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STATIC MIXER

FIELD OF THE INVENTION

The present invention relates to static mixers. The static mixer may be made by
an additive manufacturing process, may be porous, and may have variant surface

5 properties.

BACKGROUND OF THE INVENTION

in the processing of fluids, in particular of fluids flowing in pipes, the use of

devices called static mixers is widely known. A static mixer essentially consists of an
articulated, three-dimensional, solid structure, i.e. consisting of multiple elements having

10 planar or curved surfaces, varicusly arranged and angled to the flow direction, suitable to
cause continuous breakdowns of the fluid stream flowing in the pipe, leading a strong
turbudence in the same which cause a guick stirring of the individual threads of the

stream, until obtaining a blending thereof sufficiently uniform for the specific application.

The introduction of static mixers in pipes provides a simple solution to mixing

15 fluids. Static mixiures are traditionally manufactured by mechanical machining of the
individual elements of the structure and the subsequent assembly thereof, for example by
welding or other conventional, mechanical anchoring methods, to finally form the three-

dimensional structure which characterizes these devices,

Besides the remarkable advantages in terms of functionality, cost-gffectiveness,

20  flexibility, and efficiency of the above-mentioned static mixers, they also have some
substantial disadvantages, due precisely to the need of assembling different elements and
componenés o form the internal structure intended to accomplish the mixing. The joints
between said components and between the same and the pipe cause roughness, defective

or irregular welding lines, sharp changes of direction and/or of inclination and so on, with

25 the consequent formation of undesirable dead corners. This causes an undesirable
phenomenon, te. the formation of stagnation rones or in any case zones wherein a

slowing-down of fluid flow takes place, in correspondence whereof the individual
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products being blended may undergo degradation (in particular, depending on the nature
of the fluids processed, a decrease but also an increase in viscosity, as well as an
alteration of other chemical-physical properties or of the chemical structure itself),
resulting in the risk of defects of and damage to the final product obtained from the
processing of the blended products. Further, static mixers are traditionally made with

solid materials that are rade smooth and have uniform surface properties.

As such, there is a need o create a static mixer that does not rely upon mechanical
methods for joining the structure. Further, there is a need for static mixer that allows for
controlled changes to the mixer material to thereby improve upon the static mixer iself.
Lastly, there exisis a need to create a static mixer that is tailored to the fluids that are

mixed.

SUMMARY OF THE INVENTION

A static mixer is disclosed. The static mixer is enabled to homogenously blend a
first fluid and a second fluid flowing in a pipe without the use of rotating parts. The static
mixer exhibits a first contact angle with the first fluid and a second contact angle with the
second fluid. The first contact angle is either between 0 and 30 or greater than 85. The

second contact angle is either between 0 and 30 or greater than 85.

A method of mixing a plurality of fluids is disclosed. The method includes mixing a first
fluid with a second fluid using a static mixer. The static mixer exhibits a first contact
angle with the first fluid and a second contact angle with the second fluid. The first
contact angle is either between 0 and 30 or greater than 85. The second contact angle is
either between zero and 30, or greater than 85. The first and second fluids are either both
between zero and 30 or greater than 85 or one of the two fluids is greater than 85 and the

difference between the contact angles is greater than 60.
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DESCRIPTION OF THE DRAWINGS

The drawings are illustrative in nature and not intended to limit the subject matter
defined by the claims. The following detailed description can be understood when read in
conjunction with the following drawings, where like structure is indicated with like

5 reference numerals and in which:

FIG. 1 schematically depicts a static mixer according to one or more examples

shown and described herein.
FIGS. 2A-2D represent a surface of a static mixer.

FIG. 3 is a table showing the effects of surface properties of different static mixers

10  on a fluid.

FIG. 4 is a table showing the variant surface energies found for different materials

graphed at different pressures for a water to oil emulsion.
DETAILED DESCRIPTION OF THE INVENTION

Disclosed is a static mixer having improved properties. The static mixer may
15  have improved surface properties, may be porous, and may be impregnated with a variety
of auxiliary fluids having different physical and chemical characteristics such as surface

tension, viscosity, pH, catalytic properties and so on.

Also disclosed is a static mixer that may be made with high surface roughness.
High surface roughness may result from the process of manufacturing of the mixer or be
20 added to a pre-manufactured mixer by a post-treatment such as sand-blasting. The

composition of the static mixer may be chosen based apon the fluids being mixed.

The object of the present invention is hence to eliminate the disadvantages of
known-type static mixers, providing a method for manufacturing static mixing device of
the threads of a stream, which is highly efficient and, at the same time, capable of

25  preventing the formation of dead corners in the path of fluid through the device, due to

the absence of discontinuities, angles and sharp edges, welding lines, joints or other
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mounting imperfections between various components. Further, the static mixer disclosed
may have improved propertiss regarding surface roughness, surface stractures, may be
porous, and may be impregnated with an auxiliary substance. The auxiliary substance

may be a fluid or a solid.

The object of the present invention is to provide a particularly simple and
etfective process tor manufacturing static mixers of any shape and geometry, avoiding
discontinuities, angies and sharp edges, welding lines, joints or other mounting

imperfections in the structure thereof.

This allows for the production of static mixers with surface characteristics that
enable 1) higher more stable water to oil ratio emulsions, 2) the ability to optimize the
mixer for processing fluids, 3) a higher throughput via back pressure reduction, 4) the
ability to fabricate the mixers to fit into non-standard fittings 5) improved control of
emulsion cell sizes and homogeneity of distributions and 6) faster and more efficient

emulsion making.

The static mixer may be improved by providing a static mixer made from porous
material with its pores being open and in fluid communication with one another;
providing a static mixer with high surface roughness; providing a static mixer with
surface structures; providing a static mixer with surfaces having zero contact angle
relative to any fluid being processed by such a mixer; Providing a static mixer with
surfaces having maximum difference of contact angle relative to each phase of a two
phase mixture for making emulsions; and providing a static mixer with a non-wetting

surface for mixing single phase components.

The static mixer may have surface structures. The surface structures may be
channels, cones, pyramids, wells, indentations, grooves, or any other formation that is
above or below the plane of an element planar or curved surface. The surface structures

may be disposed in a standard pattern or in a random pattern.

The static mixer may be improved by providing a static mixer made from a
material, like Nano Tool, having zero contact angle relative to any fluid being processed

by such a mixer as the inventors unexpectedly found, may significantly improve the
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performance of the static mixer when making emulsion and high internal phase
emulsions. In an embodiment, the materials may be chosen based upon the fluids being

mixed.

The use of the disclosed static mixer for making emulsions may improve upon the
emulsion making process. Static mixers are used in the production of various types of
emulsions including consumer products, such as, for example, bodywash, lotions,
absorbent foams, dish soaps, and detergent. The static mixers disclosed herein may be
used in the process for the production of absorbent foams, such as those described in U.S.
Pat. No. 5,149,720 (DesMarais et al), issued Sep. 22, 1992; U.S. Pat. No. 5,827,909
(DesMarais) issued Oct. 27, 1998; and U.S. Pat. No. 6,369,121 (Catalfamo et al.) issued
Apr. 9,2002.

Without being bound by theory, it is believed that varying surface characteristics
of static mixers, from having zero contact angles relative to both phases, having minimal
difference in contact angle relative to both phases, or from maximizing the difference in
contact angles relative to both phases, yield HIPEs with different cell sizes and
distributions under identical mixing conditions which affords the opportunity to tailor the
resulting emulsion cell size and distribution to desired application. Further, by tailoring
the static mixer to the fluids being mixed, one can reduce the back pressure created in the

system.

The following sets forth a broad description of numerous different examples of the
present disclosure. The description is to be construed as exemplary only and does not
describe every possible combination of elements since describing every possible
combination of elements would be impractical, if not impossible. It will be understood
that any feature, characteristic, component, composition, ingredient, absorbent article,
step or methodology described herein can be deleted, combined with or substituted for, in
whole or part, any other feature, characteristic, component, composition, ingredient,
absorbent article, step or methodology described herein.  Numerous alternative
combinations could be implemented, using either current technology or technology
developed after the filing date of this patent, which would still fall within the scope of the

claims.
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As used herein, the term "comprising” means that the various components,
ingredients, or steps, can be conjointly employed in practicing the present invention.
Accordingly, the term "comprising” encompasses the more restrictive terms "consisting
essentially of" and "consisting of." Other terms may be defined as they are discussed in

greater detail below.

As used herein, “interior” refers to any portion of a mixer that does not form a
portion of the outer surface of the static mixer. In some examples, the interior of a
product or packaging may include one or more of internal surfaces and internal

components.

FIG. 1 shows a static mixer 10. The static mixer comprises an outer cylindrical
shape that allows the mixer to be housed within a circular pipe. The static mixer 10
includes an internal three-dimensional structure that comprises a plurality of elements 12.
The elements 12 are made of a plurality of surfaces 14. The surfaces 14 may be planar or
curved. The elements 12 may have different shapes, positions, and angles within the

three-dimensional structure.

According to the basic feature of the invention, the individual elements forming
the inner structure of the mixer have no discontinuities and are made without mechanical

joints, hence forming a single, monolithic block.

In order to achieve this result, static mixer may manufactured by any additive
manufacturing process such as, e.g..selective laser sintering process forming subsequent
layers, commonly known as SLS process. Other examples of additive manuflacturing
processes include stereolithography (SLA), fused deposition modeling (FDM), and
selective laser melting (SLM). The static mixer may be created from a three-dimensional
drawing of the desired static mixer, in particilar a drawing of the inner structure of the
static mixer. The drawing may be produced on a computer or processor using a CAD

software or similar program.

in an embodiment, the static mixer may be formed starting from suitable powder
compounds, through a sintering process, in particular through the selective application of

a laser beam which caugses partial melting of subsequent layers of the above-said powder
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compounds, said laser beam being guided by a processor according to the various
drawings of corresponding sabseguent sections of the static mixer, each one derived in
succession from the above-said overall three-dimensional drawing. The static mixer
formed is fully free from welding lines or other types of joints between different elements
or components, since it consists of a powder-sintered product. Further, due to the lack of
welding lines and other types of joints, the static nuxer exhibits a higher level of

specificity and correlation to the CAD design.

The static mixer may be made from any material that can be used in an additive
manufactoring process. Examples of matenials include thermoplastic polymers, ceramics,
metals, and composites of the stated materials such as, for example, Nano Tool which is a
known ceramic based composite. The materials may be used as powder compounds in
the manufacturing process, according to the mechanical features desired for the final
product. In the case of metal products, such as, for example, sieel microspheres, the steel
microspheres previously coated with a layer of thermoplastic polymeric material or of
low-melting metals, for example alloys with a copper, zinc and tin base, whose partial

melting makes the sintering process possible.

The material may be chosen for the purpose of a chemical reaction. In an
embodiment, the static mixer may contain a material that will have a chemical reaction
between the static mixer and one or more of the fluids. In an embodiment, the chemical
reaction may be selected from the group comprising oxidation, reduction, catalytic driven
reactions, or combinations thereof. One of ordinary skill in the art will understand that

other types of chemical reactions may also be contemplated.

Different materials may be chosen to impact the surface properties of the overall
static mixer. For example, different materials will impact the surface energy and contact
angle of the static mixer. The materials may also be chosen to impart a set surface

roughness.

In an embodiment, the static mixers obtained from metal powders sintered with

the additive mamufacturing process may be later subjected to heat infiltration by
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capillarity using melted metals or metal alloys, or may undergo thermal treatments for the

stabilization of the obtained sintering.

In an embodiment, a finishing coating may be applied to a surface of the static
mixer, such as, for example, an inner surface. The coating may give the static mixer
special featares of low friction or of wear resistance, or other special chemical-physical
properties. Said coating may consist for example of a plastic material, such as PTFE
{Teflon), or of a metal material, such as nickel, applied by chemical deposition from a salt

in a solution.

In an embodiment, the static mixer may be made porous. As used herein, a static
mixer that is made porous means that the material comprising the static mixer is porous.
Porous material static mixers allow for two fluids to be mixed in the mixer at the pores,
the impregnation of a fluid immiscible with both process fluids, and the insertion of
added fluids. Without being bound by theory, it is believed that the pores of the porous
material static mixer change the surface characteristics of the static mixer. Additionally,
pores may be filled with something that changes surface characteristics such as, for
example, a solid or a liquid. In an embodiment, the pores may be impregnated with a
fluid that is immiscible with one or both of the process fluids being mixed in the static
mixer. The additional solid or fluid may be distributed in the static mixer in a controlled
manner, such as, for example in a bimodal structure. The distribution of the additional
solid or fluid may be done in any manner that enables the desired outcome. The
distribution may be done by, for example, having a marbled areas within the mixer or

having mixer areas that exhibit different properties within a single static mixer.

The static mixer performance may be achieved via a variety of materials and
methods of manufacture. In an embodiment, a porous material static mixer can be
manufactured by Selective Laser Sintering (SLS) technology using glass-filled Nylon 12
material. SLS technology builds the part from particles bound together by localized
melting with a laser beam. Such method creates a structure with open pores and channels
in fluid communication with one another. A static mixer with high surface roughness can

also be made from Nylon 12 material by SLS technology if the sintering process
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parameters, such as laser beam energy and heating time are set to substantially different

values than these used for making the porous material part.

The object of the invention is a static muixer, which mixer may be introduced in a
pipe or which may be asscociated with the same, for blending a fluid flowing in such pipe.
Such process provides a sintering step of a product in a powder form, so as to obtain a
static mixer consisting of an outer cylindrical portion and of an inner blending stracture 3
formed integrally, with no discontinuities, welding lines or mechanical connections. Said
sintering step is performed according to the SLS process, 1e. it provides the use of a laser

beam with a selective action on layers of said powder material apphied in succession.

In particular, the sintering step provides the sintering of a product made of plastic

material, such as for example polyvamide (Nylon).

Sintering may be performed with a synthetic powder material having a low
melting temperature, so as to then manufacture an intermediate ceramic mold and then a
final prodoct of metal material with a high melting temperature, through a lost-wax

casting process.

The sintering step comprises a plurality of successive sintering steps, through the
action of a laser beam on a plurality of working planes (according to a mode known per
se in the context of SLS processes). Thereby, the mixer consists of a phuality of layers
{corresponding to said plurality of successive sintering steps), juxtaposed according to a
set direction, ie. the advancement direction of the sinfering process. In the standard
application of the SLS process there is provided that each working plane (whereon the
laser bearn acts on each occasion in said succession of sintering steps) is perpendicular to
the longitudinal axis of the mixer resulting from the sintering. In the sintering step
according to the present invention, however, if is possible and useful to employ sintering
processes with layers which may be oriented differently, according to any angle lying
between G deg. and 90 deg. to the longitudinal axis of the manufactured mixer, according
to an optimization of the manufacturing process and of the fluid-dynamic conditions

provided within the mixer. As a matter of fact, since the SLS sintering process leaves in
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the raw product a thin line between successive layers, it is possible to arrangs such line so

that it interferes positively with the blending process.

Moreover, said process can provide, following the sintering step, a heat treatment
step of the sintered mixer, so as to stabilize the sintering or in order to achieve an
infiltration by capillarity of a metal material into a porous material portion of said
structure. The infiltration is achieved, for example, simoply by introducing the sintered
product into an oven, in contact with a metal block, preferably a bronze one, so that when
said metal melts it can seep by capillarity into the pores of the sintered product. Said heat
treatment or infiltration step allows to make the mixer more solid and homogeneous,

eliminating or reducing gaps and porosity.

The process finally can also provide a possible step for the application of a coating
to an inper surface of the mixer, after the sintering step and after the heat
treatment/infiltration step, if any. In particolar, said coating step provides a chemical
deposition step, from a solution of a metal salt, on the surface of the mixer in working
contact with the fluid to be mixed, or an electrochemical-deposition step from a metal salt
solation. As an alternative to the above said metal coating, or in addition thereto, the
coating step provides the coating with a plastic material through a melting step of plastic
material powders, or a dipping step of the mixer in a thermoplastic liguid mixture orin a

sohition comprising a thermosetting plastic material.

The surface coating briefly described above allows o obtain different degrees of
finish compared to the raw sintered piece, and hence special chemical-physical properties
of the surface in contact with the fluid, optimized according to the possible chemical

interactions with the fluid or to an increased resistance to wear.

For some types of applications it may be necessary or preferable for the surtace of
the mixer inner walls to be free from the typical parallel hnes charactenstic of the SIS
manufacturing processes, or at least for the height of the same to be substantially lower.
This result may be achieved by introducing in the process of the present invention a
smoothing step of the mixer inner surface, said step preferably occurring just before the

finishing coating step.
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The above-said smoothing step may be performed chemically or mechanically. In
the former case, an acidic solation having a similar composition to those commonly used
in chemical polishing processes of stainless steel pipes for food use is made to flow inside
the static mixer for a time sutficient to obtain the necessary degree of smonthress. In the
second case, a preferred mode of mechanical smoothing - considering the high
complexity of the geometries invoived - is that obtainable through a sanding process
accomplished in a machine, preferably of the closed-circuit type, which injects high-
speed, compressed air mixed with abrasive sands into the static mixer. It is useful to
notice that in both cases the smoothing processes are fluid-dynarnic, so that precisely
those arcas are automatically smoothed to 2 higher degree, which will later experience a

more intense flow of working fhid, in terms of flow rate or speed.

Applicants have found that using different materials allows for the ability to create

a static mixer that changes bulk and surface properties based upon the materials.

The material the mixer may be made from porous material with its pores being

open and in a fluid communication with one another.

Applicants have further found that porous materials may be impregnated with one
of a variety of the auxiliary fluids having different physical and chemical characteristics
such as surface tension, viscosity, pH, catalytic properties and so on. During processing
by a static mixer made from such porous and impregnated material, the process fluids will
interact with the auxiliary fluids exposed in the pores on the mixer’s surfaces. Without
being bound by theory, it is believed that impregnating the porous material with one of a

variety of auxiliary fluids may significantly improve the performance of the static mixer.

In an embodiment, the static mixer may be heated or cooled prior to contacting the fluids
or during use with the fluids. The mixer may have an electrode used to heat the material.
The electrode may be made part of the mixer during the additive manufacturing process

or added after the mixer has been made.

The surfaces of the static mixer may be made with high surface roughness. This
high surface roughness may result from the process of manufacturing of the mixer or be

added to a pre-manufactured mixer by a post-treatment such as sand-blasting. Without
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being bound by theory, it is believed that High surface roughness, may impact the
performance of the static mixer. Applicants have found that the material of the static
mixer and the roughness of its surfaces can be programmed to result in a surface that has
zero contact angle relative to any of the fluids being processed by such a mixer. This
angle is measured by a standard method involving placing a drop of fluid on the hard
surface, observing this droplet in contact with the hard surface under a microscope and
measuring the angles between the hard surface and the surface of the droplet. When
contact angle relative to any fluid, processed by the mixer, is close to zero, as inventors

unexpectedly found, this may significantly improve the performance of the static mixer.

Applicants have found that static mixers that are programmed according to the
surface angle in relation to the individual fluids being mixed result in lower back
pressure. In an embodiment, a static mixer used to mix a first fluid and second fluid
wherein the contact angle with the first fluid is 0 and 30 or 85 and above and wherein the
second contact angle is either between 0 and 30, or 85 and above may result in lower back
pressure when the contact angle of both fluids is between zero and 30 or greater than 85
or when one of the two fluids is greater than 85 and the difference between the contact

angles is greater than 60.

Applicants have further found that the material of the static mixer and its surfaces
can be programmed to result in a surface that has a large difference in contact angles
relative to the different fluids of a two phase component system that is designed for
making emulsions. Applicants have found differences in cell size and cell size
homogeneity compared to mixing with statics with similar contact angles under identical

process conditions.

The material of the static mixer and its surfaces can be programmed to result in a
non-wetting surface (high contact angle) relative to any fluids in a single component

system to reduce back pressure.

As shown in the table below, the contact angle of the static mixer in relation to the
first fluid and the second fluid being mixed may be calculated. As indicated in the table,

Nylon and Stainless steel are not preferred materials due to their contact angles. Stainless
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steel does not have a contact angle of both fluids that is between 0 and 30 or greater than

85. Nylon also does not fall in to the preferred contact angle ranges.

Material Angle to Water | Angle to Oil
Stainless Steel 0 52
Nylon 0 76
Nano Tool 0 0
Silicone 0 81
PT-113P 42 107

A static mixer with zero contact angle relative to two fluids can be made from
Nano Tool material provided by Proto Labs, and can be made by a standard stereo

lithography technology.

The performance advantages of the aforementioned improved mixers include
lower pressure drop across the mixer, higher maximum water/oil ratios of emulsions and
more control of cell size and more uniform cell size distribution in these emulsions.
Applicants have found that static mixers created by an additive manufacturing process are
robust in emulsion making processes up to at least 1000 PSI of localized back pressure
without noticeable degradation of static mixer material, such as, for example, between 1
PSI and 900 PSI, 20 PSI and 800 PSI, 30 PSI and 700 PSI, 40 PSI and 600 PSI, 50 PSI
and 500 PSI, 60 PSI and 400 PSI, 70 PSI and 300 PSI, or 100 PSI and 200 PSI. Applicant
have found that, for the purpose of mixing emulsions, an additive manufacturing process
static mixer enabled to have a pressure drop of between 0.001 and 5 PSI per element is
sufficient for the intended purpose. Additionally, as discussed above, the additive process
static mixers described allow for material compatibility between the static mixer and the
fluids that are mixed. Without being bound by theory, Applicants have found that a lack

of compatibility with oil phase is important for mixing emulsions. Therefore, finding a
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material that does not degrade by due to the exposed chemistry during mixing. The static
mixer may fail with aggressive chemistries if compatibility is not considered, such as, for
example, when mixing two acids or two strong bases, or materials capable of swelling the

static mixer material.

FIG. 2A-2D represent different examples of surface structures 16 on a surface 14
of an element of a static mixer 10. As shown in FIGS. 2A-2C, the surface structure 16
may be above or below the plane of the surface 14. As shown in 2D, the surface structure
16 may or may not create an opening in the opposite side of the planar surface of the

element.

FIG.3 represents a graph of the back pressure created in a pipe when running
glycerin through static mixers that are equivalent in size and only differ by the material of
construction. The graph shows the back pressure in the system at different flow rates of
glycerin. As shown in FIG. 3, the nylon static mixer and the stainless steel static mixer
have higher back pressures than the Nano Tool static mixer at equivalent flowrates of
glycerin.

FIG. 4 shows four different static mixers graphed according to the back pressure
experienced at different water to oil ratios. The chart also marks the highest achievable
water to oil ratio for each static mixer. All four static mixers were manufactured using an
additive process having the same dimensions. The static mixers are made of four
different materials: 1. A porous Nylon 12 GF, 2. PA650 with high surface roughness, 3.
PT-113P, and 4. Uncoated Nano Tool. All four static mixers were tested at various water
to oil ratios for the amount of back pressure in the system when mixing with the mixers.
As shown in FIG. 4, Nano Tool and PT-113P created less back pressure than Nylon or
PA650 with High Surface Roughness. Applicants further found that the Nano Tool static
mixer and the P-113P mixer can process a higher water to oil ratio. This represents a
potential 30% increase in water to oil ratio while still processing with over 10 less psi of
back pressure in the system.

As shown in FIG. 4, by impacting the surface and matching the compatibility of
the materials used to make the static mixer with the desired fluids being mixed, one can
impact the performance of the static mixer and also impact the amount of pressure created

by the static mixer in the system for a given set of fluid being mixed.
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In conclusion, the method of the present invention provides a static mixer free
from sharp corners and edges, gaps, roughness and other imperfections which, in working
conditions, would cause dead comers, in connection with the flow of the fluid to be
blended. The application of an additive manufacturing process for manufacturing a static
mixer allows to obtain all the cited advantages, overcoming the drawbacks of known-type
static mixers regardless of the geometry of blending inner structure, which may take up
any shape or arrangement, according only to the fluid-dynamic requirements of the

compounds o be blended.

Using an additive manuofacturing process avoids the need to arrange individual
componernts o be assembled later, thereby introducing imperfections, angles, edges and
discontinuities and, on the other hand, it allows to have an inner blending structurg which
extends to the pipe wall, hence performing the stirring and tirbulence action precisely in

the area wherein the flow fends instead to slow down and to have a lanunar trend.

A remarkable advantage provided by such static mixer is finally that of allowing
custom-made manufacture according to the individual client's requirements. As a matter
of fact, in the manufactring process according to the present invention there i3 no
intermediate industrial step between the one of the preparation of a three-dimensional
mixer drawing and that of the manufacture thereof. This hence allows to have very high
manufacturing flexibility, so as to offer, for each specific application, a static mixer of
suitable performance, thereby clearly deviating from the known art which instead puts on
the market a very limited number of mixer types, among which the user is forced to
choose, renouncing a priori an optimization of the mixer in view of the specific

application thereof.

The mixer has been illustrated with reference to maltiple embodiments shown in
the accompanying drawings; however, it is clear that the invention is in no way himited to
sach embodiments which are merely given as examples; the scope of protection of the

invention being solely defined by the contents of the accompanying claims.
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The dimensions and values disclosed herein are not to be understood as being
strictly limited to the exact numerical values recited. Instead, unless otherwise specified,
each such dimension is intended to mean both the recited value and a functionally
equivalent range surrounding that value. For example, a dimension disclosed as “40 mm”

is intended to mean “about 40 mm”.

All documents cited in the Detailed Description of the Invention are, in relevant
part, incorporated herein by reference; the citation of any document is not to be construed
as an admission that it is prior art with respect to the present invention. To the extent that
any meaning or definition of a term in this written document conflicts with any meaning
or definition of the term in a document incorporated by reference, the meaning or

definition assigned to the term in this written document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention.
It is therefore intended to cover in the appended claims all such changes and

modifications that are within the scope of this invention.

It will be understood that the embodiment(s) described herein is/are merely
exemplary, and that one skilled in the art may make variations and modifications without
departing from the spirit and scope of the invention. All such variations and
modifications are intended to be included within the scope of the invention as described
hereinabove. Further, all embodiments disclosed are not necessarily in the alternative, as

various embodiments of the invention may be combined to provide the desired result.
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CLAIMS
What is claimed is:
1. A static mixer enabled to homogenously blend a first fluid and a second fluid

flowing in a pipe without the use of rotating parts, wherein the static mixer
exhibits a first contact angle with the first fluid and a second contact angle with
the second fluid, wherein the first contact angle is either between zero and 30 or
greater than 85, and wherein the second contact angle is either between zero and

30, or greater than 85.

2. The static mixer of claim 1, wherein the first fluid is an aqueous fluid and wherein

the second fluid is a non-aqueous fluid.

3. The static mixer of any of the preceding claims, wherein the static mixer exhibits
surface characteristics, wherein the surface characteristics comprise surface

energy, one or more surface structures, porosity, and combinations thereof.

4. The static mixer of claim 3, wherein the surface structure is changed by a

manufacturing post-treatment.

5. The static mixer of claim 3, wherein the porous elements are impregnated with an
auxiliary substance that exhibits one or more different properties than the static

mixer.

6. The static mixer of any of the preceding claims, wherein the static mixer
comprises a coating comprising glass, plastic materials, metal materials,

fluorocarbons, diamond or any combination thereof.

7. The static mixer of any of the preceding claims, wherein the static mixer
comprises surface structures, wherein the surface structures comprise channels,

cones, pyramids, wells, indentations, grooves.
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The static mixer of any of the preceding claims, wherein the surface structures are

disposed in a random pattern.

The static mixer of any of the preceding claims, wherein the static mixer is a part

of the pipe housing the static mixer.

The static mixer of any of the preceding claims, wherein the material the mixer is
made from comprises thermoplastic polymers, glass, ceramics, metals,
thermoplastic  polymer composites, ceramic cormposites, metal composites,

catalysts, and combinations thereof.
A method of mixing a plurality of fluids, the method comprising:

mixing a first fluid with a second fluid using the static mixer of any of the
preceding claims wherein the contact angle of both fluids is between zero and 30
or greater than 85 or wherein the contact angle between the static mixer and one
of the two fluids is greater than 85 and the difference between the contact angles

is greater than 60.

The static mixer of any of the preceding claims, wherein the static mixer is heated

or cooled prior to contacting the fluids or during use with the fluids.

The method of claim 11, wherein the method comprises mixing three or more

fluids.

The method of claims 11 to 13, wherein the method comprises a chemical reaction

between the static mixer and one or more of the fluids.

The method of claims 11 to 14, wherein the chemical reaction is selected from the
group comprising oxidation, reduction, catalytic driven reactions, or combinations

thereof.
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