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FIELD OF THE INVENTION

The present invention relates to a multiphase

staged passive reactor for promoting interphasic
interaction of a first substance in a liquid phase with a
second substance in a non-miscible 1liquid phase, a solid

phase or a gaseous phase.

BACKGROUND TQ THE INVENTION

There are many industrial and commercial

processes which reguire thorough mixing and/or ‘dissolution
of two or more phases, for example, aeration of a slurry to
promote froth generation in a flotation process. Other
applications which require the dissolution of a solid phase
and/or gaseous phase in a liquid phase include fractional
oxidation, pH control of alkalifacid solutions and/or
slurries, 1leaching, ionic exchange processes, base metal
leaching and gas scrubbing, heat exchange processes and
solvent extraction.

The present invention was developed with a view
to providing a multiphase staged passive reactor and method
for promoting interphasic interaction between two or more
such substances in different phases. Throughout the
present specification the term "interphasic interaction® is

emploved to describe any interaction between two or more

phases, including mechanical. interaction dJdue to, for
example, collisions, shearing, friction, compression,
extrusion and enexrgy <transfer, as well as chemical
reactions due to, for example, ox:Ldat:Lon, reduction,

saturation, ion- exchange and dlssel‘u{tlon' ‘";a where the
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phases that J.nteract “ are ', characterlsed " by different

relative densities.

SUMMARY OF THE INVENTION

According to one aspect of the present invention

there is provided a multiphase staged passive reactor for
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the first and second substances, each stage being shaped to

define a substantially curved flow path having a centre of
curvature located to one side of the flow path, and wherein
adjacent stages have a respective centre of curvature on
opposite sides of the flow path'whereﬁy, in use, as the
substances flow through the reactor particles of the second
substance are forced to .migrate through the first
substance, first in one direction and then in substantially
the reverse direction to promote interphasic interaction.
The curvature at a point on a plane curve
measures the rate of change (at the point) in an angle
which the tangent makes with a fixed axis, relative to an
arc length of the curve. The curvature is the reciprocal
of the radius of curvature, which is the radius of a circle
which touches the curve (on the concave side) at the point
in gquestion. The circle is the circle of curvature, and
its centre is the centre of curvature of the curve at that
point. Therefore, unless the curve follows the
circumference of the circle of curvature, the centre of
curvature will change at different points along the curve.
Hence, the centres of curvature of the flow path located to
one side may define a locus of centres of curvature. It is
to be understood that the reference to the substantially
curved flow path having *a ceqtré'oﬁ?curva;uféllocated to

one side of the flow path* is intended to mean at least one

centre- of curvature located to one side of the flow path,
as there may be more than one centre of curvature for the
substantially curved flow path defined by each stage of the
reactor.

Typilcally the flow path defined by each stage 1S



- According to one aspect of the present inven{iltif SHEEE HAS BEEMV] ded a
mul t'i phase staged passive reactor for REPLACED
‘REPLACEMENT SHEET 2 4 JUN 1997
produci ng interphasic interaction of a fiBst substance in a |liquid phase
with a second substance in a non-mscible |liquid phase, a solid phase or a
‘gaseous phase savbseastiahdystsigeidawi shapal yunlestadihgsinseacesadetedi ng
‘the flow pat ﬁ@gﬁcr Inh the phases of said first and second substances
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subst anti al Ity curved flow_path having a centre of ] .
low path of the substances are substantially eliminated or

at least minimised. Obviously dissolution of more than one
substance of a different phase, with the first substance in
a liquid phase can be performed by the reactor, for
example, the dissolution of a second substance in a solid
phase and a third substance in a gaseous phase with the
first substance in a liguid phase. .

'In ome form of the invention the flow path is
defined by a gemerally cylindrical channel formed between
facing surfaces of an outer shell of the reactor and an
inner core. Advantageously the outer shell of the reactor
comprises a plurality of substantially identical shell
sections joined end to end, and the inner core comprises a
plurality of core sections joined end to end.

In another form of the invention the flow path is
defined by a corrugated channel formed between a first
corrugated surface and a second corrugated surface facing
the first corrugated surface, with the respective crests
and troughs of the first and second corrugated surfaces
being substantially aligned.

According to another aspect of the present
invention thexre 1is provided a method of promoting
interphasic interaction of a first substance in a liquid
phase with a second substance in a non-miscible liquid
phase, a so0lid phase or a gaseous phase, and wherein the
phases of said first and second substances respectively are
characterised by different .relative densities, the method
comprising: . .

- forcing the first and second substances along a
substantially curved multistage flow path, each stage being
shaped to define a curved flow path having a centre of
curvature located to one side of the flow path, and wherein

adjacent stages have a respective centre of curvature on
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"curvature located to one side of the flow pathﬁgngH $r§E§ [jacent stages

have a respective centre of curvature on oppopite Egg‘fb fl ow path
whereby, in use, as the substances flow throu r__parfticles of
the second substance are forced to m rate t hrough the i rst

substance, first in one direction and theh Tn substantially the reverse

direction to pronpte interphasi ntgract vature .,at a
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Therefore, unless the curve follows the circunference of the circle
of curvature, the centre of curvature will change at different points al ong
the curve. Hence, the centres of curvature of the flow path | ocated to one
side may define a |ocus of re. It is to be understood
that the ref&H e =4 ed flow path having "a centre
of curvature | ocated tm anai@r dEoofzatdza:fdaw pat béttsri apprdedataonea¥ at
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the nature of the invention, several embodiments of the
nultiphase staged passive reactor will now be described in -
detail, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1l(a) is a section view of a2 first
embodiment of the multiphase staged passive reactor of the
invention through the line B-B in Figure 1(b);

Figure 1{b} is a different section view through
the line A-A of the multiphase staged passive reactor of
Figure 1l(a):

Figure 2 is a partial cut-away perspective view
of a second embodiment o©f the multiphase staged passive
reactor;

Figure 3 is a partial cut-away perspective view
of a third embodiment of the multiphase staged passive
reactorx;

Figure 4 is a partial cut-away perspective view
of a fourth embodiment of 'the multiphase staged passive
reactor of the invention;

Figure 5 is a section view through a variation of
the embodiment illustrated in Fig. 4;

Figure 6{(a) and (b). are section views through a
further variation of the embodiﬁent illustrated in Fig. 4;
and,

Figure 7 1is a section view through a fifth
embodiment of thé.multiphase staged passive reactor of the

invention.
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centre of curvature located to one side of the flow path, as there may be
nore than one centre of curvature for the substantially curved flow path
* defined by each stage of the reactor. - 5 -
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D and E in Figure 1(a), which define a flow path for two or

more substances in different phases. Each stage C, D and ¥
is shaped to define a substantially curved flow path 12
having a centre of curvature located to one side of the
fiow path 12. BAs can be seen most clearly in Figure 1(a)
adjacent stages, for example, stages D and E have gz
respective centre of curvature 14, 16 on opposite sides of
the flow path 12 whereby. in use, as the substances flow
through the reactor 10 particles of the second substance
(which 1i1s the less dense phase) are forced to migrate
through the first substance, first in one direction and
then in substantially the reverse direction due to an
inertial field of changing direction thus generated. .

In a typical application where, for example,
three phases are present, ie., ligquid, gas and solid
particles, all three phases are pumped into the reactor 10
through an input port 18. The relative proportions of the
gas and selid particles to the liguid phase, and the
velocity of the mixture are selected to produce a
substantially streamline flow of the liquid in the general
flow direction of the flow path 12. Due to the differences
in the relative densities of the respective phases,
differential imertial forces. are exerted on each phase as
the mixture flows along the general flow direction of flow
path 12. Thus, as the substances flow through stage D of
the reactor the so0lid particles migrate towards the outer
side of bend 20 having a radius of curvature of R,. in the
general. direction away from the centre of curvature 14.
Simultaneously, the gas is forced to migrate towards the
inner side of the bend 20 having a radius of curvature R,.
in the general direction towards the centre of curvature
14. The liquid phase substance will have the tendency to

follow the streamlines of the general flow direction



~a liquid phase can be perfornmed by the reactor, for exanple, the

di ssolution of a second substance in a solid phase and a third substance in
ia gaseous phase with the first substance in a liquid phase. In one
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inner side of bend 22 in the general direction of the
centre of curvature 16. The cross-migration of the solid
and gaseous phases through the liquid phase, as all three
substances traverse-each étage‘of the reactor 12, generates
strong and repetitive interactions between all three
phases. Hence, on the one hand the gas 1s broken into fine
bubbles by the forced migration of solids through the gas
space and the bubbles are further extruded into fine
filaments and platelets by their continued migratiéh
through the 1liquid phase, and on the other hand the
migrating solid particles are exposed to high shear flow
and intergranular £riction. Significant attrition of the
solid particles is present on the walls of the flow chamber
and due to impingement on opposite sides of the bends in
the flow path. In this way, none of the phases present are
at any time permitted to predominantly agglomerate and
remain so in any portion within the general flow volume
thereby generating 1large gas particles and inactive
volumes. Nor are the phases permitted to segregate in any
particular part of the flow thereby preventing the
repetitive process of multiphase interactions, which
otherwise predominate every time the flow path changes the
general position of its centre of curvature-

Another phenomena whlch may occur in the reactor
to promote interphasic interaction is the formation of a
thin filni of gas on the convex portions of the walls of the
flow chamber. As gas particles are forced to migrate to
the inner side of the bend 20, {(convex wall portion}, some

gas particles adhere to the side wall of the flow chamber.



characterised by different relative densities, the nethod conpri sing:
forcing the first and second substances along a substantially curved
«mul ti stage flow path, each stage being shaped to define a curved flow path
having a centre of curvature |ocated to_o?e_side of the flow path, at |east
-4- one stage having only two facing surfaces defining the flow path, and
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t he and migrate through the liquid phase towards the opposite

convex side wall of the next adjacent stage. The thin film
separates from the side wall at approximately the point of
inflexion, where one stage is joined to the next.

In the multiphase staged passive reactor 10 of
Figure 1, each stage is shaped to define a smoothly curved
flow path wherein turbulent eddies in the flow of
substances can be substantially eliminated, or at least
minimised. Any such recirculation eddies and/or turbulent
regions would tend to have a deleterious affect on the
efficient operation of the reactor 10, by causing
segregation of the different phases, producing non-
qguiescent flow and/or energy losses in the vortices formed.
In this embodiment the flow path is defined by a corrugated
channel of rectangular cross section with a predetermined
height to depth ratio (H:W). The side walls of the flow
chamber thus formed follow a smooth curved line such that
the virtual centres of curvature or such loci of centres of
curvature alternate in position from one side of the flow
path to the other in a manner shown, for example, for the
centres of curvature 14, 16 of stages D and E respectively.
In this way, alternate changes in the direction of the
inertial field are achieved without discontinuities in the
flow pattern and no spurious recirculation eddies and/or
regions are generated in the flow volume. Therefore, full
control over the mechanical and chemical interactions
produced by the cross-interference flows can be achieved.

The embodiment of Figure 1 may be constructed
using a rectangular steel frame 24 formlng the side walls
of a housing for the reactor, and a pair of steel plates 26
forming. the top and bottom walls of the reactor 10. The
flow chamber within the reactor may be formed by two blocks
of a suitable rigid material, for example, polyurethane cut
to the required shape. Alternatively, each stage of the

reactor 10 may be formed of a plurality of polyurethane



“first substance, first in one direction and then in substantially the
.reverse direction to pronote interphasic interaction. BRI EF DESCRI PTI ON OF
‘THE DRAW NGS In order to facilitate a better appreciation of the
nature of the invention, several enbodi ments of the multiphase staged
passive reactor will now be described in detail, by way of exanple only,
with reference to the acconpanying draw ngs, in which: Fi gure
;:1(a) is a seemepss Ypeatedf side fbyst sa@Bodiiehin othehefFame| Rhsend
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mul ti phase s sswe react or; Figure 3 is a partial cut-away

per spective i?FgW“Sf gmagef O W8dfment of the nultiphase staged passive
react or; Fi guFigdres 2a pilusakatds- anayePanid pesbodémenew 3§ af

fourth enbod;:ggnt {tlgﬁas lt' has %taas%el%eoalsfgia}/:gor according to the
invention. In this embodiment a plurality of corrugated
channels 32 are provided similar in shape to the corrugated
chamnel of Figure 1. In the reactor 30 the channel depth
or height H is large relative to the channel width W, and a
plurality of similar channels are provided running parallel
to each other to accommodate 1larger flow rates of the
multiphase mixture of substances. Substantially the same
interphasic interaction and flow properties can be achieved
with the reactor 30 as with the embodiment of Figure 1 due
to the inertial field of changing direction which is
generated in the respective flow paths 34 of the channels

32. Each channel 32 comprises a plurality of stages, for
. example, stages F and G, defining a flow path for the
substances® through the reactor 30. As in the first

embodiment, each stage is shaped to define a curved flow
path having a centre of curvature located to one side of
the flow path, and adjacent stages have a respective centre
of curvature on opposite sides of the flow path. The
centrifugal forces generated by the oscillating or wobbly
filow of the multiphase mixture through the reactor 30
produce the same interphasic interaction due to cross-
migration of the different phases in the liquid phase.
Figure 3 illustrates a third embodiment 40 of a
multiphase staged passive- reactor accoféiﬁg to the
invention in which the mult;iphase mixture of substances
follows' a radially directed flow path 42. <The radially
directed flow path 42 is defined between a first body 44
and a second body 46, the facing surfaces of the first and
second bodies 44, 46 being provided with matching circular

corrugations. The multiphase mixture flows into the gap



reactor of the invention; Figure 5 is a section view through a
variation of the enbodinent illustrated in Fig. 4; Figure 6(a) and
(‘b) are section views through a further variation of the enbodi nent
illustrated in Fig. 4; and, Figure 7 is a section view through a
fifth enbodi ment of the nultiphase staged gassive reactor of the invention.
-5- DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1
illustrates aHdetwsenemhslifierat 1@néf sehondulbddiless el 41t agedvpasahveaxigagor

whi ch conpri sgs, @cRUr fhpty Hordt 24eS. ihn ERLS thr stages | abel I ed
C, Dand Ein Fi urela? chzltch deflnéa%owg tfcri))r%wohg
multlphase mixture flows outwards through the radlally

directed flow path 42 it passes through a plurality of
circularly defined stages of increasing radius formed by
the circular corrugations. As in the previous
embodiments, each circular stage of the reactor 40 is
shaped to define a substantially curved flow path having a
centre of curvature located to one side of the radial flow
path 42. Furthermore adjacent stages have a respective
centre of curvature on opposite sides of the flow path 42
in order to generate an altei:nating inertial field as in
the previous embodiments. Hence the reactor 40 is capable
of achieving the same flow, mixing and interphasic
interactions due to cross-migration in the flow path 42, as
the previous embodiments in an axially symmetric fashion.

This embodiment of the multiphase reactor 40 has
the added advantage that the height H of the flow chanber
can be adjusted by moving the first and second bodies 44,
46 axially relative to each other to provide additional
control over the general flow velocities involved in the
generation of the inertial phenomena leading to interphasic
interactions. Thus, changes in the flow path
characteristics can be made to accommodate a certain amount
of wear or change in flow rates, or the required inertial
effects and cross-migration can be modified in response to
changing process requirements. '

The  embodiment of Figure 3 may have a
particularly useful application in promoting heat exchange
in a slurry, for example, heating of .the green ligquor in
the Bayer process in an' alumina refinery prior to
dlgestlon. In this application the flow of the. multiphase
mixture through the reactor is in the reverse direction to
that illustrated in Figure 3. In order to rapidly heat the
slurry high temperature saturated steam is mixed with the
slurry. The steam condenses and heat is transferred to the

slurry. In order to promote interphasic interaction to



-nore substances in different phases. Each stage C, D and E is shaped to
define a substantially curved flow path 12 having a centre of curvature

| ocated to one side of the flow path 12. As can be seen nost clearly in
Figure 1(a) adjacent stages, for exanple, stages D and E have a respective
centre of curvature 14, 16 on opposite giodes of the flow path 12 whereby,

I n use, as the substances flow through the reactor 10 particles of the
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accommodated at the input compared to that at the output.
Figure 4 illustrates a still further embodiment
50 of the multiphase staged passivé reactor according to
the invention, in which a flow path 52 1is defined by a
generally annular channel of varying diameter formed
between facing surfaces of an outer shell 54 of the reactor
and an inner core 56. Typically, the outer shell 54 of the
reactor 1is constructed from a plurality of substantially
identical shell sections joined end to end, and the inner
core 56 1likewise is constructed from a plurality of core
sections Jjoined end to end and mounted coaxially on a
central shaft or otherwise 1located and supported (not
illustrated). The respective shell sections and core
sections are arranged to form a plurality of stages, for
example, stages H and I as illustrated in Figure 4, to
define the substantially curved flow path 52.
Each stage in the reactor 50 is shaped to define
a curved flow path having a .ce'ntre of curvature located to
one side of the flow path 52, and adjacent stages have a
respective centre of curvature on opposite sides of the
flow path S52. Hence, the reactor 50 of this’embodiment is
also capable of producing the: same kinds of interphasic
interaction as the previous embodiments through the
changing direction of the inertial field in the flow path
52. »Advantageously the flow characteristics of the reactor
S0 can be varied by repositioning the inner core 56 axially
relative to the outer shell 5S4 to vary the flow gap between

the respective facing surfaces of the inner core 56 and



path 12. Thus, as the substances flow t hrough stage D of the reacter the

sol ird particles mgrate towards the outer side of bend 20 having a radius

sof curvature of Rerr] in the general direction away fromthe centre of

curvature 14. Sinultaneously, the gas is forced to mgrate towards the

I nner side of the bend 20 having a radius of curvature Rerr], in the

gener al dire§FL§P ;R%%5d$4the centre of curvature 14. The |iquid phase
ave e te

:substance w endency to follow the streanlines of_ the general
flow direction In each of the above descrgbed; wphabinentserhebend
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next stage E of the reactor 10 the inertial forces change, direction,

that the sol P8 [t rEPESeRSW FFIF AL @lthidist SR HeSPePeive centre of

curvature is on opposite sides of the flow path. However
in some applications it may be desirable for the curvature
of the flow path to vary between stages. Variations in the
curvature will produce acceleration and/or deceleration of

the first and second substances in the direction of the

flow path as they pass from one stage to the next. Such
changes in velocity - further promote interphasic
interactions. .

In an application where the reactor is reguired
to discharge its f£flow directly into a relatively large
volume of liquid or slurry, for the purpose of achieving a
similar mixing, dissolution, dispersion or any of the other
effects previously mentioned, the curvature of the flow

. path of the emerging phases can also be obtained without
the presence of a physical wall on the convex side of the
flow path. An arrangement of this type is illustrated in
Figure 5, which is a variation of the embodiment of Figure
4. Figure S5 1is a section view through a multiphase staged
passive reactor 60, in which a flow path 62 is also defined
by a substantially annular channel of wvarying diameter
formed between facing surfaces of an outer shell 64 and an
inner core 66. The construction of the reactor 60 is
similar to that of Figure 4, however at the reactor
‘discharge 68 the flow path is defined only by a concave
wall 70 having a *“virtual centre of curvature* 72 located
in the volume of liquid adjacent the discharge 68. The
absence of a convex wall at this stage of thé}reactor means
that the less dense of the phaées will migrate towards the
virtual .centre of curvature 72 into the liquid, governed by
the same principle as in the completely enclosed stages.

A similar flow pattern at the reactor diécharge
can be achieved by terminating the reactor in the manner

illustrated in Figure 6. The reactor 80 of Figure 6 is a



reverse direction towards the outer side of bend 22 having a radius of
curvature R err], and away fromthe general direction of the new centre of
*curvature 16 of stage E. Similarly, the gas is now forced to mgrate
towards the inner side of bend 22 in the eneral direction of the centre of
curvature 16.
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I nacti ve vohyweser Nohealfdowhpatiteyes ipersudh athato caeyedgéfilew pathg are

formed with wvirtval centres of curvature 92 located in the
liquid adjacent the discharge without the presence or need
of such walls. - -

In both embodiments illustrated in Figures 5 and
6. when the less dense phase is emerging from close
proximity to the convex wall of the previous stage, it will
be forced to migrate towards the virtual centres -.of
curvature at the discharge. When it finds no physical
surface €0 migrate to as in the previous stages, and
depending on the flow characteristics, ie., velocity and
relative densities, it will be finely dispersed into the
mass of ligquid in the discharge volume.

In each of the above described embodiments the
centres of curvature lie in a plane which is substantially
perpendicular to the general flow direction of liquid along
the flow path of the reactor. It is thought that this
significantly inhibits the transmission of any turbulence
that may form in one stage to an adjacent stage. The
inertial field changes direction substantially
perpendicularly to the general flow direction and is
therefore substantially decoupled from the flow of liquid
in the general flow direction. Hence, any edd;i.és that may
{form 1n one stage are destroiféd by the reversing of the
inertial field in the next stage.

Now that several embodiments of the multiphnase
staged passive reactor according to the invention have been
described in detail, it will be evident that the preferred

embodiments of the reactor have a number of significant



» particular part of the flow thereby preventing the repetitive process of
mul ti phase interactions, which otherw se predom nate every tine the flow
«pat h changes the general position of its centre of curvature.

Anot her phenonmena whi ch may occur in the }Ractor to pronote interphasic

interaction is the formatio f._a infiLlm gas on the convex portions
. of the mallsa§F ngﬁdwlgﬁgﬁﬁépg Eﬁ? égg&ﬁgg cles are forced to nigrate
:to the inner (diyde of ti¥Bebendx20, n¢ cowwinawdIrpor angn)thershonsasipabtisc| es

adhere to the side malk Qgtibgl ! Tonstruction and is ea t
-7- These gas particleg are _ex r%&e or sneared al ong the side vvaﬁ}ﬁ to

forma thin film of ga@aﬁ\ﬂr-@hn!s forced to break up and mgrate through the
liquid phase(bqwards t BRcO0BR9SI L& the reactor can be scaled up or down

to suit any application

(3) It is extremely efficient, enabling vastly
improved interphasic interactions 1leading ¢to
substantial reductions 1in reagents to achieve

similar or Dbetter results than the current

processes
(4) It is capable of processing high volumes
{S}) Very high reaction rates can be achieved due to

high Reynolds numbers and mixing characteristics

{(6) High mass transfer rates are possible

{(7) High mixing rates occur leading to superior
dispersion of one phase into the other

(8) Substantial attritioning of the so0lid phase
occurs on the outer boundary of each stage
leading to surface cleaning and exposure of
possible fresh solid reactants to the other

leaching phases.

In order to illustrate the efficacy of the
reactor, the application of a preferred embodiment to the
process of gold leaching will be briefly described. A gold
leaching process typically .requires oxygenation of the
slurry containing the gold-béaring ore and cyanide. By
pumping the slurry through the passive reactor with oxygen
gas the 1leaching process can be greatly enhanced, due to
the vastly increased disseolution of. the oxygen in the
slurry. In addition, the hiéﬂ‘attrition rates achieved in
the reactor due to the interphasic interactions of the
solid ore particles exposes more of the gold to the cvanide
and oxygen in the liquid phase. The high Reynold‘s numbers
which are presenﬁ create strong local nrixing so that the

boundary layer of the ore particles becomes insignificant.



~convex side wall of the next adjacent stage. The thin film separates from
the'side wall at approximtely the point of inflexion, where one stage is
‘joined to the next. In the nmulti phase staged passive reactor 10 of
Figure 1, each stage is shaped to define;g snoothly curved flow path
wherein turbul ent eddies in the flow of substances can be substantially

el i mnated, §fe qlony @f@g&geef ﬁ%}ﬁ%&ﬁféﬂ&%ﬁéﬂ&f&&dﬁhﬁ%m@?ﬁ%ﬁ

“:turbul ent regions wou tend to have a deleterious affect on t i cl ent
operation @roduge FRaafEPRiging HhinCEaRSSiglBefiiyatt BHC I TheOFi ther ent
phases, producddigdiPprodesescent flow and/or energy | osses in the vortices

formed. In this enbodinment the flow.path is defined, by a corrugated channel
of rectangul ar cross Y&¢PPorf Wﬁpglﬁfeedm ﬁ@ggﬁgféﬁﬁngo Aept h tPELSo

(HW. The sidiecand [thatf 63% ofl ahehoobel bkaslbbleedoid liewd ssonokh
curved |ine such that the virtual centres of .curvature or .such Locj of
centres of cdt viRiH=q ta&rtﬁgt é’rﬁiﬁ' ébrs}f T8RP A SRS R e L3 er h@'klﬁf:gwlﬁat h
to the ot hertlien @renvhart thewalutoy erkes ¢o fpErss thmerglr aheofreartoat ur e
14, 16 of stages and . iLvely. this: A al ternate in
the directi oafdcghté‘ °|nr?§r tB?%p%%it éi\hdi affoetl‘%lc h‘lgj‘elééggv%lte hgtﬁ’t(iaL ddiq'tsscc‘)i%% I%%g§§ fies in
the fl ow patirersplandiaw afiveri eufurddier utvelve bodrss resdfence time in

the existing plant. This compares with a maximum of 65 to
75% recovery of the total available gold using conventional
methods of oxygenation and processing for leaching. Hence,
the multiphase staged passive reactor is more than 36,000
times more efficient in achieving 65% dissolution of the
total available gold.

Now that various embodiments of the multiphase
staged passive reactor have been described in detail it
will be apparent to persons skilled in the relevant arts
that numerous variations and modifications can be made, in
addition to those already described, without departing from
the basic inventive concepts. For example, in each of the
illustrated embodiments the flow path is defined between
substantially smoothly curved surfaces to avoid
discontinuities 1i1n the flow patterm and to minimise
turbulent eddies. However, a substantially curved flow
path capable of generating an al'ternating inertial field
can also be formed using stepped walls, as illustrated in
Figure 7, although this would be less efficient than the
described embodiments. Discontinuities in the walls of the
flow chamber will tend to produce recirculati_on eddies and
vortices 1in which, for example, ar_:_agg-lomerazt'ion of solid
particles may be trapped produé:ing high local wear rates as
well "as. energy losses. However, it 1is to be understood
that the invention is not limited to structures having
smoothly curved flow chambers, although this 1is the

preferred form of the invention.

Although each of the illustrated embodiments is



- r'egi ons are generated in the flow volune. Therefore, full control over the
mechani cal and chem cal interactions produced by the cross-interference
*flows can be achi eved. The erbddi rent of Figure 1 nay be
constructed using a rectangular steel frane 24 formng the side walls of a
housi ng f orcarmtirwciedr wikhd Ehre r oof manee| spreees 26 {8t #inds heleep and
bottom wal I, die Fe€A6tOr P11 Fhacthow hambak Welhids theo reashaL,my be
: formed by two blocks of a sujtable rigid material, for exanple,
pol yur et haif&3ERS 1 £ HeqtPrellenapath AR é’F‘ﬁaPifvé;I%Sﬁse %ﬂ%‘i dRs ok the
reactor 10viatug f eefgteol o8 phurdddye Of pohywd@iididnh, it will be
-8 segment S | oS §haY WaPVedd 98 WA N8 (AT A 20 be pumped
through the xreactor to produce interphasic reactions,
provided at least one of the phases is a liquid. For
example two liquid phases, one of which does not readily
mix with the other due to differences in surface tension,
density, etc. Solid particles, for example sand particles
may be added to the mixture to promote _interphasic
interaction. Furthermore., different phases may flow
through the reactor in opposite dirxections along the same -
flow path. &1l such variations and modifications are to be
considered within the scope of the present invention, the
nature of which is teo be determined from the foregoing

description and the appended claims.



bet ween the m, pl ates 26. Th TE nsH+ct i on
has the advant EBPShe Beké aceg‘;ie I n the reactor cain?Iegb% 5335&&&’ repaired
separately if |§mﬂ ﬂmﬂ darmaged or worn. RE ACiD e 2
illustrates a s U0 t 30 of the_ nultiphase staged pasSive reactor
according to the invention. In this embodifnEnt a plurality of corrugated
channel s 32 e vi.de W) ' ape. to th ugat ed channel of
“Figure 1. IaIr LIRS VENTION, Al i gIILLOWSs | ar ge
relative to the channel width W and a plurality of simlar channels are
provided runni ng paral L,el b 0 r_t-0_accqmmodate | arger flow rates of
the mul ti phage m xt ur e_Ao#ug’gfig’?%%geéegggﬁibgtagﬁﬁvgl VR o 1S PFCEMERASI ¢

i nteraction dmdRRRSHopErterarian befaehi lest wistbsthaceeant oa 39gasgwi t h
the enbodi mephaefe RygHRe ol dUgoh8 t | Lals fiel _changi L.rection
which is gengrhat ed in the_res gct [ v%%%%%{%%t Fglf 3§ g’f&E HE & ’g?ﬁ%l glgﬁ?dEach
channel 32 cBRgStsesd aSPLiff aPhe§eoPIstaggasepys ®hans.c andt whesefn agHeG,

defining a fphaseat bff ehitheisubShARCSSCohAr QU r Ces As, in
the first eb@ogi ment ,. elch :sLta eis shgged tpg’%gfaih%%sa?%%ﬁ)\%ec 1%%1)% 35?h
havi ng a cenfFP8X8FtEGATEELPY Iddv%;ﬁ%&ntto ekl @ensheiesowchat heaandr

adj acent st agesmplageéng:respective centre
: a plurality of stéges defining a flow path for

the first and second substances, each stage being shaped to
define a substantially curved flow path having a centre of
curvature located to one side of the flow path, and wherein
adjacent stages have a respective centre of curvature on
opposite sides of the flow path whereby, in use, as the
substances flow through the reactor particles of the second
substance are forced to migrate through the first
substance, first in one direction and then in substantially

the reverse direction to promote interphasic interaction.

2. A multiphase staged passive reactor as defined in
claim 1, wherein the flow path defined by each stage is of
substantially similar shape. '

3. A multiphase staged passive reactor as defined in
claim 1, wherein each étage is shaped to define a smoothly
curved flow path wherein turbulent eddies in the flow path
of the substances are substantially eliminated or at least

minimised.

4. A multiphase stagedupassiye reactorfaé'defined in
claim 3, wherein the centre of curvature of each stage.lies
in a’'.plane which is substantially perpendicular to a
general flow direction along said flow path.

5. A multiphase staged passive reactor as defined in
claim 1, wherein the flow path is defined by a




of curvature okhi HastHRerSH, of the flow path. Foe-cemtTTf —fTr ces
generated by th egﬁ%g wobbly fl ow of the nﬂﬁtsl S@eﬁggﬂ%&e

- through the rea m!m;ﬂﬂe the sane interphasic}int erfPLAGED due tlo
Cross- mgration o rent phasesiin-the |iquid phase

Figure 3 illustrates a third enbodi nent 40 of a multiphase staged passive
. reactor aceobdiagtiadlyt lkenuigant fhanhglweehverying tdprmreten toumedof

. - substances - -adi idected 0, : N <42 [

di rect ed flg%kgg%ﬁ_ﬁc{lggd?i‘l%ﬂnfégi Girasgtager?j I]Ia ef‘.’?%% 53%5144&2”%@?1 g%%g:ﬁgrbody
46, the facPRg 30r1ARES €PT€he first and second bodi es 44, 46 being
provided with matching circular corrugations. The nultiphase m xture fl ows
into the gag

A multiphase staged passive reactor as defined in
claim S5, wherein the outer shell of the reactor comprises a
plurality of shell sections joined end to end, and the
inner core comprises a plurality of core sections joined

end to -end.

7. A multiphase staged passive reactor as defined in
claim 5, wherein the reactor discharges its flow directly
into a volume of liquid and wherein the flow path at the
reactor discharge has a virtual centre of curvature located
in the volume of ligquid whereby, in use, thelless dense
substance will be forced to migrate towards the virtual
centre of curvature at the discharge and thereby dispersed

into the volume of liquid.

8. A multiphase staged passive reaétor as defined in
claim 1, wherein the flow path is defined by a corrugated
channel fofmed between a first corrugated surface and a
second corrugated surface facing the first corrugated
surface, with the respective crests and troughs of the
first and second corrugated surfaces being substantially

aligned.

9. A multiphase staged-passive reactor as defined in
claim 8, wherein said flow path is one of a plurality of
flow paths defined by a corresponding plurality of said

corrugated channels.

10. . A multiphase staged passive reactor as defined in
any oﬁe- of the preceding claims, wherein the second
substance is in a gaseous phase and wherein as the second
substance 1is forced to migrate to a convex wall portion

defining the flow path some gas particles of the second

L



bet ween the first and second bodies 44, 46 via an axially nounted input
port 48 in the first body 44. As the nmultiphase mxture flows
"outwards through the radially directed flow path 42 it passes through a
plurality of «circularly defined stages of increasing radius fornmed by the
circular corrugations. As in tHeé -previous enbodinents, each
circular stage of the reactor 40 is. shaped to define a substantially

7 curved fl owsPRERERESi ngdler@entPe BReCUFPBVEXe WadAt cBOYH1BRe &8Pde 8Fet he

radial fl ovexpabled?.co FEbiRCENDER RA]FA0aNt o6t 338S diAVeha EasRAGE i %811
centre of curvature on opposite sides of the flow path 42 in order to
generate anP@Ft&PRating inertial field as in the previous enbodi ments.
Hence the reactor 40 is capable of achieving the sane flow, m xing and

I nt er phasi c,. i nteractjons tQ cross-rmaration i,n the flow h 42, _as
e pr ovi oukLbnboh nehe BEEHOS, b8, BRaRB Rl o ladhdt® {ACRE Do Toed
enbodi nent af £ihst nsbbspanse irazt biqddhpbaskewatiled advantiagebshahcéhe

hei ght H of.th |.ow r st e i;ig efirs econd
bodi es 44, ﬁ% ‘gx%g |?§?§F§§FY2§%}89§£’#‘%§HG% P%Oiﬁr)% | _eééa:dpdllpt%o 3$Q§%|§1t rol
over the geplease. f land vehsteineshevphasesi rof heagenetirson agid t fecondrti al
phenonmena | gadifgntOsi NL85PBAGIFely are characterised by different

relative densities, the method comprising:

forcing the first and second substances along a
substantially curved multistage flow path, each stage being
shaped to define a curved flow path having a centre of
curvature located to one side of the flow path, and wherein
adjacent stages have a respective centre of curvature on
opposite sides of the flow path whereby, in use, as the
substances flow through the flow path particles of the
second substance are forced to migrate through the first
substance, first in one direction and then in substantially

the reverse direction to promote interphasic interaction.

12. A method of promoting interphasic interaction as
claimed in claim 11, wherein both the first and second
substances are forced through the flow path in the same

direction of flow.
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i nteractions. Thus, changes I n t he flow path characteristics
can be nmade to accommbdate a certain anount of wear or change in flow
rates, or the required inertial effects and cross-migration can be nodified
in response to changi ng process requirenents. The enbodi ment of
Fi gure 3 may have a partlcularlyyfseful application in pronoting heat
exchange in a slurry, for exanple, I ng of the green liquor in the Bayer
process in an alumna refinery prlgBS#%$?§estlon In this application the
flow of the nultiphase nlxture t hr ouqg] e_reactor is in the reverse
direction to that illu8 — ERACINE CLQRr api dl y heat the
slurry high tenperature saturated stean1|s n1xed mnth the slurry. The steam

condenses_and heat s transferred to. the slurr order to pronote
i nt er phasﬁc nudtd GRIXF?'%% §16aged passive reactor (“)1) oY proxR oting
interphasic interaction of a first substance in a liquid

phase with a second substance in a non-miscible 1liquid
phase, a solid phase or a gaseous phase. The reactor
comprises a plurality of stages (C, D and E) which define a
flow path for the substances in different phases. Each
stage is shaped to define a substantially curved flow path
(12) having a centre of curvature located to one side of the
flow path (12). Thus, for example, stages (D) and (E) have
a respective centre of curvature (14, 16), on opposite sides
of the flow path (12) whereby, in use, as the substances
flow through the reactor (10) particles of the second
substance are forced to migrate through the first substance,
first in one direction and then in substantially the reverse
direction due to an inertial field of changing direction
thus generated. Due to the differences in the relative
densities of the respective phases, differential inertial
forces are exerted on each phase as the mixture flows along
the general flow direction of flow path (12) the interphasic
interaction thus produced includes both mechanical
interaction due to, for example, collisions and energy
transfer, as well as chemical reactions due to, for example,
oxidation and ion-exchange. There are no moving parts in
the reactor (10) which is of relatively simple construction,
and it 1is extremely efficient, achieving high reaction
rates, high mass transfer rates and high mixing rates.

Figure 1l(a) of the drawings is to accompany the Abstract
when published. '
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out er-shell- 54-—- -. . In each of the above described enbodi nents the
cur vat .iaiaql]h stage is substantially the sane as that of an adj acent

I €, Of
stage ah D i ective centre of curvature is on.opposite sides of
the flo ﬂr r in sone applicatBons it may be desirable Nt he !
curvatu P ;

ath to vary between stages. Variations in thes

.curvature w || produce accel eration and/or deceleration of the first and :
second substances in the direction of the flow path as they pass fr@p on
stage to the next. Such changes in vel ocity further pr onote= 3\‘
I nt erphasi c interactions. In an application where the feact I S

required to discharge its}@ow directly gdpto a relatively large vol u 0
liquid or slurry, for the pyrpose of acd%g{m a/éj/m'lar m Xi ng, 3
di ssol ution, dispersion or y of the oWher effects pre§i®usly menti ds

the curvature of the flow pa of the emergimgphases can al so be obt& ned

wi t hout the presence of a physical wiJ=gimBt he convex side of the %

4

-
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flowpath ﬁarrangem&nt of this type is illustrated in Figure 5, which

IS a varlat ft el nent of Figure 4. Flgure 5is a section view
d passive reactor 60, in which a flow path 62 is
ial ly annul ar channel of varying dianeter forned

t hrough a

al so deflne

bet ween facing surfaces of an outer shell,64 and an inner core 66. The
construction of the reactor 60 is alntlar to that of Figure 4, homever at
‘the reactor di scharge 68 : we wall 70
having a "virtual centre of cu vature 2 Iocated fn ¥t 14 quid
adj acent the discharge 68. é.absence . sta e- of
t he reactor neans that t-he Ies.
the V|rtual centre of curvat

pattern at the reactor
in the nmanner illustrate
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-12-" further variation of that illustrated in
wi.th-two concentric flow paths 82 defined by two substgn gkhg ar
Ngﬁ ouf]

‘channel s of

shell 84 and an inner shell 86, and the inner shel
respectively. At the discharge 90 of the reactor therje are no containif

boundary wal

clearly in Figure 6(b).

paths are f or;smshu&iﬁb Vi SAPhLENE T Bt Sf aSEL RIS €a 9@&@@ %L%ise&hé@elﬁ i gui d
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varying dianmeter formed between facing surfia er

| s to shape the ensuing counteg flows, a
However the flow pattern is such that curved fl ow

adj acent the dJSC(g g& wi t hout the presence or need of, such

In both enbod:fdHt

?tr‘&%’é’a i% ﬁﬁgerlés §U]aﬁ8a’8°ev\h‘éh ?hé"l"és‘%’-%fé*%%e

phase is energiq@id rphnsepsa Hoidi biat@ e £0gxsoUe! bhafset h%tprfdéé)tys

stage, it wi
curvature at

to as in the@ domdstﬁgeselﬁnd;he phases of sald flrst and second

te_to *rds the V rtual

Il be forcid k

substances respectively are characterised by different
relative densities, the reactor comprising:

a blurality of stages defining a flow path for
the first and second substances, each stage being shaped to
define a substantially curved flow path having a centre of
curvature located to one side of the flow path, and wherein
adjacent stages have a respective centre of curvature on
opposite sides of the flow path whereby, in use, as the
substances flow through the reactor particles of the second
substance are forced to migrate thfough the first
substance, first in one direction and then in substantially
the reverse direction to promote intexphasic interaction.

The curvature at a point on. a plane curve
measures the rate of change (at the point) in an angle
which the tangent makes with a fixed axis, relative to an
arc length of the curve. The curvature is the rec1procal
of the radius of curvature, which is the radius of a circle
which touches the curve (on the concave side) at the point

in question. The circle is the circle of curvature, and
its centre is the centre of curvature of the curve at that
point. Therefore, unless the curve follows the

circumference of the circle of curvature, the centre of
curvature will change at different points along the curve.
Hence, the centres of curvature of the flow path located to
one side may define a locus of centres of curﬁature. It is
to be understood that the reference to the substantially
curved flow path having "a centre of curvature located to
one side of the flow path" is intended to mean at least one

centre of curvature located to one side of the flow path,

as there may be more than one centre of curvature for the
substantially curved flow path defined by each stage of the
reactox.

coRsHr yct ed

6 and an i nner oHe 88
g or



REPLACEMENT SHEET
depending on the flow characteristics, ie., velocity fand~reftati ve—
‘densities, it wll be finely dispersed into the mass lof Iquuig i,@%-;he
di scharge vol une. In each of the above descr|i hed erﬁg gi ntg the
centres of curvature lie in a plane which is substanti aly.perpendiciil gr to
the general flow direction of liquid al o&g the flow gath of the reactosg.

It is thought that this significantly inhi bits the tramsmssromrof—any

turbul ence that may fgrm.in.qne stage to an.adjacent. stage The inertial
field  changes JRVRAERIAY til?o%‘?a‘?ﬂi%?qﬂ %eg"?’p%enddis‘?al ST PEePRe 1S
general fl owfdisndsttizortiandly ssiheleforshapehstwantess | gthexwipt edefmadametihe
flow of I|i qg'gflghg gggcgggqral flow direction. Hence, any eddies that my

formin one estroyed by the reversing of the inertial field in
t he next stage. Prefmpgabdivat egeher atagebobs mhapesd ttiee Aegifdinehase

staged passkigobRAy! QurdkaP’ #1560 Eﬂtixh‘%zﬂe'}\é@?xt QA e es C L Peflel N

detail, it wll be evident that the preferred_enbodinents of the reactor

have a nunb&toWf PathnpPLi &% substances are substantially eliminated or
at least minimised. Obviously dissolution of more than one
substance of a different phase, with the first substance in
a liquid phase can be performed by the reactor, for

example, the dissolution of a second substance in a solid

"phase and a third substance in a gaseous phase with the
first substance in a liquid phase.

In one form of the invention the flow path is
defined by a generally cylindrical channel. formed between
facing surfaces of an outer shell of thé reactor and an
inner core. Advantageously the outer shell of the reactor
comprises a plurality of substantially identical shell
sections joined end to end, and the inner core comprises a
plurality of core sections joined end to end.

In another form of the invention the flow path is
defined by a corrugated channel formed between a first
corrugated surface and a second corrugated surface facing
the first corrugated surface, with the respective crests
and troughs of the first and second corrugated surfaces
being substantially aligned.

According to another aspect of the present
invention there 1is provided a method of promoting
interphasic interaction of a first substance in a liquid
phase with a second substance in a non-miscible liquid
phase, a solid phase or a gaseous phase, and wherein the
phases' of said first and second substances respectively are
characterised by different relative densities, the method
comprising: -

forcing - the first and second substances along a
substantially curved multistage flow pnath, each stagé being
shaped to define a curved flow path having a centre of
curvature located to one side of the flow path, at least
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-13~ advantages, including the follow ng: (1) Trere™ar e~To—TMViing
parts.and therefore it has relatively sinple C?Q§3r§c@% njagd is -
easy to mai ntain (2) The size of the jreac % n“be gcql ed up
or down to suit any application (3) It Lis. extrenely
efficient, enabling vastly i nproved intgrphasic interacti ﬁns
| eading to substantial reductiond i-n reag

: simlar or better results than the current processes (4) I t

i s capabl e oPngr séegsi A@wingh ordvurtee (fRcing suvdbgelsi gefisdag e dilow can
be achi eved %%%h&oand where{HQﬁﬁfgﬁgﬁﬁdétﬁﬁggeﬁﬁv@ng FeXbRe tive fentre

characteri st ) Hi gh mass transfer rates are posSible (7
H gh nixi ng®%r &eyateEauon cpRgisige ©ddesupdr ithe flow pathyjwheamedyon gt

oRe phase i nygd, haotthey distancesSHITkaMirdughdlthel tH1QN REtOharddie1a0l i d
phase

of ghe second substance are forced to migrate through the
first substance, first in one direction and then in
substantially the reverse direction to promote interphasic
interaction.
BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a better appreciation of
the nature of the invention, several embodiments of the

multiphase staged passive reactor will now be described in

detail, by way of example only, with reference to the
accompanying drawings, in which:

Figure  1l{(a) is a section view of a first
embodiment of the multiphase staged passive reactor of the
invention through the line B-B in Figure 1(b);

Figure 1(b) is a different section view through
the line A-A of the multiphase staged passive reactor of
Figure 1(a);

Figure 2 is a partial cut-away perspective view
of a second embodiment of the multiphase staged passive
reactor;

Figure 3 is a partial cut-away perspective view
of a third embodiment of the multiphase staged passive
reactor;

Figure 4 is a partial cut-away perspective view
of a fourth embodiment of the multiphase staged passive
reactor of the invention;

Figure 5 is a section view through a variation of
the embodiment illustrated in Fig. 4;

_ Figure 6{(a) and (b) are section views through a
further variation of the embodiment illustrated in Fig. 4;
and,

Figure 7 1is a section view through a fifth

embodiment of the multiphase staged passive reactor of the
invention.



.occurs on t'hé outer boundary of
‘cl eani-ng anghisekEoHasBeerGieplaced
dbr tol il a4 pamergoe

ot her i ses. '
ef ficacy of e appH Ton of a preferrej enbodlnent to ft he
process of g eaching will be briefly described. A potd | eachi ogess

typically requires oxygenatlon of the stuikéy-containing the gol d-bearin
‘ ore and cyani de. By punplng the slurry through the pa55|ve reactror wth
hA 1D } h L&V d L

oxygen gas tHHEl €3 A ] ) GWe:to the vastly
I ncreased dISSO|UtI0n of the oxygen in the slurry In addition, the high

attrition rates achi eved | th reactore%#e to.the |nter% |c i nt.eractions
of the solid*ore partiél@g é? FPgSS DAFE1YS FoP6 HPRe FOFaRFESUSTRT |
oxygen in the'nltieamhelspihasmt@m;:ttncgh Béyr| Bisshushbssantechirara priesdt

create strongplaedl i 0 sacbhal LhEsPIHBLArM | Y Sho®inid&i e A €S

becomnes insiqgnpificant.
gase, solid phase or a gaseous phase, and wherein the

phases of said first and second substances respectively are
characterised by different relative densities, the reactor
comprising:

a plurality of stages defining a flow path for
the first and second substances, each stage being shaped to
define a substantially curved flow path having a centre of
curvature located to one side of the flow path, at least
one stage having only two facing surfacegﬂ@egipingﬁthe fléwb
path, and wherein adjacent stages have a respective centre
of curvature on opposite sides of the flow path whereby, in
use, as the substances flow through the reactor particles
of the second substance are forced to migrate through the
first substance, first in one direction and then in

substantially the reverse direction to promote 1nterpha51c
1nteract10n '

| e hoRER} ACEMENT rSHiEET

h kolid réactants To T

2. A multiphase staged passive reactor as defined in
claim 1, wherein the flow path defined by each stage is of
substantially similar shape.

3. A multiphase staged passive reactor as defined in
claim 1, wherein each stage is shaped to define a smoothly
curved flow path wherein turbulent eddies in the flow path
of the substances are substantially eliminated or at least
minimised.

4. A multiphase staged bassive reactor as defined in
claim 3. wherein the centre of curvature of each stage lies
in a plane which is substantially perpendicular to a
general flow direction along said flow path.

5. A multiphase staged passive reactor as defined in
claim 1, wherein the flow path is defined by a

JURUL R




.- 14 - The conbined effects of high shear and inproved oxygenation produce
an astonishing i crgase “9 the efficiency of the | -
UsSi ng a sul phi de aewon g ore, tests ind St HESBERN |t he
total available g na]H iﬂ d in solution aftler onREPUAGEDsecon
resi dence tine, bl me that the slurry takes to pasS tnrough the
reactor. An additional 30% of the total~ &@ailable gold is dissolved in
solution after a further_twelve hours residence tine in the existing plant.
Thi s conpar SURFEINGE neBGIRFE of CB5 Ele 75080 ¥R% v I3l b BRI I alanFai 2%8®| e
gol d using camwvrdéedngb nidhnda afhizxkygebat ici @as phocelssi rgnkei |watThi ng.
Hence, the:Egg'f se staged passive reactor is nore than 36,000 tinmes nore
i a

ef ficient chieving 65% di ssolution of the total avail able gold.
Now t hat various enbodi nents of the nultiphase

1i. A method of promoting interphasic interaction of

a first substance in a liguid phase with a second substance
in a non-miscible liquid phase, a solid phase or a gaseous
phase, and wherein the phases of said first and second
substances respectively are characterised by different
relative densities, the method comprising:

forcing the first and second substances along a
substantially curved multistage flow path, each stage being
shaped to define a curved flow path having a centre of
curvature located to one side of the flow path, at least
one stage having -only two facing surfaces defining the fiow
_path, and wherein adjacent stages have a respective centre
of curvature on opposite sides of the flow path whereby, in
use, as the substances fiow through the flow path particles
of the second substance are forced to migrate through the
first substance, first. in one direction and then in

substantially the reverse direction to promote interphasic
interaction.

12. A method of promoting interphasic interaction as
claimed in claim 11, wherein both the first and second
substances are forced through the flow path in the same
direction of flow.

REPLACEMENT SHEET -
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étaged passi ve reactor have been described in detail it will be apparent to
“persons skilled in the relevant arts that numerous variations and
.nmodifications can be nade, in addition to thoséhash Béﬁaﬁlmﬁ@d w t hout
departing fromthe basic inventive concepts. For ach of the
illustrated enbodi ments the fIOM/patg I's define antially
snoot hly curved surfaces 30|d dlscontan| he fl ow
pattern and to mnimse turbul ent eddies. However, a substantlally curved
flow path capabl e of generating an alternating inertial field can al so be

formed using stepped walls, as illustrated in Figure 7, although this woul d
be less efficient than the descri bed enbodi nents. Dlscontl nuities in the
wal I's of the flow chanber will tend to produce recircul ation eddies and

vortices in Wii-ch, for Aegatpiod ofnpuglPbiee attrrpiasiol iintruadtdars afap be

trapped prOdeQL'r@i: R dRfR 19ear 168h88 ARa¥eldi @ £NYDhd Q3R ance in
However, it is to be understood that the inventjon is not limted to

structures h&\/l%@ns%%?hP}ecGF\%de IW%%anﬁer%”héirtﬂhﬁﬁﬁ i s2i g3FFOUS
preferred fophagfe,t haninv@idi®in the phased\ bfoughi®aghret thedi Idedsiical ed

enbodi ment s E%bstances respectively are characterised by different
relative densities, the method comprising:
forcing the first and second substances to flow
cocurrently along a flow path through a passive reactor under
the influence of a controlled pressure differential between
an inlet and an outlet of the passive reactor, and wherein
said cocurrent flow is substantially free of recirculation
flow patterns whereby, in use, interphasic interaction of the
first and second substances is enhanced due to. relative
movement and/cor cross migration of the phases which causes
the phases to be extruded and/or accelerated to form fine
filaments and platelets thereby incfeasiﬁg interphasic
éontact surfaces and exposing the phases to high sheaf flow

and intergranular friction.

14. A method of promoting interphasic interaction as
claimed in claim 13, wherein the pressure differential
between the inlet and the outlet of the passive reactor can
be controlled by altering the flow rate of each substance

such that the desired interphasic interaction can be

achieved.

"THIS SHEET HAS BEEN
REPLACED
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-©15 - constructed with three or nore stages, it will be clear that the
reactor will function with as few as two adj acent stages, even if the flow
path in one of these stages has a virtual centre of curvature. In
addition, it will be apparent that any two or nore distinct phases can be
punped through the reactor to produce I nt er phasi c reactions, provided at

| east one of the phases is a liquid20 For exanple two I|qU|d phases, one
of which does not readily mx with the other due to differences in sulface
tension, density, etc. Solid par3BIIBACTf or exanpl e sand particles naﬁ be
added to the mxture to pronbte interphasic interaction.
Furthernore, differ dBILILREASECSTRGED PASEIVH REMITORhe reactor in opszite
directions along the same flow path. Al such variations and nodifications
are to Be moktlikehase wsthoadt eassidire Qﬁaﬂﬁ@rprégﬁhtfpﬁVeEF@@ﬂtlm%e nat ur e
of whi chnterpbadic daiterrdarddnf obma thiersftosehstagee in a liquid phase

with a second substance in a non-miscible liquid phase, a solid
phase or a gaseous phase. The reactor comprises a plurality
of stages (C, D and E) which define a flow path for the
substances in different phases. Each stage is shaped to define
a substantially curved flow path (12) having a centre of
curvature located to one side of the flow path (12). Due to
the differences in the relative densities of the respective
phases, differential inertial forces are exerted on each phase
as the mixture flows along the general flow direction of flow
path (12). The interphasic interaction thus produced includes
both mechanical interaction due to, for example, collisions and
energy transfer, as well as chemical reactions due to, for
example, oxidation and ion-exchange. There are no moving parts
in the reactor (10) which is of relatively simple construction,
and it is extremely efficient, achieving high reaction rates,
high mass transfer rates and high mixing rates.

Figure 1(a) of the drawings is to accompany the Abstract when
published.
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déSprfppion and the appended cl ai ns.
-16- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWE: 1. A

met hod of pronoting interphasic interaction of a first substance in a

liquid phase with a second substance in a non-mscible |iquid phase, a
solid phase or a gaseous phase, and ,wherein the phases of said first

and second 5 subst ances respectively ale characterized by different
rel ative densities, the nmet hod of conpri sing: forcing the
first and second substances along a substantially curved

mul ti stage fl ow path, ne a curved fl ow
path having a centr ¢ of the flow path, 10

at | east one stage gb{\ \ rfaces defining
2L R
R2 X\
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the flow path, and wherein adjacent stages have a respective centre of
curvature on opposite sides of the flow path whereby, in use, as the
substances flow through the flow path they are subject to an inertial
field of changing direction so that particles of the second substance 15
are forced to mgrate through the fgrst substance, first in one direction
.and then in substantjally th€ regérse~diredion to pronote interphasic
interaction due to<el ati R Htand>~cross nigration of the phases
whi ch causes t{e” phases ' dEthdnd ascel erated to formfine

filaments and pl ate g, | nt éxphasi c cgﬂEEE?rs faces 20
and exposing the p i and i nt &r gr an -l € ion.
g/tiction as craimed in claiml,

2. A nethod of pr¢noth
wherein both the fiwst ffiges are forced ™ ough the flow
3. A neth%ifﬁ prauoot i ng

path in the s3fe {lirection™s
i nterphasic interaction of a W
second substance

eina W d ptese with a
phase or a

:

,hase, ’

ol subst ances
A1

gaseous phase, wherein the '.}f X Of \ ¥ A S Q

respectively are Fharacteri ed /Ry ,x-/’ = S 9 t he

met hod conpri si ng ,43 i « and Q 2 es to fl ow
. a passh .

cocurrently alongla flow p under the
influence of a contrQlled pr_-i’

Y

4

34
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-17 T di
passi ve reactor, and

ifferential between an inlet and an outl et of_the

subj ecting said cocurrent flowto an inerti al

field of changing direction, and
substantially free of recirculation flow

use,

wher ei n sai

I nterphasic interaction of the first and second 5

enhanced due to relative novenent and/or cr3oss
phases whi ch causes the phases to be extruded
to formfine filanents and pl atel ets thereby

I nt er phasi ¢ contact surf

es anpd exposing t he phases to

shear flow and {ntler i on. 4.
i nter phasi c | ragtion as _clalnmedt clal
differential bétwgen th _ nd th t t Qm

<

can be controlle

\

52

v

avavenves

e

flowrate of ea h substan S

cocurrent flowis

Pat | CREFLACERERPSHEET

L1l

2RI

i hecreasi ng

S

on of [h

B erlatled

hi g

A net heg—ef—pronnting

wherein the pressure
gpassi ve reactor

‘ | s r
\)J B
) I 8, —/
\\\/‘\82\

54

/

N
\

N
NN

\

82 88 36 8L
N 6a,
92 9 92
- -
AR
2/ N\
86 87 84

15 65




u’h that the desired i nterphasic interaction can be achi
mul ti phase staged passive reactor for producing |nterphaS|cREBLA
of a first substance in a liquid phase with a second substla
non-m sci ble liquid phases, a solid phase or a gaseous ph
wherein the phases of said first and second substances respegtively are
characterized by different relative ddfsities, the reactorc

stny:

a plurality of stages defining a flow path for t he flrst_a d second 20

subst ances, e
flow path hav

%rEdJUL 1999

|

aqe Hek-nl 2 q Q. e bl and alt-y—Turved

path, at |east one stage havi ng onIy t wo facr ng boundary surfaces

defining thef| oW RaiHdd
centre of curvature on og osite
as the subst difuigsphase wi
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2.

multistage flow path, each stage being shaped to define a curved flow
path having a centre of curvature located to one side of the flow path,
at least one stage having only two facing boundary surfaces defining
the flow path, and wherein adjacent stages have a respective centre of
curvature on opposite sides of the flow path whereby, in use, as the
substances flow through the flow path they are subject to an inertial
field of changing direction so that particles of the second substance
are forced to migrate through the first substance, first in one direction
and then in substantially the reverse direction to promote interphasic
interaction due to relative movement and cross migration of the phases
which causes the phases to be exiruded and accelerated to form fine
filaments and platelets thereby increasing interphasic contact surfaces
and exposing the phases to high shear flow and intergranular friction.

A method of promoting interphasic interaction as claimed in claim 1,

wherein both the first and second substances are forced through the fiow
path in the same direction of flow.

3.

A method of promoting interphasic interaction of a first substance in a

liquid phase with a second substance in a non-miscible liquid phase, a solid
phase or a gaseous phase, wherein the phases of said first and second
substances respectively are characterized by different relative densities, the
method comprising:

forcing the first and second substances to flow cocurrently along a flow path

through a passive reactor under the influence of a controlled pressure
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-+ 18 - ' ' t hereby increasing interphasic contact surfaces and

exposi ng the phases to high shear flow and intergranul ar
friction. 6. A multiphase staged passive reactor as defined in
claim5, wherein the fl ow path defined by each stage is of
substantially simlar shape. 5 7. A nmultiphase staged passive reactor
as defined in claimb, wherein each stage is shaped to define a

snmoot hly curved fdiftereptialtbetiveerian inlet andtan butletnof thd Ppassivierreatiorf &lmav pat h
of the substances are substantially elimnated or at |east m nimnm sed.

8. A multiphase staged passive reactor as defined in claim?7, wherein the
10 centre cjubjecting said ascuggoh flowdgean insstial dield of ehrnging ¢lirection, and

substantially  wherBff $:88Eoeutraht iGwas $aBSERtialy P¥e &F réSitduitic fow sai d

fl ow pat h. 9. A | ti phase stage )assi ve reactor .as defined in
cl ai mp5, wher ei n Ratlerns wWelrebyf in use, int pﬂaglcsmteract{on ot the rst ané sécond
5 substances is enhanced due 1o relative movement and/or cross

migration of the phases which causes the phases to be extruded
and/or accelerated to form fine filaments and platelets thereby
increasing interphasic contact surfaces and exposing the phases to
high shear flow and intergranular friction.

10 4. A method of promoting interphasic interaction as claimed in claim 3,
wherein the pressure differential between the inlet and the outlet of the
passive reactor can be controlled by altering the flow rate of each substance
such that the desired interphasic interaction can be achieved.

5. A multiphase staged passive reactor for producing interphasic

15 interaction of a first substance in a liquid phase with a second substance in
a non-miscible liquid phases, a solid phase or a gaseous phase, and
wherein the phases of said first and second substances respectively are
characterized by different relative densities, the reactor comprising:

a pilurality of stages defining a flow path for the first and second

20 substances, each stage being shaped to define a substantially curved
flow path having a centre of curvature located to one side of the flow
path, at least one stage having only iwo facing boundary surfaces
defining the flow path, and wherein adjacent stages have a respective
centre of curvature on opposite sides of the flow path whereby, in use,

25 as the substances are forced to flow cocurrently through the reactor
they are subject to an inertial field of changing direction so that
particles of the second substance are forced to migrate through the
first substance, first in one direction and then in substantially the
reverse direction to promote interphasic interaction due to relative

30 movement and cross migration of the phases which causes the phases
to be extruded and accelerated to form fine filaments and platelets,
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flow‘path i's defined by a substantially annul ar channel of varying di aneter
formed between facing surfaces of an outer shell of the reactor and an

i nner 15 core. 10. A multiphase staged passive reactor as defined
in claim9, wherein the outer shgil. of the reactor conprises a
plurality of shell sections joined end to end, and the inner core
conprises a plurality of core sections joined end to end. 20 11. A

mul ti phase st agecthpael:y’ mereammg mtetphaém‘ covtelct surtdoesrartl expesing the he
reactor discharge Stgﬁ%{ ghcghr byyl &L t@rg\f%ﬁggﬁr@ﬁipb! qui d and wherein

t he fl ow pa reac ual centre of
curvature located in the voI une of I|qU| d whereby, in use, the |ess
dense substange vvxlrhum hase sta ear n;é>réacﬁsraésedémv&fﬁ'§csam5vwnd@h ipentre
of curvature ﬁt the d a e and t erst LNt O the vol ume of
l'i qui d. szatﬁ ﬁﬂ/ag plageds "\“@ sileg Shapei ned in claim
5, wherein the flow path is defined by a corrugated channel forned
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facing t
each stage is shaped to define a smoothly curved flow path wherein
turbulent eddies in the flow path of the substances are substantially
eliminated or at least minimised.

8. A multiphase staged passive reactor as defined in claim 7, wherein the
10  centre of curvature of each stage lies in a plane which is substantially
perpendicular to a general flow direction along said flow path.

9. A multiphase staged passive reactor as defined in claim 5, wherein the

flow path is defined by a substantially annular channel of varying diameter

formed between facing surfaces of an outer shell of the reactor and an inner
15  core.

10. A multiphase staged passive reactor as defined in claim 9, wherein the
outer shell of the reactor comprises a piurality of shell sections joined end to
end, and the inner core comprises a plurality of core sections joined end to
end.

20 11. A multiphase staged passive reactor as defined in claim 9, wherein the
reactor discharges its flow directly into a volume of liquid and wherein the
flow path at the reactor discharge has a virtual centre of curvature located in
the volume of liquid whereby, in use, the less dense substance will be
forced to migrate towards the virtual centre of curvature at the discharge

25 and thereby dispersed into the volume of liquid.

12. A multiphase staged passive reactor as defined in claim 5, wherein the
flow path is defined by a corrugated channel formed between a first
corrugated surface and a second corrugated surface facing the first
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-*19 - corrugated surface, with the respective crests and troughs of
the first and secon@ corrugat ed surfaces being substantially aligned.
13. A nutliphase stage passive reactor as defined in claim12, wherein said
flow path is one of a plurality of flog paths defined by a corresponding 5
plurality of said corrugated channels. 14. A mul ti phase staged
passi ve reactor as defined in claimb5, wherein the second subst ance
i's in a gasecosrugatexksarfacejvatiethe espebtiveserestsdand troughs liof tthe diestiad or ced

to mgrate t ' defd . pat h sone gas
particl es of %Fﬁgﬁggé?#g%%gﬁg%%égogﬁﬂgréﬁsc@}tﬁgﬁggéegeﬁ' wal | 10 portion
and are extruded to forma thin filmof gas on the convex wall

portion. 13. A mutliphase stage passive reactor as defined in claim 12, wherein said
flow path is one of a plurality of flow paths defined by a corresponding
5 plurality of said corrugated channels.

14. A multiphase staged passive reactor as defined in claim 5, wherein the
second substance is in a gaseous phase and wherein as the second
substance is forced to migrate to a convex wall portion defining the flow
path some gas particles of the second substance adhere to the convex wall

10  portion and are extruded to form a thin film of gas on the convex wall
portion.
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