during vapor recovery. Cool CO, vapor is drawn
from top opening 18 of cleaning chamber 10 and is pumped by
compressor 30 through heat exchanger 32 in water bath 28,
where the CO, is heated at least in part by transfer of
energy that was stored in water bath 28 during the vapor
recovery step. The gas then flows through an opening 58 inte
the cleaning chamber 10. The heated CO, warms-up cleaning
chamber 10 and the articles therein. Heating element 40 may
be utilized during this step to transfer heat to water bath
28.

In an embodiment of the present invention, the cleaning
chamber warm-up is utilized during vapor recovery. Recovery
as described above continues until a first predetermined
temperature is reached, for example, 35-400F, as measured by
a temperature sensor 55 in cleaning vessel 10. At this
point, vapor recovery pauses and warm-up begins and continues
until a second predetermined temperature is reached, for
example, a temperature greater than 500F, which may also be
measured by sensor 55. Thereafter, vapor recovery is
resumed. For example, the dry-cleaning process summarized
in Fig. 10 includes two vapor recovery steps, 3 minutes and
5 minutes, respectively, with an interceding two minute warm-
up step.

Fig. 7 schematically illustrates a cleaning chamber
venting step of the dry-cleaning process in accordance with
an embodiment of the present invention. Remaining CO, vapor
within cleaning chamber 10, which may be at about 50 psi, is

vented through cleaning chamber ventilation system 41. When
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the pressure, measured by pressure transducer 42 in cleaning
chamber 10 reaches a sufficiently low threshold, door 60 of
cleaning chamber 10 may be safely opened and the clean
articles removed. In an embodiment of the present invention,
the CO, vapor may be released either to the system
surroundings or outdoors via a venting pipe (not shown).
Sound control muffler 46 and/or a throttling device (not
shown) may also be utilized to control the venting rate.
While the embodiment of the invention shown and
described herein is fully capable of achieving the results
desired, it is to be understood that this embodiment has been
shown and described for purposes of illustration only and not
for purposes of limitation. Other variations in the form and
details that occur to those skilled in the art and that are
within the spirit and scope of the invention are not
specifically addressed. Therefore, the invention is limited

only by the appended claims.
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CLAIMS

1. A dry-cleaning process for cleaning articles
disposed in a cleaning chamber using CO, from a storage tank,
the cleaning chamber including a rotatable member, the
process comprising:

causing a positive pressure differential between the
storage tank and the cleaning chamber;

filling the cleaning chamber with a predetermined amount
of liquid carbon dioxide (CO,) by enabling flow of liquid

CO; from the storage tank to the cleaning chamber in
response to said positive pressure differential; and

rotating the rotatable member to agitate the liquid CO,
in the cleaning chamber.

2. A process according to claim 1 wherein the step of
causing a positive pressure differential between the storage
tank and the cleaning chamber comprises compressing CO, gas
into the storage tank using a compressor.

3. A process according to claim 1 further comprising
the steps of:

causing a negative pressure differential between the
storage tank and the cleaning chamber; and

draining the cleaning chamber by enabling flow of liquid
CO, from the cleaning chamber to the storage tank in response
to said negative pressure differential.

4. A process according to claim 3 wherein the step of
causing a negative pressure differential between the storage
tank and the cleaning chamber comprises compressing CO, gas
into the cleaning chamber using a compressor.

5. A process according to claim 3 further comprising

the steps of:
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drawing CO; vapor from the cleaning chamber;

condensing the CO, vapor by compressing and cooling the
CO, vapor; and

returning the condensed CO, vapor to the Storage tank.

6. A process according to claim 5 wherein cooling the
CO; vapor comprises passing the CO, vapor through a heat sink
which collects heat from the CO, vapor.

7. A process according to claim 3 further comprising
the steps of:

drawing CO; vapor from the cleaning chamber;

heating the CO, vapor; and

returning the heated CO, vapor to the cleaning chamber.

8. A process according to claim 7 wherein the step of
heating the CO; vapor comprises passing the CO, vapor through
a heat sink which transfers heat to the CO, vapor.

9. A process according to claim 6 further comprising
the steps of:

drawing CO, vapor from the cleaning chamber;

heating the CO, vapor; and

returning the heated CO, vapor to the cleaning chamber.

10. A process according to claim 9 wherein the step of
heating the CO, vapor comprises passing the CO, vapcer through
said heat sink, whereby at least some of the heat collected
by the heat sink during the step of condensing the CO; vapor
is transferred back to the CO, vapor during the step of
heating the CO, vapor.

11. Dry-cleaning apparatus for cleaning articles
comprising:

a storage tank for storing carbon dioxide (CO,);

a cleaning chamber having a rotatable member therein;
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a rotation mechanism for rotating the rotatable member:
and

a compressor which creates a pressure differential
between the storage tank and the cleaning chamber sufficient
to transport liquid CO, between the storage tank and the
cleaning chamber.

12. Apparatus according to claim 11 further
comprising:

a heat sink in thermal communication with a CO, vapor
flow between said storage tank and said cleaning chamber and
operative to collect heat from relatively warm CO, vapor and
to transfer heat to relatively cold CO, vapor, whereby part
of the heat collected from the relatively warm CO, vapor is
transferred to the relatively cold CO, vapor.

13. Apparatus according to claim 11 wherein the
compressor is capable of raising the pressure in the storage
tank to at least 750 PSI.

14. Apparatus according to claim 13 wherein the
compressor is capable of raising the pressure in the storage
tank to about 900 PSI.

15. Apparatus according to «claim 11 wherein the
compressor 1s capable of lowering the pressure in the
cleaning chamber to less than 150 PSI.

16. Apparatus according to claim 15 wherein the
compressor 1is capable of lowering the pressure in the
cleaning chamber to about 50 PSI.

17. Apparatus according to claim 11 wherein the
compressor comprises an oil-less compressor.

18. Apparatus according to «claim 11 wherein the
rotation mechanism comprises a rotation drive and a coupling

between the rotation drive and the rotatable member.
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19. Apparatus according to claim 18 wherein said

coupling comprises a magnetic coupling.



PCT/1B00/00503

WO 00/53839

/1 /8

&7

g

/6 1714/KIVY0
2 4 & —dVYl N7
IH0 01 Nl e
9 08 = \ N
nssi—~_ WY b )
WIHVIT) 7 27
2/ J“( \\ IIIIIIIIII IS IIIIIIIIIIIY w \‘ )
n a7
@N AN ‘W
WZZ 7, % \
f \—1 Zu
) ) A A Bl
Il
T ALKV w_l\
bz W9 08 -0F - m \ Yol
| 4 131518 \
%Vd “S\\\\\\\\\\\\\\\M\\W\Q\\w& “ & &\ @
! A0
Y31440K AV . % 17¥5¥8
Zhl; %%
1HA . , wé\HAr
7T D | @ L
s T
MJQA mm @ oo N | "
ny a0

1

\.Q.

HILS4S
NOILYEF91Y17Y

SUBSTITUTE SHEET (RULE 26)



PCT/1B00/00503

WO 00/53839

278

/K

l5
95—,
7

\

—dYYL INIT

4

x

%
A7 x“
7
7 \ 9/
i
_J r
- - - 7 - -
09" m_l\
N (sl O =t
A/ susre f
o WA,
J (P22 22 222222222277 \ .W&\%Q
Y311 9H AL A2y, s
1z | & uSA%7 S\MA
- 2p
ya 20 (@)L Lu 4
M ﬁ V7444
- & YI1VH
5
8 -
N SM 40
ﬂ\m\& 5
UOSSTYIHOI

1111/7KIY40

\wﬁ

HWILSAS
NOILYYTI1Y 17y

SUBSTITUTE SHEET (RULE 26)



PCT/1B00/00503

WO 00/53839 .

378

€4 HF L

o M‘Ww /A Wm“w\ 017
s 7
2/ /wvvvmyvvn //A\
N: %
RSP, Y
A R
— 1 “V\.\\V\n&&\% - %l@%mxé
.\‘\\\ \\\\ \.wx\\ \v\
o sy 1)
bvq \\Mw \ “\\“ ._“
Y3159 ka\ ) \\~ Z N .\w&&
1KIA ! WM % st
71 O | @ T
1% NMJGAr % ﬁ . sf &@
Y 2 a0
10 .
17 N 2%

LKA

Y0S834dH02

e

\ﬁ,

HIIS4S
NOLLY§F91Y 174

SUBSTITUTE SHEET (RULE 26)



PCT/IB00/00503

WO 00/53839

4,8

yOld @

Iy
VYL INIT
g ar% a —~p7
7 7
N \\_ 4 \\AN
N\uw . \ 0/
7 ¥
-t E
) L \ \ \“\ \ 1
a7 MMN%\\% | .{
L/ 7|k NOILVLI0Y
09— A Ve \ \\ 47 \ |
A g 7 7 HWWN 4
% LSV g A Il
9 10 4010 A A @
J 2 LT 77077 A \
Ve averav.e .y avali A0
Y314I0K A Y 7 \ 134579
149 2] JAZZ I
7T O | @ Ton
YAV,
i Mv_oa o) w N w1
1"y 20 =
2k
10
<L
£ @\ b&m
b4 0f mm
i Y0SSIYIN09

90

9f

T
—>
9

HILS4S
NOILVE791Y17Y

SUBSTITUTE SHEET (RULE 26)



PCT/1B00/00503

WO 00/53839

578

%vq

QMA

—dVYL INT]

4

7

7

NN

YI1150K

1N

§i\\ AN
N\ \\\\\\ N\ \
\\\‘§§ J&

/]

A

1

—0

NS
N
N
N
N
N
N
t
\
N
\\

A
\\ \\\

AN

%%\| 7|7

%\\

Y

4
il

L

V4

n

K0 @ _ N/
13¥5¥8

) IQ\\S vioy

ys i

v,
SAY

. Hx

\ba

L

17

VAN

§c

1

£
14

<

"

7
w1/

Y05S3YdH0I

>

&—

—>
o

HWILS4S
NOILVYFI1Y 174

SUBSTITUTE SHEET (RULE 26)



PCT/IB00/00503

WO 00/53839

€/8

o ~dVYL 1K1

4

2l

k ‘

VA4

L L L

ATTTS
‘M\\\\
&Y

/
‘\‘\\\K“ 7 Y,

AN NRNRRRY

0/

NS AN

AT,

\v\

9/
Hg ﬁ
"\ woiLvioy

14/KIVY
¢ -

N ety
MY
9 N ()
J t \\\“\\\\\N«\\\\\V\\W /7 ' N\*\%Q
2 ||| 13¥5¥8
% A% ‘
0z Jp L m\aMAr
7T 50 | @ \
/# ok AHVL
MHF & @ b |
IAY 20 | ¥
2
10
S o
£0 N\ S\M b0
7 C\% %
Wi Y0SSIYdN07 .

\wm

HILS48
NOILVEII1Y 13y

SUBSTITUTE SHEET (RULE 26)



PCT/IB00/00503

WO 00/53839

7/ 8

AN

S

oy
w

ad
@% #
N

£ H

—dVYL LN
4

147KV
< -

7 P " .Q
Z 7
} W % &“
~ JIIISIIIIIIIIIIIIIIIIY \
Z |
ZIiN o
. / i
09—, /e LM
e N7 g
L345¥8 \ *
%Vd A/ (L% \\\\\M«\W&V\\Wx\ M x
V311K 727 135
% Uy \ v,
2y 4y Ay
7] (1) \” @1 -/ . @
/b )GA /7
A % w 82N K
ny cq
b
10 Y
£ N @am 40
22 ﬂ\m\% Mm
W YOSSTYIN0I

\ba

HILS4S
NOILVY791Y13Y

SUBSTITUTE SHEET (RULE 26)



PCT/IB00/00503

WO 00/53839

878

8 “OIA

(STLONIK ) FHIL
of 174 4 gl o g
__________________,_h______r
995 01
MK §
NiK S
NIKN £
035 06 e

KiK 0/ E

795 06

775 02 L

778 06

N4
175534 ININYT 19

AYIN0IFY Y04 VA
19SSIA ININY T 1D

dN-KYVYH SIHIOTI
195574 ININYI T2

AYIN097Y Y04 VA
17553/ IHINYI 1D

ALdHF
1758534 ININVI 1D

NOLLVLIOY SIKHI0TD
175534 ININYI 19

INITT1S
195534 ININYI 10

KOILY 2171107
JUNSSIYd
19553/ ININYI 19

NOILVIIVAT
175534 IKINY719

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

