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ARTICLE AND METHOD FOR VENTING A PROCERBING VESSEL

CLAIM OF PRIQRITY
{0001} Thiz application olaims the beneiit of US, Frovisional Patent Application Serlal Na,

/588,213, filed January 19, 2012, the comtents of which arg incorpovated by reference heraln.

FIELD
{0009 The present teachings gensrally relale a venting device for use with a procassing vessal,
and more specifically & separation unit and deaning device sp that solids are separated from a
Huidic solid dispersion and a constant stoichiomatric ratio of the camponents in the progessing

vease! g mainiained.

BACKEZROUND

[O803] The prosent teachings ave pradicated upon providing an improved device for venting a
processing vessel. Generally, most venting devices includs an apparatus to remove sobids from
a fuid stream so that the fluid can et the processing vessal andfor vent without maintaining
any sofids iy the fluld stream. One problem cccurs when molsture is present in the fluid stream,
The moisture may cause the solids 10 acoumulata on andfor in the venting device s that
vanting s impaied andfor completely prevented,  One solution that has been attempled is o
make the verdipg apparatus larger 8o that the surface area 1o remove the solids s increased,
thus, aliowing for venting sven if solids accumuliate on or in the venling device.  This solution
may allow for a continuad How of the fluid trough the venting apparalus while maintaining the
solids i the venting apparatus; however, the accumulation of & large amount of solids in the
yventing apparatus may affect the stoichiometrie ratic of components in the processing vessel
and affect the finad product.  Further the frequency of cleaning the system s long in order to
achisve an efficlent cleaning and the length belween cleanings may negalively affect the
stoichiometic ratio of the componants in the processing vessels. Other solutions altempt
frequantly clean the venting apparatus in order to force the solids back into the processing
veasel however, the amount of solids in the verting vessel may be low enough so that cleaning
i mefficient, and the stoichiometric ratios of the solids iy the processing vesssl remain alfected
dus to the solids retainad in the venting vessel. Yet another solution has been to use a oyclong
I remove solids from the fluidic solid dispersion,  The cyclone may remove & majarity of the
garticlas; however, some of the smalier andfor lightweight padtidles may be vented from the
cyclone affecting the stolchiometric ratio and tofal mass of particulated padides in the system.
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[004] Examples of such are venting devices ars disclosed in US, Patent Nos. 4,102 888 and
4,8683,100; and W, Patent Applivation Nos. 2004/0093888 and 2008274084 all of which are
axpressly incorporated hersin by reference for all purposes. What is needed is a venting
apparatus that allows for fluids and other unwanted byproducts o e removed from the
processing vesssl without changing the stolchiometric ratios of the solids i the processing
vessals. What s needed is & separation unit that relaing substantially all of the solids from g
flidic zolid dispersion i 8 processing vessel. What is furthar needed is & separation unit that
cludes a low trapping volurme so that 8 minimum amount of matedal s rapped insids the
sepavation unit. What Is Rurther nesded is & separglion unit that allows for a i“;igh frequency of
claaning with a high efficiency so that solids are not removed from the process in the progessing
vesse! for an extended pericd of time!

SUMMARY

[6008) One possible embodimant of the present toachings nchiade: a  device for venting a
processing vessel comprising: a separation unit ncluding & fhid permeable separator for
separating & solid from & fhald pregent in a fluidic solid dispersian, the separation unit having an
interface pompanent for allachmeant o a wall of a processing vessel in @ manher 86 that the
interface nomponent generally integrates with the wall forming & substantially contigusus wall
surtace and & cleaning mechanism that is i fluid communication with the separstion unit that is
adapied to extract the fluid that i separated from the fiuddic solid dispersion froms the processing
vessel, and o perdedically andfor continuously agitaling the solids on the swiface of the
separation unit so that the fuld can pass through the separaton
[D00s] One possible embadiment of the present teachings nclude: & method for vanting a solid
state processing vessel comprising: mixing & plurality of solid state particulated reaction
ingredients under conditions in which reactions may neour, undesired by-products may form, or
both and venting the solid state processing vesss! through a separation unit that is contiguous
with 2 wall of the prooessing vessel so that a constant stoichiometrio ratie of the plurality of solid
state particulated reaction ingrediants s maintained, and undesired by-products are removed.
fo0O7] The teachings hereln surprisingly solve one or more of these problems by providing &
venting apparatus that allows for venting of the unwanted byproducts suich as molsturs of

volatiles without ramaoving the solids from the processing vessel. The teachings herein provide
a venling apparatis that allows for Hlulds and other upwantad bypradiets to be removed from
the procesaing vessel without changing the stoichiomsinc ratios of the solids in the processing

vessels, The teachings hereln provide o separation unit that relaing substantially all of the
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solids from a fluldic solid dispersion In g processing vessel. The feachings herein provide a
separation unit that allows fora high frequency of cleaning with 'a high efficiency so that sofids

are hot removed from the process in the processing vesss! for an extended period of Hime.
, g B

BRIEF DESCRIPTION OF THE DRAWIN
fo008] FIG, 1 flustrates an oxploded view of one embodimernt of the venting device taught
harain;
{0008] FIG. 2 ilustrates an example of g procsssing vessel including the venting device of the
teachings herelin;
[oo1a] FIG. 3illustrates an example of the venting device being agitated;
[0011] FIG. 4 Hlustrales 3 Sross-sectional view of g venting device and processing vessel;
(O3] FI3. B4 dlustrales a close-up orose-sectional view of one possible configuration of a
venting device; and
[90¢3] FIG. 5B lustrates g close-up view of a porous protective surface.

DETAILED DESCRIPTION

[a14] The explanations and Hustrations présentad hereln are intended o acquaint others
skilled in the @t with the invention, its principles, and s practical gpplication. Those skiled in
the art may adapt and 2pgly the invention in s numerous forms, as may be best suited o the
requirsments of a partiodlar use: Aceordingly, the specitic embodiments of the present invention
as set forth are not intended as being exhaustive or limiting of the teachings. The scope of the
tedchings should, therefore, be determinsd not with reference o the above desarintion, but
should instead be determined with reference o the appended cladms, along with the full seope
of equivalents o which such claims are entitfed. The disclosures of all articles and references,
inoluding patent apptications gnd publications, are Incorporated by reference for all purposes.
Qther combinations are alse possible as will be gleansd from the following claims, which are
also heretyy incorporated by referance into thiswiitten desoription.

[D018] The present tsachings hersln include g device for venting a processing vesssl. The
device may e any device so that a fluid is remuoved from the processing vessel white the solids
are maintaingd substantially within the processing vessel. The provessing vesasd may ba any
fype of vessel that holds paliculated ingredients {e.g.. solidds).  The processing vessel may be
any prooessing vessel wherg a subsiantially constant stoichiometry I8 maintained.  The

3
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processing vessel may be any processing vesssl where particulaled ingredients are introduced
in sreder to be processed.  The processing vessel may be any type of vessel that processes
components for an avlide of manacture. The grocessing vosssel may be used B process
particulate materals o oan intermediate or fing! form. The processing vesss! may be used ©
arocess particulate matter for uss iy mandactieing acicwar mullite, anodes, cathodes, battery
slactrods materials, powder for ceramics, powder metal and alloys, powder polymers, organic
chemicals, inorganic chemicals, or a combingtion thereo!, Preferably, the processing vessel
may be any processing vesssl used in the manidacture of malerals for batleries,  More
preferably, the procassing vessel may be any procassing vessel used in the manulaciure of
matanals for Hihium jon batteries.  Most preferably, the processing vesssd may be any
processing vessst used iy the manuddoture of precursor matesials used In the manufacture of an
anode or 3 cathode of a Hihium ion baltery. The processing vessel may ba static or may mave
during procassing. The processing vesssl may be used to publerize and mix materials, induce
chemical reactions within Or among materials, vent and dry mataenials, heat materials, precheat
rtterials, oF 8 combination thereal, Profarably, the processing vesse! may bo used o redune
the average particle size of malerials, mix materals, causs mechanical fugion, or a combination
theraof. Mors preferably, the processing vesssl may be used to refing parficulated materials.

[a018] The processing vessel may be g pulverizar, a mixer, a refiner, the ke, of a combination
thereaf. Preferably, the processing vesssl may b an agitated media mill {og., a ball milil
Mors preferably, the processing vessel may be an agitated maedia miil.  Most preferably, the
processing vessel may be a high energy mill that includss a madia such as stest balls or
ceramio balls.  The processing vessst may be used for baich mangfactuning, continucus
manufactuning, or both.  The processing vessed may include agiialed media.  The sgitated
media may be any device added to the processing vessael thal assists in refining the solid stale
parficulated reaction ingredienta,  For sxample, the agitated media may be metal balls, ceramio
halls, orf both, The media may move i the mill i such a manner that the madia is moving
substantially paraliel 1o the end wall of the processing vessel, the venting apparatus, or both,
Praferably, any contact hetween the media and the end walls, the venting apparatus, or both
may be langantial so that the force on the snd wall, the venting apparatus, o both will be low.
Fov example, the media may not contaet an end wall, & venting apparalus, or both at a right
angle. The processing vessel may be usaed for continuous manufacturing,  The processing
vessel may be used for calcination. The processing vessel may be ussd 0 process ong of
more oomponents.  The processing vessel may be used to process solid materials. The

materials processed in the processing vessel may be one of morg solid stats particulated
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reactian ingredients.  Freferably, the grocessing vessel may include & plurality of solid state
particulated  reaction ingredients.  More preferably, the solid state particulated reacton '
ingradients are batlery slectrode precursor ingredients.  Bvery morg prefarably, the solfd state
particulated reaction ingredients are precursor materialg for creating a ithium metal phosphate
cathode material.  The solid state particulated reaction ingredisnts may catain slements such
as organic materials, horganic material, natural materisl, synthatle materials, carbon, lithium,
manganess, iron, phosphate, zing, coball, aluminum, nickel, or mixtures thereol.  The
processing vassal may include s fludld indst on one side and the venting apparatus as faught
herein on an opposing side of the processing vessel so that a venting fiuid is introduced into the
pracessing vessel. Mowsver, the Huid inlet may be at any looation so thal the processing vessel
maintaing st inert aimosphere, the stolchiometry of the processing vessel 18 maintained
substantially constant, or both,  The venting fluid may bé the same or a different fluid as the
cleaning mechanisny,  The fluid blat may introduce the venting Hiuid so that the processing
vesze! s maintained & & slight pressure 80 thad gas, walsr; unwanted vapors, of & combination
tharsof are removed from the processing vessel through the venting apparatus. The processing
vessel may be free of a fluid inlet. The processing vesse! may be discrets from the venting
apparatus. Preferaldy, the venting apparatis may be integrated into the processing vessel

[B017] The venting apparatus and the Juld inlet may be used in conjuniction with each other 50
that an inett aimosphere is maintained within the processing vessel. The venting apparatus
may include a separation unit and s tleaning mechanism,  The separation unil may he any
device thal separates solids from a Huldic solid dispergion. The separation may holude ane or
more parts that may assist in separating solids from a fluidic solid dispersion.  The separation
unif may be localed with respect '8 wall of the procesaing vessel such that if separates sdlitds
from-a fluidio solid dispersion. The separation unit may be adjacent to & wall of the processing
vassel. All or a portion of the separation unit may form a part of the wall. Al ora portion of the
separation unit may be positionad in a wall of the processing vessel s that a wall of the
mrocessing vessel and the separation unit are generally contiguous. Al or a portion of the
geparation urdt may be contigusus with & wall of the processing vessel so that the stoichiomeatric
ratio of the solid state pariculated reaction Ingredients are maintainad in the processing vessel
The separation unit may Include: an inferface component for comnecting o the procassing
vassel a forward protective swrface; & separator (8.0, & membaneg, filler, the like, ar a
combination theveofl); a rear protsctive swrface: g spacer; a connection adapter; ong or more Q-
rings, seals, washers, of g combination thereol. The separation unil may include a rapping

volume, The trapping volume may be the maximun volume of any material that the separation



WO 2013/109312 PCT/US2012/050112

may hoid,  The trapping volume may be messured on the processing vessel side of the
separator, For sxample, the rapping volume may be the area of the separator thal fluld passes

through plus the thicknass of the forward porous protestive sirface minus the teial arpa of the
profective members,

0187 The interface component may be any devics, featurs, andior componeant that may attach
the separation unit to another device, The interdace component may be any device that
attaches the separation unit 1o a processing vessel  The interface componant may be
conneotad o & wall of a processing unit so that the interface component and the separation uni
are generally planar with the wall, generally configuous with the wall, or bath. The infertace
compenant may be ditached 1o another component (a4, the cleaning mechanism, & wall of the
processing vessel, or hoth) by any device useiul for fastening {8.g.. & fastensr). The interface
compunamt may be bolied, screwed, glued, molded, adhesively bonded, altached via a
machanical coupling assembly, intederencs i, fhreaded and screwed info oF vice wersg,
weldad, o a combination thereof to another component.  Preferably, the interface companentis
placed through a hdle In & processing vesssl and then bolted o the provessing vessel, The
interface component may nolude a portion that s parallsl to a wall of the processing vessel.
The intarface componert may include a portion that is perpendicular 1 the portiors that is
waraliel o s wall of the processing vessel. The interface component may be frae of any paris
that extend out of the wall. For example, the interface component may be adhesively bonded o
molded into a hole in the wall and the interface component may attach 0 the Cleaning
mechanism v the hale so thal the entirs interface componsnt is located i the wall of the
processing vessel The interface componant may include a portion that enters & hole in a wall
ot the processing vessel. The interface compaonent may be any size and shape so that at least
a pertion of the interface component may it within & processing vessel wall, profect the
separation unit, attach the separation unit 1o a processing vessel, or 3 combination thersol, The
interface unit, the hole in the wall, the separgtion unil, or & combination theraot may vary in stae
depending on the size of the processing vessel, The interface Unit, the hole in the wall, or both
have an opening of between about 2 om and about 20 om, preferably between shout 3 om and
about 10 om, and move preferably between about 4 om and 6 e, The interface camponent,
praferably, s large enough so that a sufficlent amount of fluid is vented fram the processing
vassal sa that the prooessing vessel maintains an inert atmosphere. Tha interface compaonent
in combination with the cleaning mechanism may enable the processing vessel 1o maintain an
inert atmosphers for the entive duration of each use. The interface component may be sized 80
that any agitsted media that may be ussd in the processing vessel may be substaniially

&
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pravented from contacting & separalor, The interface componant may be made of any material
that may be useful It attaching the separalion unll © 8 processing vesssl,  The interface
pomponent may be made of any materal that s abrasion resistant, corrosion resistant,
withstand impacis fram abrasive partivles, metal components, or a combination thereol. The
interface component may be made of cerarnic, metal, plastie, rubber, composites, or a
combination theraof.  FPreferably, the interface component & made of stainless stesl o
hardened steel. The ierface componeant may includs a protective surface so that the herface
component, the separation uit, or both are protected from components of the procesaing
vassel. The interface componant may include a forward protective surface,

{0018] The forward protective swrface may protect the separation unit from the components of
the processing vessel, The forward protective suface may protect the separation unlt from
agiated media. For example, If an agiated madia mixer is used the mixer may includs agitated
madia that may be moved throughout the processing vessel and the forward protective surface
may protect the separation undt from being damaged by the agitated media.  The forward
protestive surlace may be chamfered. The forward protestive surface may be out at an angle
such fhat any contact belween the components in the processing vessel and the forward
profective surface do not bend, bresk, remove material, or & combination thersof fram the
torward protective surface. The angle andfor curve of the forward protective surfacs may be
any angle and/or surve so (hat any contact betwesn the componenis of the processing vessel
argd the forward profective surface are glancing and do not damage, break, bend, remove
material, o a combination thereof of the interface companent. The chamfer of the forward
protective surlace may have an angle of belwsen shoul 18 degress and about 50 degrees,
preferably batween aboul 20 degroes and about 80 degrees, and mors preferably belween
about 35 degrees and about 80 degrees {Le., about 45 degrass) with a wall of the processing
vessel. The forward protective surface may be radiused or reundad. The forward protective
surface may be both chamfered and radiused or curved, The forward protective surace may be
raditsed or rounded so that any contact between the components of the processing vesse! and
the forward protective surface do not break, bend, damage, remove matedal, or a combination
thereat from the forward prolective surfacs.  Preferably, the forward protective surface is a
cwved swiace that includes a radius. The radius of z‘he forward protective surface may be
about 0.1 mm or more, about 0.5 mim or more, or preferably about 1 own or more. The radius of
the forward protective surface may be between about 3 em and about 0.2 mm and preferably
hetween about 2 om and about 8.5 mim. The forward protective swrface may protect a forward

~
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porous protective surface from being contacted by all oF g portion of the contents of the
processing vessel

{0020] The forward porous protechive surface may be any surface that allows a fluld o pass
through pores in the protective surface while preventing &t lsast some agitaled media from
passing the protective porous surface, The forward porous protective surface may pravent alf or
a pordion of the solid conlents of the processing vessel from exiting the rocessing vesssel
Preferably, the porous protective surface provents at least the agitated maedia of the processing
vessst from exiting the procassing vesssl,  The size of the pores in the forward porous
protective surface may vary based upon the media in the processing vesssl, The porss may be
of any shape and size. The pores may be of any shape and size so that the remaining material
is sufficiently strong to protect the separaior from the contets of the processing vessel, The
pores may be croular, square, long, short, diamond, rectangular, regular, or g combination
thereaf, Preferably, the pores are verlical glots. The forward porous protective surface may act
as 3 reinforcing member, The forwarsd porous protective surface may be righl. Praferably, the
forward porous protective surface is flexible so that when compressed gas is applied the
rernbrang, the forward protective surface, or both Hlax a0 that at lsast some solid particles are
rernoved andfar loosaned from the separator. The fonward porous protective surface may be
any thickness so that the forward porous protective surdace slastically deforms during cortact
with the agitated media, the compressed Huid, or both. The forward protective surface, the
separatol, o both may be Hexed Trony comtact by the agifated media, compressed fluld, or both
30 that solid madedial is removed from the separator. The forward porous protective swrface
may have any thickness so that the torward porons pratective suface protects the separator
and the forward porous proleciive moves so thal solid partivles gre removed from andfor
oosenad from the separator. The forward porous protective surface may have a thickness of
about D007 mm or more, aboul .08 o ar mors, preferably about 001 mmeor more, or more
oreforably about 0.2 mm or mare, The forward parous protective surface may bave a thickness
of about 1 om or less, about § mm or less, about 1 mm or less, or about 0.5 mun o less. The
forward porous profective sutface may have a thickness bebwsen about 1 mm and about 0.1
mm and preferably between aboul 0.4 mm and about 0.2 vun (Le., about 0.25 mm). The
thickness of the porous protactive surface may vary based Lpon the material characleristios of
the rhaterials wused for the porous protective suface. For sxample, a plastic porous profective
swrface may be thicker than & stes! porous protective surface. The forward porous piotective

surface may include protaction members that protect the separator,
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[0021] The protection mambers may be any portion that exlends aoross an opaning in the
separation unit that allows the fluidic solid dispersion to be vented. The protection membears
miay b of any size and shape that protects the saparator. The profection mermbers may be any
size and shaps that affows fluid to pass through the forwarnd protective surface to the separaloy,
Praforably, the protection member is made of a malerial that s alvagion resistant. The
prataction memberg, the forward porous profective surlace, or both may be made of metal,
ceramic, plastic, rubber, composites, or a combination thereof. The protestion members may be
bara. Tha protection members may include the pores, Tha prtsclion mambers may be any
configuration so that the protection members pravent gt least the agiated media from contacting
the separator. The forward porous protsctive surface may reinforce the interface camponant,
the separatyr, the wall of the precessing vesssl, or & combination thereof.  Preferably, the
forward porous profective surface protects the separator from being damaged from the solid
contents of the processing vessel hilting the separator.  More proferably, the forward porous
protective surface protedts the separator frofn being damaged by the agitated media in the
processing vesasd,
IDURR] The separator may be any device, feature, member, of a combination thersol that
separates solids from a fluidic solid dispersion. The ssparator may be Huld parmeabls so that
fuids may pass through the separater and solids may be prevented from exiting the processing
vossel. Preferably, the separator may flter solid state particulated reaction ingredients fram the
fuidic solid dispersion.  More preferably, the separator may filter solid particles with & largest
dimension of about 100 microns of smaller, preferably abowt 10 mivrons o smoaller, moss
mreferably about 1 micran or smaller, or even about 0.1 micron or smaller. For example, the
separator may remove dost ke particles from the fluidic solid dispersion, The sepamtor may be
made of any material that separales the solids frem the fluidic solid dispersion. Freferably, the
separatar may be made of any materal that sufficiently separates the solids from the fluidic
solid dispersion zo that the stoichiometry of the oontents of the processing vessel ars not
affected by the venting of the processing vessel. The separatar may bg a meambrang. The
separator may be made of a woven or nan-woven fabrie, g plastic, a metal, an organio material,
an inorganic materal, a polymeric material, a synthetic materdal, a natural material, 8 composite
material, a porous ceramic such as acicular muliite, a sffica, a metal oxide, & foam that performs
the racitad functions, of a combination thereol, Preferably, the separator i mads of & flexible
porous membrane material. More preferably, the separator is made of Polyfetrafiuorosthylene
{FTFE), a glass mat, polyester, a polyamide, celivlose fibers, or a combination thersol, The
separator may be jocated anywhere In the separgtion wnil. Freferably, the separator may be
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focated behingd and Iy cortagt with a forwsrd porous prolactive surface to enswre minimum
trapping volume for the solids. The separator may be located in front of a rearward porous
protective swiace., Most preferably, the separator is sandwiched betwesn a forward porous
profective surface and a reavward porous protective swefans.

[0023] The rearward porous protective surface may be any surface that allows g fluld © pass
through pores in the protective suiface. The rearward porous p*nf?r ve stirface may prevent ali
or a portion of the solid contents of the processing vessel from exiting the processing vessel,
Praferabdy, the rearward porous profective surface prevents at least the agitated media of the
processing vessel from exdting the processing vassal. The size of the pores in the rearward
porous protective surlace may vary based upon the madia v the processing vessel, The poras
may be of any shaps and size. The pores may be of any shape a8 size so that the remaining
material is sufficiently shrong to protect the separstor fram the contents of the processing vesssl,
cortents i the cleaning mechanism, or both, The pares may be ciroular, square, long, shord,
diamond, rectanguiar, regularn, or 2 combination thereol.  Freforably, the pores are verlical
alata, The pores of the reavward poreus protective surface may be substantially the same aize
as the pores of the forward protective swilface, Freferably, the pores in the rearward porous
protective surface are substantially alighed with the pores iy the forward porous profective
surface so that the resistance on the fluidic solid dispersion is minimized.  The pores of the
rearward porous potective surface may be smialler than the pores of the forwand porous
protective surface. The pores of the rearward porous protective surface may be larger than the
pores of the forward porous protective surface. The rearward porous profective surfacs may act
as a reipforcing wiembern. The rearward porous protective surface may winforce the interface
component, the membrang, the wall of {he processing vessel, or & combination thersol.
Praferably, the rearward porous protective surface prc:tfaci&: the membrane from being damaged
by the sofid conterts of the provsssing vessel, the deaning mechanism, o both, More
preferably, the rearward porous protective surface assists in profecting the separator from being
damaged by the agitated media in the processing vessel. The rearward porous protective
surface may fex during application of conpressed air.  Preferably, the rearward porous
protective surface is free of flexing during the application of compressed alr.  The rearward
porous protective surface may assist in einforeing the forward porous proteclive surface fram
contact with components of the processing vessel,

{0024] The forward porous protective swrface and the rearward porus protective surface may
be made of the same materdal. Ths forward pordus protective surface and the rearward porous

protective surdace may be made of different materigls.  The forward porous protective surface
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and the rearward porous protective surface may be mads of any materigl that protects the
separator.  The forward porous protective surfape and the reanvard porous protective susface
may be made of any material that may prevent at isast some of the solids in the processing
vassel from exiting the processing vessel. Preferably, the forward porous protective surace
and the rearwsrd porous protective surface may be made of any material that prevents the
agitated media from damaging the sepavator, leaving the processing vessel or both. The
forward parous protective surface and the rearward porous protective stirface may be made of
any material that does not break down to form a particulate matter, for example, a flake, chip

dust, break, or 2 combination theren! from repeatad contact with the contenis of the processing
vossal. The forward porous protective surface, the rearward porous protective surfane, or both
may be made of & materiad that s abrasive resistant, corrosion resistant, or both, The forward
poreus protective surface and the reavward porous protective surface may be made of a
polymeric material, & composite material, o metal, a csramic, 8 plastic, 3 natural material, &
synthatic material, or & combinalion thereo!, Prelerably, the fovward porous protective sumace
and the rearward porous protective surface are made of stainless steel. The forward porous
pratective surface, the resvward poreus protective swrface, the separalor, of a combiration
thersof may be held in the separtion unit by a friction fit or another component of the
saparation unit. The forward porous protective surface, the rearward porous protective surlace,

the separator, of a combination thereot may include an attachiment feature for attaching one or
all of the components  the interface component. The separation unit may include a spacer for
holding the forwsrd porous protective surface, the rearward porous protective surface, the
separatar, or a combination tharsot in place,

[O028] The spacer wmay assist in holding the forward porous protective surface, the reanward
povous protective surface, the separator, or g combination thereol in the interface component.
The spacer may logk the forward porous protective Surfam, the rearward porous protective
surface, the separator, or a combination thereof betwsen an interlace compenent and a
connection adepter. The spacer may be adjustable so thiat & the size of the forward porous
profective surfacs, the rearward porous protective surface, the separalor, or a combination
thereof may be varied depending orr the contents of the processing vessel. The spacer may be
compressible so that when the connsction adapter is altached to the interface component the
forward porous protective surtace, the rearward porous protective surfans, the separalor, of a
combiriation thereot ars not damaged.

fooes] v sotion adapisr may be any device that holds the forward porous protsctive

surface, the resrward porous protective surdace, the separator, a spacer, of a combsination
f
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thersof in the interface component. The cannection adapter may be any devivs that stlsches
the separation undl to the cleaning mechanism. The cannection adapter may be attached to the
interface gomponent using a fastensr. The cohnection adapter may inclide & male o femals
portion so that the connection adapier miay be aitached © the corrssponding male or female
portion of the interface component.  Freferably, conmection sdapter and the interface
componert are bolted together, The conneclion adapter may form a seal with the isolation pipe
go that the fluld ngide the isolation pipe remaing separated from the oulside environmant, The
connection adapler may be any device that attaches the separation unit © the cleaning
meehanism.
{00271 A cleaning mecharism may be located proximate (0 the separation unit. The oleaning
mechanism may be any device that removes solids from the separater. The deaning
mechanism may be any device thal substantially cleans the separaiee. The cleaning
machaniant may produces & force and the foroe may npaet the separstor and remove solids
froms the geparator, The cleaning mechaenism may move 3 fluld info contact with the separator
s0 that the fluid ramoveg, loosens, or hoth solids on the separaior. The cheaning mechaniem
may assist in venling the processing vassel,  For example, the cleaning mechanism may
introduce a fluid inlo the processing vessel creating a positive pressure in the processing
chamber so that a Huid s forced back out of the processing vesael through the separation umt
and out the vent. The cleaning mechanism may be in Huld communication with the separation
unit,  Preferably, the cleaning mechanism may be extarnal of the provessing vessel. The
cleaning mechanism may include one or more of the following festures: an isolalion pipe, &
valve, a comprassed gas sourcs, a condull with &t least one sxhaust port, or & combination
therant,
{028] The cleaning mechanism may include an bolation pips.  The cleaning mechasist may
be free of an isolation pipe.  The cleaning mechanism may be attached {o the separation unit by
an isolation pipe.  The isolation pipe may attach to the connection adapter.  The isolation pips
may be solid.  The isolgtion pips may be flexitie. The isclation pipe may nclude & Hexible
portion.  The solation pipe may dampen vibeation from the cleaning mechanism so that the
separation unit does not experience vibration from the cleaning mechanism. The isolation pipe
may dampen vikration from the processing vessel so that the deaning mechanism doas not
pxperience vibration created by the processing vessel. The isolstion pipe may induds an
pxhaust port. The isolation pipe preferably may attach at one and o the separation unit and at

an opposing end {o the clsaning mechanism,
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{028 The cleaning mechanisr may indlude a conduit. The conduit may be any devioe thal
assisis the processing unil in venting.  The condult may be any device that allaches the
cleaning unit indirsctly to the separation unit and allows for unwanted gases o be verted from
the processing unit. The cleaning mechanism may be fres of g corduile The condult may
attach to-a separation unil. Preferably, the conduit attaches 1o an isolation pipe. The condult
may indude a first end, a second end, one or more exhaust ports, o a combination thereal
The conduit may prevent fludd from diffusing back into the processing vessel, during processing,
after the separater Is cleaned, or a ime therebetween. The condult may include g cheok valve,
8 hack flow praventer, the ke, of & combination thersof. Preferably, the condult includes at
least one sxhaust port. The exhaust port may swhaust the Hdd exiracted from the processing
vassel. The exhaust part may exhaust compressed gas. The exhaust port may allow for
undesired y-products 10 be removed from the processing unit while mainfaining & substantially
constant stolchicmetry.  The axbhaust port may albow for mpisture o be removed fom the
processing vessel, The undesired by-products may be waler, solvent, volatiles, or any othery
unwanted gasenus andior valatite by-product. The exhauist pod may allow faor the procgssing
veassel to be maintained cluse to almosghetic pressiure, substantially at almospheric prossurs,
o bath, The firgt end of the conduil may atfach W the separation unil. Praferably, the first end
of the conduit attaches to the isolation pipe. The second ond of the condull may attach o a
valve, a compressed gas source, or both,

[G030] The valve may be any valve that prevents movement of a fluid, a gas, or a solid info the
consduit, the isclation pipe, or both. The valve may be a solenoid valve. The valve may be &
mantal valve, Preferably, the valve s an automatic valve, The valve may be any valve that
may prevent fluid flow into the conduit, from the condidt, or both., The valve may be capable of
rapidly cycling from open o closed and vice versa, The valve may be able © open and close
{Le., may clean the separator) aboul 5 times a minule or morg, about 10 times a minute or
inore, about 15 tmes & winute or morg, or ghout 30 tines 3 minute of more. The valve may be
operated 1 g peripdic mamner. The valve may he operaled in & continusus manner. For
axample, the valve may ramain open while the processing vessel is running so that comprassad
air s forcad owards the provessing vessel. The valve when opened may allow compressed
gas fo axit the compressed gas source so that the Huld flow from tha processing vessel is
sliminated and the compressed gas and Huid are moved back o the processing vesssl, The
valve while cdosed may pravant comprassad gas from entering into the processing. The valve

when dosed may allow Huids from the processing vesse! 1o exit the procsssing vesssl through
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the separation unit and the exhaust port. Preferably, the valve s connectad 10 a campressad
Gas ZoUree.
{80311 The compressesd gas sowse miay be aniy gas aourms that may cesr salids from the
separation unit. Preferably, the compressed gas souwrce may be any gas seuree that may dear
solids from the separator withou! damaging the separation unif, reacting with the fluid, reacting
with the solitls, or a combination thereof. The compressed gas may be any inerl gas, ain,
nitrogen, or @ combination thersof.  The pressure of the pompressed gas scurce may be a
suificient pressurs 50 that any solids scournuiated on the separator may be joosened rom the
separator, ramaved from the separator, or both so that undesired by-products may he removed
from the processing vessel. The compressed gas may be capable of providing gas al g
oressure suificient to clean the soparator, for example, a low pressure gas souree.  Preferably,
the gas may be a high pressure gas sourse. The pressurs of the compressed gas souwrce may
be a sulficient pressurs 1o prevant accumulation of solids on the separator while allowing
undesirad heproducts o be removed from the processing vessel.  The pressure of the
mmm‘assseﬁ gas souree may be a sufficient preseurs o stop, reverse, of both the fluid flow from
the provessing vessel. The pressure of the compressed gas sourcs may be sufficlent 50 that
the separator, the forward porous protective surface, or both arg fexed during spplivation of the
compressed fir.  The compressed gas may be introduced at & pressure of about 80 KPa o
morg, about 100 KPa or morg, about (50 KPa or more, about 200 KPa or pwre, preferably
about 250 KPa or more, more preferably about 300 KPa or more, even more proferably abowt
A0 KPa or moreg, or most preferably about 400 KFa or more.  The camprassed gas may be
introdiosd at & pressure of ahout 8500 KPa or less, about 000 KPa or less, about 3800 WPa o
loss, Gr about 1728 KPa or less, The pressure of the compressed gas may be inversely
nroportional to the duration of the compressed gas appiication. For example, if the compresssd
gas & applisd ot a pressure of 250 KPa the duration may be about 100 milliseconds, and if the
compressed gas is applied ata pressure of about 500 KPa the duration may be shout 40
milfiseconds, The duration of a comprassad gas apply may be about 2 seconds or less, about 1
second or less, praferably about 700 milliseconds or less, more preferably about 400
millissconds or less, or most praferably about 300 milliseconds or less 5o same compressad
gas is moved into contact with the separatoy so that the separator is cleaned. The duration of 3
comprossed gas apply may be about 50 millissconds or more, about 100 milliseconds o more,
of praferably about 200 milliseconds or maore.  Preferably. & comprassad gas apply has &
duration of between abowt 1 Second and about 100 millissconds andd preferably between aboug
SO0 milissconds and about 200 milliseconds, The valve may direq? the compressed air from
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the campms&sm ga&amsm@ into the condult, the isciation pips, the processing vessdl, or &
combination there
fO038Y The a,%eamng mechaniem may vent the processing vessel confinuously.  The cisaning
machanism may vent the provessing vesse! intermittently.  The cleaning mechanizm may vent
the processing vessel on a frequenoy of abaut 1 tme per minute, preferably about 5 times per
minute, more preferably about 15 times par minute so that loosenad and/or removed solics are
reintroduced into a processing region of the processing vessel. Turing the step of venting the
separator may be cleaned so that A scbstantially congtant stoichiametia ratie is maintained
thwoughout the entire process. Duing the step of venting unwanted processing by-products
may be removed,
{00331 The present teachings may include a method for venting a solid state processing vessel
sa that solids are removed from a fluidin sclid dispersion. The method may include mixing one
or more solid state particulated reaction ingredients together under sonditions In which reactions
ay ooour, undesired by-products may form or both, Mixing may be performed during the
milling process oF mixing may be independent of the milling process. The venting of the sofid
state procesing vessel may ooowr 30 that & constant stolchiomstric rmatio of the plurality of solid
state patticulatad ingrodients is maintained and undesired bypwciumts are removed, The
stoichicmetric ratio may be maintainsd by retaining the solid stale partivulated ingredients within
the solid stale processing vessal ue a resclion vessall, The stoichiometic ralid may be
maintained by frequently oleaning the separator. The stoichiometris ratio may be maintained by
removing any unwanted Ineproducts such as excess waler, waley vapor, or other components
that cause the solid state particulated ingredients o attach o the separator, or & combination
thoreof.  The stoichiometric ratio may De maintained by smploving one or more of the
fechnigues addressed hereln,  The unwanted by-products fnay passively vent from the
nrocessing vessel,  For example, the umwanted by-products may vent without any exiemal
assistance, may vent dug (o generation of gaseous reaction product, may vent due o an
increase i fomperature dus to fiction, an boerease In lemperature due o reactions between
products, due ¢ movement of the progessing vessel, or a sombinalion thersof. In another
sxtarnple, the unwanted by-products may be actively vented due 1o the addition of fluid to the
procassing vessel, external heat, an increase in lemperature, or & combination thereol. The
provcessing vessel may be vented dug to both sclive and passive condiions.  The fluidie
penmeable separator may be pericdically cleared of the one or more solid siale particudated
reaction ingredients. The fluidic permeable separator may be continuously dsared ot the one o

more solid state particulated reaction ingredients.  The fluidic permeable separatpr may be
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actively purged using the olsaning mechanism so that an inert environment is maintained by
removing any unwanted processing by-products. The fluidic permeable soparator may be
activaly purged in responss 10 a change i ane of moere monitored variables, The enavironment
irt the procesaing vessel may be monifored so that onee oneg of tha monitered variables changes
the processing vesssel may bs actively purges so that an inert environment is maintained. The
oleaning mechanism may montor the moisture level, tha ;heas re lovel, the amount of volatiles,
or a eombination thareof in the processing vessel. The clsaning mechanism may apply a forgs
& the separgior so that any solids scoumulaled an the separator are lnosened, removed, or
both. The forese may be a shook by moving e deaning mechanism 5o that & vibration s sent
o the separation unil, Preferably, the foree s compressad alr that is passed backwards it
processing vessel 3o that any scoumulated sofids aie agitated and removed andior lonssnad
from the separstor. The oleaning mechanism may substantially prevent the formation of any
substantinl particle agglomerates on the separator, The cleaning mechanism may do s by
periodically, actively, sontinuously, ar @ combination theres! spplying & torce I the saparation
unil.
[G034] Figurs 1 illustrates an exploded view of a separation unit 20 and cleaning mecharism &0
for venting & processing vessed 20 A interface component 22 cormgets the separation unit 20
to & wall B of the processing vessel. A seal 70 i located between the inferface component 22
and the wall 8. The inlerface component 22 houses a forwarn porous protechve surlace 40, a
separator 86, and a rearward porous protective sudace 88, A spacer is located belween the
reanvard porous protective surface 28 and a connection adapter 32 so that when the interface
companent 22 and the connsclion adapter 32 are. canvected the forward pomus profective
surfane 40, separalor 26, and rearward porows protective surface 28 are relained in plage. A
saal 70 s hoated betwean the interface component 22 and the Sonneation adapter 32 so that all
of the fluid solid dispersant travels tiough the separation unit 20, The separation unit 20 s
connected 1o the cleaning mechanism 50 via g conpactor 34, The coupling adaptar 34 connects
o an isolation pipe 52, The isolation pipe 52 connects to a condult 80 having & first and 52 and
a sapond and 86 with 3 vert 84 therebelween. The conduit 80 s conngcted o & connsclar 84

that altaches directly 1o g valve 84 of the nleaning mechanism 50,

~‘.~

JO03%] Figure 2 Mustosdes & processing vessed 2 duning venting.  The processing vesse! 2
including a plurglity of solid state parficiated reaction ingredients 4 and milling media 8. The
miling media 8§ mill andfor refine the solid state particulaied maction ingredients 4 causing
unwanted by-produsts which should be vented fram the processing vessel 2 withowt removal of

any of the solid state patticulated reaction ingredients 4. Qne wall 8 of the processing vessel 2

16



WO 2013/109312 PCT/US2012/050112

meludes & separation unit 20, A cleaning mechanism 50 is connected to the separation umit 2
on a side ouposing the processing vessel 2. As Hlustrated, the front of the separation unil 20 is
coplanar with one wall 8 of the procassing vessel 2, The cleaning mechanism 50 includes an
isolation pipe 58, condult 80, a valve 54, and a compressed gas sowrce 58, The slsaning
machaniam 50 is attachad o the separation unit 20 via the isolation pipe §2 that is altached to 8
first end 82 of tha conduit 80, The conduit 80 includes a vent 84 betwsen the first and 82 and
the second end 66, The valve 85 i3 v the dosed position and the valve 88 is blocking the
sarmpressed gas sowce 58 so that unwanted processing by-products are ventad through the
yent 84 in the dirsclion of the arow B8, As lustrsted, the solid state particulated reaction
ingrecisns 4 are separated fram the fuidic solid dispersion by the separation wit 20 so that the
aolid state partioulated reaction ngredisnts 4 are relained within the processing vessel 2 and
the unwanted processing by-products are verted in the divection of the arrow 88,

0048} Figure 3 illustrates a processing vessel 8 during cleaning or purging of the separation
unit 20, The valve 54 s open and the compressed gas source 58 releases comprossed gay 58
towsards and into the processing vessal 2 through the separation unit 80, The compressed gas
58 clears the solid state particulated reaction ingredients 4 from the separator (ndt showny of the
separation unit 20 bacy into the prosessing vessel 8 so that the stoichiomatic ratic af the solid
state particulated reaction ingredients are not affected. The comprossed gas 56 further passes
through the vent 84 pushing sny unwanted processing by-pradunts out of the system.

[0087] Figuwre 4 flustrates a cross-sectional view of a wall 8 of a provessing vessel 2 with the
separation unit 20 forming a portion of the wall 8, and the separation unit being attached o a
cleaning mechanism 50, The deaning machanism 50 i attached fo the separation unit via an
jgolation pipe 52, The isolation plpe 82 s Hlowdble so that vibrations from the processing vesset 2
and cleaning mechanism are not ranslated © other respective device. The isolation pipe 82 is
attached fo 8 conduit 80 at a first end §2. The condull 80 as Hlustrated Incudes one vent 84,
The canduit 80 is attached to a valve 54 at a second end 88, The valve 54 allows comprassed
gas 58 {0 be roleased from the compressed gas source {(not shown) into the cleaning
machanisn 50, the separation unit 20, and into the processing vessel 2,

[O038] Figuwre 5A lustrales & crose-ssctional view of the separation unit 20, The separation
st 20 includes an interface compoenent 22 that is sttached 1o the wall 8 of the processing
vassel 2 using a fastener (not shown), The frent of the interface componant 22 is coplanar with
the front of the wall 8 as llustrated, The interface component 22 includes a Torward protective
surface 24, and the forward protective surlace 24 as llustrated is chamfered. A forward porous
nrofective surface 40, » soparator 26, a reanvard porous protective syrfacs 28, and a spacer 30
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are sandwiched between the interface componsnt 22 and a commsclion adapter 82, As
Hustrated the Interface companent 22 and the connection adapter 32 arg aftached o the wall 8
via g fastener (now shown)l. The separation unit 80 includes a seal 70 betwsen the wall 8 and
the interface component 22 and betwesn the inferface companent 22 and the connection
adapter 32, Figurs 58 lustrates a front view of the forward porous proteclive surface 40, The
forward porous protective swface 40 wludes protection members 44 with pores 42 betwesn
the protection members 44,

{0038} Any numerical values recited herein include all values from the lower value 1o the
upper value I incremenis of one unit provided that thers is a8 separation of at least 2 units
hetween any lower value and any higher valus. As an example, i i is slaled thal the amaunt of
a component of @ value of 8 process variable such asg, for example, emperalure, pragsure, time
and the like is, for sxample, from 1 1o 90, preferably fromy 20 to 80, mcre preferably from 30 o
70, it s intended that values such as 18 10 85, 22 to 88, 43 to 51, 30 to 82 of¢. are sxprsssly
snunerated in this specification. For values which ars less than one, ong unit 8 considered to
be BL.O00T, 0001, 0.07 or 0.1 as appropriate. These are anly examples of what is specifically
intended and all possible combinations of murnenical values betweer the fowest value ard the
bighest value snumerated are 1o be considerad 1o be expressly stated in this application in &
sirnilar manner,

[0040] Unless otherwise stated, all rangss include both endpoints and all numbers belween the
sndpoints, The tse of “about” or "approximately” in connection with a range applies 1o both
ends of the range. Thus, *about 20 o 30" is mtended to cover "ahoud 20 fo abowd 307, inclusive
of at least the spacticd sndpoints,

(0041} The disclosurss of all articles and references, including patent applications and
publications, are incomporated by refersnice for all purposes. The temm "congisting essentially off
o describe 3 combination shall include the slements, ingredients, components or steps
identified, and such othey elements ingredients, components or steps that do not materdally
affect the hasie and novel characisristics of the combination, The use of the tewns "comprising”
or “including” to describe combinations of sloments, ingredients, componants o steps herel
also contemplates embodimsnts thal consist ossentially of the slemerntds, ingredients,
components or steps. By use of the term “may” herein, 1t s intended that any described
altributes that “may” be included are oplional.,

(00421 Plural slements, ingredismts, components or steps can be provided by a sihgle
inegrated element, ingredient, component of step. Alternatively, a single integrated slement,
mgredient, componet ov step wiight be divided into separate plural elements, ingradients,
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components or steps. The disclosurs of "s8" or "one’ to describe an slement, ingradient,
component o step is not intended to foreclose additional elements, ngredisnts, componanis or

steps.
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CLAIMS
1} An arficle compeising:

a  acepanstion unit 20 including a fiuld permeatde separator 26 for
saparating a solid from & fluld present in a fluidic solid dispsrsion, the
separation unit 20 having an interfacs component 22 for attachiment fo 8 wall
& of & processing vessel 2 in a mannar so that the interface component 20
genarally integrates with the wall & forming a substantially contiguous wall
surface and

L. acleaning machanism 50 that is in fluld communication with the
saparation unit 20 and that is adapted to extract the fluid that s separated
frarm the fluidic solid dispersion from the processing vessel, and to

peviodically andfor condinuously agitating the salids on the surface of the

separation unit 20 o that the fiudd can pass through the separator,
2] The article of claim 1, wherein the processing vessel is adapted for processing at
inast ane soiid material,
3} The article of any of olaims 1 through 2, wherein the solids accumuiated on a surface
of the separation unit are dislodged, loosenad, or both,
4) The article of any of claimg 1 through 3, whargin the separation unit 20 is generally
planar-and generally conliguous with the wall,
8} The asticle of any of clalmis 1 through 4, wherein the separation unit includes a
forward porous profective surface 84,
&} The article according © any of the preceding claims, wharain the forward porous

protective surface 24 is Hlexible so that the forward porous protective surfsoe flexes diring

oleaning.
7} The article according o any of the preceding clalms, whersin the cleaning
mechanism 50 is external of the vessel 2 and the deaning mechanism 50 is lscated adiacent to

the separation unit 20 and &t a ooation further from the processing vessel than the separation

ynit,
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8} The artigle aocording o any of the preceding clalms, wherain the clpaning
mechanism includes: a compressed gas souwres having an oullet connectad with a valve B4

through which the compressed fitdd s emited,

8} The article according to any of the precading claims, wherein the cleaning
mechanism includes a condidt 80 with atirst e 82, 3 second ond 88, and al lzast one exhaust
port 84,

H The article of claim %, wherein the first end couples with the separation unil and the

secantd end is couplad with the camprasssd air souree,

e

1) The article acoording o any of the praceding claims, wherein the fluld permeable
eparator s part of ap interface component and is sandwiched betwean a forward porous

s

sy

protective swrface and an optional rear suppart,

12} The articls of olabn 11, wherain the torward poraus profective syrface includes a

chamiered and/or radivsed surdacs.

13 The article sccerding 1 any of the preceding daims, wheren the procsssing vesssl

fs an agitated media mil,

144 A procsss of producing @ battery electrode material using a vesss! including the
article according 1o any of the precading olaims, wheradn the processing vessel s vemted on g
frequsncy of more than one time per minute, preferably about B times per minute, or mats
oreferably about 15 times per minute sa that loosened andfor removed solids are reintroduced

into g pmcessmg region of the processing vessel,
15} The process of olaim 14, including & step of maintaining & substantially consiant
stolchicmetrio ratio throughout the processing and also removing unwanted processing by-

products,

18} A methad compriging:
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a. mixing a plurality of solid stale padiculated reaction ingradients under
congditions in which reactions may cccur, undesired by-products may Toras,
of both and
b, venting & solid state procassing vessse! through a separation unif that is
cortiguous with a wall of the processing vessel so that a constan
stofchiometrin ratio of the plurality of solid state particuiated reactio
ingrecients iz mainiained, and undesirad by-products ams removed.

17} The mathod of olaim 16, wherein venting includes separating the Huig throtgh a fluid

parmneable separator posttioned in a separation unit.

18} The methed according o any of the praceding olaims, wherein the fluid permeabls
sgparaior is pariodically vleared of the plurality of solid stale panicuisted reaction ingredients.

18} The method according to any of the proceding claime, wherein the fluld permeable
separater 18 actively cleared using a cleaning roechanism so that an inert environment is

maintained by remaoving any unwanted pracassing byproducts.

20) The method accarding 1o any of the precsding claims, wherein the step of clearing
the separater includes applying a forpe to the separatice unit fo agitale salids accumidatad

theraor,

213 The mgthod scoording o any of the precading claims, wheraln venting the solid state
processing vessel includes a step of praventing the formation of any substantial parich
agglomeratas by periodically applying a {ores (o the separation unit.

22) The method according to any of the preceding claims, wherain the plurality of solid
state parliculated rsaction ingredients ars batlery electode pracursors,

23} The methed aceording 0 any of the preceding claims, wherain the plurality of solid
state parficuiated reactant ingredierts are cathode materiale including ingrethants for craating g
lithiur metal phosphate cathode material,
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243 The method according to any of the preceding claims, whersin a substantisl portion

of the undesired by-praduets removed ars water,

25} The mathod accarding to any of the preceding claims, whersin mixing includes an

agitaled media miner.

243 The method according to any of the preceding claims, whersin mixing step includes

agitating a milling media.

27 The method of any of the precading clains, whersin the processing vesselis purged

with @ vanting flaid duwring operation.

28} Using the articls of any of olaims 1 through 18 o perform the steps of any of clalms

15 through 27,
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