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Description
Field of the invention

[0001] The present invention relates to a mixing apparatus and the use of a mixing apparatus to prepare edible
dispersions.

Background of the invention

[0002] Edible dispersions are well known in the art and include for example products such as spreads like margarine
which are water-in-oil (W/O) emulsions, wherein an aqueous phase is dispersed in a fat continuous phase.

[0003] Generally food products like for example margarines and similar edible fat continuous spreads are prepared
according to known processes that encompass the following steps:

1. Mixing of the liquid oil, the structuring fat and if present the aqueous phase at a temperature at which the structuring
fat is definitely liquid;

2. cooling of the mixture under high shear to induce crystallization of the structuring fat to create an emulsion;

3. formation of a fat crystal network to stabilize the resulting emulsion and give the product some degree of firmness;
4. modification of the crystal network to produce the desired firmness, confer plasticity and reduce the water droplet
size.

[0004] The structuring fat, also called solid fat or hardstock fat, serves to structure the fat phase (being the case in for
example a shortening as well as in a water in oil emulsion) and helps to stabilize the aqueous phase, if present, by
forming a fat crystal network.

[0005] These steps are usually conducted in a process that involves apparatus that allow heating, cooling and me-
chanical working of the ingredients, such as the churn process or the votator process. The churn process and the votator
process are described in the Ullmans Encyclopedia, Fifth Edition, Volume A 16, pages 156-158.

[0006] Typical examples of such apparatus used in the votator process are the scraped-surface heat exchanger and
the pin-stirrer. The role of the pin-stirrers is the working of the product typically during which time the crystallization
process further progresses to completion. In low-fat spreads often the pin-stirrer is also the location of phase inversion
of the supercooled oil-in-water (O/W) premix into the final W/O emulsion.

[0007] A disadvantage of these processes is that the complete composition (including the liquid oil, structuring fat and
if present the aqueous phase) is subjected to a heating step and a cooling step, which requires a lot of energy. Another
disadvantage of the known processes is that the choice of fats that can practically be used as structuring agent is rather
limited.

[0008] Alternative processes have been disclosed wherein the structuring fat is added as fat powder (i.e. crystallized
fat) thereby eliminating the need to heat the whole composition to above the melting temperature of the structuring fat.
An example of such a disclosure can be found in WO2010/069751.

[0009] In such an alternative process, since crystallization is carried out separately, the primary objective of the mixing
unit is to create a homogenous dispersion of water in a continuous oil phase, with fine droplet size and firm texture.
Contrary to the votator process there is no requirement for a minimal residence time based on the time required to
complete any crystallization. In fact all residence time beyond performing the mixing and emulsification will merely
contribute to viscous heating. The role of the mixing unit in such an alternative process is thus quite different from that
of the pin-stirrer and surface-scraped heat exchanger in the traditional votator process. The primary role of the mixer in
the alternative process is to be efficient in providing both high dispersive and distributive mixing. In contrast, in a pin-
stirrer, high-shear zones for droplet break-up are only present close to the tips of the rotor pins, so only in a small part
of the total volume. Therefore, apparatus such as the scraped surface heat exchanger and the pin-stirrer may not be
considered an optimal choice as mixing device in a process using fat powder. There is a need for a mixer which provides
efficient dispersive and distributive mixing to mechanically work the water phase, oil phase and the fat powder into an
edible emulsion, preferably with a short residence of the mixture and a small working volume.

[0010] EP 1331988 B1 discloses a fluid dynamic mixer which may be used in fluid to solid mixing applications and
may achieve a degree of particle size reduction. In particular, there is disclosed a dynamic mixer comprising two elements
which are rotatable relative to each other about a predetermined axis and between which is defined a flow path extending
between an inlet for material to be mixed and an outlet, wherein the flow path is defined between surfaces of the elements
each of which surfaces defines a series of annular projections centered on the predetermined axis, the surfaces are
positioned such that projections defined by one element extend towards spaces between projections defined by the
other element, cavities are formed in each surface to define flow passages bridging the projections, cavities formed in
one surface being offset in the axial direction relative to cavities in the other surface, and cavities in one surface overlapping
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in the axial direction with cavities in the other surface such that material moving between the surfaces from the inlet to
the outlet is transferred between overlapping cavities. The cavities are characterized by having curved bases.

[0011] We have found that when a mixing apparatus, as disclosed in EP1331988 B1, is used in a process to provide
dispersions made with fat powder, dispersions of poor quality and/or unpredictable quality may result. In particular, a
recurring quality deficit of the spreads made using said mixing apparatus was observed: a large distribution of droplet
size, leading to inhomogeneous spreads.

[0012] We have further found that said mixing apparatus has a high energy dissipation (a.k.a. energy consumption).
Energy consumption leads to increased operational costs and undesired heating of the mixture. Undesired heating of
the mixture above a critical temperature may reduce the quality and stability of the resulting edible dispersion.

[0013] It is an object of the present invention to provide a mixing apparatus which achieves good distributive and
dispersive mixing without leading to undesired heating of the mixture.

[0014] It is a further object of the present invention to provide a mixing apparatus capable of being used in a process
to prepare edible emulsions and do so in a wide window of operation, in particular a wide range of flow-rates.

[0015] Itisafurther object of the invention to provide a process to prepare an edible dispersion, preferably a dispersion
of an aqueous phase in a fat continuous phase, with improved properties such as a small distribution of the droplet size
of the dispersed phase.

Summary of the invention

[0016] It was found that one or more of the above objects is attained by an improved design of the fluid dynamic mixer
disclosed in EP 1331988 B1, which is characterized by a specific range of the average cavity diameter in combination
with a specific range for the size of the inner element (i.e. the maximum diameter, typically of the rotor). It was found
that one or more of the above objects is attained by use of such an improved design in a process to provide edible
dispersion, in particular dispersion prepared from ingredients comprising fat powder.

[0017] Accordingly, in a first aspect the invention relates to an improved design of the mixing apparatus as disclosed
in EP 1331988 B1.

[0018] In a further aspect the invention relates to use of the improved mixing apparatus in a range of factory-scale
throughput levels, for example from 1 to 20 tons/hour.

[0019] In afurther aspect inventionrelates to a method of manufacture of edible dispersion using said mixing apparatus
to provide edible dispersion, in particular spreads made fat powder comprising structuring fat.

Detailed description of the invention

[0020] According to a first embodiment of the present invention, there is provided a mixing apparatus comprising two
elements which are rotatable relative to each other about a predetermined axis, said two elements being an outer and
an inner element, whereby said outer element is circumferent about said inner element, and between which is defined
a flow path extending between inlet for material to be mixed and an outlet, wherein the flow path is defined between
surfaces of the elements each of which surfaces defines a series of annular projections centered on the predetermined
axis, the surfaces are positioned such that projections defined by one element extend towards spaces between projections
defined by the other element, cavities are formed in each surface to define flow passages bridging the projections,
cavities formed in one surface being offset in the axial direction relative to cavities in the other surface, and cavities in
one surface overlapping in the axial direction with cavities in the other surface such that material moving between the
surfaces from the inlet to the outlet is transferred between the overlapping cavities, wherein the cavities have curved
bases, characterized in that the maximum outer diameter of the inner element, as measured in mm, is

e greater than 108 plus A, wherein A is the average diameter of the surface area of said cavities times 1.47, and

e greater than 8.5 plus B, wherein B is the average diameter of the surface area of said cavities times 3.85, and

e smaller than 468, and
wherein the diameter, as measured in mm, of the surface area of a cavity, as measured in mmZ2, is defined as the
diameter being derived from a circle with equal surface area as said cavity and, wherein at least one annular
projection does not have cavities and is an annular projection with an above average diameter compared to annular
projections as defined by the same surface.

[0021] Preferably, the mixing apparatus according to the first embodiment of the present invention is a mixing apparatus
wherein said maximum outer diameter of the inner element, as measured in mm, is

e greater than 120 plus A, wherein A is the average diameter of the surface area of said cavities times 2, and
e greater than -24 plus B, wherein B is the average diameter of the surface area of said cavities times 4.5, and
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e smaller than 390,

more preferably,
* greater than 20 plus A, wherein A is the average diameter of the surface area of said cavities times 4.5, and
e from 200 to 340,

and most preferably,
e greater than 20 plus A, wherein A is the average diameter of the surface area of said cavities times 4.5, and
e from 250 to 300.

[0022] According to a second embodiment of the present invention, there is provided a mixing apparatus comprising
two elements which are rotatable relative to each other about a predetermined axis, said two elements being an outer
and an inner element, whereby said outer element is circumferent about said inner element, and between which is
defined a flow path extending between inlet for material to be mixed and an outlet, wherein the flow path is defined
between surfaces of the elements each of which surfaces defines a series of annular projections centered on the
predetermined axis, the surfaces are positioned such that projections defined by one element extend towards spaces
between projections defined by the other element, cavities are formed in each surface to define flow passages bridging
the projections, cavities formed in one surface being offset in the axial direction relative to cavities in the other surface,
and cavities in one surface overlapping in the axial direction with cavities in the other surface such that material moving
between the surfaces from the inlet to the outlet is transferred between the overlapping cavities, wherein the cavities
have curved bases, characterized in that the maximum outer diameter of the inner element, as measured in mm, is

e greater than 108 plus A, wherein A is the average diameter of the surface area of said cavities times 1.47, and
e greater than 8.5 plus B, wherein B is the average diameter of the surface area of said cavities times 3.85, and
* smaller than 468 plus C, wherein C is the average diameter of the surface area of said cavities times -2.92,

wherein the diameter, as measured in mm, of the surface area of a cavity, as measuredin mm?2, is defined as the diameter
being derived from a circle with equal surface area as said cavity.

[0023] Preferably, the mixing apparatus according to the second embodiment of the present invention is a mixing
apparatus wherein said maximum outer diameter of the inner element, as measured in mm, is

e greater than 120 plus A, wherein A is the average diameter of the surface area of said cavities times 2, and

e greater then 10 plus B, wherein B is the average diameter of the surface area of said cavities times 5, and

* smaller than 468 plus C, wherein C is the average diameter of the surface area of said cavities times -3,
and preferably,

* greater than 30 plus A, wherein A is the average diameter of the surface area of said cavities times 5, and

e greater than 160, and

e smaller than 400 plus C, wherein C is the average diameter of the surface area of said cavities times -3,
and most preferably,

e greater than 30 plus A, wherein A is the average diameter of the surface area of said cavities times 5, and

e greater than 160, and

* smaller than 400 plus C, wherein C is the average diameter of the surface area of said cavities times -3.

[0024] The mixing apparatus according to the invention, comprises an inner element, which preferably is an inner rotor
which is housed within an outer element, said outer element preferably being an outer stator. It will be appreciated that
the maximum outer diameter of the inner element is less than the minimum inner diameter of the outer element so as
to allow full rotation of the inner element or/and full rotation of the outer element. Given the relative dimensions of the
inner and outer elements an open annular space is defined between the two components. Therefore, the outer element
may be said to be circumferent about said inner element.

[0025] The maximum diameter of the inner element typically is equal to the diameter of an annular projection, as
defined by the surface of the inner element, which has the largest diameter. In case of irregularly shaped projections,
said diameter is an annular projection ascribing the largest circumference when said irregularly shaped projection is
swept out about the predetermined axis of rotation.

[0026] For a given average diameter of said cavities, the maximum diameter of the inner element, characterizing the
mixer according to the invention, can be determined, as provided by the set of simple equations. It will be appreciated
that the provided set of equations may be visualized to delimit an area in a XY-graph wherein the maximum outer
diameter of the inner element is on the X-axis and the average diameter of the cavities on the Y-axis. As such, the
combination of maximum inner rotor diameter and the average diameter of the cavities according to the invention may
be easily found.

[0027] The surface area of a cavity is determined by covering the cavity with a simple plane and measuring the
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overlaying area. The plane follows the contours of the annular projection wherein the cavity is formed. In case of irregularly
shaped annular projections, said contours are determined by the local contours. As a first example, in case the cavity
is formed in a flat surface, its area may be determined by flat plane covering the cavity and measuring the overlaying
area. As a second example, in case the cavity is formed in a curved surface, its area may be determined by curved
plane covering the cavity, wherein the curve of the plane essentially follows the curve of the local surface area surround
the cavity, and measuring the overlaying area. In a third example, in case the cavity spans an edge where two surfaces
meet, it will be appreciated that the surface area of the simple plane covering the cavity will essentially be *folded’ over
said edge as well.

[0028] The diameter of a cavity is defined as the diameter of a circle having an equal surface area as said cavity.
Therefore, the average diameter of the cavities may be determined even when some or all cavities have non-circular
shapes. The average diameter of the cavities may then be determined by the dividing the sum of the total diameter of
all cavities present on the surface of the inner and outer element by the total number of cavities. As a result the average
diameter of the surface area of the cavities is known.

[0029] It will be appreciated that the mixing apparatus of the current invention has cavities Therefore, the average
diameter of the cavities is not zero. The preferred average diameter of the cavities according the first and second
embodiment of the invention is from 2 to 119 mm, more preferably from 10 to 80 mm, even more preferably from 15 to
65 mm and most preferably from 25 to 55 mm.

[0030] Mixing apparatus according to the more preferred ranges of maximum diameter of the inner element and
average cavity diameter have a reduced energy dissipation leading to a lower increase of temperature of the mixture
during its residence time in de mixer. A lower energy dissipation also indicates that the mixing apparatus consumes less
energy (a.k.a. less power consumption) which reduces operating costs. Another advantage is that said preferred ranges
enable the mixing apparatus to have a wider window of operation. The window of operation (a.k.a. flow rate) is determined
by the minimum and maximum mixture throughput in tons/hour (i.e. tons per hour) which results in a stable structured
edible dispersion. Preferably, the hardstock in such edible dispersions have not undergone a substantial degree of
melting during the mixing process. Preferably, such stable dispersions have a dispersed phase with a small drop size
or particle size distribution. Without whishing to be bound by theory, it is believed that a substantial degree of melting
ofthe fat powder comprising structuring fat and/or a large variation in drops and/or particles size, constituting the dispersed
phase, negatively affects the stability of the resulting dispersions. An unstable dispersion may for instance lose the
inversion state or (partially) phase separate upon spreading (a.k.a. break upon spreading).

[0031] Preferably, a mixing apparatus according to the second embodiment of the invention, is also a mixing apparatus
wherein at least one annular projection does not have cavities and is an annular projection with an above average
diameter. For both the first and second embodiment of the invention preferably an annular projection which has the
largest diameter compared to annular projections as defined by the same surface lacks cavities. Said lack of cavities in
a projection having an above average diameter leads to a further reduction in energy dissipation and temperature
increase of the mixture, while still providing sufficient dispersive mixing.

[0032] Each annular projection may have an array of circumferentially spaced cavities formed within it. Each of the
cavities may be part spherical or of any other geometric form suitable to define a flow path. In addition, each or some
of the cavities may be branched such that material flowing along the flow passage defined by a cavity in a single projection
is divided into separate streams before it exits that flow passage, or separate streams of material in different branches
are combined. Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein at least 50 %,
preferably at least 75%, more preferably at least 90% and most preferably essentially all of the cavities are part spherical.
[0033] Preferably, the number of annular projections has an inverse relationship to the average cavity diameter (i.e.
the smaller the average cavity diameter, the larger the number of annular projections as defined by the surface of the
inner and outer element). Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein the
number of annular projections, as defined by the surface of inner element and outer element is from 4 to 20 and from 4
to 20respectively, preferably from 5 to 9 and from 5 to 9 respectively and most preferably from 5 to 7 and 5to 7 respectively.
[0034] A cavity may have any suitable volume. The volume of a cavity is defined as the volume enclosed by the base
of the cavity and a covering of the cavity with a simple plane overlaying the cavity and following the contours of the
annular projection wherein the cavity is formed. For example, in case the cavity is formed in a flat surface, the simple
plane is a flat plane covering the cavity. In case of irregularly shaped annular projections, said contours are determined
by the local contours. For example, in case the cavity is formed in a curved surface, the plane is a curved plane covering
the cavity, wherein the curve of the plane essentially follows the curve of the local surface area surround the cavity. For
example, in case the cavity spans an edge where two surfaces meet, it will be appreciated that the simple plane covering
the cavity will essentially be *folded’ over said edge as well. Preferably the mixing apparatus according to the invention
comprises cavities wherein the volume of said cavities is such that the volume of each cavity is from 0.02 to 10 times,
more preferably from 0.05 to 3 times and most preferably from 0.2 to 0.5 times the volume of a sphere having an equal
diameter as said cavity.

[0035] Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein, the projections defined
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by one element extend into the space between the projections defined by the other element. The projections therefore
may overlap in the direction perpendicular to the flow path so that projections on one element extend into spaces between
projections on the other. With such an arrangement there is no free annular space linearly connecting inlet and outlet
between the two relatively rotating elements. Whether or not there is such overlap, the probability of material bypassing
the cavities defined in the projections is reduced as compared with a conventional cavity transfer mixer. Material entering
a cavity in one direction is in effect redirected to exit that cavity in a different direction. Furthermore, the juxtaposition of
the cavities in adjacent projections is such that material to be mixed is substantially compelled to transfer from a cavity
in one projection to a cavity in the adjacent projection, thereby ensuring that material to be mixed passes alternately
between cavities in the two elements. The mixer thus provides a highly effective and efficient distributive mixing action.
[0036] Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein each projection is
defined between two side surfaces each of which is a surface of revolution swept out by a straight line rotated about the
axis. Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein one of the two side surfaces
of each projection may define a cylindrical surface centered on the axis, and wherein preferably the other side surface
is perpendicular to the axis. The side surfaces may be arranged such that the gap between adjacent projections except
where cavities are provided is substantially constant throughout the flow path. Other surface configurations are of course
possible, e. g. a surface of revolution swept by one or more curved lines or by more than two straight lines.

[0037] Preferably, a mixing apparatus according to the invention is a mixing apparatus wherein the surfaces of the
elements which define the projections are generally conical. Therefore, the projections may be shaped such that an
inner conical element can be positioned within an outer conical element by relative displacement between the two
elements in a direction parallel to the rotation axis. Such an arrangement facilitates assembly without requiring one of
the elements to be splittable into two halves and also makes it relatively easy to machine or otherwise form the projections
and the cavities in the projections. Means may be provided for axially displacing the elements relative to each other
during use to control the spacing between the generally conical surfaces. One surface may be defined by an inner
surface of a hollow outer member and the other surface may be defined by an outer surface of a solid inner member,
the inlet being defined in the outer member. Alternatively that arrangement could be reversed such that the inner member
is hollow and the inlet is defined in the inner member. The two elements may define a double cone with a first section
of the elements tapering outwards from the inlet and. a second section of the elements tapering inwards to the outlet.
[0038] Preferably, a mixing apparatus according to the invention may have adjacent projections which define different
numbers of cavities. A mixing apparatus according to the invention may also have adjacent projections which define
cavities with different sizes or shapes. At least one element may support an impeller to provide a pumping effect when
the two elements are rotated relative to each other.

[0039] Embodiments of the present invention will now be described, by way of example, with reference to the accom-
panying drawings, in which;

Figure 1 is an axial cross section through a first embodiment of the invention;

Figure 2 is an end view of an inner rotor element of the assembly of Figure 1;

Figure 3 is an end view of an outer stator element of the assembly of Figure 1;

Figure 4 represents the relative disposition of cavities in the two elements which are combined in the assembly of
Figure 1;

Figure 5 is an axial cross section through a second embodiment of the invention

Figure 6 is an end view of an inner rotor element of the assembly of Figure 5;

Figure 7 is an end view of an outer stator element of the assembly of Figure 5;

Figure 8 represents the relative disposition of cavities in the two elements which are combined in the assembly of
Figure 5;

[0040] Referring to Figure 1, the illustrated mixing apparatus comprises a rotor 1 mounted on a shaft 2 supported in
bearings 3 within a stator housing 4. A stator 5 is mounted on the stator housing 4. The stator 5 defines a mixer inlet 6
and a mixer outlet 7. An array of seven annular projections 8 extends along the generally conical inner surface of the
stator 5, each projection being defined between a first surface 9 which is planar and perpendicular to an axis of rotation
10 and a second surface 11 which is cylindrical and centered on the axis 10.

[0041] The rotor 1 supports six projections 12 each of which is defined between a first annular planar surface 13 which
is perpendicular to the axis 10 and a second cylindrical surface 14 which is centered on the axis 10. Thus the surfaces
11 and 14 are volumes of revolution swept out by lines parallel to the axis 10 and rotated about that axis. Similarly, the
surfaces 9 and 13 are surfaces of revolution swept out by lines perpendicular to the axis 10 and rotated about that axis.
[0042] One annular projection 15, being the annular projection with the largest diameter as defined by the inner surface
of the stator, does not have cavities.

[0043] It will be appreciated that a small gap is defined between the opposed surfaces of the projections 8 and 12.
That gap is not however linear and therefore material passing from the inlet 6 to the outlet 7 cannot follow a linear path.
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In addition to this general configuration however a series of cavities is provided in each of the projections 8 and 12.
These cavities are not shown in Figure 1 with a view to avoiding over-complication of Figure 1 but the cavities are shown
in Figures 2 to 4.

[0044] Referring to Figure 2, the planar surfaces 13 which define one side of each of the projections 12 is shown. In
each of these planar surfaces an equally spaced array of cavities is formed. In the innermost projection, six cavities 16
are formed. In the next projection, ten cavities 17 are formed. In the next projection, thirteen cavities 18 are formed. In
the next projection, sixteen cavities 19 are formed. In the next projection, nineteen cavities 20 are formed. In the outer
projection, twenty-two cavities 21 are formed. Each of the cavities is part-spherical and arranged such that the periphery
of each cavity just extends across the full width of the surface 13 and the full width of the surface 14. Indicated is the
maximum outer diameter of the inner rotor element 22.

[0045] Referring to Figure 3, this shows the cavities formed in the outer stator element of the mixing device illustrated
in Figure 1 and the central aperture defining the mixer inlet 6. Seven surfaces 9 extend around the inlet and an array of
cavities is formed in most of the surfaces 9. There are three cavities 23 in the innermost array, seven cavities 24 in the
next array, ten cavities 25 in the next array, thirteen cavities 26 in the next array, sixteen cavities 27 in the next array,
nineteen cavities 28 in the next array, and no cavities in the outermost surface. Each of the cavities, when present, is
formed so as to just extend fully across the surface 9 and fully across the surface 11 defining the other side of the projection.
[0046] Figure 4 shows the relative disposition of the various cavities in the two components of the mixing apparatus
of the first embodiment. Given that adjacent projections define differing numbers of cavities, the paths of least resistance
through the mixer vary continuously as the rotor turns within the stator. Material to be mixed thus follows a complex path
which ensures adequate mixing.

[0047] Figure 5 illustrates a mixing apparatus according to a second embodiment of the invention. The illustrated
mixing apparatus comprises a rotor 30 mounted on a shaft 31 supported in bearings 32 within a stator housing 33. A
stator 34 is mounted on the stator housing 33. The stator 34 defines a mixer inlet 35 and a mixer outlet 36. An array of
seven annular projections 37 extends along the generally conical inner surface of the stator 34, each projection being
defined between a first surface 38 which is planar and perpendicular to an axis of rotation 39 and a second surface 40
which is cylindrical and centered on the axis 39. In contrast to the mixing apparatus illustrated in Figure 1, all annular
projections defined by the inner surface of the stator have cavities. Thus also the outermost annular projection 44 has
cavities.

[0048] Referring to Figure 6, the planar surfaces 43 which define one side of each of the projections 41 is shown. In
each of these planar surfaces an equally spaced array of cavities is formed. In the innermost projection, six cavities 45
are formed. In the next projection, ten cavities 46 are formed. In the next projection, thirteen cavities 47 are formed. In
the next projection, sixteen cavities 48 are formed. In the next projection, nineteen cavities 49 are formed. In the outer
projection, twenty-two cavities 50 are formed. Each of the cavities is part-spherical and arranged such that the periphery
of each cavity just extends across the full width of the surface 43 and the full width of the surface 42. Indicated is the
maximum outer diameter of the inner rotor element 51.

[0049] Referring to Figure 7, this shows the cavities formed in the outer stator element of the mixing device illustrated
in Figure 5 and the central aperture defining the mixer inlet 35. Seven surfaces 38 extend around the inlet and an array
of cavities is formed the surfaces 38. There are three cavities 52 in the innermost array, seven cavities 53 in the next
array, ten cavities 54 in the next array, thirteen cavities 55 in the next array, sixteen cavities 56 in the next array, nineteen
cavities 57 in the next array, and twenty-two cavities 58 in the outermost surface. Each of the cavities, when present, is
formed so as to just extend fully across the surface 38 and fully across the surface 40 defining the other side of the
projection.

[0050] Figure 8 shows the relative disposition of the various cavities in the two components of the mixing apparatus
as illustrated in Figure 5. Given that adjacent projections define differing numbers of cavities, the paths of least resistance
through the mixer vary continuously as the rotor turns within the stator. Material to be mixed thus follows a complex path
which ensures adequate mixing.

[0051] The gap between the two relatively rotating elements where no cavities are provided results in a highly effective
and efficient dispersive mixing action by subjecting the material to be mixed to intensive shear stresses. Adjustment of
the relative axial positions of the rotor and stator although not possible in the arrangement shown in Figure 1 and Figure
5 would provide additional control of the spacing between the surfaces 9 and 13, as between the surfaces 43 and 38,
so as to provide an additional adjustable control mechanism. Such adjustment would result in different levels of shear
stressing onthe material being transferred between cavities in the adjacent elements. Such a variation could be performed
during manufacture or during operation by providing a mechanism to control axial movement of one element relative to
the other.

[0052] The flow path of material passing through the gap between the elements is dominated by the movement of the
majority of the material passing from a flow passage defined by a cavity in one projection on one element to a flow
passage defined by a cavity in an adjacent projection on the other element. This action prevents material from passing
through the mixer without entering the flow passages defined by the cavities.
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[0053] The mixer comprises interfacial surfaces at varying distances from the axis of rotation. The difference in the
kinetic energy imparted by these surfaces to a material being mixed provides a motive force to the material that tends
to propel it through the mixer. The result is a pumping action which reduces the possibility of material becoming lodged
within the mixer. It will be appreciated that the arrangement could be reversed however such that the material is forced,
by some external pumping means, to flow radially inwards, reversing the inlet and outlet. In such circumstances the
inherent centrifugal pumping action provides back pressure and a more intensive mixing action. An application of such
an arrangement would be as an in-line mixer in which some degree of back-mixing is required.

[0054] The flow passages defined by the cavities can be shaped to increase the pumping action and the propulsive
forces thus obtained can be used to pump material through the mixer and to empty the mixer at the end of its mixing
operation. As a result this pumping action makes it possible to use the mixer both as an in-line mixing device and a
batch mixing device.

[0055] A structure such as that illustrated in Figures 1 to 4 and Figure 5 to 8 is relatively easy to manufacture given
that the surfaces of the two elements in which the projections and cavities are formed are accessible along one axis.
[0056] Intheillustrated embodiments the flow passages are part-spherical but it will be appreciated that different cavity
shapes, sizes and numbers could be provided having either curved or rectilinear sides.

[0057] Given that the number and/or size and/or shape of the cavities may be varied as between adjacent projections,
generally in accordance with the pitch circle radius of the projections around the axis of rotation, the material to be mixed
is forced to split into different streams as it passes through the mixer. This ensures a relatively good mixing performance.
Each of the flow passages presents a well defined entrance zone and exit zone to material passing from the inlet to the
outlet. The relative sizes of these entrance and exit zones could be controlled so as to be different within one cavity,
within one row of cavities, or between rows of cavities. This ability to vary the relative sizes between entrances and exits
to cavities enables the local flow characteristics to be adjusted to provide varying flow velocities and pressures. For
example, decreasing the local cross-sectional area of a flow passage defined by a cavity would increase the velocity of
the flow through the cavity and decrease its pressure. The ability to vary the relative sizes between entrances and exits
also permits the material flowing from a relatively large exit to be more finely divided by compelling it to flow into relatively
smaller entrances formed by the downstream cavities. This enables the distributive and dispersive mixing characteristics
to be adjusted and optimized. This effect may be further enhanced by causing an individual cavity to be branched
between its entrance and exit. Thus a number of entrances may be joined to a single exit, or a single entrance may be
joined to a number of exits. This would further increase the distributive mixing action obtained by combining the streams
of material passing through individual cavities either within or between adjacent cavities.

[0058] In the embodiment of Figures 1 to 8, the surfaces 9 and 11 are mutually perpendicular as are the surfaces 13
and 14, as are the surfaces 38 and 40, as are the surfaces 43 and 42. Other arrangements are possible however, for
example where the surfaces 11 and 14 are generally frusto-conical with the cones centered on the axis.

[0059] Various advantages arise with the mixerin accordance with the present invention as compared with conventional
cylindrical configuration cavity transfer mixers. In particular, the projections define a large number of mutually inclined
surfaces which ensure inter-cavity transfers between the two mutually rotating elements. The projections define a large
number of cutting edges and the absence of an open annular space between the two elements ensures that all the
material to be mixed is exposed to active mixing. With mixers in accordance with the invention in which a generally
conical structure is provided and the number and/or size and/or shape of cavities per projection varies, the differences
between the cavities of adjacent projections as the material progresses through the mixer can be such as to ensure
material is forced to split into different streams as it passes between adjacent projections.

[0060] As noted above, different cavity shapes may be used to adjust characteristics. The cavity shapes can be
selected for example to maximize centrifugal pumping action, even to the extent of being curved into the form of vanes
in the manner of a conventional centrifugal pump. Cavity shapes can also be selected to optimize vortex formation within
any individual cavity and interactions between such vortices, to optimize flow velocities and pressures, and to enhance
the degree of distributive mixing between consecutive projections. Gaps could be provided between adjacent projections
to ensure that additional blending zones are defined which generate multiple vortices. This can be achieved simply by
omitting one of the projections from a central section of the embodiment of Figure 1 or Figure 5 for example. Alternatively,
some projections may be formed without any cavities 15; or cavities may be formed in the troughs between adjacent
projections rather than being centered on the peaks of the projections as in the illustrated embodiments.

[0061] Designs may be compact to make it possible to achieve a low-pressure drop through the mixer. Mixers can be
designed to optimize self-cleaning through centrifugal pumping action. With conical arrangements manufacture is rela-
tively simple. Monolithic constructions may be provided to avoid problems with sealing splittable components. The
designs can be mechanically robust, can be provided with additional injection ports. Multiple injection port suitably allow
two or more compounds to be added to the mixing apparatus in separate streams. Furthermore, depending on the
position of the injection ports along the mixing apparatus the degree of distributive and dispersive mixing of a compound
stream may be varied. For example, in case the outer element is a stator, injection ports may be provided at any suitable
points along the stator. For example, in case the flow direction is radially outwards in a conical arrangement of an outer
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stator element and a inner rotor element, positioning of an additional injection port at a point along the axial direction of
the mixing apparatus where the annular projections have relatively large diameters compared to all annular projections
present, allows injection of a second compound stream which undergoes less distributive and dispersive mixing. It will
be appreciated that essentially the complete mixture may be added by said second injection port to control the degree
of dispersive and distributive mixing of the complete mixture.

[0062] Suitable heating/cooling capability can be easily built in. Flow directions may be reversible, although a radially
outwards flow in a conical arrangement would be preferred if it is desired to minimize structural pressure drops and to
provide a pumping action. Either the Inner rotor element or the outer stator element or both could be rotatable. In some
configurations material could be simply pumped through the assembly to achieve a static mixing action. Occasions on
which the mixer is used as a static mixer will probably only arise in special circumstances, e. g, when minimal mixing is
required for a particular product and it would be advantageous not to remove the mixer from a processing line, or during
start-up of a process. Thus the mixer can provide some useful additional functionality as a static mixer.

[0063] It will be appreciated that mixing devices in accordance with the present invention could be combined with
auxiliary equipment, for example arrangement to cut material into smaller pieces prior to mixing.

[0064] The apparatus of the present invention is extremely versatile and can be used in many different applications.
For example, the apparatus can be used in all fluid to fluid mixing and fluid to solid mixing applications, including solids
that exhibit fluid like flow behavior. The fluids may be liquids and gases delivered in single and multiple streams. The
apparatus can be used for all dispersive and distributive mixing operations including emulsifying, homogenizing, blending,
incorporating, suspending, dissolving, heating, size reducing, reacting, wetting, hydrating, aerating and gasifying for
example. The apparatus can be applied in either batch or continuous (in line) operations. Thus the apparatus could be
used to replace conventional cavity transfer mixers, or to replace standard industrial high shear mixers. The apparatus
could also be used in domestic as well as industrial applications.

[0065] The apparatus enables performance levels to be achieved which are far better than those of current state of
the art mixers. In particular the mixing apparatus achieves good distributive and dispersive mixing with low energy
dissipation, increase of the temperature of the mixture during its residence times in the mixer, and the size distribution
of the dispersed phase in an emulsion. Furthermore the apparatus is suited to operate in a wide range of throughput
levels (a.k.a. flow rate) of mixtures which are sensitive to overworking.

[0066] The presentinvention also provides a method of mixing using an apparatus as defined above, in the preparation
of an edible emulsion, preferably an emulsion made from ingredients comprising fat powder, which results in good
distributive and dispersive mixing and low energy dissipation, reduced temperature increase of the mixture and a reduced
risk of overworking of the mixture.

[0067] Forthe purpose of the invention ambient temperature is defined as a temperature of about 20 degrees Celsius.
The terms ’oil’ and ’fat’ are used interchangeably unless specified otherwise and concern edible oils and fats. Where
applicable the prefix ’liquid’ or ’solid’ is added to indicate if the fat or oil is liquid or solid at ambient temperature as
understood by the person skilled in the art. The term ’hardstock’ refers to a fat that is solid at ambient temperature.
[0068] The present invention also provides a method of using an apparatus as defined above in the manufacture of
an edible dispersion, preferably a water-in-oil dispersion, comprising the step of mixing an aqueous phase and a fat
phase, wherein said fat phase comprises fat powder, in a mixing apparatus, according to the invention. Such edible
dispersions manufactured with said mixing apparatus may have a reduced size distribution of the dispersed phase and
improved stability. For example, water-in-oil dispersions made according to said process in a mixing apparatus according
to the invention may have an reduced size distribution of the aqueous phase droplets.

[0069] The fat powder according to the invention comprises structuring fat. The structuring fat may help to stabilize
the edible dispersion. The crystallization and melting properties of the structuring fat are important as they influence the
stability of the edible dispersion, e.g. syneresis and plasticity, as well as the organoleptic properties, e.g. oral melting
behavior and flavor release. It will be appreciated that the amount of structuring fat necessary for imparting structure to
an edible composition depends on the desired structure. For a stable spread, for example, a certain amount of structuring
fat is necessary. If the amount of structuring fat is too low, a stable emulsion may not be obtained and the resulting
emulsion may not comprise the typical plasticity of a spread.

[0070] The fat powder comprises structuring fat and preferably comprises at least 80 wt. % of structuring fat, more
preferably at least 85 wt. %, even more preferably at feast 90 wt. %, still more preferably at least 95 wt. % and most
preferably at least 98 wt. %. Most preferably the edible fat powder essentially consists of structuring fat.

[0071] The structuring fat may be a single fat or a mixture of different fats. The structuring fat may be of vegetable,
animal or marine origin. Preferably at least 50 wt. % of the structuring fat (based on total amount of structuring fat) is of
vegetable origin, more preferably at least 60 wt. %, even more preferably at least 70 wt. %, still more preferably at least
80 wt. %, even still more preferably at least 90 wt. % and even still more further preferably at least 95 wt. %. Most
preferably the structuring fat essentially consists of structuring fat of vegetable origin.

[0072] The fat powder may comprise any suitable oil or fat. Preferred oils and fats are those known for the production
of margarine and margarine derivatives such as low fat spreads. The oil and fat are for example selected from the group
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comprising sunflower oil, rapeseed oil, palm oil, coconut oil, soy bean oil, palm kernel oil, butter fat or a combination
thereof. Preferably the liquid oil is selected from the group consisting of sunflower oil, rapeseed oil, soybean oil, linseed
oil, maize oil and combinations thereof. Preferably the structuring fat is selected from the group consisting of palm oil,
palm kernel oil, coconut oil and combinations thereof.

[0073] The structuring fat as present in the edible fat powder preferably has a solid fat content N10 from 50 to 100,
N20 from 26 to 95 and N35 from 5 to 60.

[0074] Preferably, the structuring fat is made by a method such as Super Critical Melt Micronisation (ScMM), also
known as particles from gas saturated solutions (PGSS). This is a commonly known method and is for example described
in J. of Supercritical Fluids 43 (2007) 181-190 and EP1651338.

[0075] Itis important that the fat powder is not subjected to temperatures at which the structuring fat melts as this may
severely reduces the ability of the structuring fat to stabilize the edible dispersion. Edible dispersion which are poorly
structured may be characterized by a large average size of the drop size of the dispersed phase. The drop size is
measured by D3,3 and a D3,3 of > 15um is characteristic of a poorly stable edible dispersions. It will be appreciated
that not only the average drop size is a feature of the stability of an edible dispersions but also the size distribution of
said droplets. In other words, a small fraction of big drops may also reduce the stability of the edible dispersion. For
example such large individual droplets may form unstable 'watery’ patches or, depending on the type of dispersion, "oily’
patches. The size distribution of the dispersed phase is indicated by the e*sigma value. An e*sigma value of more then
2.0 indicates a poorly structured edible dispersion, not resulting in a good quality spread.

[0076] The temperature at which the structuring fat melts depends on the structuring fat as used and can routinely be
determined for example based on the solid fat content profile (i.e. N-lines) of the structuring fat. Preferably the fat powder,
after production, has not been subjected to temperatures above 25 degrees Celsius, more preferably 15, even more
preferably 10 and most preferably 5.

[0077] Subjectingthe structuring fatto temperatures atwhich the structuring fat melt leads is also known as overworking.
Therisk of overworking of the mixture may result from energy dissipation during the mixing process. The energy dissipation
of a mixing apparatus may be estimated by its power consumption. Said energy dissipation may lead to a rise in
temperature of the mixture during its residence time in the mixing apparatus. The rise in temperature of the mixture may
result in (partial) melting of the fat powder. Fat powder which has undergone complete or partial melting will have a
reduced ability to structure edible dispersions, resulting in edible dispersions of a reduced stability and/or quality. Pref-
erably the temperature increase of the mixture during its residence time in the mixing apparatus is less than 6 degrees,
more preferably less than 4 degrees en most preferably less than 2 degrees.

[0078] The temperature increase of the mixture may thus be affected by the energy dissipation of the mixing apparatus
and the residence time of the mixture in the mixing apparatus. The energy dissipation may be related to the power
consumption of the mixing apparatus. Said power consumption typically varies according to the mixing speed of the
mixing apparatus when in operation, as measured in rpm (i.e. revolutions per minute). Preferably, the mixing device
according to the invention has a power consumption of less than 4 kW (kilowatt) at a mixing speed of 600 rpm, less than
6 kW at a mixing speed of 750 rpm, less than 10 kW at a mixing speed of 900 rpm, less than 15 kW at a mixing speed
of 1050 rpm and less than 20 kW at a mixing speed of 1200 rpm. It will be appreciated that said combinations of mixing
speed and power consumption may by visualized as points in a XY-graph with the mixing speed on a X-axis and the
power consumption on the Y-axis. Said points may be connected by a simple line wherein preferred combinations of
power consumption and mixing speed, according to a mixing apparatus of the invention may be found on and below
said simple line.

[0079] It will be appreciated that a dynamic mixer according to the invention may be operated at a variety of mixing
speeds (rpm). We have found that a method of manufacture of an edible water-in-oil dispersion, wherein the mixing
device is operated at a throughput from between 0.1 to 25 tons/hour and a mixing speed from 300 to 7500 rpm, preferably
at a through part from 2 to 15 tons/hour and a mixing speed from 600 to 4500 rpm, and most preferably at a through
part from 3 to 8 tons/hour and a mixing speed from 750 to 1500 rpm, may result in emulsions with a reduced size
distribution of the aqueous phase, wherein the temperature of the mixture has increased less than 4 degrees Celsius
during its residence time in the mixing apparatus.

[0080] The invention is now illustrated by the following non-limiting examples.

Examples

Water droplet size distribution of spreads (D3,3 measurement)

[0081] The normal terminology for Nuclear Magnetic Resonance (NMR) is used throughout this method. On the basis
of this method the parameters D3,3 and exp(c) (a.k.a. e*sigma) of a lognormal water droplet size distribution can be
determined. The D3,3 is the volume weighted mean droplet diameter and ¢ is the standard deviation of the logarithm
of the droplet diameter.
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[0082] The NMR signal (echo height) of the protons of the water in a water -in-oil emulsion are measured using a
sequence of 4 radio frequency pulses in the presence (echo height E) and absence (echo height E*) of two magnetic
field gradient pulses as a function of the gradient power. The oil protons are suppressed in the first part of the sequence
by a relaxation filter. The ratio (R=E/E*) reflects the extent of restriction of the translational mobility of the water molecules
in the water droplets and thereby is a measure of the water droplet size. By a mathematical procedure -which uses the
lognormal droplet size distribution - the parameters of the water droplet size distribution D3,3 (volume weighed geometric
mean diameter) and ¢ (distribution width) are calculated.

[0083] A Bruker magnet with a field of 0.47 Tesla (20 MHz proton frequency) with an air gap of 25 mm is used (NMR
Spectrometer Bruker Minispec MQ20 Grad, ex Bruker Optik GmbH, DE).

[0084] The droplet size of the spread is measured, according to the above described procedure, of a spread stabilized
at 5 degrees Celsius right after production for 5 days. This gives the D3,3 and e*sigma after stabilization at 5 degrees
Celsius.

[0085] Two mixing apparatus designs were build. Example 1 was desighed according to the invention and Comparative
A was designed not according to the invention. Essentially, Comparative A is a design based on EP 1331988 B1. Table
1 show several differing design characteristics of Example 1 and Comparative A (Table 1).

Table 1, Composition of example 1 and comparative C1, design of the mixing apparatus.

Example 1 Comparative A
Maximum rotor diameter of inner element (mm) 290 350
Average cavity diameter (mm) 40 70
Number of annular projections stator with cavities 6 5
Number of annular projections stator with no cavities | 1 0
Number of annular projections rotor with cavities 6 4

Power consumption

[0086] The average power consumption, as measured in kW (kilowatt), was determined of Example 1 and the Com-
parative A during operation at various mixing speeds, as measured in revolutions per minute (rpm) (Table 2). A similar
mixture was used in the power consumption measurement for Example 1 and Comparative A and essentially was a
mixture with composition A (see below).

Table 2, average power consumption of Example 1 and the Comparative A at various rpm.

Power consumption (kW)
rpm Example 1 Comparative A
600 25 6.0
750 4.5 101
900 6.9 15.9
1050 9.3 24.8
1200 13.4 35.7

[0087] The power consumption of Example 1 is 2-3 times lower then the power consumption of Comparative A across
a range of mixing speeds.

[0088] The ability ofthe mixing apparatus Example 1 and Comparative A to provide good quality water-in-oil dispersions
was assessed using the compositions A and B Table 3.
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Table 3 Formulation of Compositions A and B

Composition A

Composition B

Wt. % Wt. %
Aqueous phase Aqueous phase
Salt 0.3 Salt 0.75
Flavours 0.001 Gelatin 1
Citric acid 0.0033 Merigel 4
Vitamins 0.007 BMP 0.55

Sorbate 0.18

water To balance 55 water To balance 72
Fat phase Fat phase
Fat powder 5.4 Fat powder 4.3
Lecithin 0.2 Dimodan HP 0.2
Dimodan HP 0.2 Flavours 0.01
Rapeseed Oil 0.47 Vitamins 0.03
Flavours 0.01 beta-carotene 0.002
Vitamins 0.03
beta-carotene 0.0015

24:76 wt. % mix of linseed and sunflower oil

to balance 45

Sunflower oil

to balance 28

Dimodan® HP: molecularly distilled mono/diacylglyceride mixture derived from fully hardened palm oil (90% monoglyc-
eride) ex Danisco DK.

BMP: butter milk protein.

Fat powder (inES48) is a fat powder of inES48 that was obtained using a supercritical melt micronisation process
similar to the process described in Particle formation of ductile materials using the PGSS technology with supercritical
carbon dioxide, P.MUnkll, Ph.D.Thesis, Delft University of Technology, 16-12-2005, Chapter 4, pp. 41-51. inES48:
an interesterified mixture of 65% dry fractionated palm oil stearin with an lodine Value of 14 and 35% palm kernel oil.

[0089] The mixing apparatus Example 1 or Comparative A were used to manufacture spreads based on starting
composition A or B, at various mixture throughput level (a.k.a. flow rate) in tons per hour (tons/hour). Before mixing the
temperature of the aqueous phase was equal to or below 15 degrees Celsius and the temperature of the fat phase was
equal to or below 21 degrees Celsius. The aqueous-phase and fat-phase were fed to the mixer via a single inlet via a
Y-junction.

[0090] The resulting products were characterized in terms of droplet size (D3,3 in um) and corresponding e*sigma
(Table 4 and Table 5).

Table 4 process conditions and characteristics of the water-in-oil dispersions made starting from composition A.

Comparative A Example 1
flow rate (tons/hour) | mixerspeed (rpm) | D3,3 (um) esigma D3,3 (um) esigma
600 nd. nd. 15.6 2
750 5.1 1.8 nd. n.d.
900 4.2 2 5.57 1.88
1050 3.8 2.2 5.16 1.87
3.6 1200 nd. nd. 4.27 1.92
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(continued)

Comparative A Example 1
flow rate (tons/hour) | mixerspeed (rpm) | D3,3 (um) esigma D3,3 (um) esigma
900 55 2.1 7.03 2.09
1050 5 25 nd. n.d.
1200 3.5 2.3 5.19 1.91
7.2 1350 n.d. n.d. 4.59 1.9
n.d.: not determined

Table 5 process conditions and characteristics of the water-in-oil dispersions made starting from composition B.

Comparative A Example 1
flow rate (tons/hour) | mixer speed (rpm) | D3,3 (um) e\sigma D3,3 (um) e\sigma
600 16 29 n.d. nd.
750 n.d. n.d. n.d. n.d.
900 14 3.3 18.6 22
1050 14.6 3.3 17.6 1.79
3.6 1200 nd. nd. 13.35 1.93
600 13.9 25 n.d. nd.
750 13.2 2.8 n.d. nd.
900 13.6 3.1 20.7 1.81
1050 12.7 3.1 18.2 1.88
5.4 1200 14 3.1 14.82 1.91
600 13.8 25 n.d. nd.
750 11 2.7 n.d. nd.
900 12.9 3.3 224 1.78
1050 12 32 18.6 1.84
1200 12.7 nd. 15.9 1.9
7.2 1350 nd. nd. 13.91 1.88
n.d. : not determined

[0091] Good quality water-in-oil dispersions indicates a D3,3 < 15um and a small distribution size of the dispersed
phase (i.e. a low e*sigma). An edible dispersion with an e”*sigma above 2.0 does not result in a good quality spread,
such spread individual droplets which may be very large and form unstable ‘watery’ patches. From the results in tables
4 and 5 it is clear that both mixing apparatus can produce water-in-oil dispersion with an acceptable average droplet
size (i.e. a D3,3 < 15um) at various levels of throughput. However, tables 4 and 5 also clearly show an reduced e*sigma
of the drop size as a result of mixing with the improved design of Example 1 at a wide range of throughput levels.

Claims
1. A mixing apparatus comprising two elements (1,5) which are rotatable relative to each other about a predetermined
axis (10), said two elements being an outer (5) and an inner element (1), whereby said outer element is circumferent

about said inner element, and between which is defined a flow path extending between inlet (6) for material to be
mixed and an outlet (7), wherein the flow path is defined between surfaces of the elements (9,11,13,14) each of
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which surfaces defines a series of annular projections (8;12) centered on the predetermined axis (10), the surfaces
are positioned such that projections defined by one element (1) extend towards spaces between projections defined
by the other element (5), cavities are formed in each surface to define flow passages bridging the projections (8;12),
cavities formed in one surface being offset in the axial direction relative to cavities in the other surface, and cavities
in one surface overlapping in the axial direction with cavities in the other surface such that material moving between
the surfaces from the inlet to the outlet is transferred between the overlapping cavities, wherein the cavities
(16,17,18,19, 20,21; 23,24,25,26,27,28) have curved bases, characterized in that the maximum outer diameter of
the inner element (22), as measured in mm, is

* greater than 108 plus A, wherein A is the average diameter of the surface area of said cavities times 1.47, and
« greater than 8.5 plus B, wherein B is the average diameter of the surface area of said cavities times 3.85, and
« smaller than 468, and

wherein the diameter, as measured in mm, of the surface area of a cavity, as measured in mm?2, is defined as
the diameter being derived from a circle with equal surface area as said cavity and, wherein at least one annular
projection does not have cavities (15) and is an annular projection with an above average diameter compared
to annular projections as defined by the same surface.

2. A mixing apparatus according to claim 1, wherein said maximum outer diameter of the inner element (22), as

measured in mm, is

« greater than 120 plus A, wherein A is the average diameter of the surface area of said cavities times 2, and
« greater than -24 plus B, wherein B is the average diameter of the surface area of said cavities times 4.5, and
» smaller than 390,

and preferably,

» greater than 20 plus A, wherein A is the average diameter of the surface area of said cavities times 4.5, and
« from 200 to 340,

and most preferably,

« greater than 20 plus A, wherein A is the average diameter of the surface area of said cavities times 4.5, and
« from 250 to 300.

A mixing apparatus comprising two elements (30, 34) which are rotatable relative to each other abouta predetermined
axis (39), said two elements being an outer and an inner element, whereby said outer element is circumferent about
said inner element, and between which is defined a flow path extending between inlet (35) for material to be mixed
and an outlet (36), wherein the flow path is defined between surfaces of the elements (38,40,42,43) each of which
surfaces defines a series of annular projections (37;41) centered on the predetermined axis (39), the surfaces are
positioned such that projections defined by one element (37) extend towards spaces between projections defined
by the other element (41), cavities are formed in each surface to define flow passages bridging the projections
(37;41), cavities formed in one surface being offset in the axial direction relative to cavities in the other surface, and
cavities in one surface overlapping in the axial direction with cavities in the other surface such that material moving
between the surfaces from the inlet to the outlet is transferred between the overlapping cavities, wherein the cavities
(45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) have curved bases, characterized in that the maximum outer
diameter of the inner element (51), as measured in mm, is

« greater than 108 plus A, wherein A is the average diameter of the surface area of said cavities times 1.47 and,
« greater than 8.5 plus B, wherein B is the average diameter of the surface area of said cavities times 3.85 and,
» smaller than 468 plus C, wherein C is the average diameter of the surface area of said cavities times -2.92,
wherein the diameter, as measured in mm, of the surface area of a cavity, as measured in mm?2, is defined as
the diameter being derived from a circle with equal surface area as said cavity.

A mixing apparatus according to claim 3, wherein said maximum outer diameter of the inner element (51), as
measured in mm, is

« greater than 120 plus A, wherein A is the average diameter of the surface area of said cavities times 2 and,
» greater than 10 plus B, wherein B is the average diameter of the surface area of said cavities times 5 and,
» smaller than 468 plus C, wherein C is the average diameter of the surface area of said cavities times -3,
and preferably,

« greater than 30 plus A, wherein A is the average diameter of the surface area of said cavities times 5, and
« greater than 160, and
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» smaller than 400 plus C, wherein C is the average diameter of the surface area of said cavities times -3,
and most preferably,

« greater than 30 plus A, wherein A is the average diameter of the surface area of said cavities times 5, and
* greater than 160, and

» smaller than 400 plus C, wherein C is the average diameter of the surface area of said cavities times -3.

A mixing apparatus according to any one of claims 1 to 4, wherein at least one annular projection does not have
cavities (15) and is an annular projection with an above average diameter, preferably wherein said annular projection
has the largest diameter compared to annular projections as defined by the same surface.

A mixing apparatus according to any one of claims 1 to 5, wherein at least 50 %, preferably at least 75%, more
preferably at least 90% and most preferably essentially all of said cavities (16,17,18,19, 20,21; 23,24,25,26,27,28;
45,46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) are part spherical.

A mixing apparatus according to any one of claims 1 to 6, wherein the volume of said cavities (16,17,18,19, 20,21;
23,24,25,26,27,28; 45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) is such that the volume of each cavity is from
0.02 to 10 times, more preferably from 0.05 to 3 times and most preferably from 0.2 to 0.5 times the volume of a
sphere having an equal diameter.

A mixing apparatus according to any one of claims 1 to 7, wherein the number of annular projections (8,12; 37, 41)
as defined by the surface of inner element (1, 30) and outer element (5, 34) is from 4 to 20 and 4 to 20 respectively,
preferably from 5 to 9 and from 5 to 9 respectively and most preferably from 5 to 7 and 5 to 7 respectively.

A mixing apparatus according to any one of claims 1 to 8, wherein the surfaces of the elements which define the
projections are generally conical.

A mixing apparatus according to any one of claims 1 to 9, wherein each projection (8,12;37,41) is defined between
two side surfaces (9,11,13,14; 38,40,42,43) each of which is a surface of revolution swept out by a straight line
rotated about the axis (10;39).

A mixing apparatus according to any one of claims 1 to 10, wherein adjacent projections comprise cavities of different
shapes.

A mixing apparatus according to any one of claims 1 to 11, wherein the projections (8;37) defined by one element
(5;34) extend into the space between the projections (12;41) defined by the other element (1 ;30).

A mixing apparatus according to any one of claims 1 to 12, wherein the average diameter of the cavities (16,17,18,19,
20,21; 23,24,25,26,27,28; 45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) is from 2 to 119, more preferably from
10 to 80 mm, even more preferably from 15 to 65 mm and most preferably from 25 to 55 mm.

Method of manufacture of an edible dispersion, preferably a water-in-oil dispersion, comprising the step of mixing
an aqueous phase and a fat phase, wherein said fat phase comprises fat powder, in a mixing apparatus, according
to any one of claims 1 to 13.

Method of manufacture of an edible water-in-oil dispersion, according to claim 14, wherein the mixing device is
operated at a throughput from 0.1 to 25 tons/hour and a mixing speed from 300 to 7500 rpm preferably at a through
part from 2 to 15 tons/hour and a mixing speed from 600 to 4500 rpm, and most preferably at a through part from
3 to 8 tons/hour and a mixing speed from 750 to 1500 rpm.

Patentanspriiche

1.

Mischvorrichtung, die zwei Elemente (1, 5) umfasst, die um eine vorgegebene Achse (10) relativ zueinander drehbar
sind, wobei die zwei Elemente ein AuRenelement (5) und ein Innenelement (1) sind, wobei das AuRenelement
peripher um das Innenelement ist und wobei zwischen ihnen ein Stromungsweg definiert ist, der zwischen einem
Einlass (6) flr zu mischendes Material und einem Auslass (7) verlauft, wobei der Stromungsweg zwischen Ober-
flachen der Elemente (9, 11, 13, 14) definiert ist, wobei jede ihrer Oberflachen eine Reihe ringférmiger Vorspriinge
(8, 12) definiert, die auf der vorgegebenen Achse (10) zentriert sind, wobei die Oberflachen so positioniert sind,
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dass die durch ein Element (1) definierten Vorspriinge in Richtung von Zwischenrdumen zwischen durch das andere
Element (5) definierten Vorspriingen verlaufen, wobei in jeder Oberflache Hohlrdume definiert sind, um Strémungs-
kanale, die die Vorspriinge (8; 12) Uberbriicken, zu definieren, wobei die in einer Oberflache gebildeten Hohlrdume
in der axialen Richtung relativ zu Hohlrdumen in der anderen Oberflache versetzt sind und wobei sich die Hohlrdume
in einer Oberflache in der axialen Richtung mit Hohlrdumen in der anderen Oberflache lberlappen, sodass Material,
das sich zwischen den Oberflachen von dem Einlass zu dem Auslass bewegt, zwischen den sich Uberlappenden
Hohlraumen Ubertragen wird, wobei die Hohlraume (16, 17, 18, 19, 20, 21; 23, 24, 25, 26, 27, 28) gekrimmte Bdden
aufweisen, dadurch gekennzeichnet, dass der maximale AuRendurchmesser des Innenelements (22), gemessen
in mm,

*gréRer als 108 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 1,47 ist, und

» groRer als 8,5 plus B ist, wobei B der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 3,85 ist, und

« kleiner als 468 ist, und

wobei der Durchmesser, gemessen in mm, des Oberflachenbereichs eines Hohlraums, gemessen in mm?2, als der
Durchmesser definiert ist, der von einem Kreis mit dem gleichen Oberflachenbereich wie der Hohlraum abgeleitet
ist, und wobei zumindest ein ringférmiger Vorsprung keine Hohlraume (15) aufweist und im Vergleich zu ringférmigen
Vorspriingen, wie sie durch dieselbe Oberflache definiert sind, ein ringféormiger Vorsprung mit einem Uberdurch-
schnittlichen Durchmesser ist.

Mischvorrichtung nach Anspruch 1, wobei der maximale AuBendurchmesser des Innenelements (22), gemessen
in mm,

*» groRer als 120 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflaichenbereichs der Hohlraume
mal 2 ist, und

 groRer als -24 plus B ist, wobei B der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 4,5 ist, und

* kleiner als 390 ist,

und vorzugsweise

* groRer als 20 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlraume
mal 4,5 ist, und

* von 200 bis 340 ist,

und am meisten bevorzugt

» groRer als 20 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 4,5 ist, und

» von 250 bis 300 ist.

Mischvorrichtung, die zwei Elemente (30, 34) umfasst, die um eine vorgegebene Achse (39) relativ zueinander
drehbar sind, wobei die zwei Elemente ein AuRenelement und ein Innenelement sind, wobei das AulRenelement
peripher um das Innenelement ist und wobei zwischen ihnen ein Stromungsweg definiert ist, der zwischen einem
Einlass (35) fir zu mischendes Material und einem Auslass (36) verlauft, wobei der Stromungsweg zwischen Ober-
flachen der Elemente (38, 40, 42, 43) definiert ist, wobei jede ihrer Oberflachen eine Reihe ringférmiger Vorspriinge
(37; 41) definiert, die auf der vorgegebenen Achse (39) zentriert sind, wobei die Oberflachen so positioniert sind,
dass die durch ein Element (37) definierten Vorspriinge in Richtung von Zwischenrdumen zwischen durch das
andere Element (41) definierten Vorspriingen verlaufen, wobei in jeder Oberflache Hohlrdume definiert sind, um
Stromungskanale, die die Vorspriinge (37; 42) Uberbriicken, zu definieren, wobei die in einer Oberflache gebildeten
Hohlrdume in der axialen Richtung relativ zu Hohlrdumen in der anderen Oberflache versetzt sind und wobei sich
die Hohlraume in einer Oberflache in der axialen Richtung mit Hohlraumen in der anderen Oberflache Uberlappen,
sodass Material, das sich zwischen den Oberflachen von dem Einlass zu dem Auslass bewegt, zwischen den sich
Uberlappenden Hohlraumen tbertragen wird, wobei die Hohlraume (45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57,
58) gekrimmte Boden aufweisen, dadurch gekennzeichnet, dass der maximale AulRendurchmesser des Innen-
elements (51), gemessen in mm,

* groRer als 108 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflaichenbereichs der Hohlrdume

mal 1,47 ist, und
» groRer als 8,5 plus B ist, wobei B der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
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mal 3,85 ist, und

* kleiner als 468 plus C ist, wobei C der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal -2,92 ist,

wobei der Durchmesser, gemessen in mm, des Oberfldchenbereichs eines Hohlraums, gemessen in mm?2, als
der Durchmesser definiert ist, der von einem Kreis mit dem gleichen Oberflachenbereich wie der Hohlraum
abgeleitet ist.

Mischvorrichtung nach Anspruch 3, wobei der maximale AuBendurchmesser des Innenelements (51), gemessen
in mm,

* gréRer als 120 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 2 ist, und

» groRer als 10 plus B ist, wobei B der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 5 ist, und

* kleiner als 468 plus C ist, wobei C der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal -3 ist,

und vorzugsweise

» grolRer als 30 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlraume
mal 5 ist, und

* groRer als 160 ist, und

* kleiner als 400 plus C ist, wobei C der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal -3 ist,

und am meisten bevorzugt

* groRer als 30 plus A ist, wobei A der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal 5 ist, und

* groRer als 160 ist, und

* kleiner als 400 plus C ist, wobei C der durchschnittliche Durchmesser des Oberflachenbereichs der Hohlrdume
mal -3 ist.

Mischvorrichtung nach einem der Anspriiche 1 bis 4, wobei zumindest ein ringformiger Vorsprung keine Hohlrdume
(15) aufweist und ein ringférmiger Vorsprung mit einem tberdurchschnittlichen Durchmesser ist, wobei der ringfor-
mige Vorsprung im Vergleich zu ringformigen Vorspriingen, wie sie durch dieselbe Oberflache definiert sind, vor-
zugsweise den groRten Durchmesser aufweist.

Mischvorrichtung nach einem der Anspriche 1 bis 15, wobei zumindest 50 %, vorzugsweise zumindest 75 %,
bevorzugter zumindest 90 % und am meisten bevorzugt im Wesentlichen alle Hohlraume (16, 17, 18, 19, 20, 21;
23,24, 25, 26, 27, 28; 45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) kugelteilférmig sind.

Mischvorrichtung nach einem der Anspriiche 1 bis 6, wobei das Volumen der Hohlraume (16, 17, 18, 19, 20, 21;
23,24,25,26,27,28;45,46,47,48,49,50; 52, 53, 54, 55, 56, 57, 58) derart ist, dass das Volumen jedes Hohlraums
von dem 0,02- bis zum 10-fachen, bevorzugter von dem 0,05- bis zum 3-fachen und am meisten bevorzugt von
dem 0,2- bis zum 0,5-fachen des Volumens einer Kugel mit einem gleichen Durchmesser betragt.

Mischvorrichtung nach einem der Anspriiche 1 bis 7, wobei die Anzahl der ringférmigen Vorspriinge (8, 12; 37, 41),
wie sie durch die Oberflachen des Innenelements (1, 30) und des AuRenelements (5, 34) definiert sind, von 4 bis
20 bzw. von 4 bis 20, bevorzugter von 5 bis 9 bzw. von 5 bis 9 und am meisten bevorzugt von 5 bis 7 bzw. von 5
bis 7 betragt.

Mischvorrichtung nach einem der Anspriiche 1 bis 8, wobei die Oberflachen der Elemente, die die Vorspriinge
definieren, allgemein kegelformig sind.

Mischvorrichtung nach einem der Anspriiche 1 bis 9, wobei jeder Vorsprung (8, 12; 37, 41) zwischen zwei Seiten-
flachen (9, 11, 13, 14; 38, 40, 42, 43) definiert ist, von denen jede eine Oberflache einer Umdrehung ist, die durch

eine um die Achse (10; 39) gedrehte Gerade Uberstrichen wird.

Mischvorrichtung nach einem der Anspriiche 1 bis 10, wobei benachbarte Vorspriinge Hohlrdume mit unterschied-
lichen Formen umfassen.
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Mischvorrichtung nach einem der Anspriiche 1 bis 11, wobei die durch ein Element (5; 34) definierten Vorspriinge
(8; 37) in den Zwischenraum zwischen den durch das andere Element (1; 30) definierten Vorspriingen (12; 41)
verlaufen.

Mischvorrichtung nach einem der Anspriiche 1 bis 12, wobei der durchschnittliche Durchmesser der Hohlraume
(16, 17, 18, 19, 20, 21; 23, 24, 25, 26, 27, 28; 45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) von 2 bis 119,
bevorzugter von 10 bis 80 mm, noch bevorzugter von 15 bis 65 mm und am meisten bevorzugt von 25 bis 55 mm
betragt.

Verfahren zur Herstellung einer essbaren Dispersion, vorzugsweise einer Wasser-in-Ol-Dispersion, wobei das Ver-
fahren den Schrittdes Mischens einer wassrigen Phase und einer Fettphase, wobei die Fettphase Fettpulver umfasst,
in einer Mischvorrichtung nach einem der Anspriiche 1 bis 13 umfasst.

Verfahren zur Herstellung einer essbaren Wasser-in-Ol-Dispersion nach Anspruch 14, wobei die Mischvorrichtung
mit einem Durchsatz von 0,1 bis 25 Tonnen/Stunde und mit einer Mischdrehzahl von 300 bis 7500 min-!, vorzugs-
weise mit einem Durchsatz von 2 bis 15 Tonnen/Stunde und mit einer Mischdrehzahl von 600 bis 4500 und am
meisten bevorzugt mit einem Durchsatz von 3 bis 8 Tonnen/Stunde und mit einer Mischdrehzahl von 750 bis 1500
min-1 betrieben wird.

Revendications

Appareil de mélange comprenant deux éléments (1, 5) qui peuvent tourner relativement 'un a l'autre autour d’un
axe prédéterminé (10), lesdits deux éléments étant un élément extérieur (5) et intérieur (1), ledit élément extérieur
entourant ledit élément intérieur, et entre lesquels est défini un chemin d’écoulement s’étendant entre un orifice
d’entrée (6) pour le matériau @ mélanger et un orifice de sortie (7), dans lequel le chemin d’écoulement est défini
entre des surfaces des éléments (9, 11, 13, 14) chacune desquelles surfaces définit une série de saillies annulaires
(8; 12) centrées sur 'axe prédéterminé (10), les surfaces sont positionnées de telle maniére que des saillies définies
par un élément (1) s’étendent vers des espaces entre des saillies définies par 'autre élément (5), des cavités sont
formées dans chaque surface pour définir des passage d’écoulement reliant les saillies (8; 12), des cavités formées
dans une surface étant décalée dans la direction axiale relativement aux cavités dans l'autres surface, et des cavités
dans une surface chevauchant dans la direction axiale des cavités dans l'autre surface de telle maniére que le
matériau se déplagant entre les surfaces depuis l'orifice d’entrée jusqu’a 'crifice de sortie est transférée entre les
cavités se chevauchant, dans lequel les cavités (16, 17, 18, 19, 20, 21; 23, 24, 25, 26, 27, 28) ont des bases
courbées, caractérisé en ce que le diamétre extérieur maximum de I'élément intérieur (22), mesuré en mm, est
plus grand que 108 plus A, ou A est le diamétre moyen de I'aire de surface desdites cavités fois 1,47, et

plus grand que 8,5 plus B, ol B est le diameétre moyen de l'aire de surface desdites cavités fois 3,85, et

plus petit que 468, et

dans lequel le diameétre, mesuré en mm, de l'aire de surface d’une cavité, mesurée en mm?2, est défini comme le
diamétre étant dérivé d’un cercle avec une aire de surface égale a celle de ladite cavité et, dans lequel au moins
une saillie annulaire n’a pas de cavités (15) et est une saillie annulaire avec un diamétre moyen supérieur en
comparaison de saillies annulaires telles que définies par la méme surface.

Appareil de mélange selon la revendication 1, dans lequel ledit diamétre extérieur maximum de I'élément intérieur
(22), mesuré en mm, est

plus grand que 120 plus A, ou A est le diamétre moyen de 'aire de surface desdites cavités fois 2, et
plus grand que -24 plus B, ou B est le diamétre moyen de l'aire de surface desdites cavités fois 4,5, et
plus petit que 390,

et de préférence

plus grand que 20 plus A, ou A est le diametre moyen de I'aire de surface desdites cavités fois 4,5, et
de 200 a 340,

et plus préférablement,

plus grand que 20 plus A, ou A est le diamétre moyen de I'aire de surface desdites cavités fois 4,5, et
de 250 a 300.

Appareil de mélange comprenant deux éléments (30, 34) qui peuvent tourner relativement I'un a I'autre autour d’un

axe prédéterminé (39), lesdits deux éléments étantun élément extérieur etintérieur, ledit élément extérieur entourant
ledit élément intérieur, et entre lesquels est défini une chemin d’écoulement s’étendant entre 'orifice d’entrée (35)
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pour le matériau a mélanger et un orifice de sortie (36), dans lequel le chemin d’écoulement est défini entre des
surfaces des éléments (38, 40, 42, 43) chacune desquelles surfaces définit une série de saillies annulaires (37; 41)
centrées sur I'axe prédéterminé (39), les surfaces sont positionnées de telle maniére que des saillies définies par
un élément (37) s’étendent vers des espaces entre des saillies définies par 'autre élément (41), des cavités sont
formées dans chaque surface pour définir des passage d’écoulementreliant les saillies (37; 41), des cavités formées
dans une surface étant décalées dans la direction axiale relativement aux cavités dans 'autres surface, et des
cavités dans une surface chevauchant dans la direction axiale des cavités dans l'autre surface de telle maniére que
le matériau se déplagant entre les surfaces depuis l'orifice d’entrée jusqu’a l'orifice de sortie est transférée entre
les cavités se chevauchant, dans lequel les cavités (45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) ont des bases
courbées, caractérisé en ce que le diamétre extérieur maximum de I'élément intérieur (51), mesuré en mm, est
plus grand que 108 plus A, ou A est le diamétre moyen de I'aire de surface desdites cavités fois 1,47, et

plus grand que 8,5 plus B, ou B est le diametre moyen de l'aire de surface desdites cavités fois 3,85, et

plus petit que 468 plus C, dans lequel C est le diamétre moyen de I'aire de surface desdites cavités fois -2,92,
dans lequel le diamétre, mesuré en mm, de l'aire de surface d’une cavité, mesurée en mm?2, est défini comme le
diamétre étant dérivé d’un cercle avec une aire de surface égale a celle de ladite cavité.

Appareil de mélange selon la revendication 3, dans lequel ledit diameétre extérieur maximum de I'élément intérieur
(51), mesuré en mm, est

plus grand que 120 plus A, ou A est le diamétre moyen de I'aire de surface desdites cavités fois 2 et,

plus grand que 10 plus B, ou B est le diametre moyen de I'aire de surface desdites cavités fois 5 et,

plus petit que 468 plus C, dans lequel C est le diamétre moyen de I'aire de surface desdites cavités fois -3,
et de préférence,

plus grand que 30 plus A, ou A est le diamétre moyen de I'aire de surface desdites cavités fois 5, et

plus grand que 160, et

plus petit que 400 plus C, ou C est le diamétre moyen de I'aire de surface desdites cavités fois -3

et plus préférablement,

plus grand que 30 plus A, ou A est le diametre moyen de I'aire de surface desdites cavités fois 5, et

plus grand que 160, et

plus petit que 400 plus C, dans lequel C est le diamétre moyen de 'aire de surface desdites cavités fois -3.

Appareil de mélange selon 'une quelconque des revendications 1 a 4, dans lequel au moins une saillie annulaire
ne comporte pas de cavités (15) et est une saillie annulaire avec un diamétre moyen supérieur, de préférence dans
lequel ladite saillie annulaire a le diamétre le plus grand en comparaison des saillies annulaires définies par la méme
surface.

Appareil de mélange selon 'une quelconque des revendications 1 a 5, dans lequel au moins 50%, de préférence
au moins 75%, plus préférablement au moins 90% et le plus préférablement sensiblement toutes lesdites cavités
(16,17,18,19,20, 21;23,24,25,26,27,28;45,46,47,48,49,50; 52, 53, 54,55,56, 57, 58) sonten partie sphériques.

Appareil de mélange selon I'une quelconque des revendications 1 a 6, dans lequel le volume desdites cavités (16,
17,18, 19, 20, 21; 23, 24, 25, 26, 27, 28; 45, 46, 47, 48, 49, 50; 52, 53, 54, 55, 56, 57, 58) est tel que le volume de
chaque cavité est de 0,02 a 10 fois, plus préférablement de 0,05 a 3 fois et le plus préférablement de 0,2 a 0,5 fois
le volume d’une sphére ayant un diameétre égal.

Appareil de mélange selon 'une quelconque des revendications 1 a 7, dans lequel le nombre de saillies annulaires
(8, 12; 37, 41) définies par la surface de I'élément intérieur (1, 30) et de I'élément extérieur (5, 34) est de 4 a 20 et
de 4 a 20 respectivement, de préférence de 5 a 9 et de 5 a 9 respectivement et le plus préférablement de 5a 7 et
de 5 a 7 respectivement.

Appareil de mélange selon 'une quelconque des revendications 1 a 8, dans lequel les surfaces des éléments qui
définissent les saillies sont globalement coniques.

Appareil de mélange selon 'une quelconque des revendications 1 a 9, dans lequel chaque saillie (8, 12; 37, 41) est
définie entre deux surfaces latérales (9, 11, 13, 14; 38, 40, 42, 43) chacune desquelles est une surface de révolution

développée par une ligne droite tournant autour de I'axe (10; 39).

Appareil de mélange selon I'une quelconque des revendications 1 a 10, dans lequel des saillies adjacentes com-
prennent des cavités de formes différentes.
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Appareil de mélange selon 'une quelconque des revendications 1 a 11, dans lequel les saillies (8; 37) définies par
un élément (5; 34) s’étendent dans 'espace entre les saillies (12; 41) définies par l'autre élément (1; 30).

Appareil de mélange selon 'une quelconque des revendications 1 a 12, dans lequel le diamétre moyen des cavités
(16, 17,18, 19, 20, 21; 23, 24, 25, 26, 27, 28; 45, 46, 47, 48, 49, 50, 52, 53, 54, 55, 56, 57, 58) estde 2 a 119, plus
préférablement de 10 a 80 mm, encore plus préférablementde 15 a 65 mm et le plus préférablement de 25 a 55 mm.

Procédé de fabrication d’une dispersion comestible, de préférence une dispersion d’eau dans I'huile, comprenant
I'étape consistant a mélanger une phase aqueuse et une phase grasse, dans lequel ladite phase grasse est com-
posée de matiére grasse en poudre, dans un appareil de mélange, selon 'une quelconque des revendications 1a 13.

Procédé de fabrication d’une dispersion d’eaudans I'huile comestible, selon larevendication 14, dans lequel 'appareil
de mélange est actionné a un rendementde 0,1 a 25 tonnes/heure et a une vitesse de mélange de 300 a 7500 tpm,
de préférence a un rendement de 2 a 15 tonnes/heure et a une vitesse de mélange de 600 a 4500 tpm, et le plus
préférablement a un rendement de 3 a 8 tonnes/heure et a une vitesse de mélange de 750 a 1500 tpm.
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Figure 1 o

Figure 2
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‘Figure 3
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Figure 4
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Figure 7

Figure 8

24



EP 2 755 749 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e WO 2010069751 A [0008] e EP 1651338 A [0074]

« EP 1331988 B1 [0010] [0011] [0016] [0017] [0085]

Non-patent literature cited in the description

* Ullmans Encyclopedia. vol. A 16, 156-158 [0005] +  P.MUNUKLU. Ph.D.Thesis, Delft University of Tech-
e J. of Supercritical Fluids, 2007, vol. 43, 181-190 nology. 16 December 2005, 41-51 [0088]
[0074]

25



Krvend BERENDERER 88 BLIARAR BHETS pa2pendd B OALLITASARA & BENENDETERREN

SZABARALMIGENYPONTOK

1 Kewerd berendezéds, amelnek ket egymishor bpest meghat@rozntt tangeiy (3G ko
frrgnthald eloms {1, &) van, 95 & k& sdemn ROed! oy ogvik kilsd {B), & masik balsf glam {1} chol g
koind slom & beisd slomed kivhevavien van elentianvs, do bORSHBK a2 Suszakeverendd anvag bajud-

Shadnn szodgdls bemonel (B), valamin! Mimenel {7) kS0 hieddd, az clemak {8, 11013, 14) fudttintst
oM abronderad Srambisl [deat van kikdpezve, amadvel kdzl az Ossoes fdlia! soy son uint alskd
nyihealngt (B 12} képse, amelisy meghatirceol tongely (10} kSl nelvskadnek ol 88 & folliotek
Ggy vannak abvendhezye, hogy 82 elem (1) abal reghatdmzoll pydivdnyok o sk ofem {5) s meg
hatdrozotl npdlvdnyah kS0 e daydban hieddnak, lovabhd ac sgyes failiotehen & nydivinpokat
{8, 121 Onerahid framisst Bratobal ot Gregek vanna kibdpanve, &8 a2 sgvik faltisten Kislakiolt
Gragek enysdvirgnyian sl vannad lolea acokhor ae Oregekbey viszonyitva, amelyek a mash Bilstan
vannak, £ 82 egvil foltiaten v lregek fongeivirdnyhan atfedik avobal g Gragebsd, amalvek & ma-
ik faltlatsn vanak Ggy, hogy 8 feliiaiek kizof Sramit anyag & bamenatid & kimeast idnyaba dtha-
jad 3 agymast JUSAS Uragek KOaO, &y ahol ax Gregel (18, 17, 18,18, 20, 271, 83, 34 25, 38, 37, 3%
vl alakask, aveal folfemarie, hogy 8 belsd alam 23) mm-ben kifsiprell maxkimdlis klsd é?méw@;e:

¢ nagyebb mint 108+ &, abol & ey Grogek Sagos el Smérfijdnek 147 sogvess,
&g

«  nagyobdy mint 8.8+ B ghol B ay tregek allagos feitdell dlmdndidnek 3.585ax8mse,
o

s Kisalb, mint 488, &5

shod g Grag mee-Den mdet felatenek mmeben Kifojorett Snerdie oy Grag Tolietevd mege
egverd torliall ke imeniidvel sgvenid, &o ahol logalabl sy gyl slakd nytdedng nings fregge!
{15] slisftva, ds ofyan gydnll alaka nydivdny, amealynsk Studrille a2 azonos fINel, geind lakd nydh
vanyokkal Ossrphasonifteg, ¢ fontl llagos Siméed,

2.8z 1 igtnypand acerindl keverd bossngasds, ahol a baled slany (22) mavimaiis koisd Sinuk.
rdle, marbon bt

»  nagyobh, mind 130 + &, ghol & ax sz Gregel atagos Seltlell stmeriitnsk Sazsrass,

+  nagyobh ot 34+ B, ahol B e an fregek Slagos feitist atmdndidnek 4 Ssxdmmise,
&8

v claebb, mint 38
&% cdlszavian
& pagyohly mint 28+ A ahod Aoar @ fregek Sllagos felidedi Smandinel 4 Sextrine,
%
s 200 &9 340 kil van,
S5 Meg cSiszenitian

TN EIITR FTHG



s nagvebh, mint 30 ¢ A ahol A ax Gragek Stagos felliell simardisnsk & Sezdedsy, &8
s SHFes 300 kozadit van.

3 Kewsrd berendsséds, amalynek k& agymishor kipest, meghaidrozoll fengely (38 kot
foapnthalt shome (83, 38) vavh, 858 e slam KOz a2 ooyt KElsG, o ok baiad glem, ahol & slilsd
slem & beld slpmet kivbevavden van eémncﬁ&xv& &8 KOrSHUN a2 Sssrekeverandd anvay bauliaidss-
i aroipdit hemserat (381 valamint Rimensd (38] REsOE hisddd, av slomek {38, &0, 42, 43} feltietst
koot ofrondszell dramidsd Bt van Rikdpszvs, a&meéyﬁx R & Gaszes folltiel agy sor gyt alska
nvGhalngt (3741 képes, amaivek & maghatamzot! fengsly (38 kil halveckadnek ¢, 45 3 felliatek
oy vannah shendezve, huagy ax olem {371 Sle! meghaboeoll nydhednynk & Kilsd slem 41 At
saghatdrozoll nvilvinvok Kot e dnvaten Mddnak, ordbbd av egyse feltloleken 8 nydivgs
spokat (37 1) Sosrehatd dnenidst Brvokat slhotd Brogek vannak kikdpaeys, Oy av syl fullilelan
fiatakBofl Drogek tengabvirdnyban of vannal fodvs szokbor g2 (regekher vissonylva, amelyek 8 mde
ik felbioton vannal, 89 &y apvil felideton vl Drogek tengshivdnvian Sedik azodat ar Gregekst
arelvek a masi foltfelen vanngl Gy bogy @ Telifoded kOt dnandd anveg 8 Domensad » imsnsd
ranvaba dthatagd 4 ogunds! Aol Grogsh kARG, S5 ahol ax DrageR (45, 46 47, 48, 4% &% 82 83,

&4, 85 80 87 G8) el alokoak, sxeal faferaree, hogy & dabsdeolonm {81 mnben kifojozedt e
midls kiisd Mméndis

+ oagyobd, mint 108 « & ghol & &y fvegek dllagoy eitlsl dtmérlisnek 1 47 aeeresy,

o
%

e pagyobb, mint 8.8 + B, chol B a Gregek allagos felliletl aimérdionek 3 85 szdnlse

o8
e ionil:, mint 488+ 4, shol O sz (regek allsgns feltiel Slmdnlitnek -3 S8 orerese,

ghat av (esg mm s mér oltletdnel mreben kiarelt @imérdie B (reg iiteidue! meg-
sgverd tarliloht R Slndedidvad sgvantl
4, &, igdnvpont srerindl keverd tz&rentfezé’ss, At @ balsd shn {51 madmalis kb amend
jEnneben mdeve
& nagyobb, nid 120 + &, abol A sz Gregsk dlngos feltiel almdrdidngk 2-s2eress &8
s magyohiy, min 1+ B ohol B oz tregek Sllages feltiell Simdriidnet S-axdrdae és
»  Rissbh, mint 488 + ©, abol U ax lregek dlagon ol Stm@rdidnsl Dazoumsa
0% ibnydisen
*  nagyobh, mint 30 + A ahol & gz Grogek Allagos Wilisl Amdnddnek Sezndse és
s magyobb, mint 160 &x
+  Kisebb, mint 408 = O, ahol O s {rogek Slsgos faliial aiméndidnek ~Lezorosa,
3 meg celszenibhan
s nagvebb, mnt 30+ A, atiel & avdregek Mlagos faldiali simerdidnek Sazdntes, &
& pagvebh, mint 160,88
¢ Riaebl, mint 400 + 0, ahot Q a2 trogek atlages felbial Simdnlidnsk ~3-sromsa,
& Az 1 ~4, ipdnypodok baemelvie szarindl kaverd berandessds, ahol ngeldhd sgy gyt
alaki npohang nincs Graggel {18 offdtvr, ox olyar gt slakd nydhany, amsimnek dbnedie & aeg
aos folliell, guiind slaki nythainyokkal Osszshasoniitve, & fend Stlages Sl



]

AR - B ipdnyponick isém’;eﬁyixw seerintl koverd horendezds, ahol ax Sseass Ureg (18,

17,18, T8, 20, 1 53, R4, 25, BB, 27, 2R 48, 48, 47, 4R, 4%, B 5C, 83, 94, 85, 85, 57, S4) lsgaldhh
80 Yoen, oolorerien leoalibb 78 Y%en, mag odiszaribben legalabh 80 Kew, 88 & legosisteribbey e
nysgeben ax deszes Ureg részben gomis aleki,

7 Ax 1 ~8 igsnyponiol barmeldke szenndl keverdl bavendexds, ahol ax drege frfogsty

{18 47, 18,18, 20, 21; 83, 24, 28, 26, 27, 25, 45, 40, 47, 48, 49, 80, 82, 83, 88, 55 B8, 87, 58 olyan,
hogy minden sgves treg Wrfogets 002 - t0-sxeress, mdg ctlsperibben G5 ~ Jogsorneg, €8 My
coloraribhen D2 - 8, Saxdrdse az ugvanolya Smardil glimd tefogalanak.

RoAz L~ T igdnyponiok birmelyike szernti koverd berendezsas, shol a belst cleny{l, 30 &
Kdate, &8 & KNS sl (5, 34) felilsle SBal meghaiiroradl, qyiid alaka mydivanyok ssdma (81037,
1) 4 30, 88 4 20, oblgrorien § - § d8 B« 8, még colwrertibben §-Fes -7

AL ~8 sganymm{}k parmelvive sperintl kevard barsndeses, ahol & nytivanyokal meg-
hatdrozd slemnel felllets! ldryegdben Kuposak.

3G AT 1~ 8 iggnyponiok barmelyike seerintl keverd baversiszes, shol mindsn shyes RIEHS
vany (8, 18037, 41) ket oldatfeltiottal (B, 11, 13, 14; 38, 40, 42, 43} van hatdrolvr, amelyek srsidagyd
ke forpasiainiey, &5 allotdi & tengely (10, 39} bortl meghurgatol! sgyanssek,

11, Az 1~ 1 iodmyponio barmelyite sxavin kevert berndezss, ahiod @ sromszedos nydh
wanvol Ritonbaed alakd Gregeihel vannak sligtva,

12, A2 1o~ 11 gtnvnontel harmeiyie seerindl keverd beranderds, abud ax olem (8 347 Sha
meghniirozol nyivanyok (8 37) belenydingk o mudek slem (1 30) altal meghatane SHEHUIR T
IR A1) Kozl térbe,

&AL -1 %qeérsy;mni&@s barmelyike sreint keverd berendesés, ahol a2 Gregek {18 17,
18,18, 20, 21 23,04, 25, 28, 27 BB 45, 48, 47, 48 48, 8 53 83, B8, 85, 08, 57, 58} stlagos sns
e 2 v TS, colezerten 10 - 8O mm, még odlezer(ibhien 18 - 88 mm &y még adiszeniblbsn 25 -5 .

14, Blitrgs ohold dhuperzid olidlidsdra, célszariion viz-olajban dissperit sliaiiasars,
amclmek sonin vizes facis! &s xafport ferieimazd ealrficist keverink dsezs ax 1 T ptnyponiok
Biemnsielios seevintl Reverdgdpien

18,8 14, igénypont szerint siideds oheld vizoiniban diszpersid slballittadra, ahal @ keverd
berandezast 0.4 ~ 28 fonnaidne Rimenall lehesiiménnye! 85 300481 TR0 spm keverss! sebusedgge,
ofisescien 2 <18 tonnaitra Rimenst tolissliménnyat & SONAN 2800 rpm keverds! sebossoguel may
ctivrasiihen 3 - B jonnaidts Rimenst teljesimdnnye! fs TEOHN 1500 ran keveres! sebességpst mis
xwm;gsx,
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