STRUCTURALLY ENHANCED PLASTICS W TH FI LLER RElI NFORCEMENTS FI ELD OF THE

| NVENTI ON A conposition for pronoting kinetic m xing of additives
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ol ymer compounds can he jn powder,. |iquid, cubed, palletized and/or any
gthgr extrud@%?géx%ﬂW%OQ?ﬁtmiﬁﬁ%ﬁﬁﬁﬂﬁgPﬁghgﬁP9WEpgcan be virgin, recycled,
or a mxture of both. An exanple of a typical 15extruder is shown in FIG
1. The plastic industry has used fillers to | ower resin costs during
manuf act uring. Typical fil |%K§K|G%QUHP QRITHE N CENBYANt e, talc, wood fi ber,
and a variety of others. In addition to providing a cost savings, adding
fillers bo pl astifsextedinmegrotdss ic ond bf thieandst etortonar medth@ds pefnsarmfgcturingr eases
nmechani cal strength, and in sone cases |owers the 20density.

to produce engineering structural materials. Typically, an extrusion process is used to

=

manufacture lengths of extruded members having a uniform cross-section. The cross-

section of the members may be of various simple shapes such as circular, annular, or

rectangular. The cross-section of the members may also be very complex, including
10 internal support structures and/or having an irregular periphery.

Typically, an extrusion procéss utilizes thermoplastic polymer compounds that
are introduced into a feed hopper. Thermbplastic polymer compounds can be in
powder, liquid, cubed, palletized and/or any other extrudable form. The thermoplastic
polymer can be virgin, recycled, or a mixture of both. An example of a typical

15  extruder is shown in FIG. 1.

The plastic industry has used fillers to lower resin costs during manufacturing.
Typical fillers include calcium carbonate, talc, wood fiber, and a variety of others. In
addition to providing a cost savings, adding fillers to plastics reduces the coefficient
of thermal expansion, increases mechanical strength, and in some cases lowers the

20  density.



Cal ci um carbonate and tal c have no structural strength or fiber orientation
to inprove structural stability. Talc is bonded together by weak Van der
Waal's forces, which allowthe material to cleave again and agai n when
pressure is applied to its surface. Even though test results indicate that
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application because of environnental degradation. Talc avoids this problem
since it is Widh afbwbthe mat&¥ddad déaveragaiddmdsapaim wherepsissumelis applindl fot iys
because of the fiber characteristics interaction with the plastic but wood
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focused on farmwaste fibers such as rice hulls, sugar cane fiber, wheat

straw and a problem since it is hydrophobic.

10 Wood fiber adds some dimensional stability because of the fiber
characteristics interaction with the plastic but wood fiber also suffers from
environmental degradation. All three of these common fillers are economically
feasible but are structurally limited.

The plastics industry has been striving towards improving scratch and/or mar

15  resistance and aesthetic appearance for several decades. Many improvements have
been made over the last decade to increasé scratch and mar resistance but the missing
technology still eludes the plastic industry and their scientists. One challenge is how to
make plastic harder and maintain cost without hindering the aesthetic appearance.
Applicant is aware of no economical structural enhancing filler that addresses the

20  issues of increasing scratching and mar resistance, even though research efforts have
focused on farm waste.ﬁbers such as rice hulls, sugar cane fiber, wheat straw and a

variety of other fillers to be used as low-cost, structural fillers inside plastics. One



variety of other fillers to be used as | ow cost, structural fillers inside
pl astics. One explanation relates to the technol ogy gap of structural
fillers to enhance physical properties with a focus on cost rather than
with a focus on plastic integrity. There are three types of commonly
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by pressure through nechani cal neans or gravity induced flow. .
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i npel l ers both bl ade and sheer designs as well as 10dual or single screw
agitation. 3. Ki'Hetr¢ arenthxéentyped ofjeantmosly msed thiking \peinoipldsyrelangolatot &lding a
surface or inpacts of two or nore |iquids inpinging on each other. All
three of thefahowepladtck:ng met hods have one thing in common that hinders the
optim zing of mxing regardless of the fluid being conbined and regardl ess
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induced flow.

2. Dynamic mixing: liquid induced mixing by mechanical

agitation with typical impellers both blade and sheer designs as well as

10 dual or single screw agitation.

3. Kinetic mixing: liquid is mixed by velocity impacts on a

surface or impacts of two or more liquids impinging on each other.

All three of the above mixing methods have one thing in common that hinders
the optimizing of mixing regardless of the fluid being combined and regardless of

15  whether the materials being mixed are polar, nonpolar, organic or inorgani;: etc. or if it
is a filled material with compressible or non-compressible fillers.

All incompressible fluids have a wall effect or a boundary layer effect where
the fluid velocity is greatly reduced at the wall or mechanical interface. Static mixing
systems use this boundary layer to fold or blend the liquid using this resistive force to

20  promote agitation.
Dynamic mixing, regardless of the geometry of mixing blades or turbine end

up with dead zones and incomplete mixing because of the boundary layer. Dynamic

mixing uses high shear and a screw blade designed to use the boundary layer to



systens use this boundary layer to fold or blend the liquid using this
resistive force to 20pronote agitation. Dynam ¢ m xi ng, regardl ess of
t he geonetry of m xing blades or turbine end up with dead zones and

i nconpl ete m xi ng because of the boundary |ayer. Dynami ¢ m xi ng uses high
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velocity profiles both on the incomng streans and at the injector tip.
However, this sysienicuifieg suffirsimml bdnnédrf dayes efidctanumdacity prafiles bethampt f or
transport fluid phenonena. A further explanation of the boundary

l'ayer fol | owhe ifRhR6kY Badints ddr fG8e HGERGTLH.N HOWRBD HIEX sYdn QRFEREMMIRGOST tY
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are slowed down in el r’ collrTsrons w ecul'es sticking to 10 the
surface. These nolecuJes in turn slow dow the flow just above them The
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by the object surface. This creates a thin layer of fluid near the surface
i n whi ch t hedependii 2 gomhlergeay 6n dm vieasitzof theeflgidr Asdhe floid mevés past gha eam
val ue away fromthe surface. Engineers call this layer the boundary | ayer

because it abjaet,sh@moldealed @ightladxy t® thet Suefadebiticltitd thePurfbe. OlljeafibleSMVERIst
through a fluid, or as a fluid noves past an object, the nolecul es of the
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one moves away from the surface, the fewer the collisions affected by the object
surface. This creates a thin layer of fluid near the surface in which the velocity
changes from zero at the surface to the free stream value away from the surface.
Engineefs call this layer the boundary layer because it occurs on the boundary of the
15 fluid.
As an object moves through a fluid, or as a fluid moves past an object, the
molecules of the fluid near the object are disturbed and move around the object.
Aerodynamic forces are generated between the fluid and the object. The magnitude of
these forces depend on the shape of the object, the speed of the object, the mass of the
20  fluid going by the object and on two other important properties of the fluid; the
viscosity, or stickiness, and the compressibility, or springiness, of the fluid. To

properly model these effects, aerospace engineers use similarity parameters which are

ratios of these effects to other forces present in the problem. If two experiments have



20 fluid going by the object and on two other inportant properties of the
fluid; the viscosity, or stickiness, and the conpressibility, or
springiness, of the fluid. To properly nodel these effects, aerospace
engi neers use sinilarity paranmeters which are ratios of these effects to
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either lamnar (layered), or turbulent (disordered) depending on the val ue
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just as it would to the 20 physical surface of an obj ect. So the boundary
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different fromthe physical shape. The boundary layer may lift off or
"separate" fchamteistidlenyth adivideitethaniseddigeoetfieicahanei.anRb=ai ftenant from
t he physi cal shape. This happens because the flow in the boundary has very
| ow

As can be seen in FIG. 2A, boundary layers may be either laminar (layered), or

turbulent (disordered) depending on the value of the Reynolds number. For lower

15  Reynolds numbers, the boundary layer is laminar and the streamwise velocity changes
uniformly as one moves away from the wall, as shown on the left side of FIG. 2A. For
higher Reynolds numbers, the boundary layer is turbulent and the streamwise velocity

is characterized by unsteady (changing with time) swirling flows inside the boundary
layer. The external flow reacts to the edge of the boundary layer just as it would to the

20  physical surface of an object. So the boundary layer gives any object an "effective"”
shape which is usually slightly different from the physical shape. The boundary layer

may lift off or "separate” from the body and create an effective shape much different

from the physical shape. This happens because the flow in the boundary has very low



energy (relative to the free strean) and is nore easily driven by changes
in pressure. Flow separation is the reason for airplane wing stall at high
angl e of attack. The effects of the boundary |layer on |ift are contained in
the lift coefficient and the effects on drag are contained in the drag

coefficient. 5Boundary-layer flow . _That riion.of ,a fluid fl ow, near
2sol i d sur ioaees PRRE o M et sty angs miPE et Bl e e e« Mo
assunption may not be used. Al solid surfaces interact with a viscous
fluid flow HEewuseaEtion e theoreapqn for pagplaneowingastah vt highy angle, of aitaght Thenat
the fluid and solid have equal velocities at their interface. Thus, a fluid
flowis 10 reffeatsdddhdyoumdanydegtr oollifdars goditaimed irathe ldt ddeffidient agd dve- efifoctsng
boundary layer is formed. A requirenent for the boundary layer to be thin

is that the Mg?h@%oﬂﬁmegﬁng{e&gg%&me@e | arge, 103 or nore. Under these
conditions the fTow outside the boundary | ayer is essentially inviscid and

pl ays th%. rol eI ngc?hnﬂEE ylgggﬂ;gg}:hani smfor the layer. Referring nowto FIG

2B, a typical rnar boundary layer is 15 shown in the
illustration. Such a displ f. . the streamnj.se fl ow vector_ variation near
the wall is call "‘éP9€1°8&%¥%/8W0€9Wse‘?eafrﬁ%§-Sgllfﬁ“‘& ESOMBFTE iSBFRT SEGEREY 8% t hat
u(x, 0) =0, as shown, where uis the velocity of flowin the boundary

| ayer. The wagnifi¢any and guiscitbflowansunaition may hotchesusadcall yolid swifadee invterakt,
finally nmerging snoothly with the outer (inviscid) streamvelocity U(x). At
any point i nyitthe vixesurduiyl flodysdcaudets thd wo-slifs E@dition) a phyL&s Ra@irement that
proportional to the local velocity gradient, assum ng a Newtonian fl uid.
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relates not only to the drag or the of ten soto iIts

transfer,. At th dge.of t boundary |l.ayer, Tag approaches zer.o

byt ot alFiRfediRoTe RS RaR anbe Toler Lot ERBbAIAS e s frmed:

t hi ckness 8 of a boundary layer is usually defined arbitrarily as the point

where u = 0.89equisuRARY iy byularniazrTiodhe thin ¢ that hetReypeldsammher v€ehmol ogy

br eakt hr oughs on boundary | ayer mcro-and 5 nano mxing, i.e., on the
ef fects of Hodydieulagde, M@t bamatal Uhddrltheése qohdifioas mige fiowr anside dha bovndaiyxi ng
properties using the static filmprincipal of the boundary |ayer coupled

Wi th the cogffd-¢d &eéntfaf1¥ flvigehd & M%ﬂh@rdf@éﬁi‘@riﬂﬁ% blethhid féhRe fag&i. d
boundary zone of fluid Tlowmng around a solid particle to pronot
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15  shown in the illustration. Such a display of the streamwise flow vector variation near
the wall is called a velocity profile. The no-slip condition requires that u(x, 0) = 0, as
shown, where u is the velocity of flow in the boundary layer. The velocity rises
monotonically with distance y from the wall, finally merging smoothly with the outer
(inviscid) stream velocity U(x). At any point in the boundary layer, the fluid shear
20  stress/tap is proportional to the local velocity gradient, assuming a Newtonian fluid.
The value of the shear stress at the wall is most important, since it relates not only to

the drag of the body but often also to its heat transfer. At the edge of the boundary

layer, tap approaches zero asymptotically. There is no exact spot where tap = 0,



10 surface roughness, pronoting increased adherence to the zero velocity
zone in the boundary |l ayer. The boundary |ayer is where the material has
its strongest adhesion force or stickiness present. By using a particle
that has a rough and/or sharp particle surface, the adhesion to the

non-slip zo IS _Increased i gh pronotes. bett.er rface adhesion than a
Crooth par ¢ Erey I FRERRS o A BIRTTAER bl oty AREAH & ihdint 5
filler particle size will differ between polynmers because viscosity differs
as well as Wli‘?rﬁlg}%g?{é-ni cs produced by sheer forces and surface polishing
i n nmechani cal surfaces, which creates a variation in boundary |ayer

t hi ckness. A rough and/ or sh8&UMPMRRY OFTHEINYENHONWS the particle to
function as a rolling kinetic mxing blade in the boundary |ayer. The

technol ogy br eaktiyioPsbnteBhRds 88l tdchnd1bkPbRAkRIDuhOSHBAR AN 18yet ibR)-dfned
particle with sharpened edges rolling along the boundary I"ayer producing

mocro mxin i ifat] over. the surface area;kn.which the boundary
| ayer exi)sst glawﬁé@éﬁl%a{jéei‘s&g&eter\g%gtstoe(S:'erl% 3g§/nefl}1c c&hgﬁers r%({{mlsnﬁllmncﬁosn ?rﬁr ough
t he repl acenment of . expensive polynmers w_th inexpensive structural material.
Cost savi ngs'ag) TiKEEeREPsEeY hung g jtatie tibn PHEGPHOHhE dRgrdars bygasqupled
material into plastic. Cost savings by increasing productivity with high

| evel s of orwyidintle eoetilaent of fuactionr wlonnmmeringl mirticle in theBbtid douddagpuoseoent of
additives and or fillers through increased m xing on the | arge nmechani cal

surfaces prouiie @ewig AOidiEa dsAaide @ promdte acBiblafid niixkigng of pol yners by
grinding and cutting effects of the particles rolling along the | arge

surface area as tdif,; Ql.oﬁilérépeﬁ'ﬂgec %%ﬁ?%%?&ﬁ?&(&% ?l?eoﬁﬁlg%%%} %ﬁﬂ&gfe bhe

surface during normal mXing operations: rcrent of
whi ch § 907 o HRt FUFIPES PHIGOERRTEned LBHoR Herart YBRPLY GPae ih he -
boundary | ayers. Increased production of plastic manufacturing b
reducti on ofboundarg deser.i Eeebaundpryf layestis orhermtherrpatodalniiari(s stepgest fadhesion
extruded, force or stickiness present. By using a particle that has a rough and/or sharp particle
surface, the adhesion to the non-slip zone is increased, which promotes better surface
adhesion than a smooth particle with little to no surface characteristics. The ideal
15  filler particle size will differ between polymeré because viscosity differs as well as
mixing mechanics produced by sheer forces and surface polishing in mechanical
surfaces, which creates a variation in boundary layer thickness. A rough and/or sharp
particle surface allows the particle to function as a rolling kinetic mixing blade in the
boundary layer. The technology breakthrough embodied in this patent focuses on a
20  hardened particle with sharpened edges rolling along the boundary layer producing

micro mixing with agitation over the surface area in which the boundary layer exist.



20bl own or injection nolding processes where the coefficient of friction
directly affects the production output. Surface quality inprovenent on
plastics with or without fillers due to the polish affects caused by
kinetic mxing in the boundary |layer on all mechanical surfaces including

dyes, nolds and ef¢. that e .materials, flowin and around during the
finishing pr ocesé(fvaﬁ{ﬁgﬁsoﬁtgﬁ t%@Sﬁ%ﬂ%}VeI ayer renoval by kinetic m xing

t hereby 5having the property of self-cleaning of the boundary |ayer.
Enhanced heat transterCastisaingskibreughcthgirgplagemant of expensiigapelymsiper whi ch is
considered to be a stagnant fil mwhere the heat transfer is dom nantly
conduction but the m witiginekpdnkiee stragural mmepnloduces forced convecti on at
the heat transfer surface. 10Solid particles used for kinetic mxing in

boundary | ayer needgt figvgyihod Iy wjnrggLi charaet Sitist 1oC s '[)P? Ry cal
geonetry of particl és S ousﬁ\él1 gavg a caargct eri stt?c Ot alactorpa gws the particle
the abiliity to roll or tunble al Qn&) tgsg. boundary | ayer surface. 15 The

m xi ng ePficiency of PAPANEMACTRIBPOMNATS with surface roughness to interact
with zero velocity zone or non-slip polynmer surface to pronote kinetic
friction rather tham diqstisavingy byiioereasing produptivity oviths higholevels bef
sufficiently hard so that the fluid is 20deformed around particle for
pronoting Kkinetic m Xiodganidhdrgistructural materials.

e Better disbursement of additives and or fillers through
increased mixing on the large mechanical surfaces produced by

10 the boundary mix‘ing.

e Better mixing of polymers by grinding and cutting effects of the
particles rolling along the large surface area as the velocity and
compression of the polymers impact the surface during normal
mixing operations.

15 e Reduction of coefficient of friction on mechanical surfaces
caused by boundary layer effects with drag which is replaced by
rolling kinetic friction of a hard particle in the boundary layers.

e Increased production of plastic manufacturing by reduction of
the coefficient of friction in the boundary layer for extruded,

20 blown or injection molding processes where the coefficient of
friction directly affects the production output.

¢ Surface quality improvement on plastics with or without fillers

due to the polish affects caused by kinetic mixing in the



the tunbling or rolling effect of the particle. Particles should be size
proportional to the boundary |ayer of materials being used so that the
particles roll or tunble using kinetic rolling friction so that the
particles are not drug within the boundary |ayer, which increases the
negative effects of the boundary |ay based gn_i pcrea .Sur e roughness
restricting flow or c}ﬁuﬂg%&glg%&t R aﬁgr%‘ifggn%qﬂ ?%%%%Sarl C?‘gqlég o{}%g’of the
5boundary layer into the bulk fluid. Particles should be ahle to reconnect
in the boundary | ayer Holgspndeicpihpithe materialyHowdn endasoprd dyripg Bkess based

on particle size and surface roughness. Particles can be
solid or porous naterifaishingipooesde or 10naturally occurring mnerals and or
rocks. Physical geonetry of particles: Spherical particles are not

i deal because of thg fRLhewbAer Ed%ﬁﬁd%q%i’?é?ﬁ&rai kink@KmiBha@Rreby,
si mul t aneously. The first phenonmena relates to the surface friction of the

particlecin the non-slip.zopne and th ond r tes t.o the driving force
appl i ed 150 the 15 part a&n@?%%/prppfﬁ%oﬁsgﬁgcg?wg({?ﬁl%ﬁougfl?@cl%er’t he ability of
the particle to roll or tunble. The driving force_ is produced by fluid flow
on the upper half of thihapesdreat {ransdgredue togkingtiq mixipg e thechopndaryspheri cal |

triangul ar, dianond, square or etc., but sem-flat or flat objects are | ess
desirabl e because t heyaybp with isusvinkidensd|td be Sestagnhhtafilno whieteathe dieptect s t unbl e
| ess wel | because the cross-sectional surface area has little resistance to

20 fluid friction appli@dret ¢ tbMidahilG kBBSRLioHBYE YRS miRinBCST @Bistaal i on in the
formof mxing is desired, awkward forns of tunbling are beneficial since

t he awkward tunbling 1£.rando rat.i i.X] zones. These
random m xi ng zones aﬁgﬁgﬁn@?%%%g%%gc%g\efgﬁ’g] ag?%%r%gtxt%%gfeg}sea%ze&s!’ operating

with little m xing_ bl ades. Son& q;qurr] fast and, sgrre turn slow, _but the end
result i€ that thndapatiges ysedifeg. kineticamyping i sedandaer inged @nheYe has

| ess inelastic properties, the kinetic mxing by the particles will produce
a choppi ng dndowingrtianagtensftiosct due to surface roughness and sharp edges of
the particles.
e The physical geometry of particles should have a characteristic
that allows the particle the ability to roll or tumble along the
boundary layer surface.
15 e The mixing efficiency of particles increases with surface
roughness to interact with zero velocity zone or non-slip
polymer surface to promote kinetic friction rather than static
friction.
e Particles should be sufficiently hard so that the fluid is
20 deformed around particle for promoting kinetic mixing through
the tumbling or rolling effect of the particle.

e Particles should be size proportional to the boundary layer of

materials being used so that the particles roll or tumble using



5Typi cal extruded, as well as injection nolding plastics are PP, PE, PB
HDPP, HDPE, HDPB, Nyl on, ABS and PVC, which are sone of the types of
pl astics used in industry, in which the hardness is proportional to the
mat eri al properties of the plastic. By adding hard fillers into the

pl astic, a tougher nore durahle plastic be refornul ated that is nore
scratch and/or mar resl‘iné‘?qlgrff) 1§ c?‘?ﬂes‘? H}%gﬁ& ar{.‘)‘ﬁf/ss?rgéi()?fﬁlgp?’gglé’rti es of
the plastic. Common fillers are cal cium carbonate and talc, each having a
Mohs har dness scal e r dh¢ heunsiaryl layete fidichy increpses dhejpegating plfeqty ofithe st r uct ur al
fillers having a hardness of at |east 2.5. A variety of

environment al | y st abl éonaday lgksbaad balideedsed surfee asughaesd redtrietatgur al

fillers have not been comrercially evaluated by the plastic manufacturing
industry. 15 These fifidvelo? @hCprollidéCihi’ RinovhlNeY 11 Baridtedout! 6OfHe Wei ght and
environmental |y stable. Sone of the reasons why these fillers have not been
used co rcially is that .th I iLfficul.t, to formul ate and handl e.

Addi ti orTéFl y, these mal{ él%?aaryz%ﬁlg?}%n%?fbgg %usl&'econom cally feasible as
previously used fillers. The follow ng |ightweight structural fillers are
similar in hardness® da@islesshanid heaadlq teirecopne@dn the hoyaday dayshirpainge but
have 20 not been w dely accepted for use in the plastics industry. d ass or
ceram ¢ mcro spheres thabvelkbfbhed doongrerecinadihgy paeeds|babddeort partidiecsdates. The
spheres have had sone success in plastic manufacturing but they have been
used nmainly in the coahidRGFaccadhi@meyes and conposite narket. Perlite
is a naturally occurring silicous rock used mainly in construction
products, an insul a’gorpa;t?crl mason%%/, iri]idghtV\Bi g‘gst S8 nr%setreHSangeforr f ood
additives. Sodiun1pota33|ﬁ%f3?u nom st i 4 (vo?caﬁiczﬁ?lss)ois a mcron
powder used as a plastic flow nodifier to inprove the output as well as to
produce 18nhanced ni xi AgtpplbpRGeurEg migerasrmdiqr yeeks.

Physical geometry of particles:

Spherical particles are not ideal because of the following two phenomenas that
take place simultaneously. The first phenomena relates to the surface friction of the
particle in the non-slip zone and the second relates to the driving force applied to the

15  particle by fluid velocity, which affects the ability of the particle to roll or tumble.
The driving force is produced by fluid flow on the upper half of the boundary layer.
Particle shapes can be spherical, triangular, diamond, square or etc., but semi-flat or
flat objects are less desirable because they do not tumble well. Semi-flat or flat
objects tumble less well because the cross-sectional surface area has little resistance to

20  fluid friction applied to its thickness. However, since agitation in the form of mixing
is desired, awkward forms of tumbling are beneficial since the awkward tumbling
creates dynamic random generating mixing zones. These random mixing zones are

analogous to having big mixing blades operating with little mixing blades. Some turn

10



The structural fillers that have been previously nentioned have a Mhs
scal e 10 hardness of 5.5, which is equal to w ndow gl ass, sand and a good
quality steel knife blade thereby adding particles and equal hardness to
typical materials that will scratch the plastic surface. These structural
fillers are t _held together ,by weak forces erefore, the eep their
rigid shape fgﬁaangosoﬁbet g“%‘?ﬂ\?@“f’t}’ﬁt}/ iﬂ?:eafl?%besbﬁéfjg}ag i%éeé' A& ct?lg?%% éﬁltaﬁngﬁeeavi ng
of weak chem cal bonds between nol ecul ar | ayers, such as 15 may be seen
with talc. Pasoope|raaferdy iwiichy hapHesssinglagti proneeies, dhe Kinstig, @igag hyr theas
what normally woul d damage the plastic surface. Therefore, resistance to
scrat chi ng grdides wil pradgedy chbppisfiand ghiadidgesfectodud toesurfact eoughnessr gar at ed
into the plastic fornulation is inproved. The structural fillers are

preferably |dhahteagbObtithe pavtieg a density in the ranges of 0.18-0.8 g/cn8,
whereas talc and cal ci um carbonate have 20 densities ranging 2.50-2.80

g/ cnB. Therefore, rugtural, fillers re d bl Ye0hnt | astic
Pormi a5 o O PR SREIE Tt b uipy nENER olesfe PP LE bR ERE T
extruded pl astics because of their inproved st ree{}gftg, whi c{h allows themto
wi t hst and nedRBRi ERPB, piviags dvbssang RYiouihish arfgsomte &Hae tYPAS Of Plastics vgsthith of
the mcro spheres increases, the manufacture cost decreases, which nmakes

m cro spher @sdustryj aewhicls thelhatrdnesd isfprdfdostionahtoethe alatdriat pipertics of the@ldstc.
filler materials for consideration include expanded Perlite. Expanded 5
Perlite has Bywtad®iagnhse e iialol meuFla@ﬁd;ya ttdiphBt @agdre ClurilelSlastici MagXBd USi ON
processes because of its mcro bubbles and tubes that are natural

proper (i es ok sl 3 i Al HASLARLARaE e AR IRSRY ©S
T e oL ] G MLk, ol Lol & e L o angly Sl emLl il e

application. For this reason, Perlite has not reached conmercial viability
as struct ur aYlohy hardpessrscelagapngof ile sHowevd, itPigrdesirable 49 use strietura) fillery ed,
whi ch greatly inproves the crush strength of the product, thereby all ow ng
t he mat eri alhaviig atlardrickyoft £ lasist NSt and mechani cal extrusion pressures
process, thereby gaining dinensional stability. One reason this nateri al

has not been adopi ¢gids oﬁeﬁdi}dnﬁfeﬂﬁggtrsﬁﬁfe rhiteri B & bR fob Nsd dshald %tﬂid&?rhl

15form has the ability to crus pressure. Finely mlled Perlite

has the sa hysi cal .properties,. just .a finer. nesh., which w.l .wthstand
n gner - pr esdet ioe noufeRR Eomsiit ity Bratheed BE i RBRGe fbiReliipp dsts’
treatnment systens _as a filter medium As an exanple, a hard sphere rolling
on a sofl® nekhess Ailletsy ag etryciurpl athep\arg fard, light weight and environmentally stable.

Some of the reasons why these fillers have not been used commercially is that they are
difficult to formulate and handle. Additionally, these materials may not be as
economically feasible as previously used fillers. The following lightweight structural
fillers are similar in hardness, density and particle sizes in the micron range but have
20  not been widely accepted for use in the plastics industry.
Glass or ceramic micro spheres have been commercially available for

decades. The spheres have had some success in plastic manufacturing

11



20 depression. The material is conpressed in front and rebounds at the rear
and where the material perfectly elastic, the energy stored in conpression
is returned to the sphere at its rear. Actual nmaterials are not perfectly
el astic, however, so energy dissipation occurs, the result being kinetic

energy of the rolling." By definition,.a flujid is.a material cagntinuum
that is unable t&’“ﬁ@ﬁ%t@&ﬁ eel uged 2 rlnsthreeg‘%aim%ﬁlfl (i ez}ngsti c solid,
whi ch responds to a shear stress with a recoverable deformation, a fluid
responds wi th an dompesitrmakbl.e fl ow. The irrecoverable flow may be used as
a driving force for kinetic mechanical mxing in the boundary | ayer. By

usi ng the princi [eelitef iS & ohdturaly koswatring fdilieuk orockndis¢h emaindy eiased f | ui d
sticking at the surface of the no-slip zone to produce adherents while the

velocity in the RougdRtiyn [RYRtPER IGERor 107 haShiy fﬁ%;ht“vﬁé‘i?ﬁ doR&etet he

particle. The inertial force rotates the particlé along e surface of the

mechani cal process ug ...regardl ess of m xi ng nechani cs used, i.e.,
static, gynam’ c o"r“dﬁf’lfn%gﬁqg?m‘?tﬁ"érel EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

di agram of an extruder. FIG 2A is a graphical_ explanation of boundary

| ayer concepts. Sodiungpgtassigm alumigpmppiligale @Rlspnifaglpssh ivfa MICWR speed or
| am nar boundary layer. FIG 3 is a graph showng the effect of a Fertile
addi ti ve on t hr oypiwglet usefl ai 5 pldsac flopl medifier tbhmpuyie theowputrasdeall as FI G
4 is a graph show ng the effect of sodi um potassium alum numsilicate on

t hroughput of t hep pR#uBS EAHantdl AHEY SOp&ikd fod@dditives. FIG 5 is a graph
showi ng the effect of wood particles on throughput of thernoplastic through

an extruder. The structural fillers that have been previously mentioned have a Mohs scale

10 hardness of 5.5, which is equal to window glass, sand and a good quality steel knife
blade thereby adding particles and equal hardness to typical materials that will scratch
the plastic surface. These structural fillers are not held together by weak forces.
Therefore, they keep their rigid shape and do not have lubricating properties
associated with cleaving of weak chemical bonds between molecular layers, such as

15 may be seen with talc. Particles having a Mohs scale hardness of 5.5 are as hard as
what normally would damage the plastic surface. Therefore, resistance to scratching
and/or marring by the sheer hardness of the ﬁllér incorporated into the plastic
formulation is improved. The structural fillers are preferably lightweight, having a
density in the ranges of 0.18-0.8 g/cm’, whereas talc and calcium carbonate have

20 densities ranging 2.50-2.80 g/cm’®. Therefore, hard structural fillers reduce the density
of the plastic formula.

Micro spheres have recently become of interest for use with extruded plastics

because of their improved strength, which allows them to withstand mechanical

12



20DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS During a jet mll
process, particles strike each other to forma sharp edge via a conchoi dal
fracture. Even though sone particle size selections will produce different
effects with differing polyner selections, it is this edge effect that

G Tioate fadrrsphy SupREBG e A ErRoRE sk BE RS SRR B HE ™

pi gnents, fibers and a variety of_ other materials into thernoplastics and
pol ymer nmat dpgmafactupecost deceasnt which | makes dquiceo shbgres ap gdead rtwetusal (bt | et
mlling include: 5 pumce, Perlite, volcanic glass, sand, flint, slate and
granite in anatemaldonpladticat her m neable materials. There are a variety of
man- nade materials, such as steel, alum num brass, ceram cs and recycled

and/ or new W ndowgbafiler bRtk ABr BEsRIPARDSIABUEE eRPIndBY Pleflite MHphMEEIOr
other related mlling processes to produce a sharp edge with small particle

cut tabl o3 pratit i bRbAE cobbifd L B0 e 31} L LELIRERE A @ ),
Scal ot hat  (RBABC 5 1 RS BIOY e 44 57 L e Mol PIPHEEHOF IRoBs ot
woul d work as likely candidates to produce sharpened edge effects, thereby
wor ki ng as a&asoef withstanslthe oxtruspati prcgsnreavithobt crashing. sTheioushing effedt béthet o be
15 incorporated in today's nodern plastics, polyners, paints and adhesives.
The Mohs scaliRrd &dderte 3igineenddémew.vohii¢lfle®swhich affects the dimensional stability
of the extruded product, which may or may not be acceptable depending on the
10 application. For this ireason, Perlite has not reached commercial viability as structural
filler in the plastics field. Perlite can be finely milled, which greatly improves the
crush strength of the product, thereby allowing the material the ability to withstand
mechanical extrusion pressures process, thereby gaining dimensional stability. One
reason this material has not been adopted as a filler is that the material in its original
15  form has the ability to crush under pressure.
Finely milled Perlite has the same physical properties, just a finer mesh, which
will withstand higher pressures. Finely milled Perlite is currently used in water
treatment systems as a filter medium.
As an example, a hard sphere rolling on a soft material travels in a moving
20  depression. The material is compressed in front and rebounds at the rear and where
the material perfectly elastic, the energy stored in compression is returned to the

sphere at its rear. Actual materials are not perfectly elastic, however, so energy

dissipation occurs, the result being kinetic energy of the rolling.” By definition, a fluid

13



M neral E

Absol ute Hardness 1 Talc (M3Si 401401 Q2) 1 2 Gypsum

(CaSO4. 2H20) 2 3 Calcite (CaCB) 9 4 Fluorite (CaF2)

10

15

20

is a material continuum that is unable to withstand a static shear stress. Unlike an
elastic solid, which responds to a shear stress with a recoverable deformation, a fluid
responds with an irrecoverable flow. The irrecoverable flow may be used as a driving
force for kinetic mechanical mixing in the boundary layer. By using the principle of
rolling kinetic friction and the increased fluid sticking at the surface of the no-slip
zone to produce adherents while the velocity in the boundary layer produces the
inertial force upon the particle. The inertial force rotates the particle along the surface
of the mechanical process equipment regardless of mixing mechanics used, i.e., static,
dynamic or kinetic.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram of an extruder.
FIG. 2A is a graphical explanation of boundary layer concepts.
FIG. 2B is a graphical explanation of a low speed or laminar boundary layer.
FIG. 3 is a graph showiﬁg the effect of a Perlite additive on throughput of
thermoplastic through an extruder.
FIG. 4 is a graph showing the effect of sodium potassium aluminum silicate on
throughput of thermoplastic through an extruder.
FIG. 5 is a graph showing the effect of wood particles on throughput of
thermoplastic through an extruder.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
During a jet mill process, particles strike each other to form a sharp edge via a
conchoidal fracture. Even though some particle size selections will produce different

effects with differing polymer selections, it is this edge effect that produces their

14



21 5 Apatite (Ca8(PX)3(OH,Cl-,F-) 48 6 Othocl ase Fel dspar (KALSi 308) 72
7 Quartz (SiQ2) 100 8 Topaz (A 2SiA(OH,F-)2) 200
performance. The edge effect of sodium potassium aluminum silicate facilitates the
incorporation of fillers, structural fillers, pigments, fibers and a variety of other
materials into thermoplastics and polymer material.

Materials that will produce sharp edge effects upon jet milling include:

5 pumice, Perlite, volcanic glass, sand, flint, slate and granite in a variety of other
mineable materials. There are a variety of man-made materials, such as steel,
aluminum, brass, ceramics and recycled and/or new window glass, that can be
processed either by jet milling or other related milling processes to produce a sharp
edge with small particle sizes. In addition to the listed examples, other materials may

10 also be suitable, provided the materials have sufficient hardness, estimated to be 2.5 on
the Mohs hardness scale.

It is clear to see by the Mohs hardness scale that there is a variety of materials
that are harder than 2.5 that would work as likely candidates to produce sharpened edge
effects, thereby working as a surface tension modifier as well as a structural filler to be

15 incorporated in today's modern plastics, polymers, paints and adhesives. The Mohs

scale is presented below.

Haress Mineral & H:l}:ls:l)‘l:lslste
1 Talc (Mg3Si4010(OH),) 1
2 Gypsum (CaSO4:2H,0) 2
3 Calcite (CaCOs3) 9
4 Fluorite (CaF;) 21
5 Apatite (Cas(PO4)3(OH-,CI-,F-) 48
6 Orthoclase Feldspar (KAISi;Os) 72
7 Quartz (Si0;) 100
8 Topaz (A1,Si04(OH-,F-),) 200
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9Cor undum ( Al 203) 400 10D anond ( C) 1500 The Mbhs scale is a purely
ordi nal scale. For exanple, corundum (9) is twce as hard as topaz (8), but
di anond (10) is alnost four tinmes as hard as corundum The table bel ow
shows conpari son with absol ute hardness neasured by a scleroneter. 5The
tabl e bel ow i ncorporajes addi ti.onal substances that may fall between

| evel s: Hardness Substanc Omndmnrfé\lé%) 6Ti tani um 6.5I4|0hn pyrite 6 to

7d ass, Vitreous purggsili g g (©) 1500

The Mohs scale is a purely ordinal scale. For example, corundum (9) is twice
as hard as topaz (8), but diamond (10) is almost four times as hard as corundum. The
table below shows comparison with absolute hardness measured by a scleromefer.

5 The table below incorporates additional substances that may fall between

levels:

Hardness |Substance or Mineral

1 Talc

2 Gypsum

2.5t03 |pure Gold, Silver, Aluminum

3 Calcite, Copper penny

4 Fluorite

4t04.5 |Platinum

4t05 Iron

5 Apatite

6 Orthoclase
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u = 0.99U. There are many factors that add difficulties in calculating the
paraneters associated with kinetic mxing in the boundary zone, for
exanple: 1. Filler |oading, which produces nodified boundary | ayer
interaction. 2. Heat transfer through the walls creating viscosity

differentials. 5%%n§?§§hﬁ%%%§&%@ ﬁggscontinually i ncreased conpression

i nduced by screw - ‘al reactions where materials are
changi ng physi cal_praqperties such as viscosities, density and etc. The
dynami cs of i xi rigitidesomxing cifigiengy s ingrspasr avhepser{ags reughnepsof thg partigle
interactions in the process industry. Particle size will vary from product
to product ophimisedt lrenecasmg sorfacearpugotestlmsacewérd effectt | Hloe firstleffet ésthathat
there does not seemto be nuch difference at all between a 25 mesh product

and an 800 g@sdte PAidhhéds@nd phﬂic@éd&n&ﬁ?%ﬁhaﬂcbﬁs@ﬁ&é h@tleSionftd @ Rship Sone
boundary | ayer m xing zone dramatically. One approach to selecting a

A L e e e
ffici t s, thi ..be | ti.fied i [
OO B S5 0SSR ST RS 5 PR A,

then the particle size should be decreased. Another approach is to see if"
agi tation speselds imestrobgerimenherisadnigiaction withdhe impetingrfunk dwtherexrmalsi of g,
which illustrates friction reduction by kinetic mxing in the boundary

| ayer. For exesthlspherfchialBrosii@verdsba suFfhesy gh@utticaf adhedibe withpl @kl zéy ough
an extruder at a given screwrpm It can be seen that the additive of

Perlite at B%iniALCAT S Lkt S AEYBRMEer 18 hof ol RlchS i EWi OMBlind. NE tRase of

t he extruder.

10 material is rough and/or sharp or both, then dynamic mixing has resistance to roll,
thereby creating a blade-like tumbling effect, which produces agitation by roughness as
well as mechanical kinetic rotation.

Particle hardness and toughness

Mixing blades and high shear mixing equipment are usually made of hardened
15 steel and polymers are softer than the mechanical agitation applied during mixing.
Since these particles are passing through they need the ability to retain their shape in
order to function properly. The chemical interactions between molecules have been
tested and organized based on their hardness. A minimal hardness of 2.5 starting with
copper on the Mohs scale or harder will be sufficient for a single pass particle to be

20 tough enough for this mixing process.
Filler particles should be sized proportional to the boundary layer region. The
size is usually defined arbitrarily as the point where u = 0.99U. Therefore, a particle

theoretical starting diameter is the height measured perpendicular to the surface where

18



FIG 4 shows that the additive of sodium potassium alum num silicate powder
to the base material allows the extruder to be run at higher rpmthan

previ ously was possible, thereby generating nore throughput on the sane
equi pnent. Due to equipnent limtations, the upper rpmlimt was not able

to be ascertai . 5 sho n is 52%to 73%
of a plasti %ﬁag‘ggg%sgg%ﬁ%ﬁeem%lﬁdﬂ%%sgﬁ %‘% %’dﬁaﬁgﬁ%&eﬁ\é}gggf ﬁﬁﬁ}rxgl%%%a&?mgg{ses can
still be achieved as_ conpared. to a 49% wood content wthout Perlite.

The cheni cafSsPHated Mith Madicapizingds dhe RevindaryzApel JOLG¥E™PIHI es for honpgeneous
l'iquid and the boundary | ayers relative thicknesses for calculating fluid

fl ow properties 10 Filtar londotgamwihohl predpecepmedified dbentarplayemdteteetivont r ansf er
properties. The sane profile assunption is incorporated in this patent as a

starting point of2 trhat ®adskdr ehrBug he walls thating Visislty dfffeagitiapn i n the
boundary | ayer to increase mxing. Particle re-conbining to the boundary

hey ar 6 15 swept o1 aracs rat by kAR Ebphekattn SRERy, 2ver 1T

materials flow ng throygh mechanical agitation take the path of | east

resi stance. The VEIFcidFUPRofile is affected in agitation by resistive
particles to nove in a viscous nedium Therefore, particles that produce
resistance to fl uf &hemisel sgactiensuehdry matarialstasel chamgimedhysind mvopardesr y | ayer so
that the fluid can flow nore freely. If the particle size is large, it can
become bound in Zclh hiwviscositiepairasignadetause the cohesive forces in the
boundary | ayer are not sufficient enough to resist fluid velocity force

bei ng applied to fhesRaRdasy rligngis DHEfA%Re most complex mechanical chemical

10 interactions in the process industry. Particle size will vary from product to product

optimization may or may not be needed. Testing indicates that there does not seem to

be much difference at all between a 25 mesh product and an 800 mesh particles. In
both cases, the particle affected the boundary layer mixing zone dramatically.

One approach to selecting a suitable particle size is to determine when a

15 particular particle size creates an adverse boundary layer effect by increasing the drag

coefficient. In most processes, this may be identified by monitoring an increase in amp

motor draws during the mixing cycle. If the amps increase, then the particle size

should be decreased.

Another approach is to see if agitation speed can be increased without motor

20 amp draw increasing, which illustrates friction reduction by kinetic mixing in the

boundary layer. For example, FIG. 3 shows the throughput of a thermoplastic through

an extruder at a given screw rpm. It can be seen that the additive of Perlite at 8%

increases the throughput for 45 rpm of screw over the base of the extruder.

19



t hereby sweeping the particle back into the fluid suspension. Particles
with small sizes will reconbine naturally in the boundary |ayer based on
cohesion forces caused by surface roughness to pronote kinetic m xing even
if the particles beconme tenporarily suspended in the bulk fluid flow.

M neral pr O_CeSfSi (I}th g%ﬂg\g %&ﬁ}s a'&ﬁ¥ | e0; ggmﬁﬁo%?a%sm a1 ﬁlﬁ{ §att<€3l wﬁﬂ‘l tiple

hi ghly specializ hey have Pogparate pa

nmet hods as wel |l as 5 shape themlnto smal er partlcles n the case of

t hese hi ghl {P %é@ﬁ%mampg%wwe&xtraéeo@sbw&t. ag@rmnﬁﬁ%awome Wssi red
t hr ee-di nensi onal bl ade |ike characteristics with sharpened edges in an
aspect rat i pogyibdat therebjagenbrating hmoreatleoughipumest thee s@ne i agqpaotent.et Duiel foed or
jet mlled process. Inpact jet mlling is a process where the process

materi al at eqiiigfiet@intitdtions, fhd SppRr ik Afmedassidt bele o boaReAsiHeE a shattering
effect of 10 particles. In jet flitting, opposing jets cause the process

material o IWDaCIFIGUB%Ho\!V%]ﬁl% bych QIR Qoo AR oI S Ghacib o 294

conchoidal fractures on t materi a I ciéncy of £ PRefTC M xi ng
particle du esul.ting with su ce sharpnes , bl adel i ke, edges
(see Append?’iir it a an AWB M S‘ﬂ%"l}%g’é gg‘%"l TALCS (R SH@?’@PF‘&PV?#%FOH&%&E%‘
process renoving an 15 desired surface characteristic, e.g., sharpness. For
use as par t tocd #8oiwpod isentenipvislaut edite.r usi ons, solid minerals or rocks
shoul d be refined to particles of 10 to 20 nesh or smaller. This is the

typi cal starting Fieidhemiel iddee@y hg profieed adst mttlds Aad tabpadbr héhogenebgd or
jet mlled process. This can be acconplished by a variety of nethods that

are Commn! K@ ahl AR Koy 1R reRivE BRI Kdeal QARG HHEE N8R Prbfics
particle si z(es. The
10 for mechanical equipment selection and heat transfer properties. The same profile
assumption is incorporated in this patent as a starting point of the particle size so that it
will function in the boundary layer to increase mixing.
Particle re-combining to the boundary layer
Particles can be selected to re-interact with the boundary layer if they are
15 swept off into the bulk fluid during mixing. All fluid materials flowing through
mechanical agitation take the path of least resistance. The velocity profile is affected
in agitation by resistive particles to move in a viscous medium. Therefore, particles
that produce resistance to fluid flow are usually directed towards the boundary layer so
that the fluid can flow more freely. If the particle size is large, it can become bound in
20 fluid suspension because the cohesive forces in the boundary layer are not sufficient
enough to resist fluid velocity force being applied to the boundary layer surface,

thereby sweeping the particle back into the fluid suspension. Particles with small sizes

will recombine naturally in the boundary layer based on cohesion forces caused by

20



20 preferred mneral or rock should be able to produce conchoidal fracture.
This ensures knifeli ke edge effects with three-dinensional shapes. Refer to
Appendi x 1 for images of conchoidal fractures. hi the case of porous
m nerals or ocks, the characteristics of the pores being smashed and

shattering upgon i ct during the inpact jet or.jet mllin rocess
creates thes %é‘%ﬁﬂﬁ 4P BFRTOtR Kinetie i%lrgcﬁ)'gn é"fm%‘l}ﬁé’&ﬂ@%'ﬁe&ﬁ%g Eerﬁ?fgﬁn]tyhoug h
rough and uneven surfaces may be sufficient in sone mxing applications, in
this case, susperskdipthe butkeflydiflowcl e the better the results. Refer to
Appendi x 1 for reference particle sizes after jet mlling. Man-nade

materi als such asviffleas ?mce@ixagnfeamowg@bsnﬁtfab&mom flor berasries andrarehighlgf

ot her types of materials neeting the m nimum hardness of 2.5 by the Mbs

scate thal piodee 98] BaROgeshilt) by SphlileaaflBPhP bl AARRI A0 Grdasaspect

ratio |arge an 0 7 can be use npact jet”or jet mlling process
typically wi.th these materjals oduc arti S '%Farrea aver.age of 5 -
60 Itmvv%t hShapgt ed?émﬁa%?ﬂe It ﬁewegf?sglcg ﬁ%le%\gh s $PCiE Z%des‘B} c¥ssed
into the desired three-dinensional 10 sharp edged particles with an_ aspect

ratio of 0. poranymeiegials topprodiem theodesiedntlanserdireensional plade dike| charpgteristigs t he

particles rather than jet mlling. This is clearly illustrated in the
pi ct ures of whAhphageredsedgés inted aspevt faworeated thag0.d4ke patetiabinest Heefnampagtet
mlling. Another filler material that is commonly used in '

conj unct i onjepintifled R EORIIRRL hioSedsS PRE jét fﬁﬁﬁn%-@ aV@otdsy Wet s phdtess

material is actually enhancing 15 m Xing, the best way to approach this is

to mix a heayy i scosht Q/elgc‘%yefnj al %&%egos%fazé ngpg%a[q‘gg_rat %h%?‘ﬁegﬁfé ifggfect of

hi gh- densi t?aﬁgiaypro | ene” I’no Sggnl C ers wood eria
conpressible and is organic. The reason this is significant is inorganic
and or.gdfli cP¥eles-i B ist maliBS.onperaS I5tHEause tewyoress niateriah & 1‘%1??(%}‘1’%[’55@' ated
wi th extruding wood plastic conposites is "edge 20 effects,” which is where
t he mat eri ato rhdwes assh@terirgg affest, tiee eondhalabfrhctutes on thdmattdgle sThel effisioney
cases, this Christmas tree effect is because of inproper mxing and
resi stance of the kinetic mixing particle due to the resulting with surface sharpness, i.e., bladelike
edges (see Appendix 1).
A ball mill process tumbles the material in a batch process removing an
15 desired surface characteristic, e.g., sharpness. For use as particles in thermoplastic
extrusions, solid minerals or rocks should be refined to particles of 10 to 20 mesh or
smaller. This is the typical starting point for feeding material into the impact jet milled
or jet milled process. This can be accomplished by a variety of methods that are
commonly avai‘lable and known by the industry to produce desired particle sizes. The
20 preferred mineral or rock should be able to produce conchoidal fracture. This ensures
knifelike edge effects with three-dimensional shapes. Refer to Appendix 1 for images

of conchoidal fractures. In the case of porous minerals or rocks, the characteristics of

the pores being smashed and shattering upon impact during the impact jet or jet milling
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of the material which is dragging on the dye exiting the extruder caused by
boundary | ayer effects producing rough edges. It is common in industry to
add lubricants in the forrmulation to overconme this problem Lubricants
allow the material to flow easier over the boundary |ayer, thereby allow ng

t he throughput to increase by.increasing the of the.extrusion Screws
until the e&@éeséfq%aé‘?ss&ﬁ S }mﬁ?ﬁ?fﬁ? :kﬂg?lg%?t%gg%g?hﬁ%% Welf%r 5%3%‘8“ t he
process material. Test procedures used that sane visual appearance 5 as an
i ndi cat or ofoughand yaeves tsurfpges mepy et suifinien inseme Brixing pPRIFaHgns, Hethisasader s
screw rpm Experinment #1 Base fornmula neasured by mass percent

3% | ubri canthe sharpemthe phrtialeahebetted tirreatifsy Refee tdh Appéreliainfcaciveoncd paiticleal c: a
Nicron 403 fromR o Tinto 41% Thennoopl astic: HDPE with a MFI of 0.5

and a densi {i¥eOffier fop tiflhiyl Maﬁqmtdeldlﬁéﬁa@s&ﬁrgggra@;,%le}msé AShihRGs GR1ImESh
eastern white pine purchased from Ameri can Wod fibers The

materials were dry bl.ended with a 4. diangter by.1 5! r er 15
for 5. m ut Bes ypisly YOttt i RS trecRlindmim SRERsF 0B b7 R

counter-rotating twin-screwwith a 23 LID. The process, tenperature was 320
F, whi ch walMobssstlaihatinipdisgrdatp edges Mithsa thige-dgpensionshshaneAnd erwetlsed

and added to the base fornula to prove concept these inert hard fillers
were. 201. fatdilargeptiandsi can bd useidn iFhesirpactatieor jebintlding pregdesstypicallpivath i s a

these materials produce particles with a mean average of 5 - 60 um with a single pass.
Man-made materials like glass may be processed into the desired three-dimensional
10 sharp edged particles with an aspect ratio of 0.7 and higher by means of a mechanical
roller mill smashing the particles rather than jet milling. This is clearly illustrated in the
pictures of Appendices of the raw feed small glass particles before jet milling.
Another filler material that is commonly used in conjunction with
thermoplastics is wood fiber. To verify whether the material is actually enhancing
15 mixing, the best way to approach this is to mix a heavy viscosity material with poor
flow properties with high-density polypropylene inorganic fibers wood material that is
compressible and is organic. The reason this is significant is inorganic and organic
materials have a hard time mixing
A limiting factor associated with extruding wood plastic composites is "edge
20 effects," which is where the material shows a Christmas tree like effect on the edges.
In some cases, this Christmas tree effect is because of improper mixing and resistance
of the material which is dragging on the dye exiting the extruder caused by boundary

layer effects producing rough edges. It is common in industry to add lubricants in the
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m cron powder used as a plastic flow nodifier to inprove the output as well
as to produce enhanced m xing properties for additives. 800 nmesh solid
mat eri al hardness 5.5 Modhs scal e hardness (Rheolite 800 powder); and 2.
Expanded Perlite is a naturally occurring silicous rock used mainly in

For food adBrPPUBEn Siuienh smubiena: Tanh A aneds miEifdh it s © ™
Experiment #2 Baseline material maxi mumthroughput before edge effects
appear ed r poyer she-bamdary lapatherebynatlowmgdhe throwshpet © isergeasedyy iagteasing theg
sodi um pot assi um al um num powder 0.5% 22 rpm = equal 15.75 an
overal | i ncrppasethefextrnsionghipwt uill Beedge effigatappemt alhychd@dicates a maximum
throughput of the process material. Test procedures used that same visual appearance
5 as an indicator of the fastest throughput which was controlled by the extruders screw
rpm.
Experiment #1
Base formula measured by mass percent
3% lubricant: a zinc stearate and an ethylene bissteramide wax
10 7% Talc: a Nicron 403 from Rio Tinto
41% Thermooplastic: HDPE with a MFI of 0.5 and a density of .953
49%: wood filler: a commercially classified 60-mesh eastern white
pine purchased from American Wood fibers
The materials were dry blended with a 4’ diameter by 1.5” deep drum blender
15 for 5 minutes prior to feeding.
The extruder was a 35mm conical counter-rotating twin-screw with a 23 L/D.
The pfocess temperature was 320° F, which was constant throughout all runs.
Two other materials were used and added to the base formula to prove concept
these inert hard fillers were:
20 1. Sodium potassium aluminum silicate (volcanic glass), which is a

micron powder used as a plastic flow modifier to improve the output as

well as to produce enhanced mixing properties for additives. 800 mesh
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1% 22 rpm= 19.5 and an overall increase of throughput 48.5% 15effects of
Perlite additive on extrusion Baseline material nmaxi mumthroughput before
edge effects appeared rpm 19 = 13. 13 Experinent #3 Maxi mum t hr oughput usi ng
Perlite 20The results of Experinent #3 may be found in FIG 2. 8% rpm45 =

21.13 an overall inpcrease of throu t 60.9% 16%. r 5 = 2 3 an
overal | increase S8 tWPYS’H@ﬁM‘ﬁE%. 97{1}0) gg@qs rsﬁﬁﬁ% aﬁgnﬁ%éheg}fteo&é)gjal I

i ncrease of throughput 5.33% 33% rpm45 = 21.13 an overall increase of
t hroughput 16. 1 powder); e reason the hi gh percentages of Perlite were

chosen was to renove the possibility that this material was just a filler.

The edge effects 20Exphkict Tedlite d$ Amasiralladcckirtingesilidoas esckpadetl imdirly
interacting with the boundary |ayer even at 33%still showed an 5

i nprovenent of 1630 &gﬁﬁ'ﬁ&{g‘mt ARIUERS RaSRulBire Fdraknasdity o ughruiagf the

mat eri al could have been higher but the rpns [imtation 6n the extruder was

45 and the nmateri al S i ng hand .f ed at .is wh bel i eve 25% t he
t hr oughpdt decr eé’gg%f\é%@@g&éregm a@‘ﬁ%l?’?scawin&%h P?{O?%@\é\ﬁﬂéﬁ%%‘irh%%g}si ght wei ght
material for the first tine but by the time we got to 33% we had figured it
out. 1O0Experi nentMahssicpléct s of wood on t hroughput The results of Experi nent
#4 may be found in FIG 4.

Experiment #2

Baseline material maximum throughput before edge effects appeared
rpm 19 =13.13
10 - Maximum throughput before edge effects using sodium potassium
aluminum powder
0.5%, 22 rpm = equal 15.75 an overall increase of throughput 19.9% or
approximately 20%
1%, 22 rpm = 19.5 and an overall increase of throughput 48.5%
15 effects of Perlite additive on extrusion
Baseline material maximum throughput before edge effects appeared
rpm 19 =13.13
Experiment #3
Maximum throughput using Perlite
20 The results of Experiment #3 may be found in FIG. 2.
8%, rpm 45 = 21.13 an overall increase of throughput 60.9%
16%, rpm 45 = 21.13 an overall increase of throughput 44.7%

25%, rpm 45 = 21.13 an overall increase of throughput 5.33%
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Basel i ne material maxi mumt hroughput before edge effects appeared rpm 25=
17. 68 15concentration of Perlite was held constant at the starting point of
2% 52% rpm 45 = 27.60 an overall increase of throughput 60.9% 59% rpm45 =
26.25 an overall increase of throughput 48.7% 64% rpm45 = 17.00 an

overal |l increase of thr hput. 36% 69% r 45 = 24 33 an rall increase
of throughput 37% 2072&%%%6_-%?%V%@EW&WS?%éb@&gﬁp‘ﬁ%ﬁhr oughput 10%
The reason this test was chosen was because the | oading of a |ightweight
organic filler inkhs mgasoinnibe dugh perventegdsadf Peslitenwensadhesen wae tedgmoes thect s
show up rapidly. There was no maxi num t hr oughput reached once agai n because

t he rpm wer gosaibildty thERxhisHAdHAl ivas JidPa filledThe Rdgd efectssf the thrbadiniedsiogal
decreased to 30 to prevent edge effects. The conpressible fibers in the

extrusion i %yiﬁ.le% wood
fiber is a%@%@gg‘gﬁ%fidl‘%&%%@%ose gr?gp?d&g}éyggr %yég%ﬁt@%ﬁ{o@re—%@%/ cm
after extrusion again he wal i ch have the abilit 5 encapsul.ate
These hacd. BAROTENa Of horigeaiG ety tess Bl Trihsbi’y abfhefoiaARand ©
is the effect of the three-dinensional particle shape with bl ades that

al | ow t hi s havecermhigher buftthe spme Fimitgtien pathestruder wad4$ and e metedaliv@s even
when they are undergoi ng conpression and being swept away. There was

verificati obeihgahnd fidsthanisewhplweobdieat as 26% theethtnmghplardecteayel baaokei ¢f 10
self-cleaning. The first day of trial runs we ran the materials in the

order showngipicfifi& il "feRy subh& 1%@&\9&%%1%){&9{11 foP el ﬁxistlaﬁmelbm BehiRy gmt R wood

filler experinment under the sane conditions, materials and weat her the

basel i ne materi had, a, si gni f.i cant increase of throughput. Day
one, basel i%‘gtﬁg%%r‘?'%padr@gﬁ%ﬁﬂ‘ roughput before edge effects appeared

15rpm 19 = 13. 13
P 10 Experiment #2

Effects of wood on throughput
The results of Experiment #4 may be found in FIG. 4.
Baseline material maximum throughput before edge effects appeared
pm 25 =17.68
15 concentration of Perlite was held constant at the starting point of 2%
52% rpm 45 = 27.60 an overall increase of throughput 60.9%
59%, rpm 45 = 26.25 an overall increase of throughput 48.7%
64%, rpm 45 = 17.00 an overall increase of throughput 36%
69%, rpm 45 = 24.33 an overall increase of throughput 37%
20 74%, rpm 30 = 19.46 overall increase of throughput 10%
The reason this test was chosen was because the loading of a lightweight
organic filler into an inorganic material is increased, the edge effects show up rapidly.

There was no maximum throughput reached once again because the rpm were at a
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Day two, baseline material maxi numthroughput before edge effects appeared
rpmz25 = 17.68 with an overall increase of 34.6% This was caused by the
equi pnent bei ng polished inside with the high concentrations of Perlite
fromday one proving itself cleaning the boundary |ayer. This 20 polished

surface on day.two s haye had negative affect wth the kinetic
boundary | a?@%ll?ﬁr& Pﬁgpzjx"%ﬁ iWX’é‘iJ?th‘é & k‘ar%tot}’&f%&léﬁa?dl tgﬁg’rto\f%ﬁ‘fe %ﬁ‘?ﬁfe been
reduced or thinner because the coefficient of friction caused by drag on a
pol i shed sueffeste The compressible fibers ipthiccextrusion prasessnast like Rroogn sweeps along

t hr ee- di nensi onal shape wi th sharpened bl ade |ike edges provide excellent
Ki neti c rol theriguadggbayer.t Tlesweve fiberf istaheorhmusiitde Yilleaydose ddiisitk pess fromanges
and continuous conpression forces in the dynam c m xing of the extrusion

process. .04g/cm to ThQ%@auaﬁar YxtrS] dEhinsl e Watl RAhidPHEIE RS HARyPR
i ntroduced t hroughout Industry in a variety of ways. For exanple; in the

From t ho °pl ereleth ol Bep suiiesn tnaroeabey e B Erailstrahpr Rty i
plastic. The particles can be incorporated into colored pellets by pignent

suppl i ers atfcdheratfeet o€ thedBreedimgnsionghargirleshpng Wit blades thrigiang this maferial

to cut softer material not in bed in the material even when they are undergoing
compression and being swept away.
There was verification that this material operates in the boundary layer and is
10 self-cleaning. The first day of trial runs we ran the materials in the order shown by the
graphs. The second day of the trial run before the wood filler experiment under the
same conditions, materials and weather the baseline material had a significant increase
of throughput.
Day one, baseline material maximum throughput before edge effects appeared
15 rpm 19 =13.13
Day two, baseline material maximum throughput before edge effects appeared
rpm 25 = 17.68 with an overall increase of 34.6%
This was caused by the equipment being polished inside with the high
concentrations of Perlite from day one proving itself cleaning the boundary layer. This
20 polished surface on day two should have had negative affect with the kinetic boundary
layer mixing experiment because the boundary layer would have been reduced or
thinner because the coefficient of friction caused by drag on a polished surface is

smaller. It implies that the material's three-dimensional shape with sharpened blade

26



10 The particles can be incorporated as palletized with filler inorganic or
organi c and marketed as self wetting filler. The particles can be
incorporated into dry powders and marketed as self wetting powders such as
fire retardants, fungicides and fillers etc. The particles can be

incorporated into |iquids as,a dishursenment for.|iguid Lgnment s

ol 2ot i ser ke Bsts ardinf Safdiedy §igehs S8R e dinos fi¢h o TRE bR ayers
boundary | ayer kinetic m xing particles can be utilized by the paint

i ndustry: é‘#’é‘nﬁﬁr ¢hapgessandagpniaueyscenmsesioadionses gn she dynaneicipixing,ebthe

di spersion properties of pignments, plasticizers, fungicides, W

st abi | i zer sextfusion predeas.dants, etc. 20 The particles can be incorporated
into pignments at custom m xi ng stations found in paint stores to help

dispense | ess mateiel hudB RHGCNARE HEixERTBariObo cal HeOMIBARRA! @Fouphsiing and

di spersion property m xing. The particles can be incorporated into dry
powders f.rom.additives factyrers to he i.spe ire retardants,
fillers gt cl.ndu%lwemﬁavr F{({’ﬁ)glsjwa Séinial e gel’ f)notlrh g gaaa‘?snrg‘%&g%r ay cans to increase
the m xing along the walls pronoting boundary |ayer mxing. 5 The particles
can be i ncor pdr al’i Hapidest G&n dsnisaderated xntagpestized fpem ¢ Bomr BieoPlashest t er
surface area m xing or boundary layer and liquid to liquid interface
boundary | ayer mnahufgctureebivhmarsketadrasa paodhcapo kicesmsiag plastic.

e The particles can be incorporated into colored pellets by pigment suppliers and
marketed as rapid dispersing palletized pigment.
10 e The particles can be incorporated as palletized with filler inorganic or organic
and marketed as self wetting filler.
e The particles can be incorporated into dry powders and marketed as self wetting
powders such as fire retardants, fungicides and fillers etc.
e The particles can be incorporated into liquids as a disbursement for liquid
15 pigments, plasticizers, UV stabilizer, blowing agents and lubricants etc.
The boundary layer kinetic mixing particles can be utilized by the paint
industry:
e The particles can be incorporated into paint to increase dispersion properties of
pigments, plasticizers, fungicides, UV stabilizers, fire retardants, etc.
20 e The particles can be incorporated into pigments at custom mixing stations
found in paint stores to help dispense less material and produce the same color

through better mixing and dispersion property mixing.
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The particles can be incorporated into a |ubricant package used for

cl eani ng spray equi pnent through continuous recirculation with chem cal

cl eaners. 10The boundary | ayer kinetic m xing particles can be utilized by
the lubrication industry. The particles can be incorporated into oils

to pronote better flow. around surfaces by |oweripg the boundary er
friction zone ‘pr%cP%aS%t fay RernporgosRtadh 1pK Hﬂéaﬂ?oﬁfe%ﬁ g‘Fonf e?t‘kfgg&etsure on

this additive because it's a solid particle: cars, boats, 15 planes,
bi cycl es i nt er namawifhcteseretorialp dispersedire retardants, filkess ggart i cl es can be
incorporated into oils for whole household cleaning allowing the oil to

spread nore ewentye prtidlel BABEInchARdted RIS S}_Bl_ﬂaii ehis fodnfl8sRBe Blikialk aldhser
ti me because the | ayer is thinner. he particles can be

i ncorporated int reak fluid hydrauljic.f.luids of all types 20 producing
a better respons@e&a?lglpﬁ(?n&&h%sqogﬁx ?‘lﬁt‘%l{dﬁ% boundary | ayer noves with
kinetic nobility when pressure i s applied. The particles can be

i ncor por &t ed i*nt 5hg particles drani e oEFREYES N9t FOHPYITE Jaixig materialsetor yel

as well as a self-cleaning action due to particles interacting on boundary
| ayers t hr oughouprotitoée \hhitdresiefece raged hoxingasrhbafndegyntayet awh ligoel twiliqgidt he
exhaust where the particles will still have a cleaning effect. The

particles can beinagaRd basndary MPrinsiRiHg @8anbs Slred sRNBVkfes@td ect |y fromthe

refinery. The particles will not only help a car's lubricating effects and

L5700, 11 % YR G SRR HY hiohRa BEUSRE B B SR O
boundary | ayers. spray equipment through continuous recirculation with chemical cleaners.
10 The boundary layer kinetic mixing particles can be utilized by the lubrication
industry. |

The particles can be incorporated into oils to promote better flow around
surfaces by lowering the boundary layer friction zone producing better wetting with no
break down of temperature on this additive because it's a solid particle: cars, boats,

15 planes, bicycles internal oil external oil, etc.

The particles can be incorporated into oils for whole household cleaning
allowing the oil to spread more evenly as a thinner layer less likely to become sticky
over time because the layer is thinner.

The particles can be incorporated into break fluids, hydraulic fluids of all types

20 producing a better response to fluid motion because the boundary layer moves with
kinetic mobility when pressure is applied.

The particles can be incorporated into fuel additives promotes better

disbursement in the fuel as well as a self-cleaning action due to particles interacting on
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The boundary | ayer kinetic m xing particles can be utilized to increase
flow properties. Most liquid nmaterial flow ng through a pipe, punp system
and/ or process equi pment undergo boundary | ayer effects based on drag
coefficient regardless of the 10 surface geonetry which this technol ogy can

reduce drag, b Ir oj1ot | kinetic boundary |ayer m xin i.th.a, ..

sel f-cl eani h@‘y@g‘fyegg‘?rs %ﬁ’ioé‘gmqtltﬁ%l“i%ﬁ% ﬁ}t%%ﬁé"naatg}@cc@g@u\é\%ﬂf Btlysking the
performat optinmmlevels. _ The boundary |ayer kinetic m xing
particl es ceshapg wher¢ theadrtictesiwvilstl haveeleaningpl¢sdr . Because the boundary

| ayer is being kinetically noved it is no |onger a 15 stagnant fluid heat

transfer zone thikhdpgtidesen tdwidegat atlidivaheindodiopesdmedss diredigtffons tites.
Now t he stagnant boundary | ayer has turned into forced convection on both

si des not | HgteQNGhe tHARidIds vl h&t Sy indiPRdad N RibEbA éf?ec?suéx{daag?ning the The

boundary | ayer Kinetic mxing partitles can be utilized by the food,

pharmaceyticals and.agricul ture industry.. Because e sel.ection of the
a1 ol ed cantan Ba0ma T e M b Gt o BERPRECH PESSURRGP BoT du
through plants into its packagi ng can be enhanced and process equi pnent can
m x things Fsideebridd upghslydgetype material in the boupdgy layeke. present invention is
wel | adapted to carry out the objectives and attain the ends and advant ages
ment i oned above deheviedundary apardanétichaixdmg padiielesican béhitilized te sentaky flow
preferred enbodi nents have been described for purposes of this disclosure,

nuner ous chapRgegiednN V0¥ diguidAblepaBIdWink t&%u??ﬁ%ﬁ;%ﬂbuﬁ@ sh4teman@for prsteRary 5
skill in the art. Such changes and nodificafions are enconpassed within the

igimr)iotsi ,[OT O;Qdﬁ%%l%gﬁ%%%g b%%m&la%/ilg%g eﬂgctg Iggse(dflo‘%i @fﬁg cogﬁ'é‘:‘ie%reg;(rdléas‘s of the
10 surface geometry which this technology can reduce drag by promoting kinetic
boundary layer mixing, with a self-cleaning effect. This will allow pipes and process
equipment to perform at optimum levels.

The boundary layer kinetic mixing particles can be utilized to increase heat
transfer. Because the boundary layer is being kinetically moved it is no longer a
15 stagnant fluid heat transfer zone this increases the heat transfer properties on both
sides. Now the stagnant boundary layer has turned into forced convection on both sides

not just one, the fluid to fluid and the fluid to surface.
The boundary layer kinetic mixing particles can be utilized by the food,
pharmaceuticals and agriculture industry. Because the selection of the particles can be

20 approved by food and drug the processing of food through plants into its packaging can

be enhanced and process equipment can mix things more thoroughly.

* * * *
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a fluid; and a mlled material dispersed in said fluid said mlled
mat eri al conprised of particles having sharp conchoi dal surfaces, said
particles having a conpl ex three-dinmensional surface area, said particles
havi ng an aspect ratio larger than 0.7 for pronoting kinetic boundary Iayer

mxing in a non-| Vi SCosi. t The.co Sltl dln
claim1 wherein s’t’h @SngF%??lnh‘%/eg ﬂWﬁﬁ aélﬁ%ﬁedc[ﬁ qgea ﬁ’o%%

snoot h, sharp surface. . . The conposition according to claim1l vvherel n

sai d corrpl esitaim rﬂefeemwms péveafagsy micatianel ahoveHpYFs @8 thosenibensnt dieagip,

bl ade-1i ke surface. 4. The conposition according to claim1l wherein said
conpl ex t hr B&ildi preseiitlg ngrefested f anldaneds danp rhese slescribed ofoh , purposes df sthisf ace.
5. The conposition according to claim1l wherein said mlled naterial is jet

m |l ed mategis@bsure, numerﬁeclﬁﬁé%%ﬁtﬂl&ﬁﬁ@&ﬁ)ﬁ!@ w1lm%eta?FﬁE§t' 130 thogahstr &ﬂl‘ﬁa@a' d
mlled material is inpact j et |l ed materi al ed material. 8. The

conposi t| oNnuagco di n cl.al m | I r
mill ed mat ik gl I{hegarg.rﬁuch chan% \ggrﬁo%glgeg?ogls %ren%n{co%%a&%&%l hfﬂl t € srpn%! (Lfe
conprising an additive dlspersed in said f|UId 10. The conp03|t|on
accordi ng t@l%mé?%oﬁaﬁﬁéﬁ’ﬁdrbys@?éllaﬂﬁsrtl cl es have a Mbhs hardness val ue of
greater than 2.5 11. The conposition according to claim1 wherein said
particles have a hardness sufficient to deformsaid fluid as it flows
around said particles, thereby pronoting kinetic m xing through the
tunbling or rolling effect of the particles.
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12. The conposition according to claim1l wherein said particles are of a
size that remain primarily in the boundary |ayer of said fluid, said
particles having an appropriate size with respect to the boundary | ayer
such that fluid forces flow ng over said boundary |ayer cause rolls or
tunbl es of zﬁgggggaticles, for creating kinetic rolling thereby producing
mxing in s dary layer. 13. The conposition of claim1 wherein said
particles pronote boundary | ayer renewal of said fluid by kinetic m xing.
14. The conposition according to claim1 wherein said material is selected
froma group consisting of porous materials, mannade materials, and

nat ural | y odlcur r iAgompositicd compriking: The conpositi on according to claim1l
wherein pressure fromsaid fluid acts to change the size of said particles
whi | e mai ntaining said gaapin@x three-dinmensional surface area so that said
particles tend to stay in said boundary layer. 16. The conposition

according to claim 15 Wgﬁlﬁlgq_hm%% (dil fdléﬂegsehsnp ta}ﬂde%l@ %\’ﬁe%lﬁ]&gsﬁvﬁﬂf el of

mechani cal equi pnent. I'on accordlng t3 ¢l a herein
sai d nmechani cal equip, n extru er 0 03|t|on accordlng to
clai m 15 wherein Cga}paw?ﬁ@e%m@aﬁf haying gmhqucgméa stae %P@fim@ haymng 19
The conposition according to claim 15 wherein said nechanical eqU|pnpnt IS
an injection nol di ;npeyihee-dinROsioNd sudarepwed, s4id padisteshdiving ana@spécaratol 4
wherei n said nmechani cal equi pnment is a punp or process equi pnment having

connections that 1afger fag . Ehsestofotifg RiREt Ihohidaay ¢ayep AikingabS Ad@r-lifeeycl e
oper at i ons.

viscosity zone.

2. The composition according to claim 1 wherein said complex three-

dimensional surface area comprises a smooth, sharp surface.

3. The composition according to claim 1 wherein said complex three-

dimensional surface area comprises a smooth, sharp, blade-like surface.

4. The composition according to claim 1 wherein said complex three-

dimensional surface area comprises a smooth, curved surface.

5. The composition according to claim 1 wherein said milled material is jet

milled material.

6. The composition according to claim 1 wherein said milled material is impact

jet milled material.
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7. The composition according to claim 1 wherein said milled material is ball

milled material.

8. The composition according to claim 1 wherein said milled material is roller
milled material.

9. The composition according to claim 1 further comprising an additive dispersed
in said fluid.

10.  The composition according to claim 1 wherein said particles have a Mohs

hardness value of greater than 2.5

11.  The composition according to claim 1 wherein said particles have a hardness
sufficient to deform said fluid as it flows around said particles, thereby promoting

kinetic mixing through the tumbling or rolling effect of the particles.

12.  The composition according to claim 1 wherein said particles are of a size that
remain primarily in the boundary layer of said fluid, said particles having an
appropriate size with respect to the boundary layer such that fluid forces flowing over
said boundary layer cause rolls or tumbles of said particles, for creating kinetic rolling

thereby producing mixing in said boundary layer.

13.  The composition of claim 1 wherein said particles promote boundary layer

renewal of said fluid by kinetic mixing.
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14.  The composition according to claim 1 wherein said material is selected from a
group consisting of porous materials, manmade materials, and naturally occurring

minerals.

15.  The composition according to claim 1 wherein pressure from said fluid acts to
change the size of said particles while maintaining said complex three-dimensional

surface area so that said particles tend to stay in said boundary layer.

16.  The composition according to claim 15 wherein said fluid is between a screw

and a barrel of mechanical equipment.

17.  The composition according to claim 15 wherein said mechanical equipment is

an extruder.

18.  The composition according to claim 15 wherein said mechanical equipment is

a blow molding device.

19.  The composition according to claim 15 wherein said mechanical equipment is

an injection molding device.

20.  The composition according to claim 14 wherein said mechanical equipment is
a pump or process equipment having connections that are open ended single path or

are continuous for recycle operations.
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