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“APPARATUS 5 Waoe99pmaszent invention relates generally to chem cBCT/AUS®BMESI Ng
of materials in industry and particularly to individual steps involved in
the overall processes used in the chem eall processing industry,
~particularly in 10 industries involved in the separation of different
‘materials fromeach other. Mire particularly, the present invention rel ates
to inprovenents in chem cal processing of two or nore dissimlar naterials
where the dissimlar materials are to be separated from each ot her either
in the 15 one step or in different MIxIpee APFRRATUS particularly, the
present invention relates to a mxing step as a pretreatnent or to
i mprovenents in the mxing step of an overall process of separating two or
more diffgrent materials fromeach other, particularly two or nore 20
.1§ubstantially i mm scible fluids or fluids which can be separated on the
‘pasi s of one The mresentopmvention rébatescgenersilyotoechenibalt he

i ndi vi dual fl uids uch their, respectiy nsities. The ptesent

nventi on 11 RESSHRIH) dF Aaef1d R RS LuGuPRRS. b ol bEcRIRR R bR o
‘hydr ocycl onedrdividudWstdpk denysDeédeinathe aratdt pRBtesb8B d8e@nNgnof
the steps in the overall process of separating two different materials,
: such as oi | &heidheHealmrrecessing RSty onPerEACBLAELY dRd optional Iy
npeparatig S&M%&;@'i&r&f&ﬁ Cf £ Sethd OB Eaf:!lﬂhdoﬁnaﬂf)é’%g@ the
wparticles are suspended, typically water. wever, the apparatus and net hod

. pf the pr esematerials dirom\eadls cotirensedMaseaparkéculariycother present

-qmterial intqQ another material where there is to be no,or
m %.nvent:r:]i.on relates to :r.mprovemen s gn chemical processing of

two or more dissimilar materials where the dissimilar
materials are to be separated from each other either in the
15 one step or in different steps. Even more particulérly,
the present invention relates to a mixing step as a
pretreatment or to improvements in the mixing step of an
overall process of separating two or more different
materials from each other, particularly two or more
20 substantially immiscible f£luids or fluids which can be
_ separated on the basis of one or more properties or
, ' characteristics possessed by the individual fluids, such as
: their respective densities. The present invention finds
particular application in methods and apparatus using
25 hydrocyclones to mix two fluids together as a pretreatment
step as one of the steps in the overall process of
-{‘ separating two different materials, such as oil or oil-like
o material and water from each other, and optionally
separating suspended solid particles from the f£luid in
30 which the particles are suspended, typically water.
However, the apparatus and method of the present invention
may also be used as a mixer to incorporate one material

into another material where there is to be no or
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“subst anti al | wOo®9/14383ar at i on of the two materials, such as forPerardkeess]
where a gas is to be incorporated into a liquid either tenporarily or '
permanently, such as for exanple a carbovnazed beverage. 5 Al though the
present invention will be described with particular reference to the use of
"a hydr ocycl onsubstangiallywhehsensretimne oLfc ditenitvion gnaestaricl Josum siech vees!

contam nants h LS d_lubricants or st,es fromthe 10 . food
processing in ugt Ty, %I%ﬁ 'gis}eﬁgi PyIBPodfc S %W&%%erﬁﬂ%?o% or
simlar mxtulbgaidaeithett t@hpstrarigyt b2 Permamentale’ dHrleras e i ng
conditions, it is to be noted that the present invention is not limted in
scope to the e%3BP18-3 capbonatad bpyeragener the scope of 15 the present
inventiongi s nore extensive so as to include other arrangenents of the
apparatus, other uses of the apparatus and nethods, and application of the
‘appar at us andalhchongls theipresent einveheionhaililhbdeoideseribdd abicthn

i ndust f ood ' i ndustry. I f the 20 aqth i ndust
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food industryafereieh | WasedOwh£6xr DEMAELAL A1 NG Bl 1ielmd FebiiGida®r . | NCl udi ng

the fresh fruit juice industry and dairy industry. 25 Hydrocyclones have
. convent i onal I%M%’éﬁiﬂ%‘ caghedilsarngdr dubrdcagtisndoswastes smom dilee
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' forming an emulsion or similar mixture as a result of
mixing the air and water under shearing conditions, it is
to be noted that the present invention is not limited in
scope to the described embodiment, but rather the scope of

15 the present invention is more extensive so as to include
other arrangements of the apparatus, other uses of the
apparatus and methods, and application of the apparatus and
methods in industries other than the oil or petroleum
industry or food processing industry. Examples of the‘

20 other industries in which the present invention finds
particular application include the food industry generally,
and the beverage industry in particular, including the E
fresh fruit:. juice industry and dairy industry.

25 Hydrocyclones havé conventionally been used in the chemical
processing industry to separate two dissimilar materials
either two immiscible liqguids, or solids and liquids,
particularly suspended solids in liquids, from each other.
In the past, hydrocyclones have been used to separate the

30 two components of the mixture being treated on the basis of
Bne or more properties or characteristics possessed by one
or other of the components so that each component could be
discharged separately through selected outlets of the
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hydr ocycl ones have been used to separate the 30 two conponents of the

m xture being treated on the basis of one @ .nore properties or
characteristics possessed by one or other of the conponents so that each
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Into a cent raléﬂelﬂs?eéfveﬁéeﬁy&f 8lloh8t Ghazk! ¥ tWikhigh stharb@d from an
hydrocyclone body and is drawn out of another outlet which is |ocated at

the top of theoutylebclesaredpytitiee| base pfctbear bydrecvopone thee
hyd | . Jh . | t i ff. t
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eren streans and have 0 Separate
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I Xer is to
T - pressure developed in the hydrocyclone. Thus, to date

hydrocyclones have always had two different outlets for
different outlet streams and have been used to separate

15 wmaterials.

The present inventor has most surprisingly discovered that
hydrocyclones can also be used to mix different materials
together to achieve beneficial results rather than merely

20 to separate the materials. One of the beneficial results
of using the hydrocyclone as a mixer is to aid or
facilitate subsequent processing of the materials by either
maintaining the different materials as a mixture or
separating the different materials in the mixture from each

25 other. Furthermore, it has been surprisingly discovered by
the present inventor that in an overall process of
separating two or more different materials, if a
hydrocyclone is used to mix the different materials
together as a pretreatment before the actual separating

30 process begins, the materials are more readily separated in
the subsequent processing, or conversely, may form a better
or more long-lasting mixture that can assist in the

subsecuent separation of the materials than if the
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different materials as a mxture or separating the different materials in

the m xture fromeach 25 other. Furthersmge, it has been surprisingly .
di scovered by the present inventor that in an overall process of separating

two or nore digdet@dtmaierisl sotidsaahydrocyclone is used to mix the

“different materials together as a pretreatnent before the actual separating

30 process begins, the materials are nore readily separated in the
subsequent prqﬁﬁ?§iﬁg! , yLar ef PEY:E a3
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assists in the subsequent separation of the two diSsimlar materials from
each ot her thalissimgdikan materialsofraomedachyotheothan: id @ic wat @aisalis
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t he conponent smigfed togdtiexr bhéforeREPFCBEpatatibyg PROC=BAGY Brtepiladisd

. fromeach other. The nethod and apparatus of the present invention find 15
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i ndustry, suchy i3S Add P! diddRdSes 88 Q' hixture, the components can be

more readily separated from each other.

The method and apparatus of the present invention £ind

15 application in chemical processing industries as diverse as
the petroleum industry, such as in applications like oil
field production water separation, réfinery process water
separation, petrochemical waste water separation and
ballast water separation, in the food and beverage

20 industries, such as for example separating waste from water
in the dairy industry or beverage production industry, orx
mixing gases such as carbon dioxide with drinks such as -,
beer or soft drinks, or in any industry requiring mixing of
and/or separation of two dissimilar materials such as )

25 dimmiscible fluids, separation of two or more fluids of
different densities or gravities, separation of solids orxr

suspended solids from liquids and aeration or gasification

xq of £fluids. The types of materials in the petroleum

industry which may be treated by the apparatus and method
30 of the present invention include light hydrocarbons, heavy
hydrocarbons, lubricants, fatty oils and fats,

miscellaneous oil materials and the like.
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f ood and beverage 20 industries, such as-fBr-exanple separating waste from.
water in the dairy industry or beverage production industry, or m xing
:gases such as carbon dioxide with drinks such as beer or soft drinks, or in
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hydr ocar bons, ty oils and tats, msce eous ol l materials
‘and the like. to £4RiAG/thHIS Beparation of the two dissimilar components
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-di ssimlar conponents, in order to facilitate separation of the two
di ssinilar coripdednt $he @acont matariak He ntredugefnthngughha seeopd

. material }g intraduc ' éihe 1% u [ rst_j , the
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into the m xi ng apparatus along wiwth the first material ,so that m xi,ng of

: hhe first along with the first material so that mixing of the first

' and second materials occurs under conditions of shear to
form an intimate mixture of the first and second materials,
15 and the intimate mixture is discharged from the mixing

apparatus, whereby separation of the two dissimilar

components of the first material is facilitated by forming

the intimate mixture of the first and second materials.

20 According to another aspect of the present invention there
is provided a mixing apparatus for forming an intimate
mixture of a first material and a second material wherein
the first material ccmpri.es a mixture of two dissimilar
components, characterised in that the apparatus compri;es a

25 first inlet means for admitting the first material to the
mixing apparatus, a second inlet means for admitting the
second material, a mixing chamber for forming an intimate
mixture of the first and second materials under conditions
of shear, and an outlet means for discharging the intimate

30 mixture of the first and second materials, whereby
separation of the two dissimilar components of the first
material from each other is facilitated by the formation of

the intimate mixture of the first and second materials.



and second materials occurs under conditions of shear to forman intinate
m xture of WO®/¥Skt and second materials, 15 and the inti mBE@AWBOR i s
di scharged fromthe m xi ng apparatus, whereby separation of the two

di ssimlar conponents of the first materi@l-is facilitated by forming the -
intimate m xture of the first and second materials. 20 According to

anot her aspect of the present invention there is provided a m xing

apparatus fop Loraifg R0 ialdeHRhe dEpddd Loftie fhFsietB! £hirehc 868 8nsecond
material wherein the first material "conprises a mxture of two dissimlar
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to anot her aspegt the_present inventjiqn the apparatus may be used to
forma nore 3¥PF€§EE¥PaEP€'rﬁ% dafexy d"r%s‘ﬁ??gﬁrméoﬁﬁoﬁ%\‘u?guﬁhere t he
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or remains as an intimate mxture for a substantial period of tine.
gas, such as air, nitrogen, oxygen, natural gas or the

like.

Typically, the f£irst material is a waste water mixture

15 comprising water and oil or an oil-like or oleophilic
material as the two dissimilar components. Typically,
the first material is a beverage such as a soft drink, beer
or the like. More typically, the aeration or gasification
of the contaminated waste water facilitates separation of

20 the oil or oil-like component £rom the water by the oil
being entrained or otherwise associated with the air
bubbles or gas bubbles formed from mixing the air or gas -,
with the waste water under conditions of shear in the
apparatus of the present invention. More typically, the

25 Dbeverage is gasified by the introduct:ion of air or carbon
dioxide to form an aerated or gasified drink under

pressure.

Mypically, the mixing apparatus is a hydrocyclone or

30 hydrocyclone~like arrangement. More typically, the
hydrocyclone is provided with an inlet. Even more
typically, the inlet is the only inlet of the hydrocyclone.

More typically, the two materials are premixed before
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water mxture 15 conprising water and oil or an oil-like or oleophilic
material as tenteing stherhydrecyipbonats. Typically, the first material
Is a beverage such as a soft drink, beer or the |like. Mre typically, the
aeration or gasification of the contam nated waste water facilitates
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beverage is gasified by the introduction of air or carbon dioxide to form
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typically, the ?fijl(ﬁ ocyc’f 0%"1570 ?%%é & E‘% gﬁel ﬁ v%% %rtg ?W): 8&1 ly,
the inlet is tdes ¥ Wmie®iwdEh t te hwdgesywheae. pMibe: typitakehyerihg the
materials are prem xed before WO 99/ 11352
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.sconduit is fo
further mixed under conditions of shear to form an intimate

mixture of entrained air or gas bubbles in the waste water.
Typically, the amount of air admitted is controlled by a
control means located in the conduit in the vicinity of the

15 air inlet.

Typically, the amount of air/gas admitted to and mixed with
the waste water is from about 1% to 50% by volume, more
typically about 10% to 35% by volume, and even more

20 typically 20% to 30% by volume, based on the total volume
of the mixture.

Typically, the outlet means discharges the intimate mixi:.hre
of gas/air bubbles and waste water to a conduit where it

25 can be conveyed to a further processing step or stage. In
the intimate mixture, the o0il contaminants are associated

with the gas or air bubbles for easier separation in a
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further processing step. More typically, the amount of air
or gas bubbles is greater than the amount of oil or oil-

30 1like material to be separated from the waste water.

The hydrocyclone when used in the method and apparatus of

the present invention does not do any separating itself,
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30 like naterial to be rat ed _fraom.it.he ste water.. The | gpne
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non~-uniform distribution of air bubbles and large slugs of
air which leads to less satisfactory separation of the two

dissimilar components of the waste water.

15 The present invention will now be illustrated by an example
which is non-limiting. This example will be described with
reference to the accompanying drawing in which Figure 1 is
a schematic flow chart showing one arrangement of the
mixing apparatus of the present invention as part of a

20 larger overall installation.

In Fié‘ure 1 there is shown schematically one form of the -
installation in which the apparatus of the present
invention may be used to facilitate separation of two

25 components of a mixture. The described embodiment will be
illustrated with reference to separating oil, and possibly
suspended solids, from water in the petroleum industry,
such as for example separating oil from waste wash-~water or
run-off water collected in a pit, tank, vessel or the like.

30 In this example, oil, and possibly suspended solids, need
to be separated from water before the water can be recycled
for reuse or disposed of through the normal stormwater

drainage system for return to natural waterways.
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but rather "yt giasAl r- typically at the suction side of a pegdiveRoossr
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*for reuse or di spose t hrough the normal stornwater drainage system for
return to nat%;ﬁlt96§@F@B¥§ 8 for mixing with the waste water therein
and a restricting means 23 in the form of a valve for
15 controlling the amount of gas being admitted to conduit 8.
Aspiration unit 20 is in effect a venturi or air injection
port for admitting air to conduit 8 for mixing with the
waste water being pumped therethrough. The restricting
means 23 may take any suitable form and assists in
20 regulating the amount of gas/air being admitted to conduit
8 in accordance with regquirements to facilitate ultimate
separation of the oil and water into two separate, »
individual components. Typically, the gas is air.
However, depending on applications the gas may be oxygéh,
25 nitrogen, natural gas or any other gas or combination of

two Oor more gases.

It is to be noted that control valve 10 may be located
either upstream of or downstream of pump 6. The aspiration

30 unit 20 may be a normal, natural aspiration unit operated
at atmospheric pressure or it may be a forced aspiration
unit operating at increased pressure. Typically, the

aspiration unit 20 admits about 25% by volume air to about
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assists in 28% ?éﬁlﬂﬁé%nﬁ J'Xﬁﬁﬂntsuocih g%ags/ AT De %1 ??%'ﬁf?’g%%oﬂﬁuit 8
i n accordancenwi l.iJkéEC]UOFSEEﬂE& ia the Isullanudnt edasfpicaioPneRé the
oil and water into two separate, _individual conmponents. Typlcall , the gas
is air. FbmeVéFtedgﬁEﬂﬁrh@aﬁﬁlﬁﬁﬁPﬁﬁﬂ|ﬂﬂ%§%¥ﬁ?iﬁﬁﬂ#ﬁ®' g@ﬁY 25

”' ”Ogeri ”a&%g efgSif cAlYa Vm T GO dé’énééﬁ? 28 4P endases.

S to e not at Contro nay be Cate
like 1s provided in conduit 24 intermediate inlet port 26

and hydrocyclone 30 to provide information to assist in

regulating the operation of the installation, particularly

the flow fate through the various conduits, and the amount
15 of air/gas being introduced through the second inlet being

the restricting means 23 of the aspiration unit 20.

Hydrocyclone 30 is provided with an inlet 32 in fluid
communication with the body 34 of hydrocyclone 30 for

20 admitting the mixture of gas or air and the waste water to
the hydrocyclone. An outlet 36 is provided at or towards
one end of the hydrocyclone. The normal second outlet of -
conventional hydrocyclones is either not used by being
blanked off with a suitable closure means or not proviééd

25 since the hydrocyclone of the present invention is being
used as a mixing apparatus and not as a separating
apparatus which is the conventional use of such apparatus
and thus does not require two separate outlets for the two
separated components produced by the hydrocyclone.

30 However, in other applications, the second outlet is
present in order to provide increased control over
operation of the hydrocyclone to intimately mix the oil and

water under shear conditions, such as by regulating the



ei thekr upst 4RpeeQ8s0r downstream of punp 6. The aspirati on 3@criiiiokosdd My
~ be a normal, natural aspiration unit operated at atnospheric pressure or it

may be a forced aspiration unit operating ft_increased pressure. Typically,.
the aspiration unit 20 admts about 25@6b§ volume air to about WO

99/ 11352 3 +hs PCRLAU98/ 00691 - 10 - 75% by
4 t th -
-:vol une msteb\?/g}ef)ﬁeﬁsggﬁdlﬁ:f .nA c%n u‘lifogﬁcextends frompunp 6 to a

m xi ng apparatus 30 in the formof a hydrocyclone 30, particularly a

T A0 s et R

additives, séstedding oMt 1dt0C6ll 0t By@tobPelbhke 3ot Badksits! veasklle
subsequent separation of the waste water, particularly for entrai nnent of
the oil 19 d &3 aore pantdqulamimitesa shapdupiPer iBeiressels 4ofepddngi ke

I's provided i qondab-gg,l Nt eﬁﬂ?:}ié‘é?s@éei PREE-68 éEQnQ_yg'bO%%C sQRged0 1O
4provide information to assi'st In regulating Phe operthon of 't he
‘instal | ati onbypahie Genmdry drid vdlwe r 38 copbratigll tbemadntadin aosddghe, and

the amount 15 of air/gas hei | ntroduced fhrough,the segond inl et being
‘the restrictPﬁﬁhm&ﬁ%?%é?ﬁﬁlq:ﬁi@ﬁﬁﬁ¥%¢%ﬁﬂ ﬁﬂiF°26?5H}BrB&§EP9n85361FS

provi ded w t BN aldt@ watds) uddld SONGEYOLERE! OF ¥hblxr! BR ﬂ?ﬁ!o%?c@ime
hydrocycl one 30 for 20 admtting the m xture of gas or air and the waste
wat er t ol® he 3@ydr Sy sladmtaining tthe Iscksppessudedint hydrooweddneod® end

“-of the hydrocyclane. ormal_ seco oui ]l e nyent i onal r cl ones
is either no A eed gbfﬂbégen%fmne value U£Y éogLrgi vgfll.ve g% ’ I%%.g g.g.%
_:g and waste water are forced to mix in hydrocyclone 30 to aid

separation of the o0il and water more readily.

15 Alternatively, hydrocyclone 30 is provided with two outlets
which are joined together before valve arrangement 38 so
that all of the intimately mixed oil/water/gas mixture is

passed for subsequent processing and separation.

20 Additionally, the hydrocyclone can be provided with a
solids collector located at or towards the base of the
hydrocyclone near the underflow outlet to collect solids
separated from the feed mixture. In this arrangement, the
main ‘discharge of the aerated intimate mixture from the

25 hydrocyclone is thréugh the overflow outlet located at or
towards the top of the hydrocycloné. In this embodiment,
the solids collector is periodically cleared of collected
solids. '

- 2

30 The air/water mixture in hydrocyclone 30 is subjected to
shear férces in the hydrocyclone sufficient to form an
emulsion or similar of the air being the dispersed phase,

or the dispersed fluid, in the dispersion f£luid or media
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bl anked Qfd ooy §g3 a suitable closure means or not provi dedpgpaussbged: t he

- hydrocycl one of the present invention is being used as a m xi ng appar at us
and not as a separating apparatus whi clrb i s the conventional use of such.
apparatus and thus does not require tWwo separate outlets for the two

separ at edwﬁ‘}.EBOEE”EiePQ% wged by the hydrocyclone. 30 However, in other
appl i cations, e second outlet is present in order to provide i ncreased

control over operation of the hydrocyclone to intimately mx the oil and
wat er und ear , nd| tions, .such as ting t WO 99/ 11352
PCT/ AU98/356§?’° ai‘f waﬁ&&k"‘d‘?%é":ﬁﬁ e‘%‘f%?%e&?#%éh%?%‘é‘t{}él%% Sensor and
val ve arrpgdecsedclane &tpm\dm%ldbﬁaﬂdtatsﬂ&ﬁi(i@nﬁbf@efig%ﬁé&ééa 36 of
hydrog/cl one 30 back to vessel 5 4 or nore particul ar| é o a stand p| pe in

vessel5 4 reuging theag3sp&oaiferm mayriad pinute Kk torRiB0 i s sensed
by the Se§%95§g&gsv%§es%% %e% %ﬁﬂaﬂ@éé&ﬂ' t?héla ka&eéa% hé Oéure | n

hydr ocycl B ng wast e under condittons of
shear in byﬂb&epchsnchéObMedByammrapéillqittlrlerdnwlk ghtessure in
hydr ocycl one 30 above a predeter,m ned V Iue co[1tr_ol valve 38, the air

and wast e BFYSLEnE,ARY coRapits P Al SP LRALFBeRon of
the oi | apfle"aigturRr s eadialslea M ttﬂ'[é" AR CM Oy C& 61 3fhnd S

provided with two outlets which are joined toget bef ore val ve
ar r adgenevessglsort ketuxnedofta the mrtigingl vns@e,ﬂ oviad veheroutleti xture is

passed fopo3HBSEANC AL SBLGReY 2oL RH A Pled to stand for a

period of time, the air bubbles rise to the surface where
the oil droplets and suspended solid particles collect in a
more or less dense foam or froth on the surface of the

15 wvessel. As the froth or foam contains the contaminated oil
and/or solids, removal of the froth or foam by any suitable
means, such as for example by a suitable skimmer
arrangement, also removes the oil and solid contaminants
from the water thereby effecting separation of oil from the

20 water allowing the water to be recycled or disposed to

waste.

It is to be noted that a second chemical injection point is
optionally provided in conduit 40 to allow the injectiéh of
25 selected or desired chemical additives to the intimate
mixture of the water and gas flowing in this conduit. An
example of a chemical additive is a flocculant to assist in
the separation. Other chemical injection points are
provided at various other locations in the flow path.
30
The hydrocyclone mixer apparatus of the present invention
finds particular application as an additional component in

the overall installation to pretreat the contaminated waste



~

20 Addi tionalyyeg/ihey hydrocycl one can be provided with a soli @griajosaedo?’
“located at or towards the base of the hydrocycl one near the underfl ow

outlet to collect solids separated fromthgsfeed mxture. In this .
arrangenent, the main discharge of the aerated intimate m xture fromthe 25
- hydrocycl one kg ey @%M%@Vﬁﬁéz‘&bé&'%&fe'@éﬁ%ﬂt%n&i kepardeibne top
‘of the hydrocyclone. In this enbodinent, the solids collector is
periodically MS;BQNFQﬂVQRﬂﬂqnﬁkxﬁﬁnﬂ¢QEAnQOte¢helqu¢$maeqvlﬁmﬂﬂﬁr@rln
hydr ocycl one 30 bj.e | u ci ent
.to form an enthes or‘lis sgrcl %'Iqléq_' %?&ré e?nge{)%gagm% éé%}?&ﬁ%%eggr t he
di spersed fl uinfbthods et d:h@pg;ﬁmﬁ Imdemoﬁedhﬁch f&ﬁn%hélaﬁﬁgect of
PCT/ AU98/ 00691 - 12 - which_is the water. As the air/water mxture is
propel | ed Phr S ’ﬁ&dﬂ&%ﬁﬂ%ﬁﬁ?ﬁﬁ rufWPvEFEEPFy?PB°§ﬁE%F|ﬂﬁ tBece is
greated 5 Cayfldubdes iAo RS 0L | gl EHbCpRUDE! 5 cpagticles
*?ind suspendedlbé'l s attach tﬁ%nselves toégﬁe gaseguggleg aggéﬁe %gbbles
are propelIedsdpangﬁxnduannﬂhangaﬂhnmaamduseddunteombinheibnstherewibh Yo}

that when the mxture .. reI fr.o e_hydroc one_.to a hol ding_10
vessel or o ARLERTAdRF & HwherRRetr=q) whfRken fRa, Sngafcun oot
associ ated CO'iﬁ#dztoc%fEioiiésD\mﬁdm KdwendOrbadefcubed 9h th&8Esahéemdhher
bubbles rise to the surface where the oil droplets and suspended solid

LpartlclesleolEﬁ@WﬁQVﬁiﬂhore or less dense foamor froth on the surface of
:the

The method and apparatus of the present invention find

application in a wide variety of industries, such as the

petroleum industry, food processing industry, ground water
15 reclamation and mediation, and the like.

Advantages of the method and apparatus of the present
invention involving dissolving air/gas into all of the
waste are as follows:
20 - Opportunity for contaminants, particularly food
residues, to attach to the air/water interface of
viard the intimate mixture, particularly in the first
100 milliseconds after bubble formation.

- - More waste particles have the opportunity to-ﬁct
25 as nuclei for bubble formation.
- The total number of air bubbles generated is high

which allows for increased throughput of waste

Ry M

material and treatment of waste material having
increased amounts of waste residues.
30 -~ Good mixing of the air with the waste.
- Should ensure good mixing of air in water; and

- Cause collisions between particles.
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15 vessel. froth or foam contains the contam nated @iy
' dﬁ% %ﬁthe froth or foam by any suitabl e neans, sucﬁfmg/o?‘l’r9l

exanpl e by a suitable skinmrer arrangeneantyg al so renoves the oi | and solid .
contam nants fromthe water thereby effecting separation of oil fromthe 20

. water allow ag the wat ghet apparaeuyc|itd ffdttsPes eih tprodsd fng IhilFibasbe

noted that a second chenical injection point is optionally provided in

conduit 40 to allow t hef le¥t pdx bphﬁie%elected or desired chenlcm
additives to_the inti e E&Q@ fgﬁt 12994 Nfh | dogh

conduit. An exanple o?ﬁaﬁ ﬁ%ggldy Itive IS ant to aSSISt |n t he
separati on. O her chemappllicatdomnison whiich s:xntne.s dad Inwenxaropesabihgr

| ocations in the flow path. 30_The hydrocycl one m xer aratus_of the

b ecent Thvent i on {1 ndBoRRR: FBGI & mAAR AERYTh RASIRPS AR UIR) ERERBOREn
in the overall installgheOlek? Pa®antter WhidH ! N Y Wdfafiend uphet

99/ 11352 PCT/ AU98/ 00691 - 13 - water
before it undergoes noEkecpmeeesisenal separation u5|ng conventiona

separating techni ques, ui n r t
_Sseparating apparatus an gnggﬁo én%%cgﬁgn%g%% néﬁiéxk1 r%%#?%%#ghFhe

&

subj ect of 5 co-pendaégraaabia&tbmgir'ﬁxtunaaru;nngnﬂguws Bdrm hE1pegsent
i nvention does not take the _place of existjng separ tin ap aratus but”|s
used in1bnbi nati on t hifekPalcsddas FRepLing s Hind FREFLBF

novel use of air into the apparatus and using the hydrocyclone

as a mixer.

The described arrangement has been advanced by explanation

15 and many modifications may be made without departing from
the spirit and scope of the invention which includes every
novel feature and novel combination of features

hereindisclosed.

20 Those skilled in the art will appreciate that the invention
described herein is susceptible to variations and |
modifications other than those specifically described. It
is understood that the invention includes all such
variations and modifications which fall within the spifit

25 and scope.



-~

_hydr ocycl onegigdejgssanave not been used in the same nmanner 10 , \619%1@4

The nmet hod and -apparatus of the present invention find appli ca ron"rn

wi de variety of industries, such as the_pgiral eumindustry, food proce55| ng
i ndustry, ground water 15 reclamation and nedi ation, and the |ike.

Advant ages of ct.agmMset hod and apparatus of the present invention involving
‘dissolving air/gas into all of the waste are as follows: 20 -

Opportunity for contam nants, particularly food residues, to attach to the

air/water intgrfacg g %B%l 8 b@t ggrrhxtfg_rr + R I‘tlrg_lé! ar:;%é éngtr}% rst 100
S

m|liseconds after bu eformal re waste pa t he
opportunity tmateri@b using a mxaagnapbaraﬂ:ﬁrrs b ublelre ino iR ifdrst

The total nunbe i r _bubbl es generated i s high which allows for
i ncr eased %]hr% ﬁf)ﬁ?‘f ?°§\B§i"§eﬁage¥“f"§ﬁ:u§ﬁd of; &xonSdssdmidas é’%%s

having increaggdod®r NS EﬁcﬂﬁiéﬁtEESEBHQEt:@% of the two HQRE
he air with the waste. - Shoul d ensure good m xi ng -0 a|r |n vvater;

and - CRRReNeRES | §¥mseb€hwe§hepar cherecterisw® 49/ tha%k? the first
PETI AL 006 ety THo4SRRSSRLS 43158, RU5akt Bopliclas, B &
appl i cations, fidschinlens| thesséfohdhatepiadt 180 introduced through a
i 10 second inlet, the mixing apparatus is operated in such a
{ manner that the second material is drawﬁ into the mixing
4 apparatus along with the first material so that mixing of
the first and second materials occurs under conditions of
shear to form an intimate mixture of the first and second
15 materials, and the intimate mixture is discharged from the
mixing apparatus, whereby separation of the two dissimilar
components of the first material is facilitated by forming

the intimate mixture of the first and second materials.

20 2. A method according to claim 1, characterised in that
the first material is waste water, an aqueocus solution or

aqueous residue containing a contaminant material. .

3. A method according to claim 1 or 2, characterised.in
25 that the second material is a gas, air, nitrogen, oxygen,
natural gas or the like.

Wetns

- 4. A method according to any preceding claim,
characterised in that the first material is a waste water
30 mixture comprising as one component water, and as the other

component an oil or oil-like or oleophilic material.

:\

LT :
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otherwise associated with the air bubbles or gas bubbles
formed from intimately mixing the air or gas with the waste

water under conditions of shear.

7. A method according to any preceding claim,
characterised in that the intimate mixture of the two
materials is discharged from the hydrocyclone through one
outlet or through two outlets, with the proviso that if
there are two outlets both outlets are joined together to
form a single stream of the intimate mixture of the two

materials.

8. A method according to any one of claims 4 to 7,
characterised in that the air or gas is mixed with the
waste water prior to introduction of the waste water to the
hydrocyclone or the air or gas and waste water are
introduced to the hydrocyclone through different inlets or
through different parts of the one inlet

9. A method according to claim 8, characterised in that
when the mixture of gas/air and waste water enters the
hydrocyclone in a premixed condition it is further mixed

under conditions of shear to form an intimate mixture of

N
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first dnlet,sthe second material is introduced through a i nlet,
* the mxi Hﬂ)%’[ﬂ‘p}a?zat us i s operated in such a manner that thé’%g‘éilggﬁ@%dteri al
is drawn into the m xi ng apparatus al ;@g with the first material so that
m xi ng of the first and second materi &’ “occurs under conditions of shear
to forman_inti.mate_nixture of .t first d second 15 materials, and the
I ntimate &S sag}rsc?ﬁagga%dbf‘%%n]i e i )I}I" %gﬁ%p%%r%?‘ﬁg? ﬁ\ﬁeif'%%y

separ at i opydirocyelowe.di ssinmi |l ar conponents of the first material is
facilitated by formng the intimte m xture of the first and second

materials. 20 2. A nmet hod according to claim1l1, characterised in that
the first 4qateg ﬁbth%d""i%%%rm@' P Arff éﬁwté i@l aqueous resi due
containing a contamnant naterial. 3. nmet hod according to claim1l or 2,

char acs er chagraicte2i sedhdn thatstbenammingr ioff atr cadmittedrtontheogen,
: t I the |ike.. 4. A ngeth ' t di
ol am chaPReEatiBod® fopzoLind v & SRR L arees Iatrtsaai £50 "

nm-xture CeéhduitnFoRmitae the"anet! f6H &he aillk 36r tdgs Pt her conponent an
oil or oil-like or oleophilic material. WD 99/ 11352

PCT/ AUQ8/ 00691 - 16 - 5. A nethod according to any one of clains 1 to 3,

characteriyged inn t fi iﬁ er'! EI | r such as a soft
drink, beg'?',’ fraufn%laji%ficgggro% & (t?ri nkK. dozsecga.&) 55%%5 meg Ej(')%' according to claim
4, chpg actcharaeterdsedatinrithat] thie anowns of tditpascddiiOtedasd canat er
causes aeratiqn qr gaiification of the contanj nated waste water,
mixed with the waste water i1s from 1% to 50% by volume,
preferably 10% to 35% by volume, most preferably 20% to 30%

by volume, based on the total volume of the mixture.

15 12. A method according to any preceding claim,
characterised in that the intimate mixture of gas/air
bubbles and waste water is discharged from the mixing
apparatus to a further processing step or stage which
allows separation of the two components.

20
13. A mixing apparatus :Ec;r forming an intimate mixture of
a first material and a second material, wherein the first
material comprises a mixture of two dissimilar components.,
characterised in that the apparatus comprises a firét inlet

25 means for admitting the first material to the mixing
apparatus, a second inlet means for admitting the second
material, a mixing chamber for forming an intimate mixture
of the first and second materials under conditions of
shear, and an outlet means for discharging the intimate

§ 30 mixture of the first and second materials, whereby
separation of the two dissimilar components of the first
material from each other is facilitated by the formation of

the intimate mixture of the first and second materials.

* c L M S *
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which facilitates separation of the oil or oil-like conmponent fromthe

“wat er by Wh¥/1IB%2 bei ng entrained or 10 otherw se associ atRGEH/AV8H006He air
bubbl es or gas bubbles formed fromintimately mixing the air or gas with.
the waste water under conditions of -sA8ar. 7. A nmethod according to any
preceding claim 15 characterised in that the intimate m xture of the two
materials is discharged fromthe hydrocycl one through one outlet or through

two outlejg, VAlfidkiRgPapphathldladdodiGif & Gcidin O8] et's both outlets
are joined together to forma single streamof the intimate m xture of the

two 20 necharacterigedAinethet sbeomdinigag mpparatws ofscdains 4 to 7,
characteriSﬁd 'n5ﬁhat t he ai.r as i e_waste water prior to

Jaxed with th
i nt r oduct PP Y n?vagfehﬁgfgg’grf Wéﬁfi?geﬁﬁf%%%' or the air or gas

and wgste water are introduced to the hydrocyclone through different inlets
or through different parts of the one inlet 9. A nethod according to claim
8, char act®ri shdifingaapRerafisn aceendind e Flaim/ 3 roantbmast e wat er

enters th&h%&}‘%ﬁﬁi‘fé@&e?.hntﬁagr ?ﬁeﬁ‘%&%@éiﬁb'#s'ﬁréﬁ%@?hﬁ@ under

condi tions shear to torman te mxture o

PCT/ A8/ gifi@le -id¥et.entrained air or gas bubbles in the waste water in
t he hydrocyclone. 10. A nethod according to any preceding claim 5
characterised in that the anobunt of air admtted to the

10 16. A mixing apparatus according to any one of claims 13
to 15, characterised in that the second inlet is located in

a conduit leading to the hydrocyclone.

17. A mixing apparatus according to any one of claims 13
15 to 16, characterised in that the conduit having the second
inlet is for conveying waste water to the first inlet of

the hydrocyclone.

18. A mixing apparatus according to any one of claims 13

20 to 17, characterised in that the second inlet is an air
injection port, venturi or the like located in the conduit }
leading to the first inlet so that air or gas is mixed with -
the waste water prior to this mixture entering the

hydrocyclone arrangement.

25
19. A mixing apparatus according to any one of claims 13
to 18, characterised in that the outlet means discharges
the intimate mixture of gas/air bubbles and 'wa.ste water to
a further processing step or stage for separation.

30

20. A mixing apparatus according to any one of claims 13
to 19, characterised in that there is a single outlet or

two outlets, with the proviso that if there are two outlets

* C L n S *
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__af:)par attus is ‘controlled by a control neans located in a conduit formng the
i hl et forwolsennadse or gas. 11. A nmethod according to any preepdiussioogd@i m 10
characterised in that the amount of air/gas admitted to and nixed with the
waste water is fromi1%to 50% by volud®, -preferably 10%to 35% by vol une;

-;;'-_Sf)st preferably 20%to 30% by vol une, based on the total volune of the
“Hixture. 4Be15Wo oRELRES areodeingd Foserhere dedifiqym misdnadienatxean sed in

that the LptiARiRafbALURS xRl B8%edikiubbl es and waste water is discharged
fromthe mxing apparatus to a further processing step or stage which

all ows separation of the two conponents. 20 13. A m xi ng apparatus for
form ng intimate, mxture,of, a first material, and a second materi al,

iher ei n ?%%'fi s{“eﬁg?gr f’gl MAXARG; 8. £1xst panerizl ARt & ssqomndy,

conporent fat6PBaBCEabEEAAL1R11DAL ! R raRPNeFore HUHYHIRY ity St inlet 25
imeans for admtting the first material to the m xing apparatus, a second

gi nl et nea¥eferengantet thg apeompeowdngadeamingsa ni xi ng chanmber for forning
fan intimate mxture of the first and second materials under conditions of
‘shear, and an outlet nmeans for discharging the intinmate 30 m xture of the
first and23econd apparatis, foltefobningpanatintimalte RExtuedicEsigni | ar

‘conponents, of the first material frqomeach other is facilitated by the

: for mat i orE ¥t HERFRF ARt 80F 2t §eSOBA pRteriad: sybstaatdad lynesr i al s. WO

99/ 13352 hereinbefore described with referencepgy ’%ﬂgwagg@g&:ahyl%g'

drawings.
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(S7) Abstract .

A method and apparatus for mixing a first material and a second material is described in which the first material comprises a mixture
of two or more mssgmllar components which it is desired to separate. The method and apparatus involve forming an intimate mixture of
the two {natznals prior to separating the two dissimilar components of the first material. The apparatus involves the use of a hydrocyclone
for aerating or gasifying a feed stream, such as waste water containing oleophilic residue or food residue, to entrain the particles of residue
within the air or gas bubbles prior to separating the oil or food residues from the carrier material, typically water. Instead of using the
hydrocyclone as a separator, it is used as-a mixer which provides surprising results and facilitates separation of the aerated components.
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