METHODS FOR FORM NG PI GVENT PSEUDOPARTI CLES 5 Cross-Reference to Rel ated
Applications The present application is a continuation-in-part of U S
Application No. 10/407,334 filed April |7, 2003, which clains the benefit
of U S. Provisional Application No. 60/'375,115 filed April 22, 2002, each
of which is hereby incorporated by reference in its entirety for all
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Background of the Invention
The invention disclosed herein relates generally to an apparatus and method of
forming pigment pseudoparticles from pigment particles, as well as the pigment
pseudoparticles produced therefrom. More specifically, embodiments of the disclosed
15  invention relate to polarizing pigment particles and agglomerating the polarized pigment

particles to form pigment pseudoparticles.

Titanium dioxide pigment particles, iron oxides pigment particles, pearlescent

pigment particles, other metal oxide pigment particles, are often used in cosmetics,

20  detergents, paint, plastics, and other products and industries where it is desired to add to the
color of the product and/or opacify the desired product. This is usually done through
intensive mixing of pigment pellets and/or powder in a liquid medium to be colored. Some
desired properties for the pigment pellets are the dispersability of the pigment throughout

the application system, ease of bulk handling, ease of metering and the amount of dust

25  tainting the pigment pellet.



the formof a finely divided powder of preferably inorganic pignment
particles. The powders are usually jet-mlled, sand mlled, hammer mlled
or roller mlled as a finishing step in their production, which
contributes to dispersability and gl oss2 However, nilled 5 pignments in the
art generally exhibit poor dry flow characteristics and have the great
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and it is desired to avert agi ng and/or pignment clumping into undesired 3
crumbling. Thus, products that have achieved good pigment dispersability often fail to

provide good pigment stability and products that have achieved good pigment stability

often fail to provide good pigment dispersability.

15 Processes of the prior attempted to solve some of these problems by using chemical
additives. For example, U.S. Patent No. 4,285,984 (“Pearce”) discusses a process for
production for free flowing dust-free pigments, a process comprising tumbling together a
finely divided wax composition a powdered pigment so that the wax absorbs the pigment,
and a nucleated pigment comprising a spray-chilled wax composition. Also, U.S. Patent

20 No. 4,375,520 (“Pennie”) discusses treatment of particles with a solid low-molecular

weight polymer and a liquid polymer substance.

Other problems repeatedly experienced in handling large quantities of powders are
caking, rat holing and bridging. The stability of pigment is important for good storage and

25  transporting, and it is desired to avert aging and/or pigment clumping into undesired



aggl onerates when stored pignent is subjected to heat, humdity and
pressure over tine. Together with dust-rel ated probl ens associated with
finely divided powders, it is frequently desired that pignment particles
are formed into pignent pellets. HoweveB, pignment pellets nust al so be
formed so that they are easily dispersible in a nediumand so 5 the pellets
do not cl ogaf@eiflerbies @fhen Wated!pi aSsubRetdE @rlhdak, Huehidity A pragigredveetime.

probl enms. Solutions to sonme of these problens have been attenpted in the
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form ng wherein the pignent granul ates are produced 15 from spray dried
granul es by after-granul ating. D spersability is a neasure of the ease with

whi ch the pignment can be unifqgormy and honogenously m xed into a nedi um
and poor di sper sPYRHD§ P famgd é’éﬁbl%ﬂ?é(e%f@l Fﬁ?‘@@e‘éﬁ‘gﬂ@n@?"&ta& Y¥at may
result in lunps, surface inperfections, color streaks, non uniform
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of the prior art have, attengt ed to enhance dispersability or to inprove
dry flow cheenststiog essentieBy obatreq figvaagent wish onecorimare celpygnisifinglytdisparsed man
i nproved performance characteristics for when the pignent is dispersed in,
for exanipl epmorphousnpaly-saiphacolefih axti¢hc isc compséd oD At leaktotwd iffexemtmhanomersS.
Pat ent No. 3,925,095 ("Bockmann") discusses a dispersible conposition 4
having a butene-1 content of at least 25% by weight. U.S. Patent No. 5,199,986
(“Krockert”) discusses a process for coloring building materials with inorganic pigments
which comprises incorporating into said materials pigments in the form of granulates
which are free-flowing and no dust forming wherein the pigment granulates are produced

15  from spray dried granules by after-granulating.

Dispersability is a measure of the ease with which the pigment can be uniformly

and homogenously mixed into a medium, and poor dispersion in the medium can cause

20 large agglomerates that may result in lumps, surface imperfections, color streaks, non-
uniform coloration, and/or incomplete color development within the medium. Methods of

the prior art have attempted to enhance dispersability or to improve dry flow characteristics

by surface treatment of pigments to achieve improved performance characteristics for
when the pigment is dispersed in, for example, coatings and/or plastic compositions. For

25 example, U.S. Patent No. 3,925,095 (“Bockmann”) discusses a dispersible composition



conprising an inorganic pignent or filler and a hydroxyal kyl ated al kyl ene
diamne, while U S. Patent No. 4,056,402 ("Guzi") discusses a pignent
conposition prepared by mlling the pigfent in water in the presence of a
noni oni ¢ di spersing agent, mxing the mi1led pignent dispersion with a

cel lul ose ether,, and renoving the water fromthe resultin 5. m xture. U S
Pat ent No. 4COFPHsingsn inorganicpiement;ox fillerand aygdrogy aﬁeé'alkeﬂ%aa diamigg yhile
granulate by thermal tunblin %grgpu]ation utilizing an additive and a
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polymers, etc. For exanple, U S. Patent No. 4,127,421 ("Ferrill") discusses
t he form ng pgment rdispgrsipnuwith |aucaliplosd ethet, @nd remodngttee water Hfrom M Estingnt

di spersed in a friable hydrocarbon resin. Also, U S. Patent No. 4,762,523
di scussesS mmixtwge.a | ong-chain pol yester surfactant produced by
condensati on and addi ng an essentially non-volatile liquid 15 selected
fromthe group consisting of mneral oil and nolten wax. Another method for
maki ng free-flow ng powders with | ow dust can be obtained by spray drying.
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an aqueous slurry of a lead chromate-containing pigment dispersed in a friable

hydrocarbon resin. Also, U.S. Patent No. 4,762,523 discusses mixing a long-chain
polyester surfactant produced by condensation and adding an essentially non-volatile liquid

15  selected from the group consisting of mineral oil and molten wax.

Another method for making free-flowing powders with low dust can be obtained by
spray drying. These products generally exhibit poor coloring properties and end users have
thus generally had to choose between free-flowing, low dusting, spray-dried pigments with

20 poor coloring properties, and dusty, milled pigments with poor flow characteristics For
example, U.S. Patent No. 3,660,129 (“Luginsland”) discusses coating titanium oxide
pigments with hydrous oxides and sanding and drying the pigment. This results in small
particle size with a high proportion of fine particles that are not directly usable pellets.
Also, this hydrophobic spray-drying post-treatment results in particles that have somewhat

25 good flow properties but produce exceptionally large quantities of dust.



5 Oher patents relating to spray drying include the Krockert patent

di scussed above, as well as U S. Patent No. 4,810,305 ("Braun") and U.S.
Pat ent No. 5,035,748 ("Burrow'), which both discuss the use of

organosi | oxanes. Furthernmore, U S. Patet No. 5 5,733,365 ("Halko")

di scusses the aqueous mlling, surface treatnment, and spray-drying of
inorgani c pignments, U S. Patent No. 6,132,505 discusses spray drying and
aggl oneration, and U S. Patent No. 5,908,498 ("Kauffman") discusses

form ng a di sper €elter phtents yelating tpisppay dityirgridclude the KrodKettipagnt discusded mbgveand
depositing a treating agent on the slurried mlled pignment. 10 Each of the
met hods and aprwelucisSUS, Raiéht IN6.04,880,305ar ¢ Bigfny iapdt UlS) PdtedteNot 5085748 t he
characteristics desired of pignent, as the quality of the other

char act er i st(‘Bigrdwy,vAasiEBoth Glk6uss e 1RE oPbrgardosildtnésD FRfh¥@ndré)U. 8! Fukdng MoOf
formng a pignent pellet that sinultaneously possesses t he qualities of

bei ng extsr enejay 3k iahing) Bisiibes tﬁ’e 2663 nfliRg, s%ma&t féamBitS aldah il Ryingd of abl e
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to the conc@®¥EGf the National Institute of Cccupational Safety and Heal th

(NICSH), the Department of Labor and/or the Environnental Protection
Agency. here

Each of the methods and products of the prior art are deficient in at least one of the
characteristics desired of pigment, as the quality of the other characteristics increases. The
prior art fails to solve the problem of forming a pigment pellet that simultaneously
possesses the qualities of being extremely friable, highly dispersible, smoothly discharging,

15 able to alleviate bridging and rat holing, substantially free of dust, easily metered, highly

dense and resistant to compaction.

Pigment particles, such as titanium dioxide for example, generally have detrimental

clumping properties due to the high cohesive nature of the pigment, the particles tightly

20 clumping and caking during movement in transit, in storage. In use however, titanium
dioxide forms fine powders or dusts which spread in the air, and which further stick to the
surrounding areas. Any reduction in dust has serious health benefits and as well as other
benefits relating to the concerns of the National Institute of Occupational Safety and Health

(NIOSH), the Department of Labor and/or the Environmental Protection Agency. There



6 can also be |loss of optical properties when these clunps are

i ncorporated into powder coatings and plastics applications. Overcom ng

t he di sadvantages present in the prior art, enbodinents of the 5 invention
di scl osed herein utilize electrostatics6to induce an attractive bondi ng
force between the pignment particles. Enbodi nents of the disclosed

i nvention pessaks Hehless 6fespticeldprppegtissnivhengthedtadlampe bieSintsrporatet Hatot pdwder

i nclusion of additives and without dry spraying being required. 10 Summary
of the Invembhﬁ@sQMQQhﬁﬁgqmﬁwmﬁmg is a nethod of form ng pignent
pseudoparticles from pignment particles. The nethod includes polarizing the
pi gnment particles with a gas or gases and agglonerating the polarized

pi gnent particles to form pi gnent pseudoparticles. In preferred

nmbodi ts, th : 0l A ' f
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pseudopartic¢le” is, used herei.n to pefer. to friabl | ust ers. of pi t
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The pi gnent SPRAYIDE BeiBE 1998E%kr abl y conpri se titani um di oxi de particles,
however a pignment particle conprises any suitable particle, including by

nonlimting exanple, 25 suitable netal oxides particles. In preferred

enbodi nents of the invention, "pignent
10 Summary of the Invention

Disclosed herein is a method of forming pigment pseudoparticles from pigment
particles. The method includes polarizing the pigment particles with a gas or gases and
agglomerating the polarized pigment particles to form pigment pseudoparticles. In
preferred embodiments, the term “agglomerating” is used herein to refer to the process of

15  particle size enlargement. Small fine particles are gathered into clusters of particles for use
as end product, wherein the clusters are preferably substantially spherical in shape. The
term “pigment pseudoparticle” is used herein to refer to friable clusters of pigment
particles, and pigment pseudoparticles are characterized as having a density greater than
the collection of unagglomerated pigment particles (e.g. the powdgr). A pigment

20 pseudoparticle is similar to a traditional pellet in the respect that both are comprised of a

plurality of particles.

The pigment particles preferably comprise titanium dioxide particles, however a
pigment particle comprises any suitable particle, including by nonlimiting example,

25 suitable metal oxides particles. In preferred embodiments of the invention, “pigment



7 particles"” are particulate in nature, nonvolatile in use, and/or
typically referred to as inerts, fillers, extenders, etc. The terns
"pol ari zing", "polarized', etc. generally refers to a shift in the 5
magni t udes and/ or spatial positioning off the nolecular (and/or particul ate)
charge densities, thereby creating both (1) a nore negatively charged
portion of tohricks! &6 Ehﬁculéﬁﬁﬂhmxepﬁnmﬁﬁleln adedar(dZor typicalyGefeRsd fo aéGherts,
charged portion of the nolecule (and/or particle). In preferred

enbodi nent s filiersPéXteidbg &dc. Pl gnent particle has a shift in charge great
enough to increase van der Waal bondi ng between the nol ecul es of the

pi gnent particles. 10 In sone aspects, polarizing the pignment particles
i ncl udes inducing an at |east tenporary dipole in each of the pignent

particles. In so BCES 1l AT 1«g] He_ni i.cle I ihSes
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particles through a flow of. a,gas,..,within a hollqw vessel. | referred
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particles after passing between them, Preferably, the characteristics of
the flow ar &208(%8 Particke) #ude (3| 2 vnaKp |nositygly \rharged, PRBioRoeh thenmeleguls gnd/er bl e
amount of 20 pi nentfparticles. I n some enbodi nents, aggl onerating the
pol ari zed pinWé]l‘?g Inprefersedeasnhodimentsad pelatised pigmentpaydgie hasiachibincharge Bisals

depositing a portion of the polarized pignent particles wupon a pile of the
pol ari zed piegonghtto pwreasecvam, der Répahbandingbetwegn the melgéudesaif thenpigmenttpadiclegr eat er

10 In some aspects, polarizing the pigment particles includes inducing an at least temporary
dipole in each of the pigment particles. In some aspects, polarizing the pigment particles
comprises polarizing less than all molecules of the pigment particles. In some
embodiments, the pigment particles become charged, preferably by stripping electrons
from the gas.

15

The method preferably includes passing pigment particles through a flow of a gas
within a hollow vessel. In preferred embodiments, the flow also carries excess heat away
from the pigment particles after passing between them. Preferably, the characteristics of
the flow are such that the flow will carry away no more than a negligible amount of

20 pigment particles.

In some embodiments, agglomerating the polarized pigment particles to form
pigment pseudoparticles comprises depositing a portion of the polarized pigment particles
upon a pile of the polarized pigment particle, the pile having an angle of inclination greater

25  than the angle of repose of the pile. An “angle of repose” refers to the maximum angle of



25 than the angle of repose of the pile. An "angle of repose" refers to the
maxi mum angle of 8 inclination of a plane at which a pignent particle

pl aced on the plane would remain at rest. In sonme enbodi nents, the pignent
particles are aggl omerated into substan®ially-spherical shapes, where each
shape preferably has a dianeter between about 0.1 mllineter and about 5.0
m | | i met er s inchgafioned p alane gt which p pigment pasticle plated ongheplenewpuld sepgin ptyess. 5
nucl eating the pignent particles. In some aspects, inpact consolidation
occurs whenI pane grabadinénis; theapigmenitiparticlea late agglonteratedyinta bubstgutiallytspherisale
enbodi nents, the pignment particles are deaerated. The pignment particles

are pr ef er abhapes gefiecareacht shapdoprefexabdy hys a aiantetarhetwdenl dbout 0.6 saitlimétervamly an
inner cylindrical 10 surface containing the polarized pignent particles,

t her eby i nddboudgs.0 epélHinewrsaVv ahgalehérsiingO fthel pégnieat ayartichsd profératily eSomprisessone
aspects, the inlet feed of the hollow vessel is vibrated to deaerate the

pi gnent par hﬁéléa_@i%g SRR dahtRles] Th 386th® Rspeats, Smpact fcBhMUMI Rt ocBurk WK BRCY
bet ween about sixty vibrations per mnute and about twenty-thousand

vi brations ?%clemagygﬁerfgiﬁn%mugg qds.0f form ng pigment pseudoparticles
from pignent particles is referabl’y repeatedly conducted under an

electrically isolated condition, at tenperatures between about O degrees
Cel si us and about 100 degrees Celsius and for a duration of tine between
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n accorlganggrf;& %Qntggi%g nﬂ?é Qﬁgﬁz(gfi pgg(x)l:.errﬂ pna%ticles, thereby inducing repeated avalanching
of the polarized particles. In some aspects, the inlet feed of the hollow vessel is vibrated to
deaerate the pigment particles, wherein the vibrations are preferably at a frequency
between about sixty vibrations per minute and about twenty-thousand vibrations per
minute.
15
The method of forming pigment pseudoparticles from pigment particles is
preferably repeatedly conducted under an electrically isolated condition, at temperatures
between about 0 degrees Celsius and about 100 degrees Celsius and for a duration of time
between about 0.25 minutes and about 15 minutes. In some embodiments, the pigment
20 pseudoparticles are post-treated, such as for example, by applying a layer of chemical
additive to the surface of the pigment pseudoparticles. Embodiments of the invention
comprise the pigment pseudoparticles produced in accordance with the method of forming
pigment pseudoparticles from pigment particles, paint formulations comprising the

pigment pseudoparticles and/or masterbatch comprising the pigment pseudoparticles.

25



pi gment pseudoparticles from pignent particles, paint fornulations
conprising the pignent pseudoparticles and/ or masterbatch conprising the

pi gnent pseudoparticles. 25 9 Also di S%I osed herein is a nmethod of form ng
pi gment pseudoparticles fromtitani um dfoxi de particles. The nethod

i ncludes passing a flow of pignent particles through a gas within a hollow
vessel , thereby AHQudiselgsednherqin ris @ method) el forming, pigment pseudoprticlese fropn e

pi gment particles. The method also includes axially rotating the hollow
vessel 5 as titangyp fépxidec particles. hdhe methaddineludes passinpeaaflew ofypigmarthpartcles

pol ari zed pignent particles that, together with the electrostatic force,
aggl orer at eshrough ¢ igas gettiinpa gollow vessels theteby inducng i gffractive peietrdstptio faresl es.
The net hod preferably conprises axially rotating the hollow vessel as

f1 ow ng occ betweer the pigduyent paiticiesn Tha nsetiwd alsa tiichales aixislty @iating tierholiowfvassel of
the hollow tube to scoop a portion of the pignent particles, axially carry
the portisonas 866inkGctis,RAE MR fopited dVaRnitigy b PolarizEd pigithhpticlbss O

preferably conprises vibrating the inlet feed of the holl ow vessel to
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i nvention include the pignent pseudoparticles produced in accordance wth
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pseudoparti nprising pignment parti togéther primarily by

an i nduced o) | pnt I . r af.i r | r erein
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inlet feed of the hollow vessel to deaerate the pigment particles. In some aspects,

embodiments of the invention include the pigment pseudoparticles produced in accordance

with the method.

15' Preferred embodiments of the invention include a pigment pseudoparticle
comprising pigment particles bonded together primarily by an induced level of
intermolecular electrostatic attractive force, wherein the pigment pseudoparticle is
substantially free of internal dust. Other embodiments include a pigment pseudoparticle
consisting essentially of pigment particles bonded together by an induced level of

20  intermolecular electrostatic attractive force. In some embodiments, the invention includes
a post-treated pigment pseudoparticle, comprising a pigment pseudoparticle consisting
essentially of pigment particles bonded together by an induced level of intermolecular
electrostatic attractive force, wherein at least part of a surface of the pigment
pseudoparticle is post-treated with chemicals.

25



a post-treated pignment pseudoparticle, conprising a pignment pseudoparticle
consisting essentially of pignment particles bonded together by an induced
| evel of internolecular electrostatic attractive force, wherein at | east
part of a surface of the pignent pseuddparticle is post-treated with
chemcals. 25 10 Disclosed herein is also nethod of creating pignent
pseudoparticl es Dishbospd fereintis plao triethod of creatingrpighery pseudvpatticies fiom ipigthénned

hol | ow vessel having a cylindrical inner surface, a higher inlet end and a
| ower out | etpattietbspBomprising Provislingg [ah Lihélined YhollbwSeeasdd Shavingt & nlifidida ietll y
fromthe cylindrical i1nner surface and positioned along the axial length 5

of the inclisagsbehalHigher IMSSEd ardna PvRk Rfl&Cend dNANroWaing a bluealidy 8 8¢Hops
particles are positioned on a portion of the cylindrical inner surface

near the inlegten&Rgl imhedid sohPile 8FlirdAsal ifer a@ﬁeéa@rp%sﬁaﬁaﬁﬂoﬁ%Q Bek 1&&@,
inclined hollow vessel Tn a direction toward the 1 ower outlet end. The

i nclined I j d i j - WiLth.th
i nclined sho okod% VRGRed Hoﬁo&z%éléée% fnoprgf%ﬁ-‘a&) e gdﬁe%{éfe%ee‘a?g%égg ngﬁlc}%.tg? | ye

scoop, and the pignment particles are di spense y axi a
rotating the 10 inclined.ho reb | i t-he, pi

parti I(:I gs tgjogig?'%leﬁtoélla rog%&a&lptgér,v?)%{@rﬁﬁc m%#hsgﬁgﬁ%/?e%ﬁb'?\émlg%nﬁﬁg? QZ@%(’?@%S
nearer the inner surface il ei.n ized by. th s. .The, .ingclined
hol | ow vessdF 8P%S ArE Basseq ﬁ?ﬂg%rtg? é‘%%&ep‘fﬁ%\‘?’aﬁéﬁf‘?ﬁa & ﬁée%S?’b feard ﬁ’iwc?f es,

t hereb aggl Qner at i .the pi nt rticles into pignent pseudopartjcles.
e o leendy dRE salig® b iR doiRLio 0 16 DIETes PRRGien Rahehe
pseudoparticles from pignent particles, conprising nmeans for polarizing the
pi gnent  parsteep @ad Aropigmsnisparticlesarg| dispenssd ifram dheesqoap di axdallyproatig tthe

particles into pigment pseudoparticles. The apparatus al so preferabl
i ncl udesl&meinpj,ine@golug@@saqh thereballqywingriha pigment particles to fall towards a portion o

the cylindrical inner surface nearer the inner surface while being polarized by the gas. The
inclined hollow vessel is also axially rotated to avalanche the pigment particles, thereby

agglomerating the pigment particles into pigment pseudoparticles.

15 The invention preferably includes an apparatus for creating pigment
pseudoparticles from pigment particles, comprising means for polarizing the pigment
particles and means for agglomerating the polarized pigment particles into pigment
pseudoparticles. The apparatus also preferably includes means for deaerating the pigment
particles.

20

Disclosed herein is also an apparatus for creating pigment pseudoparticles from
pigment particles, comprising a hollow vessel, a plurality of scoops and blowing means.
The hollow vessel preferably has an inner cylindrical surface, an inlet end and an outlet
end, and is adapted to be positioned in an inclined position having the inlet end higher and

25  the outlet end lower. The plurality of scoops extend inwardly from the inner surface and



particles. 20 D sclosed herein is also an apparatus for creating pignment
pseudoparticles from pignent particles, conprising a hollow vessel, a
plurality of scoops and bl owi ng neans. The hol |l ow vessel preferably has an
inner cylindrical surface, an inlet endland an outlet end, and is adapted
to be positioned in an inclined position having the inlet end higher and 25
the outl et earelpdsitvamed aldhgthp hxinkbngdtly ofthe Baltvopeessek tand thel blowing meadis io myedhe

i nner surface and 11 are positioned along the axial |ength of the holl ow
vessel, and fohgasking\w ey OE gdsSthiofgh! SR chollow viessel 106 Girdttion tdwatlviled oS eddnr ough
the hollow vessel in a direction toward the outlet end. Preferred

enbodi ment s Ftfeirb® eMBOREMBAN of dheS BppathfilsUgled chida tvitRatinpeABans| RF vibrdtingtthég t he
hol | ow vessel , thereby deaerating the pignment particles. The apparatus

preferably ipabwdesed &g}’eg?%re{ﬂﬁng"ﬂféM'r?%gﬁ%gsm&%‘ﬁﬁ%f%ﬂyiﬁ&i\%s

cylindrical surface an east one of pi gnent particles and the

polarize p'rﬂ%@for%@#ﬁ%im%?dhe;m&w%nethm& g%:ﬁ-fchf s%rf’a{?e e %H%);@éb C

pol ari zed pi gnment s 1nto plrgnent ps oparticles 0
nonlimting gx le,. £+ hese, benefits.include.increased bulk 10 density,
decr eased pé’éﬁ@%ﬁﬁg‘hgllte%ndgtﬁ%lpo% ﬁéﬁgﬂgﬁ{psa,ghﬁleﬁpr oved flow, reduced | unping
and caking, increased control of flowrate, reduced dusting, conposition
uniformty, consistent size and shape, easy netering, increased

di spersability (eyen after exposure during storage , to-high_tenperatures
and hunmidity), c eﬂfeﬁﬁ%\waaﬁteﬁo AN A PIEPRLPSRT G R EPIEIETE o

surface dust. 15 These and other features and objects of the_ invention wll
be nore ful iBpeudqpaticleoBy way of nonlimiting example, these benefits include increased bulk

10  density, decreased packaging size and requirements, improved flow, reduced lumping and
caking, increased control of flow rate, reduced dusting, composition uniformity, consistent
size and shape, easy metering, increased dispersability (even after exposure during storage

to-high temperatures and humidity), consistent product performance and decreased internal

and surface dust.
15
These and other features and objects of the invention will be more fully understood
from the following detailed description of the preferred embodiments, which should be
read in light of the accompanying drawings.
20 Brief Description of the Drawings

The accompanying drawings, which are incorporated in and form a part of the
specification, illustrate the embodiments of the present invention and, together with the
description serve to explain the principles of the invention. In the drawings:

Fig. 1 is a flow diagram showing an embodiment of a process utilizing a

25 rotary cylinder agglomerator;



fromthe follow ng detail ed description of the preferred enbodi nents, which
should be read in Iight of the acconpanying drawi ngs. 20 Brief Description
of the Drawi ngs The acconpanyi ng drawi ngs, which are incorporated in and
forma part of the specification, illugirate the enbodi nents of the
present invention and, together with the description serve to explain the
principles of the invegts @ crb@-se&tRonbll oMk 58S vie% dtawithgishowinglaf\WmbbodigeaiMm
showi ng an enbodi ment of a process utilizing a 25 rotary cylinder

aggl onerator; 12 qf ik Yotarg cyfindlr fpRaRratGSt i onal right side view draw ng

showi ng an enbodi nent 0Of "the rotary cylinder agglonerator; Fig. 3 is
cross-sectional left gide, vie ke ki t : qi'”.lﬁe . t he
rotary cylinder aggl oﬁ%'rgétollrs; X@Q&é‘@ﬁg{aﬁ?ﬁsﬁw&ﬁ%r?@_ QH&:W%%% o%og%rde

vi ew dr awi ng sho%ﬁg 't“?’ﬁé’fﬁﬁgtgliygffgﬁdeﬁ%saﬁgﬁ%{%tg .ary cylinder aggl onerator of

Figure 3 taken a xpanded cross-secti onal

front side view draw show ng the enbodi t of the rotar | i nder

aggl omer dt or of Fi gur@% ‘{g‘alkser"i‘ ﬁf"(ﬁ?f@ecﬁ’ﬁ‘i’g ﬁe"& s{aﬁi &‘.‘WSQWEB% %W 31%9
drawi ng show ng an_ efbodi nent of a paddle; 10 Fig. 5b_is a front side view
drawi ng show ng Pwhoggem’?ﬁ@ﬁ?tawfcﬂ%r paglpmezatoy 1p A takiep aloae bae Axkd Fi g.
6 is a cross-sectional front side view draw ng showi ng an enbodi nent of a
nmet hod utilizing the Figt4h i ap grpanded cragjspesionaldfiont side siemedrayvingshoging thept i on
of the Invention

embodiment of the rotary cylinder agglomerator of Figure 3 taken along line A-A;

Fig. 5a is a top view drawing showing an embodiment of a paddle;
10 Fig. 5b is a front side view drawing showing the embodiment of the paddle
shown in Figure S5a; and
Fig. 6 is a cross-sectional front side view drawing showing an embodiment

of a method utilizing the rotary cylinder agglomerator.

15 Detailed Description of the Invention
In describing a brefcrred embodiment of the invention illustrated in the drawings,
specific terminology will be used for the sake of clarity. However, the invention is not
intended to be limited to the specific terms so selected, and it is to be understood that each
specific term includes all technical equivalents which operate in a similar manner to

20  accomplish a similar purpose.

The preferred processing unit, herein referred to as a rotary cylinder agglomerator
and designated generally 150, is designed to agglomerate powdered titanium dioxide
particles in the presence of small natural draft airflow having electrostatic charge. The

25 rotary cylinder agglomerator harnesses attractive van der Waal forces to preferably



In describing a preferred enbodi nrent of the invention illustrated in the
drawi ngs, specific termnology will be used for the sake of clarity.
However, the invention is not intended to be limted to the specific terns
so selected, and it is to be understood;4hat each specific termincludes
all technical equivalents which operate in a simlar manner to 20
acconplish Wl uL:nas : We i L, .herel
bty oB LBORG SRR RRRER! Sl bRARARIAG M oyl R |

referred to a rotary cy ner a

150, is desi A . . itanium dioxide particles in the
presence of cg%gﬁfﬁ%gt%g?%ﬁg%rﬁi%@ga{]gaﬁgﬁ%gvgﬁ%vi ng el ectrostatic charge. The 25
rotary cylinder aggl onerator harnesses attractive van der Waal forces to

preferably 13 agglonerate all titanium dioxide particles into
pseudoparticl es are preferabl characterjzed as being spherical
ersatz particl es&%%?ﬁﬁ’étupg‘?r%gwsg?#&e?t@aﬂr 8# SHANRERCRUEET; ‘?’r"%o 2L ur er
and with principal 5 reference to Figure 1, an_ enhodi nent of a sanple
manuf act dr i Agferspesctediigure; 1, an smbodiment ofia sgmple manpiactaring praesss ifghpwnitiliging 150
A grinding nmachine 110 is used to forma powder conprising the pignment
particles (daotgty eyliader agglomenateri b6 dA grindirigcmachine WH) sshusad do tformmaqroide i n
feed bin 120. The pignment particles can then be fed into rotary cylinder
aggl omer at orcompasingthe pigyregi paytidlesdd.gvthe titaniiB0dioxifié partictes) whicnarethen sthesd r ed
feed rate. 10 Rotary cylinder agglonerator. 150, which is discussed bel ow
in further defetlbin 120ygTlengigattpattickes cadthen Heded infredotary cylindenigyldnzsrger
pseudoparticl es bound together by using attractive van der Waal forces.

Mechani cal  his08y efgagitg JeedGANRI1 86, SWHsh maiidin® the@osiradfedd rale ndi ng (e. g.
additives) can be used, but are not required. Part of the agglomeration

10

Rotary cylinder agglomerator. 150, which is discussed below in further detail,
agglomerates the fed pigment particles into larger pseudoparticles bound together by using

. attractive van der Waal forces. Mechanical binding (e.g. compression) and/or chemical
binding (e.g. additives) can be used, but are not required. Part of the agglomeration

15 process discussed I:;elow is the vibration of the feed inlet of rotary cylinder agglomerator
150 to deaerate the pigment particles. To this end, a compressor 140 feeds dry air to the

feed inlet of rotary cylinder agglomerator 150 to operate the vibration mechanisms that
deaerate the pigment particles on rotary cylinder agglomerator 150 and/or inlet feed 205.
After the pigment particles are agglomerated into pigment pseudoparticles, the pigment

20 pseudoparticles are conveyed to packing bin 160 where the pigment pseudoparticles are

packaged for transportation.

With principal reference to Figure 2, a sample embodiment of a rotary cylinder
agglomerator is shown and designated generally 150a. Inlet feed 205 delivers pigment

25 particles from feed bin 120 at a rate controlled by feed valve 130. Rotary cylinder



15 process discussed belowis the vibration of the feed inlet of rotary
cylinder agglonerator 150 to deaerate the pignent particles. To this end,
a conpressor 140 feeds dry air to the feed inlet of rotary cylinder

aggl onmerator 150 to operate the vibratibh nechani sns that deaerate the

pi gnent particles on rotary cylinder aggl onerator 150 and/or inlet feed
205. Aft er agglemegratgndi0a pamprissh exs haliev agplinedrhobdve desset @19ifgrmendepting the
pseudoparticles, the pignment 20 pseudoparticles are conveyed to packing bin
160 wher e t pigmeng patitlep Sewd mbsrfeed 265 aad e¢hat pataten gpduhef ity céntai agisr t Rotagn.

Wth principal reference to Figure 2, a sanple enbodinent of a rotary

cylinder agglinde®agilétherator I50uMs preterstdy ibliatedt gaglerodl inylinkiom o, IwHiet isf eed
205 delivers pignent 25 particles fromfeed bin 120 at a rate controlled

by feed val Fs&f&aﬂy 1439 tRdnY twedly! degfdes Yrbm @RORFBAEL OThd BHRr SRRl SFefolBwhol | ow
i nclined hollow vessel 210 for accepting the pignent particles frominlet

feed 205sand, b ndigh sl # Oodbﬁtah{sslfﬁggfﬂl TR éhenﬁpé ?fﬁié}enf:ydrﬁagse{re fed

aggl onerator 150a is preferably 1 nc at angle o I nat1 on o~ which
is prefera : . ' [ r
surface of %lct)%{ P%@%én{ilﬂ%ﬁ Ph%@pﬁ%?ﬁ 2%6’3%%5? &58%%1@%01 E‘?%elg %ggqfogicf@%ésm%f§ Q %h us,
when the pignent, particle re.fed .into holl i nclined holl vessel 210,
the ot at | o Rt EEtTt A8 RoBOE inciied pillol vebrel AL0 P fo st HY BERER) o
As hol I ow incl.ined holl ow vessel 210 continues to, rotate, _t [ nt
Dar {1l s nPEERSHE SRR i tdefEasrensabiontt o i ot Al Grooai o, and
fall through the air |anding on other pignment particles. 10 As shown, the
| edges have l4ding oy etherpigmentpagicleshi ch i ncreases the efficiency of scooping
the pignent particles, as well as increasing the degree to which the
pi gmrent 10s
As shown, the ledges have concave curvatures, which increases the efficiency of

scooping the pigment particles, as well as increasing the degree to which the pigment is

dispersed upon being dispensed from the ledges. The air polarizes the pigment particles

and the polarized pigment particles are agglomerated by the further rotation of hollow

15 inclined hollow vessel 210 to form pigment pseudoparticles, such as for example, pigment

pellets. The pseudoparticles exit from the outlet 220 of hollow inclined hollow vessel 210.

With principal reference to Figure 3 through Figure 5, another sample embodiment
of a rotary cylinder agglomerator is designated generally 150b and shall now be discussed
20 in detail. Methods of using embodiments of rotary cylinder agglomerator 150 will

primarily be discussed with principle reference to Figure 6.

With principal reference to Figure 3, rotary cylinder agglomerator 150b includes a
hollow vessel, which preferably has an inner cylindrical surface and more preferably has an

25  overall cylindrical shape. The hollow vessel is designated generally as 335 and can be of



di spersed upon being di spensed fromthe | edges. The air polarizes the

pi gnment particles and the polarized pignent particles are aggl onerated by
the further rotation of hollow 15 inclined holl ow vessel 210 to form

pi gnent pseudoparticles, such as for exdfple, pignent pellets. The
pseudoparticles exit fromthe outlet 220 of hollow inclined hollow vessel
210. Wth pmitayi qramodidrededigaeantl coffFangusnitatle ldngthu g Holegsirimllbw wne 1386 isanpl e
enbodi ment of a rotary cylinder agglonmerator is designated generally 150b
and shal | n@tefeblyi medifiseshd R0shown At iatlhding/Holrottme Ofro¢esiing tebebordferantes of
rotary cylinder agglonerator 150 will primarily be discussed with
principle refepithee fird Z6hdplobesbing Vibe B384, ddeb il zone fpedcesiety fuBe B35/ atthidd
rotary cylinder aggl omerator 150% i ncludes a holl ow vessel, which

preferably hage ﬁf&cés@ﬂﬁ&u%ﬂﬁ@ﬁiﬁd £ fdurth YohPHBcRRAg BE 8358 efeliabissbiegssap 25
overall cylindrical shape. The holl ow vessel is designated generally as 335

and can Lt g i naéf?ﬁn f “ﬁ’a‘ﬁ? .
However tﬁ})gl %&%e%sekhgégloﬁél pr g\% lgﬁlggﬁgfn?rlo ul gl;lf% rr%%lglss %gmﬁrgg}e?ér%%lﬂdi ng
four zone' Q&Q&%ﬁ?&é&%w@?@mﬁﬂéﬁ%ed herein as a first zone processing
t ube 335a, a second zoné processing tube 335b, a third =zone processing

tube 335c and a fourth zone processing tube 335d. Holl ow vessel 335 is 5
capable of rotation along its central |ongitudinal axis. The processing

tubes are preferabl ttached to ea t her, wt n 25. ar

cyl i nder aggl orre?g’f%ﬁl C@%BI ?ﬁgonéer‘?tgreggblb g fi"@b‘"&ﬁ%‘?é&ﬁ?&ﬁ@% %X%n

end for receiving pignent particles fr e bin 120 into first_ zgne
processi ng t&18&or3eesang alsmm&mleéffqomﬁ@ {nagg?mﬁéﬁ BenesRtsHag he $8ar ge
ports 385 on the other end for discharging the pignent pseudo&arti cles from
fourth zZiéne Bptezeedindey agalemesatny 150k hap discharge eports3385 onpthsr athgiiepd 49| ed

with respect to the horizontal (not shown in Figure 3
discharging the pigment pseudoparticles from fourth zone processing tube 335d. Hollow

vessel 335 is preferably angled with respect to th;: horizontal (not shown in Figure 3
through Figure 5). The angle of inclination of hollow vessel 335 is preferably equal to up
to about ten degrees and more preferably about seven degrees. When inclined, the end
15  having feed inlet 360 and feed cone 360 is higher than the end having discharge ports 385.
The angle of inclination can be varied to enhance conveyance of the pigment particles
through rotary cylinder agglomerator 150b or to increase retention time in rotary cylinder

agglomerator 150b.

20 Continuing with principal reference to Figure 3, the hollow vessel of rotary cylinder
agglomerator 150b is connected to drive means 305, which is preferably a variable speed
gear reducer drive, thereby encouraging rotation of hollow vessel 335. Drive means 305
drives the rotation of hollow vessel via coupling means 310, which is preferably a flexible
drive coupling. In preferred embodiments, drive means 305 is operably connected to

25  fourth zone processing tube 335d via a drive plates 315 and 320, and flange 325. Rotary



t hrough Figure 5). The angle of inclination of hollow vessel 335 is
preferably equal to up to about ten degrees and nore preferably about
seven degrees. Wen inclined, the end having feed inlet 360 and feed
cone 360 is higher than the end having di scharge ports 385. The angle of
inclination

e on eSS L SRRSO SRS BREES S BT BBRIHL .
oL e AR e SR oo BBl Bl 1S B 451

connected to drive peans 305, which is preferably a, variable speed gear
reducer dri 940 attachpdoiyhallawoiessel s Hgior 6AuER yRbrafionso This\pssisls spminimezing g1y o
means 305 drives the rotation of hollow vessel via coupling neans 310,
whi ch i s pr edhepianbstwgers the jungt ¢vlindgidal, surfapeipidi at deastione pf e Pigreat particles 4ndnt s,
drive nmeans 305 is operably connected to 25 fourth zone processing tube
335d vi aSa thei podarjzeditpignedt ariales.37D thenekténtaif pay 386t tiRopigment] garticlps areder
aggl onerat or 150b preferably conprises frame 365, which supports hol |l ow
vessel  335stkirigrto thei ioms clitiricarsudasethe fvitraiioas yauswl/eynthn tstrikierstHebps Ipodvertw
vessel . Strikers 330 are also attached to holl ow vessel 335 for causing
vi brat i ons. thélpasticks fiosi ssicking toi the e aylindrivyl susfddeesi on bet ween the i nner
cylindrical surface and at | east one of the pignent particles .and 5 the
pol ari zed pignment particles. To the extent, if any, that the pignment
particles are sticking to the inner cylindrical surface, the vibrations

caused by the stywikk@FificipslroRreRées Fiure 4ahd Fidutd 48, ¥R ihicRiR) Sthickité Bthollewt he
inner cylindrical surface. Wth principal reference to Figure 4a and Fi gure

4b, the (hnt I hal : 3 r QRkRHsNS a
pl urali tlg)/ O?és{@)%&é?épg&g%gl&%gg%ﬁﬂ%fﬂ%‘% Ijtgsﬁég?g@g&%eg%@ &Tﬁd&g@%ﬁg sr:om t ﬁe

i nner eyl i nrdcokos id A58 HRGREBuRE R HE Y Do BRESkp8 e er inisBts ted

(three

sets of paddles 375 are shown in the drawings). Each set of paddles 375 is preferably
positioned along the inner cylindrical surface in a substantially helical formation. The
internal structure of hollow vessel 335 preferably also contains lifters 380 for actuating
15  strikers 330. The lifters 380 are triggered by the rotation of hollow vessel 335 and are
staggered in intervals about the circumference of hollow vessel 335. Thus, the striking
action is continuous (so long as rotation is continuous) and periodic (in accordance with the
intervals between the lifters). Lifters 380 and strikers 330 are preferably pneumatic,
operating from the dry air fed by a compressor, preferably from compressor 140 (shown in
20  Figure 1) that also feeds dry air to feed inlet 205 of rotary cylinder agglomerator 150 to

operate the vibration mechanisms that deaerate the pigment particles.

With principal reference to Figures 5a and 5b, the preferred embodiment of paddles
375 will now be discussed. From a top view, Figure 5a shows that the curvature of the

25 paddle end is in relation to the width w of paddle 375, with radius R1 preferably equal to



sets of paddles 375 are shown in the drawi ngs). Each set of paddles 375 is
preferably positioned along the inner cylindrical surface in a
substantially helical formation. The internal structure of holl ow vessel
335 preferably also contains lifters 3887for actuating 15 strikers 330. The
lifters 380 are triggered by the rotation of hollow vessel 335 and are

st agger ed i nhalfthewidih w ofipaddle 319e Feom e dohtsidendew diigure 5b showsethatche @8&turd hus,
the striking action is continuous (so long as rotation is continuous) and
peri odi ¢ (i nofabe padiitnleagthiis prapbrtionate te the dinsarbeepgmvestry frdre dnkfené s pnothdrfofer s
380 and strikers 330 are preferably pneumatic, operating fromthe dry air
fed by a conpuddles3ds, Theeiduadl sarfaneerRQdsprefastly défkbd(lshmessuting &e dritgisee 1)
that also feeds dry air to feed inlet 205 of rotary cylinder aggl onerator

150 to oper@ik thd Rurthbdt pidt Off aiRGHiHMEEEiahdle hatif@ tinddreseMentl S5TBRY of the
particles. Wth principal reference to Figures 5a and 5 the preferred

embodi mery %aﬁ%dﬁ‘ kidss. B/prefhrbd eribOliRShts] 'ﬂ%‘d&i%@@f cﬁ'ir&’cﬂieaisttlﬁﬁ S4hdMo lifdagur e
5a shows t hat e curvature of the 25 paddle end is in relation to the
width w of pagdlg;375, wth radius R preferably equal to 17 half the

w dth w of paddle 375. Froma front side view, Figure 5b shows that the
curvature of the paddle length is proportionate to the |linear segnent 1
fromone end to another of paddle 375. The radius of curvature R2 is

preferably defi nelglie e di.stan I he Ql. ni of an
equi lateral trian g*'hg? Of“eﬁ%gfange%‘f?gr?f&ﬁ 8@ Er?'é“%ﬂyt‘%gl ﬁpng 4P
sides. In pregferr t.he radlu C |sth uaI to
li near segnBhé un ﬁrg%gf’% plé‘é‘ﬁﬂeqw Pﬂ% aé/ n8 7938?
careful Iy desi o, maxjimze_  the a ir ent
parti ol eld ad oS Pl et Wé"ﬁrr&%ﬁtsu?fw @& mgegotaneﬁﬂﬂgpow
rotation of the_ inner cylindrical surface m% during rotation of holl ow
vessel 335), paddles 375 will scoop the pigment particles and then, as rotation continues,

dispense the pigment particles as the angle of paddles 375 increases with respect to the
ground. As rotation of hollow vessel 335 occurs, the angle of paddle 375 with respect to
the ground increases, and gravity begins to pull the pigment particles downward off paddle
15  375. The spoon-like geometry of paddle 375 takes advantage of the angle of repose
associated with the pigment particles, causing more pigment particles to stay with paddle

375 for a longer time as the angle of paddle 375 with respect to the ground changes.

Paddles 375 and the inner cylindrical surface of hollow vessel 335 are preferably
20  comprised of stainless steel so as not to contaminate the pigment pseudoparticles. A lesser
grade material may be used such as steel, where iron contamination or contact is not of any

meaningful consequence.

With principal reference to Figure 6, preferred embodiments of methods utilizing

25  rotary cylindrical agglomerator 150b will now be discussed. Pigment particles, preferably



vessel 335), paddles 375 will scoop the pignent particles and then, as
rotation continues, dispense the pignent particles as the angle of paddles
375 increases with respect to the ground. As rotation of hollow vessel 335
occurs, the angle of paddle 375 with redPect to the ground increases, and
gravity begins to pull thefpig&gnt articles downward off paddle 15 375.
The spoon- | itikeniymodiexidy as¢ fpddutpchdlpy vessels 33 vianfeedeinddt 300 dngprefeoed
repose associated with the pignent particles, causing nore pigment

particl es t censhodiments h nptachdleaft @3 3s dler allowedrig pass tintorbobew vesseladd§lat onfieapadd| e
375 with respect to the ground changes. Paddl es 375 and the inner
cylindrical feed inbt860andnldxitwia dischatge3ofis 8% fwrméferrad emboditientsnthe dafids of
stainless steel so as not to contam nate the pignment pseudoparticles. A

| esser  gr adgeata 181 theFeetiny obpigefichantictds 6 ekl Gkt 360tatdng wiklDN 16w RE Bodanat i on
or contact is not of any neaningful consequence. Wth principal reference
to Figur e 6, TH'phimként palticledad ufped tsrwaid byTedddte 360 dnd ZhdiiclintDf r@hg cylinder
cylindrical agglonerator 150b will now be di scussed. Pigment particles,
preferably 18q5hietA8180) di oxide are fed into hollow vessel 335 via feed
inlet 360. In preferred enbodinents, a natural draft 605 is al so all owed
to pass into hollow vessel 335 at or near feed inlet 360 and to exit via
di scharge ports 385. In preferred enbodi nents, the draft is created by the

S50, 00 e 5 ) BRSSO et
[ [ j ] 150, T I, i

onder go pol dEF ket o A dySPOREHHERB %iﬁlgfedwfﬁﬁng'v\???Qeé%dﬁfﬁéis&d%% ein a
par 1 ol ol FaaH] S RarE o 13F GHGRREE PAE S 456 1458 ) FRAP oS A PR 375

and t hen

dispensed into the gas (e.g. air) to cascade and coalesce. The pigment particles preferably
pass through a natural draft 605 of air as the pigment particles cascade downward, thereby
being cooled, and in some cases, thereby becoming charged. Draft 605 has the effect of
lowering the temperature of the pigment particles. In some aspects, impact consolidation

15  occurs when the particles land after falling through the gas.

The geometry of paddles 375 promotes the stochastic movement of pigment
particles descending inside hollow vessel 335. As the pigment particles fall through the
gas, the electron densities of the molecules in the pigment particles shift so as to create

20  dipoles within the molecules and within the pigment particles. The presence of a dipole in
each molecule induces heightened van der Waal attraction between the pigment particles.
Embodiments of the present invention do not require that the pigment particles be sprayed
with a binding agent or other chemical. Instead, embodiments of paddles 375 are
preferably designed based on the angle of repose of the pigment particles. The curved end

25 of paddle 375 enhances the distribution at the point of departure before the pigment



di spensed into the gas (e.g. air) to cascade and coal esce. The pi gnent
particles preferably pass through a natural draft 605 of air as the

pi gnent particles cascade downward, thereby being cooled, and in sone
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The polarized pigment particles fall onto a pile of other pigment particles, including

polarized pigment particles and/or yet-to-be-polarized pigment particles. This contact with

15  the pile cushions impact and contributes to consolidation of the powder. As the inner
cylindrical surface rotates, the pile climbs up the side of the inner cylindrical surface,
ultimately falling upon itself. This avalanching and “snowballing” has the effect of
agglomerating the polarized pigment particles to form smooth, substantially-spherically
shaped pigment pseudoparticles using without any compression. Tumble growth,

20 avalanching and/or snowballing is one the mechanism of the agglomeration. In tumble
growth agglomeration, small particles move irregularly, and randomly collide in a material

bed, which causes them to adhere to each other from attractive van der Waal forces
exhibited by the pigment particles (especially when the particle size is less than 1 micron).
Rotary cylinder agglomerator 150 is designed for this type of agglomeration and

25  densification process.



10 pignent particles. The pol arization of the nolecul ar charge
distributions ultimately causes particle coal escence. The pol arized

pi gnent particles fall onto a pile of other pignent particles, including
pol ari zed pignment particles and/or yet-20-be-pol arized pignent particles.
This contact with 15 the pile cushions inpact and contributes to

consol idation of the powder. As the inner cylindrical surface rotates, the
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pile, the height _inparted to the pile, the binding pechanism the
processi ng tanREer decabionr o Hiel gurfee pingHeneontast seetionc P dhe \fipees- hald seRs
deaerated, such as in rotary cylinder agglonerator 150, produces a denser,
| ess por ous PtgERANtsyeRegPigragt peaqudongeticla iuslep aret formeds therpigmernd pseudopartidie d
thensel ves to the surface of other particles and are either torn off again
or novedl® o coatirertergrow @s rilditionsh pigment particlessbecame tached agein to dee swsfacesi t he
process. In sone

thus continuing to form agglomerates

In some embodiments, vibrations are applied to rotary cylinder agglomerator 150 to

mitigate particle build-up on the internal parts. Particle build up on the walls is eliminated

15' and further densification is accomplished by strikers 330 being actuated by rotating lifters
380, thereby imparting vibrational energy to cause any incipient build up to fall off, and

causatively vibrate entrained air from the dry pigment.

The pigment pseudoparticles exit from discharge ports 385 of rotary cylinder
20  agglomerator 150. The resulting pseudoparticles are preferably a +12 to +100 mesh size
round smooth bead of insubstantial hardness and visually similar in comparison to table

salt, or granulated sugar.

Preferred pigment pseudoparticles are characterized by the fact that the constituent

25 pigment particles are bonded together primarily by an induced level of intermolecular



enbodi nents, once pignent pseudoparticle nuclei are fornmed, the pignent
pseudoparticle 10 continue to grow as additional pignent particles becone
attached again to the surfaces, thus continuing to form agglonerates In
sone enbodi nents, vibrations are applie@lto rotary cylinder aggl onerator
150 to mtigate particle build-up on the internal parts. Particle build up
on t he wal | ssléctrosthticnatifrtiee forceSind st pignentiyssuddparticlé issabstantiailg free obinfeiras hed
by strikers 330 being actuated by rotating lifters 380, thereby inparting
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attractive force, only a negligible ampunt of dust being present). 5 The
bonding i s prestrestaicplly whsreer BasnaManpdidVay hasdsipre Agicely rﬁ%‘ﬁ‘“ﬁ‘f Whign the

t enporary diei%l e-di pale condition in each pignent particle, induced by the
presence of <aftron|wafigwation of 4he \atemsy inyed mplegule\logseg eits \ypImetyingl $legiren

typically produced when the
10  configuration. This polarizes molecules and entire pigment particles of molecules. More

&/

pigment particles are preferably polarized than the amount that might naturally occur. The
pigment particles may strip electrons from the gas as the pigment particles fall through the

gas, thereby charging the pigment particles.

15 The pigment pseudoparticles are preferably smoothly-discharging, low-dusting, of a
higher bulk density and easily dispersible; there is only negligible amounts (if any at all) of
rat holing, bridging, caking or solid compaction during storage. This is despite the fact that
it is typical in the art that the constituent pigmeﬁt particles of the pigment pseudoparticle
would have been preliminarily subjected to micronizing, such as by grinding (e.g. grinding

20 machine 110), by jet milling, sand milling, hammer milling, etc. Preferred embodiments of
the pigment pseudoparticles are useful for coloring foodstuffs, cosmetics, detergents, paint
and plastics, inks, elastomers, 6elnent, fly ash, powdered foodstuffs, cement, cosmetics,

polytetrafluoroethylene, powders, talc, clay and other suitable mediums to be pigmented.



el ectron configuration of the atons in a nolecule |losses its symetri cal

el ectron 10 configuration. This polarizes nol ecul es and entire pignent
particles of nolecules. More pignent particles are preferably polarized
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be pignented. . Pi gment pseudo tjcles, preferably have a greater bul k
density (preﬁ“&?ﬁ%f u%o%&mﬁﬁﬁ}@%?‘@%‘é‘ﬂg%ﬁ’&g%omr bul k vol une than the

pi gnent particles, thereby reducing packaging requirenments. In this
respect, nore pignent can be stored in a package using pignment
pseudoparticles rather than powdered pignent particles, thereby providing
cost 5 savings, Wistdisussed igbows; piséartsd embedimpnte of thermigment @sensigparticle sensishdant
to conventional pigment pellets. The pignent pseudoparticles preferably
have a dHf i ressentisllypef, pigmeht pariclssr Chemicals bxg not taquiangsd to Yind theguigmeént pantieleer i ng
and feedi ng devices. As discussed above, preferred enbodi nents of the

pi gnent pseudgatier.t i THue, therfidak product (e.g. the pigment pseudoparticle) is preferably not a

composite or other mixture of chemicals and does not possess the characteristic hardness
and reduced dispersability common to chemically bound pigment pellet composites.
Preferred pseudoparticles are smooth, round, homogenously agglomerated pigment having
15  higher bulk density, reduced dust generation, high free flow ability and dispersibility. The
round shape substantially increases the flowability and reduce or eliminate the generation
of powder fines or dusts in processing and resists compaction, clumping and ageing in

storage and shipment.

20 Preferred pigment pseudoparticles have minimal adhesion to one another after
forming, primarily due to the round shape and the harnessing of van der Waal forces.
Thus, when preferred pigment pseudoparticles arrive at their final size, there is no
meaningful attractive force with other larger particles. Nevertheless, preferred pigment
pseudoparticles retain the beneficial characteristics of extremely high friability and good

25  dispersion, due to the absence of mechanical or chemical binding. The increased density



10 essentially of pignment particles. Chemcals are not required to bind the
pi gnent particles together. Thus, the final product (e.g. the pignent
pseudoparticle) is preferably not a conposite or other m xture of

chem cal s and does not possess the char&atteristic hardness and reduced

di spersability common to chem cally bound pignment pellet conposites.
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and shipnent. 20 Preferred pignent pseudoparticles have m ninal adhesion to
one anot her Goliparativd Bxamiphes, prinmarily due to the round shape and the
harnessing of van der Waal forces. Thus, when preferred pigment
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discharged from a rotating drum, through which an air stream flows at a defined rate, is

determined gravimetrically on a glass fiber filter. By making measurements after differing
exposure times, the dust generation profile may be plotted as a function of mechanical
loading. The dust values are assessed as a weight in comparison with the powder. The
15 wvisual observation of dust on transfer between containers is also used by way of
comparison. Dispersion comparisons through a Brabender Extruder and into this polymer

film are consistent with the unprocessed code standard pigment.

Comparative Example No. 1
20 100 parts by weight of finely ground red iron oxide pigment was mixed with the

seed pigment of the same with 0.5 to 1.5 parts by total weight of propylene glycol. The
mixfure was placed in an embodiment of rotary cylinder agglomerator 150 and blended.
The process was continued and within about 0.10 — 15 minutes complete pseudoparticle
formation occurred, and a smoothly discharging product was obtained.

25



were assessed as a weight in conparison with the powder weight. The dust
characteristics 10 of a powder or pellet may be neasured using a Heubach
Dustneter. The fine dust discharged froma rotating drum through which an
air streamflows at a defined rate, is ZXeternmned gravinetrically on a
glass fiber filter. By making neasurenents after differing exposure tines,
t he dust gener at i Oie increhsel ie bnikydebsitypif dhet prdceasedpigment twasabaift 36%c HEwei angle

| oadi ng. The dust val ues are assessed as a weight in conparison with the
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pi gnent was gbgut 6% . the angl e of repose decreased from 55.6 degrees to
41. 6 degrees,us VER 9% %g of 25% The increase in flow rate of the
processed powder was from 0.8 granstsecond to 5.0 grans/second. The

48- hour conpression test of between 4 and 6 psi yielded a conpletely
crunbl ed pignent 5 discharge upon ejection fromrotary cylinder
aggl omer at or QMM&HW&%&SM pi gment was a hard singul ar mass that
did not even fracture upon ejection. The decrease in avail able )
10 100 parts by weight of finely ground, black iron oxide pigment was mixed with the
seed pigment of the same with 0.5 to 1 parts by total weight of polydimethylsiloxane,
320cs. The mixture was blended in an embodiment of rotary cylinder agglomerator 150.
The process was continued and within about 0.25 — 15 minutes, pseudoparticle formation
was complete, and a smoothly discharging product was obtained.
15
The increase in bulk density of the processed pigment was about 29%. The angle
of repose was decreased from 55.6 degrees to 38 degrees, a decrease of 32%. The increase
in flow rate of the processed powder was from 0.8 grams/second to 5.0 grams/second. The
48-hour compression test of between 4 and 6 psi yielded a completely crumbled, pigment
20  discharge upon ejection from rotary cylinder agglomerator 150. The unprocessed pigment

was a hard singular mass that did not even fracture upon ejection. The decrease in

available dust was about 55%.



dust was about 60% Conparative Exanple No. 2 10 100 parts by wei ght of
finely ground, black iron oxide pignent was m xed with the seed pignent of
the sane with 0.5 to | parts by total weight of polydi nethylsil oxane,
320cs. The m xture was bl ended in an enpgdi nent of rotary cylinder

aggl onerat or 150. The process was continued and within about 0.25 - 15

m nut es, ps@%_@@iﬁvg@xgmﬁgwgi on was conplete, and a snoot hly discharging
product was obtaine € Increase in bulk density of the processed
pi gment was abomlg@%ﬁ*ts i;g%ﬁgigb?a lﬂLvefsElp & Wit AeahRAIRLdE rvs%” d@d,%’gr ees
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did not eyen fr upon The decrease in available dust was
about 55% Mé&ﬁf E’i‘%‘“&'ﬁ % ©3 100 parts by weight of a universal
grade rutile t| t ani um di oxi de was bl ended, at tenperature, in an

enbodi ment of rotary cylinder agglonerator 150. The process was continued
and wi thin about .25-15 m nutes pseudoparticle formation was conplete, and
a 5 snoothly di él&nnam@aﬁgupblébd@nsnm%them@meﬂplmt Vacaheut 85%n The pagle

density of the processed pignent was about 15% The angle of repose
decreased f rafrmepdte dlegreared fram 38 Bgteytoed®6 dagrdes; medesecass ofiblonwt 26%00 Thhe

increase in flow rate of the processed pigment was from 1.6 grams/second to 6.2
10  grams/second. The 48-hour compression test of between 4 and 5 psi yielded a completely
crumbled, pigment discharge upon ejection from the rotary cylinder agglomerator 150.
The unprocessed pigment was a hard singular mass that did not even fracture upon
ejection. The decrease in available dust was about 70% and paint dispersion comparisons
on the Hegman scale were consistent with unprocessed code standard pigment.
15

Comparative Example No. 4

100 parts by weight of a hydrophobic plastics grade rutile titanium dioxide, at
temperature, was blended in an embodiment of rotary cylinder agglomerator 150. The
process was continued and within about 0.1 — 15 minutes pseudoparticle formation was

20 complete, and a smoothly discharging product was obtained.

The increase in bulk density of the processed pigment was about 16%. The angle
of repose decreased from 50.5 degrees to 38.3 degrees, a decrease of about 27%. The
increase in flow rate of the processed pigment was from 1.9 grams/second to 8.3

25  grams/second. The 48-hour compression test of between 4 and 5 psi yielded a completely



increase in flowrate of the processed pignent was from 1.6 grans/second to
6.2 10 grans/second. The 48-hour conpression test of between 4 and 5 psi

yi el ded a conpletely crunbled, pignent discharge upon ejection fromthe
rotary cylinder agglomerator 150. The Wfprocessed pi gnent was a hard
singul ar mass that did not even fracture upon ejection. The decrease in
avai | abl e dusmmbied, algment dichargedupoaieiection $nomr thie antatso nplindes egelomeratot 180.
Hegman scal e were consistent with unprocessed code standard pignment. 15
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grade rutile titaniumdioxide, at tenperature, was bl ended in an

enbodi ment ofThe ddcedaye iavaingrrdustggdsabat 80%r 150. The process was conti nued
and within about 0.1 - 15 m nutes pseudoparticle formation was 20
conplete, and a snmoothly discharging product was obtai ned. The increase in
bul k density of the processed pignent was about 16% The angle of repose
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10  and accurate metering or feeding properties.

Titanium dioxide particles are the preferred pigment particles. Titanium dioxide
particles that can undergo the described process to provide the pseudoparticles, include by
way of example and without limitation, any white or colored, opacifying or non-opacifying

15  particulate pigments (or mineral pigments) suitable for the surface coatings (e.g. paint)
and/or plastics industries. Titanium dioxide pigment for use in the process of this
invention can be either the anatase or rutile crystalline structure or a combination thereof.
The pigment may be produced by known commercial processes which are familiar to those
of skill in this art but which those processes do not form any part of the present invention.

20  Either the well-known sulfate process or the well-known vapor phase oxidation of titanium

tetrachloride process can produce the specific pigment.

Titanium dioxide particles are particularly desired due to the fact that the molecules
are extremely cohesive due to high electrostatic charges, the bipolar tendencies of the

25  particle and the high van der Wall forces that are present from the extremely small particle



particles by weight. The pseudoparticles are preferably used for the

pi gnent ati on of aqueous and/ or nonagueous systens where requirenents are
| ow dust, good material flow 10 and accurate netering or feeding
properties. Titaniumdioxide particles &8 e the preferred pignent particles.
Ti tani um di oxide particles that can undergo the described process to
provi de t he sirseThogtiteniwh alioxidernatticths chyy includg angftase padrpiide enystallice fows. In
limtation, any white or colored, opacifying or non-opacifying 15
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coatings (e.g. paint) and/or plastics industries. Titanium di oxide pignent
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particles, her nment rticles can be utilized as well, preferably

ot her i norg 4d£ lgB tﬁ?@ﬁ‘gﬁf@ ®Such as al umina, magnesia, and zirconia. In
sonme enbaodi msnts, pi gnent particles are preferably | ess than about one
micron il 5 average dianeter and, in some enbodi nents, pignment particles
and/ or seed particles have average particle sizes of about 0.01 to about
5.0 microns. |n Eowedimensnfretsryscylinder agglomerator 150 are specifically designed and

optimized for the continuous processing of titanium dioxide particles and other pigment
particles to include, by way of nonlimiting example, white opacifying pigments such as,
basic carbonate white lead, basic sulfate white lead, basic silicate white lead, zinc sulfide,
15  zinc oxide, composite pigments of zinc sulfide and barium sulfate, antimony oxide and the
like, white extender pigments such as calcium carbonate, calcium sulfate, china and kaolin
clays, mica, diatomaceous earth and colored pigments such as iron oxide, lead oxide,
cadmium sulfide, cadmium selenide, lead chromate, zinc chromate, nickel titanate,
chromium oxide, etc.
20
In some embodiments, the pigment particles may be treated or coated by adding a
standard surface treatment to the pigment pseudoparticle. In some embodiments, the
surface of the pseudoparticle is post-treated with, for example, one or more oxides or
hydroxides of metals. This includes, by way of nonlimiting example, aluminum, antimony,

25  beryllium, cerium, hafnium, lead, magnesium, niobium, silicon, tantalum, titanium, tin,



pseudoparticles preferably are spherical aggl onerates about 0.01
mllimeters in dianeter, and in other enbodinents, the pseudoparticles are
preferably about 0.1 mllimeters to abqut 4 millimeters in diameter. 10
Enbodi ments of rotary cylinder aggl oner or 150 are specifically designed
and optimzed for the continuous processing of titaniumdioxide particles
and ot her piZinerind/opzireoniunes The pigreentiel titgyia\qayotasr nerghmierioxiday cax eentie

whi te opaci fying pignents such as, basic carbonate white | ead, basic

sul fat e whi tauhinguh, ibtasiuceds ibli anyt snitable tmethedh dipcluding coudxfidation ofShalides ofxi de,
conposite pignents of zinc sulfide and barium sul fate, antinony oxi de and
the |ike, wiithdiemefot etitkermetakyrandt duminoin @&Sinc al chiaride cgrotess ar ehe addition wf

sul fate, china and kaolin clays, mca, diatonaceous earth and col ored

pi gment s sucdlufiiuimcompoxidd Geforeaattimxoiid,a sulphataprovessul fi de, cadm um
selenide, lead chromate, zinc chromate, nickel titanate, chrom um oxide,
etc. 20 Iy sone enbodi nents, the pignent particles may be treated or coated
by adding a standard surface treatnment to the pignment pseudoparticle. In

sone enmbodi ment s, Aageh $hHré 366 HREn HERIMEGEIGRETICLE abSarRBS tand rlﬁ&fnﬁf’ ofM th,

for exanple, one or nore oxides or hydroxides of netals. This Includes, by

xanpl e, one or . xi des”of metal’s.fhi's T
b i um 1 ecr B HERBETbu ROl T SRR i e ekt HBRG ok o

can- cont ai n PR Ao o ARERE o S e Phheh sl ol o ot °°
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10  modifications, variations, or equivalent arrangements which may occur to one skilled in the

art should be considered to be within the scope of the present invention as defined in the

appended claims,



al um num conpounds before cal cination in a sul phate process. 5 Although

t here has been herei nabove descri bed an apparatus and nethod of formng
pi gnent pseudoparticles, in accordance with the present invention, for the
purposes of illustrating the manner in 2#ich the invention may be used to
advantage, it should be appreciated that the invention is not limted
thereto. Accordingly, any and all 10 mg#hilascati ons, variations, or

equi val ent arrangenents which may occur to one skilled in the art should
be consi der eghitas gmatitidi N the scope of the present invention as defined in
the appended clains. 29 Cdains Wuat is clainmed is: 1. A nethod of

form ng pignent pseudoparticles frompignent particles, conprising: 5

pol ari zi ng pignent particles with a gas; and aggl onerating the polarized

pi gment partj cl e%b@m&@ﬁf?o%ﬂgg 1:neg§a§§x|}&§?ﬁﬁ£1&§ ﬁ&ﬁﬁsé i t%ﬂﬁcl ’E%Sﬁ‘{gg’C' aim

1, wherein polarizing the pig es conpr 0 po

titani umdi oxi de part] i I ting conprises
aggloneréfing t he pob%%%%%ﬂﬁgﬁ a |%§?g?%§?§%£§%?ticles. 3. The met hod of
claim1l1, wherein polar%% i ses, di sper.sing the.pi gnent arti%%?s in

the gas. 15 4. The molSEXPaPIg ik, POIalifes, EMIR| HPTONGRy BncloBh o et

articles conprises .
P P pseudoparticles.

2. The method of claim 1, wherein polarizing the pigment particles comprises
10  polarizing titanium dioxide particles, and wherein agglomerating comprises agglomerating

the polarized titanium dioxide particles.

3. The method of claim 1, wherein polarizing comprises dispersing the pigment
particles in the gas.

15
4. The method of claim 1, wherein polarizing the pigment particles comprises

inducing an at least temporary dipole in each of the pigment particles.

5. The method of claim 1, wherein polarizing comprises polarizing enough molecules
20  of each of the pigment particles to induce heightened van der Waal bonding between the

pigment particles.

6. The method of claim 5, wherein polarizing the pigment particles comprises
polarizing less than all molecules of the pigment particles.

25



i nduci ng an at |east tenporary dipole in each of the pignent particles. 5.
The nmethod of claim 1, wherein polarizing conprises polarizing enough

nol ecul es 20 of each of the pignment particles to i nduce hei ghtened van der
Waal bondi ng between the pignment partigjes. 6. The nethod of claimb5,
wherein pol arizing the pignent particles conprises polarizing |less than

al | ol ecul gs of Thd gnddE laiRtP 1 ! édﬁ&ﬁémgfé.?%&g dt 1edi% POt e ﬁigﬁieﬁe L

conprising charging at |east a portion e pignent “particles Wt

gas. 8. The LRed: cl.aiml, conprising passing the pignment particles
t hr ough thepggsi.g q’gﬂg}.‘e# e nmet hod of claim8, wherein passing conprises
providing a draft of air passing through the pignent particles. 10. The
met hod of claim8, conprising carrying away excess heat in the flow 10

11. The method of, claim 8, .conprising carryi away, no.nore t a

neal 1 01 bl e SarouThe BRI AR b iriuirine flelral il thotdhedes of
claim1, wherein agglonerating conprises depositing a portion of 15 the
pol ari zed pi gnent particles upon a pile of the polarized pignment particles
having an angle of inclinatjon greater than the angle of repose of the
pile. 13. TRe melhonretipd of elpim &,V%%wmn BAsping gefnpriNes REAViNgEd Aigft of @iy passing

aggl onerating the polarized pignent particles into
subst ant i al fthroughithe pigmentypadislesed pi gnent pseudoparti cl es.

10.  The method of claim 8, comprising carrying away excess heat in the flow.
10
11.  The method of claim 8, comprising carrying away no more than a negligible

amount of pigment particles in the flow.

12.  The method of claim 1, wherein agglomerating comprises depositing a portion of
15  the polarized pigment particles upon a pile of the polarized pigment particles having an

angle of inclination greater than the angle of repose of the pile.

13, The method of claim 1, wherein agglomerating comprises agglomerating the

polarized pigment particles into substantially-spherically shaped pigment pseudoparticles.
20

14. The method of claim 1, wherein agglomerating comprises agglomerating the

polarized pigment particles into substantially-sphericaily shaped pigment pseudoparticles

each having a diameter between about 0.1 millimeter and about 5.0 millimeters.

25 15.  The method of claim 1, wherein agglomerating comprises nucleating.



20 14. The nethod of claim 1, wherein agglonerating conprises aggl onerating
the polarized pignment particles into substantially-spherically shaped

pi gnent pseudoparticles each having a dianeter between about 0.1
mllinmeter and about 5.0 mllineters. 23115. The nethod of claim 11, wherein
aggl onerating conprises nucleating. 31 16. The nethod of claim1,
conprising deaerating the pignent particles. 17. The nethod of claim1,
wherei n aggl onerating conprises axially rotating a hollow 5 vessel with an
i nner cylindii calThé weflidg df 61a#M icBinl Eﬂsﬁé&a&%ﬁg‘ﬁé? ngpEfidlespar ticl es,

t hereby inducing repeated aval anc ng of the polarized pignment particles.
18. The nmethod of claim 17, conprising vibrating an inlet feed of the

hol | ow vessel to deaerate the pignent particles 10 19. The net hod of

claim 18, wherei Ry iRE Ee?glaﬁf? f]ﬁsgéﬁrﬁ H}fﬁsb@iﬁ&ﬂy ﬁgn%& héllow

frequency of 'Vibration ween I"ons per nut about
twenty- t ousan bratl 15 2 hod of

conpri sing vi f) P"ﬁ‘g Wi‘f’?g(\{ﬁl@gfég ?ontta(smwﬁme ﬁﬁf? \I;% 3fhe

i nner cylindr cal surf ce.an east .one, of the nent particles and
the pol ari zéﬁ“l‘“ﬂn&m egaﬁ‘?”&g’é‘g of P@inzegﬁ’ég’?f’é'f‘ﬁ?fﬂ%g claim1, wherein the
nmet hod i s conducted under an electrically isolated condition. 22. The

met hod of claim 1, wherein the nethod is conducted at t enper at ures bet ween

about O degrees Cel sius and about 100 degrees Celsiu
18.  The method of claim 17, comprising vibrating an inlet feed of the hollow vessel to

deaerate the pigment particles.

10

19.  The method of claim 18, wherein vibrating comprises vibrating the inlet feed at a
frequency of vibration between about sixty vibrations per minute and about twenty-

thousand vibrations per minute.

15 20 The method of claim 17, comprising vibrating the hollow vessel to mitigate
adhesion between the inner cylindrical surface and at least one of the pigment particles and

the polarized pigment particles.

20 21. The method of claim 1, wherein the method is conducted under an electrically

isolated condition.

22.  The method of claim 1, wherein the method is conducted at temperatures between
about 0 degrees Celsius and about 100 degrees Celsius.

25



25 32 23. The nethod of claim1l, wherein the method is conducted for a
duration of tine between about 0.25 m nutes and about 15 m nutes. 24. The
nmet hod of claim 1, conprising post-treating the pignent pseudoparticles. 5
25. The nethod of claim 24, wherein posB2treating conprises applying a

| ayer of chem cal additive to the surface of the pignent pseudoparticles.

26. The pigmsnt [The uskBRdr ifl cldi@S], priegsis @k mbthed Gocahdiaed Yortahdirkonnatt firgel of
claim1. 10 27. Paint formrulation conprising the pignment pseudoparticles

produced i n 1ResRN B 0.25 Wikilled 438 abRit NS chiRftesc! @i m 1. 28. Masterbatch
conprising the pignment pseudoparticles produced according to the 15 nethod

of claim1. 29. A nethod of form ng pignent pseudoparticles fromtitanium
di oxide particles, conprising: providing a hollow vessel having an inner

oxi de_particl g: provi din vessel having
ol ural ity of baddr 2 e ha0r SRTh o pas ot ol P prenbibiedh 0. P

surface; gpassing a flow of gas through the inner cylindrical surface;
axially rotating the inner cylindrical surface, thereby causing the

plurality Of25. 25 T%gdn% ésd % cia'inf1 '[245jl w%%{egﬁ %Qstgeaén%ecgnll %sn tap %tg' a? lla%'%l; of

chemical additive to the surface of the pigment pseudoparticles.

26.  The pigment pseudoparticles produced in accordance with the method of claim 1.
10
27.  Paint formulation comprising the pigment pseudoparticles produced in accordance

with the method of claim 1.

28.  Masterbatch comprising the pigment pseudoparticles produced according to the

15 method of claim 1.

29. A method of forming pigment pseudoparticles from titanium dioxide particles,
comprising:
providing a hollow vessel having an inner cylindrical surface and containing
20 pigment particles;
providing a plurality of paddles that extend inwardly from the inner
cylindrical surface;
passing a flow of gas through the inner cylindrical surface;
* axially rotating the inner cylindrical surface, thereby causing the plurality of

25 paddles to lift a portion of the pigment particles;



33 axially rotating the inner cylindrical surface, thereby causing the
plurality of paddles to dispense the pignent particles of the dispensed
portion being polarized by the gas and | anding onto a pile of the pignment
particles; and axially rotating the inn8 cylindrical surface, thereby

i nduci ng a repeated 5 aval anching of the polarized pignment particles that
aggl oner at es the pol akkigBrotafing the rinep aylindfit Surface therelneanting de pliagay bf cl es.
30. The nethod of claim?29, wherein providing the plurality of paddles
conprises provi ghdtflest 1 Qlispbnke Ahd pi¥meit paARRs % tli%ctﬁéﬁeh@ﬂ%rtﬁin%&g poldr?ed i nner
cylindrical surface in a 10 substantially helical formation. 31. The

met hod of clai m 29 meGRIRNd Bhdifl %itdh plid Bﬂh@ﬂ%}n%@aﬁcﬁﬁn@f the hol | ow vessel
to deaerate the pigment particles. 15 32." The pigment pseudoparticles

produced i n accordancegu LAl ) : hgn@ d
pseudoparticle corrprig’fl%[Il g?%g'ﬁ@?%gggﬁﬁgggaﬁéﬁﬁé%’F%geYHQ?Bp |ﬁ§%??§ by
an i nduc | evel _of; | r C r el i tr i farc
pseudopaﬁsfi cle bg?%gﬂc%gbéﬁ)%ﬁtq%g ?/(?P %ﬁeehgi 5@%%5&;6 ggﬁge}k%ﬁi g‘ﬁﬁga&z&?
pseudoparticle consisting.essential 0 i nt particles bonded together
by an i nduced |e\pgmegFpqrﬂqlgsrrnﬁmpmnﬁsegioggffﬁg& atic attractive force, 35. A
post-treated pignent pseudoparticle, conprising: 34 a pignent
pseudoparticle consisting essentially of pignent particles bonded together

by an induced | evel of internolecular electrostatic attractive force;
30.  The method of claim 29, wherein providing the plurality of paddles comprises

providing the plurality of paddles positioned along in the inner cylindrical surface in a

10  substantially helical formation.

31.  The method of claim 29, comprising vibrating an inlet feed of the hollow vessel to

deaerate the pigment particles.

15 32.  The pigment pseudoparticles produced in accordance with the method of claim 29.

33. A pigment pseudoparticle comprising pigment particles bonded together primarily
by an induced level of intermolecular electrostatic attractive force, the pseudoparticle being
substantially free of dust.

20
34. A pigment pseudoparticle consisting essentially of pigment particles bonded

together by an induced level of intermolecular electrostatic attractive force.

35. A post-treated pigment pseudoparticle, comprising:



wherein at | east part of a surface of the pignment pseudoparticle is post-
treated with chemcals. 5 36. A nethod of form ng pignent pseudoparticles
from pi gnent particles, conprising: providing an inclined hollow vessel
havi ng an inner cylindrical surface, a 3igher inlet end and a | ower outl et
end; providing a plurality of paddles extending inwardly fromthe inner 10
cylindrical inner surfagigmengsgndepattiobnensiatingregsentiallypodi pigmeéms patticles boided
inclined hollow vessel in a helical formation; introducing the pignent
particles into thegdthelbiaethdacdd 1wl yfifsrholédular BRctrdstatib attrabtivedforcend; passi ng
a flow of gas through the inclined hollow vessel in a direction 15 toward

the lower outlet end; viekdih B8lchttepapi GME Rirfaea ok itkd PigehipdebBopaatitd BSpday
axially rotating the cylindrical inner surface; dispensing the pignent

particles fromthgpaddiceseraita@xi ally rotating the cylindrical inner
surface, thereby allowi ng the pignment particles to fall through the 20
flow towatds a portion of the inner cylindrical surface nearer the outlet
end while being polarized by the gas; and nucleating the polarized pi gnent

el . . g o ' ) ‘
Byl ndrcal S| Ao depd ARG uRbalis RompibRbRbach Bolffe
accordance with the net ho&j of ¢l ?.i n&ﬁ}ql 35 . . . g

providing an inclined hollow vessel having an inner cylindrical surface, a

higher inlet end and a lower outlet end;
providing a plurality of paddles extending inwardly from the inner
10 cylindrical inner surface and positioned along the axial length of the inclined
hollow vessel in a helical formation;
inu'oducing the pigment particles into the inclined hollow vessel at the
higher inlet end;
passing a flow of gas through the inclined hollow vessel in a direction
15 toward the lower outlet end;
lifting the pigment particle with the paddles by axially rotating the
cylindrical inner surface;
dispensing the pigment particles from the paddles by axially rotating the
cylindrical inner surface, thereby allowing the pigment particles to fall through the
20 flow towards a portion of the inner cylindrical surface nearer the outlet end while
being polarized by the gas; and
nucleating the polarized pigment particles into pigment pseudoparticles by

axially rotating the inner cylindrical surface.

25 37.  The pigment pseudoparticles produced in accordance with the method of claim 36.



38. An apparatus for form ng pignent pseudoparticles from pignent
particles, conprising: nmeans for polarizing the pignent particles with a
gas; and 5 nmeans for aggl onerating the polarized pignment particles into

pi gment pseudoparticles. 39. The appar#t us of claim 38, conprising nmeans
for deaerating the pignent particles. 10 40. The apparatus of claim 38,
conprising neans for mnimzing adhesi on between the inner cylindrical
surface and at |east one of the pigment particles and the polarized pignent
particles. 4§. Aapa @(isu%rf%mﬁﬂg'ﬁ nPi KRS (RHAT bighleRS paftR(®s,

pi gnment parti cl es, 5 conprising: a Ilom1vessel conprising an inner
cylindrical ;g4 ?ﬁﬁﬁf an inlet end, and an outlet end, wherein the hollow
vessel is adapte o be positioned inat an incline having the inlet end

hi gher and the outlet élﬁwﬁﬁﬂﬂgﬂ%?@g¥&&§ﬁﬁﬁ%;W“WQFA dressel; and 20 a

plurality of scoops exten gin e I nne i ndri cal surface

and posi tioned al ong t |aI ner cylin cal, surface.

The appa%at us of cl al%p gk“% ?%e ghleég‘?ﬁrsh Pl§m§ Q%ﬁ#ef IBP Bigpme ?ﬁ OWI ng
ina direction fro tgﬁ |nIet end towards the outlet end. 25 36 43. The
appar atus of cl aP§ @ﬁpr|5|ng vi brating neans for deaerating the

pi gnent particles.

._4

39.  The apparatus of claim 38, comprising means for deaerating the pigment particles.

10 40.  The apparatus of claim 38, comprising means for minimizing adhesion between the
inner cylindrical surface and at least one of the pigment particles and the polarized pigment

particles.

41.  An apparatus for forming pigment pseudoparticles from pigment particles,
15  comprising:

a hollow vessel comprising an inner cylindrical surface, an inlet end, and an
outlet end, wherein the hollow vessel is adapted to be positioned in at an incline
having the inlet end higher and the outlet end lower;

a gas within the hollow vessel; and

20 a plurality of scoops extending inwardly from the inner cylindrical surface

and positioned along the axial length of the inner cylindrical surface.

42.  The apparatus of claim 41, wherein the gas comprises a draft of air flowing in a
direction from the inlet end towards the outlet end.

25



44. An apparatus for inducing electrostatic bonding and aggl onerati on of
pignment 5 particles: a hollow vessel adapted to be rotated in an axi al
direction and having an inner cylindrical surface for containing the

pi gnent particles; a plurality of paddlss, each of the plurality of paddles
conprising an attachnent end attached to the inner cylindrical surface, a
di spenser epg di ?ﬁ@ipp%ﬁﬁxs ot BlaRt 4 RIRRLINE HbratB thean$ RY WBtkatl tRABIGhEt

bet ween the attachnent end and the di spenser end, wherein the segment has
concave cur¥a£H@§ facing the axial direction; a gas wthin the holl ow
vessel ; and a nmeans for driving rotation of the hollow vessel. 15 45. The
apparatus of claim44, wherein the attachnent end is at | east one of being
directly attached to the inner cylindrical surface and being attached to

the inner cylindgical surface via an internediate,conponent. A46. The
appar at us o Jl'cI a aRH*}fa%é?fe}“ﬁ“‘i% 3%8 5 %‘W&W& r 8aarggﬁ)5n %W"végglgﬁne?ts
nmodul ar. _ 47. The apparatus of claim 44, conprising nmeans for supporting
the hol | dw DEHEES during rotation. 37 48. . The apparatus of claim 44,
wherein the means for suPporting t he hol |l ow vessel  conprises trunnions.

49. The apparatus of ahaliof vessel afanied t9 heefptest intaneaxigl @irgetionyangdrhayimg Mes ar e

spoon- 5 shaped. _
inner cylindrical surface for containing the pigment particles;

a plurality of paddles, each of the plurality of paddles comprising an
attachment end attached to the inner cylindrical surface, a dispenser end distal the
10 atfachment end, and a segment of paddle between the attachment end and the
dispenser end, wherein the segment has comcave curvature facing the axial
direction;
a gas within the hollow vessel; and
a means for driving rotation of the hollow vessel.
15
45.  The apparatus of claim 44, wherein the attachment end is at least one of being
directly attached to the inner cylindrical surface and being attached to the inner cylindrical

surface via an intermediate component.
20 46.  The apparatus of claim 44, wherein the hollow cylindrical hollow vessel is modular.

47.  The apparatus of claim 44, comprising means for supporting the hollow vessel

during rotation.



50. The apparatus of claim44, wherein a radius of curvature of the segnent
is substantially equal to a linear distance neasured fromthe attachnent
end to the dispenser end. 10 51. The apparatus of claim50, wherein the

di spenser end conprises convex curvatur@d7 having a radius of curvature
substantially equal to half the width of the segnent. 52. The apparatus of
claim 44, cofgri sTheGppRams of @laifl &d¢ vhbreOtht ifeafd GiTBappdrtlig el Rilow Vdased3.
The apparatus of claim44, conprising nmeans for m nimzing adhesi on between
the inner cygnphigés tfimhiots!r face and at | east one of the pignent particles
and the polarized pigment particles. 20 54. The apparatus of claim 53,
wherein the neans for m nim zing adhesi on conprises strikers adapted to
strike the holl ow vessel thereby causing the hollow vessel to vibrate. 55.

The appar at ug, of -6l aj IS ans, f ar, WeToll c ing the
strikers i nﬁassggﬁeggtpp%r%é\sﬁo? %mrﬂgtﬁt iQ%ﬁIgg]f &t%%é)?r%qoﬁ%\%eq@géﬁdl%S&gg&d%, The
appar at us, of ,cl gi m 44, wherein the hollowincline is positioned at an angle
W th respecsthali’e "the ground. 57. The apparatus of claim44, conprising an
inlet for receiving the pignent particles 5 and an outlet for discharging
aggl onerat ed pignent particles. 58. The apparatus of claim57, wherein the
hol l ow incline is_positioned at, an an%l e.wWth  respect to thﬂe_l ground,, the
inl et being ?ﬂ-ghé[fhetWthY”ﬁ@fo gim, A4, wherein a radius of curvature of the “segment is

substantially equal to a linear distance measured from the attachment end to the dispenser

end.
10
51.  The apparatus of claim 50, wherein the dispenser end comprises convex curvature
having a radius of curvature sui;stantially equal to half the width of the segment.
52.  The apparatus of claim 44,- comprising means for deaerating the pigment particles.
15

53.  The apparatus of claim 44, comprising means for minimizing adhesion between the
inner cylindrical surface and at least one of the pigment particles and the polarized pigment

particles.

20 54.  The apparatus of claim 53, wherein the means for minimizing adhesion comprises

strikers adapted to strike the hollow vessel thereby causing the hollow vessel to vibrate.

55.  The apparatus of claim 54, comprising means for periodically actuating the strikers
in association with rotation of the hollow vessel.

25



10 59. The apparatus of claim58, wherein the angle is no nore than about
twenty degrees. 60. The apparatus of claim58, wherein the angle is
greater than about zero degrees and wherein the angle is |ess than about
ten degrees. 15 61. The apparatus of cl3 m 44, wherein the attachnent ends
of the plurality of paddles are positioned along the inner cylindrical
surface in 86subThaspaatdspf tleinm 44 wherimthé hollow fm2lineTik posifigned at ansangfe withai m
44, wherein the plurality of paddles conprise at |east one set of paddles,
t he attachrre@pe@udmegfou@@ch paddle in a set being positioned along the
inner 20 cylindrical surface in a substantially helical formation. 63. The
apparatus of claim44, wherein the plurality of paddles conprises a first
set of paddles, a second set of paddles and a third set of paddles,

e e S2L { AR aRIR Bim 440G HRRAYAR 1B L Peckhir nd BlenRhPpiifed | oned

along the inner cylindrical surface in a first 25 substantia el i cal
formati on, i "}'@&1 g faddl e in the second 39 set
are posi ?i o\r%g&a&g{)‘glﬁ{g&?%gé%& er %ﬂn?en %@%Pg’g%#g%g in a second
substantially helical formation, and wherein the attachnent ends of each
paddle in the third set are positioned along the inner cylindrical surface

Inathird %g.bSt "i‘ﬂé ép%larlav\.{ls r(])?lcllaﬁrii g7,fw%%1ne%;[ thé Rollow incline is positioned at an angle with

respect to the ground, the inlet being higher than the outlet.
10 59.  The apparatus of claim 58, wherein the angle is no more than about twenty degrees.

60.  The apparatus of claim 58, wherein the angle is greater than about zero degrees and

wherein the angle is less than about ten degrees.

15 61.  The apparatus of claim 44, wherein the attachment ends of the plurality of paddles

are positioned along the inner cylindrical surface in a substantially helical formation.

62.  The apparatus of claim 44, wherein the plurality of paddles comprise at least one
set of paddles, the attachment ends of each paddle in a set being positioned along the inner

20  cylindrical surface in a substantially helical formation.

63.  The apparatus of claim 44, wherein the plurality of paddles comprises a first set of
paddles, a second set of paddles and a third set of paddles, wherein the attachment ends of
each paddle in the first set are positioned along the inner cylindrical surface in a first

25  substantially helical formation, wherein the attachment ends of each paddle in the second



39
set are positioned along the inmer cylindrical surface in a second substantially helical
formation, and wherein the attachment ends of each paddle in the third set are positioned

along the inner cylindrical surface in a third substantially helical formation.





