WD 2004/ 060796 PCT/ US2003/ 037448 DENSI FI CATI ON OF

AERATED POWDERS USI NG PCSI Tl VE PRESSURE [ 001] The
w@r@aeni79é nvention rel ates to net hods and apparP@r/us2008037448

i ncreasi ng-the bul k density of aerated powders. By

way of exanple only, the invention can be utilized to

i ncrease the bulk density of highly aerated,

free-flowi ng inorganic netal oxide powders wth

consi derable commercial significance, for exanple,

titani um di oxi de pignments, conplex netal oxides of the

type presently being enployed in primry and secondary

rechargeabl e batteries (typicall conprising lithium
NBENSIHIATON OFABRATED Rﬁ“@wﬁg ESIRYGBRO P X E IRETRLRE

wi th various other conponents of a cathode
conposition of a battery. [002] Handling and
containing fine, highly aerated powders can be
probl ematic in n respects. .For exanpl.e, fillin .
[001] g Pessk HEFIUSB TIOR8 TELO08 BALPRRAEG fordnarrasiieyhe Bufk density of
treated titanium dioxide pigment (for exanple, one
aerateddiersivdpne d Byowayu s exampla oty b swyentiere garp he ﬁgg%dc@nmsr@ase the bulk
difficult to acconplish in an efficient manner
densityWot gty f hdrated dGeefhing ihdrgapicgmetad . oxdire powdetse with considerable
, relatively |ow bulk density of the pignent, the
commerQat ﬁ%ﬁlﬁ@arfc@,nfo@ %R%?ie', YitdRenh didxedk pignetsy c&fplee n@oaxides of the
Its apacity. On standing, air entrapped in the

ove oRSHELYEHGL Rk 2y bR MRSl R e (il
compr BT R L R  DEPEPREA RS RLAE gious o

to be added to the container. However, in a

compopens phaueaikodeseuirasitiar ohg baltdy packagi ng process, the
additional time and handling required to fill the

[002] ddaidiing emdt contaipiagi fiye, nEkely adiategrpsratess icarefbei pioklematic in many
Further, it can be difficult to inpart a consistent,

respecR! G LRIABIBCHliBFRALAL 00btel gomaihet © @paditybaih hhighly treated titanium
conti nuous bagging process. Simlarly, filling a

j0xi 198 He REicaBEEr s if dRRSIbhidaktewiphihtdRan be difficult
dlo"ldggwgogio&g&?ﬂoes’m96 APy s LEABAS badORN PN

batter.y-active materj al ﬁ% J eT: 1 aleTo !N to the relativel
o s R ST R P ABEPL AERRAR: e o e rtvey

entrapped. in the material. [003] Varjous.processe .
low bl et (e PIETEs PG cHadBEhrd iR AlleQ e oMy 30 10 90% of its

free-fl ow ng powder. . i . .
capacity. On standing, air entrapped in the pigment will slowly rise through the tortuous
pathways defined between gravifationally settling pigment particles, in the process increasing the
bulk density of the pigment and allowing additional pigment to be added to the container.
However, in a continuous manufacturing and packaging process, the additional time and
handling required to fill the container to capacity makes the process ineffictent. Further, it can

be difficult to impart a consistent, predetermined amount of pigment to each bag in a continuous

bagging process. Similarly, filling a battery compartment or shell to capacity-or with an exact



For exanpl e, the powder container has been placed on
top of a device that allows the container to be
wa@bakmeen7amd/ or vi brated as the container is fiPCPHUS2003/037448
simlar technique involves placing a vibrating rod
into the container in order to cause entrapped air to
di ssi pate. Additional nethods utilized in the past
i ncl ude a .co cviLe . j ;
amount Gl o SRTREETA (F6F ST ed RacGRABHED Suf e hlIBculL to achicve due
air e i ned | t he pomder, and pl acing a porous pipe
toaueggﬁﬁ@gﬂ% eIPﬂﬁﬁ vacuum systeminto the container
during the filling process to evacuate the entrained.
[003] &Varioug|procegsest hpas g)egm @@Bé@e@ fieageate apdl G@@P@Pta‘wﬁ@&gﬁ’wmg powder.
For exanpl e, although renoving entrained air with a
For exfapleithepiopelenoosintohasebesh ptaced bmeop dhe dpdreshat allewiethe container
pi pe ultinmately becone bl ocked due to the fine

to be sﬁﬁl(én' &l PorStiBatQl ad B eoR@WRE iS£ili¢D04 sihiRr t@bhigugusvolves placing a
that has been used commercially over the years is

vibratit ‘f:ol%fji@t ﬁ}%sc'ok{a%‘?etr L H{der chpcagl(seéa’1 gl‘rftgﬁl}')g]aﬁl ahsh fdﬁs%%ta{eo MAdditional methods

wder I's plac in a

. ontalner t connected.to.a vacuum so A
utilized) g PP lflﬁah BT PRE i 7 SRR S pifber and powder
Upon attaining the desired vacuum |l evel, the val ve
thereinciorrdes| thisaueezh @ulaiE autrmiastndhe PeWdso ardiPRrlER PYRELRIge connected
valve into the container is opened allow ng the
to a vapmes system\intb hecdrtwneraiutiag tler filliog paqwiest tp eveepatd thoeafrained air. All
back to atnospheric pressure. This process causes the

of thesR ?)Y‘&%Esefs DatOsRREE drawdbls. Wk exdmiplal #thvngh kdteotiheemitdierd air with a
wder deaeration processes utilized heretofore,

porous V@gé‘ B ARRS dHofAhOMnd §re§ tn§ tkg:r}ﬁ?g ﬁﬁhﬁatelﬁqec&%@mcﬁed due to the

un1systens require n el abor'a Itef system and
ene aII what expensive to put in place. Many
ﬂnep%é&ﬂgVeﬁg geﬁg plants do not otherw se have
acuun1systens in place. Also, cuum systens are
(004] | Qe {<chmiaBe Shabap e 1ol sPRSSHFATY A¥fr 0% Varas yocym densification.
psig (1 kg/sq. cm gauge)) 2 WD 2004/ 060796
In a va@ﬁnu@m%va@grxmwsq 0% poweerao\kecdaagraiehisi Blpcegt ipgncontainer that is
process, the powder densifies to a small extent as the
conne@é®@ $6 drecumhtsouret he vaaouis teanhdled de ovledses level is desired. Upon
However, it is the rapid in-flow of air into the

aﬁainiﬁ%@ﬁ@@%ﬁﬂ:d SRALA R, achiavedoRyolligh @RS ivagiinh8owae Wsilosed and a
that ultimtely causes the deaerated material to

second valve into the container is opened allowing the pressure within the container to rapidly:

equilibrate back to atmospheric pressure. This process causes the powder to compact.

[005] Unfortunately, like the other powder deaeration processes utilized heretofo;e, vacuum
densification has its drawbacks. For example, vacuum systems require an elaborate filter system
and are generally somewhat expensive to put in place. Many powder manufacturing plants do
not otherwise have vacuum systems in place. Also, vacuum systems are limited to atmospheric

pressure (approximately 15 psig (1 kg/sq. cm, gauge)).



conpact to a significant degree. If the vacuumis
rel eased at a sufficient rate, the in-rush of air on
wo o406070de pignent is too fast to all ow t he aP€T/U82003/037448
di ffuse back between the particles, thereby forcing
the pignment into a smaller volune. [007] It has now
been di scovered that rapid pressurization of the gas

(for exanple,.~ai,k) in a vessel als
1006] gk yap e i Pt fir RO FHer GaSEer &) § SpBRdRER & the pressure
... densified. Accordingly, the inyention prqvides.a
within the,xaamny chambrrdecgeasey HAWCYSH ik isdan sng flowpl gl gtodhe evacuated
powder based on positive pressure. As discussed bel ow, )
containdreachivedbyarelposing i the veewss (ha Wimately causeadhs doreratpd material to
desired powder densification has many advant ages.
compacDfd3] siphifiene degrectlf tHeheacinmu dntdleedaoy befisicat pitgdism-rush of air
for increasing the bulk density of an aerated powder.
on top! &F A6 PSR EL100 faft bR BE @SSt cﬁﬁﬁsep@ém%et\iv&nmh@?ﬁﬂicles, thereby
in a container. The gas pressure in the area of the
._cant al ner, - t.aj ni powder is then increased to a
ﬁnmn$§§épb3§gy§8%§ ﬁ@%ﬁ é%?%’pressure at a rate sufficient
to cause the powder .tp conpact before ubst apti al L\
[007) ol G vokeshrbSosversd Rpt PR one a4 onr s BE AT ample, i) in a
powder. As expl ai ned bel ow, the | evel above _
closedavesselprle iceusss ek dighdy tastaitsi phwderewghin Pree ¥8isele tanpseorpe densified.
i ncreased and the rate of increase required in order
Accortlinghc hheuseatiai grividesamtprabegy fe iofrepanglehg bobnpacsity orf an aerated
w Il vary dependi ng upon the type of powder, the size

powde?baddieoncttve pedssadd At listusRararet, ehéuse di9oskble pressure system to
exanpl e, in one application, the inventive process can

. ' ime of powder

aChle\}igﬁ%égéegﬂg%go‘gégg%ﬁgtﬁc@{ggg%% gﬁ{%g&%ﬁ%@ %owder !Os pl aced
in a container. The gas.pressure is t.hen i.ncr.ea pn .

10081  FeBas BFE B iiveRiom R T hP R R CpORRLRE Dt dfbsity of an
| evel. above at nospheric pressure at a rate sufficient

aerated opvder elBsasceidantsuvh dasmBiogsssothe preeydenis ignerdoin/ pefapser: The gas
PCT/ US2003/ 037448 powder to a predeternmined level. A

pressupy edteeared nbthearmmtaier gfontafreng dreppevdsd ip dthadieinciegsadhiona level above
renmoved fromthe container and placed in the

atmosplegRpprasuee. atThirste ahfftvat td @buexthoplosvden t oompadt éiefore a substantial
predet erm ned anount of powder to be placed in each

portioR ®d theprasstRMHtion LAY 2 fAReg Mg tIRF RERRS. As explained below, the level above

atmospheric pressure to which the gas pressure must be increased and the rate of increase
required in order to achieve a significant degree of powder ,compaction will vary depending upon
the type of powder, the size of the container and other parameters.

[009] For example, in one application, the inventive process can be used to place a
predetermined volume of powder into a bag or other receptacle. The. powder is placed in a
container. The gas pressure is then increased in the area of the container containing the powder

to a level above atmospheric pressure at a rate sufficient to increase the bulk density of the



[010] In one enbodi nent, the gas pressure in the area
of the container containing the powder is increased

W0 200a/06i8¥€el above at nospheric pressure by i nj eRCT/IHR083/037448
gas into the container. The gas is injected into the
container at a rate sufficient to cause the powder to
conpact before a substanti al portion of t he gas

powdeﬁj ﬁ%lfaubr%g&etcu i3 me({ E'evgp 2@ g%t'%éﬁg%% gﬁ% Se(?dﬁnepacted powder is then
d does not . adver.se reac mder
removed l;{@mﬁg goaist ARbp Ceda‘f‘fdé‘%:/’iecg?tf“h%%ﬁéﬁlﬁ?”é E Exagpplg fuconsistent,

apparatus used to carry out the process. Preferably,
predetermingdrgraeunt of poyaer tp de alacwmqaclg gsg ingg gqntimuorsdepgaing process.
oxygen, carbon dioxide or chlorine gas. [011] Exanples
[010] O dnkrebollingdtitythaghapressupointhe aret fodthecaumtdigerdentidingthe powder is
in accordance with the inventive process include

increadel 36 4384t aPB¥ A nOXPIESIcRRNEEE DySHB RS a | gﬁ‘@fng@ﬂie(‘contalner The gas is
pignents (for exanple, titanium dioXide pignents) and

inj jected %Elt% The/ f&}ﬁélhé/r a[t Eﬁ‘at%r h%c?ent RIEIsO e né)%Wdefl?()t L \{'Epact befmie 3 substantial

e |norgan C OXI

. S hate wder s u ed i ri,ma second
porton] gb 1 GenAl B EaiTarTEOMET A aHIACE Of (63 (i e i can be used,
oxi des and ['ithium net al phosphates i ncludi ng those
providegh Eregithe gaseselpsted| does nolaglyarsaly reasd g EhBis o weiee Re ptherwise negatively
cobalt, iron or conbinations of such netals. These
affect bighetr elne_,/pmc¢ssm tiadpgrarah sused yo oarryrayt thetprdrase Prefdnatiyn the i 1nJ ection
present in their crystalline structure. The invention

gas is iSinBAIghl G, alttoges Wxlyad, Rafboh dHRmE drithi@inkigakli um
vanadi um oxi des. Al $0, bl ends of battery-active

[011] '@%a%giléé 5t ¥th! 'lngﬂlgeaferaq 6’»0&&&? i 3 S &iehBifidd Qﬁﬁb&q&fpﬁm with the

sition ma | so denS| I N accordance

inventypER olbSGF MBS EhB e hVER VB BFbcage 1 eﬁorga&lc pigments (for
increasing ..the bulk density of an aerated powder | _

exampig ﬁaﬁﬁqngg éhcmlcée:p]rgﬁmpﬁé a gh%ry-laﬁtl\g @gtﬁflgllsnéuc ﬁtéery—actlve materials
container having a first end and a second end

include gisoigiprggnichmethl pxide @end) metH @hgsphater poyglereused infpsinareand secondary
of the container containing the 4 WD 2004/060796

rechar abld 1520134, A3r/ddhihplg dititdeth maalt dxedesiand leltasdnetal phdsphtes including
above at nospheric pressure at a rate sufficient to

those WAMSR thREnetAPWIRMadiOns AMRelesA0RALINS! AR, §68 QRGoRBHalbns of such
the container before a substantial portion of the

metalsPHR3Y Bb&%&- ?HY%ﬁxSAtegfa[ fﬂd?f 3r fn%/ 910{ H d@ﬁtm pre’gjgﬁ(tt m tflé'he crystalline

second en e con I S” opene

structure. The invention is particularly suitable for densifying lithium vanadium oxides. Also,
blends of battery-active materials with other components for use in a cathode composition may
also be densified in accordance with the inventive process, as exemplified below.

[012] In another embodiment, the inventive process for increasing .the Jbulk density of an
aerated powder comprises placing the powder 1n a container, the container having a first end and

a second end opposing the first end. The gas pressure in the area of the container containing the



t hereby causing the container to depressurize and the
powder to be expelled fromthe container through the
wa@ewanad7ecd of the container. [013] The i nvent POTIUS1088037448
includes a process for preparing a slurry. In
accordance with the process, the powder is first
mlled or otherwi se processed. The mlling or other
rocessin (o]e r : :
powdef 358 el Clg F B ooy LRlphirC lERRe o2 (RENSACidiR fo cause the
settle, the bulk density.of. the powder is | .
powdeg gneabach dEHRG. BioaBRd i BT FRGHIEY botgin,d FGRRR pion of te
powder is increased, the powder is dis ers%g jna . .
pressutizagion zassidfifuses inth dheipawdert | DAXL §1Tee§PCQP$ &0 ﬁ‘lée FORfRIaFT 1s opened
to be quickly dispersed in the liquid nediun1gthat IS, )
therebyt baispigwiie contaimeb® depuissiize atidsthe pewde totlee ¢xpelled famdthe container
medi um even though it has not been allowed to fully

throug® el de€dnd end¥f@RScohbgnepowder is deaerated (either
naturally over time or in accordance with the

ive , : i,n 0 e :

o131 THESBRbR  HEARES 4 ok e pRALR Pl Jdefdnce it
difficult .ta achieye. e _powder is.prefer .

procesghe RN th %Eﬁji d?!l:lla‘ir% eO%W"rJFet KTtk nt]i(:fl\?i emgg}%gtolr yeher processing
pressure deaeration system described above éplﬁg For

procedaxeaiypically eaisenthswne woepbiodesomg Rerbed: ROt i APy bg powder to fully
freshly fluid energy mlled titanium dioxide pignment

settle, ithet bulét dembityabf éhel papuded,is suatasad byadeaerating theopawvder.  After the bulk
concentrated pignent slurry. The increased bul k

densityf 8NEetpowRier shBcBhGaPME popaeds difpetde ishuiquid tiediper. sTiendeaeration
process by increasing the rate at which the pignent

step algq.vllg th \f{%(?vdell 1R §uli&as iishbENed e IRALERAL RigABNpowder can be

urr§ can Uﬁen‘%e adm xed 1 nto paint fornulations and
. .the like.in .el.gtivel ' d:

ey 3Gppises 98 FeiRezbsr e ao R AT oo BRAElowed By serde).
aspect, the inventign incluydes apparatus for, carr.yi . .

Unlessoilie pom@er iAsatraly (‘i}ﬁ}?& é‘%%‘?alfg’l W ee%&cﬁcﬁ%rﬁ?r}cet‘ﬁ%h 1R invention),
apparatus conprises a contai ner for containing the .

disperiogibege amderts opthe pewider inthe ligeidiaedian 1pavimgly Janpesgan be difficult
end and a second end opposing the first end. . _ N

to ach¥vesshe zgividen is pedfambhr deasgetiiatagdordinde with the inventive positive

container for increasing the pressure in the area of
pressutd\@eab bR sPREM described above.

[014] For example, the above process can be used to disperse freshly fluid energy milled
titanium dioxide pigment into a suitable liquid, such as water, to form a concentrated pigment
slurry. The increased bulk density of the pigment speeds up the slurry dispersion process by
increasing the rate at which the pigment will “wet” into the slurry. The concentrated pigment
slurry can then be admixed into paint formulations and the like in a relatively quick and easy

manner.



contai ning the powder to a | evel above atnospheric

pressure at a rate sufficient to cause the powder to
wa@ormpact79bef ore a substantial portion of the PCT/US2003/037448

pressurization gas diffuses into the powder. In one

enbodi nent, the pressurization nmeans conprises neans

for injecting a gas into the container, and a source

f . Li t: .
o151 3 BB BPET 0P 5ol s BARHRL o TRAGIRAL et etiveprocess
i one hBSaSs PSSR LGRS M et e s uncer

devi ce positioned within the cylinder in a ..

pressutieuthe znutainsb Reving p &irsi cnd Apd Areerongisad epposing the st s9dwFegssurization
can be added through the inlet to powder contai nnent

means afeasocletkd vath fiy cadjaiee fitr intepoike the piesduraint fhe area of the container
cylinder; and iii) pressurization neans conpri sing

contaiﬂlﬁ‘%ﬁ?e pOkdérnioes tdvBDakibv@aimospHetic thiessGRNdtad Reé sufffeiend to cause the
source of conpressed gas. The device can be rotated

sych th f sdbtahfi r t AL QMR M A 82 diffuses into th
powdefdf oty BFHUFFE irdab(a ARIGF or B0 BB A diffuses fnto the
t hrough the,. pressurization nmeans. The device can.t .
powdep 1y ik FEPOEL, D HEE e (Ap THRS P PBts ks PenCeIfl a gas into
removed fromthe cylinder through the outlet. [017]
the conthigerp pid @ ARUIPHQEGBPSSES 84for e particularly illustrated

in preferred enbodi ments by reference to the i

[016] dineaiotigs enibodishénththe [i04B} v la@Sirats anthpises: @) 8 eytindgs with first and
views of a sinple container illustrating the positive

second® bESEH L endsy RO bn tillt laAd @At bk, feOdBlivélyGi) 3 foBarg containment
side elevation view illustrating one enbodi nent of the

. M€ [; b Gi-s Aol tRnYd Bt Ofhereb ted
device ﬁéésﬁamﬁlﬁgf"é’?ﬁgquh?ltcgg??eétlggaoiﬁ?géﬁesﬁ%gestgﬁ WO 5004/ 060796 > o

PCT/ US20Q3/ 03744 02 | G ' e ' pe ;
s BT FALS, AT FL Gl SoPalbED! SERCEIAS by icn
enbodi ment _of the jnventiye apparatus. .OZZ%FFIQ, 6. ..
“spokgsa WithglP ﬁkﬁ’l’f’yélﬁii?ré gxbcbwa ipﬁﬁswfrbza@]g ARS ¢RI ng megys tor njecting a gas

bel ow. [023] The invention provides a process for
into therroneaetrapdtansoume of compsesssd es. dieglsvise san hewpfated such that powder
in the powder containment areas is densified by the inputting of a pressurized gas through the
pressurization means. The device can then be further rotated such that densified powder is
removed from the cylinder through the outlet.
[017] The present invention is more particularly illustrated in preferred embodiments by
reference to the drawings, in which:
[018] FIGS. 1 and 2 are section views of a simple container illustrating the positive pressure
system of the invention.

[019] FIG. 3 is a side elevation view illustrating one embodiment of the inventive apparatus.

[020] FIG. 4 is a top view of the apparatus illustrated by FIG. 3.



As used herein and in the appended clains, a powder
nmeans a solid, dry material of very small ©particle
WG 2we/06Epgi Ng down to col |l oi dal di mensi ons (f OPCT/US2003/037448
exanple, 0.01 mcrons). As used herein and in the
appended cl ai ns, an "aerated" powder neans a powder
having air or some other gas entrapped anong the
[ r .
o211 P s lsﬁa;%%ng shdifhlc %&%ﬁﬁaﬂh haP h%ee%v fifiiahing Blotfer embodiment
det et m ned t he net hod descrlbed and shomn |n
of the BYSWb‘feé"pPara fow [024] Referring nowto FIGS. 1 and
2, the general mechani smof the inventive process is
[022] | FIG, éti5 ageph saucponeng be ExampleslV set forthdelafes a
contai ner 10 containing an aerated powder 12 prior to
[023] dEsinvertain providés agitosess by ikirGsig thealpilklldgnsitycofeasaargied powder.
the gas pressure in the area 14 of the container 10
As usé&ORdréih Rh@ 6n tHeeapenalar cldigis (4 Powddrsmeasea $did, aryeattfall & very small

the whole interior of the container 10) to a |l evel
partml@l Y %m?gﬂx%?@?xﬁ Edagolfbﬁ%z ?gﬁﬁs a?‘%‘ Sﬁ? te?%ﬁp%?%ﬁ rmlt:fbns) As used herein

. pressuri,zation gas. gses.into th W t hout

and mbt@? ﬁﬁpﬁnﬁﬁff £l %P a?rﬁ{é? ﬁ%‘éfﬂ?r. BT AR %‘ﬁ ?Rg’?vmﬁta“ @ some other gas
expected in nechanistic terns_that a pressure front

entrapppc 3@are thenparicles fermung 8 ppvdere Tt vl depsily als3 ppgider means the
created which forces the particles 12 together and

bulk deositesf theupowdee aaideteemined gpyethe baethed nesdrbed omdethown in Example 1
particles that woul d otherw se have to be displ aced

belowover time by the gravitational settling of the
particles 12. [025] The conpacted powder 12 can then

[y egxe r
[024) ag dﬂﬂ{r%nﬁcg\fv 61 BIHd. Y RiPoesR %enel‘:e@ mEMRARKE of ke 1nven’%ve process is

to bel ng eaS|er to handl e, the powder can

1llustr£{0 é %nc{3 (ilf,?lc%llae%m}llz} ﬁ)a %g a(c %mgg ?&B!}I?tagmg%&rl(&?ét%gp%vg%er 12 prior

e standar

al so, for e 7 WD 2004/ 060796

to derEFRisSD ODSFBSTLE FI§f 2 r@P@m FAREElF B8R Gushin frgpes 14 of e
ot her vessel &@or exanp a battery shell). In nos

contaibert t@eqntaiapig theapdveies 12t%thtﬁﬁésedﬁ1¢s@?§/ lhis the thode interior of the
materials are conpacted the greater the charge density

containér t®)etobatdvel photehatimdsphericoprpssotd canses thehpowder to compact before a
battery-active materials results in a better battery.

substaﬁlgﬁgiorﬂlcﬁh SCHO pERREEab Rad diffutd’dViptat thy @opdec EWstholitRing limiting of
powder is first placed 1n a container. The

the invention in any way, it is expected in mechanistic terms that a pressure front or pressure
wave (indicated by the dotted line 16) is created which forces the particles 12 together and forces
out the air entrapped between the powder particles that would otherwise have to be displaced
over time by the gravitational settling of the particles 12.

[025] The compacted powder 12 can then be more efficiently processed. For example, in

addition to being easier to handle, the powder can be more efficiently packaged (for example,

packaging size can be standardized). The compacted powder 12 can also, for example, be more



gas pressure in the area of the container containing
the powder is then increased to a | evel above
wWQ@rimspiTes i c pressure at a rate sufficient to PEES2005e37448
powder to conpact before a substantial portion of the
pressurization gas diffuses into the powder. The
particul ar | evel above atnospheric pressure to which
. e S
effcient3p IR, Rl AGHEA, I Fher ekl UGASEPRY & bitery stelly, Jn most batery
. degree of conpactjon will vany dependin '
applicafiy e Poes bty e Ftiaapetf By g GaRER A 1 Btaleh e chpree density
of gas entrapped between the powder pﬁrti | es, qu QR
of the baHerys 8yt 5 pIADasien of @e@aﬁﬁry-aaﬁve pgieriglsgesdls in gpetter battery.
course, the amount of gas pressure applied and the
[026] danecwdaricacritathe inventive psagess, el povedes ds fesp pladedipon cemainer. The
degree of conpaction desired. Preferably and sinply,
gas prebfifie Y 8688 dMNOLNMRSnéNeaASihg thel fodvder Esthti incfdaged tara level above
at nospheric pressure wherein the powler can be poured

atmosp%rié tpﬂ)égs@r% Aa4kd ¥uf.ﬁﬁffeﬁt 16RO MApHREer B @nifaBEBOR a substantial
greater than i ch

at nospheri c pressure,

wh
. _greater-than-at nosphey.j ressure c LN n e
portion S?htti‘F pprgﬁsﬂ)‘é‘izg“% @g%l eiﬁgfﬁ?ege@%opg&% eeoweé’anwéfl?%ﬁﬁ;‘#%e?evel above
contai ner into packaging, for exanple. [027]. For .
atmospBRAPprassurado Shishrihe gaERmEsTemusHR Bireased Fddhs cprgesponding rate of
i ncrease the bulk density of a freshly mlled, hot )
increase I6Gessary 20 @ctdpvd adesxeqef sampgeaerewill varsidepsndingsinea the properties of
pi gnent ("CR-813" chloride process rutile pignent
the poWBEKedRE dEnsifieRll theMib@mt Cfigns ettapped Btwlee o the2gov@der particles, and on
I bs/ft3 (0.40 g/cnB) to 41.7 Ibs/ft3 (0.67 g/cnB) in

the cortainet hideBl o Qﬁﬁr%r R it}fé?ro&ts@._e lof@ase] thhavidudt 8f 34 estie applied and
Inside dianmeter and a height of 15.9 cm the gas

ressure in_th ea .pf t ai ner,. c Y . red

e sl SERHE bt LSRR AT SRR PRS0 RebbBin s

prtery il i e e R e Qe Rl b e prssure
Simlarly, as shown bé Exanple V below, in 8 WD

wherein(hup@6dizeen bepruss 008pyPrArevitointfeihe CONPHET WfsRretsHEe greater than
bul k density of a freshly dried and vacuum densifi ed

atmospHetibipwsswanatich rgreatort thian-bataspheyicauedsves qantie tyralbefusghio help expel
43.6 | bs/ft3 (0.70 g/cnB) to 50.5 I bs/ft3 (0.81 g/cm

the dedsifiddSowdEaBRasly ftdn@ theGyhiaiids irtabaddagiel, foessahplet he gas
pressure in the area of the container containing the

[027] PEBAL . s hbwn $9SBkanfife MRloSy, 1R bfder @6 ifredsB@he bulk density of a
container) was Increased froma full vacuum

freshly milled, hot (150 to 200° C) latex paint grade titanium dioxide pigment (“CR-813”

chloride process rutile pigment marketed by Kerr-McGee Chemical, LLC) from 24.8 Ibs/ft® (0.40

g/em’) to 41.7 Ibs/ft® (0.67 g/em’®) in a 3 liter cylindrical steel vessel having a 15.3 cm inside

diameter and a height of 15.9 cm, the gas pressure in the area of the container containing the

pigment (in this case the whole interior of the container) was increased from 0 psig to 50 psig

(3.5 kg/sq. cm) in approximately 10 to 15 seconds. Similarly, as shown by Example V below, in



condition (less than 0.1 psia) to 90 psig (6.3 kg/sq.

cn) in about 15 seconds. [028] Generally, after the
waleaiunedIconpacti on i s obtai ned, the contai nerP¢BUS2003/037448

depressurized and the conpacted powder is renoved

fromthe container. In one enbodi nent, the container

in which the powder is densified also serves as the

order tcE) érgci%easg rthsa‘awflllke(?e?x% é)‘ BF % Eghf}p lid RRG &Eﬁfmﬁéﬁd?ﬁé@ lithium vanadium

uct In this event of course,

t he conpact ed. er 0 t

oxide bR AcHET TAie JEr aaﬁbﬁ%ﬁ PTHEED B lﬂﬁgdgodﬂk gom’) in the
t he container and conpacted in _accordance with .t

same 3iliieregytingrical isteebyissely theotae PacRaiTei B Abg awep of & Cf[né%ﬁr “Gopaining the
one enbodi nent, the gas pressure in the area of the

pigmen€ @int fhisn ease ot tviobd ingeridreofpthackentdiner) iwas rinersasgd tfegorg a full vacuum
| evel above at nospheric pressure by injecting a gas

condltn')rpélé’ssttﬁ'ﬁl ® P Psia) 10SI0. psfe0t6.3 RyedTehe) in abouit 16 yedands.ed
above, gas can be injected into the container at a

[028] rG%%ngraﬁyfeL of Hesit&l & a%ﬁéx?ls &U’c‘ﬁnéﬁ/ %@édnte{?ﬁe@$§&%1ﬁessunzed and the

e contal ner mho e to the desired level
compa%gg{.rgé@gﬁtzrgg r%ﬁoxeﬂg‘g%fmﬁp ?ontarxﬁcér E:%ln ne er{rélgod?r%&%tt e RtV in which

depressurlzed and the conpacted po i S rennved
the powHE Bofnsifisdralsq 6GUFS ThANbIGEL A | AebringHD Caiapg Ry example,
gas, but should not adversely react with the powder or
packagttg doihe prategiatlinvis yverfts efceousset hercoripectpd pewder igmot fegoved from
apparatus to carry out the process. The
the colb@SsUNMhzAati addigaml gawvdepraribeabddedbie thel entagert andeompacted in
reactive with the powder in an advantageous, desired
accordmmﬁ}{‘thgﬁrfv%ﬁﬁoﬂ: %Tpﬁ@d)ﬂ’rgo@ KeaphhMEcREEp 1N the

er's preparat|on or treatnent) wth

[029] gﬁ %glg Ealléx % ; 2 tl#o%é)‘r%s’smfeQE iP5t BPRECE inlgpé%ritéini.né the powder 1s

essuri zation gas S

non-re ve witht owder he process ..an

increasg A a e a@ow%e&?%%opf@%wﬁfc% JaBa6% aaagto Y Continer. For
generally. In densifying a Iithiumnetal oxide

examplyang dlvgiraied shpaengas s he ijected Jeo thsiceRigmst aigyrate sufficient to increase

oxygen-sensitive material, for exanple, an unreactive,
the ovelfall Prassusueithes thei ¢antayeer assa swhalalib )Zthsléﬂredal@Vﬁlhé’lthm the desired
pressurization gas. In the case of the densification
amounPfofafimaemabeidr tiot adhi¢id db@paddienpofvdies powdemeVvEhe cantainer is then
is sinply and preferably used as the pressurization

depresSfttred TH8 1888 npae@pSfder is removed from the container.

[030] The pressurization gas can be any gas, but should not adversely react with the powder or
otherwise negatively affect either the process or the apparatus to carry out the process. The
pressurization gas can conceivably be selected to be reactive with the powder in an
advantageous, desired way, in effect combining a reactive step in the powder’s preparation (or
treatment) with densification. However, for most applications it is expected that the

pressurization gas should be non-reactive with the powder and in the process and apparatus



conveniently be a gas that is otherw se present and
readily avail able (perhaps in an already pressurized
weendiosi7ee) in an associ ated process for maki NBCT/US2003/037448
treating or handling the aerated powder. For exanpl e,
in the production of titanium dioxide pignent,
chlorine gas is coomonly wutilized, generated and/or
generaﬁﬁ]C Y ﬂgnsnlg’ihglag lﬁﬂw RNt offe tbgﬁefgrh\éﬁ% 'rf?'nceréilh& 11ke m01sture- or
ori ne gas utrfized as the gas injecte
nt gi ner r h r
oxyeeiE SR Rdrase: FEGRARBLS ChaTBBNEr O BOA% Bifagep s suitably used
of methods can be utilized to deoressurlze t he
as the prssyusiZAen aad Jpdhopcase pﬁ the degsifiseliaPiznassried figpjunpdioxide powder,
contai ner. For exanple, in one enbodi nent, the powder
howeves ait dgesdinply amd quefemblyensddaas ribe Préssnstationdgasnd The gas can also
second end opposing the first end. The container is

conversiénitfy Belraegassthah id bekervwise peasitighd Radgpvipilabis (seghdpd in an already
the area of the container contalnlng the powder to a

pressubiMELoRRRYH, Al FPSRRETat& és%%? >Srdabifig Rﬂ%ﬁlg}é) the aerated

conpact ag i nst the seco end of thé contalner

powde& oﬁ{)ﬁ%’%{?ﬂl?,l in 6% egi% 8&5&% eqil tggmfl’%g 8,91%?6 gdgn ent,. clmaorlne gas is commonly
depressuri zed and t he conpac . powd IS ex eII d

utilizegly Sreriel aBHPRTHIEIE t hifofy ﬁmﬁvﬁgﬂ%ﬁ‘@wﬁd he dpvegfiog.pige chlorine gas is
container. [032] Any aerated powder can be densified

utilized ras dlogrpascingettddninge ther ehatedrer ip tipcredse thygenpiessyre in the container and
Exanpl es of commercially significant aerated powders

compaef e pberdei. t ani um di oxi de pi gnments and the conpl ex
nmet al oxi des and netal phosphates used as

[031] DAt ‘&zﬁ"fe)’y 2t h¥BodR LS bal &ilizk®ro ed%@m@klﬁizet Hes&ntdiAGeshdofemove the
vanadi um manganese, ni ckel cobalt, iron or a

compa%% o%% Rpﬁlocfxe %Jlﬁg}in tP@)'r%Xan%e 18%51% 'eﬁlll‘) 8m n@ttﬁé Eé&fder is placed in

the mnvana I um oxI rthrumco
d | t d 10 VWO 2004/ 796
o conett BB QEPAE ohf @h?%m%ﬁﬂaa%@g%n%%ﬁag U Ptk 1 JHepnteiner is

t he nany nDdlfled oxi des based on each of these).
configpsednipich sthalf gERaring dhe @As Pressvimi isntheewed pf dh pefaippr containing the
such aerated powders may be beneficial include bulk
powddag gilengl epeveattinomshesin prespacatignshe powdado compact against the second
battery-active materials into battery conpartnents of
end ofathé cohthiddr. vVOhtéThe powder is compacted, the second end of the container is opened
whereby the container is depressurized and the compacted powder is expelled from the container
through the second end of the container.
[032] Any aerated powder can be densified or compacted in accordance with the invention.
Examples of commercially significant aerated powders are the titanium dioxide pigments and the
complex metal oxides and metal phosphates used as battery-active materials, for example, those

based on vanadium, manganese, nickel, cobalt, iron or a combination of such metals. Of

particular interest are the lithium vanadium oxides, lithium cobalt oxides, lithium nickel and

10



[033] One class of material to which the invention is

particularly applicable is inorganic pignments. For
we@2@apbis9s due in part to a final fluid energy PET/UE2993/037448

step, the bulk density of highly treated titanium

di oxi de pignent (for exanple, of a type designed for

use in water-based latex paints) is solowthat it is

s g ESTTRA 6y SR S0 RAR LR AR of s
Exampreféscg{:| %H%ﬁgélgg%}te v%&ifﬁg{eg% ?zrt{ol\z);t %fglsug;%;] gérg : ;j;?ovf) %”Fn% Be> beneficial

accordance with the invention, the bulk density of _ .
includes bl bagging aperatiangrands epesations| 1 load j hagtenaactiyegatgrials into battery
| evel greater than about 49.9 Ibs/ft3 (0.8 g/cnB).
compaftfadts of hdéimitedentunwe densification process is
particularly useful in connection with titanium
[033] GRXtHSs BF GHREEA Pawhiel Yl ikvelaioai Is paticalady tapplicallowd inorganic
21.9 Ibs/ft3 (0.35 g/cnB). Preferably, in accordance
. L th: e [ nventd ] : i : ;
pigmerflh For ISR Do R AT Qo R RRE S A EhuR dCiIS ofhighly
reater .than 35 | ft3 (0,.56.qg/cnB). .MNor ref er abl
neated G wOHR SRS XEDley DL TR o g T Bt based latex
. dncreased in accordance with the invention to Iev%l
paints)jip sp hew thaidbisgiot upsesmmos thap dhe gentgipenganyynlyybefyled o $0-90 percent
| bs/ft3 (0.80 g/cnB), even nore preferably from40 _
capacityb STy @liyOthebullgdanBy of bighly tréas¢d, ta@rata@l B@ngne d®)Kide pigment is less
[035] In another aspect, the invention includes a
than atu02 €99bd/at (Osegant)ngn ac@kdiney withodie afveagomttelbulk density of such a
powder. Due to the increased tine required to "wet in"

pigmerﬁtbﬁn Qﬂl@&ﬁllyi HalifcrBaskidl 4 %gﬁ%?ééﬂ% tha AERAUD .@Qb§ha((fé §g/em?).

roman ae atedxpomder in particular, from
..ghl y- aer at.ed. powder n. be . ' ; ' SPIT
0301 A S BTG O ) SRR wih o
. ..settle over. tine,. thi.s . adds anoth 3 ns )
dioxids piegpnBo NGRS B BBSlTye6t Bgn AUt A0 bR (13 Bem). Vieterably, in
preparation process. 11 WO 2004/060796 o o ) )
accordPETF/ Witk 003 prse 48vantionche bybndensity taf sugk 4 Wigeiym digxide pigment is
the powder is first processed. For exanple, this may ‘
increasedttaial level ghéanal thaodd Ers/fifi (0156rgcrpt)orMereaprefaably | the dulk density of a
energy mlling) step which typically aerates the

titaniuRONHSe pidthdrRlis fnbreddeld GMiabrddtRe PAWIRE i wentivh iy a 3@kl Inethe range of
t he bulf density of the powder is increased by

o ST PP, AT, T R H Pty oo 0
g/em®) to 50 Ibs/ft> (0.80 g/em?).

[035] In another aspect, the invention includes a process for preparing a slurry from an aerated
powder. Due to the increased time required to “wet in” the powder into a liquid medium,
preparing slurry from an aerated powder (and in particular, from a highly.aerated powder) can be

very time consuming. Although aerated powders naturally gravitationally settle over time, this

adds another step between the final powder processing step and the slurry preparation process.
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resulting slurry can then be effectively and

efficiently added to yet another nedium such as a
w@aioaned7es nul ation. [0361 Preferably, the powdeCT/UUS2003/037448

deaerated in accordance wth the invention, nanely

pl acing the powder in a container under atnospheric

conditions, increasing the gas pressure in the area of

In acc&l?lﬁn%% A ARV ORL ?He \J¥etiek likeﬁﬁplg@?éssé@ o} @)Yﬂlplé‘ bcﬁi‘éemay entail a

eric pressure arate s I Cl en cause

L T -
renpving fhe cqonp hﬁf omde "n1the cont ai ner

Prior fopalfowing the,@oWEm i HYAINR. b E}" kéensity refutherpwder is increased by
significant amounts of pignment are sold in a slurry

deaerating rte poWhersellsd densifess! powederyipitheal Wt imp(déspatsedjointaighe slurry. The
| evel s ranging from65%to 76% by weight. To achieve

resultihf RLrynda@hthe® bk dsfebttvety and ildioily didedes yanirmtlerenedium such as a
added to facilitate both rapid "wet-in" and to forma

pahnfghﬁghgmglsper3|on The term"wet-in" refers to the
I splacenent of the air surrounding the particles

[036] V\gﬁs??eggbd% tﬁu ggwgfr 1S I&ege at%d ] %h?ﬁngeomqﬁ ltﬁ'e{ 1nQ/g1(1:tL10l'111d %gmgll placing the

I ncrease e ove eQU|re

to conplete HFP "wet-in" step densu& g the

powdegiigy ﬁéﬂ@talm er @faquHbfmcaCﬂn%w% é“fd?a:%’ér P 8ps IETF%?&&%@ the area of the
the "wet-in" time can be S|%n|f|cantly reduced. For

contaigeragnuitaning tthe powder fna leveabews slsioaplationprebsue epersterggfficient to
a titaniumdi oxide pignent into water to forma

cause SeUsawder $o cdnipddoefore s enbstatiat pasion pif efeprebduyizatbahugadiffuses into
by at | east 10 percent, nore preferably at |[|east 20

the poR@ECAHM re ABYinERES cd?ﬁﬁd‘c@érd%wv%epﬁoﬁtthé @(ﬁﬁ&lﬂ&o percent in
conparisorLto the anount of "wet- in" tine required

[037] Vﬁxrthteqﬁmﬁﬁﬁedlgklggﬁ)nérﬁ&ﬁqﬁﬁuﬁttge %12 oeﬂgéd tso BP Bglxjﬁent are sold in a

Iome
at ur al d wtr1 ttling of nt 12 ) 0
sturry 3G 066 Bt U DO s a1 Eéﬁ’ PR | PHRBRACE 7 0 70
al so particularly useful for |ncrea5|n t he bul k
weighyehd 'qu}ye\@fth@sgt}{l%l} Vlléiéthw;]&s VFREUS ,dpsgp@&u&ﬁ gregrdded to facilitate both rapid
conposi tions containing such materials, as used for
“wet-inkndty folm acatlo disparkioa. Theiterar ‘S/Wejfin’émf@ﬁ deathe displacement of the air
rechargeabl e battery, for exanple. It will be
surroudfippakd pircicles withhi liquid ghr ldghlpakratedi gdwdehs oacludst aipfan significantly
increasingly smaller yet nore sophisticated hand-held

increa§d @601 FinfEMhE8RE tolddBplete the “wet-in” step. By densifying the pigment prior

to initiating the dispersion process, the “wet-in” time can be significantly reduced. For example,
the “wet-in” time associated with dispersing a titanium dioxide pigment into water to form a
slurry is, by the present process, preferably reduced by at least 10 percent, more preferably at
least 20 percent and most preferably by at least 30 percent in comparison to the amount of “wet-
in” time required for the same pigment under the same conditions but wherein the pigment has

only been allowed to deaerate naturally and with settling of the pigment.
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batteries used in such devices nust be capabl e of
delivering a correspondi ngly greater anount of
web®@enei7e@l energy yet occupy a smaller space PEENSI0N3/037448
earlier such devices. The present invention addresses
this need and hel pfully enables a greater anmount of a
given battery-active material to be enployed in the

ihcr.easi.ngly .snal l.er.. .fi l. I oy ' .

0381 gPE SRERHET i3S BprClipdy L7 TR DU BEHAY B bittery-active
_process of the present, invention,.the bu dquit%lof h

materials #ht phPymMpRNARS copiBE SPSTLMalE RS PR R fpr making he cathode of a
battery-active material (or mxture of such naterjaLs)

primary ansependany reshargdablhattery, fenexamde. pbvallhe appesicated in this regard that
preferably by at |east 15 percent and nost preferably

with thB¥idddnt loEasdreadthglpanaltmtyef mome sdphistivhted temd-helyl ebdctrohis devices, the
same conposition w thout any positive pressure

batterié%%@éd fd GRh 1N mEg AR capdA oN@liveand & BrrespRHdingB3@ ater amount of

he 1 nventive process does not necessarily require

. spphi st | d : : - S .
clectriGDPRrE bteE o R BAhKirprod i il 06 e MeBlBE! TREBH St invention

capabl e of staining both the desired operating. .. .
addressop 89S @peb k813, PULFY B HEAF I 16 gt T gastive material to
materials are involved. [040] Referring now to the
be emploged mrgshe nvaeasimetyi ewhker fixed volwge battgrpygcoptaigerg or shells that are
preferred enbodiment of the inventive apparatus,
requirede Peefatably, de shgpates obyhet fresenefnyertinne threumdk densty of adattery-useful
descri bed. The apparatus 20, an air-lock assenbly, can
compoBifiol kbhthFSich 4 Battdt¢-he@EemhiAaliel knigdRRS T Juchfmatérigls) can be increased
powder. The particular formof the apparatus 20 is not

by at lcgalrsjts L(I) @%Jcentl &o?@ﬁxlelferr&lﬁg :[:)E afleBst2 1% Elic@ﬁtyharﬁfmoﬁ PR&Eia6BR] by at least 30

al'ves and a assenblies that are

co reiall vai.] abl.e,and can be nondif] use..|
Percen&oﬂg!?rfgcﬁieo :L?u%l tadﬁnﬁl e Of nPENt4"Eh. COFRe Slglggt %tﬁ?%t‘; Bhy 6 pressure
_apparatus shown by FIGS. 3 13 WO 2004/ 060796
densifipgionusrisesroarirgsbdnastd a GEMOOO Spherical Di sc

Val ve or Airlock that has been nodified in accordance

[039] Villichinvtiteve proesssidons npOnddessphidy sgsyyire Sopbistiepteds apparatus; any closed
positioned in the vertical node and conprises a

contaife@ Rhahlderork dréided themh@entilngf aoysowckion anmdepatpe ef sustaning both the
For exanple, in a continuous titanium dioxide

s B BB A bt gl
[040] Referring now to the drawings, and particularly to FIGS. 3 and 4, one preferred
embodiment of the inventive apparatus, generally designated by the reference numeral 20, is
described. The apparatus 20, an air-lock assembly, can be utilized to increase the bulk density of
any powder. The particular form of the apparatus 20 is not critical. In fact, there are a variety of

spherical disk valves and air lock assemblies that are commercially. available and can be

modified for use in connection with the invention. The particular apparatus shown by FIGS. 3
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titani um di oxi de separator (not shown). [042] The
container 22 includes a first end 30 and an opposi ng
w@emane7end 32. Pressurization nmeans 34 are aBRGDUBBDE7448
with the container 22 for increasing the gas pressure
in the area 36 of the container 22 containing the
powder to a | evel above atnospheric pressure and at a
and 4 i$ Qkﬁr’bﬁ?b@' sﬁdh]%fiéal i Vae or WidodOmEEkast et RIBAMEId inetedr@ance with
a substantiral portion of the pressurization gas
. diffuses into the powder. [043] In one enbodi nent,
the INVERNOBs 1 zat i on means 34 conprise injection means 38
for injecting. a as into the cantainer 22, and a .
[041] e rapemgius b isaeosttioned an dh PericalomBRe sad SOfpmETes Ffgntainer 22 for
injection neans 38 includes a conduit 42 extending . L.
containingom trosvdsouirsler 4@essnreo t her esamplencin 22 cepfinugus titanium  dioxide
. correspondi ng val ve 44. The source 40 of conpressed
manuf:@aFingEbedesitaisnidiatdepigoehaiandre 46 dirdtity infir ths sunteinef 22 from a
the gas in the container 46 is sufficient to force the

tﬁmﬂw@Q@»a&J%#QQH%Q§ﬁgﬁggﬂit 42 into the container 22 at a
rate su [ [

Icient to Increase the gas pressure in the

nt ai per .1 he ' I Hall ati
o2 B8l 32 A5 AEPLG A BUE P, prssriaton
container 22 includes .an_inlet 48 for, allowing th
means 0 At o B GREPNEAG OCHETEE S HHS ogp  (h arca 36 o he
i ncludes a flange 48a for connection to the feed .
contaireupp legitainigthe pevdattoanidve 2beve ptmosplmicapispresnd at a rate sufficient
i ncludes an outlet 50 for allow ng the powder to be )
to causd the angedto tompact hefocontsabsiential podicn daghe gresstrheation gas diffuses
receptacle (not shown) (the outlet includes a flange

hﬁothéggwg@{ connection to the receptacle). The contai ner
further includes a first valve 54 for opening and 14

043 40 d%@%ﬁ(b%ﬁ%%&@, ﬁ%ﬁg@ﬁ%ﬂ%&%zéﬁ%on%higé %r{i‘&tibﬁ@néaﬂk 68 fdSinjecting a

a Seco or openi ng osing the

. l et 50. i 11 ust r at | 4 6
s nGhL SR D b s L0 RS, B O o

automatically operated by correspondi ng val ve notors
means5 i ieshtics S BRI b < BLE ERMSRF | PutFe: 1) fHe (i (COpRgT 22 and a

exanple, the notors can be electrically or . .
correspmdinpatalead4. y Topsnaceet), ofecoprsepsedraatbinelufiesg guitable container 46. The

controller can be included to control cycle tine). _
pressuld6f thalgesn B4 @Athikd 46 e suffininttofoece/theygag tirokgly the conduit 42 into

the cor{il‘clailn:\rmI 2; gt a rate sufficient to increase the gas pressure in the container 22 to the desired
level and within the desired amount of time.

[044] The first end 30 of the container 22 includes an inlet 48 for allowing the powder to be
added to the container (the inlet includes a flange 48a for connection to the feed supply). The
second end 32 of the container 22 includes an outlet 50 for allowing the powger to be discharged

from the container into a bag or other receptacle (not shown) (the outlet includes a flange 50a for

connection to the receptacle). The container further includes a first valve 54 for opening and
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rapid filling and discharge fromthe container. One or
nore pressure valves 60 can be associated wth the
w@omtaseTes 22 for indicating the pressure w t hP@I/Ukm®03/037448
contai ner 22. [0451 In operation of the apparatus
illustrated by FIGS. 3 and 4, the first valve 54 is
opened and the powder to be densified is gravity fed
closingggé & eﬁﬁn% ﬁe{clﬁﬁc{ v %e 56 T@UsHenin3eandlldingl the oblet S@l Me illustrated,

remai ns y closed. The powder falls and piles
Lnst _th L . : i e o
e vt IR o A58k Sy RS, 4 850 S8Ryt ooracd
Th | 44 i t d t 1 H t . .
by conguontBe e 58 of R b RSl BT AR L P Bample, e

The pressurization gas within the source of %PS 40 iﬁ
motorscmnpreedlsgdcalichr preamaticallysopeipleds & @rogiammaRls Wogif chnfrofier can be
22 at a rate sufficient to increase the gas pressure )
includddntot di@trebbyde migie)t (THehealebssi4r adl Fewpkn anthaiose sveryt uigkly allowing
| evel above atnospheric pressure at a rate sufficient
rapid Hu%%ﬁiascﬁséhlai?gemﬁ Blfe doRtaHRAPAGE oviRire bresture vplvvslen carsbe associated
cormpacted or densified against the valve 56 of the
with th% ?cgétginréleﬁz fozr igﬁﬁé{gn% éﬁ? ﬁr&?s%}@%hﬁl' thPebithidlr ®5. the

urtzation ¢ ses Into the powder. Once the
owder ' _has_heen co t ed Lred the I -1
10451 Spmeeioh ef By Parate Ao oN 1 g fellE G eiieqgh Bpened and

pressure within the container 22 causes t po

the powderpb &t deysibedbisterdviyfed Hio shoriamRsT 2%2}.“011&& gﬁ lgiggﬁg- e valve 56
added benefit of the invention, particularly in )

remair@iftity olobah dds pohvderefatlh end piessip/agantss thectabrd 5.1 ©@gcothe container 22
some powders may cause these powders to tend to stick

is fillddOot e dealés 18k tthe valeBt s RedlostA. alibe valvebdt isstsilopened to inject
renoved to a separate package, for exanple. The

I b3S UE Bad 4D thReiHE @BLRIRED2. 2Be pARsIRARON gas within
mfﬁuggggﬁgﬁg%Fﬁgﬁfgnﬁgncyg%f shch powders to stigk to the
wal | s of, t.he contai,ner, 22, ., .15. ) 27 at a rate sufficient
e s SR st B R OG0t
_ ejected into a bag or other typge of .produc ecept acl
to increpg thes BRWRYESSUEF &R éﬁ%t?P?“-,amﬁb tdlfe deahed 9"1¥8fc b Bard @ fevel above
device is required to effect the discharge. [04§% der ;
atmosRefierressgrerrw eis BFGIers to gase dhoPPNderdAtsaIPAERYIGEDY e powder is
i nventive apparatus for increasing the bulk density )
compa@fedaornipnsigid lagainbt ths tvalat &6. of the capparenf defare ifulstantial portion of
enbodi nent, which -is generally designated by the

the prés@&x?iaﬁ@ﬁ %a?&‘i‘ﬁ%ﬁ@' int6qhe péMededd €mca tiypowite has’Been@ompheted as desired,
contal nmen

the valve 56 is opened whereby gravity together with the increased gas pressure within the
container 22 causes the powder to completely eject from the container 22. This is an added
benefit of the invention, particularly in circumstances where the cohesive characteristics of some
powders may cause these powders to tend to stick to the walls of the _Qon‘qil_iner 22 and not be
easily removed to a separate package, for example. The increased gas pressure in the container

22 can help overcome the tendency of such powders to stick to the walls of the container 22.
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device 74, rotating neans 76 (represented by dotted

lines) for turning the rotary contai nnent device
waowdohiosn7dhie cyl i nder, and pressurizati on meansPG@BUS2003/037448

associated with the cylinder. A powder 80 is fed from

a feed container 82 into the cylinder 72 and

ultimately fromthe cylinder into an end-container

The colgx chthé%%&e? is &irQAQ) ej8ded kR 4l babher Ghkd ﬂ?)@ rof;;g?dugt receptacle (not

irst end”90 containing an I nlet

secopd .end 9 sing the f glaitngee.
shown, gttt nggoq e iPentd tebicl ¢ el teRENE UM e
first valve 100 he outl et 96.incl udes second
[046] \RafemingOnoW R IGt Ar Yok GOEF SERPARRRRE o g yeniive apparatus for
positioned wthin the cylinder 72. The rotary. ) T
increasinmthei bubledensitie of 6 owder igdBestratedy Thelapparatstip s ephpdigent, which
of opposed bl ades, 1 12A and 112B, 1 14A and 114B and
is genckdIBAd@ithatbd BB, the af@ende nudteyal 78t irabidesl a tylinden @2 hutvtarYlgentainment
bl ades 112A and 112B, 114A and 114B and 116A and 116B
deviceCT£ &}Bﬁtiﬁ%)fnfﬁﬂé’\@g grep%%@ﬁtéﬂ hFefitedlBRS) fof QhmidY tHegltal? @bntainment
w thin the cylinder 72. Thé rotary contai nment device
. 74 .1 capable o ] Lt . Ithd Vil A powd
deviee i BNERVTRRUE AR BRI ol BT & powder
. through 120F rotate to firs sition 12 ithin th 4
80 is g FIORG FoAEPABHE SEAE: T YLgir papOByRBRD EBbelfiRer into an
powder 80 can be added-to the area, a second position
end-cohpdnexi(fomiewarnple, ahde) 8der adj acent the wall 98 of the
cyli nder whereby powder 80 in the area can be )
[047] cOmpeginde; 7aindluet hifird enpG9icbntaimil® 6n adftelentse¢dnd end 94 opposing
outl et 96 whereby conpacted powder 80 can be ejected
the firktl QA dnA&ofHaBRne hibedtv8 HAd- wANDYI Mk 8Kt 92 tdiMdes a first valve 100.
2004/ 060796 PCT/ US2003/ 037448 [048] The rotating
TN 139nd i ddet Bris positioned
2. LSRN ESEMiRHeRYd is position
TheOﬂﬁﬁggﬁggﬁggihggg%fgﬁﬂa;?ge sﬁ%ft 1%2 islatfached at P

...one end.to.the nmotor 130.and.the. ot.h t :
withinglig SRRAS ot BpE T pi B iR E07 o 0 5 e paies o
turns rotates the rotary contain deyi 74. [04
opposThBIsgre b Fa 1 dR Thdndndrb LT A [P hipebVely, atachd to
cylinder 72 function to increase the qas pressure )
the hubi t Fhenbledeshl 16 ek 1 pivdleid Acenst bl 4Fmend 1464 ppdId@R create six powder

through 120F of the rotary containnment device 74 so ‘
contaibf@ht dre 120WdBFough 11RO withén the eglinder G@nhe tretdryogontainment device 74

densi fi ed when the
is capable of turning within the cylinder 72 such that each of the powder containment areas 120A
through 120F rotate to a first position 122 within the cylinder adjacent the inlet 92 whereby non-
compacted powder 80 can be added-to the area, a second position 124 within the cylinder -
adjacent the wall 98 of the cylinder whereby powder 80 in the area can be compacted, and a third

position 126 adjacent the outlet 96 whereby compacted powder 80 can be ejected from the area

into the end-container 84.
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area is in the second position 124. The gas pressure
W thin each of the powder contai nnent areas 120A

wo booaagli19d 20F is increased to a | evel above at POBFPRIN3/E37448
pressure and at a rate sufficient to cause the powder
within the area to conpact before a substanti al
portion of the pressurization gas diffuses into the

(048] 1EFotafilg nRaRS 56 richitel @dTBAIS) FSprefiihdiisy dotied @) aid shaft 132.

pressure control system 140, a main gas conduit 142,

The sh%zgi} f&se %F?ac %d\éﬁg}le %ﬁ(gttog Fﬂetlxﬁéto?qgo aanﬁ'tﬁ@@ b end ?(21 gﬁ: }éub 110. The

€ mal n gas condul t

attached to the pulsed air pressure control. syst

motor EAtrotak tbe SaHL Unirhign gyt RUSSITS FoS teRunmadiiice 74.
extends through the wall 98 of the cylinder 72 and. is

[049] Pdwsinressnezation recesh 78 fassoiatesowik theohinge A finchpr isincrease the gas
120A through 120F when the area is in the second

pressuROSiithinoBadR4f the5@wdeheohtaitneent aardasy éPRA sthseugin 120F of the rotary

, i ncludes a val ve 154, pressure gauge 156 and a

contair?@dit [déPRe i dof @it dreSowlief within tHeadted islédinictddner dembified when the
gas conduit 142 extends into the filter 158. The

area is?ri} | tr%es{ra%oen% diLAtRY The gﬁ#@ff@ssﬁw @@n%@h LB Powast (%%jtair}o\ment areas

ressurizati o ans 78 as necessary. [05

second anch 164, of th in_gas_gonduit 14 t.ends .
1204 Hrgn RO oF Gt Sysleath ad M ReRE et By iRy thcient to
i ncludes a val ve 166 and al |l ows any particles %ggt .
cause the ponderwithiagheere? ip comrachbedere i SUPsENH PREMACTHAC prgsyypzation gas

renmoved fromthe pressurization neans. [052] In
diffuseapatoaht area. (Thacheess@ization beano P aclwts 4 pulptdadiepressure pentrol system
feed container 82. The rotating neans 76 is operated

140, atithik APERALNG 4D Of Btet 268 R syBRNT 14deandcecl@ahounsyatem 146. A first end
countercl ockwi se direction 17 WO 2004/ 060796

148 of fit/ nlljégog%g’/cgggu‘}ﬁ 842 W frhcRed ReteYPulRESir frésdibe EhRrol system 140. A
desire at

ate; t I's, a rate such that a proper
I onder. 83nai fo§ thd {88 cylinder 72 and i
secondiytH Aoht R ou L LTl ERrBR S35 el hEpuinder 72 and i
_areais_in the first position . and | ow t.he .

positiqR AR FABUS] e PR P LU 120A gt e area i in the

when the area is in the second position 124. The
second posstionvEdd/e 100 i s then opened al | owi ng non-conpact ed

powder 80 to fill each of the powder contai nnent areas
[050] 12RAftthr anybent 2fferatids indledearaevlves 154 presherefgange 156 and a bag-type

position 122. As the rotary contai nnent device
filter 15 3k st RASHR B0 dfhke PAMIL copdiial 4BTeatnds into the filter 158. The filter
and vent system 144 allows gas to be vented from the pressurization means 78 as necessary.
[051] A second branch 164 of the main gas conduit 142 extends into the cleanout system 146.
The cleanout system 146 includes a valve 166 and allows any particles that become entrapped in
the pressurization means 78 to be removed from the pressurization means.

[052] In operation, powder 80 to be compacted is placed in the feed container 82. The rotating

means 76 is operated to rotate the rotary containment device 74 in a counterclockwise direction
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areas 120A through 120F noves fromthe first position

122 to the second position 124. Wien in the second
W@OEHN6WNe 124, the pressurization means 78 opePEr/ES2009037448

i ncrease the gas pressure within the correspondi ng

powder containnment area to the desired | evel above

at nospheric pressure at a rate sufficient to cause

within glgfciyﬁ)l%geffz %tﬁléé R&iR0GRte! BafRMPARL G Bhea BropeP&h@: iofpowder 80

ion o pressurization gas diffuses into the
) oyer. Rotation of the.ro C ' t ' i) s in th
it e B0 ER o A R s PR NPORUAR 5 s e

t hrough 120F to also rotate.fromthe second sitiaon

frst posiaont 1421 4l torflon: $EPPPRISH G SENHHGr{o bepUarLy compatted when the
containment area is in the third position 126, the

area is (o tipagsted positier 12hefhe first aplve 10Pdertheneopsnehaliqyipg gan-compacted
the second valve 102 and outlet 96 into the end o

powdef 80 kAN @aclobf BiRtpoddler ComhinmentarempER(at thooughf 120 ewhen the area is in
device all ows powder to be continuously densified in

the ﬁrs‘??gﬁ{igﬁiﬁ@f W 1 LobRy cBNEReANdeiEOBlatds8ach of the powder containment
pressurization means 78 operates to increase the gas

ssure. wibthin eagh 0 ' ; i

areas 130G ATIHER G 90 GOrBr (ingo iy £72 F M SRy Hosora2s, When i
main 'gas__conduit 142 by the pul se I . pressure s

the secopdpPpgfion J24.dhs R%S.uﬂ?ﬁféoéwar}ssﬁc‘@ﬁﬁ%%a% dn%‘f/asf T §agippessure within
gas conduit 142 into the powder contai nment are%an

the cotrémposdiog pdwperséantaipmap prearioethe desited dgel pPRH atpgspheric pressure at a
second end 150 of the mamin gas conduit 142 into the

rate sufi€iént © &duee siecpmdldqrasi the arca fheongalcs befoed p substandigl pertion of the
control system 140 causes the air to be conducted

pressufi%t%%s talYeuseRido 8RS RAREURbtalidR ofthedotafatentAnhbintaieeitt 74 causes
to 1 ncrease the gas pressure in the powder contai nnent

s BTt ARl BR99: SRS BRE S s posion

s o RRLR P SR 0 B ORATBACH: bkl P B 126w

compé?ﬁ%g%gvvd\gf ée%i%gﬂgifgg g{aerq?%et%g glgq? %(:e%%%)qe {r)aﬁ\r/eg 5@ and outlet 96 into the

end ccpsihamrbg | Goiraons oErbEbedoTipo A CHEbRYY ghbe condnuously
when the pressure in the system as indicated by the

densifRidas sdRdGrE 9eththéinvenit@eds the desired limt. The
val ve 154 is opened allow ng excess air to travel

[053] : E[éé’ Ut B8 bh danbrRNGHAED 10 fnckdaGe @nga predshe iithin each of the
powder containment areas 120A through 120F as follows: Air is injected into the main gas
conduit 142 by the pulsed air pressure-control system 140. The air is conducted by the main gas
conduit 142 into the powder containment area in the second position 124. The air flows from the
second end 150 of the main gas conduit 142 into the area in the second position. The pulsed air

pressure control system 140 causes the air to be conducted through the main gas conduit 142 at a

rate sufficient to increase the gas pressure in the powder containment area in the second position
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filter 158 and ultimately into the atnosphere. The
filter 158 catches any particles present in the vent
wW@a®4/0600%0] The cl eanout system 146 al | ows anyP@DURN3/037448
that accunulates in the main gas conduit 142 or other
parts of the pressurization neans 78 to be renoved
fromthe system The valve 146 1is opened allowing air
[ ' I o) jot : t :
124 1o 3¢ REY 1EvE R MRS HESUEOR S g 4l R I Bhd e desired
conduct ed through the.val ve and.collected in a .
rate, thahisy 8 Bate SpLicipRheqause fhﬁé)é’]W%?ﬁgﬂqjg} {h&ﬂr??gtoecf 4w caefore & substantial
_provided to further illustrate the effectiveness of
portion; ¢fghe prevuyizrtien gasdidesca o dspyeeti on. Exanple | [057]
A set of experinments was carried out to verify that
[054] B filtemed sentiszsteindd4allows @irde dd veatsddtom deriyaiem Wigenathe pressure
hi ghly aerated powder causes the powder to densify or
in the SRIPAGE ifdiBatd bp thef regafe tdige 1561e@eedsthe dasigdirhier The valve 154
volume). Al four conbinations of rapid and sl ow

is opex\%@eﬁﬁ)‘d&i}lg afdeo ai?gl‘uﬁl@egitgro.ugﬂ the HAWHIERA %D leitK@E&%iti 142 into the

re evaf uat ed. ensity val ues were determ ned

e 35 Rl FRSRS Ho4 8 ST SRR i i

cubic centineter cup with the powder, attaching an:
vent g3t ensi on piece on top of the cup and filling the
extension piece as well. The filled cup and extension ‘
[055] plleceleavene syappdd6 dllows1BY mowdsndbataaccamaipiesyip|the main gas conduit
frequency, with the addition of powder as necessary to

142 orkfieR palt of the pSsRBAAHH BEERE 7 PETHSANN B4 BDhA 48 systeme|The valve 146
of the powder above the top of the cup. At the

is oper?éﬁ%#o%ﬁ% Bir @hd HRSiclcARR HIROMAMCER cohf@t 18X teAREOMe WeSnd branch 164
carefully renoved and the cup | eveled to renbve excess

ottve PRI B AL SP S0 DELHES AL i e

['eve

di.vided by the 00 cubic.centineter vol ume of the. .
0561 ol Toflehactemmts aip P ek “baRerey HTgEal flsctiveness of the
' cubic centineter. [058] The powder used in the tests
inventivggnethed g epmposiEioad, | at ex paint grade titani um

di oxi de

Example 1

[057] A set of experiments was carried out to verify that rapid pressurization of a closed vessel
con;taining a highly aerated powder causes the powder to densify or compact (that is, forces the
powder into a smaller volume). All four combinations of rapid and slow pressurization and rapid
and slow depressurization were evaluated.  Bulk density values were determined in a
conventional manner using a “HOSOKAWA Micron Powder Tester, Model PT-E,” by filling
and leveling a 100 cubic centimeter cup with the powder,‘ attaching an eXtenston piece on top of
the cup and filling the extension piece as well. The filled cup and extension piece were tapped

for 180 seconds at a 60 cycle frequency, with the addition of powder as necessary to keep the
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pi gment ("CR-813" chloride process rutile pignment sold

by Kerr-MGee Chemcal, LLC). First, the pignment was
worRdokead 76 a fluid energy m Il using superheat BAT/EEMA037448

whi ch aerated the pignment and raised the tenperature

of the pignent to approxi mately 150-200 C. The bul k

density of this pignment, prior to testing, was 24.8

level algbcﬁé foRdeP aﬁ@veg{h%nﬁk ofAhBB rayl At A/ cHRMuFsRBE oS tdppidg cycle, the

pi gment were then placed into a 3 liter,

extensTé \@nsdcrzellrgﬁ!llyStegl%lv?c;/ %ﬁcf Gt‘}!xe c(,li'ps 1eveel! tngl%h‘fé)%e déx@%ﬁﬁé&ﬁvder. The weight

renova

t he vesse s then attach secur, i rst

differegga bEEWeRh 6 PURG t@wd@d%ﬁ@e@géfﬂ g‘i‘%""&@?fﬁé‘&‘% gy §fided by the
conpressed air |line was opened thereb causi ng the

100 cubisssrakimeterprodaneof #e qupontovided the |sgmpé ik ﬂsszﬁlwamearyns per cubic
50 psig (3.5 kg/sq. cm gauge) wthin 10 to 15

centimgéReonds. Once the pressure reached the | evel of _
approximately 50 psig, the first valve was closed and

[058] &T lﬁeﬁm&rv{ﬁkd’ 6n tHd BRQtsalis2E RRGIY Qerbftd, 108k @hint Beade titanium dioxide
vessel , was opened. Opening of the second val ve

t> t
plgmexgt (eggﬁ@g FEIO‘ﬁ%@g)r%c;(egsoruﬁpel%léfixgﬂtas%?dlgﬁgggblﬂgg%@?ﬁ%ﬁﬁ] €LC). First,
f th th d d, th t
e iep b s AR B R BTRAEE Bk a&eg%g?ﬁq’g}n%@f"htaﬁmd
recovered pignment (Sanple IA) was  determ ned t
and raiged thelterspéretarq of thy pigneaw to, appryamatehel HP§0 “dondhs fu gfiensﬂy of this
t he pi gnent substantlall¥ |ncreased specifically by

pigmefilf ppier &e dsting, 058 2N8Xbs/ft fﬂa403g/gm*rb ne%npr@gg)@’rqubéao grsaneeof the hot
was repeated using the same procedure and a fresh

plgmem%&f 1hdva iBRE3 het, piigdRar stedheseh (1. Buaemidodiamasr, 15.9 cm
that the pressure in the vessel was 20 WD 2004/ 060796

in hm% hiRe0 Q3034448 1o *TH% $0the Vel t\@asaﬁerpﬁzg:h@d/ Sculy. A first

utes; as oppose to 15 seconds, and wa
I e libr t
valve %ﬁgﬁ\l@to&ﬁ%t% nﬁm) Vt?sF%eang ¢ anr{lgcteg %@% @8&@&35 npqu% o%]e_ged thereby
second time frane._ The bul k denS| of t § Lecaver ?
causingithgrgersel (tsmswaesﬁm%f%%m% ipgptely, 30 18315 kejsa. o, gavge)
| bs/ft3 (0.43 n% al nrost the same as the startin
withinm @rhSaﬁeCOIfd%Of}nCA hpressuresachddhe lavel elanrpaeximgieloSU psig, the first
utilizing the sane equi pnment and procedure and a fresh .
valve safplbedofndtahecaanelvoptlspatahad to the tofhoSthe astsel, mawepened. Opening
the vessel was pressurized rapidly but
of the second valve allowed the vessel to equilibrate back to atmospheric pressure in
approximately 10 to 15 seconds. The top of the vessel was then removed and the pigment was
recovered from the vessel. The bulk density of the recovered pigment (Sample 1A) was
determined to be 41.7 Ibs/ft® (0.67 g/cm3). Thus, the bulk density of the pigment substantially
increased, specifically by 68 percent.

[059] Next, the experiment described above was repeated using the same procedure and a fresh

sample of the same hot pigment. The only exception was that the pressure in the vessel was
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depressurized slowmy. Specifically, the pressure in
the vessel was allowed to clinb to approximtely 50
w@3iog/o6o7e6 10 to 15 seconds and then all owed tBCT/US2003/037448

equi li brate back to atnospheric pressure over
approximately a one-mnute tinme frame. The bul k
density of the recovered pignment (Sanple 1C) was

allowed @b @lifbRE B0t RiddGves 3. linukes/ 45 ¢hpoSediié 19 toNIB) secudilscind was allowed to
equal to the level achieved in connection with Sanple

equilibljr:«latﬁ"ba&pé)gmft%ﬁﬁeﬁ%ggz;;ygesgﬁx%'m!ef)a VRS nfilts Lk Pathe, ! op%)cr)]seed toal0to 15

ustrate ct of initially pressurizing

Vess sl.gw t depr | 7] he v rap, .

sccondifE frame L MR e SBROCTRE N5 £l e SR RIS ioldetermined to
equi nt and,procedyre as ahove and a fresh sanpl e of

be 26-@-3@“%%-@ &/, almast #Wi%"‘@é‘éﬁ}e %%g,g}a}erlaihe pr ggsur e
was allowed to clinb to approximtely 50 psig over

[060] t Artkied trishwaseardnd otp alshattilizaigdke pramecpipment B0-psecedhrg and a fresh
time franme. The bul k density of the recovered pignment

sampld 5o kDot piadettetardisnest, howber 2Be Febdeb Mak PrésBurdzed rapidly but
g/ cnB), which was only slightly higher than the

depresSthrddeli! BGwIyTRL S§hdicallyOGRE phBBureefblthS REsel NRafBB¥Red to climb to
experinment’s unequi vocall'y 'show that it is rapid

ressurdi zation th e ' ' .
oo B GRSYSL A0 b9l BRIl B0 AESAATDAR! ok aomespheri
063] The pi nt densi.fied.in accordanc i th Exanpl e

prssh el o PR SELStbE i T SRRl KRR RS recovered
verify that densification acconpl]shed by.nmeans of the

pigmept $semie 1@y wnas ilgamaised to ba4ix1bwii4(00Ebg/r ), which is equal to the level
PCT/ US2003/ 037448 not negatively inpact the optical

achievpd @pesrineetsorofvith Bemplegient . A paint formul ation
containing pignment Sanple 1 A (having a bul k density

[061] Oh B ExdniHit Ha¥ chitied bR/ ifllidralihe Effgécaninitiang pRssurizing the vessel
pai nt formul ation including the pignent prior to being

o) EEREAAPAFERBIRES Mo PR ASOLLY Sy PCE, i e s

. (the “untreated pignmen anpl e" Wer t 064
cosp S SR 50 R P Lol i B D2 s, hoverer,
formul ati gns, designed for interi oSr . .
the pressure was allowed to climb to approximately 50 psig over three minutes and to then

dissipate over a 30-second time frame. The bulk density of the recovered pigment (Sample 1D)
was determined to be 29.7 Ibs/ft® (0.47 g/cm®), which was only slightly higher than the starting
material. |

[062] The results of the above experiments unequivocally show that it is rapid pressurization of

the vessel that is responsible for significantly densifying the pigments.

Example 11

[063] The pigment densified in accordance with Example I (Sample 1A) was tested in paint

formulations to verify that densification accomplished by means of the present invention does
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architectural applications. The formul ati ons were

formed by incorporating the pignent sanples in
w@oroiioan1ss of a freshly prepared pol yvi nyl acet BCBUBBNEH37448

emul sion. In each fornul ation, the anount of the

pi gment sanple incorporated into the emul sion was 60%
by vol une based on the total volune of the enul sion.

B i { fRUbiticaD bftes fofriAe! hddrh&RS agntffofrdilation containin
not neégpg?%yelgﬁfag Eﬁacri cgI gg? pl ates and whi teM?;r ds. The Y s

. refl ectance val ye f ' ' T4 | r 3
pigmenf S 5, ety Bk cbdfy 8 phftoRBaty AT RNEN@67 gl and o
. known to thgse skilled in t art., These reagi o L. .
paint S BRSPS RE PRECE PR 1 Yo ey B o BRianGE Ry fe inveniive

cal culate the scatter val ug, expressed as hidi ncg ower .,
process (havingumbulls dwsitpef 2pdulhe i QB BoRDY éie WBHEKPY Bigmapy sample”)
of pigment. [066] Next, a fixed amobunt of a carbon
were tebledck tint was added to a portion of each paint_
formulation to forma tinted paint sanple for each

[064] TTREMHiR FRMhulalidgs ke BRI ReHPbest WeifilatitnXedesigned for interior
t horoughly. Drawdowns of all four paint sanples and of

mchite%&h&%&@&gghﬂsg ?ﬁ@@%h&tiﬁﬁJ %ex&tfg%edw ﬁlchg)o_ tRBARE Pigment samples

arts: From these owns readi ngs from

) the Hunterlab Color Difference ter re agbhtai .

in portigngiftien fieRl stf?%%ﬁiﬁ) RoBinyE R SHHE Bk S liShEdY A f Werhflation, the
met hods and cal cul ations were carried out jn

amounhekbe Pagroent RmRleABSTVPIIRIEd SNt The pplson wass@ya by Xpdjrye based on the
The results are shown in Table 1 below 22 WO

total val0fé o0 BRI HGT/ US2003/ 037448 Table 1 Opti cal
Properties of Paint Formulations Paint with Untreated

[065] TERireNBiROPaiRi HiMAlatioARER 8l Aiplisd it blAck giist plasaypang vwhite cards.
Hi di ng Power (sq. ft/lb of 221 (45.3) 222 (45.5)

The Yg]begﬁgﬂ%%c(s%%lueWokqm dHeBtpagit’ SR BretdnmRbsupb@Ra! d) HunterLab Color
Difference Meter as known to those skilled in the art. These readings, in combination with
measured film weights, were used to calculate the scatter value, expressed as hiding power in
square feet per pound (square meters per kilogram) of pigment.

[066] Next, a fixed amount of a carbon black tint was added to a portion of each paint
formulation to form a tinted paint sample for each formulation. The four paint samples were
mixed thoroughly. Drawdowns of all four paint samplés and of corresponding controls were then
made on standard LENETA™ charts. From these drawdowns readings from the HunterLab
Color Difference Meter were obtained to enable tint strength calculations to be made. All
methods and calculations were carried out in accordance with ASTM D2805 and D2745,

respectively. The results are shown in Table 1 below.
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The results of the tests show that there was no

deterioration in the performance of the pignent
walesgiobi7edl i n Exanple | whether in terns of hiPECTYS2003/037448

power (or dryhide) or tint strength. Exanple 1l [067]

The effect of varying the densification pressure on

the bulk density of the pigment was denonstrated. The

pignent used in this seriggprfl tests was a highly

aerated, |atex paint gr ade t1tani um di oxi de pi gnent

("CR-813" sol ddymﬁq;rg S5 %ﬁmo%lulatlbﬁsc) Si x

sanpl es of the "pi gmen control, were
tQQt ed. [J\)eg] ELrof fivp r\

£ 4+ L
101 I.IIC St+X oalpl cS Ul L11c

pi gment were densilfi ed’amtl"flﬂlzvﬂ@eaﬁ% safe process,
appest Maodand _equi|pnent Pigewot Paseplei n Expmginé with RigmepgtSample A

Hid;

rpo%?égﬁ?ﬁbfo'fcat' on pr.e§§U{4g 3\)t| ['1zed the test(4s.5)
each experinment were the sane. |In each

sel ) pi-dlv bressuri-zed—t

zn_ﬂ-

Tint S:tang&t(%)oié%tandaed)l vel wit h|1r06665pr oxi mtply 3-5 108.6

seconds. Upon obtaining the target pressure |evel,
the vessel was allowed to equilibrate back to

The ressui EEE e{e?%esﬁé%stﬁytrtﬁer%v\?zgs nPBRERSAES ihel&rﬁﬁmance of the pigment

ensificatlon pressures used

densifigfn Py hIPGEEOGrEs RS PRHE 0 ?&ﬁaﬁeﬁg #n*‘ﬁée?ﬁ%ach
pi gmrent sanple, including the control sanple, was

determ ned as in Exanpl egkamb@Gfl] Paint fornulations
utilizing the control sanple as well as the five

[067] %pelég \g\g'ogrlyi et e idglasiﬁga.ﬁ%ﬁqﬂ&gﬁre%ﬁ metﬂ'ﬁqk lABYEHtdMBe pigment was

re e ‘same fornul ati ons,
eq and 004/ 060796 PCT/ U / 4
demongp SEe PUBEEH RN IENEIRSIOG T WoP & TENF | -T0u gt paint grade
hi di ng power and tint strength of the

it e st (IRIS13) 0 RO GHegoRerti B, BECor pbapmples of the

in Exanple Il. The results of the tests are shovvn in
pigmerfiahickidhgoetmrol, Fednt tesdEf f ecti ve of Densification

Pressure on Optical Properties of Paint Formul ations
[068] FrifsstveoBtleksiDemapley ofiti pigmPaveereTdensifBtineilginy the same process,
apparatus and equipment described in Example I. Except for the densification pressure utilized,
the test parameters in each experiment were the same. In each test, the vessel was rapidly
pressurized to the target pressure level within approximately 3-5 seconds. Upon obtaining the
target pressure level, the vessel was allowed to'equilibrate back to atmospheric pressure over
approximately 10-15 seconds. The densification pressures used in the densification process
ranged from 15 psig (1 kg/sq. cm) to 72 psig (5 kg/sq. cm). The bulk density of each pigment
sample, including the control sample, was determined as in Example L

[069] Paint formulations utilizing the control sample as well as the five samples densified in

accordance with the inventive process were then made. The same formulations, equipment and
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samplesicgzgﬁregtggr? %e%l{“rgc% b

Sanmple prig I bs/cu. ft (sq. ft./lb Pignment) (% of
Standard) | (kg/sg cm (g/cc) (sgq. mkg) 3A 0 24.9

W@ 20040507243 (43.6) 106.8 3B 15(1) 27.7 (0.44)PQWBS2003/037448
(43.6) 105.4 3C 30 (2) 35.4 (0.57) 213 (43.6) 106.9
3D 45 (3) 39.0 (0.62) 214 (43.8) 106.4 3E 60 (4) 40.0
(0.64) 213 (43.6) 104.6 3F 72 (5) 42.8 (0.69) 213

procedl.%é" AeSkibt@4n T TWErebutilizedle NEtiet Mdingapewenandt gnt strength of the

enonstrate that the bul k density of the pignent

leNemed GRSIelifeaids Ol i Siafrple I1. The results

properties nmeasured by hiding power and

tinting str h ow no change over the range of
Ofthet‘?féﬁﬁFgl?‘ngﬂngﬂa%g?%Egﬂ}Nes eval uated. The tests show

that the pignent can be dinsi fied very significantly
(from0.40 granms/cubic c ledeter to 0.69 gr ans/ cubi ¢
centineter, which represents an increase of 729 i
WErfotite ofdbdmsification Pleesuopon Oaticad Poprarti¢sed Fafnt EﬁPﬁ‘t‘laﬁonS
formul ations formed therewith. . Exanple 1V [071] A

11

Test el ayfi Hhsttl ! ust rat H'd'ﬂ pegBefici dl Tint Strength
C}A?%gﬁg{er th 'Btriﬁagﬁ%% densicl]. é@lﬁﬁg P{gmeﬁf)og egs (%R Standard)
e

ffe
Sampi?)paratu ave on the rate that ‘a powder can ,
di speréedsgiam)o gn adeous medi um  (ShEYkglgnent dsed in

L —above—The 24

sathejtest yas thems?;ég%@%@ggtt descgi}‘g‘)g@’;&syﬁ Exam:l e 11106.8

ZOUST UV

e o 796—PEFHIS20031 037448
3Bpi grfent i) f r esh 216649 | i d enerd Bad)ing stlep of'054

3ct he |pi INRND) manuyf a_gg‘mr@.gg) priocess. 2BBI(43.6ensi t y 106.9

\l’\l [l 0
VT

ges—were—deternne T Exanpig 1 072] 1
3Dsanql es e rrade.g?’gzo-gﬁst to hpzﬁéﬁ?" a_control 106.4

3gThe |secogpdasanplie was (0.64nsiifi ed utlilBi(43-6g the same '104.6

' ! ] bed e T; |
3L g oael i ol FORL0AY velo. t o api S ib: ory 8o psi il

0—psig

within 3-5 seconds and depressurization was carried

[070] The bulk density measurements demonstrate that the bulk density of the pigment
increases with increasing densification pressure. Optical properties as measured by hiding power
and tinting strength show no change over the range of densification pressures evaluated. The
tests show that the pigment can be densified very significantly (from 0.40 grams/cubic
centimeter to 0.69 grams/cubic centimeter, which represents an increase of 72%) without

affecting the optical properties of paint formulations formed therewith.

Example IV

[071] A test was carried out to illustrate the beneficial effects that the inventive densification
process and apparatus have on the rate that a powder can be dispersed into an aqueous medium.

The pigment used in the test was the same pigment described in Example III above. The
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out over a time period of 10-15 seconds. Bul k density
measur enents showed that the control had a val ue of

wWQ@70021/06079¢ ft 3 (0.43 g/cm and the densified sabP@i/gsSivasio37448
a value of 40.0 I bs/ft3 (0.64 g/cnB, for an increase

of alnost 48% . [073] Next, using a D SPERVATTM Model
AE3C avail abl e from Byk-Gardner, U S. A, equipped

- L Lhetaraue sansi el id dibpy of Bk Wigh&R MEfuPackBER process. Bulk
plgme"WWSﬁ#@%kﬁO%’féﬁﬁ@ e?lgr pi gir?rﬁeént 15IgarmlLﬂézés. The t echni que
. involved adding 775 ans, of the pignent sanpl e being

denSIthVé]éﬂF%&’efeog lgeé*azfﬂﬁ%rwg'er and a proprietary bl end

of dispersants. All operati %nal ar anet [ Sﬂ%h a8 4 sample was
[072] Jioesrmples] weehprada: theefiiph £ DFESFt 35 fetP™iO s t8n&Y gng samp S

| evel . The nmethod of addition of the pignment to the .
densifiel] utihiriag nheli samewpcedieh anfl aappeatatisof¢sgribed dn |Hxgmplg, & in this case

factor was the ability of the titanium dioxide to )
pressurip¥bn Was td Spprbanftdly 59 psigGiitin IHesecesdslang daprssurization was carried

denonstrated by FIG 6 of the drawi ngs of this

appl:j QR ¢RINC haC| BARSAdnkHE nicasidb@eft @héwed that the control
out ovesrh%{}mhl%g}etlg?r?ft Ogssger‘?ﬁfle densi fi el in accordance wth

the | 128 g9d the contrfl; RAWR 0fU0® 1bs/ft* (0.64
had a ol e o 40 BRRirTT aff i BheiBATRble B30 AR o0 Los'

3 i nvention reached a steady state torque 50 to 52
g/om’, $@oripeeefod alnehdS@nt rol . Thus, the ability of a

powder to be dispersed in an agueous nedi um can_b
[073] Nibst asing ad | HISPERAGAET nyIOd@néxi%ﬁ(}i AYpilakle frﬁé‘w}@fk'gﬁdneﬁ US.A,
accordance with the invention. 25 WO 2004/ 060796 )
equippEEWilSZG3 QB capgabilitp) sluiviep O¥GE mhager Eogurech of the two pigment
L densification test was run on a cathode conposition

sampldSO el 8 i(ﬁfe Rvblvbd hddihg Va5 aetinTo Ok dgrhaittsamylealating/@sted to 370
materi al and about 5 percent by weight of a

s GEGRI0 i L IR O Ao BlaRlm bl s s specd
and PP YETGBRTTEL 1) FARRP 0er ] ISadc AL £y Sabfign SR pigment to
the aq{a[;](gls %Jiwégﬁfﬁén@ﬁtﬁghﬁ% ot D fin e ghr L iﬂgé’gt'gi_i@dof the titanium
kg/sq. cm in about 15 seconds with nitrogen. The

dioxidpac keet-ihtitkthetshyp)y. densi ty i ncreased

[074] The results are demonstrated by FIG. 6 of the drawings of this application. FIG. 6
includes time-torque plots showing both the sample densified in accordance with the invention
and the control sample. As shown, the pigment sample densified in accordance with the
inyehtion reached a steady state torque 50 to 52 seconds before the control. Thus, the ability of a

powder to be dispersed in an aqueous medium can be substantially enhanced by densifying the

powder in accordance with the invention.
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froma nomnal 43.6 Ibs/ft3 (0.70 g/cn) to 50.5
I bs/ft3 (0.81 g/cnB), about a 15% increase in

waelenwgiosor9e Exanpl es VI through VIII [076] For EREIPEHS3/037448
VI through VI1l, simlar pressure densification tests
were conducted on two sanples each of three
addi ti onal battery-usefug,.tatRpde conpositions, al

11 3)

conprised of |ithium varmadrunroxi de battery-active

materi al, carbon bl ack and graphite. The.. i1 o
(0751 oh presereiieRpPESBdER 15, ol oo comtg G T RERPHIIT o titium
same, while the conpositiqgn_ for_Exanpl VI.I]. used a.. ..
vanadisomesiatbageryzactive mapisl tand AbGRL §reent by a‘@elglbtn‘ﬁé? &gqmpgpation of
carbon black. [077] In contrast to Exanple V, a vacuum
graphit@sndhedrbap platle dwhinh tobmipbsitions bad hean prewiously idrigdiand deppfied under
pl ace with nitrogen from atnospheric pressure to 90
vacuuRirly. 08 8hmplRaMis pldved @6 ftbssamEl3ditwedtect tdsoeylinder described in Example
contai ner was then opened, and the pressure rapidly

I and Kl ?a%ﬁﬁ (?c}/ REs thati RN pGh) @&F&lei@d.s 60 8¢snder MNa$ thenpressurized to 90
op

contras revi ous exanples, in Exanples VI through

) 1 the sanples re hec t-Q, .t ity i
psig (%{éﬁg( s B} ﬁn%%tr cseea%‘}dé lJtvl\} Iglggg%lf eﬁ}eﬁ gl((:ﬁi eve(tal )xcilerl}ts}}r}wl increased
densification, ,before the eds t ap) i . .
from agominal dp REl (Rl et 3o DB (AL slerDR 1950 4 nerease in
3, with the densities being expressed in grans per
densityubi ¢ centineter: 26 WD 2004/ 060796 PCT/ US2003/ 037448
Table 3 Sanple Density Density after Avg. Percent

Densification Densifj é&ﬂﬁt QVQQ 0.77 10.2 | B
0.67 0.76 2A 0.59 0. ) } 0.69 3A 0.61 0.84

[076]3%'0? Examples VI through VIII, similar pressure densification tests were conducted on

two samples each of three additional battery-useful, cathode compositions, all comprised of
lithium vanadium oxide battery-active material, carbon black and graphite. The compositions of
the samples used for Examples VI and VII were the same, while the composition for Example
VIII used a somewhat greater proportion of graphite as compared to carbon black.

[077] In contrast to Example V, a vacuum was not applied initially, so that pressurization took
place with nitrogen from atmospheric pressure to 90 psig over about 15 seconds. The valve to
the container was then opened, and the pressure rapidly released over a span of 'about 5 seconds.
Also in contrast to previous examples, in Examples VI through VIII the samples were subjected
to the same densification procedure twice more to achieve maximum densification, before the
packed bulk (tap) density was determined. Results are presented below i Table 3, with the

densities being expressed in grams per cubic centimeter:



3B 0.63 0.82 Thus, significant inprovenents in the

bul k densities of the sanples were achieved. 27 WD
wQoe4NeB9v 96 PCT/ US2003/ 037448 What is cl ai mePICT/BS2003/037448

A process for increasing the bulk density of an

aerated powder, conprising: placing said powder in a

container; and increasing the gas pressure in the area

of said container, contaifablg3said powder to a |leve

above atnospheric pressure at a rate sufficient to

cqusesaid qywer—t0 CQmpack_Defore a supsta . -
Sampleydr ¢ on of D§§?’ pressurilzati gﬁn%? fFa. ffu SZ%’ g?l%érgénggeaaﬁcanon
pdwder. 2. The process o¢f cl APHHCAIP; her | conpri sing

1A the steps ofp.depressurizing sai@77containgr and 10.2
1B rgnoving sa@qnconpacted pomder 00@n1sa|d cont ai ner. 3.

Aptocess—or—ptacing—apredete 9§neu votume—of

2A-pcvvder i nt o %% receptacle, conp i ng: placing smlfg
2B pdwder in a%®htainer; ilncreasi #§%t he gas|pressure in

3A the area of gs@i d contalrer cont aigni ng sai d powder 3139

3B @ fvel abowggatnospherlc pressyie at arate

il | N HEPA |
SH f cH enl. HE-easSe |. IIC ot K UCIIDI l.y I S>SdAalu

o, U o SR LB o PR

container and placing it in said receptacle. 4. The
process of claim1l or of claim3, wherein said gas
pressure in the area of said container containing
said powder is increased to a | evel above atnospheric
pressure by injecting a gas into said container. 5.
The process of claim4 wherein said gas injected into
said container is selected

27




fromthe group consisting of an inert gas, air,
ni trogen, oxygen, carbon di oxide and chlorine. 28 WO
wQoe4NeB9v 96 PCT/ US2003/ 037448 6. The processPOrf/USI0a3/007448
5 wherein said gas injected into said container is
air. 7. The process of claim1l or of claim3, wherein
said powder is an inorganic netal oxide. 8. The
process of claim7 wherein said powder is a titanium
di oxi de pignent. 9. The process of claim8 wherein the
bul k density of said titaniumdi oxide pignent is
Wﬂltﬂ %r%%sgd to a level greater than about 0.56 grans per
AUBE dEnti neter. 10. The process of claim9 wherein

the bul k density of .sajd,tjtani.umdi oxi de.npi n LS.
ilncr eés%rﬁc?sé% lkf‘iét\%ﬁmg Wetbﬂg( ‘f"*&ﬁlgyeog?“ ?eir%ﬁﬁl g%%g%’ é)(.)r%f)ﬁsmg’
gr ans Eg( cubic centineter to about 0.80 grams per
cubi c plashig saisk pawder In a Eaiperodks of claim 8 wherein
said gas pressure in the area of said container_. _
cont aiimdreigingahe gpopdesurd m thearee af edd containee vetaiaingseid powder to
at nospheric pressure by injecting chlorine gas into
sai d cont aignRkel dBovel BEndBpIRGRS regfur€ | Al dnrateWhefigiem to cause said
said powder conprises a battery-active material. 13.
The pr oce_szyog)‘d P{oaédéll};?a%t B@}Sf]eeé Bub3@indalbgdti6h Bf 8%l ip¥&@surization gas
material iS selecte romthe group of netal oxides
and net al Q&&@ﬁhates. erein said netal is vanadi um
manganese, AICKEIO SEEBIE™ i ron or a conbi nation
thereof. 14. The process of claim12 erein said .. X
Bat t erfheaprocess plackimal fughere PRBPRYDE (18 LIRS °§P818f6558f12mg said
l'ithiummetal oxides and |ithium netal phosphates
containsh endiemevai ghaib¢ahpacedyanadi from sardedvgiaiese, ni ckel ,
cobalt, iron or a conbination thereof 15. The process
of cl ai Prdcksyvigr platingai gredatetrrinyd avhinve offat prwddr in® a receptacle,
[ithium vanadi um oxide. 16. The process of claim 14
cmnpﬁﬂﬂ%?ein the bul k density of said battery material is

placing said powder in a container;
increasing the gas pressure in the area of said container containing said powder to
a level above atmospheric pressure at a rate sufficient to increase the bulk
density of said powder to a predetermined level; and
removing a predetermined amount of said powder from said container and placing it in said
receptacle.

4. The process of claim 1 é)r of claim 3, wherein said gas pressure in the area of said
container containing said powder is increased to a level above atmospheric pressure by injecting
a gas into said container.

5. The process of claim 4 wherein said gas injected into said container is selected

from the group consisting of an inert gas, air, nitrogen, oxygen, carbon dioxide and chlorine.
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i ncreased by at |east 10 percent. 29 WO 2004/ 060796

PCT/ US2003/ 037448 17. The process of claim 16 wherein
wo b@4loari7ke density of said battery material i s PCT/US2003/037448
i ncreased by at |east 15 percent. 18. A process for
i ncreasing the bulk density of an aerated powder,
conprising: placing said powder in a container, said
gONt aTAEprodassiof¢ladmf3 whéreinrndidand ijeced il saidnontainer is air.
opposing said first end; increasing the gas pressure
pn 1 h?P@@ﬁ%eg ofSkith £QRLRACRR 3 WHeRlRsAE podder RMTAbrganic metal
to a l'evel above atnospheric pressure at a rate
sufficient to cause said powlder to conpact agai nst
sai d second end of said container before a
substantial portion of sajd essuyri zat.i on . )
di f f udbe Prasess o SlAMyLWBEFR B L83 H"%@‘é‘gaﬁx‘éﬁ% dregpent.
sai-d contai ner whereby said container is depressurjzed
and sdhd ppmestesf dlaimek pdiefedn thierkads detisity b stid;tijgrpum dioxide pigment
t hrough said second end of said container. 19. The
is increR$eda6 8 Jevel ghRl MahAbuine). £ gragBipdr gasc peremsaere i n t he

area of sald container containing said powder is

gCcr eaged dRsfot @Yl 9 HMRYEn B MIPheKsiG dFsgigHatuydioxide pigment
injecting a gas into said container. 20. A process

. . _for, prepari.ng, a_ sl ur C hSdang. LOG:

is incregkfd TR B0 BB PEACRE AT O pomals BELAERT Pofingi g sbout 0.80
increasing the bulk density of said powder by

grams pREgBPISICPRYEST-d powder; and di spersing said densified
powder into a liquid medium 21. The process of claim )
20. wheled prosegscofpdeite Wherela seidagasdrisssure Bl #ei Eilva gg?%ﬂd contamner
powder in a container; and

containing said powder is increased to a level above atmospheric pressure by injecting chlorine

oxide.

gas into said container.

12.  The process of claim 7 wherein said powder comprises a battery-active material.

13.  The process of claim 12 wherein said battery-active material is selected from the
group of metal oxides and metal phosphates wherein said metal is vanadium, manganese, nickel,
cobalt, iron or a combination thereof.

14. The process of claim 12 wherein said battery-active material is selected from the
group of lithium metal oxides and lithium metal phosphates wherein said metal is vanadium,
manganese, nickel, cobalt, iron or a combination thereof.

15.  The process of claim 14 wherein said battery-active material is a lithium
vanadium oxide.

16.  The process of claim 14 wherein the bulk density of said battery material is

increased by at least 10 percent.
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30 WD 2004/ 060796 PCT/ US2003/ 037448 increasing the
gas pressure in the area of said container containing
wa aiod/opiowsler to a | evel above at nospheri c pr eSBOUT/@SEN3/837448
rate sufficient to cause said powder to conpact
before a substantial portion of said pressurization
gas diffuses into said powder; and renoving said

g?_ npag{e %ﬁq&ﬁg SF A4iM 6 GRS ILIR derddy JNSaidhbataysmaterial is

clarm erein said powder is titanium di oxi de

. | .gnent d said liquid nediumis water. 23. A
mcreas%rlg&%tggdsf 2?1’3198‘%3“ ng a concentrated titani um di oxi de

igment slurry, conprising:. m.li a titanium ‘o

05 o1 Aeprprepidincrsas b E Stk ity el Suitad Pt somprising:

di oxi de pignent to fully settle, increasing the bulk

densi placofz il pbvrdey i ACORgines Said;cogtainsy fapygddist idpand a second

contai ner; and increasing the gas pressure in the area

of said corhabpsssimposaidfint emgl; said powder to a |evel
above atnospheric pressure at a rate sufficient to

cause ;abLdi RONEeLs frossuiRaRE aleeboEad @ostdlst asithiaing said powder to
portion of said™ pressurization gas diffuses into said

powder ; an% L%QP%B S §t%o‘§81‘fé?fzp gfeéﬁﬁie pewdesef @RISR & cause said

cont ai ner; “a I'spersing sai eaerated pignent in a
[iquid medium. 24. An a paarat us .for i ragre Skggidt&)

pul'k densi VKT 1 SRR, “B8BHpRT 41 56 R CoRL arfer T before @
contai ning said powder under pressure, sa',ﬁi" cont ai ner der:
havi ng a fsubgientehpording Oﬁsﬁééffﬁ%}lré’ﬁﬂorb%ﬁé 3pSdfp gaid powder;
first end; and 31 . o .
opening said second end of said container whereby said container is depressurized
and said powder is expelled from said container through said second end
of said container.

19.  The process of claim 18 wherein said gas pressure in the area of said container
containing said powder is increased to a level above atmospheric pressure by injecting a gas into
said container.

20. A process for préparing a slurry, comprising:

processing a powder;

prior to allowing said powder to fully settle, increasing the bulk density of said
powder by deaerating said powder; and

dispersing said densified powder into a liquid medium.

21.  The process of claim 20 wherein said powder is deaerated by:

placing said powder in a container; and



WO 2004/ 060796 PCT/ US2003/ 037448 pressurization neans

associ ated with said container for increasing the gas
w@e@sden7es i N t he area of said contai ner contai PCTSHAs/0B7448

powder to a level above atnospheric pressure at a

rate sufficient to cause said powder to conpact

befog?f? substantial portion of said pressurization

gas diffuses I P RRORE i iAgRheinAg edid

cl ai rﬁnfﬁrf vd_ }hgi%gglé%'gﬁ prngssuriaz%ifs?z)dngd?ngagns conpri%e: powder to

means for injecting a,gas.,l 1 d t ai o g ;

so.ulr]I c;e of @gé‘{e‘fza@?gﬁ'ﬁggg 513%1%?%%5&58?6 %ﬁgi %Itéggﬁf/\fjwer eitﬁ:caluse sad

sai irst end of said container includes an.inle .

al | owi ng sPOWIgAMIEmPES isdore aibefanpt! Qartb""c%ﬁa&} R%F%Mzm gas

said second end of said container includes an outl et

for allow d@ﬁlsw1d’§omavdijd@;ar@e renmoved from said

contai ner; and said container further conprises a

first hwigs dod cansiiddopanitr floasdaitheamditeri nl et and a
second val ve for opening and closing said outlet. 27.

%ge a?ﬂ@%%c%?s of %lﬁinﬁlil%g‘ wherdiiedal Powadrdis Rit@fomr digeide @igment, an
flns cahses Salj powder to conpact agai nst said ,
... 0 ef. en said outlet is closed and eject fromsaid

Saldh%‘gﬂ’flg“ﬁ@r‘sm@ﬁ said outlet is opened. J28. An

apparatus for increasing the bulk density of.a.

2onpr simigeesa 1Oy| PRABHENE <& YRESHEY i néhogufe?\r’fggrﬁent sturry,

.gnd and a second end opposing said first end, said
comprifihg:st end containing an inlet and said second end

containing an outlet; 32 WO 2004/ 060796

PCT/ Ug2003/ D ddidh dioxide pigment;

prior to allowing said titanium dioxide pigment to fully settle, increasing the bulk
density of said pigment by:
placing said powder in a container; and
increasing the gas pressure in the area of said container containing said
powder to a level above atmospheric pressure at a rate sufficient to
cause said powder to compact before a substantial portion of said
pressurization gas diffuses into said powder; and
removing said compacted powder from said container; and
dispersing said deaerated pigment in a liquid medium.
24.  An apparatus for increasing the bulk density of a powder, comprising:
a container for containing said powder under pressure, said.container having a

first end and a second end opposing said first end; and
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a rotary containnent device positioned within said

cylinder, said rotary containnment device including: a
whews/0607p@i r of opposed bl ades attached to sai BCTrub20a81087448

creating two powder containnment areas within said

cylinder, said rotary contai nnent device being

capabl e of turning within said cylinder such that each

of Sa¢r@smw GRAAAI RNERPieIAS salt @bstainer aof iineteasing the gas
position wthin said cylinder adjacent said inlet

wher eby powder ¢ e : I RhBhingd s&idCsuvlier to a level
position wWERTR ggl %%?Fgalh%on%é; L d I aeve

nder adj acent sai of

wal |

said cylinder whereby .powder in said :

conpact ed, 200YRPHOITFTY PRGEVE] agna it ﬁﬁﬁ%geg?g@ézgﬁensgédr powder to
adj acent said outlet .whereby powder in Sai
be ej ect edcdmpnet dafoge arwhstaniil RAHR ioﬁéa
turning said rotary contai nment device within said
cylinder; andsqdessderi zati on neans associated with
said cylinder for increasing the gas pressure wthin

58i d §8EhpRkatifbLLIAMVEEWhEen AldprRfuriastasmeds saingrise:
rotary containnment device to a | evel above

at nospher | eSS yr, ¥\ gs in said second
posi t glgﬁnsaﬁrg{]?%?lg a%wgiségtcg?%ﬁ%guagg t he powder
wWthin said.area to conpact before a substanti al

port i 85OYFe Ph&¥Spr essuri zation gas diffuses into the
powder. 29. The apparatus of claim 28 wherein said
Bbess Uhe zppdrains aeelpien FhWPEICEEs:  neans for injecting a
gas into said powder containnent areas; and a_sour

ce
of corpideusieehdyassaid8ontainer includes an inlet for allowing said powder to be

gés%%ige%io%agas diffuses:

added to said container;

said second end of said container includes an outlet for allowing said powder to
be removed from said container; and

said container further comprises a first valve for opening and closing said inlet
and a second valve for opening and closing said outlet.

27.  The apparatus of claim 26 wherein said pressurization means causes said powder
to compact against said outlet when said outlet is closed and eject from said container When said
outlet is opened.

28. An apparatus for increasing the bulk density of a powder, comprising:

a cylinder, said cylinder having a first end and a second end opposing said first

end, said first end containing an inlet and said second end containing an

outlet;
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a rotary containment device positioned within said cylinder, said rotary
containment device including:

a hub;

a pair of opposed blades attached to said hub and creating two powder
containment areas within said cylinder, said rotary containment
device being capable of turning within said cylinder such that each
of said powder containment areas rotate to a first position within
said cylinder adjacent said inlet whereby powder can be added to
said area, a second position within said cylinder adjacent said wall
of said cylinder whereby powder in said area can be compacted,
and a third position within said cylinder adjacent said outlet
whereby powder in said area can be ejected from said area; and

rotating means for turning said rotary containment device within said
cylinder; and

pressurization means associated with said cylinder for increasing the gas pressure
within éaid each of said powder containment areas of said rotary
containment device to a level above atmospheric pressure when said area
is in said second position at a rate sufficient to cause the powder within
said area to compact before a substantial portion of the pressurization gas
diffuses into the powder.

29.  The apparatus of claim 28 wherein said pressurization means Qg_mprises:
means for injecting a gas into said powder containment areas; and

a source of compressed gas.
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