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inits entirety. 10FI ELD OF THE | NVENTI ON [ 0002] The present invention
relates to a device and nethod for creating cavitation for blending and
enul si fyi ng. BACKGROUND OF THE | NVENTI ON, 15[ 0003] Ermul si on t echnol ogy has
uses in a wde variety of industrial settr ngs, including, for exanple, the
food products industry, cosnetics industry, nedicine, pharmaceuticals,

medi cal processes and procedures, oil and gas processing, water treatnent,
and alternative fuels. In nost cases, high fluid pressure and nmultiple
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emul sion dropl ets, which aF@RBEENMINGANNEMYULSHEYEYNGal properties of the

enul sion. The quallty of an enuIS|on is often judged based on the

shel f-1kfe (i.e., the avoidance of fluid separation over time) of the

emul sion. [0004] Water-in-oil emulsion has steadily gained credibility from
a public pdf@Hption sthamanpbicationadairs Weepridritahandiéwéti Bifapvisigas! Ratenit ndust ry .

Vater-in-oi lpp?lrg!aﬁlon Sl No. 61/346,072, filed May 19, 2010, which is hereby incorporated by

reference in its entirety.

10 FIELD OF THE INVENTION

[0002] The present invention relates to a device and method for creating

cavitation for blending and emulsifying.

BACKGROUND OF THE INVENTION

15  [0003] Emulsion technology has uses in a wide variety of industrial settings,
including, for example, the food products industry, cosmetics industry, medicine,
pharmaceuticals, medical processes and procedures, oil and gas processing, water
treatment, and alternative fuels. In most cases, high fluid pressure and multiple fluid and
chemical emulsifiers or additives are needed to produce a stable emulsion product.

20 Often, the desire is to obtain nanometer structured emulsion droplets, which are thought
to benefit the final properties of the emulsion. The quality of an emulsion is often judged
based on the shelf-life (i.e., the avoidance of fluid separation over time) of the emulsion.
[0004] Water-in-oil emulsion has steadily gained credibility from a public
perception standpoint as a useful and beneficial fuel in industry. Water-in-oil emulsions

25  are primarily made with the use of emulsifiers or surfactants and are not stable enough to
be free of separation over time. Products are being made and tested to better and more

effectively deliver water-in-oil emulsion to the point of use by boiler burners and engines.
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2011/ 146622PCT/ US2011/ 037004 -2 - [0005] The primary function of an

emul sifier is to help nake droplets of discontinuous/di spersed substances
in solutions small and to keep those droplets snmall by reducing surface
tension and thereby retarding the dropl et "coal escence process. The current
state of the art of enul sion technol ogy includes various devices and 5
processes for making enul sions by way of ultrasonic, nechanical, and
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mixtures that are two or more liquid phases are defined as emulsions.

15  [0006] In one device described in U.S. Patent No. 2,271,982 to Kreveld, a means
for homogenizing (transforming the chemical composition, appearance, and properties
throughout a material) liquids and mixtures containing liquid matter is described. This
device is utilized under a high pressure in the range of 200 atmospheres, but suffers from
a limited ability to control various cavitation, turbulence, flow, and pressure parameters

20  in the cavitation chamber.

[0007] Achieving desirable liquid emulsions or colloids depends on the ability to
control and manipulate the droplet size of dispersed substances in solutions and create or
maintain a stable solution in the presence of a wide range of emulsifiers.

[0008] The complexity of many emulsion technology systems is high. Moreover,

25  the processes can be very complex and elaborate. For example, many mechanical
devices used in emulsion technology are complex and/or have moving parts, require
frequent repair, and can be unreliable. Thus, there is a need for devices and methods that

produce more efficient emulsions to lower costs per unit volume of end product.
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2011/ 146622PCT/ US2011/ 037004 3 - [0009] The present invention is directed
to overcom ng these and other l[imtations™in the art. SUMVARY OF THE

| NVENTI ON 5[ 0010] One aspect of the present invention relates to a device
for emulsifying a mxture. The device includes a body defining a cavitation
chanber, tHe0Mddy confheipsésant iavdnitiontis dingttesidio ondrcomany thgseaand oflive ligatativag i on
chanber co {ising an entry port and an exit port. The first opening is
connect ed Hglpﬁgtentry port by which a m xture enters the body and the
cavitation chanber to be enulsified and the second opening is connected to
10 the exit port by which enulsified solution exits the cavitation chanber

and the body. The device al SUUMMARYeOFaITHEIJNAMIENBI@NN0z2Z] e positioned in

the entry port of the cavitation chanber to direct flow of solution into

t he cavkt atj chanb ] LL i,n the
cavi tat Ton pMicer a0 ot Bl S InfBhahEles BN L FePRECFUAIEREE the
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15to0 the bo to al |l ow adjust t of. distance between the counter baffle
and the nof%ét. anfidécl ARGEIHE raggg}? “%}’fontQ%émgFre“soé‘FHrlsi%ﬂé‘rﬁniﬁbfrPoFté\nétaés to a

met hod of emylgif Whagird@ oFbaihy iconh&it&l RBhOGH by §9idRroi @i @nichandevi ce
of the present invention and introducing a mxture into the first opening
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device also includes a replaceable nozzle positioned in the entry port of the cavitation
chamber to direct flow of solution into the cavitation chamber and an adjustable counter
baffle positioned in the cavitation chamber at a position to impinge flow of solution
entering the cavitation chamber from the nozzle. The counter baffle is moveably attached

15  to the body to allow adjustment of distance between the counter baffle and the nozzle.
[0011] Another aspect of the present invention relates to a method of emulsifying
a mixture. This method involves providing the device of the present invention and
introducing a mixture into the first opening of the device. The mixture passes through the
nozzle and is emulsified in the cavitation chamber. An emulsified solution is recovered

20  from the second opening of the device.
[0012] The present invention relates to blending and emulsifying immiscible
liquids and other substances. The device and method of the present invention provide a
means to achieve high-shear forces to impart high energy input into fluid streams and,
more particularly, to mixing immiscible liquids and other substances to form emulsions

25  through the use of controlled fluid turbulence and cavitation energy. Cavitation can be
defined for the purposes of this invention as the breaking of a liquid medium under
excessive stresses.
[0013] The device and method of the present invention are significant advances in

the refinement of devices and methods that create highly effective and useful water-in-oil
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can operate at lTow o ressures in conjunction with structural
features tHhHod@14¢ol | ectliheekyicprndindthofl@f thee proseat mivE@ani tule; maxiveins advaatage
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technologies.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view of a longitudinal cross-section of one
embodiment of a device for emulsifying a solution of the present invention.
[0016] FIG. 2 is a plan view of a longitudinal cross-section of one embodiment of
20  adevice for emulsifying a solution of the present invention.
[0017] FIG. 3 is an exploded, plan view of a longitudinal cross-section of one
embodiment of a device for emulsifying a solution of the present invention.
[0018] FIG. 4 is a plan view of a longitudinal cross section of one embodiment of
a device for emulsifying a solution of the present invention. Arrows are provided to
25  show the directional flow of the bulk of the solution from left to right into and out of the
device.
[0019] FIG. 5 is a plan view of a longitudinal cross section of one embodiment of

the impact area of the counter baffle component of the device of the present invention.



enbodi mrent of a device for emulsifying a solution of the present invention.
[0016]FIG 2 is a plan view of a |ongitudinal cross-section of one

enbodi nerwoab112@es2devi ce for emul sifying a solution of Phe/USL@IMET004
invention. [0017]FIG 3 is an exploded, plan view of a |ongitudinal
cross-section of one enbodi nent of a device for emulsifying a solution of
the present invention. [0018]FIG 4 is a plan view of a |ongitudinal cross
section of one enbodi nent of a device for emulsifying a solution of the
present invention. Arrows are provided to 25show the directional flow of
the bulk of the solution fromleft to right into and out of the device.
[0O019]FIG 5 is a plan view of a |ongitudinal cross section of one

enbodi nent [M20 he | nFAGt 6 &replaniicwhef clongitwlindafds ecctionpbornembddimbet dfevi ce

of the presg i nvent i [ 146622PCT/ US2011/ 037004 020] FI G
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i nvention. [0021]FIG 7 is a plan_view of a |ongitudinal cross section of

one enbodi fesMpsEt arpeot thp sewnterwallosomprucaibefthe fevied ¢f the prorpinBRRtion. t he
device 9f t[b‘&ﬁ r esentFIGng gl 1519@ view of a longitudinal cross section of one embodiment of

the replaceable nozzle component of the device of the present invention.

[0023] FIG. 9 is a plan view of a longitudinal cross section of one embodiment of
the replaceable nozzle component of the device of the present invention.

[0024] FIG. 10 is a plan view of a longitudinal cross section of one embodiment

10 of the replaceable nozzle component of the device of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] One aspect of the present invention relates to a device for emulsifying a
mixture. The device includes a body defining a cavitation chamber, the body comprising

15  afirst and second opening and the cavitation chamber comprising an entry port and an
exit port. The first opening is connected to the entry port by which mixture enters the
body and the cavitation chamber to be emulsified and the second opening is connected to
the exit port by which emulsified solution exits the cavitation chamber and the body. The
device also includes a replaceable nozzle positioned in the entry port of the cavitation

20  chamber to direct flow of solution into the cavitation chamber and an adjustable counter
baffle positioned in the cavitation chamber at a position to impinge flow of solution
entering the cavitation chamber from the nozzle. The counter baffle is moveably attached
to the body to allow adjustment of distance between the counter baffle and the nozzle.
[0026] As used herein, the phrase “emulsifying a mixture” is used to refer to the

25  formation of an emulsion or colloid from two or more immiscible liquids. Emulsions are
generally understood to include one liquid (referred to as the dispersed phase) dispersed
in another liquid (referred to as the continuous phase). Thus, references to a “mixture” to

be emulsified are intended to mean a mixture with two or more liquid heterogeneous



5[0022]FIG 8 is a plan view of a |ongitudinal cross section of one

enbodi nent of the repl aceabl e nozzl e conponent of the device of the present
i nventi orwO[2002852G. 9 is a plan view of a |ongitudi nalPCErussel198mv4 on of
one enbodi nent of the replaceabl e nozzl e conponent of the device of the
present invention. [0024]FIG 10 is a plan view of a |ongitudinal cross
section of one enbodi nent 10of the repl aceabl e nozzl e conponent of the
device of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0025] One aspect of the present inventionh'relates to a device for

emul sifying a m xture. The device includes a body defining a cavitation
chanber, the body conprising 15a first and second openi ng and the

cavi t at i on corgaivents dhehgani feimgn amubstrnrgr qobeid velrich anay eksptcoplaimt liquither gasr st
opening is connected tg, the entry port by which mxture enters the body and
the cavitat"8R°¢ q{o be emul sified and the second opening is connected

to the exitjogpmt by \m:lf&ﬁn Abvab Fiedl s@l MIG. Qnd@méﬁoﬁlbmde@wdyaltzlnlncﬁhanber
and the body. The device also includes a replaceabl e nozzle positioned in

the entry pefipesofavitsoncembear |4orBady Lhiaglydes it epaonaw 16 andyweetndsapeningon i nt o
the cavitato @%gﬁ%mfcfula%ﬂlb%pm?e% yg&sﬁ%{gﬁ g@tlea[nd%bfb ?c?éd &ﬂeﬂ{%gdzg'ﬁ‘ the

cavitation'cha I'on I'ow of ~s61 Ut onent &ring the
cavi t at i on pohigishel atfafl@(fﬁtlbhawla?frbheﬁrsﬂ'bpelﬁ@ll’ﬁ atd inafflie pespamdicabip kcythat t ached
to the body to a||OM/ strent of distance between the counter baffle and
the nozzl eP! afn@o@ @é@eﬁergeh Orfs P?fﬁeo‘}ﬁﬁr At opsiHneshoriy copnesterity ertFerort s

used to rehgr,f &Ja%nﬁﬁaﬁeérrlatw@sha%em q{mhé% dhefq lus‘{’lla%dflfl%t {Bndl

more i mmi sci bl e Enul sions are genera erstood to inc
liquid ( r efFéGr é,d:hhnneé§4 tithe mtsrwcﬁedlghhasmlarthyﬂ;péﬂsadl wall d6otHoereven gualld

be- om0 98T AREh ERtEa g ARARTRCH xt ur e wi th Cwo or more 1iquid
het er ogeneqpgg) WO 20KbtditOGRARE P8E328d 18 37Q0porB22 of cavitation chamber 14. In
the embodiment illustrated in FIG. 1 and FIG. 2, cavitator insert 30 is positioned in
cavitation chamber 14 against front wall 18. Cavitator insert 30 serves to clear the eddy
current that would form in corners along front wall 18 that may interfere with flow.

15  Cavitator insert 30 is, according to one embodiment of the present invention, made from
a material resistant to cavitation damage over time.

[0029] First opening 16 and second opening 28 are, according to one
embodiment, equipped with threaded coupling structures to permit the coupling of pipes,
hoses, or other ancillary attachments into and out of device 10. In addition, first opening

20 16 and/or second opening 28 may be equipped with or connected to valve structures that
can be adjusted to control the flow of solution into and out of device 10. Further, first
opening 16 and/or second opening 28 are optionally equipped with sensing devices to
monitor, e.g., flow rate, pressure, temperature, or other properties of solution entering and
emulsion exiting device 10.

25 [0030] Device 10 has replaceable nozzle 32 positioned in entry port 20 of
cavitation chamber 14. Replaceable nozzle 32 has nozzle walls 34 that lead to nozzle
opening 36. Replaceable nozzle 32 is connected to channel 24. In the embodiment
shown in FIG. 1 and FIG. 2, replaceable nozzle 32 fits into cavitator insert 30, which

abuts front wall 18. As illustrated in FIG. 3, replaceable nozzle 32 is machined with male



conmponents that can forman enul sion or colloid which may al so contain

| iquid or gas conponents as well. [0027]Referring nowto FIG 1 and FIG 2,
devi ce 1owoOrnelwdes2body 12 whi ch defines cavitation chambemsieL/oBody 12
includes first opening 16 and second opening 528. In the particular

enbodi nent illustrated in FIG 1 and FIG 2, second opening 28 is
positioned at a |ocation away fromfirst opening 16 and in a plane

per pendi cular to the plane in which fir55 opening 16 is positioned. First
opening 16 is connected to entry port 20'0f cavitation chanber 14 via
channel 24. In the enbodinent illustrated in FIG 1 and FIG 2, channel 24
is the interior of aright circular cylinder wwth wall 26. However, wall 10
26 of channicadd>inthyt calgagr Wwith Aayatetiredded bpBOEH Shawet 24 pesmitiygpo2@bfOthedy 12
is exit port 22 gf q@vitatiopiﬁpznbgr 14 OIn t he enbogipent %I&%strated in
FIG 1 and "B CoPOSURMIER SPGB FRIBBOT 80 B58 A 100iett*f n bhlict 4t on chanber
14 agai nst chiveBimdl therd8s a SAY¥dth Ah@KednilsRItfanSiPios BEMREN tRartkbERS arldne eddy
current that would formin corners along front wall 18 that may interfere

with flow radesgbleaprstlcPisert 30 is, according to one enbodi nent of the
present cin Lon, @@ r resi t . it.at| fdamage over
tinme. [802gf§§¥st oggﬁﬁ%gJ gﬁggégééﬁnggé%?Egﬂé%b§?§$%§6§%?§%ﬁgﬁto one
enbodi ment chagbérpied adyuttablt kb eacehfioadl Cogntst baffié 40 &ss ingpapedred 42 which
coupl i ng of ﬁi es, hoses, or other ancillary attachnments into and out of

U

device 10. ¥ GPRIAYA JCPTEran helfithgPTH 62 mseoAyn dpEHF igtndd Iffay  be
equi pped wijt PTIS’Jct &R ag%ﬁe‘o&cgvé/@é(?&l%rs@hggc%g;sﬁgwhwﬁlé.qnariaeﬁlédn%éed to

control the flow of solution Int t evice 10. Further, first
openi ng 16 pasjdétod aise obnehcapedipnessdd 4drtas opidnonal dryateqbarphe diamdtér fensi ng
e I RN N GY NF T S A
25[ 0030] DevibsAc 39, Madatidthaeedbe BRZwAIE 18 AvRASdalt2BLeHséM368 M dov port 20 of
employed). Counter baffle 40 is held in place in cavitation chamber 14 by stem 46. Stem
46 has proximal end 48 and distal end 50. Proximal end 48 of stem 46 connects to
counter baffle 40 inside cavitation chamber 14. In the particular embodiment shown in
15  FIG. 1 and FIG. 2, stem 46 extends from the exterior of body 12 into cavitation chamber
14 through opening 52 in back wall 54.
[0032] Device 10 and its component parts may be constructed of well known
materials generally used in liquid transport and mixing applications. Exemplary
materials include, without limitation, stainless steel and nickel alloys that have a well
20  documented high resistance to surface damage from known adverse fluid cavitation
environments. In addition, the use of new state of the art metallurgical construction
materials have the potential to significantly increase the useful lifetime of device 10. In
one particular embodiment, the portions of device 10 that are exposed to solution (i.e.,
channels, walls, or chambers within device 10) have a high value Root Mean Squared
25  (RMS) surface finish.
[0033] The physical size of device 10 can be accommodated to any particular
application. In other words, device 10 is scalable to accommodate a wide range of

pressure and flow conditions (discussed in more detail below), in addition to being able to

use solutions with broad dynamic parameter ranges.



cavitation chanber 14. Repl aceabl e nozzle 32 has nozzle walls 34 that |ead
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t hreaded bore 56 in channel 24 at entry port 20. O her nmeans of positioning
nozzle 32 at entry port 20 nay al so be uSéd. In a preferred enbodi nent,
there is a snooth and seam ess transition between channel 24 and
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15  before introduction into opening 16 enhances the quality characteristics of the resulting
emulsion effluent at second opening 28.
[0036] Turning now to FIG. 4, the flow of solution through device 10 is shown by
directional arrows. As illustrated, solution flows through device 10 generally from left to
right, with solution entering device 10 at opening 16 and flowing through channel 24 and
20  nozzle 32 toward impact area 42 of counter baffle 40. In the particular embodiment
illustrated in FIG. 4, impact area 42, at the apex of concave depression 44, is
perpendicular to the flow of solution from nozzle 32 into cavitation chamber 14. In the
particular embodiment illustrated in FIG. 4, the flow of the solution is impinged by
impact with concave depression 44 to increase turbulent mixing of the fluids, impart
25  additional energy into the fluids, change the velocity of the fluids, and force the fluids
through channel 62. Volumetric channel 62 is bounded by the face of nozzle 32 and

circumferential land area 64. Solution (i.e., an emulsion) then leaves cavitation chamber

14 through exit port 22 and exits device 10 through second opening 28.



[ 0033] The physical size of device 10 can be accommbdated to any particul ar
application. In other words, device 10 is scalable to acconmmbdate a w de
range of woesswmres2and fl ow conditi ons (di scussed in nor @caasadi/obmbow), in
addition to being able to use solutions with broad dynam c paraneter
ranges. WO 2011/146622PCT/ US2011/ 037004 8 - [0034] One of the particular
advant ages of device 10 is that it does not require any noving parts during
the emul sification process. Wile nozzle .32 is replaceable and counter
baffle 40 is adjustable, these conponentg can be fixed and stationary
during operation of device 10. 5[ 0035]In operation, solution (i.e., a

m xture to be enulsified) flows into device 10 through first opening 16,
whi ch travdd@7own chemedd sboyvetdecedgly thone Fmbgdmeanel thﬂptﬁsaa\im\teatibmrit
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wi t hout bein reV|oust m xed ﬁtreanl However, prem xing of the initial
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[ 0036] Tur ni ng no ution t rodgh dev
shown by dlsomubnmd:ie carurlofisd, tisddsirtdismubicadyroduatt,ithe partltlhlawd;estgnrandgm devi ce

gg eglezg{)al | g ﬁ‘m l&qll\qu{%potn%?r ! g %ﬁ%m(ﬁ]%qf T%lg%élhlgﬂla?petq%{rlegl nts 0 the ap%hcatlon
under consideration. Typically, for a broad range of oil fired boilers, the operating
pressure range would be approximately 5 to 25 atmospheres. Solution enters device 10 at
a pressure of about 5 to 10 atmospheres. In one particular embodiment, input operating
pressures for water in fuel emulsions are carried out in a range of about 6-8 atmospheres.

15  Of course, it will be appreciated that higher (or lower) operating pressure ranges can be
produced if required for other applications. As described in more detail infra, adjusting
the pressure of solution entering device 10 is one of many factors affecting the final
emulsion product. While certain uses of device 10 may achieve best results when
solution enters opening 16 at a constant pressure, it may also be desirable to alter the

20  pressure and/or rate of solution entering device 10 to achieve a particular result. One of
the specific advantages of device 10 over other devices is its ability to deliver an
emulsion with water droplets in the ranges most desired for many applications at a
relatively low pressure compared to the 200 atmospheres of the device described in U.S.
Patent No. 2,271,982 to Kreveld.

25 [0039] While the pressure at which a solution entering device 10 at first opening
16 will effect the velocity at which the solution is impinged by concave depression 44 in
impact area 42 of counter baffle 40, solution velocity is also controlled by the particular
design of replaceable nozzle 32 that is employed. For example, replaceable nozzle 32

may have convergent walls 34 (as illustrated in FIG. 4) which, when encountered by fluid



20 nozzle 32 toward inpact area 42 of counter baffle 40. In the particular

enbodi nent illustrated in FIG 4, inpact area 42, at the apex of concave
depr essi om04411/i4662per pendi cul ar to the flow of sol uti onPCrarseelonzioe4 32 i nto
cavitation chanber 14. In the particular enbodinent illustrated in FIG 4,

the flow of the solution is inpinged by inpact with concave depression 44
to increase turbulent mxing of the fluids, inpart 25additional energy into
the fluids, change the velocity of the f|UIdS and force the fluids through
channel 62. Vol unetric channel 62 is bouflded by the face of nozzle 32 and
circunferential land area 64. Solution (i.e. , an emulsion) then | eaves
cavitation chanber 14 through exit port 22 and exits device 10 through
second ope mimg';ng@w arw@@&lqyemﬁ@éﬁzﬁmwmmdrwi 00 the velocity 06 8371]105@ not ed
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substances can be achi eved upstream of device 10 by, for exanple, passage
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pressure for g§V|ce 10 depends on nmany factors, including the types of

sol utions US| sified, the desired enul sion product, the particul ar
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requi renment's of the appl |cat|on u onsi derati on. Typ cal a broad
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6- 8 at nospheres. 15CF course, it will be appr eci a{)ed tha? hi gher (or | ower)

oper ati ng préswayeloaygds sgaﬁlob@s it exits nozzle opening 36 and is impinged by concave

depression 44 in impact arca 42 of counter baffle 40. For example, and without being
bound by theory, the vena contracta effect flow area regime in the minimum flow area of

15  nozzle 32 (i.e., nozzle opening 36) assists in creating cavitation at (and before, in certain
nozzle configurations) the point at which the solution exits nozzle opening 36 because the
pressure of the solution is reduced significantly immediately upon exit. Such conditions
cause a rapid reduction in pressure below the vapor pressure of the solution, thereby
creating conditions necessary for cavitation.

20 [0041] The physical properties of an emulsion output can be controlled by the
specific and variable design features of the device of the present invention. With further
reference to FIG. 4, device 10 is highly efficient at creating, for example, dispersed phase
emulsion droplets in the low micrometer (micron) diameter range. In particular, device
10 can achieve dispersed phase emulsion droplets in a range from about 1 to 20 microns,

25  preferably about 2 to 10 microns.

[0042] In one particular application, e.g., for water (the dispersed phase) in fuel
(the continuous phase) emulsions, emulsion droplets in a range of about 2-10 microns can
be achieved, which is typically the most desirable range for this type of emulsion. The

emulsion (water and hydrocarbon fuel) resulting from this particular use of device 10 has



produced if required for other applications. As described in nore detai
infra, adjusting the pressure of solution entering device 10 is one of many
fact ors avbeeotivmgezehe final emrul sion product. Wil e cerrarnusesies3mhs devi ce
10 may achi eve best results when solution enters opening 16 at a constant
pressure, it may also be desirable to alter the 20pressure and/or rate of
solution entering device 10 to achieve a particular result. One of the
speci fic advantages of device 10 over other devices is its ability to
deliver an enul sion with water droplet§]iﬁ the ranges nost desired for nmany
applications at a relatively | ow pressure conpared to the 200 at nospheres
of the device described in U S. Patent No. 2,271,982 to Krevel d.
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opening 16 will effect.the veloci.ty at.which the .soluytion is inpinged by
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32 that is enployed. For exanple, replaceable nozzle 32 nay have convergent
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34 of replaceable nozzle 32 in¢lude a portion of small dianeter channel
bet ween waﬁe@?a@aabé%wa&e}% Hy aglpistab %W?r%a&ki@mrgpa@%%ﬁy fefrd for pldering

vel ocity ofg,5f 639! Iﬁtgqa?t'?c H}d'ﬁ@aﬂ]@g&ln?er%gﬁw mhéﬁ P%iihli&eﬁﬁrbg)tiﬂﬂzé ﬂﬁ? area

of opening 36, the angle o constriction in walls 34, viscosity of the
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Since nozzle 32 is replaceable, device 10 can accommbdate adj ustnents in
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15  adaptation of concave depression 44 of the counter baffle that impinges flow of solution
exiting nozzle 32. Concave depression 44 is specifically designed and positioned
properly (for each different class of application) within chamber 14 to provide a unique
control surface that permits a variety of additional control capabilities for adjusting the
quality parameters of the emulsion ultimately produced at the output of device 10. As
20  illustrated in FIGs. 5-7, the adjustable counter baffle of the device of the present
invention may be modified in various ways to optimize the quality parameters of the
emulsion output from the device. Altering the particular design of the impact area of the
adjustable counter baffle varies the circumferential land area and may also vary the angle
of the volumetric channel created inside the cavitation chamber. The size and shape of
25  the impact area is an important variable in the initial stage turbulent mixing. Typically,
the contact surface is planar, except for an area of indentation. In one embodiment, the
design of the concave depression has a maximum diameter perpendicular to the center-
line of the cavitation chamber that is larger than the diameter of the exit opening of the

nozzle. The particular design features of the concave depression contribute to the control



15nozzle 32 (i.e., nozzle opening 36) assists in creating cavitation at
(and before, in certain nozzle configurations) the point at which the

sol uti on wWRI20Bl/1@622] e openi ng 36 because the pressure ofPCrhis2&ialostonoONn i s
reduced significantly i mrediately upon exit. Such conditions cause a rapid
reduction in pressure bel ow the vapor pressure of the solution, thereby
creating conditions necessary for cavitation. 20[0041] The physi cal
properties of an enul sion output can bedﬁpntrolled by the specific and

vari abl e design features of the device the present invention. Wth
further reference to FIG 4, device 10 is highly efficient at creating, for
exanpl e, dispersed phase enul sion droplets in the |ow m croneter (mcron)
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the out put Qo8 G8hd BnmfiSible components of the solution and the ratios of their respective
20  viscosities; the vapor partial pressures of the components of the solution; and the pressure
and flow parameters downstream of the nozzle discharging through the volumetric
channel and cavitation chamber.
[0046] With reference again to FIG. 4, as it pertains to replaceable nozzle 32, this
component can be adjusted to alter the acceleration of upstream fluid velocity to a high
25  value while creating at the same time a significant reduction in pressure (below the vapor
pressure of the dispersed phase). Changes in the operating process parameters of the
fluids can initiate violent cavitation while rapidly increasing turbulence, at relatively low
Reynolds Numbers (just beyond 2100), with highly energetic eddy currents before exiting

nozzle 32 and volumetric channel 62. The average diameter of the dispersed phase



20il lustrated in FIGs. 5-7, the adjustable counter baffle of the device of
the present invention may be nodified in various ways to optim ze the

qual ity paoanmst@se20f the enul sion output fromthe devi ®€T/UskaignBTIg4 t he
particul ar design of the inpact area of the adjustable counter baffle
varies the circunferential |and area and may al so vary the angle of the
vol unetric channel created inside the cavitation chanber. The size and
shape of 25 the inpact area is an inport%nt variable in the initial stage
turbul ent m xing. Typically, the cont act!Psurface is pl anar, except for an
area of indentation. In one enbodi nent, the design of the concave
depression has a maxi num di aneter perpendicular to the centerline of the
cavi t at i on dedrdeth éorntedaturing tHiaimgteal onkranf chwtativmsatiesctly praphgioasi to thpeni ng of

t he nozzle. The particuyl ar sign features of .the ncave.depression
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dounst ream of the nozzl e discharging through the volumetric chapnel and

nozzle 232. The turbulent and cavitating flow patterns are created as a result of the

20  sudden and dramatic pressure head build up in the fluids in convergent section 234A of
nozzle 232 being converted to velocity head of the fluid in small cylindrical channel
234B. This continuous conversion process near the inlet side of small cylindrical channel
234B propels the fluids at a significant increase in velocity (approximately a factor of 10
greater than that in the upstream side of nozzle 232) with a corresponding significant

25  decrease in local absolute fluid pressure (below the vapor partial pressure of the water in
the fluid flow stream and creating classical cavitation conditions). During this period and
as the cavitating and turbulent fluids flow out of opening 236 of nozzle 232, micron sized
water droplets are formed by the eddy currents created in the cavitating flow patterns and

are similar in size to these eddy currents. Nozzle 232 has male threads 258 that engage



[0046] Wth reference again to FIG 4, as it pertains to replaceable nozzle
32, this conponent can be adjusted to alter the acceleration of upstream
fluid velwoizoy/mes2a hi gh 25val ue while creating at the ®aEFASRIIPIO4
significant reduction in pressure (below the vapor pressure of the

di spersed phase). Changes in the operating process paraneters of the fluids
can initiate violent cavitation while rapidly increasing turbul ence, at
relatively | ow Reynol ds Nunbers (j ust beyond 2100), with highly energetic
eddy currents before exiting nozzle 32 “afd vol unetric channel 62. The
average di aneter of the dispersed phase WD 2011/146622PCT/ US2011/ 037004 -
13 - droplets formed during this initial onset of cavitation is directly
proportionaﬁﬂtbﬁmwéaémaﬂg@b@@hsﬂmymaﬁd0§ﬂxaﬂ@ﬁntmwbukmnohehbkasbﬂéaﬁed
These effe% q%%be i acted by the particul ar design of nozzle 32

sel ected. [G0F?] IE@S%E P74t ar exanpl es of nozzl e designs are illustrated

in FlGs. 84 [ww] S n FlifsthBombtaizabm ilkdahdsn COOVEY, @67lc 980 has bkedl dHaahelt aper
to their narrowest point at nozzle opening 136. Nozzle 132 has nal e threads
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content, angcording to, e.g., spherical or parabolic reflector physics principles and the size may be
selected according to process fluid properties for the unique emulsion product desired.
Concave depression 44 assists in developing the final desired emulsion quality
parameters, which are strongly influenced by the initial physical properties of the

15  dispersed and continuous phases of immiscible fluid components. For example,
immiscible fluid components are normally easier to process into an emulsified product if
their viscosities are low and the ratio of their viscosities is within a certain predetermined
range of values.

[0051] With further reference to FIG. 4, circumferential land area 64 provides a

20  land area which defines volumetric channel 62 between circumferential land area 64 and
nozzle 32. Volumetric channel 62 also assists in controlling the quality parameters of the
solution in cavitation chamber 14. In particular, adjustmentability of the radial location
width and/or length of volumetric channel 62 can be used to alter the velocity and
pressure of the solution before it enters the more open area of cavitation chamber 14,

25  thereby providing the necessary local process control capability to manipulate the quality
parameters of the impacted fluids (i.e., beyond volumetric channel 62). The pressure and
velocity of the solution in cavitation chamber 14 (i.e., beyond volumetric channel 62) is
significantly reduced as the solution moves to exit port 22 and out of second opening 28.

This reduction in pressure and velocity has the effect of stabilizing the dispersed phase



cavitation turbul ence conditions between the nozzle and the circunferenti al
| and area in the counter baffle. Before the fluids begin to exit nozzle 232
t hey expewODentig4sazebul ent and cavitating flow patterns Phatusasia/osmoel oped
in small cylindrical channel 234B of nozzle 232. The turbul ent and
cavitating flow patterns are created as a result of the 20 sudden and
dramati c pressure head build up in the fluids in convergent section 234A of
nozzl e 232 being converted to velocity ad of the fluid in small
cylindrical channel 234B. This continuous conversion process near the inlet
side of small cylindrical channel 234B propels the fluids at a significant
increase in velocity (approximtely a factor of 10 greater than that in the
upst r eam siqdelityfol dooptdte CBeYymigrantiablagdpree $g on dharefosd, gnirftégralndesizB fewurcease

in local absglute fluid.pressure (bel ow the vapor partial,.pressur f the
vt i £ RE M ifaper Bl PR DeERENER e PO BEES bty PUFREHE Fedthre
condi t i onshelpPdefin@vélimstrRehbmet] 80 eyhach ik ARo @A \eldndink BBtod dodtkt] Ruplityf | ui ds
fl ow out of opening 236 of nozzle 232, mcron sized water droplets are

formed by taR@é opgrdyngshemaqos theriswendigni n t he cavitating flow patterns and are

that ondagd0¥ 2011/ PIBESSREH DB b8 EhE et e A SR R e
bore in thelepamigeornthe phricplaededign dfvoativiealrpie9sibod andzizduenf2RAtialiand he

cavitation insert in place. [Q049]In the enpbodi pent. |l Iélstrated in FIG 10,
nozzl e 332 #AdprioaaxEnRiRHsfeingnom e Kt X Furnieratial 1apd aise 1194 songladr ow

chemel S2 4R ERL S . OGBS e T

t hreads 358 that engage w rea ore int evice of the
present i nwalpmatve ¢robdibindnts dhstreted 32FIG (pdraldd G. [/ 0GEOMtchtifldartdreeasrXfler ence

to FIG, 4, sol yt i com ng, .into coptact w concave depressi .44,
woi ehoaar ERE%) 3R L 86T e pi et ol SR Bt R s B, a
fluid f1owditlcaehheima tociéﬂﬂg%eis%eid?ﬁﬂl%%ﬂlmeﬁ% tHahHsitaralcedithyn t he
direction I0arrows in Fl 4. Thus, the particul ar shape of concave

depr essi on additimnyl dseres el earabditadwordiraipftiocal 8uyl proeyshprmaterothapanabol i ¢
et ector BMSLeS RrUELR) S AR L SSrERS SPSSELSTBEF A0, 0o
depr essi on véthnaasé ShanntNodeacttRpich@itdeeof évahtislediandr eMhsioiditial i ty
P arrEtlgr s s ]\f;\!gi tcgtoaaE leocgltardolilsgrlngntiir? f lo%gsgcc%gtrgly atra[]n?etierrs]iats irnaalll b%rrll%gciie%a}[lo tailor
pr oper t'Pes SBPICEH J p p y
the quality parameters of the emulsion. The capability of the range of control of the local
process parameters in volumetric channel 62 can be precisely and accurately determined
by the dimensions of volumetric channel 62.
[0053] With reference again to FIG. 4, the width of volumetric channel 62 can be
20  adjusted by the distance of counter baffle 40 from nozzle 32. This is done by adjusting
stem 46, which extends through opening 52 of back wall 54. Any suitable adjustment
mechanism may be employed to adjust the distance of counter baffle 40 from nozzle 32.
In the particular embodiment illustrated in FIG. 1 and FIG. 2, stem 46 has threaded
spindle portion 68, which mates with threads inside of opening 52. According to this
25  embodiment, handle 66 is included at distal end 50 of stem 46, whereby adjustment of
handle 66 increases or decreases the distance between nozzle 32 and counter baffle 40,
thereby increasing or decreasing the width of volumetric channel 62.

[0054] Referring again to FIG. 4, the dimensions of volumetric channel 62

contribute to the total control scheme for the quality parameters of the dispersed phase



15di spersed and conti nuous phases of imm scible fluid conmponents. For
exanpl e, inmm scible fluid conponents are nornally easier to process into an
enul si fi edoppadged22i f their viscosities are | ow and t hePcattseoiafo3tohei r
viscosities is within a certain predeterm ned range of values. [0051]Wth
further reference to FIG 4, circunferential |and area 64 provides a 20

| and area which defines volunetric channel 62 between circunferential |and
area 64 and nozzle 32. Volunetric channel 62 also assists in controlling
the quality paranmeters of the sol ution i cavitation chanber 14. In
particular, adjustnentability of the radial |ocation width and/or |ength of
vol unetric channel 62 can be used to alter the velocity and pressure of the
sol ution balrenlets inchahngsize, tqnentitprsezeapsnibetiana and reseluiiomof ihn dotabdbion ptadk 25

t her eby providi ng the necessary | ocal. process control capability.to

i pul at e O Ry " DEREAREY LBERwRLET R BRI P BRI hishq

vol unetri ¢ eahaastol @persdi BhaRe ARSI Srépectids®IO@njohcBbn Wid tBOABILityQB ubd)
cavitation chanber 14 (i.e., beyond volunetric channel 62) is significantly
reduced as YEHEUsHt SheRcshBuddiamgtces@itcoperve depressien dhof Be cg@@@m@fgwﬂ ng 28.

di sper sed Sranar BN SBRT BRD R T D b Cu R Ly S PRy 8 t e
dropl ets. @he daiideasfend prabent avdntivrewd ehdisteditbepaihtican camldiod pgdatt. desi gn

feature of the unique enul sion process occurring in deyice 10, inasmich as
this structl®®3 feat u’*rlbar‘%étll%@l %ﬁlioﬁéblﬁé?%ﬁétof riew%é%ﬁﬁqhe GCSEMiIBYPIHEN A so an
el enent of il i (S i on.
S 0052] Vol (ot e R e e S S U P
wal | s dependilumgcothetfhal gabiticalduatitydesagetesfof tloncaties cepsies Sloenfrad thad

circunferential. | . area 64. For exanple, referring. nowto EIG .5,

ci 1 CunfiDr eAPYSafion At Jr eSO th dor S RE bR 8T Fapsarg flow

vol unetri c eRAANRYICM Infex@SHOMTEL idforSbehdWpkhing 2kn al ternative enbodi ments
illustrated in FIG 6 and FIG 7, circunferential |and areas 264 10(FIG 6)
and 364 (FI@561) woullhotlsy aspsst ef the presérd enwgatips reldes @ amtthodof ¢oulsiigingel .

This particular abi]lity to, adjust the.size or. shape of volunetric,channel
62 perm t s dhe b et GugrbE o uRAF aRfies BPRE sRbry B o o Tt
process pan@apRiveing ol Mikiture aito it firds)eRido T tRUdvede0 MUk hiry pRREAIBIUEh She
Specifically, as a solution traverses the volunmetric _channel to reach the

renai ndér dPzdagnd wranshsiBedipyle cavitatipnehagphas: Agremudsifisd selpfiercis serovercd | ocal
adj ust ment 4 ] ters as nay be needed to tailor the
quality pa#gﬁ%pégégﬁﬁlﬁﬁg&gﬁhFgﬁgﬁgEThe capability of the range of control
of the | ocqd00§1 ocess Aldage paferddeminldineits havedivan depicto@ anddedodbgt mci sel y

and accurately determ ned by the dinensions of volunetric channel 62.
[ 0053] W't h deBtldicesindt wyhbs:airarapf tg thase iﬁﬁed\m el artSriihet 18Ut hannel 62

can be 20adjistefioRY iligioRl SLBNIEGioaE, MAYRL Bike @aﬁfﬁelrﬁad%%iftﬂo%%%%ge&g‘[ﬁ- Thi s

i s done by adjusting
20  the spirit of the invention and these are therefore considered to be within the scope of the

invention as defined in the claims which follow.



stem 46, which extends through opening 52 of back wall 54. Any suitable

adj ust nrent nechani sm may be enpl oyed to adjust the distance of counter
baffl e 40wbrommexzl e 32. In the particul ar enbodi nent PCrostoawe®od n Fl G
1 and FIG 2, stem 46 has threaded spindle portion 68, which mates with

t hreads inside of opening 52. According to this 25 enbodi nent, handle 66 is
i ncluded at distal end 50 of stem 46, whereby adjustnent of handl e 66

i ncreases or decreases the distance between nozzle 32 and counter baffle
40, thereby increasing or decreasing the 'width of volunetric channel 62.
[0054] Referring again to FIG 4, the dinensions of volunetric channel 62
contribute to the total control schene for the quality paraneters of the

di spersed PNERET INCI2OMER46622PCT/ US2011/ 037004 - 16 - dropl ets including
size, quantity, size distribution, and resolution of the distribution peak
of phase droplets. This control capability (i.e., adjusting the size of
volumetric channel 63 . to Qpﬂ&hgiﬁﬂbﬁ@gﬁ§ﬁ@gﬂhﬁ&ﬁeébﬂfhghgprOpertIeS) in
conjunction with the ability to use various sizes apes, and di aneters of
concave depression 44 tofydaEnigagreeeiativachpaberthsdedy compasis p firstandf | ow i n
cavitation 4 tr S i devi ce
of the presgﬁﬁﬂqﬁsg% ?%% caggﬂg)<m5@m§ﬂ§nﬂ%ﬁ |ﬁPf%ﬁ§%%han é?%%négﬁﬁuct

[ 0055] An addickdinial firsosichigl 1ab(brﬁwéted1tcuthe eafry @emtlb(ye;vlﬂlal ohitthe qitas diet

i nvention is the ckpressndﬁrof caV|tat|Qn (out.si de of

vol unet ri c PERRARBINCES Y alginapaer tpmeaé%@e HTBP ﬁ%ﬂongpaﬁ}mg PE@nBResEd ty
par amet er s tmhet&ﬁga%w \chﬁ?e}éﬁgﬁi@grsfomwn Fcﬁmhtg%v% mhramﬂ%é&ad tﬂ_é‘ﬂ)(giyfl o

backpressure nmay be contro , exanpl e e use of standar
control devices in exirtplpomble2dzzlngbaitioseiarnit ﬂpfyrpdngoﬂtﬁe chiR661]) Alrrmtlieer

aspect of the. present vention relates to od of emulsifying a
m Xt ure. Tﬁ?gngﬁgﬁﬂﬂﬂﬁﬁ ’Pgégnﬁk%ﬁ?ﬁ?%ﬂlgﬁ@&ﬁéfpae of the presgntginvention

and introducing a mi éh%ﬂﬁmiaﬂfe%oﬁﬂ@rBéfﬂ%tpoﬁﬂﬁﬁ@drlg R cavigtigledtager e M xture
passes through the 15nozzle and is enulsif in the cavitation chanber. An

emul si fi ed positign tompirgg Beweé paddtion entering the caV1tat10n chamber from the nozzle,

wherein the counter baffle is moveably attached to the body to allow adjustment of

distance between the counter baffle and the nozzle.

2. The device according to claim 1, wherein the first opening of the

body is connected to the entry port of the cavitation chamber via a channel.

3. The device according to claim 2, wherein the channel has parallel

walls.

4. The device according to claim 1, wherein the exit port of the
cavitation chamber is at a position perpendicular to the entry port of the cavitation

chamber.

5. The device according to claim 1, wherein the counter baffle
comprises an impact area, wherein flow of solution from the nozzle is impinged in the

cavitation chamber by the counter baffle at the impact area.



fromthe second opening of the device. [0057] Al though preferred enbodi nents
have been depicted and described in detail herein, it will be apparent to

t hose skiwbDeditmed2de rel evant art that various nodifi caPCons20iadsiond ons,
substitutions, and the |ike can be made w thout departing from 20the spirit
of the invention and these are therefore considered to be within the scope

of the invention as defined in the clains which follow. - 17 - WHAT IS
CLAI MED: 1. A device for enﬁéfifying a m xture conprising:
a body defining a cavitation chanber, t'he body conprising a first and

second opening and the cavitation chanber conprising an entry port and an
exit port, wherein the first opening is connected to the entry port by
whi ch a mi xture enterts thdhgddyicanccordieg tadiinad avhaeindharimct area pethe

emul sified anq t eningﬁis connected to the exit port by which

h d
omul si fi od OBHE: POHS SUnpasee RAoRY

?%ti on chanber and the body:; a
repl aceabl e nozzl e positioned in the entry port of the cavitation chanber
to direct flow of solution into the cavitation chanber; and an

adj ust abl e counter bdffl e Theslcvicoaeeprding thelaign Qi wharpigrhe ¢epigssionas a g

position tq _jpi .gw of solution entering the cavitation chanber from
t he nozzIe%ogﬁg%ggﬁe%%%Lcounter baffle is noveably attached to the body to

al | ow adj ust nent of di stance between the counter baffle and the nozzle.
2. The device according to claim1l, wherein the fjrst opening of .t he body
is connected to the éntry IN6EEVISE 2¢90Edingin ¢laim 6rvharsinghs iast et Kannel .

3. The devigth AERRAINE HBwCllifhAnar BRI Br IGIGRANBE! a3 ABEALILRL Wal | S
4. The devPc eaccoradingeto cnafﬂkl?m3 ef |nrt eegxit ﬁé?t o#ﬂ?Ee %a&?tation
chanber i s lests tlanpbs edtirommpa&nt peadi cul ar to the entry port of the cavitation

chanber . 5. The device according to claim1, wherein the
counter baffle conprises an inpact area, wherein flow of solution fromthe

nozzl te i's inpinged i m the GRVelREL&RENAIPERIDY, WRGcihANlacbatd Ise at the
| act area.
w perpendicular to the flow of solution from the nozzle into the cavitation chamber.

10.  The device according to claim 5, wherein the impact area has an

axial projected surface diameter greater than the diameter of the opening of the nozzle.

11.  The device according to claim 5, wherein the impact area is not in

contact with an interior wall of the cavitation chamber.

12.  The device according to claim 5, wherein the counter baffle is
attached to a wall defining the cavitation chamber, said wall being opposite the entry port

of the cavitation chamber.

13.  The device according to claim 12 further comprising:

a stem extending through the body and into the cavitation chamber
through a wall opposite the entrance port, wherein the stem is connected at a first end to
the counter baffle inside the cavitation chamber to support the counter baffle and at a
second end to a handle outside the body to adjust the distance of the impact area to or

from the nozzle.



- 18 - 6. The device according to claim5, wherein the inpact

area of the counter baffle conprises a depression. 7. The
devi ce acwordimged2e cl ai m 6, wherein the depression i s &CEAISCEIDH37004
depr essi on. 8. The device according to claim6, wherein the

i npact area is perpendicular to the flow and is planar, except for the
depression, and the depression is less than the entire inpact area.
9. The device according to claimb5, mherﬁ;n the inpact area is

perpendi cular to the flow of solution frogmthe nozzle into the cavitation

chanber . 10. The device according to claimb5, wherein the
i npact area has an axial projected surface dianeter greater than the
di anet er of the opening of the nozzle. 11. The device according

to claimb5, wherein the inpact area i not .in ntact. with an int.erior wall
of the cavitation ch&%berE%edﬁvweamx”%ngg?dﬁﬂ%fgéWF%%ng%E%?Hfﬂﬂmpgmélain15,
wher ei n t hehegauatspidathbd Mates with ttideh@dn i walvBpposte teinfg poltefeRyi tation

chanber, said wal bei ng opposite the entry port of the cavitation chanber.

13. The devpviéatigeebaabeig to clai m 12 further conprising: a stem
extendi ng through the body and into the cavitation chanber through a wall
opposite the entrance port, wherein the stemis connected at a first end to
the counter baffle inside Theelctidy at@bdiag tetiaitb ey whaciaulpbsdy dohgriseunt er
baffl e and at a second end to a handl e outside the body to adjust the

di st ance ofMmat¢ieal salpeted framehe gpupcontigneg Hetarysy steel and allpy materials. 14.
The device according to claim 13, wherein the stem conprises a threaded
spindle that mates with threads in the wall opposite the entry port of the
cavitation chamber. 16.  The devicd Bccotdieg tedhine | agkaeiditgndzzlcodomipmsds a
wherein the bodygﬁpggrises a material selected fromthe group consisting of

stainl ess SPEHIC f FOYY R B 1PRF s . 16. The devi ce according

to claim1, wherein the nozzle conprises a

17.  The device according to claim 16, wherein the channel has a non-

convergent portion.

18. A method of emulsifying a mixture, said method comprising:

providing the device according to claim 1;

introducing a mixture into the first opening, wherein the mixture passes
through the nozzle and is emulsified in the cavitation chamber; and

recovering an emulsified solution from the second opening.

19.  The method according to claim 18, wherein the mixture comprises

two or more immiscible liquids.

20.  The method according to claim 18, wherein the mixture comprises
solid phase particles.
21.  The method according to claim 18, wherein the mixture comprises

gas phase particles.



channel having a convergent shape. 17. The device according to
claim 16, wherein the channel has a non- convergent portion. 18. A nethod
of enul siwgizng/@6622xt ure, sai d nmethod conprising: provi @écmgiStéia/osmos ce
according to claima1; introducing a mxture into the first
openi ng, wherein the m xture passes through the nozzle and is emulsified in
the cavitation chanber; and recovering an enulsified solution fromthe

second openi ng. 19. The et %g according to claim 18, wherein
the m xture conprises two or nore inmm scible |iquids. 20. The
met hod according to claim 18, wherein the m xture conprises solid phase

particles. 21. The nethod according to claim 18, wherein the

m xture conprises gasg2phadepagthoddasgrding tozfrim 18, wherein the miire Jérapmsss hod
accordi ng toy&'%i”‘lﬁj mh?gﬁin the m xture conprises solid and gas phase
particles. 50 N0 835 PRASERATIGHR et hod according to claim 18, wherein the
first opening of the body is connected to the entry port of the cavitation

chanmber via a channel . . ' ' '
The method according to claim 18, wherein the first opening of the

body is connected to the entry port of the cavitation chamber via a channel.

24.  The method according to claim 23, wherein the channel has

parallel walls.

25.  The method according to claim 18, wherein the exit port of the
cavitation chamber is at a position perpendicular to the entry port of the cavitation

chamber.

26.  The method according to claim 18, wherein the counter baffle
comprises an impact area, wherein flow of mixture from the nozzle is cavitated at a time
selected from before, during, and after, or any combination thereof, exiting the nozzle
and is impinged in the cavitation chamber by the counter baffle at the impact area to

turbulently mix the solution.

27.  The method according to claim 26, wherein the impact area of the

counter baffle comprises a depression.

28.  The method according to claim 27, wherein the depression is a

concave depression.

29.  The method according to claim 27, wherein the impact area is

planar except for the depression and the depression is less than the entire impact area.



24. The nmethod according to claim23, wherein the channel has parall el

wal | s. 25. The nethod according to claim 18, wherein the exit
port of tWwe envis6@Ri on chanber is at a position perpendiPClltsrotio3t0he entry
port of the cavitation chanber. 26. The nethod according to

claim 18, wherein the counter baffle conprises an inpact area, wherein flow
of mxture fromthe nozzle is cavitated at a tine selected from before,
during, and after, or any conbination thereof, exiting the nozzle and is

i npi nged in the cavitation chanber by the counter baffle at the inpact area
to turbulently m x the solution. 27. The nethod according to
claim 26, wherein the inpact area of the counter baffle conprises a

depr essi on. 30. 28 heThsherbadeodlizromdinilp, wherlimihmi@pactwheariei n t he

d i i 4 i an, . .29. Th t hod di t
ol ai m 27, iRt RERR R Fr BRRTIP LIS fopn rap - b et e GESPEST on and
the depression is less than the entire inpact area. -21 - 30.

The net hod according to claim26, wherein the inpact area is perpendicul ar
to the flow of solutidn fridsmnedteohiseording ietcdpimtd, phercimthic dmMpati gfigdas an

31 The el DA ASASEA! Bufkal 1AR: (MNSHENTNENE of TRAGL ALERANAR, A0 axi

projected su i anmet er grea Iameter ening of the
nozzl e. 32. The nethod according to claim26, wherein the
inpact area is not in_contact with an jnteriaor wall of the cavitat.ion
chanber . 3233, TSROk P A 100 WPLihihe aMPHH @FSi ihethe

count er baﬁﬂk@mﬁ&xﬁﬂEﬂFMEQm}QmﬂoWﬁkk?dﬁﬁk%hmgmb&e cavitation chanber, said

wal | being opposite the entry port o e cavitation chanber.
34. The nethod according to claim 33 further conprising: a stem

extendi ng through the _body.and inio the cavitatjon chanper throu a wal |
opposite the ent ranc§3port ,he\%eé#“?é{?chWéngstPecﬁaﬂstchr}?ﬁ@é‘{ CS‘(‘“S”P&\%H%{S end to

the count eryh@fclilt® a Wasli deintd@h& amiithadi Qf&np&aﬁr&hﬁrwél%eﬁfa@s@o&it& he &1&?%&@
y

baffle and at a second end to a handl e outside the bo 0 adj ust

di st ance ofof theecaviigienstchambar.t o or from t he nozzle. 35. The

met hod according to claim34, wherein the stem conprises a threaded spindle
that mates with threads in the wall opposite the entry port of the

cavitation chanber. 34,  Th36metHdtPac¥Bidattoatsnr IV MgthécodprisMg34 furt her
conprising: adjusting the properties of the enulsified solution recovered
fromthe device by adjste pﬁgn(ﬁﬁgthﬁg}pgj] the body and into the cavitation chamber

through a wall opposite the entrance port, wherein the stem is connected at a first end to
the counter baffle inside the cavitation chamber to support the counter baffle and at a
second end to a handle outside the body to adjust the distance of the impact area to or

from the nozzle.

35.  The method according to claim 34, wherein the stem comprises a
threaded spindle that mates with threads in the wall opposite the entry port of the

cavitation chamber.

36.  The method according to claim 34 further comprising:
adjusting the properties of the emulsified solution recovered from the

device by adjusting the handle.



- 22 - 37. The nethod according to claim 18, wherein the

nozzl e has a convergent shape. 38. The nethod according to
cl ai m 18, wotrerigi4ne2gai d i nt roduci ng conpri ses i ntroduci n@Ca/yse@sssmnsed
m xture into the first opening. 39. The nethod according to claim18

further conprising: adjusting the pressure in the cavitation chanber by
adjusting the rate at which the enulsified solution is recovered fromthe
second openi ng.

-22-
37.  The method according to claim 18, wherein the nozzle has a
convergent shape.
38.  The method according to claim 18, wherein said introducing

comprises introducing a pressurized mixture into the first opening.

39.  The method according to claim 18 further comprising:
adjusting the pressure in the cavitation chamber by adjusting the rate at

which the emulsified solution is recovered from the second opening.



