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30  surface roughness. Particle penetration deep into the boundary layer produces kinetic

mixing. Particle penetration is increased by increasing sharpness of particle edges or
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boundary | ayer to renove particulates and film Enhanced heat transfer due
t o ki neti damicls sigeiwillt ¢idfendenrading unopethe g due ite thes viseestyder @ partisulse a
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THE DRAW NGRtfonGs d rélEn@kingtid rhixBgeblafie UnfHeObRmaALY laxdrandademay particles FI G 2
is an SEM inage of processed perlite at 500x magnification. FIG 3 is an

SEM i fige hevingrisuel sadfopeharptedgen thatodk aleagri fliidabeupdarysipye, will prodaee SEM
i mge of vol canic aﬁ?%‘qlpa‘g‘re!tﬁ]e s%?a@ ti ckf{ﬂ%rblg e uais 100 m crons. FI G

. Cro_ mixin 1n rea o Cr., .
5is an SEM f(fmge % ani & AS erern-eac CK rark equal s 50 m crons.

FIG 6A is an SMdipaeagesafsed drikiddticagiRing! i atuRdaY et akh @ihept BOUERE, at
10700C. FIG 6B is an SEMimage of natural zeolite-tenplated carbon

produced deye800dxing| @atg@li or akingiv nfrine oiatenal, upierablyl ihage t BoMangd
car bon pr o u%ee.a,&c 900C. FIG 6D is an SEM i mge of natural
zeol i t e- t SMPIPEIEE" Car bon produced at 1,000C. 15FIG 7 is an SEM i mage of

nano ngrous al umirifdes EHORIPRE e 3 ph3 iAo i hefetiOfic that allowsth@pafticlé an
SEM i mage of iseudoboehm te phase Al 203xH20 grown over al um num al | oy
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velocity zone or a non-slip fluid surface to promote kinetic friction rather than static
friction. The mixing efficiency of particles increases with surface roughness.

20 Particles should be sufficiently hard so that the fluid is deformed around a
particle for promoting kinetic mixing through the tumbling or rolling effect of the
particle.

Particles should be size proportional to the boundary layer of a fluid being used
so that the particles roll or tumble due to kinetic rolling friction.

25 Particles should not be too small. If the particles are too small, the particles will
be caught in the boundary layer and will lose an ability to tumble or roll which
increases friction and promotes mechanical wear throughout the contact zone of the
boundary layer.

Particles should not be too large. If the particles are too large, the particles will

30  be swept into the bulk fluid flow and have a minimal, if any, effect on kinetic boundary

layer mixing. The particles should have size and surface characteristics, such as



FIG 10 is an SEMimage of processed holl ow ash spheres at 2500x

magni fication. FIG 11 is an SEMimge of 3Mr) glass bubbles.

FI GS. 12Avendi2ieis1ar e SEM i mages of fly ash particl es aPCHUBR@A/040R15 12A)
25and 10, 000x (FIG 12B) magnification. FIG 13 is an SEMimage of recycled
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rock at 7 £ honR. ilgﬁg SEM i mages of sand particl es.
30FI G 17?\9?(%[@%{1 I\tflﬁfktn%lggdgﬁhgtehgﬁ??le ,O%Sg'nd silicate 1 synthesized for 1

hour. FI G 17B Rasticlées SiMbengadid @f pareas inhaterals, Amameladd bt @atueally syduitigsi zed
for 1 hour. FIG 17Cis an SEMimge of zeolite Y, A and silicate 1
synt hesi zeBineHs BdBEPES. FI G, 17D is an SEM i mage of zeolite Y, A and

sili cats_e 1 Syntﬂ%ic%f"%e&ﬂtgﬁof@éﬁi%&sm:l G 17E is an SEMinage of zeolite Y,

A and Silicate 1°synthesiz hours. FIG 17F is an SEM i mage of

zeolite Y, A arfhrtidlé skdiee cdn dyRpheRkal edardgalar 1@amond ssqubdeGr ¢l@, bst @miSEM
i mge of phosphocal ci ¢ hydroxyapatite. 10FI G  19A is an SEMinmage of A M
aggl oner atfta or Apiartides arg less dopkablgbgsausstthey devpet tagdlorell ayeyi-flat or fles 204

is an SEM j ] I | hEd cati FI G
208 1 s an TR AR ERERENTRLE OF, GERHdebonk) Shepr St A RhPRsy 1
15FI G 21 litHe addistinbl tovAgid feitticin&pplio@d B small thickness. &we Rz /Sine #itatilzM | mage
of solid residues of sem -spherical clusteri ntgt material. FIG 22B is an SEM

i mage 18f Zedh¢ fampokpitingds desiredt avwlppand forms of tumblingarg bomghicial sige gev i mage
of nanost WS Qurgﬁ)l?r%_'cggéeg %‘%aﬁgi@elrag&m %%Eér%ed%ﬁ&iﬁgs 26Mks SeYhd '%‘Q&iap}t Qo
layer. Random mixing zones are analogous to mixing zones created by big mixing
blades operating with little mixing blades. Some of the blades turn fast and some of the
blades turn slow, but the result is that the blades are all mixing. In a more viscous fluid,
15  which has less inelastic properties, kinetic mixing by particles will produce a chopping
and grinding effect due to particle surface roughness and due to sharp edges of the
particles.
Spherical particles having extremely smooth surfaces are not ideal for the
following reasons. First, surface roughness increases friction between the particle and
20  the fluid, which increases the ability of the particle to remain in contact with the sticky
and/or the non-slip zone. In contrast, a smooth surface, such as may be found on a
sphere, limits contact with the sticky layer due to poor surface adhesion. Second,
surface roughness directly affects the ability of a particle to induce mixing through
tumbling and/or rolling, whereas a smooth surface does not. Thirdly, spherical shapes
25  with smooth surfaces tend to roll along the boundary layer, which can promote a
lubricating effect. However, spherical particles having surface roughness help to
promote dynamic mixing of the boundary layer as well as promote lubricating effects,
especially with low viscosity fluids and gases.
Advantages of adding kinetic mixing materials to polymers include:
30 e Cost savings achieved by the replacement of expensive polymers with

inexpensive structural material.



FIG 23Cis an SEMinmage of CuO FIG 24A is an SEMinmage of fused ash at

1.5N at 100 C FIG 24B is an SEM i nmage of fused ash at 1.5N at 100 C
6 hours swownrgp2eiinaned zeolite. 25FI G 24C is an SEM i magased11foymezri ash at
1.5N at 100 C 24 hours show ng cubic zeolite. FIG 24D is an SEM

i mage of fused ash at 1.5N at 100 C 72 hours_show ng unnaned zeolite and
G bbsite | ar8e @asyseyngs achieved by inqreasing am abiity o SERPTPALRfe Me DIGANIG
uni form pl ain 3 N s. 30FIG 25B is an SEMinmage of 635 nm
uni form pl ain 2{1%% alﬁ%ﬁg’é hee{rgs. FIG 26 is a conputer-generated nodel

show ng hai rel idggt khiagEsS adhieve@WgHincreasing productvity withaigh levels SAMpEsc Of
rigid PVC with the sane pignment |oading in both sanples wherein one sanple
i ncl udes ki net iandfer giregjuiebmeieeiplss. FI G 28 shows two sanpl es of

pol ycar.bonate with the sane pi nt | oadi i .both sanpl es erein one
sanpl e”i ncl y('JIe\égqyieﬁg{SP‘ErSWBM%%%&BW’%WQ&W%PiIB‘fr_ggs.ea3%1?‘@'% %W? Hows a
rigid PVC wi th ABR,sBAlSrfadds BrodRe® BPWSuddily aidn/ABS m xed toget her.

FIG 31 shows a test sanple wherein green reacted epoxy with and w t hout

ki netic mni xi mg Bedfet indkieg ofipolgmersdtecgriiditg andl duttimgretectsed teppatticles tdilimgd

wi t hout kinetic mxing particles, respectjvely. The m xed sanplL.e with the
ki netic mixing 3 E?@g‘i@é{é"rﬁeé\l}f@do B%‘?SF/BPX‘Hé)?ﬂH‘é’H}fgt @s(/ﬁﬁevl‘? ’tﬁf\ﬂﬂi‘ﬁa

| arger blue ar&ajymers thro??ﬂfﬂui@%vv 340 S Ihd38FadRObNRlgY ﬁ@ﬁﬁ’al%ixi%%

pol ypr opyl ene flodm w t rect gas injection, wherein the weight %
addi tilve rangesoperanom®. 35 wt %to 4.2 wt %, wherein the cells size ranges
from42 mcron to 217 nmcr

ons. .. FIG 33,5[10 a 10x gni fication of
pol ypr opyl en& fwtl%@ﬁ@eﬁ\cl?rﬁ&f é%\_%té’ni p TSE@“I%"_ ’F‘\é\?%_%lcaé’ls%y&’ BP‘HP"@W n the
f oam havi ng t hqa,ge;s QRELE ofLisliO i RRN! wcﬁlsargtegmled 'bg\@gsgg]mea@qﬁai&h&faet 0.

FIG 34 shows a 60x magnification bf polypropylen where an 1 ncrease
in cells fornecatdpatticleln theibouhdey tayam havi ng the kinetic mxing particles
of the invention added thereto. 20DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS *  Incregysd preductien &y ireshicien Rf HetGostiigisyt of fetion g the bpwndant s i n

crcellam 9 5pal SRRl ey ARl ARl aLed. I L Tupnd 20 1

envi ronment. ¢ Surface qh_':'ilgjdlirﬁ{n%zler%&ﬁv\ﬁn@oddcﬂbﬁl o%eﬁ@ﬁiiﬂﬁ%bhﬁicﬁa@@odﬂcwm
| oading in both sanples. 25|t can clearly be seen that

: 1 left sgqr;gle havi ng
the kinetic bounplyyet sgterons o agngshani¢al isegfagenduectiorfotasinn 9f the pArdeles 81 on

better. Figure 28 sho ol ycarbonate, with .t he sane. pi n adi ng
in both sanpl esthglllj)f)u%céﬁ' iﬁységa % 1’_§‘8%’n"ef’h‘évper_f Hléx%ér’?ﬁsé_l%lﬁg{f’%en%rlﬁl%#i
having the kinekdc mug@l%ﬁér rRMEFondl pebules RAELdefib@Ssurfxbifitidls whethethe
di spersion. 30Figures 27 and 28 clearly illustrate the benefits of kinetic

bound@0y | ayer polymergs pHed prurddledn rel ati onship to di spersion. The inproved
di spersion ptopﬁ{et ip?osdugtlicl)novc\)l% garticle rotation and agitation of stagnant film of the
boundary layer by kinetic mixing, which results in self-cleaning of the boundary
layer to remove particulates and film.
e Enhanced heat transfer due to kinetic mixing in the boundary layer, which is
25 considered to be a stagnant film, where the heat transfer is primarily conduction
but the mixing of the stagnant film produces forced convection at the heat
transfer surface.
The kinetic mixing material of the invention will help meet current and
anticipated environmental regulatory requirements by reducing the use of certain toxic

30 additives and replacing the toxic additives with an environmentally friendly, inert solid,

i.e., with a kinetic mixing material that is both chemically and thermally stable.
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base material to have fewer additives because the presence of kinetic

m xi ng particles disburses additives better, thereby producing the sane
benefi ci avopprperimwes of an additive. M xing and bl endi rgTAfS2@li1Hg9002 | ar
materials 5Figure 29 shows two inmages. Inmage 1 shows rigid PVC with ABS

spots. These two material s, even under hihgh shear conditions chemcally do
not want to mx or bl en@&IEEQE%?RIPTIONO me%ure 30 shows the

ef fect the addi i net d 1, X] Lcles on dissimlar

mat eri al s t hat F;r&.eﬁ“ciﬁ‘%]fSﬁ]%hﬁ{ﬁ?ﬂ?«g@fmé{r;ér&%é%egn@xé%& gwté't he PVC and 10 ABS are
m xed toget her FIGh2 ¢dan $I5Ml itrade bfipiobessé&Bserirtat 500 magnifichtiaack pi gnent .
Typically, additives in polyners are used to pronote durabjlity. However,
in the case of HEr2iyan YEMdmage of propessed pliterah ZaRPsmaghifieatios t ensi on

difi d higeci EMEuN h j th
ol ymer - whi ch o dus et vay e BUGRTR RESeP SN R R I e

The addi t imigrosk. ki netic m xing particles 15 does nore than inprove m Xi ng.
The addition of kinetic mxing particles nechanically reduces the size of
addi ti ves, whi dR0pPolduesENbimege phielcame jash Wherginaply tigkaparkegqupls S0

Ther ef or e,migy reduci ng the size of additives and inproving dispersion, the
anmount of Additives can be reduced. This honmogenous m xi ng characteristic
i ncreases crosHG B i as tSEMJintagef oft eufad lzyotite-ténplarducirtgh preluasdant  of
additives needed to produce 20the desired result. In a reactive

t wo- cdRpor®AE- f oam the addition of kinetic mixing particles will help nix
the liquid-to-Ildguird:d : I g | ki
throughout the 5o Skt & S GSge BFhEbsPEQUTRL ERASLE Bhch Bt al0e,

addi tional 'y i muGoye isgh8EMvignagt benguial asulité-tegslated edrben pfddovedut9pect i es.

25As can be seen by reference to Fig. 38, the top sample, i.e., the sanple
wi th boundary BrGaitdt ikpnetiM imagerdf paivml epditeitemplatedngrieon pEdgetshry m xed
of the two, les. In other words, the top sanple m xed the green and

yel | ow reacted epoxy nore thoroughly, resulting a greater anount of blue

m xed 18poxy.  FIG. 7 is anASEMatilgéi ofl fighot @stounedumiad urhtdardfeont 30a00x
conponent reactive materials, the 30results of which can be seen in Figure
31: magnifégatign: Loctite two conponent 60 min. epoxy, 2 pigments, i.e.,

one yel | ow one egn. Was . [ it s n

caul ki ng gun ngﬁ %llf I néﬁi’gﬁ%ﬁ%‘% é)rf pé%@ﬁ%&legpﬁ%%pggg)g)f%&s%?‘?{g%%e&er tip
was used. AbExQm tASBI24UP3 at 120,000 4 nificatibn.epoxy was reacted mixed and a
smal | anount of yel low pigment was m xed in; 100 m of epoxy was
reacted m xed i@ & saman uireagsf ofrumprpcpssgdrehallonasshi spbgresnat 184%e t wo
100 m Oreacted epaxies with pigment within was then split in half. 50 m of
yel | 0\% reée?%l&lﬁ%l 18%/ was put in one half of a single dual conponent
cartridge in a gGati® if #2rSEMNihfe of hgochatd Milothestst phees natxes00:50 m
of green reacted epoxy was |ocated in the single dual conponent cartridge.
The 50 m megnifdsstioract ed epoxy had 1% by mass kinetic mixing particles hand
15 m xed therei e W I eac put in one half of the
static m xer cfrif}r Igbse%ﬁ%\%ﬁ{na er%tteﬁqg@eeég%géggg%%xy had 1% by mass kinetic

m xi ng particl ggGRangAfnded Bt 416 SEM .image dGlyhshgsaetdles £a5060k EDOXY2ARS t hen
placed in the other side of the dual conponent cartridge. The m xing
proced$ wenddO90s (. f13B) mppribieititit el y 5 ninutes before the material was

ej ected out of e.stati i.xer at th . The static m xing
t ubes were thenbI Igl‘l@\‘/@é’(? %ﬁlﬁgla%?ﬁrfc%cg?dgg;%fkgw%%tggm%%%nt hen cut in half
using a water jEG. CHtdH SEMSmBadobRcyal g1 ot ef000ehRgnifRafid> 31, the top
sanple, i.e., the sanple with kinetic mxing particles, is the nore

t hor oughl y ni xddGCof 5 isan SEM imagppirrocaspedoef aplogpie dack atHE0X H19gBMIFHIA. ni xed

the green and yegell reacte oxy. .mre tharowghly, resulting a greater
amount of bl ue lﬁ]bxgﬁﬁ-elgﬁx%}:e%Eﬁ/ﬂm:}/ges Of Snd p?irtlcllle%.

30 FIG. 17A is an SEM image of zeolite Y, A and silicate 1 synthesized for 1 hour.
FIG. 17B is an SEM image of zeolite Y, A and silicate 1 synthesized for 1 hour.



25Appl i cation in Foam Technol ogi es When the highly specialized
structural material of the invention, i.e., the kinetic m xing particles,

i s incorpsoared2nivh a foam ng technol ogy, the unique clraTAaSe@niogeRzs of
kinetic m xing do not stop when a mxing step is conplete. The kinetic

m xing particles continue to remain active_as fluids nove duri,gﬁ%o%he
expansi on procddS: 17Rels3mpokM imagenyf ztobite Yark iapd silicate; {isygthesigntotasd bet t er
di sper si 0@108{5 bl owi ng agents as well as increased nobility through better
di spersion of reactive and nonreactive additives throughout the pol yner
during expansi @iGofl7Dhie 4n08BM ihazebeft zedlited iYS penad ailicard] isputhesssedforbi | ity
result in inproved cellular consistency. The uni que characteristic shape of
t hr ee- di méW@¥Sonal , poi nted, bl ade-like structures of the kinetic mxing
partickes prodyges gxGelh AHMMIBLERF ARSI R aiGHERY 11 BREEAIIG ) | Ul ar
wal | consi stencies an gstreng . t'1s desirable to reduce cell
sizes of aolam froma 700- 1000 m cron sized cellular structure to 10

m crons and | ower. This breakthrough would allow the industry to make
lighter, stronddf. fldaris ap M HEpee &f geolfech 2 amderiisals Lysyatpshiredblia 12 n a
gas inject %qrsf oam process using gases such as (N2, CO2, Ar, etc.), the nost
10di ffi culht part of the process is to dissolve the gases into the nolten
plastic or readIGyes srineSEMIimak¥ 61 sHoepHocgleds draweapdlité.f erent sol ubility
constants with different polynmers. Solubility Constants Vari ation of
sol ubilPity conﬁlﬁnﬂ%ﬁfe@uﬁ@mg? AEOhYH pegleMmseatesn gas | oadi ng of vari ous
materials. Str u . LAkl caused by the inconsistent
15 cel l ul ar stlrfgé:}t :ijféeés dseéfge)ﬁ{%qgé ?%&n agg%§%1 uageesd both | arge and snal |

cel | sizes. AttRGPLOA iLar0YEVGEENRe bhs@odidthlliae kédlRs YidiQbkmapnificatisi. ng
extruder length or using nultiple extruders to increase dispersion tine for
mechani cal m xifdg: 2He Bddnt i ofmageneédi aisrogiysgllingr eelites Yi i od Bt es
nano and rriacronca%ioge t hree-di nensi onal hard structural particles. Kinetic
m Xi ng parntll%nlles produce mcro and nano size nmechanical 20 openings in the
pl astijg duri ng HIGe2 MsodnREMIig@gsst Znhesoepsmhmgs al | ow gas di spersion into

t he polyner, thereby greatly reducing mxing tine and the effects of gas
solubility. Th&lEhrZaéd & senSEMninagekpheelid rsigas gofpserai-yihegeaf cluyering

i nvention n(%a}nr.tie tailored to have a variety of sizes and shapes where the
structural™¥ &t ures, such as bl ade | ength, cavity depth, particle void

si ze, protrudi NYGMRIW e arSSEM inapé 8EzdolileeP SHrithiiz¢dat L@rgL h, etc., can
25produce cells in foamof a desired size. For exanple, a study was

conduct ed wher dil§. 23 és an kKEMariage af ranegirprivnef (loQOREpBoisBlErend criti cal
Cx2 gas was ad Lat o r.opyl ith various concentrations of type |
ki net ?@ m Xi ngqﬁgr?%fse%%%ﬁﬁénﬁé%ﬁ@%&my be seen in Figures 32A-32T. The
type | Kinetic pIGX230QiPar SEM igmgyef €u@r oduced from expanded perlite and
30had an average particle size of 30u with a fornul a wei ght concentrations

listed in Tabl &1, 2pbliven ShMtimage p{ifisedjashias 1 QDPatgd8 °Crhe addi ti on of the

type | kinetic JyxXi partd.cles r ced IS o L1 cehl ul
structure of 4 :?%ﬁtlﬁ 4. oblg}la!ggroﬁuqﬁs@f%vﬁsﬁha?gh |ag?g@r&2§| }ﬂ%aérhog'krgjctures
of 163 p. Wnhie®z0Fe by fornmula weight. The addition of the type I kinetic
m xing particles into polystyrene produced a consistent cellular small
structire of 4FIG; 24tk an SEMsimee of fused apie pghSNagtdl 0027 (ged hewrs| shpwing
structures Bf 21174 5 with 0.35% by formula weight. Wth both pol ypropyl ene
and pol ystPPEFE he | ow-energy region that was produced when the kinetic
m xi ng particl ggGr otptiednVEEMtikRgs dfBuscliawe e SNt el Bbid 72 wohBrshbhendoubbl es
to congl onerate and produce larger cells is reduced when nore kinetic
particl es vmnempd eedite andTGdbbpitd rgeyarystdd. showed cel lul ar structure can be

decreased if t . of ki net ¢ boundary l.ayer, Al Xi ticles 10

were added in. qﬁﬁgyg&lsr?né\]g@w}ag%oggsluﬂl %\?@%@%bélz@ﬁ%?%%\%%ight to 54 p.
4.2% by formul Freebalis an'$vakapeof §3®nhivgiferm g ALOJuehdsphereait € of micron
sized cellular structures being fornmed through the rotation of the kinetic

m xi ng particl d3Gi 26 is 4 campuiert gensratedeodst shavang haie-like dibersiod k oOH he
potential of cellular congloneration. Figure # Resin % Kinetic M xing

8



Particles in pellets %pellets used in product feed %Ki netic M xing
Particles in product shown in Figure Cell Size Mcrons 32K+L PP 40. 00%
12. 00% 4.80202323:3h+J PP 40. 00% 8. 00% 3. 20% 63 32MtN PPPCT/US0L1 54920

FIG. 27 shows two samples of rigid PVC with the same pigment loading in both
samples wherein one sample includes kinetic mixing particles.

FIG. 28 shows two samples of polycarbonate with the same pigment loading in
both samples wherein one sample includes kinetic boundary layer mixing particles.

5 FIG. 29 shows a rigid PVC with ABS spots.

FIG. 30 shows PVC and ABS mixed together.

FIG. 31 shows a test sample wherein green reacted epoxy with and without
kinetic mixing particles were mixed with yellow reacted epoxy with and without kinetic
mixing particles, respectively. The mixed sample with the kinetic mixing particle

10 achieved superior mixing as evidence by the larger blue area.

FIGS. 32A -32T show a base polystyrene or polypropylene foam with direct gas
injection, wherein the weight % of additive ranges from 0.35 wt % to 4.2 wt % ,
wherein the cells size ranges from 42 micron to 217 microns.

FIG. 33 shows a 10x magnification of polypropylene foam, where an increase in

15  cells formed are visible in the foam having the kinetic mixing particles of the invention
added thereto.

FIG. 34 shows a 60x magnification of polypropylene foam, where an increase in
cells formed is visible in the foam having the kinetic mixing particles of the invention
added thereto.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The introduction of kinetic mixing particles results in excellent dispersion
capabilities, as illustrated by FIGS. 27 and 28 in viscosity materials such as
thermoplastics in a high shear mixing environment.

Figure 27 shows a rigid PVC having the same pigment loading in both samples.

25 It can clearly be seen that left sample having the kinetic boundary layer mixing particles
therein exhibits dispersion better.

Figure 28 shows polycarbonate with the same pigment loading in both samples.
It can clearly be seen that the sample on the right, having the kinetic boundary layer

| mixing particles, exhibits better dispersion.
30 Figures 27 and 28 clearly illustrate the benefits of kinetic boundary layer mixing

particles in relationship to dispersion. The improved dispersion properties allows a
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base material to have fewer additives because the presence of kinetic mixing particles
disburses additives better, thereby producing the same beneficial properties of an
additive.

Mixing and blending of dissimilar materials

5 Figure 29 shows two images. Image 1 shows rigid PVC with ABS spots. These
two materials, even under high shear conditions chemically do not want to mix or blend
together.

Image 2 of Figure 30 shows the effect the adding kinetic boundary layer mixing
particles on dissimilar materials that are difficult to mix. In an extruder, the PVC and

10  ABS are mixed together, which resulted in the ABS acting like a black pigment.

Typically, additives in polymers are used to promote durability. However, in
the case of fire retardants, fillers, de-foamers, surface tension modifiers and biocides
etc., fillers often have a negative effect on the polymer, which produces fatigue
throughout the cross-linked polymer systém. The addition of kinetic mixing particles

15  does more than improve mixing. The addition of kinetic mixing particles mechanically
reduces the size of additives, which produces better interaction in the polymer matrix.
Therefore, by reducing the size of additives and improving dispersion, the amount of
additives can be reduced. This homogenous mixing characteristic increases cross-
linking strength of the polymer by reducing the amount of additives needed to produce

20  the desired result.

In a reactive two-component foam, the addition of kinetic mixing particles will
help mix the liquid-to-liquid interface, which promotes better cross linking throughout
the polymer. The additive of kinetic mixing particles will additionally improve
adhesive strength and impart better flow properties.

25 As can be seen by reference to Fig. 38, the top sample, i.e., the sample with
boundary breaker kinetic mixing particles is the more thoroughly mixed of the two
samples. In other words, the top sample mixed the green and yellow reacted epoxy
more thoroughly, resulting a greater amount of blue mixed epoxy.

A static mixing test was conducted for dual component reactive materials, the

30  results of which can be seen in Figure 31:

10



32A+B PS 35. 00% 3. 00% 1. 05% 46 32S+T PS 35. 00% 12. 00% 4. 20% 54 32C+D PS

35.00% 1. 00% 0. 35% 217 The rel ationship between the particles
and the reeubtzmgsieel | size is a function of 15surface ehanserigni®e:cs of
the kinetic particle being used. For exanpl e, using the previously
mentioned gas injected testing to illustrate particle size characteristics

in rel ati onshi pMatriale|joctits, et FRIRPONRAEAO Ane KPR A PIBBENE 1 6C-pane yellaw wi t h

t he approprd i L& boundary | ayer m xing surface characteristics rolls
and tunblé%k%%&whkgﬁﬁgfnntion, the perlite particle will produce | ow

surface energy RfliiggémnStandariht®d @l guabicatilRilg @umewith dpoidchodiamefen 6Single to a
void cavity of the particle where the vertex of the void forns a very
smal | anglleng dispesablestabis anireiiip Was sed. where the void is defined by a

hyperbalic sur?%ﬁﬁﬁn%pp“%ﬁﬁ;ex beconmes infinite, in the sane manner as the

verticés of a hyperbolic triangle. Expanded perlite having

t he charact eri sti0asl of epdxt yae réactddinix@d pAad tisedal dngsis of YW pignichetvahi ng on
the back in of an 5 arrow, i.e., the particle possesses three-dinmensional
bl adel i ke BI¥&8 ¥t eri stics, which allows bubble formation in between bl ades.

The bubble will lbO?t:ﬁK% %Hbg(&ggastr%aét&?ml&e% 4 A(gmglg LIShAY & éf‘?e%]r{eﬁnéﬁl%ﬁf %ggnce

forces applied overcones adhesi ve forces of Xpandi'ng and
pr ot rudi ngntxgbld;e form ng on the kinetic boundary |ayer m xing particle.
The exanpl e above di scussed an average nean particle size of 30 4. 10

Ther efl@r e, t he Purttiocld® mhesacted icpoiey Witk pigmend Within s thenisphbinehalf. | $0

rel ease fr e { i 1 X] } . | nr times
e radi uatl st bRFetortt AR St o ARGRARAE G £5BbicARAl AR b REER, | (T
m Xi ng pard itgfiemiec ause éther IgLOsEhe istatic anikag 50 Bl wegserbtenttad @oxdi wact |y

affects the adhesive forces of the bubble. Therefore, different geonetric
conf i gur atlpeaied iaHbngjasle Haakepnineaenticertfifigl. d renoval energy to

The 50 ml yellow reacted epoxy had 1% by mass kinetic mixing particles hand
15 mixed therein. The yellow reacted epoxy was put in one half of the static mixer
cartridge. 50 ml green reacted epoxy had 1% by mass kinetic mixing particles hand
mixed therein. The 50 ml green reacted epoxy was then placed in the other side of the
dual component cartridge. The mixing process was conducted for approximately 5
minutes before the material was ejected out of the static mixer at the same low rate.
20  The static mixing tubes were then allowed to be fully cured. The tubes were then cut in
half using a water jet cutter. As can be seen by reference to FIG. 31, the top sample,
i.e., the sample with kinetic mixing particles, is the more thoroughly mixed of the two
samples. In other words, the top sample mixed the green and yellow reacted epoxy

more thoroughly, resulting a greater amount of blue mixed epoxy.

25 Application in Foam Technologies

- When the highly specialized structural material of the invention , i.e., the kinetic
mixing particles, is incorporated with a foaming technology, the unique characteristics
of kinetic mixing do not stop when a mixing step is complete. The kinetic mixing
particles continue to remain active as fluids move during the expansion process. The

30 post mixing step particle activity promotes better dispersion of blowing agents as well

as increased mobility through better dispersion of reactive and nonreactive additives

11



15 produce bigger or smaller cell sizes. The dynam cs of the m xing and the
sel ection of polyners and additives will have a significant effect on fluid
force appwDedi2a73the ki netic m xing particles to over coRETiUSR1AM®WIL ve
force of the bubble on a surface of the kinetic m xing particle, which can
vary fromapplijcation to application. A general rule of thunb is that the
desi red bubtaughaytzibe polumer dyping gxpansion @ thestoamyedihgdbatisr slspersih oed 0. 025
to 8 tine r i i di a . Of ratrudi ng
armof o A EraR bRty s RELbbGLEL SRR ARRLREy SR i aBRERHET 19
times | ar ghapd bfahreehitmpavidnat, @ired, &laediketsaictargd/od thedfingtiunhiXitigiphrtigeir m of
a particle. The addi tion of @ﬁplicant's_kinetic m Xxi ng particles

i nproves fRspRucss excelint pysleasinn sitem herelsh Hsressipg cellulep waylsqoapisigngies apb

Cel I ul gr %EIJCH% ure; 2. Dispersion of 25 Fornula Conmponents; 3. |nproved
Strength; 4. Reduced Costs. These four areas of inpact will be discussed
bel ow. Consi st dn¢y dedirabkl touteduceStellicizus ©f a foam frbm ki70011000 mhixtdigsiped ti cl es
of the invention have unique characteristics including three-dinmensional,

sharp poi redulapptzessureite d0 nygrons and layyer; Blais begakthronghnyowld alow3he pidygtry i ke
characteri,sties,.l : As these

ki netic mt)éﬁllﬁag(%pl)éjfl%?%ﬁgrslgﬁoq@%n%&?ﬁﬂ%ﬁe&ﬁ gigergsc&l}ﬁ ér%alayggénﬁq %)?lgansi on, the
edges produce Iaxceisligjetted ieing pidceds Birdgamsédaich aa@sg A Alr] ¢tc g, thenexspand i n
such a way as to increase the consistency of the cellular structure. This
can bd0sedhfficyltmagtefdbe procgiis3a digsplygrthe gapes igaghe mpdign plaghs OF Ectivh

wher ei n I q g I . ith a
imeti ¢ SRR TLEA s 1800 aiRdh B MRRARKLGRE APTRIEPBOEASH <"\ 7 hou
the additive. Sigrbibfd Gonsfengure 34 show nore cells in the interior of a

pol ypropyl ene foam prepared with a kinetic mxing material additjive type |
than in the foaYarptiepaefetplvhilityoeanstants regulits v dncoppistersies dh 2a¥ ledinguph
Conmponents,_ . r i ngt i I X] ticl l. om
expanded parPIE aRTHRIES Rl Haelarchtlsfin B Ly bYRBe 1ngBRSSich
conpongnt ssellula€ | stdetigesblvive e apamt Bas pdduded doth tdige polysRall Well haxds.
changi ng chem cal properties of the fornula. Even during post-extruder
expansi on,Ati¢reptpde tqvercomechigsg difEculbes Hicludeniverepsing R Heegl PIisingg,

t hereby creat. et.ter di rsian of formul nonents. t he
pol yrrer . - PO BRT A e e MFRSt alsBefty AipE oY AedARANARIS,  ThOUEHRY of
conduct ed |9RetROYEREMAEIE (R3fPoddtess hawtdand micron2sizé 2b@ei@bhdi@®l hard

Pol ypropyl ene with 1% Blowi ng Agent = 7.14 g Pol ypropylene with 1%
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introduction of the kinetic .
25  produce cells in foam of a desired size.

For example, a study was conducted wherein type I kinetic mixing particles
were used and critical CO, gas was added into polypropylene with various
concentrations of type I kinetic mixing particles. The results may be seen in Figures
32A-32T. The type I kinetic mixing particles were produced from expanded perlite and

30  had an average particle size of 30p with a formula weight concentrations listed in Table

1, below, not including the CO, gas. The addition of the type I kinetic mixing particles
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energy region that was produced when the kinetic mixing particles rotated was the
same. However, the ability for the bubbles to conglomerate and produce larger cells is
reduced when more kinetic particles are present. The polystyrene showed cellular
structure can be decreased if too much of the kinetic boundary layer mixing particles
10 were added in. The shift was from 42 p at 1.75% by formula weight to 54 p 4.2% by
formula weight. Therefore, the higher the production rate of micron sized cellular
structures being formed through the rotation of the kinetic mixing particles in a foam

matrix, the greater the reduction of the potential of cellular conglomeration.

T % Kinetic Mixing
[»)
% Kme?lc M!xmg % pellets used in Particles in Cell Size
Particles in . ;
product feed product shown in | Microns
. . pellets .
Figure # Resin Figure
32K+L PP 40.00% 12.00% 4.80% 45
321+ PP 40.00% 8.00% 3.20% 63
32M+N PP 40.00% 5.00% 2.00% 63
32E+F PP 40.00% 3.00% 1.20% 77
32G+H PP 40.00% 1.00% 0.40% 163
320+P PS 35.00% 5.00% 1.75% 42
32A+B PS 35.00% 3.00% 1.05% 46
325+T PS 35.00% 12.00% 4.20% 54
32C+D PS 35.00% 1.00% 0.35% 217

The relationship between the particles and the resulting cell size is a function of
15  surface characteristics of the kinetic particle being used.

For example, using the previously mentioned gas injected testing to illustrate
particle size characteristics in relationship to cell formation, when an expanded perlite
particle with the appropriate kinetic boundary layer mixing surface characteristics rolls
and tumbles in kinetic motion, the perlite particle will produce low surface energy

20  regions in the polymer that are proportional in size to a void cavity of the particle where
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the vertex of the void forms a very small angle. In one embodiment, i.e., where the
void is defined by a hyperbolic surface, the vertex becomes infinite, in the same manner
as the vertices of a non-conformal hyperbolic triangle. Expanded perlite having the
characteristics of a type I mixing particle looks like the fletching on the back in of an
arrow, i.e., the particle possesses three-dimensional bladelike characteristics, which
allows bubble formation in between blades. The bubble will stay adhered to the
bladelike structure until resistance forces applied by the fluid overcomes adhesive
forces of the expanding and protruding bubble forming on the kinetic boundary layer
mixing particle. The example above discussed an average mean particle size of 30 p.
Therefore, the particle radius in this example is 15p. A bubble will release from a type
I kinetic mixing particle at approximately three times the radius. The 3:1 relationship
changes depending on the types of kinetic mixing particles because the geometric
contact between surfaces directly affects the adhesive forces of the bubble. Therefore,
different geometric configurations change the surface to fluid removal energy to
produce bigger or smaller cell sizes. The dynamics of the mixing and the selection of
polymers and additives will have a significant effect on fluid force applied to the kinetic
mixing particles to overcome the adhesive force of the bubble on a surface of the
kinetic mixing particle, which can vary from application to application. A general rule
of thumb is that the desired bubble size, i.e., foam void size, is expected to be from
0.025 to 8 times larger than the particle size diameter and/or of a protruding arm of a
particle. For particle type 1, we expect the void size to be 1 — 8 times larger than the
particle size diameter and/or of a protruding arm of a particle.

The addition of Applicant’s kinetic mixing particles improves four areas of
current foam technology: 1. Consistency of the Cellular Structure; 2. Dispersion of
Formula Components; 3. Improved Strength; 4. Reduced Costs. These four areas of
impact will be discussed below.

Consistency of Cellular Structure

The kinetic mixing particles of the invention have unique characteristics
including three-dimensional, sharp points, blade-like, holes, cavities, protruding arms,
spine-like characteristics, jagged edges, smooth corners, etc., shape. As these kinetic

mixing particles move with the fluid during foam expansion, the edges produce
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excellent nucleation sites that cause the fluid to expand in such a way as to increase the
consistency of the cellular structure. This can be seen in Figures 33 and 34. Figure 33
shows a 10x magnification wherein more cells can be seen in a polypropylene foam
prepared with a kinetic mixing material additive type I than in the foam prepared
without the additive. Similarly, Figure 34 show more cells in the interior of a
polypropylene foam prepared with a kinetic mixing material additive type I than in the
foam prepared without the additive.

Dispersion of Formula Components

The boundary layer kinetic mixing particle type I made from expanded perlite
resulted in better dispersion of all formula components, including blowing agents,
throughout the polymer without changing chemical properties of the formula. Even
during post-extruder expansion, the particles continue to influence the foam through
mixing, thereby creating better dispersion of formula components throughout the
polymer.

Improved Strength

An Izod impact strength test was conducted on polypropylene foam at standard
at 12” Izod profiles:

Polypropylene with 1%* Blowing Agent=7.14 g

Polypropylene with 1%* Blowing Agent + 1%* Additive =8.11 g

*by formula weight

The improved dispersion of formula components combined with the improved
cellular makeup of the foam structure, produced by the introduction of the type I kinetic
mixing particles, resulted in a 13.5% increase in impact strength.

Reduced Cost

Weight reduction analysis on polypropylene foam, standard '2” Izod profiles

Polypropylene with 1%* Blowing Agent =21.5 g

Polypropylene with 1%* Blowing Agent + 1%* Additive =13.5 g

*by formula weight

The improved dispersion of formula components combined with the improved

cellular makeup of the foam structure, produced by the introduction of the kinetic

15



400 420 420 hot runner Shot si ze

WO 2012/027510 PCT/US2011/049022

mixing particles, resulted in a 25.0% reduction in the weight of the same geometrically
shaped part.

The benefits of application of kinetic mixing particles are not limited to

application in foam plastics such as polypropylene, polyethylene, polystyrene, PVC,

5 ABS, etc.; nor are the benefits limited to reactive foams such as single component

urethanes, plural component urethanes, epoxies, ureas, etc. The addition of kinetic

mixing particles will produce similar results in any structural foam material that uses

endothermic blowing agents, an exothermic blowing agents, nitrogen or CO, gas foam

injection systems.

10 Table 1
OPERATING PARAMETERS
COMPANY Ferris
RESIN PP, PS
DATE
SCREW TYPE Gengral-purpose
MACHINE # Huskey HY- Energy|}150 ton enge! PP Base + PS Base +
PART NAME Blowing Agent Base Boundary Breaker Base Boundary Breaker
NOZZLE °F 400 400 425 425
ZONE 1 TEMPERATURE F 400 400 420 420
ZONE 2 TEMPERATURE F 380 380 415 415
ZONE 3 TEMPERATURE F 380 380 415 415
ZONE 4 TEMPERATURE F 370 370 410 410
ZONE 5 TEMPERATURE °F
MELT TEMPERATURE 400 400 420 420
hot runner
Shot size 2.5 25 2.5 2.5
Injection Speed
Profile mivsec 50 50 50 50

1 mivsec

2 mnvsec

'3 mmsec

O "

'S misec
¥ Injection Pressure PSIBAR 02 0.25 0.25 0.4
Fill Time %/Sec 2 2 2 2
BACK PRESSURE %/BAR 75 75 75 75
SCREW SPEED % 50 50 40 40
Cushion mm 0.2 0.2 0.2 0.2
Pack Time Sec. 4 4 4 4
Pack Pressure PSIBAR 0 0 0 0
Hold Time Sec. 0 0 0 0
Hold Pressure PSI/BAR 0 0 0 0
Recovery Time Sec. 15 15 18 18
Cure Time %/Sec 20 20 45 45
Decompresion mm 0.1 0.1 0.1 0.1
Cycle Time Sec. 30 30 55 55
Mold Temp. Front F 80 80 80 80
Mold Temp. Back :F 80 80 80 80
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Chemical blowing agents
The particles of the invention provide a mechanical assistance to commercially
used blowing agents in three ways. The first is increased dispersion of the blowing
agents produced by nano and micro mechanical mixing. The second is the nano and
5 micron size perforations that occur during mixing that allow dispersion of chemical
blowing agents into the polymer. The third is nano and micro mechanical kinetic
blending process that lowers the surface tension in the mixing zone giving mechanical
blowing agents the ability to nucleate more freely. These kinetic mixing particles can
also be commercially incorporated into a blowing agent formulation through a coating
10 and/or doping process to produce the same results. The base particle can be used to
produce better blowing agents.
Nucleation sites
There have been a variety of materials that have been used to produce better
nucleation and more unified cell sizes. The most common commercially used material
15  is talc along with some more exotic materials such as nano clay and carbon nano tubes.
There has been a lot discussion and debate over of the nucleation particle size to foam
cell size relationship.
The technology of the invention focuses on a fundamental principle of
geometrical shapes to increase nucleation sites by promoting low surface energy inside
20  a polymer. Lowered surface energy of a fluid surrounding a particle is produced by a
geometrical shape having a very sharp vertex. In one embodiment, i.e., where the void
- is defined by a hyperbolic surface, the vertex becomes infinite in the same manner as
the vertices of a non-conformal hyperbolic triangle. These geometrical shapes include,
but are not limited to points, sharp edges and accessible internal structures, voids or
25  pockets whose geometric shapes produce corners, diamonds, triangles etc.
Polymers are chain-like materials that naturally bend over surfaces and around
particles in a manner similar to water flowing down a river. The more abrupt the shape
of the particle, the greater turbulence that is produced. For example, consider rocks in a
river, where smooth rocks create little to no turbulence while rocks that have abrupt
30  edges and cavities produce lots of turbulence. The turbulence creates an area or region

of low surface energy. Low surface energy areas allow for nucleation sites to occur.
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Nucleation sites are the beginning of bubble formation that turns into a chain reaction
of cell formation throughout the polymer.

Discussion of the geometric shapes of commonly used nucleation materials and
new materials that are being developed follows.

Talc: flat plate-like shape, held together by weak Vander Wal forces which
allows material to cleave during high shear. Talc can be processed into small particle
sizes and may or may not have sharp or jagged edges depending on processing
conditions.

Nano Clay: irregular shape, most likely spherical or cylindrical having an aspect
ratio of approximately one. Nano clay is a hard organic and can be processed in nano
size shapes.

Carbon nanotubes: cylindrical shaped or fiber-like. Carbon nanotubes are
strong and are molecularly produced.

All of the above mentioned materials have attributes that produce low energy
regions in a flowing fluid thereby stimulating adjacent nucleation sites based on size
and geometry. For example, nano-sized particles promote low energy regions because
long chain polymers have difficulty bending around a small radius. Therefore nano-
sized particles produce small regions around particles for nucleation sites. A difficulty
with nano materials is related to difficulties associated with dispersing the small
particles uniformly throughout the polymer. Uniform dispersion is crucial to
producing low surface energy regions based on particle radius in relationship of
polymer bending. If the nano particles stay in conglomerated regions, the
conglomerations may not produce low surface energy regions suitable for nucleation
sites.  Additionally, conglomerations make it difficult to calculate predictable
nucleation based on nano particle count.

Talc has unique physical properties. Talc is not a rigid solid. Talc is held
together by weak Vander Wal forces and is used in many cases as a lubricant. The
natural shape of talc is thin small plate-like structures that undergo transformation of
physical shape when under high pressure and shear produced by an extruder. Talc can
be used to produce low energy sites by edge effects coupled with lubricating properties

throughout the polymer. Talc is not a structural material. Therefore, talc changes size
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and shape within a extrusion process with different polymers because of the mechanical
load imparted upon talc particles, making it difficult to accurately predict nucleation
outcome, unlike talc. Applicant's kinetic mixing particles are ideal for nucleation sites
because surface characteristics are predictable and repeatable based on their
5  dispersability and structural integrity throughout a polymer, regardless of operating
parameters inside the extruder. '
Applicant's kinetic mixing particles are rigid structural particles with diverse
surface characteristics that produce repeatable low surface energy interaction regardless
of polymer or shear effects that are applied. Kinetic mixing particles are self-
10  dispersing, which overcomes the complication of using nano materials as nucleation
sites.

Method of Application

The additive, i.e., the kinetic mixing particles, can be incorporated into a plastic
or foam formula in different ways, including:
15 1. Directly into plastic pellets from a manufacturer or a compounding
company at total formula weight percent of 0.20% to 70.0%
2. Compounded as an additive with a blowing agent from the manufacturer
of a blowing agent in powder or granular form.
3. Fed into a plastic or foam mixture as a raw powder or as a specialized,
20  compounded plastic pellet for feeding directly into the extruder using a hopper system
to control percent loading.
4. Incorporated as a dry powder directly into fluids prior to the fluids being
mixed or during the mixing process.
An example formulation of a blowing agent and a description of the equipment

25  used to process may be found in Table 1.

Particle type |
Particle type I embeds deep into the boundary layer to produce excellent kinetic
mixing of foam constituent fluids in both the boundary layer and in the mixing zone.
Type I particles increase dispersion of chemical and mineral additives. Type I particles
30 increase fluid flow. The surface area of Type I particles is large compared to the mass

of Type I particles. Therefore Type I particles stay in suspension well. In one example,

19



75 75 75 75 SCREW SPEED 50 50 40 40 Cushion mm 0.2 0.2 0.2 0.2 Pack Tine
sec. 4 4 4 4 Pack Pressure
WO 2012/027510 PCT/US2011/049022

a type (I) kinetic mixing particle is made from expanded perlite with a Mohs scale
hardness of 5.5 (equivalent to a high-quality steel knife blade). For effectiveness,
particles of all types preferably have a hardness of 2.5 or higher on the Mohs scale.
Referring to Figure 1, shown is expanded perlite that is unprocessed. Perlite is a
5  mineable ore with no known environmental concerns and is readily available on most
continents and is only surpassed in abundance by sand. Expanded perlite is produced
through thermal expansion process which can be tailored to produce a variety of wall
thicknesses of the bubbles. Expanded perlite clearly shows thin wall cellular structure
and how it will deform under pressure. In one embodiment, perlite may be used in a raw
10 unprocessed form, which is the most economic form of the material. Perlite has an
ability to self-shape, i.e., to be crushed into smaller particles, under pressure into
boundary layer kinetic mixing particles.
FIG. 2 is an image that demonstrates that the expanded perlite particles do not
conglomerate and will flow easily among other process particles. Therefore, expanded
15 perlite particles will easily disperse with minimal mixing equipment.
Referring to FIG. 3, shown is an enlarged image of an expanded perlite particle
showing a preferred structural shape for processed perlite particles. The particles may
be described as having three-dimensional wedge-like sharp blades and points with a
variety of sizes. The irregular shape promotes diverse kinetic boundary layer mixing.
20  The expanded perlite shown in FIG. 3 is extremely lightweight, having a density in the
range of 0.1-0.15 g/cm. The low weight allows for minimal fluid velocity to promote
rotation of the particle. The blade-like characteristics visible in FIG. 3 easily capture the
kinetic energy of the fluid flowing over the boundary layer while the jagged blade-like
characteristics visible in FIG. 3 easily pierce into the boundary layer of the flowing
25  fluid to promote agitation while maintaining adherence to the surface of the boundary
layer. The preferred approximate application size is estimated to be 900nm to 50 p.
This kinetic mixing particle produces dispersion in a variety of fluids have a wide range
of viscosities. Additionally, the expanded perlite particle is an excellent nucleating
agent in foaming processes.
30 Referring now to FIG. 4, shown is volcanic ash in its natural state. Volcanic ash

exhibits similar characteristics to the characteristics of expanded perlite, discussed
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above, regarding the thin walled cellular structures. Volcanic ash is a naturally formed
material that is readily mineable and that can be easily processed into a kinetic mixing
material that produces kinetic boundary layer mixing. The volcanic ash material is also
deformable, which makes it an ideal candidate for in-line processes to produce desired
5  shapes either by mixing or pressure application.
Referring now to FIG. 5, shown is a plurality of crushed volcanic ash particles.
FIG. 5 illustrates a crushed particle form having three-dimensional bladelike
characteristics that will interact in the boundary layer in a similar manner to expanded
perlite, discussed above, in its processed formed. The crushed volcanic ash particles of
10  FIG. 5 are larger than the processed perlite, making application of crushed volcanic ash
particles more appropriate to higher viscosity materials. The preferred approximate
application size is estimated to be between 80 p to 30 p. This material will function
similar to the processed perlite materials discussed above.
Referring now to FIGS. 6A-6D, shown is natural zeolite-templated carbon
15  produced at 700 C (FIG. 6A), 800 C (FIG. 6B), 900 C (FIG. 6C), and 1000 C (FIG.
6D). Zeolite is a readily mineable material with small pore sizes that can be processed
to produce desired surface characteristics of kinetic mixing material. Processed perlite
and crushed volcanic ash have similar boundary layer interaction capabilities. Zeolite
particles have small porosity and can, therefore, produce active kinetic boundary layer
20  mixing particles in the nano range. The preferred approximate application size is
estimated to be between 600 nm to 900 nm. Zeolite particles are ideal for friction
reduction in medium viscosity materials.
Referring now to FIG. 7, shown is a nano porous alumina membrane having a
cellular structure that will fracture and create particle characteristics similar to any force
25 material. Material fractures will take place at the thin walls, not at the intersections,
thereby producing characteristics similar to the previously discussed materials, which
are ideal for boundary layer kinetic mixing particles. The preferred approximate
application size is estimated to be between 300 nm to 500 nm. The particle sizes of this
material are more appropriately applied to medium to low viscosity fluids.
30 Referring now to FIG. 8, shown is a pseudoboehmite phase Al;O3;xH,0 grown

over aluminum alloy AA2024-T3. Visible are bladelike characteristics on the surface
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of processed Perlite. The fracture point of this material is at the thin blade faces

between intersections where one or more blades join. Fractures will produce a three-

dimensional blade shape similar to a "Y", "V" or "X" shape or similar combinations of

geometric shapes. The preferred approximate application size is estimated to be from
5 50 nm to 150 nm.

Particle Type II

Particle type II achieves medium penetration into a boundary layer for producing
minimal kinetic boundary layer mixing and minimal dispersion capabilities. Type II
particles result in minimal fluid flow improvement and are easily suspended due to the

10 large surface and extremely low mass of Type II particles.

The majority of materials that form hollow spheres can undergo mechanical
processing to produce egg shell-like fragments with surface characteristics to promote
kinetic boundary layer mixing.

Referring now to FIG. 9, shown is an image of unprocessed hollow spheres of

15 ash. Ash is mineable material that can undergo self-shaping to produce kinetic
boundary layer mixing particle characteristics depending on process conditions. The
preferred approximate application size is estimated to be 20 p to 80 p prior to self-
shaping processes. Self-shaping can be achieved either by mechanical mixing or
pressure, either of which produce a crushing effect.

20 Referring now to FIG. 10, shown are processed hollow spheres of ash. The
fractured ash spheres will tumble in a boundary layer similar to a piece of paper on a
sidewalk. The slight curve of the material is similar to a piece of egg shell in that the
material tends to tumble because of its light weight and slight curvature. Preferred
approximate application size is estimated to be between 5 nm to 50 nm. Ash spheres

25  will function in a manner similar to expanded perlite but the material possesses an
inferior disbursing capability because its geometric shape does not allow particles to
become physically locked into the boundary layer due to the fact that two or more
blades produces more resistance and better agitation as a particle tumbles along the
boundary layer. This material reduces friction between flowing fluid and the wall of

30  pipe or process equipment during the flow of heavy viscosity materials.
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Referring now to FIG. 11, shown are 3M® glass bubbles that can be processed
into broken eggshell-like structures to produce surface characteristics that promote
kinetic boundary layer mixing. The broken glass bubble particles are similar in
performance and application to the ash hollow spheres except that the wall thickness
and diameter, as well as strength, can be tailored based on process conditions and raw
material selections. These man-made materials are suitable for use in food grade
applications. The preferred application size is estimated to be from approximately 80
to 5 p prior to self-shaping processes. Self-shaping may be accomplished either by
mechanical mixing or by pressure that produce a crushing effect.

Referring now to FIG. 12, shown is an SEM photograph of fly ash particles x
5000 (FIG. 12A) and zeolite particles x 10000 (FIG. 12B). The particles comprise
hollow spheres. Fly ash is a common waste product produced by combustion. Fly ash
particles are readily available and inexpensive. Zeolite can be mined and made by an
inexpensive synthetic process to produce hundreds of thousands of variations.
Therefore, desirable characteristics of a structure derived from a hollow zeolite sphere
can be selected. The zeolite particle shown is a hybrid particle, in that the particle will
have surface characteristic similar to processed perlite and the particle retains a semi-
curved shape, i.e., an egg shell shape similar to that of a crushed hollow sphere. The
preferred approximate application size is estimated to be from 5 p to 800 nm prior to
self-shaping processes. Self-shaping may be accomplished either by mechanical mixing
or by pressure to produce a crushing effect. The small size of these particles makes the
particles ideal for use in medium viscosity materials.

Particle type I1I

Particles categorized as Particle type III exhibit minimal penetration into a
boundary layer. Type III particles exhibit minimal kinetic mixing in the boundary layer
and have excellent dispersion characteristics with both soft chemical and hard mineral
additives. Type III particles increase fluid flow and do not suspend well but are easily
mixed back into suspension. Some solid materials have the ability to produce
conchordial fracturing to produce surface characteristics that promote kinetic boundary

layer mixing.
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smal| particle sizes and may or may not have sharp or Aagged_ed es
dependi ng wnfapr of dhsireryclsdnglpssi odbe surface charpgleréstics Hyoduce regligly BREDe,

e R R 0 Y
si ze shapgarticles not only tumble, they also have an abrasive effect on a fluid stream. The
25  volcanic material disperses semi-hard materials throughout viscous mediums such as
fire retardants, titanium dioxide, calcium carbonate, etc. The preferred approximate
application sizes are estimated to be between 1 p to 40 p. Processed volcanic rock
produces good performance in the boundary layer of flowing heavy viscosity materials
at high flow rates and produces dispersion.
30 Referring now to FIGS. 16A-16D, FIGS. 16A-16C show sand particles that

have the ability to fracture and to produce appropriate surface characteristics for use as
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Car bon nanot ubes: cylindrical shaped or fiber-Iike. Carbon nanotubes are
strong and are nol ecularly produced. Al of the above nentioned naterials
have attrwbube#2rilat produce | ow energy 15 regions in aPCiraseerg/odgoaz d

t hereby stinulati ng adjacent nucl eation sites based on size and geonetry.
For exanpl e, nano-sized particles pronote | ow energy regi ons because | ong
chai n pol \iRats prupdaryi Feyerc mixipe Rerdlery Heolmages sy Partflgm avingrmipr e
nano- si ze [ - I j ' f.0r eation
o tes. A QUPRRUL bGP R AR, dr oI 21oR RWREh RRShIGE, SR nelbft

associ at ed’ ISt hod] $pB sndgoDheve bl sdffageacharadt@Btion fdroinmdryctingrwitig ieut t he
polymer. Uniformdispersion is crucial to tgroduci ???1 | ow surface ener

regi ons badweadasn l9ysr of aiflovingfluig gven thruehitn spifgse shasieipiss Sbewailﬁéheg?/f t he
nano partig Iu(i?ess ?r%ac}ﬁfflextz:ng or}qbpr{%kagﬁoqur ?&%? bt deliR€ cﬁ%ggtlﬂ%fﬁ:rsaﬁév g OB not
producé | ow Surface eénergy regions suitable FSrhcTeation sites.

Addi t i onalshfaces esnghassr dibh@ndgemloe the padrtidlé aoll gronotec bbudaat dayer edifateabl e
25nucl eati on based on nano particle count. . Tal ¢ has uni que physi cal
proper t | egnterpgtien.j Ehepartigles piFlg. A will regyire highgsaielpcity fatiales iy PRk vander

val- for Ce%ul%gﬁn S"IFH% ?gn'cféf {JEEYG.C%%Ea\%SSiﬁ%l%Pa{U&aE@@ltlaraczm‘?stf@?djﬁi%l suFfdape ¢ of

talc is thrn snal at e- Structures undergo transfornmation o

physi cal sihapetevibier smgeycldd ghisphaeisdusecantevibety. [FIGAU6BdsHowsapariolés uder .
Tal ¢ can 30be used to produce |ow energy sites by edge effects coupled with

| ubri d&t i hgviseopered swrfach Teugness ta RrOMKYE yfeactioh pignifag toghe interstinn of al
mat eri al . Therefor. a S _Si d.s Lt Rin: H L usj
process vvit{"f"lsed:r%fa eélrglesn%gdﬁgﬁlylﬁepgl%b&gzlgé@%angg ?fhg% E%é#aﬂtw%sallsalsgg%&i rﬁr]!pg% ed

upon tal ¢ Refolhadceof ré®kiedQlisks. Hahd icad tbindadciauketslethyt Precieatile andtaat i on
outcone, unlike talc. Applicant's kinetic mxing particles are ideal for
nucl eat i orbesproeessesbingRNSEighf Werrodwesr desired itaciuesed shageypimedivatialy o B#

t abl e, bas.ed thei r 5di tr | jr t
epeat atl & A, ABLAT ROl ARGEAT LAY AR-BLT 6Pl MAGEAL e

ext rudgr. preferred ARRbkied asplichtiet §igesrdr esiingied td bd bawaees i @i 3509t rTkéd ur al
particles with diverse surface characteristics that produce repeatable |ow

surface ereatgyalipredicetgoasiperiogaprpeds shegfoupdary dsrersoef hepwnyiseastly qaierilat are

appl i ed. Kinetic¢ m Xxing rticles are self - ' sl 0g:  whi i ones
the conpl i® glbﬁloggc ey ngﬂﬁalﬁlgetﬁ% é’r‘?’%l%artécsle ;bgg(?%gfidgsh&g’}otnés ﬁ%/ésﬁ-ﬁ%{ of
Appl i cati Qfarface of the parlcRsl eidutdefricliore. , the kinetic m xing particles, can be
incorporated into a plastic or foamfornula in different ways, including:

151. Direct |y i rRefeppingsnavw tpeFIGS: sl FA-0iF .asheariupec imegss o 2e0lEonhotnditg

conpany. at .tota | a wei.ght pergent of 0 20% 9
Corrpo[#?dec{”l?afsa1 eé,’i gﬁwrfl@%esvﬁfgﬂmé % %ﬁvﬁlgglgtgganvt%%ef %%Yrgtﬁ%sgzr{égnfﬁ LRGSR of a
bl owi ng agemn, 178)POWIBIGS! 1 T, arTW)ahdf10r (FIGS. 17E317Heid thebottémpagséfi £ or

foam m xture as a raw powder or as a specialized, 20conpounded plastic
pel | et f orsyhibesis nglutipn aci06) ¢ nilbesehmatesinls wae be peeagssed tadpjsice 895a 8454 o

cont o PSS b8 e iy RS AR5 AR g Y
limited in quantity and, therefore, tends to be expensive. All six images, i.e., FIGS.

25  17A-17F clearly show the ability of this material to produce conchordial fracturing with
bladelike structures similar to the structures mentioned above. The preferred
approximate application size is estimated to be between 500 nm to 1000 nm. The
particle size range of this material makes it useful in medium viscosity fluids.

Referring now to FIG. 18, shown is phosphocalcic hydroxyapatite, formula

30  Cajo(PO4)s(OH),, which forms part of the crystallographic family of apatites, which are

isomorphic compounds having the same hexagonal structure. This is the calcium
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An exanple formul ati on of a bl ow ng agent and a description of the

equi pnent 25used to process nmay be found in Table 1. Particle type |

Parti cl e wopelZo2estbheds deep into the boundary |ayer to pcodisec@ioxwet | ent
kinetic m xing of foam constituent fluids in both the boundary |ayer and in
the m xing zone. Type | particles increase disper.si of chem cal and

m neral ad@PeRbaiEscoMBpRd Mt comppndy Bﬁﬁdng)lré’é%r%gt?‘il%}i glr;’fjm&‘)(ﬁpaf‘ﬁeelss@??‘ ce area

of Type I L@@({ FdrGh&Bedl §8+1?Ja98nsq OfRALEFCL Qhe{rQ&e{i@ﬁ? laﬁcﬁ Pgﬁf%a{ncp gfd %iﬁllilﬁls-

Therefore Type | particles stay in suspension we n one exanple, a type
(1) Kinetite thiosel ofy regdndviac particks,madeusbed abevep dnutl edayp @obdete anwbdtter asulfbtes scal e
har dness of 5.5 (equival ent 1;(? a high-quality steel knife blade). For

ef f ect i veri@dghnesshan reddavagrartigles. ¢ ypes preferably have a hardness of 2.5 or
hi gher con t he qmReferring to Figure 1, shown is expanded perlite
t hat ig unproce%?gﬁﬁeggﬁlliv?e is ab mneable ore with no known

envi ronment al Soncesdsirl aletetiag rmeatetidl yhaare aht ablley an mroducechadtunegnds tieend i s
only surpassed in abundance by sand. Expanded perlite is progucedgi hr ough
ther mal  eXsHHSi YHCHFOKeRRMEA Biddipl paiqus; yrpioss meferipls dirt PradupqrsuEese of

wal | thic I : I clearly shows thin wall
cel | ul ar g@?%?%ﬁ?tggséﬁég%ﬁ%&?tkﬁv&ﬁuf@%ﬁaﬁfﬁyﬂﬁggﬁﬁ%ressure. In one

enbodi ment, perRéférgingayowetoud@@Si N9aA raaw 198) winpwoces SEEM dmageswof cAl i s t he
nost economc formof the material. Perlite has aJ% ability to self-shape,
i.e., 0o HeamzgaliHegomppytes el < h parsipllizpien img ke %F“é’éwlg@ﬁcﬁtﬂ@sbgéédary

| ayer Ki ngtgi € Jm.XJ ] L j aty,
denonst rat(:al teglé fllilge‘{igj {l}géAH g&%é@ge pSterHl tF IeG'pgér%sg%‘gés éo W%ﬁ%?bnereattv@ and
will flowigageéd yhoamanginheder spuacess! fas tmarérés . thdhevilbfroadily &agraredepbn 15
perlite particles will easily disperse with mniml mxj g,mi pr,ren’.

Ref erri ng reshepigal grocessiggnta §r0&1t‘1‘°eeHF%%@dsh%’ﬁ@éh&FerérPfebE’gﬁ’h et e
particle %Q%‘éd‘gm%g@&efﬁé IR BRCHE L lorB AR o0 chB0RASIRN RCEd et o
particles. e particles nmay be described as having three-di nensi ona
wedge-1l5i kangabidlpvilllindest aitt tigoititkg nohdlip zany af & Bbyndafy biyerasf.a fidveng floghul ar
shape pronotes diverse kinetic boundary | ayer mxing. 20 The e pandel-’g
perlite sHewrduge kingtic Boyndaglayes maiking i 1gnt Ratehak posteavssHlperieds Wit ¢ he
range of Q. 1-0..15 h [ 0 i-nj. mal i ity to
pronote r ré&n?dd% cr)%{#)ﬁle 9§a$éto %n%ﬂe\.ﬁﬁ%'%gé Sﬁgghe%“l%i gﬂc a@ g@?eTrlliels? ?rggr\é\e/\}vfshlcbl ein
boundary. Iayer vt | the | 80960 bl ader 1 e charactor i oti oo vis bl e in FIG
3 easily rﬁ:%?ré@l pn_tcvsltimq@ehjﬂswgmsyhma\y%# aléﬂ\;tthfemaﬁeéwl ﬁgﬁ rollzgr ﬁggb‘a ‘t’li’)ﬂeplrormt e
agi t atji,on i]e.maintaini. rf. ayer.
The p?_(gf errP%IB%aénﬁrbg 88’3!“%’&9%92%%?‘{@%& (r?]a}lse?g {é ?Os ﬁ%s({l?ér?g Hecf fa{coecge. g%gr?#%)ét o 50
nave o vi oo Taron of yy seon 1 e addr \ onal Ly the expanded pertite O
part![cl EI i tirﬂoeﬁcemhfeﬂnmaﬁﬁiiﬁl eatidne agehin g by aﬁigﬁ?f@itﬁr%@és\s/gl? Sy pRst eLri ng
now to shown _i.s_Vvo . i §.8S
exhibits Si}lﬁ‘af:%ﬂls%%a‘r’vgg é?‘%ug?%%gelggptd%%e%t@r g@%ﬁéﬁdl s%dls%%{eg]’ralsexﬁgn eijre
perlite, di@fdstediRbOxRle, BEAEAEiING thdohdit.n Wal patcleel dfuldrfoatrZutity es.

Vol canic ash is a naturally fornmed material that is readily m neable and
that @&n memmesitasyargisgoeddle blackrlike karmatipe agts kike ginigiuse hanmenmillsthaduces

ki netic boundary laver.m xi . The.v ' deq | ins; al so

def or mabl ec?“%‘?' hatr%ﬁ%%%a%l ﬁ%ﬁtl?%%nsg%%éggg?%?g (E/rgpjlHl ﬁﬁ‘ﬁlﬁ%hglrdgcesses to
produce desiredRéfeiiapesowi theFIdy, DOXI agd OZ0Mr ekewmi eisappl BERE iignge of
Referring nowto FIG 5, shown is a plural |M, of crushed vaol canic _ash

parti cl es.micragrysiliing gesligeal e1G. 20AasppAEM Bnagefod maneravstaline zeolite Y

t hr ee- di nensio adel j.ke ghar risti P U P i e
boundary I(Egdé‘rﬂﬁir?' gIthelp “L’;FS graaV%nagirC&lt% 5@%5&%&%%ﬁ%g\rg1qhtﬂé%ﬂ |Js%3/élséesghg%ove, in
its pripcesfigdioned Wethe bh@/AbkRNasbveolls FGC2@shthpaidin st flaf paticlElifSthed ar e

| arger than the processed perlite, naking apgl ication of crushed vol canic
ash parti cdeatsr wbithe inage dp ppriesimagely d§h am. v Ins EK4i 20B, ihg switfpectedrids greef er r ed
approxi mate application size is estinmated to be between 80 1.t to 30 11.
This material will function simlar to the processed perlite materials

di scussed above. Referring now to FI GS266A-6D, shown is natural
zeolite-tenpl ated carbon 15 produced at 700 C (FIG 6A), 800 C (FIG 6B),
900 C (FIG 6C), and 1000 C (FIG 6D). Zeolite is a readily m neabl e
material with small pore sizes that can be processed to produce desired
surface characteristics of kinetic mxing material. Processed perlite and
crushed vol canic ash have simlar boundary | ayer interaction capabilities.
Zeolite particles have small porosity and can, therefore, produce active
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30Referring nowto FIG 8, shown is a pseudoboehm te phase Al 203xH20 gr own
over alum num al |l oy AA2024-T3. Visible are bl adeli ke characteristics on the
surface WO2BRIR/OR7510PCT/ US2011/ 049022 of processed PecCriuseo11/hiw®2t r act ure
point of this material is at the thin bl ade faces between intersections

where one or nore blades join. Fracfures will produyce a three-dinensional

bl ade shapesshan | nngn partiple sizg,Unger mechanical progessingyithese madeHAlheAn Bns of
geonetric o They: : i Lcatl:on. Si i iymt ed
Po bo. fr ol rBg infy iRl MARE BORQK TE HthkPAEEST] ohe' prfaid™

achi eves npgiotimiengpliaitionrsiieniscestimamdnidarnlye chyer niaerighroddici 20Anfonberal

ki neti ¢ boundary | ayer m xi ng and m ni nal dfoQSﬁp rsi 8§ c%p biliti (ﬁs. Type ||
particl es belveem0pAmpyand @k and fpyclpstempispp eﬁ@n? i@ s PeMERR POV Ifs pended
due tocth r c : I : I S.
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pr ocessi NGelfahfpeosiuttactegey Sbahdst kdsiseant pagiotenthst isiptdvesting theelushampacicdr i sti cs
to pronote kinetic boundary Wer m xi ng. Referring aom%ﬁ,o FEG 9, shown is
an i mage dfonurgHingeeasdy BBkl Guwihsyhdynsaniprrandom gqtatiggyl pility, faess) Ustet eri al
that can yndehfoasehlarhpRl i LonRhgtHRaid IR AdwiRowadar v | ayer m xing
particle characteristics dependli ng on process condrtions. The preferred
appr oxi mat e apRdfeding aowsioZIG. 21 esHownedre dircooxtide Rditicles of 80 nin for 1 5 ntho

sel f -shapi ng processes. Sel f-shaping_ can be achi eved ei tger (E)y ¢hani cal

mi xi ndOor %Re8Xide & arcinexRINsiyE NARY PAVRAFSHT 8N ¢ SPERHIZSE 1R PF BY rpp*gfgmé%r ring
now to FlI . : : f red
s spher 48 UhittgrS HEBPETE JEAEERARHD QLN ARREIRE, FinAdc Kps dhBELTEA |
a si dewal khavibigeextleh@ht rapdoiveshapest hEhigahaedial works seryi wall due ta ipiresudtind  egg
shell in that the material tends to tunbl e because of its |jght wejght and
sli ght curreadam gotafpral enevsmenh i dxilowing fpd i thet pasticles pave §1V€§Fi5ﬁ#i‘1 to be

between 5 pm to . h r i - ' PR as Lh] ar to
expanded SO LE B Vi dDnPIBRLRR Seulbldachikl Ehdrgte il TBTRE, dfts!
capabiilsi t ySipReauberatlesistiiRoelude corstradiag doas that arl tangl@acrhied| gether becone
physically | ocked into the boundary |ayer due to the fact that _two of nore
bl ades pr odieus shenes Fushi ay sbindeandres@pgles. st af ShapedsPAtiglsst XethaPedinbl es
al ong the boundary. | ayer i .l al: C fRLGEL t Lif L.aw n
flui g and WH cq‘\i/\slalq\étaggx%d)ﬁf%gb%rg%b@g%géaégﬁ%pﬁéehtE cﬁaﬁlﬁgh %ﬁe%?%av{/g g?é"" hegvy
vi scosi ty HadeehitadfSclusters havingRéiverse isngpen ahe intatdrials picuces knovmons dridfidr )

gl ass bubbl es that can be processed into broken qushel | -1 ke struifcbﬁures to
produce surdugsion dreguse the baindey layeats phusngt © e #adlo% tBWREER) 23 BSOS xi ng.

appl i OOt on UE e RARARF WRe e A PR ROLTRACE, T ecs 5 and

di aneter, as wepdrtikke Bypgeevidt h, can be tailored based on process conditions
and raw material selections. These man-made materials are suitable for use
in food grade aRnpli¢lesef Byps. V Tesultpn atediune gengyiplior bt di¢ kqupdanydaysst IRk ed to
be from approxi ately 80..11 . .05 i r

Sel f - shap?ﬁé’aﬁﬁg}% 5E2 eclgscrlrlbl |ks1 eet Igeigx[lr%edr)fqgg/%ﬁ%rg n{a@%ﬁsﬂ{&]ﬁ% tﬁgalqg?ﬁsr%y %nr essure

that produge fg@o&lﬁum%]dw wifi@ed havkReéIRmt hdlgsiveVioices td e gy siownfitse an SEM
phot ograph of fly as articles x 5000 (FIG 12A) and zeolite _particles x

10000 25FI hound®y lasine whight iscleauiredo fsrivoerhasy bewdsshayes miking. 851%10#650% .
O P e DS OB SR, P phersthe bl aus nead |y

avai |l abl e I'n Siv e can m ned an y an i pensi ve
synt heti ¢ fh@A&STcisRIMHY R aRT iRdsrifled WLSANAS sefy Masuspdnsions . Sondd
Therefore, desirable characteristics of a structure derived froma holl ow

zeolite spimlow gawlidscmisrhericd. clusesinganretia Wik eggesiveHoacs Rophelayi d
particle, in that the particle w.ll . h i,51 1 i.mlar to
processed per Tolu?%negﬁtfr‘???é’ PHpgnzand b %1? '\gtfl?(ﬁ zf%élfsgﬁr%m%tg%)%g%&{st rellgff)ées,?onlst!.O ?.l é an
egg shp | &ﬂﬁaﬁ?sw& Wath theabiligttoabll &reelyustiedn boubchindphetrosifhiuips edder r ed
approxi mate application size is estinated to be fromb5 11 to 800 nm pri or
to 20 self-shaping processes. Self-shaping may be acconplished either by
mechani cal m xing or by pressure to produce a crushing effect. The snall
size of these particles nmakes the particles ideal for use in nmedium
viscosity materials. Particle type I112Particles categorized as Particle
type I1l exhibit mninmal penetration into a 25 boundary |ayer. Type |1
particles exhibit mnimal kinetic mxing in the boundary |ayer and have
excel l ent di spersion characteristics with both soft chem cal and hard

m neral additives. Type Ill particles increase fluid flow and do not
suspend well but are easily m xed back into suspension. Sone solid
materials have the ability to produce conchordial fracturing to produce
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30l ayer m xi ng. Referring now to FIGS. 13 and 14, shown are inmages
of recycled glass. Recycled glass is a readily avail abl e man-nade materi al
that is iwexpeerume and easily processed into kinetic boomdsesiiiodsper m xi ng
particles. The sharp bl adeli ke characteristics of the particles are

produced by conchordial fracturing simlar to a 5 variety of_other

ni neabl e rpi{a@r eflagge Topderiala et KEUIdUPr 1 Eas apd cende @ batdi e Vrmertedss ¢ hin
i ke perlit T i f -t Gl i i e solid
From whi cIR°Lise BEFTaR sialcthBE PR 6 cfomly® LRLARSY LxoRBbeld b 2% 1 T 4
boundary | ayer Refferfing howitoFIGELU2TA bfid 22BEyhoeM is b Btdnhing dedtiom mittagraptt i on of
perlite except that the re%cl ed glass particles typically require. a

vi scous net eplichresigves E100B2A1 and diranaing alestion spigragranband; Brrey HSPeri eessed
recycl ed gl .ass _has [ r Ther, r lbed 1pduces no
aggl oner agP%%ma%"%r‘/ égﬁéj tsa%tgraglidlggr}? Oglg%lggrﬁ,s%tgésgﬁeg eﬁgpsi te's Lﬁ!‘gﬁ% e‘%sﬁt Y,
recycl ed ghassalpalstissb®sn pamicketypt Vo ties@imdtdrialf haveda episdrienl shupa ant her

| ow-density materials. The preferred approxi nate application sizes, are

est i mat ed sugatsaropghngeshacmey becreaigd Py hatsilike mateiglaprogpding fem fissyrface
performance i,n bhoundary er,s ,of v I Si ] i pah: £ ow 15
rates. Thiog b]ené’?ﬁ%?er?‘i Xi irrlgélpz‘a??fql ¢ Pg&%r%dt%gglgd:t%%epé#%%& %"fﬁs E%Igéf?ﬁglsur face
of the parchhet@fsticedusasajbfitycbi 0. spheres haRekerfidenguglawss thakliGeredfed hown s
an i rrage of processed rec_f | ava vol canic rock particles. Lava_ is a readily
avai | 4Bl e smateesnectingt rariieles similay sp sand geénst o theagiitace. fig0. 4B BeWsdndscape
rocks in the.Anrerican,. Sout St } i i i i al

under goes sglgh'gﬁ%url%ﬁ %aIm? glcalt{"ﬁ% %adégg%h%?rggﬁdgteughgng?lgcgée%tg?%ﬁé%i m %er to
recycl ed ghagsterisisHemotet ddodf biaGlot ectlisny hétesDnnosseboundarydagitr Thee
roughness than the snooth surface of the recycled glass. The surface

char act er insaterials pribfecle oa the susface pf thertougdam davish teproduse RBUPALHIXING P

bl adel i k tt foaflowing fluid, T i |
Cunbre. ¢ HEaledd s Rubd MRS b LS BhBE Sy rBpbl s, AtksuRr Y
vol canisc Nangioad t16llaSRBTIEas coedl syt iR beiindahys ldybr duglpally tMnsiagusTiedi ums

such as fire retardants, titanium dioxide, calciumcarbonate, etc._ The
pref er r ed rapjlesxnsitstayaipplontagt arshrodl toayompete eaetigbauadatydayd migiigechhel v to

40 v. Processe ol cani.c rock.produces,da rf iyt ry

| ayer of ffP%}sﬁlﬂﬁYﬁ%’é%{} l\%’%@’ﬁsaibﬁi}y ﬂ%ﬁ%‘ﬁl g‘fltglgna %ﬁagﬁgﬁlg\?veé}}g{ee%%gn Hg}?ei)lduces
di sper si onjquPRELBEEING M0t Ondelifah inlfodh phddes FTkSe phisidsbave hpweforaat
particles tqnat have the ability to fracture and to groduce appropri ate

surface clsimeacinge i aft beweemapprogimatelyki nettocS bouRHar y2Ahyed ke bgween

particgles. The.i sho I Vi na,.si m.lar i.cal.. jes to
prope iesaproxr‘rég'g]g'l &&&Eiﬁtﬁiggﬁprogtﬁ@g? st?lﬁl‘ldquéorr?%zléﬁi%thsl@{ @P%}é 16A,
16B, and 1&DhauerARadysith ke HRIAIQI Wil @soveahe stag@inadir og thé whild he
boundary | ayer of a flowing fluid even though the surface characteristics

shown in tdfe Wilki fomeonduatioditéward @ronvection he@ Aragpieneroseste bl adel i ke
characteristics, havj surface roughness al ong edges of the particle
to pronote bouﬁ‘ffd'?'ﬁleln&lg?&€urface interaction. The particles of FIG 16A
will require higdiehing@loRCiot BIGH. OBAT 28 Sant @30, Skbiaeareuiahbitigurdh€oPaH i cl es
of FIG 16B have simlar surface characteristics to the surface

char a@er i letliowsspbéres duy elcagrsgtikgseanssots e vadeus gobaly pyids dgtivas|(62- GB04shows

particles .10 havi a good surface hness t te | i:

sinilar tol_“‘g:ﬂg2 ?ﬂ‘gglé%fgﬁqsso?xcfh@ﬁecaw r§< llvgty'gg:r@ gﬁ?@ﬁnmﬂégﬁ%ﬁ%npe of
these parti,ghesxiis withd hatow Batdpap REET arn@viceced Hasoyed edtddsasatalpandg is an
abundant material that is m neable and can be processed i nexpensively to

produce degsisrsenisofry arst ur axbdshmpteralis fomLi dani batierigs. Gukddas alsacbeen wserh&l der ed
environmental |y, friendly because it is a natural .material_ . The 15
preferred %Fﬁlﬁﬁ%;l‘ighé‘flgpe& Wik Sc}’gf’ic8ﬂ&§}|t°zr§§nda?lggréest EHRted %eg%g'bet ween 5 A to
250 A, This material produces good performance in the boundary | ayers of
heavy viscosity materials at high flowrates. This kinetic m xing particle
produces di spersion. The snmooth surface of the particles reduces friction.
Referring now to FIGS. 17A-17F, shown are inmages of zeolite Y, A and 20
silicate-1. SEMinmages of filns are shown that have been synthesized for 1
h (FIGS. 17A, 17B), 6 h (FIGS. 17C, 178§ and 12 h (FIGS. 17E, 17F) in the
bottom part of a synthesis solution at 100 C. These materials can be
processed to produce nano sized kinetic boundary |ayer m xing particles.
This material is synthetically growmm and is |imted in quantity and,
therefore, tends to be expensive. Al six inmages, i.e., FIGS. 25 17A-17F
clearly show the ability of this material to produce conchordial fracturing
wi th bl adelike structures simlar to the structures nentioned above. The
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Referring now to FIGS. 19A and 19B, shown are SEMimages of Al 10

foam zeolite conposites after 24 h crystallization tine at different

magni f i cawpene/02A16G. 19A shows an Al fornizeolite strut PCEIUS20119B03hows M-I
aggl onerates. The two i nages show an inherent structure of this materi al
that will readily fracture upon nechanical processing to, produyce jrregular
shaped cl ust er REFTIGJION EHJEFG%rﬁsq%é’P‘i/ 25Br RV h iy -isd‘rréél.mf%% px%ipeﬁlé{)i/er se a
materi al '’ I h Sk L - i e h i i {;
ot or act TICRPRSE (FIRE 2% 3hi oo S kel ikinat Gl Banchm Bl BRAE pitlike
fluid to firtueethkisadidec boundary | ayer mxing. This material possesses
flowerli ke buds wth protruding random 90 corners that ar% sharp and wel |
defined. The cdiHeriagmom toﬁ#@ng@éh%e hah FRPUtshRerstatghmadelthal SB%w%aa-r y

| ayer. <The; I ] [ Cyld L es
that w1 U S Ena (KA 1RhaRRs AL TRl ntho S BARLIE) MR ST EP

cont act widohtach®ithawstadary llayeeof aflewiny fltid vdhileerodlingsalofigathe bobhadayg tayer st i cs.
The preferred approxinate application size of the particles is estimated to
be bet weerfind ProducEgXangtis mixHies material coul d be used in a high viscosity
fluid. The surface characteristicssw kIl produce excellent dispersion of

har dened materials such as fire retardants, zinc oxide, and cal ci um
carbonate. As pHiusj tht @gesoiit iAlerftioand Kelladimed REcatgnyuo fict @gecives arsl attalid ed,

the block-like formation acts like mniature hammer mlls that chiﬁﬂamay at

mat er il8l s thensads prd) adaiagss manbiopsliabRyieyas) Weldasithosel ignsragt thelpiy, While
Referri d i - o
i or ocr y ot MRS pletred ERe e Blys Doat Besc oL (RIMbSRIBT Blis disclosyrey |

zeolite Y fumdrous2éiBhgesTdnd rpadifications wilwe apphrehhe Saseotbalimey ekillshitics on

the nano | evel as those 30nentioned in the foan zeolite, above, In FIG
20A, the radl rSushphaigesengaodificpronsare prcommasssd vothip the sprd thig invention
approxinaggl ﬁﬁgpgﬁﬁkf#@nf'e' 20B, the nultifaceted dots are | ess than 100
nmin particle Size. Under mechani cal processing, these materials can be
fractursed into diverse kinetic boundary |layer m xing particles. The
preferred approxi mate application size is estimated for the cluster
material of FIG 20A to be between 400 nmand 10 1,t and for cluster
material of FIG 20B to be between 50 nmto 5 150 nm Under high nechani cal
sheer, these clustering materials have the ability to sel f-shape by
fracturing the nost resistant particle that is preventing the cluster
particle fromrolling easily. Due to their dynam c random rotati onal
ability, these cluster nmaterials are excellent for use as friction
nodifiers in flowng fluid. Referring nowto FIG 21, shown are zinc oxide
particles of 50 nmto 150 nm 10 Zinc oxide is an inexpensive nano powder
that can be specialized to be hydrophobic or to be nore hydrophilic
depending on the desired application. Zinc oxide forms clusters having
extrenely random shapes. This material works very well due to its resulting
random rotational novenent in a flowing fluid. The particles have diverse
surface characteristics with 90 corners that create bl adelike
characteristics in diverse shapes. 15 Surface characteristics include
protrudi ng arnms that are conglonerated together in various shapes such as
cylinders, rectangles, cues, Y-shaped particles, X-shaped particles,

oct agons, pentagon, triangles, dianonds etc. Because these materials are
made out of clusters having diverse shapes the materials produce enornous
friction reduction because the boundary |layer is churned to be as close to
turbul ent as possi bl e 20by diverse nechanical m xing while stil

maintaining a lamnar fluid flow Particle Type V Particles of Type V
result in medium penetration into the boundary | ayer. Type V particles
create mediumkinetic mxing of the boundary layer simlar to a | eaf rake
on dry ground. Type V particles have excellent adhesive forces to the gl uey
region of the 25 boundary | ayer, which is required for two-phase boundary

| ayer m xing. Particle of Type V produce m nimal dispersion of additives.
Therefore, addition of Type V particles increases fluid flow and the
particles will tend to stay in suspension. Sonme hollow or solid

semi -spherical clustering material witRB%aggressive surface norphol ogy,
e.g., roughness, groups, striations and hair-like fibers, pronote excellent
adhesion to the 30boundary layer with the ability to roll freely and can be
used in low viscosity fluids and WD 2012/ 027510PCT/ US2011/ 049022 phase
change materials, e.g., liquid to a gas and gas to a liquid. Type V
particles possess the desired surface characteristics to pronote boundary

| ayer kinetic m xing. Referring now to FIGS. 22A and 22B, shown is a

o I T I T I o I S ™1 o~ ~NSN AN\ N 1 o o

.




Particle Type VI Referring nowto FIGS. 23A, 23B, and 23C, shown are
nanostructured CoOOH 25 hol | ow spheres that are versatile precursors for
vari ous cwbabt2/azxiide datives (e.g. Co304, LiCo02) and alPSO/Useslsms®22
excellent catalytic activity. CuOis an inportant transition netal oxide
wi th a narrow bandgap (e.g., 1.2 eV)._ CuQO has been used as a catal yst, a
gas sensor, and in anode naterials foFAIYS; on batteries. CuO has al so been
used to pr@ﬂ&ﬁ?dgi&g i%.enperature super conduct ors and nagnet or esi st ance

mat eri al s. eferring nowto FIGS. 25A and 25B, shown is 2.5 1,tm

uni form pl ain Al 203 nanospheres (FIG 25A) and 635 nmuniform plain A 203

nanospheres havj n ai,r-Li fi.ber t surt e j..N FI G
26, shovvneli's a or‘rﬁﬂhtoceir Ogeﬁ‘ggg‘%@% m)%%n t%§ gsﬁ%&ﬁ?ﬁﬁ zjzeef{‘)"lifixi E% ?%&ec 5 that
pr onot e b%ﬂ@ﬁgmgltwgépsaﬁhesi on so that nano-sized particles will stay in
contact with a boundary |ayer of a flowing fluid while rolling al ong the
boundafy | ayer and pdemgdingiicunixing rartilss yingnpgaula ssfage ehaspgienisige Mt i on i s
wel | adapt ed t(%é:rre}”?{st ﬁ’etnthnledspbj ectives and attain 10 the ends and

advant ages ment PONEA Gbove as wel | as those inherent therein. Wile

presently preferred gixhpdatehs davauaednidescri bed for purposes of this
di scl osure, numerous changes and nodjfications will be apparent to those of
ordinary skill in thetating saidukinetipangtng pardcleddpinredeseolody SPULE mbHAtfassed
within the spirit. of. this .inpventi fiined by the clains. 15 WO
2012/ 027510PCT/HHIETFS S04 SRR RIS " o e Ts: 1. A mathod of
produgigng a foam hawixpghdifiprsane thage | dotidtitiert ofigids ttenfym e ofopimi defigng he st eps
of : 5adding kinetic mxing particles having irregular surface
charact eri sti coplerelifyoddpadnetdst uent flui ds; m xi ng sai d foam constituent
fluids; rotating said kinetic mxing particles to produce |ow energy
surface regions inside said foamconstituent fluids; 10expanding said foam
constituert fl uftetan¢tbod avcording wentaivef wherstn:a plurality of foamvoids. 2.
The met hod according to.claiml1 wherejn: . . said.rregul ar surface
characteristics are S8 dEe@ar 58 ‘Eehéhﬁrra‘é)tﬁBStbCSngﬁestsflﬁ%te‘gf H%Wa}%e por Tt s,
thin blades, inbgLGMe BRLKAS PRiNOI HindPAIAS ih8S8l bAablelwid Bdgleeiéserinal
angl es | ess than 180, rough edges, snooth edges, spine |ike structures,
protrudi ng ar nsl8@hdexdomgl emgesatdsotisant h3Q°, ir pdgeat smovih asigesopincolika hese
surface characteristics. %lﬁ The nmethod .accordin erein: said
et 4es

.claim1 wh
i rregul ar surf SEECURES B aq é:og%lﬂ@empﬁ?qa&)gglgﬂ%bfgﬁ%oge Ship&

of these surface characteristics.

3. The method according to claim 1 wherein:
said irregular surface characteristics are conglomerations having a shape
20 selected from the group consisting of protruding arms that are conglomerated
together in various shapes such as cylinders, rectangles, cues, Y-shaped

particles, X-shaped particles, octagons, pentagon, triangles, diamonds.

4. The method according to claim 1 wherein:
when said kinetic mixing particles are no longer rotating, said kinetic
25 mixing particles form nucleation points adjacent to said irregular surface

characteristics.
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20 selected fromthe group consisting of protruding arns that are

congl onerat ed together in various shapes such as cylinders, rectangles,
cues, Y-sweapet/qaiwi cl es, X-shaped particles, octagons, POEAIS2¢10/049022
triangles, dianonds. 4. The nethod according to claim1 wherein:

when said kinetic mxing particles, ar o longer, rotating, said kinetic
25m xi ng éartidﬂé@nﬂépﬁ?ﬁ@§Wééﬁ?ﬂWan%Hﬁ§r&@PgEEH¥aFWP§’id i rregul ar
surface charact er! st 0304 AEESHORRTIMALIAORAicks ThRidmtfod
according to claim Urther ¢o rising a step of: selecting an average
size of said Kidestddavetagt sige pasdid ebidinsaddednect a desired average size of
said void in said foam 6. The nmethod according to claimb5 wherein: 5said
desired size of said foamvoid in said foam has a dianeter that is

appr oxi mateel y OTR2Bethod cdordiBg td fleinay eviegdn:di anet er of said kinetic mixing
particles. 7. The method according to claim 1l wherein: . . sai d
ki neti & mixing part iseidedesied sige o0& seid formorpid fesajd Somn dvn &) diamsigr gt is
10consi sting of type |, , t I ) I A Voot Vi A Vvl. 8.
The net hod acc&PH¥ﬁﬁn?8Wé¥§?%¥i8mﬁ%$§ﬂ%%a¥8.égﬁﬁﬁ%??bgﬁg%yné%@gfﬁ%c es are
conprised of pepkicl®: 9. The nmethod according to claim8 wherein said
perlite is solid. 10. The nethod according to claim8 wherein said perlite
i s expanded. 1511. The method according to claim1 wherein: said kinetic

m Xi ng particl ephhA¥@od PR GRESSclafm dtwHeRAst 2.5 on the Mhs hardness
scale. 12. A foam conprising: expanded m xed foam constituent fluids
defini ng voi ds t her eaid; kin@tkd méxing paiticlascarp aeletted dipmritheegrountconsighing eloam

constituent fluids,.said kinetic mXi articl havi ng«i rregul ar surface
char adPeri st i c£OngHIn RS aﬁﬁpgilcg'rpﬁilﬁgtyg%f\z’lt eﬁﬁ’dv%%(?\efik'n: sai d foam
voi ds of said foam have an average di aneter of approxinmtely

8. The method according to claim 1 wherein:

said kinetic mixing particles are comprised of perlite.

9. The method according to claim 8 wherein said perlite is solid.
10. The method according to claim 8 wherein said perlite is expanded.
15 11. The method according to claim 1 wherein:

said kinetic mixing particles have a hardness of at least 2.5 on the Mohs

hardness scale.

12. A foam comprising:
expanded mixed foam constituent fluids defining voids therein;
20 kinetic mixing particles mixed into said foam constituent fluids, said

kinetic mixing particles having irregular surface characteristics.

13. The foam according to claim 12 wherein:
said foam voids of said foam have an average diameter of approximately

0.025 to 8.0 times an average size of said kinetic mixing particles.
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0.025 to 8.0 tines an average size of said kinetic mxing particles. WO
2012/ 027510PCT/ US2011/ 049022 14. The foam according to claim 12 wherein:
sai d ki nevpeoryoeis1g particles are selected fromthe groRpTASRGISHEIRY Of
type I, type Il, type Ill, type IV, type V, and type VI. 15. The foam
according to claim12 wherein: 5said kinetic mxing particles are conprised
of perlité4 16. Thmwamgpsrerdiedp dlany oVRareinim 15 wherein said perlite is

solid. 17. The foam_agc tng: 1§ ' ' i [ A anded.
8. The 1 oam accor aihd Hacl Bitily goficlis e WELEL Tt BRI oflmdPa T
sur f ace char actigyd Istyipe 31, ape IHgtlypeiVedypa GnartdgpgVbup 10consi sting of sharp
points, thin blades, internal particle void angles | ess than 1800, external
angl es | ess than 1800, rough edges, snooth edges, spine |ike structures,

pr ot r udi ng 5ar MeThelamldreodiaafoatemridi wigeréia: cl ai m 12 wherein: said irregul ar
surface characteristics are conglonerations having a shape 15 selected from
the grdup consi sti ngaigfkipatistmixéngrariaglessare samprsed ddslitemer at ed t oget her in
vari ous shapes such as cylinders, rectangles, cues, Y-shaped particles,
X-shaped particles, octagons, pentagon, triangles, dianmonds. 20. The nethod
accordi ng 1bo clTierfoaR apdvediog to claim 15 wherein said perliggisgokd-net i ¢ ni xi ng
particles have a hardness of at least 2.5 on the Mdhs 20hardness scal e.

17.  The foam according to claim 15 wherein said perlite is expanded.

18. The foam according to claim 12 wherein:
said irregular surface characteristics are selected from the group
10 consisting of sharp points, thin blades, internal particle void angles less than
180°, external angles less than 180°, rough edges, smooth edges, spine like

structures, protruding arms.

19. The foam according to claim 12 wherein:
said irregular surface characteristics are conglomerations having a shape
15 selected from the group consisting of protruding arms that are conglomerated
together in various shapes such as cylinders, rectangles, cues, Y-shaped

particles, X-shaped particles, octagons, pentagon, triangles, diamonds.

20. The method according to claim 12 wherein:

said kinetic mixing particles have a hardness of at least 2.5 on the Mohs

20 hardness scale.
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