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(57) Abstract: Embodiments of the present invention provide systems and methods of producing stable homogeneous dispersions of
non-polar fluid(s) in a continuous phase of polar fluid(s) or of polar fluid(s) in a continuous phase of non-polar fluid(s) without using
synthetic emulsifiers and/or other chemical surfactants. This is achieved using a processor that comprises a stack of discs (round or
other shape) installed within a pipe with gaps between the discs. The discs function as turbulence promoters and create high shear,
turbulence, and cavitation in a fluid flowing through the pipe in which the promoters are installed. The processor comprises a housing
(11) having an inlet (14) and an outlet (15); and a processing element (16) extending axially through the housing, the processing element
comprising a plurality of discs (17), each disc having one or more apertures (21) formed therein and together located to one side of the

disc, the apertures of adjacent discs radially opposed to each other.
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SYSTEMS AND METHODS OF PRODUCING STABLE HOMOGENOUS
DISPERSIONS OF IMMISCIBLE FLUIDS

CROSS-REFERENCE TO RELATED APPLICATIONS
(0001} This application claims the benefit of UL.S. Provisional Application No. 62/728,949,

filed September 10, 2018, which is incorporated by reference herein in its entirety.

BACKGROUND
{0002} Molecules of compounds containing covalent bonds may be non-polar or polar
depending, for example, on relative molecular electronegativity, stereochemistry, and orientation
of their polar moieties. Non-polar molecules (including, but not limited to, essential oils,
oleoresins, fragrances, and extracts) are not miscible with water and when mixed these

components separate into two phases upon storage.

SUMMARY
{0003} Various embodiments of the present invention provide improved stability or holding
time of homogeneous dispersions of mmiscible fluids. A dispersion according to some
ernbodiments of the invention may be produced, for example, by passing a mixture of iromiscible
fluids through a continuous-flow system that subjects the mixture to high shear combined with
cavitation to overcome individual fluid surface tensions and physically produce nano-sized
droplets (e.g., having a diameter of about 10 to about 107 meters) of dispersed fluidin a
continuous phase of dispersion medivm. These droplets do not immediately coalesce on
standing, and can remain dispersed for prolonged periods of time.
100041 In some embodiments, the invention provides a method of producing a stable
homogenous dispersion of immiscible fluids without adding an emulsifier, comprising providing
a macroemulsion containing the immiscible fluids and no added emulsifier; and passing said
macroemulsion through a processor configured for turbulent fluid flow, thereby producing a

1



WO 2020/053740 PCT/IB2019/057585

mwicroemulsion comprising a plurality of droplets of dispersed fluid in a continuous phase of
dispersion medium, which droplets do not separate from the dispersion mediurn during storage at
room temperature, wherein the processor comprises a housing having an inlet and an outlet; and
a processing element extending axially through the housing, the processing element comprising a
plurality of discs, each disc having one or moore apertares formed therein and together located to
one side of the disc, the apertures of adjacent discs radially opposed to each other.

[0005] In some embodiments, the dispersed fluid is a non-polar fluid and the dispersion

mediwm is a polar fhud medinm.

{0006} In some embodiments, the macroemulsion comprises water processed through the
PIOCESSOL.
[0007] In some embodiments, the macroemulsion is pre-mixed using a high-speed propeller-

type mixer before passing through the processor.

10008} In some embodiments, each disc is formed with three apertures.

100091 In some embodiments, the discs are spaced a predetermined distance apart from each
other.

[0010] In some embodiments, the cross-sectional area of the apertures in each disc i

substantially the same as the cross-sectional area of the inlet and outlet, and the cross-sectional
area between adjacent discs is greater than the cross-sectional area of the inlet and outlet.
(0011} In some embodiments, the discs are formed from an alloy of metals of differing
electronegativity.

10012} In some embodiments, the alloy comprises at least one metal selected from a first
group and at least one metal selected from a second group, wherein the electronegativity of the
second group is substantially opposite to that of the first group.

(00137 In some embodiments, the first group coroprises titaniur, molybdenum, silver,
silicon, copper, and nickel, and the second group comprises iron, zine, tin, chromium,

manganese, and cadmium.
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10014} Additional features and advantages of embodiments of the present invention are
described further below. This sammary section is meant merely to illustrate certain featares, and
is not meant to limit the scope of the invention in any way. The failure to discuss a specific
featare or embodiment of the invention, or the inclusion of one or more features in this summary

section, should not be construed to Hmit the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
10015} The foregoing summary, as well as the following detailed description of certain
embodiments, will be better understood when read in conjunction with the appended drawings. It
shouid be understood, however, that the invention is not limited to the precise arrangements and
mstrumentalities shown. In the drawings:
{0016} FiG. 1 shows a cross-sectional side view of one example of a processor that may be
used to produce dispersions according to some embodiments of the invention;
10017} FIG. 2 shows a cross-sectional end view of the example of FIG. | along line 2-2; and
{0018} FIG. 3 shows a schematic of a system used to process immiscible fluids according to

some embodiments of the invention.

DETAILED DESCRIPTION
[0019] The use of non-polar food ingredients, such as flavors, colors, textural modifiers, or
spoilage inhibitors presents a problem of non-uniform dispersion resulting in physical separation
during storage or ineffective delivery of the intended functional attributes. The normal method
for producing homogeneity in mixtures of polar and non-polar fluids is the use of emulsifiers and
subjecting the three-component mixture to intense mixing or continuous flow through a narrow
channel in a process known as homogenization. Emulsifiers are compounds that have both polar
and non-polar moieties in the molecule therefore they can function as a bridge between the non-
polar moieties of the molecules of the dispersed phase and the polar moieties of the dispersion
mediurn molecules. Emulsion stability and length of holding timne before separation of the

%
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dispersed phase and the dispersion medium depends on the concentration of the emulsifier, the
nteraction of the polar and non-polar moieties of molecules of the two iromiscible fluads and the
emulsifier, size of the droplets of the dispersed phase, viscosity of the mixture, and temperature.
{00201 Non-polar food ingredients, commonly referred to as oil-soluble ingredients, are
widely used in the food industry. Since most foods have water as their primary coraponent, the
effective use of these oil-soluble ingredients depends on uniform dispersion of components to
form a homogeneous mixture. In meat and poultry, cil-soluble ingredients are added for flavor
and/or color through a marinade or by direct addition such as in comminuted processed meats.
(Oil-soluble antimicrobials may also be sprayed on whole muscle to control pathogens and extend
shelf-life. A major problem in uniformly dispersing these oil-soluble ingredients in whole muscle
is that whole meat, particularly pork and beef, usually contain layers of fat and lean. When
sprayed, the emulsion comprising water and water-soluble ingredients and oil-soluble flavor,
color, and antimicrobial ingredients must be in a diluted form at the time of application to ensure
adeqguate flow of atomized liquid at adeguate velocity upon impingement on the meat surface. In
most emulsions, coalescence of the oil-soluble droplets will occur and they will separate from
the agueous phase resulting in non-uniform liguid spray impinging on the meat surface between
those meats leading entry into the spray chamber and those entering later. Thus, it is important
that moixtures comprising oil-soluble and water-soluble ingredients and water are uniformly
dispersed and homogeneous. H the emulsified ingredients are made in a remote location from the
point of use, and if the mixture is not used immediately after preparation, stability of the
emulsion becomes an important property for the mixed ingredient to be consistently effective.
{0021} Particle size of the dispersed phase in a mixture of immiscible fluids is around 1 mm
for macroemulsions and | nm to 1 pm for microemulsions. The larger the size of the dispersed
phase droplets, the higher the emulsifier concentration needed to maintain homogeneity and the
greater the tendency towards coalescence. However, the power requirernent to reduce the droplet

size increases with decreasing droplet size. Thus, it is often necessary to optimize the emulsifier
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concentration and the intensity of homogenization parameters to obtain stable homogeneous
dispersions.

100221 Homogenizers are well known in the food industry and have been in use for over 100
years. However, the basic principle of the homogenization process has remained the same. First,
the mixture of dispersed phase, dispersion medium, and ernulsifier is thoroughly mixed outside
the homogenizer. This well-mixed liquid is pumped at high pressure through a narrow channel to
increase the velocity followed by impingement of the high velocity fluid against a plate to reduce
the velocity and divert the flow through narrower chanuels. Finally the homogenized fluid exits
the homogenizer at ambient pressure. A major problem with homogenizers is coalescence of the
droplets of the dispersed phase as they leave the continuous flow channels of the homogenizer.
Thus, the droplet size is distributed over a range of sizes and although multi-stage homogenizers
and/or multiple passes through the homogenizer may be used, this approach only shifts the
predominant droplet size to the smaller values while a number of droplets in the large sizes may
still be present. These large droplets would have a strong tendency to coalesce and separate from
the bulk of the liquid emulsion. To maintain a stable homogeneous dispersion, even with the
predominance of very small droplet sizes, emulsifiers would still be needed if there are enough
large sized droplets present.

(0023} The trend towards consumer-friendly label statements in food products is strongly
influencing the formulation of products that eliminate the need for chemical sounding names.
Typically, effective emulsifiers for oil-in-water dispersions are synthetic compounds with
chemical sounding names. Elimination of synthetic emulsifiers from the label not only results in
a consumer-friendly label but also a label with reduced number of named ingredients.
Embodiments of the present invention provide an emulsification process that permits the
production of stable homogeneous oil-in-water dispersions without the addition of emulsifiers
and/or other chemical surfactants. However, some embodiments of the invention may use

macroemulsions containing natural emulsifiers.
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[0024] Some embodiments of the invention provide methods of producing minute droplets of
a non-polar fluid dispersed in a polar fluid medium without the need for adding an emulsifier or
surfactant. This is achieved using a processor that comprises a stack of discs (round or other
shape) installed within a pipe with gaps between the discs. The discs function as turbulence
promoters and create high shear, turbulence, and cavitation in a fluid flowing through the pipe in
which the promoters are installed. An example of a processor suitable for use in these methods is
the water conditioner disclosed in Australian Patent No. 580474, which is incorporated by
reference herein in its entirety. FIGS. | and 2 show this water conditioner 10 with tubular
housing 11, threaded bosses 12 and 13 at inlet 14 and outlet 15, respectively, and conditioning
element 16 comprising a phurality of discs 17 with apertures 21 on arod 18 with spacers 19
therebetween and nuts or other clamping weans 20 at each end. Housing 11 may be formed of
copper, bosses 12 and 13 of brass, rod 18 of stainless steel, and discs 17 and spacers 19 of an
alloy containing titanium, molybdenum, silver, silicon, copper, nickel, iron, zine, tin, chromium,
manganese, and cadmium. An example of this water conditioner 1s available commercially as the
SofterWater Conditioner device from Turbu-Flow Pty Lid, which prevents scale from forming
by neutralizing the scale producing properties of the minerals in hard water (see, e.g., the website
at softerwater.com.au).

(00235} The present invention is the first reported use of such a processor in promoting the
dispersion of a non-polar fluid in water. It was recognized by the present inventors that in a pair
of the turbulence promoter discs within the processor, induction of turbulence in the flowing
fluid and the reversing circumferential flow direction as fluid traverses from oune disc to the next
has an effect similar to that in one valve of a homogenizer. Thus, the stack of discs within the
processor treats the fluid similar to multiple passes through a standard homogenizer valve. The
continuous multiple-pass homogenizing effect provided by the processor has been found to
eliminate the coalescence of dispersed phase droplets between multiple passes through a single
homogenizer valve, thereby producing microemulsions with dispersed phase droplets distributed
within a narrow range of particle sizes. Without wishing to be bound by theory, it is believed that

6
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in the rmicroemulsions produced using the processor, the dispersed phase droplets may be
surrounded by molecules of the dispersion medium so that they are prevented from precipitating,
thereby maintaining a stable homogeneous dispersion.

[0026] To be effective in producing the stable homogeneous dispersion, the dispersed phase
is preferably mixed thoroughly within the dispersion mediurn before passing the mixture through
the processor. This can be achieved, for example, using a standard laboratory mixer and
observing that the fluid to be dispersed no longer forms a film of fluid separate from the
dispersion medium. Thus, the dispersed phase is preferably a fluid before it 1s mixed. Most oil-
soluble resinous materials are usually available dissolved in a food-grade solvent and such a
sohation would be suitable for use in the embodiments described herein.

100271 In other embodiments, the 1nvention provides methods of producing a concentrated
dispersion of an oil-soluble liquid suitable for dilution at the point of use to the required effective
concentration of the functional ingredient. It has been observed by the present inventors that
when the dispersion medium used as the diluent is passed through the processor at the point of

dilution, there was no separation of the phases for a prolonged period.

EXAMPLE
(0028} An exarople of a process for producing a dispersion of a non-polar ingredient
uniformly dispersed fluid in a polar dispersion medium is an emulsion of resinous material from
hops in water. The resinous material from the hop plant (Humulus lupulus) is commonly referred
to as hop acids and consists of a complex hexagonal roolecule with long side chains containing
ketone and alcohol moieties. The mixture of compounds in this resinous material has been shown
to be a suitable replacement for antibiotics in animal feed (see, e.g., U.S. Patent No. 7,090,873,
incorporated herein by reference). The resin may be obtained comwmercially as a resinous paste.
[0029] High shear, turbulence, and cavitation, created by a processor on a skid (FIG. 3), were
used to disperse resinous hop acids product in water. Two different water types were compared
against a conirol treatment. A processing systern according to certain illustrative embodiments of

7
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the present invention is shown in FIG. 3, and includes a reservoir 101, a pump 102, a processor
103, and a collection tank 104. In this Example, processor 103 was a multi-disc turbulence
promoter obtained from Turbu-Flow Pty Ltd (as described above and depicted in FIGS. 1 and 2);
however, in other embodiments other processors with a plurality of discs or other functionally-
equivalent turbulence promoter structures therein may be used.

{00301 Test | was a dispersion containing 1% hop acids in untreated tap water with 0.5%
propylene glycol and the macroemulsion was made using a high-speed propeller-type mixer.
10031} Test 2 utilized tap water processed through processor 103 as the dispersion medium.
A 1% hop acids dispersion was made with 0.5% propylene glveol and the macroemulsion was
made using a high-speed propeller-type mixer.

[0032] Test 3 also utilized tap water processed through processor 103 as the dispersion
mediun. A 1% hop acids dispersion was made without additives, pre-mixed using a high-speed
propeller-type mixer, and the macroemulsion was processed again through processor 103, It is
hypothesized that the processed water permitted molecular water to coat the dispersed droplets
after they were formed upon passage of the macroemulsion through processor 103, thus
preventing coalescence and stabilizing the microemulsion.

[0033]

The parameters used for processing Test 1, Test 2, and Test 3 are shown in Table 1,

which details the physical conditions of initial and final processing.

Table 1

Initial water processing Final processing®

Temperature Pre-Mix Temperature

Treatment Pressure | Flow rate Pressure
°F Temperature °F °F

psi gal/min ] psi

in Cut N In Out
Test 1 n/a n/a n/a n/a §2.0 nfa n/a n/a
Test 2 82.0 | 824 50 4.67 82.0 n/a n/a n/a
Test 3 1.3 | 82.7 56 4.67 82.0 79.8 | 89.0 50

*Flow rate of final processing was 4.6 gal/min for Test 3
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10034} Table 2 shows observations on hop acids solutions produced in Test 1, Test 2, and
Test 3 (observations on 1% hop acids solutions during storage). Test 1, with propylene glycol
and tap water was not stable and separated over time. Multiple types of precipitation (brown,
white residaes) were clearly visible on the bottom and stuck to the sides of the vessel. Test 2,
also with propylene glycol and water pretreated through processor 103 vielded a stable emulsion
initially, however the hop acids component precipitated within a week. Test 3, without additives,
made with water pretreated through processor 103 then reprocessed through the same processor
after addition of the hop acids, vielded a stable homogenous dispersion. After six months of

storage at room temperature, Test 3 remained stable and showed no signs of separation.

Table 2
Treatment Observations
Begins to separate after mixing.
Multiple types of precipitate and sludge (brown and white) on the bottom of
fest! container.
Sticky sludge on the sides.
Stable immediately after roixing.
Test 2 Loss of stability observed after 2-3 days storage as evidenced by precipitate and
shudge similar to that observed 1 Test 1.
Test 3 Stable homogenous dispersion.
{0035} These results show that processors that can produce dispersed phase droplets in the

nanometer size range can be effective in producing stable homogeneous dispersions of
emulsifier-free immiscible liquuds.

[0036] Methods according to illustrative embodiments of the present invention have been
demonstrated using a Turbu-Flow processor, but other devices capable of producing nano-sized
dispersed phase droplets may also be atilized, such as, but not limited to, the nanobubble
generator described in US 2016/0236158 assigned to EBED HOLDINGS, INC. (Baden, Ontario,
Canada) and the micro-nano bubble generator (ASG1/ASG2Z) from ASUPU CO., LTD

9
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{Shizuoka, Japan; see, e.g., the operating manual for ASGI available ounline at
www.mantalslib.com/manoal/ 1025120/ Asupu-Asgl html).

{0037] Further, although the example provided herein uses hop acids and water, other
applications may use other normally-immiscible flaids, such as, but not himited to, solutions
including cannabidiol (CBD) or other phytocannabinoids.

(0038} While there have been shown and described fundamental novel features of the
invention as applied to the preferred and exemplary embodiments thereof, it will be understood
that omissions and substitutions and changes in the form and details of the disclosed invention
may be made by those skilled in the art without departing from the spirit of the invention.
Moreover, as is readily apparent, numerous modifications and changes may readily occur to
those skilled in the art. For example, any feature(s) in one or more embodiments may be
applicable and combined with one or more other embodiments. Hence, it is not desired to Hmit
the invention to the exact construction and operation shown and described and, accordingly, all
suitable modification equivalents may be resorted to falling within the scope of the invention as
claimed. It is the intention, therefore, to be himited only as indicated by the scope of the claims
appended hereto.

[0039] What is claimed is:

10
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CLAIMS

1. A method of producing a stable homogenous dispersion of immiscible fluids without adding
an emulsifier, comprising providing a macroemulsion containing the immiscible fluids and no
added ernulsifier; and passing said macroemulsion through a processor configured for turbulent
fluid flow, thereby producing a microemulsion comprising a plurality of droplets of dispersed
fluid in a continuous phase of dispersion medium, which droplets do not separate from the
dispersion medivm during storage at room temperature, wherein the processor comprises a
housing having an inlet and an outlet; and a processing clement extending axially through the
housing, the processing element comprising a plurality of discs, each disc having one or more
apertures formed therein and together located to one side of the dise, the apertures of adjacent

discs radially opposed to each other.

2. The method of claim 1, wherein the dispersed fluid is a non-polar fluid and the dispersion

mediwm is a polar fhud medinm.

3. The method of claim |, wherein the macroemulsion comprises water processed through the

Processor.

4. The method of claim 1, wherein the macroemulsion is pre-mixed using a high-speed propelier-

type mixer before passing through the processor.

5. The method of claim 1, wherein each disc is formed with three apertures.

6. The method of claim |, wherein the discs are spaced a predetermined distance apart from each

other.
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7. The wethod of claim 1, wherein the cross-sectional area of the apertures in each disc i
substantially the sarne as the cross-sectional area of the inlet and outlet, and the cross-sectional

area between adjacent discs is greater than the cross-sectional area of the inlet and outlet.

8. The method of claim |, wherein the discs are formed from an alloy of metals of differing

electronegativity.

9. The method of claim &, wherein the alloy comprises at least one metal selected from a first
group and at least one metal selected from a second group, wherein the electronegativity of the

second group is substantially opposite to that of the first group.

10. The method of claim %, wherein the first group comprises titanium, molybdenum, silver,

silicon, copper, and nickel, and the second group comprises iron, zing, tin, chromium,

manganese, and cadmiur.

i2



WO 2020/053740

PCT/IB2019/057585
11

$ X A
i“‘"“ # ff 7 & xﬁg

§ & & &
o e (74 Y.
R X ----mer%}:\w?{t—g.}wﬁmgmm b.v?c\,“\\\ﬁ\g,\\x\xgmi \fg\‘c«i\‘&ﬂ\'\i\'\\'%ﬁ&:ﬁﬁg\\\&w § .
S N E Vo xgiq i e

A

- 8

b

S 3 T

L

/

:

rrrers

A
o Al Sk ‘
63 H
Asasdrasosses /
A
H
. L
e
A A Ao
H
m,”rr;v;frfrfwdo«?”
,
: i
S EAL iy’

. 5
L
A%
7
. A
2, ”;”g
7
g
A

%,

FIG. 1

103

104
101 102

FIG. 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2019/057585

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO1F3/08 BO1F5/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BO1F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/069698 Al (PACK SPENCER D [US] ET 1-3,6
AL) 22 March 2012 (2012-03-22)
Y paragraph [0002] 5,7-10
A paragraph [0009] 4
paragraph [0033]
paragraph [0035] - paragraph [0036]
paragraph [0042]
figure 5
X EP 1 008 380 A2 (HOFFMANN LA ROCHE [CH]) 1-4,6
14 June 2000 (2000-06-14)
Y paragraph [0001] 5,7-10
paragraph [0004] - paragraph [0009]
paragraph [0024] - paragraph [0032]
paragraph [0039]
figures 1-3
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 December 2019

Date of mailing of the international search report

17/12/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Real Cabrera, Rafael

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2019/057585

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

12 January 1989 (1989-01-12)
cited in the application
the whole document

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2 611 707 A (JOHN ROURKE ET AL) 1-3,6
23 September 1952 (1952-09-23)
Y column 1, line 1 - line 2 5,7-10
A column 1, line 48 - column 2, line 22 4
column 3, line 1 - line 19
column 6, line 3 - line 14
figure 4
X US 3 526 391 A (CHURCH MERTON W JR) 1-3,6
1 September 1970 (1970-09-01)
Y column 1, line 12 - line 24 5,7-10
A column 2, line 2 - line 47 4
column 2, line 65 - column 3, line 18
figures 1-4
Y AU 580 474 B2 (MAXWELL CHARLES HAWKINS) 5,7-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/IB2019/057585
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012069698 Al 22-03-2012  NONE

EP 1008380 A2 14-06-2000 AT 261336 T 15-03-2004
BR 9907453 A 16-01-2001
CA 2291565 Al 07-06-2000
CN 1256168 A 14-06-2000
DE 69915434 T2 03-03-2005
DK 1008380 T3 12-07-2004
EP 1008380 A2 14-06-2000
ES 2216423 T3 16-10-2004
IN 189920 B 10-05-2003
JP 2000167368 A 20-06-2000
KR 20000057041 A 15-09-2000
Us 6530684 Bl 11-03-2003
US 2003053372 Al 20-03-2003
US 2003133355 Al 17-07-2003

Us 2611707 A 23-09-1952  NONE

US 3526391 A 01-09-1970  NONE

AU 580474 B2 12-01-1989  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

