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

| NVENTI ON A conposition for pronoting kinetic m xing of additives
within a non-linear viscosity zone of a fluid such as a thernoplastic

mat eri al . BACKGROUND O: THE | NVENTI ON 5An extrusion process is one of the

nost econom c et hogg , tructural
mat eri al s. Typlcallg an ex Egﬁ%ﬁggg%%%%gggggﬁggS%P@hﬂgﬁtpg@? re | engths
of extruded nenbers having a unif The cross-section of
the nenbers may be of various sinple shapes such as circular, annular, or
rectangul ar. The cross-secti on BIELDhWEFMBHENGENGYOR! so be very conpl ex,

i ncl udi ng 10i nt er nal support structures and/or having an irregul ar

peri phery. T, e astlc
pol yrer corrpoundsAt%dglltl&%r eO¥l i fﬁ?? 0@%@%@%}%}3@2@? E&dl lbgse& lgra{rr%&f)ég?a\r

pol ymer conpounds can er cubed paIIetlzed and/or any
ot her extruddBreY 6PH Oﬁ%ﬂu@ﬁg%%w 1?:?8?%?‘ an be virgin, recycled,
or a mxture of both. An exanple of a typical 15extruder is shown in FIG
l. The plastic industry has used fillers to | ower resin costs during
manuf acturing. Typical fill SACKEGROGND i EHEMNYENIRN e, talc, wood fiber,
and a variety of others. In addition to providing a cost savings, adding
fillers t plastiAs extdsioepradess seet fof ¢hembstodcohtraicnmbthedp af miaaufacturiag eases
nmechani cal strength, and in sone cases |owers the 20density.

Cal ci um car bpnabéucdrRegindérindxetugl rBdtrikds. UTpbicaly 8RSk Husin }EI’O@&IS i9h véeﬂ% ation
to i nprove structural stabili ty Tal c i s bonded toget her

Waal's forc I I [ n when
pressure |se§|%%mtgll%t %t{?s SUrt. ggﬁeﬁﬂl vglhs Vﬁl %ha‘yﬁ g’g%rrgsssaﬁe‘ftém?n CAPE t hat
talc inparts_a.var of benefits to yl ene, for instance higher
stiffness and® ?%?%%@W%ﬁ@aﬁﬁﬁldé’laﬁﬁﬁf e s(hgggs sich @s cjrgglan, appela.of i [ | er

with lubricating properties.
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 process utilizes thermoplastic polymer compounds that
are introduced into a feed hopper. Thermoplastic 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, tale, 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 has sim |l ar properties, but has a water absorption
problem which limts its application because of environnmental degradation.
Tal c avoids this problemsince it is hydrophobic. 10Wod fi ber adds sone

di rensional stability because of the fiber characteristics interaction with
the plastic but wood fiber also suffers from environnental_ degradation. All
three of these co W?W@@%%@Jﬁﬁﬁn@ﬁmﬁuﬁééﬁ%ﬁt Obéitbe’eia’éentatlon to
structurally limted. The plastics industry has been striving towards

i nprovi ng scrimpoivestrdttural stabilit.5 Takesk doadedgogatberdoswénbt Van dppWaalsnfoecekor
several decades. Many inprovenents have been nade over the | ast decade to

i ncrease scr ajiibh anshvTHE &S taRkAvOEaih RAd Hugisi Wk e 0¥ priel! o @4 udes
the plastic i ndustry and their scientists. One challenge is how to nmake
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appear ance. econom ca nhancin
t hat addresses the ssues of. .increasing CI’ at chi.ng and r si stance,
even though PR %rlP%IafP?&\}‘égl?eééﬂggﬁFS&Q ot e Sr o bl Wl 11 ce
hulls, sugar cane fiber, wheat straw and a variety of other fillers to be
used as | ow cotstlike gtmigrst-fierd with lubdeatingmsopbatigsl ast i cs. One  expl anati on
relates to the technol ogy gap of structural fillers to enhance physi cal
properties wth a(aius darbobathak sintitk ptdpafties] but has hovise absoptias pidblem,
integrity. There are three types of comonly used m Xing principles

related to adgifpiit iR ?Pxeatmn%etcélfs% of%v@)lﬁﬁérﬁalna kdiiod.] G4icdsolds Séﬂhsng

around fixed obj ects elt force produced flo y pressure thro
mechani cal rrea % ced flow. 2 Dynam ¢ m xing: |iquid
i nduced mi xi r’i’éo gﬁé é‘frog Ytion with typical i rrpel lers both bl ade
and sheer designs as wel| as 1Odual or single screw agitation. 3. Kinetic

mi xi ng: 1Pqui d i s Weakdfibyr \asidpciemei darnsionah galiling a age |fopéb? sfiber t wo

or nore liquids inpinging on each other. Al thee of the above m xing
nmet hods have chmactetistivg imeractiomnwitthathe hplaster $ut 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 increase 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



the optim zing of mxing regardless of the fluid being conbined and
regardl ess of 15whether the materials being m xed are polar, nonpol ar,
organic or inorganic etc. or if it is a filled naterial with conpressible
or non-conpressible fillers. Al'l inconpressible fluids have a wall

effect or a r e th Ld v i LS. areatl.
reduced at t%@ﬂmgﬁpxo%ﬁﬁgctﬁgﬁ%gtgéhn:eﬂ)%gr%agc(gf. gté#glgﬁlcﬁh‘lg%i %ewg%eﬁgy%@ this
boundary layer to fold or blend the liquid using this resistive force to
20pr onot e agP‘t"QF’i“Gf'l‘."’“ﬂ a f{)cusm @g’ﬁf R ngthrae%s%nrb%lésft?r InfegBtgeonetry of

m xi ng bl ades or turbine end up with dead zones and i nconplete m xing
because of the bolhataraye thagetypeDphamnmoniyxised misag primgiplehedatednd addiagr ew
bl ade designed to use the boundary | ayer to pronote friction and

conpr essi on fjers @plaitiodgal forces to acconplish agitation while maintaining
an inconpl ete m xed boundary | ayer on mechani cal surfaces. Ki netic
m xi ng suffers frpmbo ry:.layer f : | ¢l & Yi:RLQf 1 h es, both on the
i ncom ngujcst reans iz;'nd a%lﬂaﬁﬁen;{ ?Lﬁ%égﬁqgggtﬁ%lﬁ%&?\%u&gf,?)?%dh%ﬂ%‘%tgsetlﬁe]fgrr] ‘%f fers

m ni mal 5effects of boundary, aﬁer except far transéaa?rt fluid phenonena.

A further expl anatfGnPi8rUGHINS GF BLessHrr Aransth merhanical sRBHORGHVLY f or ces
depend in a conmplex way on the viscosity of the fluid. As the fluid noves
past the object, ifAeceddlavéul es ri ght next to the surface stick to the
surface. The nol ecul es just above the surface are slowed down in their
collisions with the noDgeanhies ngkingki lignid oindhfed hixdnyg f B emedlimsel ol ecul es
in turn slow down the flow just above them The farther one noves away from
t he surface, the IS ' ace. This
croates a thin I e s B O e R el e Ty
changes {4y om zero rface.to the free streamvalue away fromthe
surface.lOEngi neerdsu%%%llt%nglglgcsrewggg?u%e boundary | ayer because it occurs on
t he boundary of the 15f|uid. . . . As an object noves through a fluid, or
as a fluid noves bast sedpjmixng:  feuidds caixedsboivelasdyt inpagtsneara t he obj ect
are disturbed and nove around the object. Aerodynam c forces are generated
bet ween t he fl ui dudhck ethempatts ef two diheoredgpidsicpinging eshfahaes depend on

t he shape of the object, the speed of the object, the nass of the 20 fluid

goi ng by the obj eci i#eéloPihe bWOVONGHg MERRLE BiMe MHeQRRL ih @8 mPlontthS Hihal g, the
viscosity, or stickiness, and the conpressibility, or springiness, o{ t he

fluid. To pr, e . e f.ectse .aeR0 Ge engineers .use simlarity
par amet er s vﬁgél)gh&%l#gp g’% in]iolgﬁlgf reg rgg‘egs 8f Fléec{lgl%!to@el% 88‘3'*’}“8 ad rﬁggékﬁﬁ %n the
problem _If t experi ments have, L
15" - whether the materials being mixed are polar, nonpolar, organic or inorganic 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



the sane values for the simlarity paraneters, then the relative inportance
of the forces are being correctly nodel ed. FIG 2A shows the

streamni se velocity variation fromfree streamto the surface. In reality,
the effects are three dinensional Fromthe conservation of nmass in 5 three

di nrensi ons, a chan i.n velocity in the stre i se directj.on causes a
change in veI%‘&‘F‘PS?%%ﬁtl?%%nJo?%rgﬁf%l?:}f ?eﬁﬁéf{lﬁg%?? to aleﬁ%’in@l‘ agjtaligg| while
conmponent of velocity perpendicular to the surface which displaces or noves
the fl ow aboveaintainighan waemplefe mixed heutdaiyclkyersm mdchamiealisutfackar y | ayer to be
the amount of this displacenent. The displacenent thickness depends on the

Reynol ds nunber, tineti m&iﬁ%mﬁe@é fromQouhdey ldyad effebfs di RSbSlyabliles bethange or
notion) forces to viscous (heavy and gl uey orces and is given by the

equation: Re : l.aci I; i i mes
a characteri é{?ﬂ:&?@ﬁ%ﬁ%(a f%S%?dva?gg%hﬁilcY?htgfv%g%ﬁrt gﬂlggisft %?E?Ig%r% A((l{ﬂ)mlgl e.,
Re =V* I /1.1, As can be seen in G, 2A, boundary | ayers may be
ei t her | ani nszéftlsﬁclg?‘g{ﬂ!}‘fy %Yerteﬁff:%?‘gﬁfanf}ﬁﬂ{ﬁ‘r“éé’ﬁ@&)m%pendi ng on the val ue
of the Reynol ds nunmber. For lower 15 Reynolds nunbers, the boundary | ayer
is |am nar and the? dethainsaiplamatien o€iths betrdage fayenfalrvs y Agsodynamim farsesanay
fromthe wall, as shown on the left side of FIG 2A For higher Reynol ds
nunbers, the depeirddiary corapler wea drutHewiswobitypfl tHehfuidt Aealmnlail melacpdsy thes
characterized by unsteady (changing with tine) swirling flows inside the

boundary | ay %‘biecfl,- e e%icehRakight QW ieaelarh@ iR t&dgaupthed NBeBRUBIAALY k@Y er
just as it would to the 20 physical surface of an object. So the boundary

| ayer gives ohj ec n "effective".shape ich i. Ly .,sli.ghtl

i Treront 1r amaeaneRar SR BRSNS A RGO biRhago
"separate” fromthe bhody and create an effective shape nmuch different from
the physilfal thgapce.THicse mafrsuics ihbEnslow dovg thedlow Hist RRove dherpratie farkeryer v
|l ow energy (relative to the free stream) and is nore easily driven by
changes in proessures aWaywirempthe stuirfoce, ithe titwerrthasoHisiars afacmdame the nijestt al |
at high angle of attack. The effects of the boundary layer on |lift are

contai ned i nstifgeel iMhis eRafek £ BAtIa@Rbft HEdeldar ehe s@fiaddr ROwWAIR SRMNAHEA 1N
the drag coefficient. 5Boundary-|ayer flow That portion of a fluid

the ¢ f : rtion g
ow, near acﬁé’xlséseg rg%okﬂlﬁ ggz%rer%ty{hﬁo £€ 10 '%ﬁdaa%r ltsirgagﬁ SR Sl o] 't}feaMrfat%Q

inviscid-fl ow a € used. es1nteract with

a viscous fluid flow hecause of the no-slip condition, a physical

requi r ement é’cne?’ﬁéaﬁlt@? angﬁ&lesmqnéa%l%eriae%ﬁse ereguisiane@e bourdray pf the
interface. Thus, a fluid flowis 10 retarded by a fixed solid surface, and
a finitel5sl dmidvovi ng boundary layer is forned. A requirenment for the
boundary layer to be thin is that the Reynol ds nunber of the body be | arge,

103 or nore. Undeiast fiese@oneids @Rsughheflfidowr aybside ridies pasngdabyjetaner is
essentially inviscid and plays the role of a driving mechanismfor the

| ayer. Refert] F I : e r 1 nar .ho ry
| ayer is 15“5 1%\}\1%%%11{ ?’ﬁeﬁ%ll%sgf rﬂget P%ﬁ&@&#}l&gf%?ségﬁga@og% aﬁ%tgﬁs%h?eﬁgmﬁse ‘
flow vector variation pnear the wall is calle vel oci ) file., The
no-slip condi¥f n?"é‘%fLﬁ%Fct% apegfnerisd begyeen %‘? %ﬁgi %"rﬁioﬂ%ﬁ ,"Qf/?ﬁgﬁge lﬁnqg?‘t‘r“ﬁlfe"f
velocity of flow in the boundary |ayer. The velocity rises nonotonically
wi t h di st ancéhege faress dependuait the shapesdfi the abieefi fg spersoriithy objiecth thetraass of dre
(inviscid) streamvelocity U x). At any point in the boundary |ayer, the
fluid shear 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, aecrospace engineers use similarity parameters which are

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



20 stress/tap is proportional to the local velocity gradient, assumng a
Newt oni an fluid. The value of the shear stress at the wall is nost
inmportant, since it relates not only to the drag of the body but often al so
to its heat transfer. At the edge of the boundary |ayer, nu approaches zero

asynptotical Ly. e 1SN0 EX ot _wher au .= 0, .therefore the

t hi ckness 8 (k)h% %%‘LE%E%H%% T tggg/es?rﬁfl%rﬁgsp@éw%er e%ﬁet © é?lﬁl‘i"f? PP g O?ht@e poi nt
where u = 0. %911. SUMVARY COF THE | NVENTI ON Thi s patent focuses on

t echnol ogy bf¥easars brindeosistiyaaseledy | ayer micro-and 5 nano mixing, i.e.,
on the effects of structural nechanical fillers producing mcron and nano
m xi ng propertiesFi{si 24y dhowssthatstreathivise yaloaityi palatioh firdre fresintenmy tbagier
coupled with the coefficient of friction upon a noving particle in the

flui d boundagytfazenea r&dlity,thé BffédtOve Mke@HRMAioRAIS OFdrfl tHRA k&Y BtidrloRh TH ©
accelerated m xing. Structural filler particle geonetry is based on the

f undanmental i.ngl ur f . 0 I: i ncreased .
adher enc esat o&%éﬁealznglrlgoim\?gé Iaocilzllg?{t1 %S/e 151 OV%EO%F% ?l#j ﬁleyhg%%nﬁgg 3 ydﬂl%f%}@? ?A‘gﬁsea B%HWS ar y

| ayer is where the mgterjal has.its str?n st adhesign force or stjckiness
present. By URPHy @ piher diregtigns pass wally ggﬁrﬁ 15t ARl stoampensal of velocity

surface, the adhesion to the non-slip zone is increased, which pronotes
better surfapependivaddardn thasnrfaceswbishhdigpdaces o engyesthe ifiowt ebave moOseichace
characteristics. The ideal 15 filler particle size will differ between

pol yners becddfe thé gicksiessyoftthé betirilagslavel tb bashdrhnibing ofekib AipkzeReRdraed by
sheer forces and surface polishing in nechanical surfaces, which creates a

variation i ndi?ﬁ%ﬁ%hﬂiﬁéﬂ@ﬁes (%f%bl?(igme é&ggﬁkgﬁﬂgﬁfﬁ 121 rRAS bt ﬁﬂeﬁi&l ade

surface allows the partic unct 1 on Inetirc m Xxing
in the ndary .l ayer,. The technol o br eakt hy ough odi ed in this patent
f ocuses % a@%&é‘éﬁ@&gﬁﬁ P’ioﬁf”g) (l}?/f‘%ﬁ tQ Wé?%%“c‘fwgd‘&ggﬁ}%} fqr?ﬁf af 55,giveme
boundary | ayer producing mcro m xi n&@\s\/i th agitation over the surface area
in whi ch t hébbbgrgustion: %wnolés(ngmber afitag ¥elogity (Vi 8mee demsdly dgytitherca ude:
Cost savings through the replacenent of expensive polynmers with inexpensive
structural ndmecteaistic length (1) divided by Grstiscosivi c@sfidignti(pgi.eaRergvthe: Bhi.l ity
to incorporate nore
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



50organic material into plastic. Cost savings by increasing productivity
with high levels of organic and/or structural materials. Better

di sbursenent of additives and or fillers through increased m xing on the

| ar ge mechani cal surfaces produced by 10t he boundary m xing. Better m Xxing

of polymers b rinding and cutting.effects of the .pariicles rolling al ong
Che ot go. surhey (Rul?a8 Yo B8 sl apd 3h bouormsie SaPah bb Ehives Fopipire

i mpact the surface during normal mxing operations. 15 Reduction of
coefficient dilowrseparptaon ontheetshsoni Halairplant avieg stdlusiebighyangbunfiattyckl. iher

effects with drag which is replaced by rolling kinetic friction of a hard

particle in teffect ol fbcionntiay ¢dy&r on lifithe agrsn@l BALE tifteoefiiciddt asd the effects
manuf acturi ng by reduction of the coefficient of friction in the boundary

| ayer for eXtoh%?é‘fare%Q&h \Q@irpfheidfﬂﬁﬁtefﬁ%'fbn@l di ng processes where the

coefficient of triction directly fects the production output. Surface
qual ity ingprovene on plasti,cs with or without fillers due to the polish
af fects caused by%‘lﬁ%@ﬁ%ﬁr—gﬁ% in the boundary |layer on all mechani cal
surfaces including dyes, nolds and etc. that the materials flowin and

around during the #ﬁ%p@ﬁpngf@r%éébw, near a solid surface,pis sWisre sheap Birpsanarsr y

| ayer renoval by kinetic m xing thereby 5having the property of
sel f - cl eani ngignifidahearbinnGaidyfldva pesumption may not be used. All solid surfaces interact

with a viscous fluid flow because of the no-slip condition, a physical requirement that

the fluid and solid have equal velocities at their interface. Thus, a fluid flow is

10  retarded by a fixed solid surface, and a finite, slow-moving boundary layer is formed.

A requirement for the boundary layer to be thin is that the Reynolds number of the

body be large, 10° or more. Under these conditions the flow outside the boundary
layer is essentially inviscid and plays the role of a driving mechanism for the layer.

Referring now to FIG. 2B, a typical low-speed or laminar boundary layer is

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



Enhanced heat transfer due to kinetic mxing in the boundary |ayer which is
considered to be a stagnant filmwhere the heat transfer is domnantly
conduction but the m xing of the stag film produces forced convection at
the heat transfer surface. 10Solid particles used for kinetic mxing in

boundary | ayer need tq.have foll ow ng characterjstic¢s:, The physical,
geonetry of ﬁ*gfet ?rm%ggﬂ@aﬁsog ﬁé@gmgldewalﬁmﬂ%vsughy defingdh arhiiagieas e Ppiticl e
the ability to roll or tunmble along the boundary |ayer surface. 15 The

m xi ng ef fi civbaey ©0.998kticl es i ncreases with surface roughness to interact
wWith zero velocity zone or non-slip polynmer surface to pronote kinetic

friction rather than static f$UNMIMARY OF THE INFAEERTRDRS shoul d be
sufficiently hard so that the fluid is 20deformed around particle for

pronoti ng ki neti cp.x| i i f th
particle. Parti chi‘sS )ﬂsa%%hf(%ﬁ%g%g i‘é%?‘ﬁfr"gggkéta?%ﬂ‘g{gh% ghtbhg&hag{]inagg}r ﬂrll?ﬁr%?g of
mat eri al s_ bei ng used so th t he ticles roll .or nbl e using, kinetic
rol ling fti C{lqn%rfng%nge fée opﬁﬁe f)&"rcﬁp%{sé%‘d&i‘% %’?arﬁ?%éﬂ%ﬁ PMPAUCRE THETQR BT v

| ayer, which increases the negative effects of the boundary |ayer based on
i ncreased sukrdrQcRiNiRdgrapesiss usivethe statig filth pringipak efhtheraodary tiyeer cenpledl  of
the particle out of the 5S5boundary layer into the bulk fluid. Particles
shoul d be abiihtie cetheiascsf friotibh ephionnaing paee i tionfluiebdumbieyfdont @f
during the m xing process based on particle size and surface roughness.

Particles camil§osrhg foRhd RIGIRYSarlIBE & hdkidte SRBRRAK Afxing.

Structural filler particle geometry is based on the fundamental principle of

10 surface roughness, promoting increased adherence to the zero velocity zone in the
boundary layer. The boundary layer 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 zone is incréased, which promotes better surface
adhesion than a smooth particle with little to no surface characteristics. The ideal

15  filler particle size will differ between polymers 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.



10naturally occurring mnerals and or rocks. Physical geonetry of

particles: Spherical particles are not ideal because of the foll ow ng
two phenonenas that take place sinmultaneously. The first phenonena rel ates
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,
whi ch affects the Atbianiagss ofthis firehpelpgy gclideo rol | or tunble. The driving
force is produced by fluid flow on the upper half of the boundary |ayer.
Particle shapes can be Gpheiiisal thrdtfghathaliélﬁaceniéhﬁﬂﬂﬁdperﬁﬁﬂéa;ﬁ(ﬁymérsetC-, but
sem-flat or flat objects are | ess desirable because they do not tunble

well. Sem -flat or flat,:qbj : |1 because the
cross-sectional surfactewgﬁggﬁegg&??ﬂ(ﬁ%%@%?é?énce to 20 fluid friction
applied to its thickness. However, since a L‘ltatbion in, the formof mxing is
desired, awkward forMts ‘Ot SBYBES Ry E‘F@aﬂ%g‘? Uiy SO nREOREALS RO d
tunbling creates dynam c random generating m xi ng zones. These random

m xi ng zoAes are anal ogogania mateeeling mMesgicm xi ng bl ades operating with
little m xing blades. Some turn fast and sone turn slow, but the end

result is that they ar@nt lsavhgd BY.indasindTBfRluvtiEgousthBighr leatls othi ch has
| ess inelastic properties, the kinetic mxing by the particles wll produce

a choppi ng and gri ndi n%r@nﬁ&ﬁ@/tﬂ‘éﬁ’u&tﬁrﬁwﬂeﬁﬁﬁ roughness and sharp edges of
xtruded, i

the particles. 5Typical as well as 1njection nolding plastics are
PP, PE, PB HDPP, HDPE, HDPB, Nyl on, ABS.and.PVC, ich e sone of the
types of plastics us®dHeHes n‘é}g%{’ﬁ?}en? nom%gﬁlvﬁﬁe%r‘efnefg&r? s%‘?“lﬁg‘orti onal
to the material properties of the plastic. By adding hard fillers into the
plastic, a tougher noréndeasedhuxipg astthe lapgeymechapisplonumiares rradedsdtbyi s nor e
scratch and/or mar resistant than the inherent physical 10 properties of
the plastipc. Common fi lthebsinda® eidig. um car bonate and talc, each having a
Mohs hardness scale rating of 1. However, it is desirable to use structural
fillers having a hargn : s i

environmental |y st ab‘lde%ﬁgﬁﬁ%Bﬁgggﬁsgyfgg@ﬁgﬁg 12?%%%8@@& al
fillers have not been co rcially evahu%tred by the pl sti(i nuf.act uri ng
industry. 15 These fi PREKEsSdpRng@alqnegths frge surfage a1 ay fheve ng'lﬁndwei ght and
environnental |y stable. Some of the reasons why these fillers have not been
used commercially is tleampressipn of ¢hedpdlymenslimpads the pyrifcgdariagdorad| e.
Additionally, these materials nay not be as economcally feasible as
previously used fill er spixibg®pt@kibasv ng |ightweight structural fillers are
simlar in hardness, density and particle sizes in the mcron range but

have 20nqk been wi del y ;aaaenbeds (LRS! 1P RERIAS HeERuli AUk fes @ asS or

ceram c mcro spheres have n commercially availal ades. The
spheres have had some SUCCHS botndard Tayerebah Wit aiak Whlch 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.
e Surface quality improvement on plastics with or without fillers

due to the polish affects caused by kinetic mixing in the



but they have been used nmainly in the coatings, adhesives and conposite

mar ket . Perlite is a naturally occurring silicous rock used mainly in
construction products, an insulator for masonry, |ightweight concrete 5and
for food additives. Sodi um potassium alum numsilicate (volcanic glass) is
a mcron powder used ags a plastic flow nmodifier tq inprove.the output as
wel | as to produce enhgﬁwgrymﬁ%eﬁémpﬁﬁlp@ﬁ a&ca]'; 8}1&3"& i‘tnf"\}lggl.g %ﬂ%’s’structur al
fillers that have been previously nentioned have a Mhs scal e 10 hardness
of 5.5, which is equal modsyindsisnthat shpsmateriply famdingangsserngudiringythet eel knif e
bl ade thereby adding particles and equal hardness to typical materials that
w Il scratch the pl astfiniskingfpasess. These structural fillers are not held

t oget her by weak forces. Therefore, they keep their rigid shape and do not

have | ubricating prqQpepij.&si i i (5 f \Qﬁ@kt i cal bonds
bet ween nol ecul ar | ayelrss, sﬁgﬁgghﬁféd%%trg%ﬂs’%g’\g H\}}ngett@ ntna : h a? icles
havi ng a bs scale hardness of 5.5 ar s hard.as,what normally woul d
damage th%/bpl astic surfacE mpgf%rog,sﬁf-@g?lg%ﬂ% et}’8u%cgf3éfaé(ﬁ§'ng and/ or
marring by the sheer hardness of the filler incorporated into the plastic
fornul ation is inprdvelnhanhed beat densfendug iq kimetic arisingriaftbe dohydary ght wei ght ,
having a density in the ranges of 0.18-0.8 g/cnB, whereas talc and cal ci um
carbonat e have 20 denkyén which dangomsgleRds0-12. BetaghampBilm Thissre floy ksat har d
structural fillers reduce the density of the plastic fornula Mcro

spheres have recently HaaeEEsonifdlShdh@onUSR b trhixfigt BP@%dstQ%aSt Ics
because of their inproved strength, which allows themto w thstand

mechani cal pressures w t j ushed. t he, str.ength of the mcro
spheres increases, t heﬁ\fr’?gaﬁlg’ 3%3[234?@9%%5 Ve%éoélraéglieege,a?ms ?{S%ﬁfg‘ées mcro
spheres gn i deal ré(%ructu,rglq fil Ite;j)(r?J material for plastics. Qher filler
material’® for com§lepatticls nyed| fekiagtivafuginepar (bopadaryylayerdaesd & pare it e
has not been commercially used by the plastic industry in extrusion
processes beoHowmgathaiacteriniiesr o bubbl es and tubes that are natural
properties of the material and can not withstand the extrusion pressures

wi thout crushing. The TRsHYsRAl Sddnfely @ipaktifess dhbliRrfav@ddshatRiekiifc
i nconsi stency vol une fl ow, "which affécts the di nensi onal stablll Ity of the

extruded product, whic or..may_not .be ,accept abl e dependj n n the 10
application. For this t?%tg@}cgoﬁ‘,’s EBS#‘WC © Fi‘%?satﬂﬁ‘iy @erg h%rdm{g@ﬁmip@?g Cviability
as structural filler in the plastics field. Perlite can be finely mlled,
whi ch greatly inprovesPURdarylayrerswtacengt h of the product, thereby allow ng
the material the ability to withstand mechani cal extrusion pressures
process,l5t hereby gaeniTig diinbgsieffivédncgt abipaitigfes Qgedseaswith t furfcerat eri al
has not been adopted as a filler is that the nmaterial in its original
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.
* Particles should be size proportional to the boundary layer of

materials being used so that the particles roll or tumble using



15form has the ability to crush under pressure. Finely mlled
Perlite has the sane physical properties, just a finer nmesh, which wll

wi t hstand hi gher pressures. Finely milled Perlite is currently used in
water treatnent systens as a filter nmedium As an exanple, a hard sphere
rolling on a soft material travels in a noving 20 depression. The nateri al

i s conpressed in front kinsdicrebiogrftistion sa that the Darticles aipapbdugevitkiner i al
perfectly elastic, the energy stored in conpression is returned to the
sphere at its rear. Actiwabourghsslapdrswaich inataspethcasightyveetf&sits of theowever, so
energy di ssipation occurs, the result being kinetic energy of the rolling."
By definition, a fluidpolsdady rsgkﬂsas@d off Bt da iU bR foubBnddf fk&etfn@ Wi t hst and

a static shear stress. Unli ke an elastic solid, which responds t0 a shear

stress with a recoverabl e deformation,.a fluid r onds w t

i rrecoverabl e flow. The ot PEEEYFaBIE ‘4‘?6&?‘8%@ (gg&gs%aéa%llg %“anff?%ng force
for kinetic nmechanical mxing in the boundary |ayer. By using the principle
of 5 rolPing kinetic WP@%WY&M&W@WM%%SM fluid sticking at the
surface of the no-slip zone to produce adherents while the velocity in the
boundary | ayer produee®attivdesisheultibalabledo ceconpsnirt the bpamdary lager fibva | nerti al
force rotates the particle along the surface of the nmechanical process
equi prent regardl ess ORhka%im&m%thﬁ%& rotes§ baseBt A piticldspanm ¢ or

ki netic. 10BRI EF DESCRI PTI ON OF THE WNGS FIG 1 is a diagramof an
extruder. FIG 2Ais a ' anation of boundary | ayer concepts.
FIG 2B is a graphical agagﬁgéﬁg'?%)%%g%s a | ow speed or |am nar boundary
layer. FIG 3 is a graph showing the effect of a Per|ite additive on

t hr oughput of 15 thet ng’ﬁﬂé%ﬁsi €an pheo $gHd afr PREqugataterials, manppde of js g
graph showi ng the effect of sodium potassiumalum numsilicate on

t hr oughpu? of t her nopl asturalytdocowmilg nainembstand derocks.

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



FIG 5 is a graph show ng the effect of wood particles on throughput of

t hernopl astic through an extruder. 20DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS During a jet m Il process, particles strike each other
to forma sharp edge via a conchoidal fracture. Even though sonme particle

Si ze sel ecti v 1L _produce djfferent effect i th differin | yer

sel ecti ons, ?ag?fﬁi& Riin “élagsgo‘@f %tct?xe teﬁétre%lﬁtola L}ﬁ%t\ém%gfer il P rﬁ@n%g?or?he
edge effect of sodium potassium alum numsilicate facilitates the

i ncor por at i oMisefust mafegiak which easuless inglastie rrropgstigiethe skingti anigingnbly ghe
variety of other materials into thernoplastics and polynmer material .

Mat eri al s t hpartivle$ wibrpoadice as¢tmppingdpd g@ffdagy effecpdne jtetsurfhde fonghidichude: 5
pum ce, Perlite, volcanic glass, sand, flint, slate and granite in a

variety of oftes edico8PthePafRIQr i als. There are a variety of nman-nmade
materials, such as steel, alum num brass, ceram cs and recycled and/or new

v v olgss. \naky 80 S5, RLPSERRA SIS MGt S o

mlling processes t0 produce’a

addition to | | sted anpl es, other naterials 10 al so be suitable,
provi ded thehﬂgpekﬁ)&ﬁ% }fﬁ%ﬁs&ﬁw@?‘éﬁmﬁ fegyne gg%?ﬁ%&eéd’fﬂ)&?sb‘és ysed ipn t he
Mohs hardness scale. It is clear to see by the Mhs hardness scal e that
there is a viadustyyirowhichitks hanlieess kgtroportionsd talthe ndtental Prépettiestofnloupldstivor kK as
| i kel y candi dates to produce sharpened edge effects, thereby working as a

surface tensBprddingi hirdr fil&swatd t&s pissd,r alabughat rhode! @irable PAstdd may be
i ncorporated in today's nodem pl astics, polyners, paints and adhesives. The

Mohs scal e i 3rimapR @t R€10We dRRANESELN nMr NELi&hnt than the inherent physical

10 properties of the plastic. Common fillers are calcium carbonate and talc, each having a
Mohs hardness scale rating of 1. However, it is desirable to use structural fillers
having a hardness of at least 2.5.

A variety of environmentally stable materials suitable for use as hard structural
fillers have not been commercially evaluated by the plastic manufacturing industry.

15 These fillers are structural, they are hard, 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



Absol ute Hardness 1 Talc (My3S140100f02) 1 2 Gypsum (CaSO4. 2H20) 2 3
Calcite (CaC33) 9 4 Fluorite (CaF2) 21 5 Apatite (Cas(PO)3(0f1-,C1l-,F-)
but they have been used mainly in the coatings, adhesives and
composite market.
Perlite is a naturally occurring silicous rock used mainly in
construction products, an insulator for masonry, lightweight concrete
5 and for food additives.
Sodium potassium aluminum silicate (volcanic glass) is a micron
powder used as a plastic flow modifier to improve the output as well as
to produce enhanced mixing properties for additives.
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 forcés.
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 filler 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/em’, 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



48 6 Othocl ase Feki spar (KA1Si 308) 72 7 Quartz (Si02) 100 8 Topaz

(Al 251 O4(O+, F-)2) 200 9Corundum (Al 203) 400 10D anond (C) 1500 ~The
Mohs scale is a purely ordinal scale. For exanple, corundum (9) is tw ce as
hard as topaz (8), but dianond (10) is alnost four tines as hard as

corundun, T AL B P SRR L BB PRl RS e
mey fall bet }/n\eaggfacture cost decreases, which makes micro spheres an ideal structural filler
material for plastics.

Other filler materials for consideration include expanded Perlite. Expanded

5  Perlite has not been commercially used by the plastic industry in extrusion processes
because of its micro bubbles and tubes that are natural properties of the material and
can not withstand the extrusion pressures without crushing. The crushing effect of the
fillers adds to the inconsistency volume flow, which affects the dimensional stability
of the extruded product, which may or may not be acceptable depending on the

10 application. For this reason, 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



| evel s: Substance or Mneral Talc Gypsum pure Gold, Silver, A um num
Calcite, Copper penny Fluorite Platinum >10lUtrahard Fullerite
>10Aggr egat ed di anond nanorods Particle surface characteristics:

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 showing 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



Particles mxing efficiency is increased when surface roughness of the
particle is increased. Increasing surface roughness has a twofold effect.
The first effect is that surface roughness and particle geonetry enhances
surface adhesion to the nonslip zone 5 or the sticky region, which produces
resi stance fr the patticle rolli or tunbl,ing.. The second effect adds
resi st ance t%%ﬂ’é”&ﬁi Ia]i[}}eyeJ@F effﬁgt %{dﬂ{{? @oass iy Jlundpym é‘ﬁ‘ﬁi‘t@,faﬂ,{ﬂa&‘? thesul ts
in stronger nechanical interaction with the inpacting fluid. In the exanple
of a snoot h 1B¢sHRIrhieen obdillers, ostiuchgalatterss pignwuts ddhers iand ex aetietynofadtiesi on
with a nonslip zone is mnimal and the effects on the polyner do not

produce mucnalytivgrinto thexhddastics atdgol@enmbesiblal is rough and/or sharp or
bot h, then dynami c m xing has resistance to roll, thereby creating a

Dk Lo ! BGELlGhar W SLALOUERS AR LALLONBY [OAEE fadiacte!

as nechani cal kinetic rotation. &artl C ess an
bl ades a hi gh s £, M xing equi pnent are ual |y made. of hardened 15

st eel an?pé’ rg’%gl}tg, ¥?)1F'i“g? ‘f‘?ﬁﬂsar‘ﬁe fﬁ‘%tcﬁ 85t "SYIeaty dnvasp Pgeﬂkﬂ’&ri ng
m xi ng. Since these particles are passing through they need the ability to
retain thei iMigeabire materinly er These faspca ivarietyr ofp aranymaden magdviahd, cailchi ast eteelet | ons
bet ween nol ecul es have been tested and organi zed based on their hardness. A
m ni mal har dhesisumnf b2asS, stmanti¢sngndvredycidp ped/oonetvheviddalvs ga) ehaprcdnabeer
will be sufficient for a single pass particle to be 20 tough enough for
this m xi ngpRIceses Rither by jet nhillidgeér HREL Ldt&P QY FolBsS t%eﬁo&'ic@pi)&fd;‘;?nal

to the boundary | ayer region. The size is usually defined arbitrari as
t he poi nt = . 1 Therefara.,. icl.e gretigcal startin
di aneter i \é\,@‘?%egwﬁ%isﬁ‘%{l%%%eugg%’ plttegragtehrt\1 nglrt%rﬂtt%d %’%gnpsl%r f Eahceé nw&eé}a&s may, =

0.99U. There, are ma fact,é)rs t hat a_d diff'cuItLes in cal cul atib2§ t he
F

par anet eis 258 8¢ PUEalte. Wi ided the magerialshayg spiiciane haydnesgessimagadeo begss on

exanple: 1. Filler |oading, which produces nodified boundary | ayer
i nt er act i ontheMolgehardnesaiseateer t hr ough the walls creating viscosity
differentials. 53. Shear effects and continually increased conpression

i nduced by screw Jag dledrit®Bee By thehdphClalrdie8@ sdaleOthat thBRNi§ am@gi FHrBatéifs
changi ng physical properties such as viscosities, density and etc.
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.

1 Tale (Mg3Si401o(OH),) 1
2 Gypsum (CaSO4-2H,0) 2
3 Calcite (CaCO3) 9
4 Fluorite (CaF,) 21
5 Apatite (Cas(POg)3;(OH-,Cl-,F-) 48
6 Orthoclase Feldspar (KAISi;Og) 72
7 Quartz (Si0Oy) 100
8 Topaz (AL,SiO4(OH-,F-),) 200

15



The dynamics of mxing is one of the nost conpl ex nechanical chem cal 10
interactions in the process industry. Particle size will vary from product
to product optim zation may or may not be needed. Testing indicates that
there does not seemto be nuch difference at all between a 25 nmesh product
and an 800 nesh particles. In both cases, the particle affected the
boundary | ayer m xi ng 2one dloawmsluinc@1iQs) One approach t @08el ecting a
suitable particle size is to‘det%{&}ne when a 15 particghg{ particle size
creates an adverse boufdaryiaerd €dfect by increasing dr ag
coefficient. In nost processes, this may be identified by nonitoring an
increase in anp notor draws during the mxing cycle. |If the anps increase,
then the particle §i houl d. be decreased. Anot her proach is to see if
agi tation speed cameRdoRh aalsis APURFIY REHIEa 6Hier oS GAARBea PR HE (ShSiHace
which illustrates friction reduction by kinetic mxing in the boundary

| ayer. For exshpdes tapa(8)3 byhdiamond é1®)hs elmytypnur difnes as herdamptasndum.t Hreough
an extruder at a given screwrpm It can be seen that the additive of
Perlite at 8tbiertel@asiesvsiddenpatisaighpubsofuds hattndspmeafursCbewscle®imeidie base of
t he extruder. FIG 4 shows that the additive of sodi um potassium
alum num gi | i cat e pRWAST bOokNhcBBB AR icHa| hbOMRcd st by U TbokRedze U
at higher rpmthan previously was possible, thereby generating nore

t hr oughput 0@ t.he sane equi pment. Due to equipnent limtations, the upper
rpmlimt wa Vﬂﬁt able to be ascertained. 5 FIG 5 shows that even when
wood content is 52%to 73%.of..a_plastic..and. 2% Perl.i-t-e-and wood m xture,
superior throughput rates c¢an still; be achieved as conpared to a 49% wood
content without Perlite. Hardneshe Sohstancaér Miamlrst ry has produced test

met hods and tabl es for honmpgeneous ||iquid and the boundary | ayers relative
t hi cknesses for calculating fluid filow properties 10 for! nechani cal

equi pnent sel ection and heéf transfigr  properties. The sane profile
assunption is incorporated{in this jpatent as a starting point of the
particle size so that it wtl-funeti t-he—bot ayer to increase

m xi ng. Particle re-conbining to the boundary |ayer Particles can be
selected to re-interact with tRe bo@ys&#y |ayer if they are 15 swept off
into the bulk fluid duringimxing. jAll fluid materials f]low ng through
mechani cal agitation take the path of | east resistance. The velocity

profile is affected 2.5t03 |pure Gold, Silver, Aluminum

=Y > W B o oy
oTTTTTT SR NAVRAN VAVAVERAVECY | y

3 ‘Calcite, Copper penny

4 Fluorite

4t04.5 Platinum

4t05 Iron

5 Apatite

6 Orthoclase
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in agitation by resistive particles to nove in a viscous nmedium Therefore,
particles that produce resistance to fluid flow are usually directed

towards the boundary |ayer so that the fluid can flow nore freely.
it can beconme bound in 20 fluid suspension because
|.ayer-ar-e-not--suf-figi ent enough to

particle size is |arge,

t he cohesive forces in the-boundary
e being applied to the boundar

resist fluid velocity forc
t her eby sweeping the parti
with small sizes will reco

Haxrdpassk
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nbi ne naturally in the boundar

If the

y |l ayer surface,
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nmet hods as well as 5 shape
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smaller. This is the typical starting point for feeding material into the
inpact jet mlled or jet mlled process. This can be acconplished by a

vari ety of methods that are conmonly avail able and known by the industry to
produce desired particle sizes. The 20 preferred mneral or rock should be
able to produce conchoi daI fracture This ensures knifelike edge effects
with three-di nensilamgl fse charmeémstics:o Appendi x 1 and dr awi ng pages 6/49 -
17/ 49 for inmages of conchor dal fractures. In the case of porous mnerals or

rocks, the charactreitidéd @ixiof effioRnpplsdserbaed (vhenesiied ranchnekadfttBE bRGickPON
i npact during the inpact jet or jet mlling process creates the

thr ee- di mensjqnak, k| re&réaggaigeﬂﬁ&ce%m@s%et%?&d eﬁ?’ &n r&%@heﬁ&vg{@g@d

uneven surfaces may cient Tn"some m xing applications

case, the sharper th artr cl #he be#qéer t he re ul t Ref e Algxg)endix 1
and drawi ng P4 gr@/g Saﬁe}rp ClEFEOPSHTY FRIARSSS LY F%‘F‘g‘egogrt‘} ZQnet
mlling. Man-nmade materials such as glass, ceramcs and netals as well as a

variety of ohie stiglesecin, nédiey praducaswesistargetirem thapartigleraHingearstunmlings by
the Mbohs scal e that produce sharp edges with a three-dinensional shape and
an aspect raThosdcand)efifedt hdds @sigtanarnohiee alsk.of Heepartigiaod ralletndanmpl, witidhl i ng
process typically with these materials produce particles with a nean

aver age of 5re’sul@QnF&EfbM‘%ér hnéh&hiBAllifteRRSn wifl (NP iiREEs MBSl MeexhhpR @aass
may be processed into the desrred t hr ee- di nensi onal sharp edged particles

w th an aspe I a ller mll
smashi ng t he&%% rt?%}'% erfg]:il batl H% a*&o%é‘% suxq ﬁenﬁl?é}gctg)ﬁ a%hlggg&gﬁfrth%] Aonflﬁ)]f £, at ed
in the pictures of Ap endi ces of the rawfeed S S partrcles bef ore
jet milling. sAngtedand the elfeciseandpe pplypgado pet %ﬂﬁsﬁw fﬁéf@@nr%ﬁ%rﬂ e on
with 15 thernoplastics is wood fiber. To verify whether the material is

act ual | y 1énhanateiialgismioxngingpdioheshivesir bodly, then appamizchixid ag sesistange o aokheavy
viscosity nmaterial with poor flow properties with high-density

pol ypr opyl en@eiebpc@anhea biddelike waaslingadrasct, athidhgbdices agitiodssi bhghidhs S
organic. The reason this is significant is inorganic and organic materials

have a hard g factor associated with extrudi ng wood
pl astic com%%@e@k&aﬂ&aggée@fé&ﬁtog " vvhr ch is where the material shows a

Chrrstrrastreelrli) fect on the e

mcfle hardness and toug ess '

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
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In sone cases, this Christmas tree effect is because of inproper m xing
and resistance of the material which is dragging on the dye exiting the
extruder caused by boundary |ayer effects producing rough edges. It is
comon in industry to add lubricants in the fornulation to overcone this
roblem Lubricants allow the material to flow easjer_ over the boundary
Payer, t her &by V@9l owl Prje arfemany Sishnp that f‘%d ijﬁg?‘%%%se‘ntﬁﬁlqu%%ﬁ? Rarapigeers pm of
the extrusion screws until the edge effects appear, which indicates a

maxi mum 5 t lhssougtedutitiokinetempring isthe baindniyadone, lesexampeedur es used t hat
same vi sual appearance as an indicator of the fastest throughput which was

controlled by thej exhsUgalise, Sai@Vprodibes RoafTddmRnhdd} 1538 MidAEtpa @ neasur ed
by mass percent 103% |l ubricant: a zinc stearate and an ethyl ene

bi sst eram de wax 9 , ' f 1,Q. . Ti. .t . 41%

Ther noopl asti c: I-%)I%E\?\}rg%ﬁ% t%—)ﬁéfogpl eé%glsgnegﬁg@&fegﬁ%lnﬁ}ﬁ fcf)?rer}té%ﬁ 49% wood
filler: commercjally classified 60-nmesh eastern white pine purchased from
Aneri can Wood fi réhePS'ﬂg et F‘%ﬂt@ug@f cgrage ICQWQEC’&SWHHH‘&CC@' bYi ameter by
1.5 deep drum bl ender for 5 mnutes prior to feeding. The extruder was a
35mm coni cal countcesw agitalibhng twi n-screw with a 23 LID. The process
tenperature was 320 F, which was constant throughout all runs. Two ot her
material s were uskClehtdcadeRtoiowhdte nkaghild 46 ohdnkitoptysRiEpopatept 20 these

inert hard fillers were: 1. Sodium potassium alum num silicate (vol canic
glass), which i's @ch as viscosities, density and etc.
The dynamics of mixing is one of the 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 therméplastic 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.
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m cron powder used as a plastic flow nodifier to inprove the output as well
as to produce enhanced m xi ng properties for additives. 800 nesh solid
mat eri al hardness 5.5 Mobs scal e hardness (Rheolite 800 powder); and 2.
Expanded Perlite is a naturally occurring silicous rock used mainly in
construction products, an insulator for masonry, |ight weight 5concrete and
for food additiveFIG50Ghoms thapthe additivabe sddaim patasnes slBniBuivbliBcae pbeder
Experiment #2 Baseline material maxi mumthroughput before edge effects

appear ed rpmgl@e %a@@m&@r@tpA%WMW k@9 et ruh &t ﬁfgﬂeﬁgﬁ‘i‘ tigdnf I el dusly e

sodi um pot assi um aI um num powd 0. 5% rpm= equal 15.75 an

over a1 g o LGB B TR oot «
Perlite add éciu\{pemgnq ll?nxl%agllélrslsl (t)I?e upper rpm limit was not able to be ascertained.
5 FIG. 5 shows that even when wood content is 52% to 73% of a plastic and 2%
Perlite and wood mixture, superior throughput rates can still be achieved as compared
to a 49% wood content without Perlite.
The chemical industry has produced test methods and tables for homogeneous
liquid and the boundary layers relative thicknesses for calculating fluid flow properties
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 éan 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
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Basel i ne material maxi numthroughput before edge effects appeared rpm 19 =
13. 13 Experinent #3 Maxi mum t hr oughput using Perlite 20The results of
Experiment #3 may be found in FIG 2. 8% rpm45 = 21.13 an overall

i ncrease of throughput 60.9% 16% rpm 45 = 21.13 an overall increase of

t hroughput 44.7% 25% r 45 = 21.13 an .overall. increase. of throughput
5. 3306 53% PifessneusS PpRmou K TIHEY Bt S BHT O, Rt el s porrly
The reason the hi gh percentages of Perlite were chosen was to renove the
possi bi | i ty suspgndedhingherbulis flued flowis just a filler. The edge effects of the

t hree-di nensi onal knife blades particles interacting with the boundary

| ayer even at 33%Hhdrhl probuviag t@Andogiephordrembroahd Ia%egtueidt end hledmgHipe
base material. Throughputs of the material could have been hi gher but the

rpms | imitat),om 084 ey RlE %&biﬂ\?ﬁ%&%ﬁﬂ% ngﬁglggﬁg%&lgb%"ﬂéml@&é £§w5‘ﬁ“a§’ fed

that is why we believe at 25%the ased” because o
11 4l AL Bl L 2,
wood on throughput The results of Experinment #4 may be found in FIG 4. ;
Basel i ne maiPefauamagsalsmienmpreduse ghgp desitsef thres-dmgesieal ddads llep eharacienistios 25 =
17. 68 15concentration of Perlite was held constant at the starting point of
2% 52% r pm 46th=sh2ipebéll adgesueambdpestnatiegeatenthah Brihg mpatridh duB¥be an impact
jet milled or jet milled process. Impact jet milling is a process where the process
material at high velocity hits a hardened surface to produce a shattering effect of
10 particles. In jet milling, opposing jets cause the process material to impact upon itself
to produce a shattering effect, i.e., conchoidal fractures on the material. The efficiency
of the kinetic mixing particle due to the resulting with surface sharpness, i.e., bladelike
edges (see Appendix 1 and drawing pages 6/49 — 7/49).
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 available 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 and

drawing pages 6/49 - 17/49 for images of conchoidal fractures. In the case of porous

minerals or rocks, the characteristics of the pores being smashed and shattering upon
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59% rpm 45 = 26.25 an overall increase of throughput 48.7% 64% rpm45 =
17.00 an overall increase of throughput 36% 69% rpm 45 = 24.33 an overall
i ncrease of throughput 37% 2074% rpm 30 = 19.46 overall increase of

t hr oughput 10% The reason this test was chosen was because the

| oadi ng of a lightweight organic filler jinto an inorganjc terial is

i ncr eased, t’f‘i‘é’agﬂééﬂﬁg il AmPati o Op Jetapiilipg Pragrss STeRies the thass-dimensional

t hroughput reached once agai n because the rpmwere at a maximumuntil 74%
at whi ch ti nknifehie redge shabetlopdrtcldecrioasationgh 80igh andrencant sadigessefmfig dies.
The conpressible fibers in the extrusion process act |ike broom sweeps

al ong the bouidaen ihavsle mikig X@maﬁdn@% this Ase; MPEIRSSr Bhe& phriticletthe WoQSE
density goes from.04g/cmto 1.2g/cm after extrusion against the wall which

e i Lol R TR S e rr oy B

| ayer and renove mperna

t hr ee- di nensi.onal, parti.cl e ape with blades th allow.this material .to
cut sof tep nHESA!chBHITIE. Hdah e RRRIGHATTIRAS Blpsh CHIRBHCS By melpls as well

under goi ng conpression and bei g)g swept away. There was verification that
this materi ais opaicly of other tynes od uraderiajs mgyieng dadningnup heediess P33 bigtheThe
first day of trial runs we ran the nmaterials in the order shown by the

graphs. The SeaoBehie @yt Produee shidpaddgesiwithed diree-tinsensidadl §hapk eandeaapsipetent
under the sane conditions, materials and weat her the baseline materi al had

a signi ficanty) rl‘é}g&atﬁﬁn 0f7 LANRUGRRYThe imBact jet or je%ﬂliﬁ%%ro_c@%sé@%%@%mer I al

maxi mum t hr oughput before edge effects appeared 15rpm y two,

baseline material naxi mumthro ut..bef ore edge effecis a ared,rpm 25 =
17768 it h ot npETEt PHEbLEEEHSRe Yt iR of 0ol il PRRE B PRk
bei ng polished inside with the high concentrations of Perlite from day one
provi ng ilPseManwadsinaigrialpdiksalangdrgy bapeqcessefjigto the desired three-dimensional

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
15 thermoplastics is wood fiber, To verify whether the material is actually enhancing
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 Qrganic. The reason this is significant is inorganic and organic
materials have a hard time mixing
20 A limiting factor associated with extruding wood plastic composites is "edge
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

22



20 polished surface on day two shoul d have had negative affect with the

ki neti ¢ boundary | ayer m xi ng experinent because the boundary |ayer would
have been reduced or thinner because the coefficient of friction caused by
drag on a polished surface is smaller. It inplies that the material's

t hr ee- di nensji_on hape with sharpened. bl ade . l.i ke edge rovi de .excel | ent
imetic rol M edt Rk o GRHRRT T indoRttnin iy R et thanges
and continuqus conpression forces in the dynam c m xing of the extrusion
process.  formulationTiReovsergmeathis prablem. k Lukigastsnalioivn thepmpteriel tosflowreasier

i ntroduced throughout 5 industry in a variety of ways. For exanple, in the

pl asti cs maokatthe bdinalapalay e Hescbyaloving the elirooglgiuech inctaaspby itdazidgd thor m
fromthe plastics manufacturer and marketed as a production increasing

plastic. ThenRakld SiRSi0RA0rRR Unff HeRALALRELL ?ﬁ%ﬁéaﬁ AREL Fhanekdset ﬁgﬁ)ﬂ%@i grent

suppliers and narketed as rapid dispersing palletized pignent. 1

particles c I rat paltletized.with filler ingrganic or

or gani c asjndﬂﬁlrrl(gll%ﬁbé)%l ggp{gg %§ ecieg Sdnmqg%pgﬁgi“‘?sl; P Tog?quresrﬁsgdﬁié?‘ttsﬁgl‘?evés APRgarance
incorporated into dry powders and marketed as self wetting powders such as
fire retar d&hf® InGRY; Qﬁt\é\ggasﬁﬂgwqgh@%wblcb.was controlledrhy thesentiudpisssceasm be
incorporated into liquids as a disbursenent for |iquid 15pi gnents,

pl asticizergmUV stabilizer, blow ng agents and | ubricants etc. The
boundary | ayer kinetic mxing particles can be utilized by the paint

i ndustry: Experiment #1

Base formula measured by mass percent
10 3% lubricant: a zinc stearate and an ethylene bissteramide wax
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
15 The materials were dry blended with a 4” diameter by 1.5’ deep drum blender
for 5 minutes prior to feeding.
The extruder was a 35mm conical counter-rotating twin-screw with a 23 L/D.
The process temperature was 320° F, which was constant throughout all runs.
Two other materials were used and added to the base formula to prove concept
20 these inert hard fillers were:
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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The particles can be incorporated into paint to increase dispersion
properties of pignments, plasticizers, fungicides, UV stabilizers, fire
retardants, etc. 20 The particles can be incorporated into pignments at
custom m xi ng stations found in paint stores to help dispense | ess nateri al
and produce the sane col or, through better m xi ng and di spersion property

m xi ng.  The par t5Pid exaiggnl hardngssodpordely spae ohi‘i??eséo(/&ﬁ)@tef &9 addi ti ves
manuf acturers to help disperse fire retardants, fillers etc. The particles
can be incor por at @dwidaf)parglpr ay cans to increase the mxing along the walls
pronoti ng boundary layer m xing. 5 The particles can be incorporated into
two conponent i Xlzn@,xﬁa{a%alr%hﬁgt@aBﬁfﬁiﬂ?iyeoc@%ﬁlgrsﬂwﬁ&s&@sreeangnuyl ng or
boundary layer and liquid to liquid interface boundary |ayer m xing

ur et hanes, urea and epoxies etc., The particles c i rated into a
| ubri cant package lItleceolo S%%&ogl Bg’rﬁ}iuﬁté’ saBr g’fufgg)ﬁi %ﬁeﬁ‘t%%’oglgﬁ{ (ggeﬁ |tnuous
recircul ation with chem cal_ cleaners. 10The bhoundary | ayer kinetic m Xing
particl esScan be GOR¢rPEERdBor fopd addinysscadl wash prapis thgterial hardnesshg parti el es
can be incorporated into oils to pronote better flow around surfaces by

| oweri ng the bounddely scalger friction zone producing better wetting with no
break down of tenperature on this additive because it's a solid particle:
cars, boats, 15 plEppesmeRisgycles internal oil external oil, etc. The
particles can be incorporated into oils for whol e househol d cl eani ng
allowing the oil to sprBezgg- ?lhgl@ 1 to
becone sticky over tine eéﬂagﬁééelﬁ%!ﬂxg@@?tﬁrgh mﬁéﬁ&éé,dﬁgfeelfﬁéﬁ alflr)lééd%&/
particles can be incorporated. ] %o break fluids, hydraulic fluids of all
types 20 producing a bé?‘f’grQ"fgsg nse to fluid notion because the boundary

| ayer noves with kinetic nobility when pressure is applied. . )
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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The particles can be incorporated into fuel additives pronotes better

di sbursenent in the fuel as well as a self-cleaning action due to particles
interacting on boundary |ayers throughout the whole entire flow path of
conmbustion including the exhaust where the particles will still have a

| eani ffect. Th i ¢l ddeq . | ubri cant
i Sbur Samont o di rect 1 1ot R P are recy g o of SRR ot onty el p

a car's lubricating effects and cleaning the 5 system but the particles

wi || al so i ncreas&he measpn fthes bigh retcentpgey ok Beiliie Wsimpbosgnevasotor eesiayeethbui | d
up of sludge type material in the boundary |ayers. The boundary

| ayer Ki net ipossibikiynhatphistinateed veajudie filier.| Theadige effedis b drahifck @mprisd@ent i es.
Most liquid material flow ng through a pipe, punp system and/ or process

equi pment  URFE GRABOPRHBIEY idtéMSinSH it MleShRAARY 197 AvaTaCHRh fslif!
regardl ess of the logsurfacl:e geonr%{"ry V\:hli)Ch fﬁﬁi %rgchn%|%§ Sggr?ﬁ%%%g% dr ag

by pronot4 n i i | | ayer, m xin pth a self-cleaning effect.
Thi & w15 arrB st lekict BERnChk dReertl TSRl BERRTi vl
The boundary | ayer kinetic mxing particles can be utilized to increase
heat transf 8fve gsadugher bHbthsgnmg dinyitatiay on the exaider Wap Adtand dhe pafpsiabwast i s
no | onger a 15 stagnant fluid heat transfer zone this increases the heat
transfer prbpegthasd foh thaotih vdiydes beliow at s %6 tlagthamighpoudetacased hyensh as
turned into forced convection on both sides not just one, the fluid to

fluid and tdgfidditiedint feediblg @dtea lightweight AaRriADRARE First AR btiByahé €én¥ wé NY
particles can be utilized by the food, pharnaceuticals and agriculture

i ndustry. B gﬁggg%agh%hg&%g%u@f the particles can be 20 approved by food

and drug the processing o t'hrough plants into its packagi ng can be

enhanced and process .equi nt can m x things nore thoroughly.
Thus, tﬂlé) pr esenf’g’fwgﬁf‘ig{ei s well adapted to carry out the objectives and

attain the ends and advant ages nenti oned above as well as those inherent
therein. Wile presentEieqsyefwooden rpyglipvtent s have been described for
pur poses of this disclosure, nunerous changes and nodifications will be
apparent to those of OFlsi sesulys db Exbserithentr#4trhey by founSichlG Rlanges and

nodi fications are enconpassed within the spirit of this invention as
defined by the clai ms.paseline material maximum throughput before edge effects appeared
rpm 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 overéll 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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APPENDI X | Page no Inmage# Title 6/49 1 200 Novacite Processed 1 7/49 2 200
Novacite Processed 2 8/ 49 3 200 Novacite Processed 3

maximum until 74% at which time the rpm had to be decreased to 30 to prevent edge
effects. The compressible fibers in the extrusion process act like broom sweeps along
the boundary layer. The wood fiber is a compressible filler whose density goes from
O4g/cm to 1.2g/cm after extrusion against the wall which have the ability to
5 encapsulate these hard particles in the boundary layer and remove them permanently. It
is the effect of the three-dimensional particle shape with blades that allow this material
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
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9/49 4 200 Novacite Unprocessed 1 10/49 5 200 Novacite Unprocessed 2 11/49
6 200 Novacite Unprocessed 3 12/49 7 Ash 1 13/49 8 Ash2

like edges provide excellent kinetic rolling capabilities even if the ‘boundary layers
thickness changes and continuous compression forces in the dynamic mixing of the
extrusion process.
The boundary layer kinetic mixing particles can be introduced throughout
5 industry in a variety of ways. For example, in the plastics market:
e The particles can be incorporated into pelletized form from the plastics
manufacturer and marketed as a production increasing plastic.
o 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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14/ 49 9 Ash 3 15/49 10 Hess Punice Grade 2 Processed 1 16/49 11 Hess Pum ce
Grade 2 Processed 2 17/49 12 Hess Pum ce G ade 2 Processed 3 APPENDI X 2
Page nol mage# Title

o The particles can be incorporated into dry powders from additives
manufacturers to help disperse fire retardants, fillers etc.

e The particles can be incorporated into spray cans to increase the mixing along
the walls promoting boundary layer mixing.

5 e The particles can be incorporated into two component mixing materials to
promote better surface area mixing or boundary layer and liquid to liquid
interface boundary layer mixing urethanes, urea and epoxies etc.

e The particles can be incorporated into a lubricant package used for 6leaning
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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18/ 491Hess Pumi ce Gade 2 Unprocessed 2 19/492Hess Pum ce G ade 2
Unprocessed 3 20/ 493Hess Punmice Grade 2 Unprocessed 4 21/49 22/49 23/49
24/ 49 _ 25/ 49 26/ 49 27/49 28/ 49 29/ 49 30/49 31/49 32/49 33/49 34/49
Kansas M neral 1 Kansas Mneral 2 Kansas Mneral 3 Pum ce Grade 3 Processed

| Pumce G %glem awprla%/%resst?ggugﬁout the whole entire flow path of combustion including the

exhaust where the particles will still have a cleaning effect.

The particles can be added as a lubricant and disbursements directly from the

refinery. The particles will not only help a car's lubricating effects and cleaning the
5 system but the particles will also increase the lifespan of the gasoline pumps due to
residue build up of sludge type material in the boundary layers .

The boundary layer kinetic mixing particles can be utilized to increase flow
properties. Most liquid material flowing through a pipe, pump system and/or process
equipment undergo boundary layer effects based on drag coefficient regardless 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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Pum ce G ade 3 Processed 3 Pum ce Grade 3 Unprocessed | Pum ce Gade 3
Unprocessed 2 Pum ce Grade 3 Unprocessed 3 Pum ce Grade 3 Unprocessed 4
Pum ce Pearlite Fines 2 15Pum ce Pearlite Fines 3 16Pumi ce Pearlite Fines
Run 1-2 17Pumice Pearlite Fines Run 1-3 APPEND X 3 Page no._ 35/49 36/ 49

| mage# 1 2 37/49 38/49 )
Thus, the present invention is well adapted to carry out the objectives and

attain the ends and advantages mentioned above as well as those inherent therein.
While presently preferred embodiments have been described for purposes of this
disclosure, numerous changes and modifications will be apparent to those of ordinary
5 skill in the art. Such changes and modifications are encompassed within the spirit of

this invention as defined by the claims.
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3 45 39/49 40/4916 41/497 42/ 49L8 43/ 499 44/ 49 10 45/49 11 46/ 4912 47/ 49

APPENDIX 1

Page no Image# | Title
6/49 | 200 Novacite Processed 1
7/49 2 200 Novacite Processed 2
8/49 3 200 Novacite Processed 3
9/49 4 200 Novacite Unprocessed 1
10/49 5 200 Novacite Unprocessed 2
11/49 6 200 Novacite Unprocessed 3
12/49 7 Ash 1
13/49 8 Ash2
14/49 9 Ash 3
15/49 10 Hess Pumice Grade 2 Processed 1
16/49 11 Hess Pumice Grade 2 Processed 2
17/49 12 Hess Pumice Grade 2 Processed 3

APPENDIX 2

Page no Image# | Title
18/49 1 Hess Pumice Grade 2 Unprocessed 2
19/49 2 Hess Pumice Grade 2 Unprocessed 3
20/49 3 Hess Pumice Grade 2 Unprocessed 4
21/49 4 Kansas Mineral |
22/49 5 Kansas Mineral 2
23/49 6 Kansas Mineral 3
24/49 7 Pumice Grade 3 Processed I
25/49 8 Pumice Grade 3 Processed 2
26/49 9 Pumice Grade 3 Processed 3
27/49 10 Pumice Grade 3 Unprocessed |
28/49 11 Pumice Grade 3 Unprocessed 2
29/49 12 Pumice Grade 3 Unprocessed 3
30/49 13 Pumice Grade 3 Unprocessed 4
31/49 14 Pumice Pearlite Fines 2
32/49 15 Pumice Pearlite Fines 3
33/49 16 Pumice Pearlite Fines Run 1-2
34/49 17 Pumice Pearlite Fines Run 1-3
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13 48/49 14 49/49 j 15 CLAIMS What is clainmed is: 1A nethod of increasing
fluid flow through a nmenber including: feeding a fluid into said nenber;
feeding a material into said nmenber, said material conprised of particles
having a sharp bl ade-1i ke surface, said particles having an aspect ratio
greater than 0.7, di spersing said material within the fluid wherein
said material mgrates to a boundary |ayer of said fluid to promote kinetic
mxing within said fluid, said kinetic taking place in a non-linear
vi scosity zone resulting in reduced f@ﬂ%@é@ﬁgﬁ forces al ong the nenber
caused by drag due to the boundary |ayer. he nmet hod according to claim1l

2T

wherei n sai d pepber—i-s—a—-punp—or—process—egqut-prent—having—econnections t hat
are open ende LAgRNe ﬁncgnﬁﬁ#nrdﬂkhnflnnoasg?or recycleuoperationsi 3The
met hod accord ng3§}9c|a|n111mhpr£ﬁﬁﬁﬁé%ﬂhﬁaﬁm #his fiilled

36/49 2 Pumice Pearlite Fines Run 1-1

37/49 3 Silbro 27.M 1

38/49 4 Silbro 27.M 2

39/49 5 Silbro 27.M 3

40/49 6 Strategic Material 1

41/49 7 Strategic Material 2

42/49 8 Strategic Material 3

43/49 9 Strategic Material 4

44/49 10 Strategic Material Run 5 3

45/49 11 Strategic Material Run 5 1

46/49 12 Strategic Material Run § 2

47/49 13 White Rock 1

48/49 14 White Rock 2

49/49 15 White Rock 3
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4The nmet hod according to claim1 wherein said fluid is unfill ed.

CLAIMS

What is claimed is:

1 A method of increasing fluid flow through a member including:

feeding a fluid into said member;

feeding a material into said member, said material comprised of particles having a
sharp blade-like surface, said particles having an aspect ratio greater than 0.7 ;

dispersing said material within the fluid wherein said material migrates to a boundary
layer of said fluid to promote kinetic mixing within said fluid, said kinetic mixing taking place
in a non-linear viscosity zone resulting in reduced frictional forces along the member caused
by drag due to the boundary layer.
2 The method according to claim 1 wherein said member is a pump or process

equipment having connections that are open ended single pass or are continuous for recycle

operations.
3 The method according to claim 1 wherein said fluid is filled.
4 The method according to claim 1 wherein said fluid is unfilled.
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