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HORIZONTAL MIXER WITH CENTER-ANGLED BLADES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 61/364,436 filed
July 15, 2010, which is incorporated herein in its entirety,

[0002] FIELD OF THE INVENTION
[0003] The present invention generally relates to the field of mixers and, more particularly, to how
blades may be incorporated by a mixer {o enhance mixing.

{0004] BACKGROUND

[0005] Various types of mixers exist and for a variety applications. One type of mixer uses a
vertically-oriented shaft with blades attached therefo, and which is disposed in an appropriate housing, The
shaft and blades rofate relative to the housing. In the case where these types of mixers are used for
producing abrasive slurries from which radicisotopes are formed, the abrasive patticles tend to chip the
blades such that these blade chips become part of the abrasive sturry. Moreover, centrifugal forces create
a distribution of particles within the slurry ~ particles are distributed in the slurry based upon their respective
weights progressing away from the rotating shaft (i.e., heavier particles will be directed further away from
the vertically oriented, rotating shaft than lighter particles). Although this may be acceptable for certain
applications, other applications could benefit for a more homogenous distribution of particles within the
sturry.

{00068] SUMMARY

[0007] A first aspect of the present invention is embodied by a horizontal mixer, This mixer
includes a container or tumbler that is able to rotate about an at least substantially horizontally disposed
rotational axis, an inner sidewall that is disposed about this rotational axis {e.q., extends a full 360° about
this rotational axis), and a mixing chamber that is at least partially defined by this inner sidewall. Multiple
blades or fing extend from the inner sidewall of the container and in the direction of an interior of the mixing
chamber {e.q., defining protrusions on the inner sidewall). These blades are oriented to direct fluid toward
an outlet from the mixing chamber for at least a certain rotational angle and during rotation of the container
in a first rotational direction about its rotational axis.
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[0008] A second aspect of the present invention is embodied by a horizontal mixer. This mixer
includes a container or tumbler having first and second containertumbler ends that are spaced along an at
least substantially horizontally disposed rotational axis of the container. An inner sidewall of the container
is disposed about its rotational axis and extands between the first and second container ends. The first and
second container ends, along with the inner sidewall, at least partially define a mixing chamber for the
container. An outlet accommodates a discharge from the mixing charber.

[0008] A plurality of first blades or fins and a plurality of second blades or fins each extend from
the inner sidewall of the container and in the direction of an interior of the mixing chamber {e.9., defining
profrusions on the inner sidewall} in the case of the second aspect. Each of the first and second blades
has a first blade end and a second biade end. Each first blade extends from #s corresponding first blade
end toward ifs corresponding second blade end at least generally in the direction of the second container
end {e.g., the second blade end of each first blade may be characterized as being between its
corresponding first blade end and the second container end relative to a dimension in which the rotational
axis of the container extends (hereafter a "longitudinal dimension)). Each second blade extends fromits
corresponding first blade end toward its corresponding second blade end at least generally in the direction
of the first container end {e.g., the second blade end of each second blade may be characterized as being
between its corresponding first blade end and the first container end relative to the longitudinal dimension).
In the case of the second aspect, the first blade end of each first and second blade leads its corresponding
second blade end in a first rotational direction for the container.

[0010} A number of feature refinements and additional features are separately applicable {o sach
of the first and second aspects of the present invention. These feature refinements and additional features
may be used individually or in any combination. As such, each of the following features that will be
discussed may be, but are not required fo be, used with any other feature or combination of features of the
first andior second aspects. The following discussion is separately applicable to each of the first and
second aspects, up to the start of the discussion of a third aspect of the present invention. initially, each
feature of the first aspect may be used by the second aspect, alone or in any combination, and vice versa.

[0011] Each blade used by the horizontal mixer may be of any appropriate size, shape,
configuration, andfor type. Forinstance, each blade may be in the form of a plate having a pair of
oppositely disposed flat or planar surfaces. Although each blade may be of an idenfical configuration and
size, such may not be the case in all instances. Any appropriate number of blades may be utilized by the
horizontal mixer, and the blades may be integrated with the container in any appropriate manner {e.q., by
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being separately attached to the inner sidewall of the container; by being integrally formed with the
container such that there is no joint of any kind between the inner sidewall of the container and each of its
blades).

[0012] The blades may be arranged on the inner sidewall of the container fo promote a desired
mixing action of contents within the mixing chamber of the horizontal mixer. The blades may extend along
the inner sidewall of the container in non-parallel relation to the rotational axis of the horizontal mixer. The
blades may be oriented 50 as o be "center angled." One embodiment has the length dimension of each
blade {the length dimension of a blade coinciding with the direction that the blade extends along the inner
sidewall of the container} proceeding in a direction so as to direct fluid toward the outlet from the mixing
chamber throughout at least a certain rotational angle of the container proceading in the first rotational
diraction. Each blade may be oriented relative fo the inner sidewall 50 as to bias a fluid flow toward the
outlet throughout at least a certain rotational angle of the container proceeding in the first rotational
direction.

[0013] The blade orientation may be described in relation o the location of its two blade ends -
the spacing between which corresponds with the length dimension of the blade. The two blade ends of
each blade, at its intersection with the inner sidewall of the container may be disposed at different
elevations relative to a horizontal reference plane that is disposed below the horizontal mixer. Although the
elevation of this intersection could continually change between these two blades ends in this instance, such
may not always be the case.

[0014] The two ends of each blade may be disposed on different reference axes that are each
parallel to the rotational axis of the tumbler. Consider the case where each blade has a first blade end and
an oppositely disposed second blade end. The first blade end of a given blade may be disposed on a first
reference axis and the second blade end may be disposed on a different second reference axis, where
gach of the first and second reference axes are parallel fo the rotational axis of the horizontal mixer, Stated
another way, the first and second blade ends of each blade may be characterized as being located at
different angular positions, measured relative to the rofational axis of the tumbler.

[0015] The end of each blade that is adjacent-most to an end of the horizontal mixer may lead its
opposite end in a first rotational direction for the container. Consider the case where a first blade end of a
blade is disposed between a first container end of the horizontal mixer and its oppositely disposed second
blade end proceeding in the longitudinal dimension. Durning rotation of the container in a first rotational
direction, the first blade end of the noted blade will pass the § ¢'clock position before its second blade end
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passes this same 6 o'clock posifion when the first blade end leads the second biade end in the first
rotational direction. The second blade end could also be characterized as lagging its corresponding first
blade end during rotation of the container in this same first rotational direction,

[0016] Each of the first and second aspects may utilize both a plurality of first blades and a
plurality of second blades, where each of the first and second blades has a first blade end and a second
blade end, where each first blade extends from its coresponding first blade end toward its corresponding
second blade end at least generally in the direction of a second container end of the container for the
horizontal mixer (.., the second blade end of each first blade may be characterzed as being between its
corresponding first blade end and the second container end relative to or progeeding along the rotational
axis of the container), where each second blade extends from s corresponding first blade end toward its
corresponding second blade end at least generally in the direction of a first container end of the container
for the horizontal mixer (6.q., the second blade end of each second blade may be characterized as being
between its corresponding first blade end and the first container end relative fo or proceeding along the
rotational axis of the container), and where the first blade end of each first and second blade leads its
corresponding second blade end in a first rotationat direction for the container. The following discussion,
up to the start of the discussion of a third aspect of the present invention, perains to such a configuration.

[0017] The first blade end of each first blade may be located at or at least generally proximate to
the first confainer end, while the first blade end of each second blade may be located at or at least
generally proximate to the second container end (where the first and second container ends again are
spaced along the rotational axis of the horizontal mixer). The horzontal mixer may be characterized as
inctuding a plurality of blade pairs, where each blade pair includes one first blade and one second blade.
The first and second blades of each blade pair may be oriented as the mirror image of each other. Each
blade pair may define at least generally V-shaped configuration. Each blade pair may collectively define a
concave profile relative to the first rotational direction. A space between the blades of each blade pair may
define the trailing portion of the blade pair when the container is rotated about its rotational axis in the first
rotational direction.

[0018] The position of the plurality of second blades could be staggered in relation {o the position
of the plurality of first blades. The first blade end of each first blade could be disposed at a different angular
position (relative to the rotational axis of the container) than the first blade end of each second blade.
Consider the case where there are 6 first blades and 6 second blades. The first blade ends of the 6 first
blades could be disposed atthe 1, 3, 5, 7, 9, and 11 o'clock positions in a first static position for the
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container, while the first ends of the 6 second biades could be disposed atthe 2, 4, §, §, 10, and 12 o'clock
posifions in this same first static position, or vice versa.

[0019] The length dimension of the various first and second blades may be disposed at a
common angle refative to a reference axis that intersects their corresponding second blade end and that is
parallel to the rotational axis of the horizontal mixer. Stated another way, the same angle may be defined
between the length of each blade and a reference axis that intersects its second blade end and that is
parallel fo the rotational axis. Another option would be for the length dimension of the plurality of first
blades to be disposed at a common first angle relative to a reference axis that intersects their
corresponding second blade end and that is parallel {o the rotational axis of the horizontal mixer, for the
fangth dimension of the plurality of second blades 1o be disposed at a common second angle relative (o a
reference axis that intersects their comesponding second blade end and that is parallel to the rotational axis
of the horizontal mixer, and for the magnitudes of the first and second angles to be different.

[0020] The plurality of first blades may coincide with or define a first longitudinal segment of the
horizontal mixer, the plurality of second blades may coincide with or define a third longitudinal segment of
the horizontal mixer, and a second longitudinal segment of the horizontal mixer may be located between
the first and third fongitudinal segments. The longitudinal dimension may coincide with the rotational axis of
the horizontal mixer. in any case, the second tongitudinal segment may include the outlet. One
embodiment has the first, second, and third longitudinal segments being disposed in non-overiapping
relation. Another embodiment has the first, second, and third longifudinal segments being disposed in end-
to-and refation and in the noted order,

[0021] The outlet from the mixing chamber may be located between the second ends of the
various first blades and the second ends of the various second blades. The second ends of the various
first blades may be spaced from the second ends of the various second blades in a direction coinciding with
the rofational axis of the horizontal mixer, and the outlet from the mixing chamber may be located within
this space. in one embodiment, the outlet from the mixing chamber may be at least substantially mid-way
between the first and second container ends of the horizontal mixer.

[0022] The first container end may include an aperture, and the horizontal mixer may further
inctude an outlet conduit that extends through this aperture and info the mixing chamber, The aperture
may be significantly larger than the outer diameter of the portion of the outlet conduit that passes
therethrough. A first outlet conduit section may extend through this aperture and at least generally in the
direction of the oppositely disposed second container end (e.g., at least generally parallel with the rotational
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axis of the horizontal mixer), and a second oullet conduit section may extend from the first outlet conduit
section in atleast a generally downward direction and may terminate prior to reaching the inner sidewall of
the container to define the outlet from the mixing chamber. This second outlet conduit section may be
disposed within the space between the second blade ends of the various first blades and the second blade
ends of the various second blades. Other outlet configurations may be appropriate. it should be noted that
the fluid level within the mixing chamber may be controlled such fluid does not spill out of the noted
aperture in the first container end (e.¢., the fluid level may be below the rotational axis of the container,
including significantly below).

[0023] A third aspect of the present invention is directed to a fiuid system that utilizes a horizontal
mixer, at least one feed source, and a slurry targel. The horizontal mixer includes a container that may
rotate about an at least substantially horizontally disposed axis {"rotational axis"}). An inner sidewall of this
container is disposed about the rofational axis and at least partially defines a mixing chamber for the
horizontal mixer. The horizontal mixer further includes a plurality of blades thal extend from and rotate with
the inner sidewall (.q., such that the blades extend within the mixing chamber). An outlet exists for the
mixing chamber. Fuid and a plurality of particles may be directed into the horizontal mixer in any
appropriate manner, and a discharge from the oullet of the horizontal mixer may be in the form of a slunry
that is directed to the sturry target.

[0024] A number of feature refinements and additional features are applicable to the third aspect
of the present invention. These feature refinements and additional features may be used individually or in
any combination. As such, ach of the foliowing fealures that will be discussed may be, but are not
required 1o be, used with any other feature or combination of features of the third aspect. The following
discussion is applicable to the third aspect, up to the start of the discussion of a fourth aspect of the present
invention. Initially, the horizontal mixer discussed above in relation to the first aspect may be used by this
third aspect. The horizontal mixer discussed above in relation to the second aspect may be used by this
third aspect as well. Any of the features of the horizontal mixer discussed above in relation 1o the first
andfor second aspects may be utilized by the horizontal mixer that is utifized by this third aspect,
individually or in any combination.

{0025} The fluid system may utilize two or more separate feed sources. One feed source may
contain a supply of particles, while another feed source may contain a supply of an appropriate fluid {e.q.,
one or more appropriate liquids). Each feed source could provide a direct flow or a separate stream to the
horizontal mixer. Alternatively, the output from two or more feed sources could be combined before
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actually being directed into the horizontal mixer (e.g., into a commeon inlet manifold or header). A given
feed source could contain both particles and fiuid for a slurry.

[0026] Any appropriate type of particulates may be introduced into the horizontal mixer and in any
appropriate manner. In one embodiment, aluminum oxide {alumina) is directed into the horizontal mixer,
and alumina slurry is removed from the horizontal mixer and is ulimately directed into a glass column, vial,
container, or the like for use in the process of column chromatography. Solvents and other chemicals may
be added to the column of alumina fo initiate a chemical process that produces radioisotopes. The
resulting radicisotopes may be used for any appropriate application, such as for medical diagnosis, medical
treatment, or medical research. As such, the fluid system of the third aspect may be characterized as one
that provides sturry from which isotopes may be produced, including radioisotopes. If the column of
alumina contains particles that are unevenly distributed, the chemical process that produces the
radioisotope may be skewed. The horizontal mixer described in refation to the first and second aspects
may provide a desired degree of homogeneily for slurry from which isotopes may be produced,

[00271 The shurry target may be of any appropriate type. One embodiment has the slurry targetin
the form of a dispenser that is used 1o provide slurry to an end-use container (e.g., a glass column, vial, or
other container). Another embodiment has the slurry terget being in the form of an end-use container.
Although the shurry may be of any appropriate type and used for any appropriate application, in one
embodiment the slurry contains abrasive particulate matter for nuclear medicing applications.

[0028] A fourth aspect of the present invention is embodied by a method of providing sturry. A
mixer is used to provide the slurry, and includes first and second mixer ends that are spaced along a first
axis that is at least substantially horizontally disposed. A plurality of particles and fluid may be directed into
the mixer. The mixer may be rotated about the first axis, A first flow is directed from the first mixer end
toward a first location within the mixer that is located between the first and second mixer ends. Simitarly, a
second flow is directed from the second mixer and toward this same first location. The slurry is withdrawn
from the first location of the mixer, and includes a distribution of the particles in the flud.

[0029] A number of feature refinements and additional features are applicable fo the fourth aspect
of the present invention. These feature refinements and additional features may be used individually or in
any combination. As such, each of the following features that wilt be discussed may be, but are not
required 1o be, used with any other feature or combination of features of the fourth aspect. The following
discussion is applicable 10 at least the fourth aspect. Initially, the horizontal mixer discussed above in
relation to the first aspect may be used by this fourth aspect o mix the patticles and fluid to define the

Page 7 of 25



WO 2012/009193 PCT/US2011/043112

sturry. The horizontal mixer discussed above in relation to the second aspect may be used by this fourth
aspect as well to mix the parficles and fluid to define the slurry. Any of the features of the horzontal mixer
discussed above in relation to the first and/or second aspects may be ulilized by the horizontal mixer thatis
part of this fourth aspect, individually or in any combination.

[0030] A first stream of particles may be directed into the mixer. A separate, second stream of
fluid may be directed into the mixer. Another option is for a first stream of particles and a second stream of
fluid to be combined before being introduced into the mixer, A single stream of particles and fluid could be
directed into the mixer as well. In one embaodiment, the particles are in the form of alumina,

[0031] Fluid may be directed to the first location using gravitational forces. For instance, the
orientation of the blades discussad above in relation to the first, second, and third agpects may be used fo
induce a gravitational flow along the blades in the direction of the first location through at least a certain
rotational angle of the mixer. The induced flow toward the first location within the mixer may be the result
of exerting a lifting force on a portion of the contents within the mixer and simultaneously inducing a
pressure gradient on this portion of the contents. For instance, a blade on an inner sidewall of the mixer
may be rotated into the fluid, and during coninued rofation may exert both a lifting force on a portion of the
fluid (and any particles therein) and may direct this fluid portion toward the first location.

[0032] Slurry may be withdrawn from the horizontal mixture (e.g., via pump, such as a peristaltic
pump) and provided to a dispenser of any appropriate type. Slurry provided {o the dispenser may be
directed to multiple locations. One is a container {e.g.. a glass column, vial, or the like). Anotheris a
recirculation loop back to the horizontal mixer. In one embodiment, slurty enlers the dispenser andis
provided to a container. in one embodiment, atleast part of the slurry that is directed into the dispenseris
reciroulated back fo the horizontal mixer, Shurry that is delivered 10 a container may be used {o produce
isotopes, and including radioisotopes.

[0033] A number of feature refinements and additional features are separately applicable to each
of above-noted first, second, third, and fourth aspects of the present invention. These feature refinements
and additional features may be used individually or in any combination in refation {0 each of the above-
noted first, second, third, and fourth. Any feature of any other various aspects of the present invention that
is intended to be limited to a "singular” context or the like will be clearly set forth herein by terms such as

nn

"only," "single,” "limited to," or the like, Merely introducing a feature in accordance with commonly accepted
antecedent basis practice does notlimit the corresponding feature fo the singular {e.g., indicating that a

fluid system includes "a pump” alone does not mean that the fiuid system includes only a single pump).
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Moreover, any failure to use phrases such as "at least one” also does not limit the corresponding feature to
the singular {.¢., indicating that a fluid system includes "a pump” alone does not mean that the fluid
system includes only a single pump). Use of the phrase "at least generally” or the like inrelationto a
particular feature encompasses the corresponding characteristic and insubstantial variations thereof (e.9.,
indicating that a mixer rotates about an axis that is at least generally horizontally disposed encompasses
the mixer rotating about a horizontal axis). Finally, a reference of a feature in conjunction with the phrase
"in one embodiment” does not limit the use of the feature to a single embadiment.

{0034] BRIEF DESCRIPTION OF THE FIGURES
{0035} Figure 1is a schematic of a fluid system that utilizes a horizontal mixer.

[0036] Figure 2 is a perspective view of one embodiment of a horizontal mixer that may be used
by the fluid syster of Figure 1, with the tumbler being exploded away from the frame, and with its various
blades being shown in their entirety for clarity.

[0037] Figure 3is a side view of the horizontal mixer of Figure 2, and with its various blades being
shown in their entirety for clarity.

[0038] Figure 4is a perspective view of the tumbler from the horizontal mixer of Figure 2, and with
its various blades being shown in their entirety for clarity.

{0038} Figure 5A is a perspective view of the interior of the tumbler of Figure 4 and showing one
of the blade pairs in about the 8 o'clock position.

{0040} Figure 5B is a perspective view of the interior of the tumbler of Figure 4 and showing one
of the blade pairs in about the 4 o'clogk position.

[0041] Figure 6is a plan view of part of the interior of the tumbler of Figure 4, llustraling the
onentation of one of its blade pairs.

[0042] Figure 7 is an end view of the tumbler of Figure 4, llustrating the angular position and
orientation of its plurality of first blades.

[0043] Figure 8is a schematic of one embodiment for producing radicisotopes.

[0044] DETAILED DESCRIPTION
[0045] Figure 1is a schematic representation of one embodiment of a fluid system 10 that may be

used o provide a shurry 1o a desired slurry target. As such, the fhuid system 10 could also be referred to as
a slury system 10. The fluid system 10 utilizes as least one feed source fo direct slurry components info a
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horizontat mixer 20. In the ilustrated embodiment, a first feed source 12 is fluidly connected with the
horizontal mixer 20 and containg a first slurry component {e.g., particles or particulates). A second feed
source 14 is also fluidly connected with the horizontal mixer 20 and contains a second slurry component
{8.q., afluid). A single feed source could be used to provide the slurry components 1o the horizontal mixer
20. Three or more feed sources could also be used to provide different slurry components to the horizontal
mixer 20.

[0046] One or more feed sources could have a direct fluid connection with the horizontal mixer
20, two or more feed sources could have their outputs merged or combined pror {0 entering the horizoatal
mixer 20, or any combination thereof. A separate input or inlet ine 16 may extend between the horizontal
mixer 20 and each of the first feed source 12 and the second feed source 14 {indicated by the solid lines in
Figure 1). The output from the first feed source 12 and second feed source 14 alternatively may be
directed into a common input or inlet ling 18 (where their respective outputs are merged or combined, and
indicated by the dashed fine in Figure 1) that extends {o the horizontal mixer 20. The common inputline 18
may include a common header or intake manifold that receives a flow, output, or discharge from each of
the first feed source 12 and second feed source 14, and directs or introduces the same into the horizontal
mixer 20 in the form of a single input or stream.

[0047] The mixer 20 used by the fluid system 10 is of the horizontal type - a mixer that rofates
about an at least substantially horizontally disposed rotational axis, The horizontal mixer 20 is rotatably
driven by a drive source 22. The output from the drive source 22 rofates a drive shaft 24, which in tumn is
appropriately interconnected with the horizontal mixer 20 to rotate the same. The drive source 22 may be
of any appropriate size, shape, configuration, and/or type. Multiple drive sources could also be used to
rotate the horizontal mixer 20.

[0048] Slurry from the horizontal mixer 20 may be withdrawn through an output or outline line 26.
A pump 28 of any appropriate type {e.¢., peristaltic) may be used to withdraw slurry fron the horizontal
mixer 20, to transfer the slurry to a desired slurry target, or both. In the illustrated embodiment, slurry from
the horizontal mixer 20 is directed into a dispenser 30 via the output line 26. The dispenser 30 may be of
any appropriate size, shape, configuration, andior type. There are two available flowpaths out of the
dispenser 30. The dispenser 30 may direct slurry info a container 36 {e.q.. a column, vial, or the like) via an
output or outlet ine 32. The dispenser 30 may also direct slurry back to the horizontal mixer 20 via a
recirculation fine 34. The dispenser 30 may be configurad to direct a certaln quantity of sturry into the
container 36, while the remainder of the slurry being directed info the dispenser 30 may be recirculated
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back to the horizontal mixer 20 by the recirculation line 34. 1t should be appreciated that one or more
valves, controliers, or the like {not shown) may be utilized by the fiuid system 10 to contral one or more
aspects of its operation.

[0048] One embodiment of a horizontal mixer that may be used by the fluid system 10 of Figure 1
is illustrated in Figures 2-7 and is identified by reference numeral 50. The horizontal mixer 50 may be used
for any appropriate application, including medical applications that utilize a slurry {e.g., for the production of
radioisofopes).

[0050] The horizontal mixer 50 includes a frame 52 that supports a tumbler, container, or mixer
body 80, which in turn may be rotated relative to the frame 52 by a drive source §2 about an at least
substantially horizontally disposed rotational axis 110. The frame 52 includes a bed 54. Multiple supports
bBa-c extend from the bed 54 and may be integrated with the bed 54 in any appropriate manner. The drive
source 62 may be supported by and mounted to the support 56a in any appropriate manner. The tumbler
80 may be located between the supports 56b, 56¢. Further in this regard, a drive rofler 58 extends between
the supports 56b, 56¢. Moreover, one idier roller 60 is rotatably supported by the support 56b, and another
axially aligned idler roller 60 is rotatably supported by the support 56¢. The rollers 58, 60 engage and
support an exterior surface 84b of the tumbler 80 {e.q., the rollers 58, 60 collectively define a cradle that
supports the tumbler 80). The pair of idler rolers 68 could be replaced by a single idier roller that extends
between the supports 56b, 56¢ {not shown). The single drive roller 58 could be replaced by a pair of diive
roflers {not shown, but where one such drive roller is rotatably supported by the support 56b and where
another such drive roller is rotatably supported by the support 58¢, for instance in the manner of the idler
roflers 60).

[0051] In the illustrated embodiment, the drive roller 58 is rotated by the drive source 62 In this
regard, a drive gear 64 is disposed between the supports 56a, 56b, and is rotatably driven by the output
from the drive source 62, A driven gear 66 is also located between the supports 563, 56b, and is
interconnected with the drive gear 64 by a drive belt 68. Rotation of the drive gear 64 is thereby
transmitted to the driven gear 66 by the drive belt 68. The driven gear 66 is appropriately interconnected
with the drive roller 58. Rotation of the driven gear 60 thereby rotates the drive roller 58 (e.g., the driven
gear 66 and the drive rofler 58 rotate together and in the same direction).

[0052] The driver roller 58 is engaged with an exterior surface 84b of the tumbler 80 {specifically,
its sidewall 82 or an ouder sidewall 84b). Rotation of the drive roller 58 rotates {e.q., drives) the turnbler 80
about its rotational axis 110. The idler rollers 60 also engage the exterior surface 84b of the tumbler 80
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(specifically, its outer sidewall 82). In the flustrated embodiment, the idler rollers 60 are “free spinning”,
such that rotation of the tumbler 80 causes the idier rollers 80 fo rotate. Any appropriate way of rotating the
tumbler 80 may be utilized. Any appropriate way of rotatably supporting the tumbler 80 may be utitized as
well.

[0053] The tumbler 80 of the horizontal mixer 50 includes a tumbler or mixer sidewall §2 and a
pair of tumbler or mixer ends 86a, 86b that are spaced along the rotational axis 110 and that collectively
define a mixing chamber 80. One of the tumbler ends 86a (associated with the support 56b of the frame
52} includes an aperiure or opening 88 through which an inputinlet line 70 and outputioutlet line 72 may
extend, and that will be discussed in more detail below. The tumbler end 86a could be disposed in sealing
engagement with the support 56b {e.g., a seal that would allow the tumbler 80 1o rotate relative to the
support 56, and yet have a fluid-tight seal exist therebetween), or could be spaced therefrom. The tumbler
end 86b is closed in the illustrated embodiment. The sidewall 82 may be of an af least generally cylindrical
shape.

[0054] Aninterior surface 84b of the sidewall 82 {or an inner sidewall 84b} includes a plurality of
blades or fins 82. Generally, these blades 82 are orientated relative to the rofational axis 110 of the
tumbler 80 or promote a desired mixing action within the mixing chamber 80 {e.g., providing a degired leve!
of homogeneity of particles within the slurry). This mixing action may be characterized as slurry within the
tumbler 80 being folded onto itself during rotation of the tumbler 80 and by the action of the various blades
92. This mixing action may also be characterized as the blades 92 funneling or directing a flowto a
cormmon region 78 within the mixing chamber 90 through at least a certain rofational angle, where slurry
may be removed from this common region 78 through the above-noted output line 72 that extends therein.
The mixing action may also be characterized as the blades 92 both Iifting a portion of the slurry and
inducing a pressure gradient within the lifted slurry portion that directs the same toward the common region
78, again where slurry may be removed from this common region 78 through the output fine 72 that
extends in this common region 78. in one embodiment, the common region 78 is located at least generally
mid-way between the ends 863, 86b of the tumbler 80. Other locations may be appropriate.

[0055] The tumbler 80 of the horizontal mixer 50 is shown in each of Figures 2, 3, and 4. Atleast
certain details regarding the blades 92 of the tumbler 80 are further shown in Figures 5A, 5B. Initially, it
should be noted that the blades 922 extend from and rotate with the sidewall 82 of the tumbler 80
(specifically the interior surface 84a thereof). Any way of incorporating the blades 92 with the sidewall 82 of
the tumbler 80 may be utilized (e.g., an integral or one-piece construction; having the blades 92 be
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separately attached or joined to the sidewall 82 and/or the corresponding tumbler end 86a, 866 in any
appropriate manner). Generally, the blades 92 extend from the interior surface 84a of the sidewall 82 into
the mixing chamber 80. This may be referred to as the "radial® direction or dimension. Although the blades
92 may extend orthogonally or perpendicularly from the interior surface 84a of the sidewall 82 {as shown in
the illustrated embodiment), the blades 82 may extend from the interior surface 84a in other orientations.

[0056] The blades 92 of the tumbler 80 also extend along the interior surface 84 of the sidewall
82. This may be referred o as a longitudinal or length dimension. Each blade 92 includes a pair of primary
surfaces 98 that are oppositely disposed. in the illustrated embodiment, these primary surfaces are fiat or
planar, although other contours/shapes may be appropriate.

{00577 There are basically two groups of blades 92 for the tumbler 80 ~ a plurality of first blades
92a that extend at least generally from the first tumbler end 86a, and a plurality of second blades 82b that
extend at least generally from the second tumbler end 86b. The oullet region 78 is focated in the
fongitudinal dimension between the first blades 92a and the second blades 92b. As such, the plurality of
first blades 92a may be characterized as being part of a first longitudinal segment of the tumbler 80, the
outlet region 78 may be characterized as being part of a second longifudinal segment of the tumbler 80,
and the plurality of second blades 92b may be characterized as being part of a third fongitudinal segment of
the tumbler 80. In the illustrated embodiment, these three longitudinal segments may be characterized as
being disposed in non-overiapping relation. Another characterization may be that these three longifudinal
segments are disposed in end-to-end relation and in the noted order, with the second longitudinal segment
{including the outlet region 78) being located between the first longitudinal segment (including the first
blades 92a) and the third longitudinal segment (including the second blades 92b} in the longitudinal
dimension.

[0058] The output line 72 extends into the above-noted outlet region 78, which may be
gharacterized as an intermediate longitudinal segment of the fumbler 80. In the iflustrated embodiment, the
output line 72 includes a first section 74a that extends at least primarily in the longitudinal dimension (e.g.,
at least generally paraliel with the rotational axis 110), and a second section 74b that extends at least
primarily in a downward direction. An end of the second section 74b includes an oufpu/outlet port 76. The
output port 76 is spaced from the interior surface 84a of the sidewall 82 for the tumbler 80. In one
embodiment, the spacing between the output port 76 and the interior surface 84a is within a range of about
0.125 inches to about 0.138 inches. Generally, the output port 76 should be spaced a sufficient distance
from the interior surface 84a of the sidewall 82 of the tumbler 80 so that the output port 76 does not

Page 130f 25



WO 2012/009193 PCT/US2011/043112

become clogged. Spacing the output port 76 too far away from the interior surface 84a of the sidewall 82 of
the tumbler 80 is also undesirable in that it will leave alarge quantity of slurry within the tumbler 80,

[0059] Each blade 92 includes a first blade end 94 and a second blade end 96. The length of a
given blade 82 corresponds with the spacing between its first blade end 94 and its second blade end 98, In
the case of the first blades 92a, the first blade end 94 may be located on or adjacent fo the first tumbler end
86a and the second blade end 96 may be spaced from the first tumbler end 86a {e.¢., each first blade 92a
may be charactenzed as extending from the first tumbler end 862 at least generally in the direction of the
second tumbler end 86, but terminating prior to reaching the second tumbler end 86b). Stated another
way, the second blade end 96 of each first blade 92a may be located between the second tumbler end 86b
and its corresponding first blade end 94 in the longitudinal dimension.

[0080] In the case of the second blades 92b, the first blade end 84 may be located on or adjacent
to the second tumbler end 86b and the second blade end 96 may be spaced from the second tumbler end
86h (e.g., each second blade 92b may be characterized as extending from the second tumbler end 86b at
feast generally in the direction of the first fumbler end 88a, but terminating prior {o reaching the first tumbler
end 86a). Stated another way, the second blade end 96 of each second blade 92b may be located
between the first tumbler end 86a and its corresponding first blade end 84 in the longitudinal dimension.

[0061] Each of the blades 92 may be characterized as being “center angled." Center angling of
the various blades 92 may promote a desired mixing action within the mixing ¢hamber 90 of the horizontal
mixer 50. A number of characterizations may be made in relation to the orientation of each blade 82
relative to the rotational axis 110 of the tumbler 80, which may apply individually or in any combination.
Consider the case where a plurality of reference axes 112 are on the sidewall 82 of the tumbler 80 and are
parallel to the rotational axis 110 of the tumbler 80, The first blade end 94 may be on one such reference
axis 112 and its corresponding second blade end 96 may be on a different reference axis {e.g., Figure 8}
for each of the various blades 82, and which may be used to promote a desired mixing action in the mixing
chamber 90 of the tumbler 80.

[0062] Each blade 92 may be of the same height, where "height” is the distance that the blades
92 extend away from where the blades 92 intersect with the interior surface 84a of the tumbler 80. The
height of each blade 92 may be constant along the entire length thereof. In one embodiment, the first blade
end 84 of each blade 92 at its intersection with the interior surface 84a of the tumbler 80 is at a different
elevation than its corresponding second blade end 94 at its intersection with the interior surface 843, where
the elevation is measured relative o a horizontal reference plane located below the tumbler 80, Inone
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embodiment, the elevation continually changes at the intersection between each blade 92 and the interior
surface 84a of the tumbler 80 proceeding from its first blade end 94 to its corresponding second blade end
96, again where the elevation is measured relative to a horizontal reference plane located below the
tumbler 80.

[0063] The first blade end 94 may leads its corresponding second blade end 96 in a first rotational
direction in the case of each blade 92, and which may be used to promote a desired mixing action in the
mixing chamber 80 of the fumbler 80. in the view shown in Figures 5A and 58, the first rotational direction
is counterclockwise. The arrow about the rotational axis 110 indicates the first rotational direction in each
of Figures 2, 5A, 8B, and 7 {again, counterclockwise}. Stated another way, the second blade end 96 may
fag its corresponding first blade end 94 in a first rotational direction in the case of each blade 92.

[0064] Figure 7 further Hlustrates the above-noted leading/lagging relationship, with the arrow
about the rotational axis 110 being the first rotational direction. In Figure 7, the first blade end 94 of each
first blade 92a is shown in dashed lines, as is an edge corresponding with each corresponding second
blade end 96. During rotation of the tumbler 80 in the first rofational direction, the first blade end 84 of each
first blade 92a will reach and pass the 6 o'clock position {such a "clock” being measured about the
rotational axis 110) before its corresponding second blade end 96 reaches and passes the § o'clock
position.

[0065] The various blades 92 for the mixer 50 are arranged so that there is a plurality of blade
pairs 100 that are spaced about the rotational axis 110 {e.g., each blade pair being located at a different
angular position relative to and measured about the rotational axis 110). Any number of blade pairs 100
may be utilized (6 blade pairs 100 in the illustrated embodiment). The blade pairs 100 are equally spaced
about the rotational axis 100 in the illustrated embodiment, although other spacing arrangements could be
utilized.

[0066] Each blade pair 100 includes one first blade 92a and one second blade 92b. in the
iltustrated embodiment, the first blade 92a and its corresponding second blade 92b {one first blade 92a and
its corresponding second blade 82b defining a blade pair 100) are disposed in & mirror image relationship
to each other. Referring back to Figure §, there is an included angle 114a between each first blade 92a
and a reference axis 112 that is tangent {0 its second blade end 96 (again, where each reference axis 112
is paraliel to the rotational axis 110}, and there is an included angle 114b between each second blade 92b
and a reference axis 112 that is tangent fo its second blade end 96. In the illustrated embodiment, the
magnitude of each included angle 114a is the same for all first blades 97a, the magnitude of each included
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angle 114b is the same for all second blades 92b, and the magnitudes of the included angles 114a and
114b are the same. This aflows for the above-noted mirror image relationship. in one embodiment, each
included angle 114a, 114b is within a range of about 3° to about 4°. The incline of the various blades 92a,
92b allows the oudput ling 72, more specifically its output port 76, fo be disposad in a "deeper reservoir® of
sturry within the tumbler 80.

[0067] The various blade pairs 100 have an at least generally V-shaped profile. The second
blade ends 96 of each blade pair 100 are separated by a gap 102 that coincides with the region 78 into
which the output line 72 extends for withdrawing sturry from the mixer 50. The "V" of each blade pair 100 s
oriented such that the noted gap 102 is the trailing portion of each blade pair 100 in the above-noted first
rotational diraction that is used for promoting a desired mixing action within the mixing chamber 90 during
rotation of the tumbler 80 about its rotational axis 110 in the first rotational direction. Stated ancther way,
the blade pairs 100 are orientated so each blade pair 100 is in the form of a concave structure in the first
rotational direction {e.g., each blade pair 100 collectively defines an at least generally concave profile
relative to the fivst rotational direction).

[0068] There are other alternatives in relation to the arrangement of the vadous first blades 92a
and the various second blades 92b. The magnifude of the included angle 114a of each first blade 32a may
be the same, the magnitude of the included angle 114b of each second blade 92t may be the same, but
the magnitudes of the included angles 114a and included angles 114b may he different. it may be such
that one or more different magnitudes are utilized for the included angle 114a of the various first blades 82a
{&.g., one or more first blades 92a may be disposed at one common included angle 114a, while ong or
more other first blades 92a may be disposed at another common included angle 114a), that one or more
different magnitudes are utitized for the included angle 114b of the various second blades 92b {e.g.. ong or
more second blades 82b may be disposed at one common included angle 114b, while one or more other
second blades 92b may be disposed at another common inclided angle 1145}, or both.

[0069] Other arrangement of the first blades 92a relative to the second blades 92b may be
ulilized. For instance, the first blades 92a may be disposed about the rotational axis 110 in one patiern,
and the second blades 92b may be disposed about the rotational axis 110 in a different pattern. The first
blades 92a and second blades 972b may be disposed in staggered relation about the rotational axis 110,
For instance, when the first blade end 94 of the first blades 82a are atthe 2, 4, 8. 8, 10, and 12 o'clock
positions in a first stafic position for the tumbler 80, the first blade end 94 of the second blades 92b may be
atthe 1,3, 5,7, 9, and 11 o'clock positions.
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[0070] The horizontal mixer 50 may be used in the fluid system 10 {in place of the honzontal
mixer 20} to provide a slurry from which radioisotopes are produced. Figure 8 iflustrates one embodiment
of such a production method 120. The radicisotope production method 120 includes mixing a sturry from
which radioisotopes may be produced {step 122). The horizontal mixer 50 may be used to mix such a
sturry, including when incorporated into the fluid system 10. tn one embodiment, the sturry includes
parficles of alumina. Other particles that may be used by such a slurry include without limitation other
chromatographic media for bonding or stripping. Other liguids that may be used for such a sturry include
without limitation distilied water or media preparation solvents.

[0071] The slurry may be dispensed into an appropriate container (e.g., a glass column) pursuant
to step 124 of the production method 120, This may entail using an appropdate dispensing apparatus, or it
may be done by hand. Once the slurry is added to the column, the column may be loaded with a chemical
or compound that adsorbs fo the adsorbant matedals that were part of the slurry (Step 126}, Inone
embodiment, the column is utilized in a technetium generator wherein molybdenium-99 is added to the
column, adsorbing onto the alumina column packing material. Over time, the molybdenium-99 decays to
technetium-99m, a daughter radioisotope that is used in many nuclear medicine procedures {Step 128).
White molybdenium-99 remains adsorbed {o alumina, fechnetium-99m washes off of the alumina when
water is passed through the column. Chromatographic separation of technetium-39m from molybdenum-99
may therefore occur by passing a water eluant through the column (Step 130}, The technetium-99m is then
isotated and ulilized in medical applications such as medical diaghosis, medical treatment, and medical
rasearch,

[0072] The foregoing description of the present invention has been presented for purposes of
flustration and description. Furthermore, the description is not intended 1o imit the invention 1o the form
disclosed herein. Conseguently, variations and modifications commensurate with the above teachings, and
skill and knowledge of the relevant art, are within the scope of the present invention. The embodiments
described hereinabove are further intended fo explain best modes known of practicing the invenfion and to
enable others skilled in the art 1o utilize the invention in such, or other embodiments and with various
modifications required by the particular application{s} or use(s) of the present invention. itis intended that
the appended claims be construed to include alternative embodiments to the extent permitied by the prior
art.
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What is claimed:

1. A horizontal mixer, comprising:

a container comprising a rotational axis that is horizontally disposed, an inner sidewall disposed
about said rotational axis, and a mixing chamber defined at least in part by said inner sidewall;

a plurality of blades that extend from said inner sidewall toward an interior of said mixing chamber,
and

an outlet from said mixing chamber of said container, wherein each said blade extends along said
inner sidewall in an orientation relative to said rotational axis to direct fluid toward said outlet during rotation
of said container in a first rotational direction about said rotational axis.

2. The horizontal mixer of ¢laim 1, wherein said confainer further compriges first and second
container ends that are spaced along said rotational axis, wherein said plurafity of blades comprises a
plurality of first blades and a plurality of second blades that each extend from said inner sidewall toward
said interior of said mixing chamber and that each comprise first and second blade ends, wherein each said
first blade extends from its corresponding said first blade end toward its corresponding said second blade
end at least generally in a direction of said second container end, wherein each said second blade extends
from its corresponding said first blade end toward ifs corresponding said second blade end at least
generally in a direction of said first container end, and wherein said first blade end of each said plurality first
and second blade leads its comesponding said second blade end in said first rotational direction for said
container.

3. A horizontal mixer, comprising:

a container compyrising a rotational adis that is horizontally disposed, first and second container
ends that are spaced along said rotational axis, an inner sidewall disposed about said rotational axis and
extending between said first and second container ends, and a mixing chamber defined at least in part by
said first container end, said second container end, and said inner sidewall;

a plurality of first blades and a plurality of second blades that each extend from said inner sidewall
toward an interior of said mixing chamber and that each comprise first and second blade ends, wherein
each said first blade extends from its corresponding said first blade end toward its corresponding said
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second blade end at least generally in a direction of said second container end, wherein each said second
blade extends from its corresponding said first blade end toward its corresponding said second blade end
at least generally in a direction of said first container end, and wherein said first blade end of each said
plurality first and second blade leads #s corresponding said second blade end in a first rotational direction
for said container; and

an outlet from said mixing chamber of said container,

4, The horizontal mixer of claim 3, wherain each said blade extends along said inner sidewali in an
orientation relative to said rotational axis to direct fluid toward said outlet during rotation of said container in
said first rotational direction about said rotational axis.

5. The horizontal mixer of any of claims 2-4, wherein said first blade end of each of said plurality of
first and second blades is disposed on one longitudinal reference axis thatis parallel to said rotational axis,
and wherein its corresponding said second blade end is disposed on another longitudinal reference axis
that is also parallel fo said rofational axis.

8. The horizontal mixer of any of claims 2-5, wherein said first blade end of each said first blade is
focated at said first container end, and wherein said first blade end of each said second blade is located at

said second container end.
7. The horizontal mixer of any of claims 2-6, wherein said horizontal mixer further comprises a
plurality of blade pairs, wherein each said blade palr includes one said first blade and one said second

blade.

8. The horizontal mixer of claim 7, wherein said first and second blade of each said blade pair are
orientated as the mirror image of each other.

9. The horizontal mixer of any of claims 7-8, wherein each said blade pair defines an at least
generally V-shaped configuration,
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10. The horizontal mixer of any of claims 7-8, wherein each said blade pair collectively defines a
concave profile relative to said first rotational directon.

11. The horizontal mixer of any of claims 7-10, wherein a space between adjacent ends of said
first blade and said second blade for each said blade pairis a fraifing-most portion of said blade pair in said
first rotational direction.

12. The horizontal mixer of any of claims 2-11, wherein said second blade end of each of said
plurality of first and second blades is spaced back from a midpoint between said first and second container
ends in a direction of its corresponding said first blade end.

13. The harizontal mixer of any of claims 2-12, wherein each of said plurality of first and second
blades is disposed at a common angle relative to a corresponding reference axis that is parallel fo said
rotational axis.

14. The horizontal mixer of any of claims 2-12, wherein each of said plurality of first blades is
disposed at a common first angle relative to a coresponding reference axis that is parallel to said rotational
axis, and wherein each of said plurality of second blades is disposed at a common second angle relative to
a corresponding reference axis that is parallel 1o said rotational axis, wherein said magnitudes of said first

and second angles are different.

15. The horizontal mixer of any of claims 2-14, wherein said plurality of first blades correspond
with a first longitudinal segment of said horizontal mixer, wherein said plurality of second blades correspond
with a second longitudinal segment of said horizontal mixer, wherein a third longitudinal segment of said
horizontal mixer is located between said first and second longitudinal segments and includes said outlet,

and wherein a longifudinal dimension extends along said rotaional axis.

16. The horizontal mixer of claim 15, wherein said first, third, and second longitudinal segments
are in non-overlapping relation,

17. The horizontal mixer of any of claims 15-16, wherein said first, third, and second longitudinal
segments are disposed in end-fo-end relation.
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18. The horizontal mixer of any of claims 2-17, wherein said outlet extends fo a space between
said second blade ends of said plurality of first and second blades.

19. The horizontal mixer of any of claims 2-18, wherein said outlet extends within said mixing
chamber {0 at least substantially mid-way between said first and second container ends.

20. The horizontal mixer of any of claims 2-19, wherein said first container end comprises an
aperture, wherein said horizonfal mixer further comprises an outlet conduit that extends through said
aperture and to a location in a longitudinal dimension that is between said second ends of said plurality of
first blades and said second ends of said plurality of second blades, and wherein said longitudinal

dimension coincides with said rotational axis.

21. The horizontal mixer of claim 20, wherein a diameter of said aperture is substantially larger
than an outer diameter of said outlet conduit.

22. The horizontal mixer of any of claims 2-21, wherein a radially inward-most porion of said first
blade end and a radially inward-most portion of its corresponding said second blade end are disposed at

different elevations from a horizontal reference plane for each of said plurality of first and second blades.

23. The horizontal mixer of any of claims 1-22, wherein a length dimension of each said blade is
disposed in non-parallel relation to said rotational axis.

24. The horizontal mixer of any ¢laims 1-23, wherein a first portion of said plurality of blades
extend from a first region toward one end of said horizontal mixer, wherein a second portion of said plurality
of blades extend from said first region foward an opposite end of said horizontal mixer, and wherein said
outlet is within said first region.

25. The horizontal mixer of any of claims 1-24, wherein an elevation relative to a horizontal

reference plane continually shanges proceeding along a length dimension for each of said plurality of

blades at an intersection with said inner sidewall.
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20. A fiuid system, comprising:

a horizontal mixer comprising a container comprising a rotational axis that is at least substantially
horizontally disposed, an inner sidewall disposed about said rotational axis, a mixing chamber defined at
least in part by said inner sidewall, a plurality of blades that extend fron: said inner sidewall toward an
interior of said mixing chamber, and an ouflet from said mixing chamber;

at least one feed source fluidly connected with said horizontal mixer, wherein a fluid and a plurality
of particles are directed info said horizontal mixer by said at least one feed source, and wherein a
discharge out of said oullet of said horizontal mixer comprises a slurry; and

a slurry target fluidly interconnected with said outlet of said horizontal mixer.

27. The fluid system of claim 26, wherein said horizontal mixer comprises the horizontal mixer of
any of claims 1-25.

28, The fluid system of ¢laim 26, wherein a first portion of said plurality of blades extend from a
first region toward one end of said borizontal mixer, wherein a second portion of said plurality of blades
extend from said first region foward an opposite end of said horizontal mixer, and wherein said oullet is
within said first region.

29, The fluid system of any of claims 26-28, wherein said at least one feed source comprises first
and second feed sources that comprise said particles and said fluid, respectively.

30, The fluid system of any of claims 206-28, wherein said at least one feed source comprises a

first feed source that comprises said particles and said fluid,

31. The fluid system of any of claims 26-30, wherein said sturry target is selected from the group
consisting of a dispenser and a container.

32. The fluid system of any of claims 26-31, further comprising:

a recirculation foop that directs at least part of a flow out of said outlet back into said mixing
chamber.
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33. Amethod of providing slumy using a mixer compriging first and second mixer ends that are
spaced along a first axis of said mixer that is at least substantially horizontally disposed, said method
comprising the steps of:

directing a plurality of particles and fluid into said mixer;

rotating said mixer about said first axis;

directing a first flow from said first mixer end toward a first location within said mixer that is
disposed between said first and second mixer ends;

directing a second flow from said second mixer end toward said first location within said mixer; and

withdrawing slurry from said first location within said mixer, said shury comprising a distribution of
said parficles in said fluid.

34. The method of claim 33, wherein said directing steps comprise directing a first stream of said
plurality of parlicles into said mixer and directing a separate second stream of said fuid into said mixer.

35. The method of claim 33, wherein said directing steps comprise combining a first stream of said
pluraliy of particles and a second stream of said fluid before entering said mixer,

36, The method of any of claims 33-35, wherein said particles comprise alumina.

37. The method of any of claims 33-36, wherein each of said directing steps comprises using
gravitational forces.

38. The method of any of claims 33-36, wherein said directing a first flow step comprises
simultaneously exerting a lifting force on first contents of said mixer and inducing a first pressure gradient
within said first contents, and wherein said directing a second flow step comprises simultaneously exerting
a lifting force on second contents of said mixer and inducing a second pressure gradient within said second
contents.

39. The method of any of claims 33-38, wherein said directing a first low step comprises said
mixer incorporating the plurality of first blades from the horizontal mixer of any of claims 2-25, and wherein
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said directing a second flow step comprises said mixer incorporating the plurality of second blades from the
horizontal mixer of any of claims 2-25.

40, The method of any of claims 33-3%, further comprising the steps of;
directing said slurry from said horizontal mixer to a dispenser;

providing a first flowpath from said dispenser to a container; and
providing a second flowpath from dispenser back to said horizontal mixer.

41. The method of any of claims 33-39, further comprising the steps of:
directing said slurry fron said horizontal mixer to a dispenser;
outputting at least part of said slurry from said dispenser fo a container; and

recirculating at least part of said sturry from said dispenser back to said horizontal mixer,
42. The method of any of claims 33-41, further comprising the steps of:

delivering said sturry fo a container; and
producing radicisotopes from said slurry after said delivering step.
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