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STACKED STATIC MIXING ELEMENTS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to static mixers useful for the continuous
mixing of fluids, and particularly for mixing highly viscous fluids such as polymer melts.
The State of the Prior Art

Static mixing devices are particularly useful for homogenization of
multi-component mixtures and the like. Static mixers also are useful in connection with
heat exchangers and/or for plug flow reactors. These devices are simple and easy to use.
A particular advantage is that static mixers have no moving parts and as a cohsequence
present no particular sealing and/or maintenance difficulties.

It is known that devices of this type are often used for applications in
polymer processing by extrusion or injection molding, involving large pressure drops
across the mixer. This generally requires a rugged design involving the use of very thick
material and reinforcing components. Smaller size elements may be made by precision
casting of stainless steel or stellite. Elements may often be strengthened by welding or
brazing individual components into a metal sleeve which then may function as a support
for the element.

Itis also desired that static mixer devices must generally be accessible for
maintenance and cleaning and visual inspection after use. One previously known method
to provide access permitting cleaning and inspection is to support individual elements
with a satellite type ring as is show.n in International Publication WO 95/09689. This
construction, however, requires expensive precision casting and costly machined spacer
rings. The crossbars must be relatively thick because the weak points are the
unsupported, free crossbars.

For heavy duty polymer mixer applications in large pipes (> 10") with
pressure drops of up to 100 bar, the elements must be welded into individual pipe
sections. These sections must then be welded together to present the final mixer. This
construction is again very expensive. Furthermore, due to the intricacy of the positioning

of the components that are welded together, it is not possible to obtain 100% X-ray
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inspection of the welds. Accordingly increased wall thickness and hydraulic pressure

testing is almost always required.

SUMMARY OF THE INVENTION
5 The problems and difficulties present in prior art devices are alleviated
through the use of the present invention which provides a saddle element design for a
static mixer which facilitates the manufacture and construction of the mixer as well as
providing an ease of assembly and disassembly to thereby facilitate maintenance and
cleaning. In particular, the simple design of the saddle element of the invention enables
10 casting of the element as a monolithic structure whereby welding and brazing and the like
are avoided.

In its broadest aspects, the invention provides a saddle element for a static
mixer which comprises a generally ring-shaped support structure having a central axis,
concentric inner and outer, radially spaced, circumnferentially extending surfaces, and first

15  andsecond axially spaced, generally parallel edge surfaces. The inner surface of the ring-
shaped support structure defines a fluid flow path which extends along said axis. The
edge surfaces are located in respective generally parallel transverse planes which are
essentially perpendicular relative to said axis to facilitate stacking of the elements. The
element also includes a plurality of elongated crossbars that are located in the flow path

20  to cause intimate and thorough admixing of the fluids traveling along the flow path. In
this regard, the crossbars each have a first end which is closer to the transverse plane of
the first edge than to the transverse plane of the second edge and a second end which is
closer to the transverse plane of the second edge than to the transverse plane of the first
edge. The crossbars are strategically arranged in at least two separate intersecting oblique

25 planes, each of which oblique planes is disposed at an angle relative to said axis.

In a desirable embodiment of the invention, crossbars are arranged in four
separate oblique planes, which oblique planes are arranged in two separate pairs of
oblique planes. The oblique planes of each pair thereof are disposed in generally parallel,
laterally spaced relationship relative to one another. Moreover, the oblique planes of

30  each pair of oblique planes are disposed so as to intersect the oblique planes of the other

pair of oblique planes along lines which are generally perpendicular to said axis.
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Preferably, at least two of said crossbars are arranged in each of the
intersecting oblique planes, and the crossbars of each oblique plane are disposed in
generally parallel, laterally spaced relationship.

In one preferred embodiment of the invention, the crossbars of the saddle
element are arranged in an elongated, generally w-shaped array having a pair of spaced
ends. Such array is disposed so as to extend laterally across the flow path with each end
thereof being attached to the inner surface of the ring-shaped support structure. Another
preferred aspect of the invention is that two of the oblique planes may be positioned so
as to intersect at a line which is disposed essentially in the transverse plane of the first
edge and which extends through the axis of the element. Preferably, the first ends of the
crossbars of said two of said oblique planes are connected together at said line of
intersection.

In a particularly preferred embodiment of the invention, the first end of
a selected crossbar of a first oblique plane is attached to the inner surface of the ring-
shaped support structure at a location adjacent said first edge, the second end of a
selected crossbar of a second oblique plane is attached to the second end of the selected
crossbar of the first oblique plane, the first end of a selected crossbar of a third oblique
plane is connected to the first end of the selected crossbar of the second oblique plane,
the second end of the selected crossbar of the third oblique plane is attached to the second
end of a selected crossbar of a fourth oblique plane, and the first end of the selected
crossbar of the fourth oblique plane is attached to the inner surface of the ring-shaped
support structure at a location adjacent said first edge, said selected crossbars extending
across the fluid flow path and presenting the desirable w-shaped array.

Ideally, in accordance with the invention, the intersecting oblique planes
intersect at an angle of about 90°. That is to say, the oblique planes are disposed at an
angle of about 45° relative to the axis of the ring-shaped support structure. In further
accordance with the principles and concepts of the invention, about 4 to 8 crossbars are
arranged in each of said oblique planes.

The invention also provides a stacked static mixer structure comprising
two of the saddle elements described above. These stacked saddle elements are arranged

with the second edge surfaces thereof disposed in mated, contacting relationship. This
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also means that the second ends of the respective cmssbafé of the two elements are
adjacent each other so as to present a generally double x-shaped configuration.
Preferably, the stacked static mixer structure includes four of the saddle
elements. The saddle elements are arranged in a first group with the second edge surfaces
of the ring-shaped support structures of two of the clements disposed in mated, contacting
relationship, and in a second group with the second edge surfaces of the ring-shaped
support structures of the other two elements also disposed in mated, contacting
relationship. The two groups are stacked so that a first edge surface of a ring-shaped
support structure of one group is disposed in mated, contacting relationship with a first
edge surface of a ring-shaped support structure of the second group. The net result of this
stacking is the provision of two stacked double x-shaped configurations. The four thusly

stacked saddle elements provide the particularly preferred arrangement of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is an isometric view of a saddle element which embodies the
concepts and principles of the invention;

FIGURE 2 is a top plan view of the element of FIG. 1;

FIGURE 3 is a bottom plan view of the element of FIG 1;

FIGURE 4 is an enlarged cross-sectional view of the element of the
invention taken along line 4-4 of FIG. 2;

FIGURE 5 is an elevational cross-sectional view of a stack comprising a
plurality of the elements of FIG. 1; and

FIGURES 6A, 6B and 6C are respectively top plan, bottom plan and
cross-sectional views illustrating an embodiment of the invention wherein the support

structure 12 is provided with alignment tabs and notches.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of saddle element for a static mixer which
embodies the principles and concepts of the invention is illustrated in FIGS. 1 through
4 of the drawings where it is identified by the reference numeral 10. Saddle element 10
includes a generally ring-shaped support structure 12 and an SMX mixing structure
which is broadly identified by the reference numeral 14. In accordance with the
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invention, the entire element may be cast as a single monolithic unit or the mixing
structure 14 and the support structure 12 may be cast as separate units which are then
attached by welding or brazing or the like so as to form a single structure.

Ring-shaped support structure 12 has a central axis 16, an inner surface
18, an outer surface 20, a first edge surface 22 and a second edge surface 24. Surfaces
18 and 20 are concentrically arranged, preferably generally parallel, and spaced apart
radially relative to axis 16, and the same extend circumferentially about structure 12.
And as can be seen from the drawings, inner surface 18 defines a fluid flow path shown
generally by the arrow 26 and which extends along axis 16. Edge surfaces 22 and 24 are
generally planar, and the same are located in respective generally parallel transverse
planes 28 and 30 (see Fig. 4) which are spaced apart in an axial direction. As can be seen
in Fig. 4, planes 28 and 30 are essentially perpendicular relative to axis 16.

As can best be seen in Fig. 1, mixing structure 14 is made up of a plurality
of components in the form of elongated crossbars 32 which are located in flow path 26.
In general, each crossbar 32 preferably has a first end 34 which is closer to plane 28 than
it is to plane 30, and 2 second end 36 which is closer to plane 30 than it is to plane 28.
Although the crossbars 32 are illustrated as having a generally rectangular configuration,
it is within the contemplation of the invention that the same may have other forms, such
as, for example round, triangular, oval, square, flat sheet, etc. Moreover, the spaces or
passageways between the crossbars may simply be holes in the structure or have any
shape other than rectangular.

Crossbars 32 may preferably be arranged in at least two, ideally four,
separate intersecting oblique planes 38, 40, 42 and 44 which are each disposed at an angle
relative to axis 16. Preferably, but not necessarily, the oblique planes intersect at an angle
of about 90° relative to one another. The oblique planes are also preferably arranged so
that the same are disposed at an angle of about 45° relative to axis 16. However, in
accordance with the invention, the crossbar planes may have any other inclination (e.g.
30°, 60°). As can be seen particularly in Fig. 4, planes 38 and 42 are disposed in
generally parallel, laterally spaced relationship relative to one another. Likewise, planes
40 and 44 are disposed in generally parallel, laterally spaced relationship relative to one
another. Planes 38 and 42 are disposed so as to intersect with planes 40 and 44 along
lines 46, 48 and 50 which, as can be seen in Fig. 3, are generally perpendicular to axis 16.

B

e




10

15

20

25

30

WO 00/78440 PCT/US00/17014

-6-

Preferably there are at least two of the cmsébérs 32 in each plane. The
crossbars 32 in each plane are preferably disposed in a generally parallel, laterally spaced
relationship relative to one another so as to present spaces or passageways 33
therebetween. And as can be seen in the drawings, the crossbars 32 of one plane are
preferably staggered relative to the crossbars of an intersecting plane. That is to say, the
crossbars 32 of a given plane are generally disposed in an aligned relationship relative to
the spaces 33 of an intersecting plane and in an offset relationship relative to the
crossbars 32 of the intersecting plane. Preferably, the arrangement is such that the
adjacent crossbars of the intersecting planes are firmly attached to one another along the
line of intersection so that a rigid structure is provided. Ideally, there should be at least
four crossbars in each plane to achieve optimum mixing capabilities.

With reference to Fig. 4, it can be seen that in a specific arrangement,
resulting in the known SMX structure, the respective centrally located crossbars 32a, 32b,
32c and 32d of planes 38, 40, 42 and 44 are arranged in an elongated, generally w-shaped
array 52 which extends laterally across flow path 26. As can be seen, the ends 54 and 56
of array 52 are each attached to inner surface 18 at alocation which is adjacent to surface
22. With further reference to Fig. 4, it can also be seen that planes 40 and 42 intersect
at line 48 (also see Fig. 3) which is disposed at or near plane 28. Line 48 is preferably
positioned centrally of flow path 26 so as to essentially intersect with axis 16.

The ends 34 of the crossbars of planes 40 and 42 intersect and/or are
attached together at line 48. The form of intersection at line 48 can be made such that the
crossbars simply overlap, or the intersection may be flat or round or present a sharp edge.
1t is also possible to reinforce the structure at line 48 or to facilitate casting by adding
additional thickness and material in this region to the crossbars. The same applies to the
intersection line 46 of planes 38 and 40 and the intersection line 50 of planes 42 and 44,
near the opposite plane 30.

Ideally, as can be seen in Fig. 4, the arrangement is such that end 34a of
crossbar 32a of plane 38 is firmly attached to inner surface 18 of the ring-shaped support
structure 12 at a point near plane 28, end 36a of crossbar 32a is firmly attached to end
36b of crossbar 32b of plane 40 at a point near plane 30, and end 34b of crossbar 32b is
firmly attached to end 34c of crossbar 32c of plane 42 at a point near plane 28 and near

line 48 which extends through axis 16. Similarly, end 34d of crossbar 32d of plane 44
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is firmly attached to inner surface 18 of the ring-shaped support structure 12 at a point
near plane 28, and end 36d of crossbar 32d is firmly attached to end 36¢ of crossbar 32c
of plane 42 at a point near plane 30. Additional material and a radius might be added at
all crossing or attachment lines for reinforcement and/or to facilitate casting.

The saddle elements 10 of the invention are generally and preferably used
in structures which include a plurality of the same. Such an arrangement is illustrated in
Fig. 5 of the drawings. In a preferred arrangement illustrated in Fig. 5, an element 10a
and an element 10b, each of which are the same as the element 10 described above, are
arranged such that the surfaces 24a and 24b thereof are disposed in mated, contacting
relationship. Similarly, an element 10c and an element 10d, each of which are also the
same as the element 10 described above, are arranged such that the surfaces 24¢ and 24d
thereof are disposed in mated, contacting relationship. In addition, the surface 22b of
element 10b and the surface 22c of element 10c are disposed in mated, contacting
relationship. This arrangement provides a static mixer structure 60 which is made up of
four sequentially flip-flopped individual elements 10. The structure 60 may then
preferably be placed in a pipe 62 for added support. As will be appreciated by those of
ordinary skill in the art, for a given installation, a plurality of structures 60 may be
employed. In this event, it may be preferable to rotate adjacent structures 60 relative to
one another as shown in Fig. 5. Ideally, axially adjacent structures 60 may be rotated
about 90° relative to one another. While the structures 60 preferably include adjacent,
contacting elements 10, it should be appreciated that spacer rings could be provided
between the elements 10 to facilitate a particular application.

The structure 60 is only a possible arrangement of saddles elements 10
according to this invention. Other possible arrangements would include, forexample, (1)
having all of the stacked saddle elements 10 arranged in the same orientation, (2) having
each of the stacked elements 10 always rotated relative to adjacent elements 10, and (3)
having the stacked elements 10 arranged randomly and/or aperiodic. In one preferred
arrangement which facilitates the arrangement of the stacked saddle elements 10, the

same are equipped with notches and tabs or other registration means at the edge surfaces

- 22 and 24 of the support ring 12 as shown in Figs. 6A, 6B and 6C. In this case a tab 82

is located on edge surface 22 of ring 12 and another tab 83 is located on edge surface 24
of ring 12. Tabs 82 and 83 are disposed in longitudinal alignment relative to ring 12 at
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positions which are offsét circumferentially essentially 9052 felativc to intersecting line
48. A notch 81 having a mating shape relative to tabs 82 and 83 is located at edge
surface 22 of support ring 12 at a position directly opposite tab 82. Another notch 80
which also has a mating shape relative to tabs 82 and 83 is located at edge surface 24 of
ring 12 ata position which is offset 90° from tab 82. This special arrangement of notches
80, 81 and tabs 82, 83 forces the user or an automated assembling machine to assemble
the stack in such a way that two saddle elements 10 having the same orientation are
stacked in a first group, followed by another group of two saddle elements 10 where the
orientation is 90° rotated. This results in a static mixer structure similar to a SMX
mixing element having mixing elements of L/D = 0.5.

A standard static mixer element 10 which embodies the principles and
concepts of the invention is typically made of about 2-16 intersecting crossbars 32 which
are inclined at an angle of approximately 45° relative to axis 16. The axial length of each
element is typically about 0.25 times the pipe diameter. Thus, a structure 60 which
includes four elements 10 will have an axial length which is approximately equal to the
diameter of the pipe. The support ring 12 preferentially has the same axial length as the
height of the w-shape structure 52, but it might also be longer at one or both ends in order
to leave empty spaces when the saddles are stacked in a structure.

In accordance with the invention, a static mixer is provided which
comprises a stack of individual ring-shaped support structures 12, each of which ring-
shaped support structures 12 supports a saddle 14 of SMX structure, as shown in the
drawings. The individual elements can be produced using inexpensive precision casting
in a simple mold. A stack of such pieces may be disassembled for cleaning and visual
inspection. Because the ring-shaped support structure and the SMX saddle may be
formed as a single integral piece, no expensive, machined pieces are needed. The
strength is increased at least four-fold in comparison to conventional construction. This
allows for the use of thinner materials with resulting reduction in pressure drop. Use of
these elements in polymer mixers facilitates the employment of standard pipes that can
be fully inspected. The elements can be removed and cleaned. The simple construction
of elements of the invention enables the manufacture of the same out of plastic using
conventional injection molding. The plastic static mixer elements may be used in

applications where disposable parts are desirable.
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The features of the present invention facilitate:
1) the use of an arrangement whereby four saddles having the same
_ orientation are stacked in a first group, followed by another four saddle group where the
5  orientation is rotated 90°;

2) the use of an arrangement whereby two saddles having the same
orientation are stacked in a first group, followed by another two saddle group where the
orientation is rotated 90°;

3) the casting or injection molding of each saddle as a single structure

10  with a surrounding ring-shaped support structure;

4) the orientation of the individual elements by providing notches and
tabs or other registration means in the ring-shaped support structures and/or saddles,
whereby the structures may be regularly or chaotically oriented at will;

5) the use of ring-shaped support structures or saddles which are not

15  the same in structure, particularly to provide, for example, alternating patterns of
crossbars and passages and/or different inclinations or shapes of crossbars;

6) the use of saddles which are made up of individual cast or welded
bars, or which are made by crimping of perforated plates, with or without a ring-shaped
support structure;

20 7 the use of ring-shaped support structures which are welded, brazed

or glued to a rod of mixer components.
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1. A saddle element for a static mixer comprising: a generally ring-
shaped support structure having a central axis, concentric inner and outer, radially spaced,
circumferentially extending surfaces, and first and second axially spaced, generally

5  parallel edge surfaces, said inner surface defining a fluid flow path which extends along
said axis, said edge surfaces being located in respective generally parallel transverse
planes which are essentially perpendicular relative to said axis; and a plurality of mixer
components located in said flow path, said components having a first end which is closer
to the transverse plane of said first edge than to the transverse plane of the second edge

10  and a second end which is closer to the transverse plane of said second edge than to the
transverse plane of the first edge, said mixer components being arranged in at least two

separate intersecting oblique planes, each of which intersecting oblique planes is disposed

at an angle relative to said axis.

15 2. A saddle element as set forth in claim 1, wherein said components
comprise crossbars, there being at least one crossbar in each of said intersecting oblique

planes, said crossbars being disposed in a generally parallel relationship relative to one

another.

20 3. A saddle element as set forth in claim 1, wherein said components
are arranged in four separate oblique planes, said oblique planes being arranged in two
separate pairs of oblique planes, the oblique planes of each pair being disposed in
generally parallel, laterally spaced relationship relative to one another, the oblique planes
of each pair being disposed so as to intersect the oblique planes of the other pair along

25  lines which are generally perpendicular to said axis.

4, A saddle element as set forth in claim 3, wherein said components
are crossbars and at least two of said crossbars are arranged in each of said intersecting

oblique planes, and wherein the crossbars of each oblique plane are Qisposed in generally

30  parallel, laterally spaced relationship. ‘This Sheet F
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5. A saddle element as set forth in claim 3, wherein said components
comprise crossbars arranged in an elongated, generally w-shaped array having a pair of
spaced ends, said array being disposed to extend laterally across said flow path with each

end thereof being attached to said inner surface.

6. A saddle eiement as set forth in claim 4, wherein said crossbars
are arranged in an elongated, generally w-shaped array having a pair of spaced ends, said
array being disposed to extend laterally across said flow path with each end thereof being
attached to said inner surface.

10

7. A saddle element as set forth in claim 6, wherein two of said
oblique planes intersect at a line disposed essentially in the transverse plane of said first
edge and which extends through said axis, the first ends of the crossbars of said two of
said oblique planes being connected together near said line.

15

8. A saddle element as set forth in claim 7, wherein the first end of
a selected crossbar of a first oblique plane is attached to said inner surface at a location
adjacent said first edge, the second end of a selected crossbar of a second oblique plane
is attached to the second end of the selected crossbar of the first oblique plane, the first

20  end of said selected crossbar of said second oblique plane is connected to the first end of
a selected crossbar of a third oblique plane, the second end of said selected crossbar of
said third oblique plane is attached to the second end of a selected crossbar of a fourth
oblique plane, and the first end of the selected crossbar of the fourth oblique plane is
attached to said inner surface at a location adjacent said first edge, said selected crossbars

25  extending laterally across said fluid flow path and presenting said w-shaped array.

9. A saddle element as set forth in claim 7, wherein said intersecting

oblique planes intersect at an angle of about 90°.

30 10. A saddle element as set forth in claim 7, wherein said oblique

planes are disposed at an angle of about 45° relative to said axis.
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11. A saddle element as set forth in claim 4, wherein about 4 to 8

crossbars are arranged in each of said oblique planes.

12. A static mixerstructure comprising two of the saddle elements of
claim 1, said saddle elements being arranged with the second edge surfaces thereof

disposed in mated, contacting relationship.

13. A static mixer structure comprising a first, a second, a third and
a fourth of the saddle elements of claim 1, said saddle elements being arranged with the
second edge surfaces of said first and second elements disposed in mated, contacting
relationship, with the second edge surfaces of said third and fourth elements disposed in
mated, contacting relationship, and with the first edge surfaces of said second and third

elements disposed in mated, contacting relationship.

14. A static mixer structure comprising two of the saddle elements of
claim 8, said saddle elements being arranged with the second edge surfaces thereof

disposed in mated, contacting relationship.

15. A static mixer structure comprising a first, a second, a third and
a fourth of the saddie elements of claim 8, said saddle elements being arranged with the
second edge surfaces of said first and second elements disposed in mated, contacting
relationship, with the second edge surfaces of said third and fourth elements disposed in
mated, contacting relationship, and with the first edge surfaces of said second and third

elements disposed in mated, contacting relationship.

16. A saddle element as set forth in claim 1, wherein said element

comprises registration means for aligning the element with an adjacent element in a stack

of elements.

17.  Asaddleelement as set forth in claim 16, wherein said registration

means comprises mating tab and notch elements.
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18. A saddle element as set forth in claim 16, wherein said registration
means comprises a first tab located on the first edge surface, a second tab located on the
second edge surface, a first notch having a mating shape relative to said tabs located at
said first edge surface and a second notch which also has a mating shape relative to said

5  tabs located at said second edge surface, said tabs and said notches being positioned so
as to cause the element to adopt a preestablished position relative to an adjacent saddle

element.

19. A saddle element as set forth in claim 18, wherein said tabs are
10  disposedin longitudinal alignment relative to the support structure at positions which are

offset circumferentially essentially 90° relative to intersecting line 48.

20.  Asaddle element as set forth in claim 18, wherein said notches are
offset 90° about said support structure relative to one another.
15
21.  Asaddleclement as set forth in claim 19, wherein said notches are

offset 90° about said support structure relative to one another.

22. A saddle element as set forth in claim 21, wherein the notch at the

20 first edge surface is positioned directly opposite the tab on said first edge surface.
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