LOW OFF- GASSI NG POLYURETHANES RELATED APPLI CATI ONS
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2005, the entire teachings of which are incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON
El ectroni ¢ conponent nmanufacturing and processing

i ncreasingly requires that f ' step

per | SFRARATIQN mgwﬁg\ﬁ@wm 9&@5&%@1\48
feature sizes all® COYIFON EBO RN Hath

requi renents. The presence of various types of
CORkRGEdEplRationsch as silicon-containi ng species

(e.g., siloxanes such as hexanethyl disiloxane

( HWD8Y) This bppdinadn isa baniandiongurpart aSU.S. Patent Application Serial No.
hexanet hyl di si |l azane (HMDS); sil anols), nol ecul ar

or §@BY&S851( fled.on Muyrcir 26 a003%ons, hal ogenat ed

hydr ocar bons, phthal ates, butyl ated hydroxyt ol uene,
chlorines), volatile bases (e.g., amoni a, am des,

am nes), and vol BACKGROUND QBETHE MXENAYANogen

hal i des, sulfuric acid, sulfonic acid, carboxylic

acids), adversely affect the ability of manufacturers

t o1lpr odbick! @f ‘Ebe¢ Inypmtéonconponents with desired

performance characteristics. SUMMARY OF THE | NVENTI ON
Enbodi ments of the invention are directed to novel |ow

of 10043k Ehenigvensioy trlasesanarethqdol previding GHiahian pf ¢optapygants from
invention, a |low of f-gassing pol yurethane conprises a
pobipgesstshieaves. snpmpther especinisdantipy eglays t9eq mgthod for providing
essentially free of siliconcontaining contam nant. The
polfipwr disthhvtonsefberoeass strepmns ineprpesanuditor I yethinothce gsneet. this
emt one or nore silicon-containing contamnants at a

r aimye@ngroddes diltr0iod 00 flowdisgihutipmonitedin whitecongiysantly cetalyzing
is subjected to a tenperature of about 500C for

abouled§ oriengt@®nad alenst patinllys piveavie cangdfoe wouvest ceThim Fhgmical
gassi ng pol yurethane may al so conpri se carbon bl ack.

L owpenfet -withirs tha praessysreanhdnerst @amohet hspeelc they inyentiongelates to a
emtting contam nants at a | ow enough | evel for the

PO methodtahd nssmbly fheutilizag at teastrone relilvlarsobid mafepial in a component
el ectronics manufacturing wthout detrinentally

I mp@atdtiog uhit @ sppadiietone f niokkeprocess streams into one or more component

process streams having desired compositions.

2. Description Of Related Art

[0003] Contaminants in process streams can be deleterious to processes and also to
process units. Contaminants can damage process units, potentially resulting in an
environmental or safety incident. Contaminants can also damage processes by
decreasing efficiencies within processes, stopping production, affecting the
specifications of products, or the like. Contaminants can be found in all types of

process streams, such as feed streams, discharge streams, or effluent streams.
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manuf act ured conponent or other portions of the
process. In particular, |ow offgassing nay be directed
wao eoopdetercul ar applicati ons such as conventi onBECT/US2006/019854
l'i thography and/or liquid imersion |ithography.
Anot her enbodi nment of the invention is directed to a
potting material conprising any of the polyurethane
su h
; E§}ltjér%¥n§ﬁts I%ﬁf?’ gf;féét? ﬁrg?&g r}gﬂeg ongrovcvgésqnn He]s‘ﬁlclggie %et%tg{r? Qﬂﬁctors,
po rial e d n
o PR, el o 350 wBlRR BBl bbb hottrs,
f||t r fra i d the potting material. The potting
PR a?}ak%gg'the filter unit to the filter
nenbrane. Testing of comon pol yet hyl ene based potting

CoMROAEh L PRLEP SOt BRI b e o
gr &%}@}?%ﬁ{n char glt ?prv!rasr’ Cilhhaz&lte%a%v gsiér)?gésjsts %%?a%n}ﬁ the unit

urers. nee

pr odu terlm
C h g}ag gl,rfug?l?}y ,lge O1p 6}}6 cggt T ?u]jﬁ orb :;d%:eu xgerrnag ?ﬁﬁe umgto the center
u%&t turing environnments. In partlcular, | ow
ing of silicon-containing species and
contaninants is especially desired in applications

P AR e
en ro EF DESCRI PTI
F o PGS TGicls BORERI Sb g%Png%fe&r Gl SHaRR) S iy
of th ti t fromth
mwgryﬁeﬁi%z‘?ﬂﬁt {PPRBE CPRBEIBN oF PR TR b Gl @Eﬁt bed
f t | ustrated t h
dr SUnGEERT G HoRE: @R cPaHa %eﬁgmgielé‘é?g%g“%?‘&iﬁessomped
the sane parts throughout t dj fferent Vi ewns.
i SO HGS2 BT 0 AT e BESHEF F{PEeg: SESPES SGATiSH dhe Brocess unit
i nstead being placed upon illustr % g the @r|n0|ples
of Tifgsacsuifingrt pisHtug K‘iemi‘t)ﬂ\rec?@bffi%‘f’%oé YPRETE Y spensi ng
syst em usi ng a punp netering systen1for producing | ow

OB S e P e e et s v

dIS enser unit for use with the di spens
Sy §'1F1Jtél1¥§ bed process umrts are often supplementh wit c<¥nvent§o%al re%enlgon material

beds that are somewhat less resistant to clogging. These conventional retention
material beds are typically located at the inlet to the process unit. In the case of
catalyst bed process units, the conventional retention material beds are typically inert
to the reactions in the catalyst bed. These conventional retention material beds can be
20 somewhat effective in trapping or filtering all or some contaminants such as dirt, iron
oxide, iron sulfide, asphaltenes, coke fines, catalyst fines, salts, acidic impurities,
sediments or other entrained foreign particulate material in the process stream

entering, within or leaving the process unit. The trapping of the contaminants is to
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of FIG IA in accord with an enbodi ment of the
invention. FIG 1C depicts a cross sectional view of a

wale@posmshbl e m x head for use with the di spensePCTIIB100¢619854
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FIG IB, in accord with an enbodi nent of the
invention. FIG 2 presents a schematic of an apparatus
used to detect the off-gassing of filter units

| ”;grlex‘r!%it ﬂg%l ‘sﬂaﬁﬂé’ H%e%gﬁ ﬁh&gclé’%giriﬁ?lléﬁ HBJ%&m t&rétﬂ%{ﬁg% ri)ggmng the

nven I on

550 8 AP e%a%g%é%e% gy o
200
ggllg/élﬁ E talile'll’ride OfltC veml.qona[ cetr%rreuc a{?eé'@ S. 1% the ﬁ

det ec ba I nts,a h of t
rrShe Wgalﬁm%ﬁs Selstan %agshg%l q%&%ﬁ%\ﬂf%sﬁor high
of f aSS|n fro a E3000,filter unit a 4 h

oxBiBSHPS + §B0pseyFARNe P“@s?é‘?ﬁ‘?f’%l’?%?e‘@ﬁ Ghen Gt e frgtewhat
det ect.i on confL ured to detect hjgh boil )
pr& HY%m&re@/P%%t PIPFfSS Wi §@P8ﬁlﬂg Flggged: %@W@E‘&namwnﬂon
anal ysi s of desorption of species froma sanple of a

c oRfETRl bsy tyera%\ieﬁ gysoaly psreme¢logsd: used as a potting
naterlal when subjected to a tenperature of about 5Q0C

r t 30, m nutes, the ction, cq dto

e Miker GRmgFRtisER! rs?gtlowe;engqﬁﬁ%%w&o i iﬂﬂg Hiyy apfpution of
en1SS|on froma, G£7NB col umm n | ysi downst r eam
of §1e PESEFFrepoh & dirpqticn rpeuoﬁp 1oyfer fo; t?? ﬁ{jj‘WaOf the process stream
comercjally avail abl e_pol yet hyl ene potting materi al
af 45Eqss She protess vt Sush behavi d\flﬁé@ﬂéﬁﬁfﬁi@o #Fen %Smsrpendwular
results shown in Table 1, the detection configured to
delles fistibgHos oy Arexampledn ag upfles erdawnr iy P1gPespHalt: de process
the GO/ M5 colum anal yses of desorption of species
f r Oierm e issn dfe axdiphdizpetionlang thererpeadicelanfow Sistiiutipreés in the
used as a potting material when subjected to a
t enapiel diragien. of about 5C0C for about 30 ninutes. FIG 7
presents four additional graphs of the GO Ms col um
anal ses of desorption of species fromadditiona
s alfp98 sTapicrepserhe eﬁﬁ giepsy %fmnr!%%a pepRtonatRnd bedis grpduated
as a potting material when subjected to a tenperature
of laggse of thsgomateripls Epbiierenirises and ggpes algmeqyitigperfiradeddise, or

a graph of the em ssion froma GO M5 col utm anal ysis
of screen baskets, have been used to retard the process unit from becoming clogged with

% > g, saddles

contaminants such as dirt, iron oxide, iron sulfide, asphaltenes, coke fines, catalyst

fines, sediments, or other entrained foreign particulate material.

[0009] Conventional retention material beds exposed to contaminants at the inlet to a
process unit will eventually become clogged with contaminants. As this happens, the
pressure drop across the process unit rises, resulting in the eventual shutdown of the
unit. When this happens in catalyst bed process units, it is typical that part of the

catalyst bed itself becomes somewhat or completely clogged with contaminants.
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downstream of f-gassing froma filter unit utilizing a
comerci ally avail abl e pol yet hyl ene potting materi al,
wo b@edeteect i on configured to detect high boil ePCT/UFI0G/019854
8B presents a graph of the em ssion froma GO M5
col um anal ysis of downstream off-gassing froma
filter unit utilizing sanple SI as a potting material,
the detection configured to detect high boilers.
DETAfterEyciDESwRp PIr | cBNheproreiEs vy Ekinuakg Eab catiavehtod thé clogged
the invention utilize a | ow of f-gassi ng pol yuret hane
corprtian efgthe cpoteptionat tedanéion natriahtae vwatldis dlskdelogged potimn of the
is essentially free of siliconcontaining contani nants
or ®dysi bsl, isSeqiiredi | i con- cont ai ni ng speci es or
contam nants include siloxanes such as hexanet hyl
di si | oxane (HVDSO and hexanet hyl cycl otri si | oxane;
si | [A0Y In additierstoj deggingdyydoniaminants|in diel pagressagtigam, polymerization
trimethyl silane (TM5); silazanes such as
Shexdipetymelr giesisers.ang, {ibIkDS) fousd lirathe psicesastieand fied tmegalyst bed
In addition, the polyurethane substrate may al so
pogsesss umis oRy -alpesOuhguof oo phigrsuclo ptapismanitss mugdnticatar, two
al i phati c hydrocarbons; BHT; chl orobenzene, other
subs¢dhtnitres of pdlynresinditn] fraé eigh eohneyizgioh haldadoadersatn-type
as DOP, DEP, and DBP; and vol atile acids and bases.
Ad diolyrnvezaiore nag \cawse rpaksit bed fodinge gurmaing dr phiggigi The addition
added to the pol yurethane polynmer to inpart desired
pr affentiodantstto chittrdd fey thdehhsotamerAetiit hae ®8eri foGhdmghefudWhere the
are not limted to | eveling agents, foam ng agents,
10antgréoekd ardam, haR0@BEtdrEdbxy gl Ul Gin@en@ition Oyt yridrizhtidVb Odiolefins
viscosity, plasticizers, flane retardants, pignments,

fi lthsiEdly deelirs RHERARSENRIbabdd Bed RW4Ed. OTherc¥bre 2GHEHrinp Y8or to the
is selected based upon its | ow offgassing of silicon

SPafbREs QfeafmOdi@AzNBO tfalySRYBH PrdcOR Bt Bhy NONRtHYIIOD remove
siliconcontaining species in an additive is desirable

t 0 {REs0 QishiPas RV HrherBatS REcHRA YehERIDBRE pRbe fhfe unit.
invention. In particular, the | ow of f-gassing

pol yur et hanes are characterized by particular | ow

of flo@Es 3i RohipkEY &sirableCto, halvh Qete@fbaCiastedd1D EHAE Hb At st clog with
particul ar undesired species or contam nants rel ative

15t 0 RhiafinaRR! MIFRFTiSIIREL hitf Sffed®ivelp Ofilyddl RhBAAM@nts from the process
formul ati ons. The | ow of f-gassing characteristics of

t heupah Yy BHEdiNRN8e1&ELto the percent of contaminants removed by such materials

from the process stream, as well as, to the range of sizes of contaminants that can be

removed by such materials. Effectiveness relates to the extent that such materials do

not impede the flow of the decontaminated process stream through the retention

20  materials. Such materials would desirably remove virtually all contaminants within a

broad range of sizes from the process stream, while not causing an unacceptable

pressure drop increase across the process umit. It is also highly desirable to have

retention materials that promote perpendicular flow distribution. The method of the
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particul arly advant ageous when the pol yurethane is

utilized in applications requiringextrenely | ow
wa@oemwbAazionat i on | evel s, such as |ithography andP@r/lig§2006/019854

el ectroni cs manufacturing processes. One particul ar

application is in the area of potting materials.

Potting materials act as a sealant to fill gaps or

adhere two or npre pieces together, and are used in

semssertyBvetioasioss fidpden pathiflove dismter Jon praspsscetreams.c when

equi pment nmanuf acturing. For exanple, in the

pr GEWRYEG Vish mreviewsly wEeRosed priot |aBapiethgdy akass thenadvantages of

el ectronic device production environnents, potting

matPeqviding highbhefgisiepbhydehiily eaffsciived(iliasing 1of sohtamientar mcreasing

typically used as an adhesive to bind the filter

me ik Hfseandoachivity ofi qataliysfsi int etalyst drd pr@esscenitsptiedrenging catalyst

materials are often conposed of an organi cbased

5s uBessesatwhancihf pyebst pgectifvitios, gasreasmgaheughpueprogpevitgsallowing

resident in and on the substrate presents a ngjor

soudercibe optinzati@andih@abeasn unih cedfizotationi impravamputha pempendigilar flow

Thus, |low off-gassing potting naterials are able to

ac distribusieabpocesn direnmsadioast wethin pro&dse aiiitsand @liminating the need

appl i cations w thout producing contam nants that are

detts talveploadsstuité bEf-1@8 when BomBhisonhNrewhtiGhmbidayl R€have clogged

exposed. In another particular application, the

EeMes fHeHRind HeA pessuré @ttipthckd¥iahisd 1R kisdRAMAEIIYtable lldvkls. These

drives the need for environnents that are relatively

10f 1 @enefits RAT tdsGl liRbothOfHpaM dhdMpsratibs lodt RYAhME Seduced downtimes,
performng lithography in a liquid environnent where
t hendrdae@predess @lit gtorRinc@hnd B8erldb@plobess Sni@bFRithls tihkan
one (e.g., for water n=1.44 at 193ﬂ%n). LILI%il s
potentially enables greater resolution of feature
Si 76 2pWdalaesies lof dopiditiolal taeition mdfterlaBb@Rrard @At e are neither
sizes. The high transm ssion of |iquids such as water,
hopenielarl @85@ent andt Rllicuil Ustfectife a8 YilANt @¥hRaAbndl Gretention
dom nat e absorbance of the radiation. Decreasing the

| evekeriaf bead RfcFhidaln} SificRANA Gdradving sl GRRANEARLsAtdM BE process
species, is extrenely inportant it LIL is to attain

15 CORRRICHoRh 1HbiERGRiod DRtme. The SONBMRARIID RS aff tyh#2&lly those
i nvention, |ow off-gassing substrates em t

CORbAA50 it fond tand 1!11?«‘3’1@ | TRCEERLAMHS EOREENRLAN detehtion material
More specifically, tTor exanple, manufacturers of

el g6dsr QLR ARVICEIntufIObE S r&ﬁ%%ﬁ%n@@ﬁ%@%ﬁ%H&gﬁtgminated

condensabl e organic | evel bel ow about O.

MO fo s egtl_%ltlﬁlb li¥oRg Q¥ BRIt haB BB maftfialBelis and leads to

keepi ng silicon-containing species
unacceptable increase in process unit pressure drop. Furthermore, conventional

20  retention material beds appear to trap contaminants within about the top six to twelve
inches of depth. Deeper beds of conventional retention materials do not increase the
trapping capacity of these materials. Therefore, the art has sought filtration methods
that remove particulate contaminants smaller than 50 microns, that filter particulate
contaminants while allowing the free flow of decontaminated process streams with no
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bel ow about 0.1 ng/n8, and individual amunts of
particul ar phthalates (e.g., dioctyl phthalate (DOP),

waledatiyie7pht hal ate (DBP), diethyl phthal ate (De®§/PsS2006/019854
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but yl at ed hydr oxyt ol uene (BHT), and chl ori ne organics
bel ow about 0.2 ng/nB is of great inportance.
Furthernore,, keeping volatile bases bel ow about 0.2

ng/ 8, . pr.ef erabl ybel oy about (.07 ,_and.volatile
RSB e PEFET WSk IPIr Bt Gt Tovert SRS papacty tha
abqut 0.03 ng/nB is also inportant. In one enbodi nent,
t henFRASGUY St Prariertheegaudless qtdeddentin about 0. 0001 my of

one or nore silicon-containing species or contaninants

per_gram.of pol yurethane per minute (ngl m when |

P 0BT PiPe it foSoooulitcviinh g Gow Gttt desiens
500C for about 30 m.nutes. These quantit.ies, of .
of f20g 55?&03@ THf9oa5 URfistdhieH M Rq%h &lsafé%la%wtgw thg Brogess unit.
that anal yze the species or contam nants using GG M5

as (dessins Peathpefwiing sygheassfhat coised SrtRerifupg egidamipants or the
i nclude, but are not limted to, those particular_ .

s p@Eqdugts @b yrdesheliphuneization rraghnns ey adseratseraHdistripyidon. The
pol yur et hane rel eases | ess than about 0.00 18 .

g /mepdipiRutRRrmastiesilicin shaeglipg and ¢wrpprandingbypassing 96 gertions of
500C for about 30 mnutes. In other enbodinents of the
i nvlemprpenss ueihgedyetiguindheelficicney efaepatamieant rampyal apdaeduction in
0.0001 ng/gm m n of one or nore | ow nol ecul ar wei ght

al ivphefficgersy.dridwalih enmalfisbitetion @roblwsi dghelse evidenchdby so-called
tetradecane) and/or phthal ates when exposed to a

t ergrepeadtue dob$potsh Guth BGGEot gan, dbioexamBR, leadtat insreased coking and
anot her enbodi nent, the pol yurethane rel eases | ess

t haedvabbadtivly 006 lysy beghpnocess anitor Bémdes emddistibrioaxpaddeds and
to a tenperature of about 500C for about 30 m nutes.

I n cpking,i thelli@reafoin plesse dnop adaynents catalfyt-lgeskdowg as a result of
typically occurs at a pressure that is substantially
amatigition. Theeeforeathe uit han owehtid ppberdiculdrifloyv digihibités method that
enbodi nent, the poryurethane further conprises carbon

bl aedy. didtHButp Ghey prioedsk atfeans wisd LAfamIRWikinSihe peodessanifit] provide
Carbon black is used to elimnate the discoloration of
agedidxal ilefihh N &ohtaimiditts B&RBE @hdbediitEncet BE hhots, minimize
typically used as an antioxidant to prevent yell ow ng

of chlaBstaiBiEbl, ah@redtedt @i dYaael biRyidairs@pdliheiAtén whéttons.
the substrate to hel p enhance the | ow of f-gassing
properties of the pol yurethane. Foam ng of the

SUlBEIMRUS. IPatepsNoe 6268,960 hik6,29M60%, both gieihydlr 2¢ hrborated by
required for a particular application, thereby

decsferadcanih ek entidtiess Astribe Sicited ceramic materials that are used to

filter and distribute organic feed streams in a chemical reactor. A need exists for
filtering and flow distribution capabilities for other types of process streams besides

organic-based streams and for other types of process units besides chemical reactors.

[0015] It is desirable for the filtering and flow distribution methods for all process

streams and all process units to increase the filtering efficiency and effectiveness of
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pol yur et hane has a density of about 1.4 g/cnB8, while
t he foanmed pol yurethane' s density is about 0.15

w@Lr@aB276Foani ng may al so inpart. particul ar mecPemUSzN06/019854
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properties to the pol yurethane (e.g., |ower density)
that may be advantageous in particul ar applications.
The pol yuret hane substrates utilized with enbodi nents
of the.invention are formed by reacting a .
di TR &SQZ@: t0 NRFQVEy PRAZIIGPLS| Iromoprocess s§pams: ip efrpprove
t he pol yurethane The reactiqn is exothermc and quite
r agi® ,en%aﬂtﬂ &lon gistrbutien, GyithifyPreresuudys, tohdays indham length
material] may be handled in about five mnutes. Foam ng
mayfelsEmineh P fastprs athemihap pssEsdrep dncrqape fie prpinyize pigspure drops
water is incorporated with the polyol. Water reacting
Wi tARI0Fh ePTagesS ordpameand  @pdatoe gnaximighi pwcesAd sefabbomd minimize
di oxide, the latter acting to formthe material. The
anmenBrqnawatal  @prchmp urarisiag ifwory eatalyy thodf ehemeling and  flow
substituted urea, which again reacts with isocyanate
t o migdisribyionntegiperaiubrdivit-spald andipteegsomitbshutdetwns afthsisf-upsy
addi ng excess diisocyanate, one can control the
formation of this side product, which tends to harden
t hd0J6l \ramponent ispaatignduriis care asweeifie tyreosfs pragkisnepit that have
Alternatively, a fluorocarbon is mxed with the
r ededidianally bppreused on kberatopies dilotadarty andhedustriad tfacdlities to separate
causes the fluorocarbon to vaporize and act as a
bl dwicaty siigems inte compahatteprodees fteeams bhing depined campasions. With
be used with the reactants to control or regulate
f oaggangto haywcafipengats sipmgtigo yitr 2t praces sacam'achi efedtoby feed
renmoval of particular additives that are typically and
ubisgeant, ashponenicoo@ss steedsianhrefehe predict stosants fkémintle: wdt and
control particular properties of the end pol yurethane
pr Gphests” daorrefex aorphdiyideal Higohieor ©dpos iphhseo Rvittimtthd Bhilg During
species are incorporated in small anounts in urethane
S ubshpateessepdtar agghastinsviag iHMRSOratien uid hiphast Mbiilg in the
fumed silica to control the viscosity of the reaction
m X)?pb’s'ﬁe dAectiog|ake caitddtetionidls ofy Encld &dthirD thal dodwpohett separation
surface

unit to effectuate mass transfer at the interface between the phases. Component

separation is accomplished as a result of this mass transfer. As a result of the mass
transfer, one or more process streams are separated to form one or more component
process streams each having desired compositions. Typically, a plurality of trays
and/or packing elements are positioned within the unit to facilitate contact between
the phases and mass transfer between the phases. The trays are typically stacked
horizontally with respect to one another, while the packing elements are randomly
loaded or formed into a structured shape. Randomly loaded packing elements
generally do not have any specified orientation relative to one another, while
structured elements have a specific overall shape and relative orientation.
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| eveling of the formed substrate, to act as an
anti foam ng agent, and to inproveconsistency of the

waastiemres cell structure upon foam ng. Thus, PCT/US2006/019854
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elimnating the presence of these conponents in the

pol yuret hane fornul ation allows the substrate to

achieve the | ow of f-gassing characteristics that are

degipf-Ad of DS SEligSulls @080 61 ks, distillati

na@Bm g’r(agﬂg s%icl nt roglg utc% |Lﬁc$loupgllyﬁlr e({’] hfgineka fe, distillation

fo | a8 er y ., L - '

or B AnkESer AR e A PRAR (bR, Bhd AR hereot

mapuf.act urers i.nclude BHT in thejr | yur et hane . s

F oP RETSEH GRS abEs SeBie a8l bR b8 ifhces i voiting

di scol orati on.and vel.l owi ng of .t he terjal wWth.. . .

aghis Of esPRid drsebit BAAossn israe R iyl Disillation units
l.ati.on can_.he te this

f | |1 eyi t het i lity .
t oERAS o e R CHEHS o TpspRPEy LTy, s Einous units,

F OfRITSES GG oo VAT PR BAPSIEEN Gl RRer: Tt HoR, oxtactve
gl ass-transition tenperature of the lymeric, . . )
subsiliagion uitc (geQToRy iilpen iupysaoﬁl?qo RSCHiSR ptilation units.
O her additjves that may adversely affect off-gassin

pr OHERTeEd GURHEE 3¢ SARNAGTRE FPER L WER YRS FoA dinid r&i@%ﬁ are
conpounds), pignents (organic_additiye%¥ and ot her__ .

f i ¢qéscied anﬁu%,sn%%eu?%m spyptiomis aohipgeit besed (rmy the Adfinity of
pol yur et hane substrate fornmed froma fornul ati on that

| scauepoaents i1 Pye phase tofthes pompanante dhthe pfheigphase c iFas exargple, 2
contam nants. Qther enbodi ments involve pol yurethane

f opIeAsa stregmsconfastingeampesednAiaad Bymay edersfictpy paif at one position
non-silicon-containing species (e.g., BHT, phthal ates,
anahidd enntlen |prespescitissmsepnirinag Ry etehtha smérad apofhert pasition.
aci ds and bases as discussed herein). This can be
acOheviitieds\streampisitymicadly Lighidrhilgttherether can be liquid or vapor. Now
silicone-containing species that can produce off-gas

c oxssams rvamipsnednt dinlmd da twnchsgreftert afinety afbmi comrpongntt NC t then for
pol yur et hane pol ynmer, as di scussed above. It is not
neceg®acy A.0 Intenoy eosthdtingarfehs prec stemntshata properkyt ddsligped and
retai ned by pol yurethane and woul d not off-gas, such
asopeodtgdreogadtiay i mgt stilli eate inmeiating one Tivedysa rstrean | @ntaining
nature of Rand R in the reactants or forned

potomifoath af ewshl las tssaitially mescangiondrit B tant he ssoop eprafuct kiecam
i nvention. Thus, specific polyurethanes that are

f ofoifnihg eopopaiC fY dsentisityealldificsmpyrrncB e Comhrrca] 4scdf such
the 2,6 isoner), isophorone diisocyanate,

di phenyigetdtadited by thelidiffiadyastadiRctly sgpatakiag @neorh, £ versus of

separating B from C. In this example the first product stream would be termed the
desorbant and the second product stream would be termed the adsorbant. Specific
examples of adsorber umits include continuous adsorbers, temperature swing
adsorbers, pressure swing adsorbers, purge/concentration swing adsorbers and

parametric pumping. Extractors are contacting units in which immiscible liquid
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di i socyanat e, hexanet hyl ene diisocyanate, or bl ends
thereof. Diols of various types nmay al so be used,

w0 p@baetieny pol yet hers and pol yesters. As wel |, PET/US2006/019854
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conbi nation of polyol (having two or nore hydroxide

groups) and i socyanate can also be used to formthe

pol yur et hane. | ndeed, the range of pol yurethane

; , . ) . . ’

R 00U ShBEBRSE sl BBl f Rl paring
desi ) . te. i .

F ofeet 4t PP 3Ry R A E SRR REY i e RS B SR ek ol be

ion~or* conpleted .
o s PR AR, SR o B P an e pioion
of VI A08R R F71B DT o E eSS ABPHGE I r ey agpeti
gassi.n IpoI gur eiha e is achieved through a f'avi t1¥1 holi
01 BEERSPRGOBPLEL L ASREY SCROUOE CaTR) SRS Bl o torpholine

depicted in FIG | A which uses ar. tering..
Eati CBripdeRecyre qffaese meavﬁcgﬁe [I%lﬁﬁsen})e&ﬂgﬂn &% ?g%lﬁ? of the
110, 120 and gravity fed into the nmeteri ng system 140.
ThEogy4s erpcich %‘W’d@@ hydepcihon SFPURS e SBras eontafpige fhe mass
standard drum punp. Gravity feeding avojds the use of |
pumgratnmaegqanEpméoneab?qpera o1 ViR gan pdso ingluding @pe of catalytic
contam nants. Gear pu netering, as opposed to piston
mematerizlg to ifasilifate |dpsived chemisalntep@iong [pihefompprent separation unit.
reactants, again eIininathq the need of potentially
c oBxaanmilesanfi sugh inglydf eepative. digiillagem anits aidyextractiyg distiflatépn units.
systemmay al so be utilized. The conponents are o
dyBeavipdes| ofycomivengignal it ifesqabnesed toackhievie3or erligree separation in
contains a di sposable m x head 135, as depicted in
Fl GSuponBitanaphrdtOn yidts Staduds, ifor axhepler beys, sandembnpagked Hags or
di sposable m x head 135 in FIG 1C, the flow
i ntaddles)ptriretgred padkoighaeisg 188heps oonmlithsngauresgnd thetlike, collectors,
i socyanate and pol yol reactants. Low of f-gassing
p odtiytibetbtsadeencamers wall wiped, suppat gridsiaed hafl doviplates.
enbodi nents of the invention. In one enbodinment, a
potting material conprises a | ow of f-gassing
pol0Pi8]einsidn & conpretseprration uhit sthgre & repdatedpniingale eatitashbetween
conposi tions described herein. Another enbodi nent of
t htheirisingrphaserend shedfallimg tpbaset This dontatieis faniliteted byrphei teaym gnd/or
a filter menbrane; a filter frame (e.g., constructed
of pakingi mateyialsan#ach pedtivhnef mayseoi alepihs efl packing tzatdrial may
the filter nenbrane to the filter frame. Though filter
f r sppesximmiylyt ygpresalt] y nuedber of o“thdoestipalostagesT af separafion. The
filters, other enbodi nents may

component separation unit internals are designed and positioned within the

component separation unit to produce the appropriate number of "theoretical stages"

that will achieve the desired separation.

[0019] In distillation units the repeated contact between the phases ultimately results

in a vapor phase consisting of higher volatility, lower boiling point species and a
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utilize a filter housing in place of the franme in
whi ch the housing can be adapted for various types of

wo baed2Brr eans (liquid or gas). The potting naP€r/iU81006/019854
conprises a | ow of f-gassi ng pol yurethane consi stent
with any of the pol yurethane conpositions described
herein. The | ow of f-gassi ng pol yuret hane substrate

limits of f-gassing of ) . such . .
i B bt SPRNNPR G I KRR GO Ry W T mass

hel p keep el ectroni ¢ manufact.urin nviro nts cl ean.

O WEELo6 RBBEPHBHES oYV UL GACo PP V{ep U fparing PO bf the
pol yur et hane substrate enboding&ks descri bed _ herein %n.ﬂl
ot $repies ppthe PArsedn SPesire VIS loWer bering PeRisetRe S0t GOPPoepts Wi
silicon-containing contam nation, Experinents were :
pehigbernadlingnpeinis ufather U grsttionnef thgtQwejof @ore phases of desired
comercially avail able and newy synthesized, to test

5t heampositiongaswiriien ofdhacverqri Bhase ds tymiealkyi Feceyessth ag Ppeypper
of tests were carried out on the various potting
matenpeaks prawst sreams encafhe remabing Pedioatis gepggnsed and passed as a
at nospheric pressure. One set of tests were conducted,
t oredlak grhasentack Hatoath$ -diptillationgundf fos denther midsp tiepsiern| Likewise, a
(herein "off-gassing filter test units") using the
appatiah ufth2 (iquid ipbawe i§ Tecdvie@d a8 a loner icpippenegiyoessheftgam, and the
210 carries essentially clean air. The input gas _
C O rehwiidking pétibs iscebuiled (g, tepotided) odtiplutnedde thechdillipfonppt for
by four parallel filter tunnels 230, 240, 250, 260,

10 eagiithep adedtrmisfen  am additions iodeiat nford taemponeittpre@ss stigamy ean be
280 in each of the filter tunnels 230, 240, 250, 260
MaYecBRerePaaadhodistlladseanit £ anp dcaiidn Hehvecepabditopfandg hetom of the
fromthe input conduit 210 to the output conduit 220.
Fogisanammlugit. t hree of the four val ves may be cl osed,
and the remaini ng opened, to test the off-gassing
characteristics of the filter unit 270 in the open
valjerzof il é@ipoheseparatiGasunits, dtist Highty désirable it elrievelatfici¢nt and
is controlled using the valve. Alternatively, nore
t hapst@pRctiviel seprationnmetiin niveyuiave ieblso highly degirdliie teachieve low
t hrough, the respective valve being adjusted to

15detpRdsBir® Brop Rthad the Thiownd MlotWEE TR Gpight équévalent toer theoretical plate
tunnel . Sanple ports 290 all ow downstream sanpli ng of
t h@odtdge ) nli@berCoha Ghit Wihddedgtee of bdphationimibieye @By the Thig may be
sanpled air is analyzed using a GO/ M5 to determ ne
t Ot akcta By by el f6RR Al RABint |Ewehtact bettvesmnthe ghases, the
concentragion (nmy/ nB) over various tinmes. The sanpler

an gy, fFotNF (B8 udta! the! Bmbiinttan® tyghe fof packitiy ittt tubedNthe temperature
configurations to capture two nol ecul ar wei ght

gr QuRiRGsurOht GARL3KE MaDls HRAISEnd thb|lifféredted bétivedn the boiling
detection arr angenent I s

20  points or other relevant separation characteristics of the species contained within the

phases. Separation may also be affected by, for example, the design of the trays, the

use of distributors in the unit to promote uniform distribution of phases across the

cross-sectional area of the unit, and the design of the packing materials.
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configured to detect species with nol ecul ar wei ghts
greater than about Cto C (around toluene); and the

wo oawehgicrer detection arrangenment i s confi gur ePICT/0S2006/019854
det ect species having a nol ecul ar wei ght |ess than
about Cto C The | ow boiler detection arrangenent
utilizes a carbo-trap as a sanpler, while the high

boj Er . A [ .
ar L0030 ARG AR mifpE, Qi G habishsepdidon it Helcon cither
high.or. 1.0 oilers aren,hein hasi durin
e BT yoMe 2 B B maR e FERAESL GG I groue tes
gy fen e kbt b SOVl EbigB st lrop or
potting material, about 0.2 re _exposed f.q.an. .
T S S SSEEiRaros0 ] ARSI BOE T4 Jigpbution which
Turbomatri x(tn) sanpler was_used collect an s

5 ooV IBan PRI SSIOE SHTRCY Mot S8 8IS LT AG UHER ethaye utilized
Desorbi ng of the secondary trap was conducted at .
30BBES o AlerS/spaskiae AR IalGF BERTe: fotd R9ns fRosaopign and fouling
secondary trap was performed using a Perkin-El mer .
GCeds havsp groxided ginefsipisat serarhplr abtifel S WhpPIY ot 3eRIE RABKING
32Q0C on a DB5 colum. The anmount of species captured _.
i staglyalesyi geve Wy tohtbe siswrienmest of dighlyhengireerselj suctured packing
sanpl ed and the tine of exposure for the potting )
mateehiciogy. THijcturdde pefkingr prajepialsr eagupiovids pyesiedi o piparation
of contam nants per gramof material sanpled per time

10 of emiwpty; npvavey: othe snufactiriag sefhpiryctiged packiy WEegiek requires
again adjusted to capture two nol ecul ar wei ght
gr sepbistigaedhachinetienengingerigp extiegise andibtidaghn plelly ordesign larger
detection arrangenent is configured to detect species
Wi trhitsneo lpexfedtian. Reitiginttbesg mederiels archgemeraliy more@xpensiye to fabricate
(around toluene); and the | ow boiler detection
ar aahggnienmoiesunitatviringimethr trotalletiectharspedine padking. rigyen though
nol ecul ar wei ght | ess than about Cto C. Using the
of thegassinog dosilyt, strudnned padképt matendli greofen figed ihiptpbe of random
boil er species, filter units froman E3000 node

151 i badkingUitcdusp ted peoatiieighex produdtion mat&ythireexisting moits dusdovbetter
Entegris Corporation, Chaska, MN) were tested. Flow
t hpeuahe tdis bind ks tdndel cwesteaipiivsoX Thatued \of ctmstingd t packing
at about 200 ftVmin. A graph representing the
COfa@aRARGWeviet] @iat ighhedllyDyecEUndadite piepised @t e kot Gubject to
3A. The graph 300 shows the relative abundance 310 of
a $NBGL RS cBAddidE dS@ichied BidkirpUik dfioré eXfRnS?d add iffidulteo install,
GC/ M5 adsorption colum. The tinme is also known as the

r ebRtsh G hideBr ploBskdsCWhat foflimNbi QBrdsidie Solilynddessitate more
correlated with a particul ar species. Tol uene or

20 heXRE&nBRBlacement is economically unattractive.

[0022] Accordingly, prior to the development of the present invention, there has been
no method and apparatus for separating process streams into component process
streams having desired compositions in a component separation unit which provides
the desirable characteristics and/or levels of: efficient separation at a low HETP value;
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is utilized as a standard for calibrating the GC M5
retention tines. The graph 300 shows the result of air

W@ 200pl127801 bet ween 0 to 4 hours after air has bRETUS2006/019854

5

10

15

20

flow ng through the off-gassing filter units test
apparatus. Integration of the signal yields a total
organi ¢ carbon output of about 54 ng/nB. After 24

ho . run tine, . the n tion _
Coﬁetrl%lr}’]%{ alﬁ¥v pressure dr?I?, regﬁm% |tt§: gﬁmng%né/ﬁg%&?s%o%’:}og faggi:atlon

s Ts st stgni ( _
o, P ERHEHSF PreTBRoRe Rl ThBoLACR R B FRRS ana
th tri ial f the filt by d [ .
1 BB AR o B S B o R h Pl e

desor bed species have .a total content of about 3, .. .
o FEATAIPR OF FERRTSE sHeag)s dAig JPEreHGPRIPORAPEPIORSSS SRR A1 stillation,
information froman off-gassing filter uynit test,

coﬁgﬁo foBgnfdQr gefrastion mhgq% 85| Bt cause Jplatiealio dpigg prgssyre drops;
filter unit utilizing the polyethylene potting

nafispipy morpfificiend seraration 2k & fyh HE TR nupbst: seayipy fessrpomplex and
after aperiod of 24 hours of off-gassing occurring in .

t heXIensiye fesign, fabricatiops mpiaklationy QH?@gloala@d maintenance, resists fouling
probabilistically matched with potential conpounds

f r ad ePTIQSOT, eandieckasity 1eplagedrapd ephilits eyeplldgwitved peréormance and
correspondi ng GC/ M5 graph. SEPARATI ON METHOD AND
ASBENBEIYIFOR PROCESS STREAMS | N COVPONENT SEPARATI ON

UNI TS Rel ated Applications [0001] This application is

a continuation-in-part of U S. Patent plication

Serial No. 10/ 396, 8SUMVMARY OFINEENRIOQX 2003,
BACKGROUND OF THE INVENTION 1. Field O, The, I nventjon

[ oB823! Inacqordpart (g the #vertiqny the niteReiS otdvRRiassF dhayg been
filtration of contam nants from process streans. |n_ .
andtiieed dygegh the prgsentimgshad oldfteriag ginaecepsostisae fop distifhyting a
providing flow distribution of process streans in )
pr Boesss Hispmswithin 3 @rocgsfotmib ané ol aecompliphing 9peor kot while
provides filtration or flow distribution or both while
c oprgErely qptadyging] dpsiradgeastiopse Yst anothsr prabedimeyy of ghe agvention is
| east partially renove and/or convert certain chem ca

S pEPREENGPROPTMOGPTPCFFCHISIMS TR ARA OF| TROTH EPMBPRFRHEPCess streams
aspect, this invention relates to a nethod and

ashatiig gesirod campdsitighiig agonineaent sepreation [unijjusing spricifigd forms of
material in a conponent separation unit to separate
oneellytar rolié nptagiebss SCELLRISHsWillnbeothe meme ruserb toeidewsifp direespecific

forms of cellular solid materials used in the present invention. CELLDIST materials
are three-dimensional cellular solids. Cellular solids are materials comprised of solid
components or materials and cells. (“Cells” and “pores” are, for the purpose of this
application, synonyms.) The solid material can be comprised of ceramics, metals,
polymers and mixtures thereof. The cells can be open or closed or a combination of
both. Open cells have windows into the cell said windows being of a size equal to or

less than the size of the cell itself. Open-cell materials have passages between the
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process streans having desired conpositions. 2.
Description O Related Art [0003] Contam nants in
WEe@eas® 7t reans can be del eterious to processPCT/HRIN06/019854
al so to process units. Contam nants can damage process
units, potentially resulting in an environnental or
safety incident. Contam nants can al so damage
processes by decreasing efficiencies within processes,
stasBpihmepgh thswidows jn e celbt Cloged-¢ell mperdals havgop ayadqyys and no
products, or the like. Contam nants can be found in,
al pastaggrelsetwéenpretis.e Thers tarectpsbasis snctams] fosmg of eelldaigolids: two-
di scharge streans, or effluent streans. Contam nants
c adimafifi@at andatlireasdintepgienal o wpdisesnsionalrdetlular salidh have cells that
reactors, extractors, distillation colums, scrubbers,
t airk tgasdatéd Ratves dimdnsions e These rtypicadly chem gen-snteroerineeed parallel
condensers, and the like. [0004] Process units may be
5 CodHainghly: e donegdonitsadndpmondiils ster eamples roft twe-dimietsidriab gellular
vertically downward or upward or both. Alternatively,
pr atigs s ThbfeeadBiwionbdsteesttitutral nfaymd b virecadiinahdignaf rcelinlarhwlids:
center out or fromthe external part of the unit to
t hgeriogidta@d sehigit N ThiQihinsRearpciodicakBulanglidy pe obhracterized
process unit. Many reactors include discrete solid
c aﬁga lhy&dit Bal thf! BSufeRtedl Meshghdut ahe satctoier @ith i thed-dimensional
beds. Catal yst beds are typically very efficient at

tr ?&Bidﬁﬁy.c PRLAFI B aRISdel FHdREDEEB Sk s8@Es R@ldwt ephtlae and truss
catal yst” bed. Such catal yst beds, however, can quickly

10 PegRIMBtick QeHaHrRY §0688tE tARPE hot@Nhad {hedet Emetorh @eometry
bed becomes cl ogged, pressure drop across the process

Unjdth KhSRRn '8 SHl bizE0arnd hEE Nk nRAGTIR ddbhSotHahsloneriRl by a
the process unit. [0006] Partly to mtigate this

pr ghlig pefBd AniY st befk PLAGERSs bt SopdfogRF khe@Smaterials leads to
noncat al'yst bed process units are often suppl enent ed

W {hla\}\%%p‘vsf&hgs?i@?"l Aﬁ%&ﬁﬂ}gl.b QﬁaﬂT%eﬁ_[c:ieﬂlstoQ@Qﬁc td1Rtar 86181 is ceramic
sonewhat 1ess resistant to clogging. These
co nti i t iwal . i NPT
SRR S0P R 056 RS BBl 2 g
of , cat a] yst C . 40i ] i . .

0L bR GREEPRPEERE bdy MOSHFARELY. o Shimionty o
; 2 ?g tl'fi}?ﬂlscmlo? ﬂtlehg’\’(fi %%eif %g‘rt dLQ% theTi §e\?\;}]s§c91nwgwr9 Wﬁlan it comes to

on"materia S Ccan be SO at effective In

. BBRARP s ROy a0 g

fi pn%tse'ria satltla? théet sofnllens%%blasn%cla toP pen%ﬁim C LRy dotii€ Rith substantially

open cells are also called reticulated materials.

20  [0024] CELLDIST materials must also satisfy the requirements of separation. The
requirements of separation of the present invention are driven by the need to achieve
satisfactory capacity, phase contacting and pressure drop in component separation
units. The requirements of separation require that the CELLDIST materials exhibit
sufficiently open cells and low relative density. Recognizing the possible existence of
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sedi nents or other entrained foreign particulate
material in the process streamentering, within or

wo e@silzmy7t he process unit. The trapping of thePCT/US2006/019854

10

15

20

contam nants is toprevent undesirable material from

cl oggi ng or poisoning or otherw se harm ng the process
unit. Wen these conventional retention naterial beds

ar g AfGht o{“ Ql%é(e Blefs by %Céq?tﬁD %a@e]friﬁf %Gﬁﬁ%ﬂlg Q)%!en cells have
ceramc materrals in the Tormof pellTéts, rings,

S I eres_and.typi.cal be. r.esi st ant t
a\gﬁiﬁg\% ﬁ{ohsﬁlglﬂclef‘ng ﬁBeenr cgatlls YRIK t%ag e a %r%t%eh%&l%‘g Sire ds great%r than

crusni ng, ures and/or

el 2B b ARaTeecP MR wRRY ol i R gPen 8 foned dETgn bt
VB R HAS GG P Bl ot 1A g ol Begsiy s e
P DYTRS Fhs IL PFSTEY CHF Pt S S S lative

a directjon perpendicular to.the flow of the process
st Qﬂﬁﬁlék’ﬁ“’ 413 &0 pr lseseRet 11’38@[?6 SHehavior will be

referred to herein as perpendicular flow distribution.

As xampl e, in.an upflow or down fl ow process unit, .
t HA0 d aeordehee, Hif iy [vprdicpn comBSTRRS SEPAAOTLEPFOHE Argrecifi
thtggegejirgrendi cular flowdistribution is in the radi al
di VRECPY BRCESE B gpedriy SeRUFE S R°SSH STET) TBioaey o gpore component
conventional retentjon material beds, gradyated |ayers
o PIOGRES SRR AT deniredh PPEPRROnS] ALEh Fheet h'pa®y ogmgrent
with perforated discs, or screen baskets, have been
u SRR et Wity B  PEORESS |SHERER seanyiefer o Aolepdh 8lEs: n §OrRPBGBleprocess
with contam nants such as dirt, iron oxide, iron
S UIEREE, Cails TS| toepreduct ciRrems ifrpig | the 3K 4pdt “phpses’s can refer to
sedi nents, or other entrained foreign particulate )
meip@ividaal iqpoow 9ppacphessh ithinghe pait.e Bxangpeneficomipgnenp ggpgration
exposed to contam nants at the inlet to a process unit
wi unjits aglevanli 40 [the Bewine Brlsdyetor iixempleodistitatioanynsts, adsorbers,
this happens, the pressure drop across the process
urextragtprs @nd conagndtionnietent. t Pering eomneaent separajionan, dor axpaple, a
unit. When this happens in catal yst bed process units,
i tdistdlatigminitah phésetmqying inehe directivmtaaf pathagsedoving g the opposite
becones sonewhat or conpletely clogged with
c aliteatiinnamteontafte@ withuote siothed ovithiofthe henpmentesspamanirnt pnit to
ski mm ng, or renoval, of the clogged portion of the
c aiffeetnbte onab traptfentt tha inetfecd bétwears theephasess TChiging component
cl ogged portion of the catalyst bed, is required.
[ GBA@3tionninadali &xaoipld, anciddsggionguiny, masst @amisfearis sceampilisked by
process stream polynerization of polymer precursors,
e.gusingldsired spesies frominhe ion niolhe flpidghass ts be edsvebeti@d thosurface
catal yst bed

of suitably activated solid materials, including CELLDIST materials, packed within

the unit. During component separation in, for example, an extraction unit, fluid
phases are contacted within the unit to achieve desired mass transfer between the

phases. Component separation is accomplished as a result of this mass transfer. Asa
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process units may al so foul, gumor plug such process
units. In particular, two nmechani sns of

w@odognersirzat i on, free radi cal polymerizati on apdI/us2006/019854
condensati on-type pol ynerization, may cause catal yst
bed fouling, gumm ng or plugging. The addition of
antioxidants to control free radical polynerization
has been found useful where the process stream_ ha
entsulh pEthe anasx enser, ane SHBRERIPESSS HERPHErs LharpgH toform one or
diolefins typically occurs after an organic-based feed
i s MieEsgoatPonei progéss sesantsicpahdiaing degited compositivas-pr ocess
stream entering the catal yst bed process unit may not
be hel pful to renove these foulants as the . -
pol iExamplenof corpenesheeryaher s yelewritogheiagentipniplude, for
unit. [0011] It is highly desirable to have retention
na ¥ distiletiongwith edsophgts exdragigraging gombinetians kel Pigtillation
efficiently and effectively filter contam nants from

5t henipsr asbisss cernpangmh seipidtiop ibasedyonrthe diffstenpes in heilmgrnodng of the
of contam nants renoved by such materials fromthe
pr seiss puisers amrtheggoages direargs faddo tthpeunit nBistition| units ipude, for
contam nants that can be renpbved by such material s.
Ef txamipila; e ngssilationl ablsms,o frdedoresdrgntsplittest, semaihcontinuous  units,
materials do not inpede the flow of the decontam nated
pr oaemaowst urétanflish rumitg) Fbatchedistdihgort ingits, stEippers, akstifieds gixtractive
materials would desirably renove virtually al
c odiselativanirstsWatdoiropia distilaidbnr anige anfl wicmes distdlatibmemits and
process stream while not causing an unacceptabl e

10 pr esEbingtidiE Gferdofl C Adasierantdassaditie apr @nestngniits. in whi¢lsone or
al so highly desirable to have retention materials that
pr efvad Auid Phpes aictsh@tted hraWedir&l ¢dnipiohérn Bepafdtion fe bdtaeledfbased
t hepresent invention for filtration and fl ow
di sh kHeuiniIompdicAs assnephiRadBithetie RomipoaRarsa thw diher phase
previously proposed prior art nethods, has the
adyay RGeSy Qbtivatedsbild Adofbetithiterefld peke&nin thdaniki GbY yxample, a
ef fective ?iltering of contam nants; increasing the
i Ry caidradt 'bd/ﬂtéiﬂing)f:orﬁ}]ﬁ:fn&htyﬁﬁdimmﬁﬁbﬂbﬁ/ﬁbh beditRt 68eSsssition
units; decreasing catal yst | osses; enhanci ng product

15S ekt iakbthiCfrocds & bdthitiRg CUARP WhieP HROMET htvirdother position.
allowm ng for the optimzation of process unit

CORYnk Qe iRLd QRamb MPEPUAIRYidulew RS 1RE BeHef sHndde HguWor vapor. Now
di stribution of process streans into and within

Pr atame done:t ng gl M Qe BRatP e rME8A fr0cdiicheRl @lcQﬁeﬁl for

units off-11 ne when conventional reténtion nmateria

b l t i esigned an
e@émg&l\éﬁt &l O%Q&Qte QutaBincPH L b ke lseﬁllséJ mpg{ly '?’lhe%% d and

acr OS_ uni FS ave ri s_en o unacc_ept able | eve _

be %?érlatteé . é'gln{aktirl{ge nglt tw"llnreglﬁji Hn C&Qiti}l%l oréngroglgﬁ " tdaft containing

CO$ savl ngs, e ucedl downt i nes, 1 Ncrea e pr OCGS$

204N Icz)m 5‘[6‘19 LT %E‘sgntﬁfﬁ el{bd %jm MBS adinh Lse ARG ﬁtto'dﬁ]& stream

time

containing component C and essentially all of component B. Commercial use of such
a unit might be driven by the difficulty of directly separating B from A versus of
separating B from C. Specific examples of adsorber units include continuous

adsorbers, temperature swing adsorbers, pressure swing  adsorbers,
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[0012] Weaknesses of conventional retention nmaterial
beds are that they are neither particularly efficient

woerosparsri cul arly effective as filters' . ConvePCT/ORZN06/019854

10

15

20

retention material beds are typically efficient at
renovi ng sone contam nants fromthe process streamfor
alimted period of tine. The contam nants so trapped

o ot PSRl 935, 0o S Sk Tl o
ff d t t.ual. ¢l,0qqi. whi ch f
UL RE 5 8 FHGTA B2 Al 60 BERIAT Lo

=
=

d proces eam

conventi onal renf i on nmate

t .. bed ds. 1t
arispeea e RS & R POstEe Gt iraLe SramgP gpoves te

Furt hernpre, conventional retentign terial beds
TGS G e CHRRHHRAACESAN DRI PAEOD P REP P pEQEst An
to twel ve inches of depth. Deeper beds of onventhié)nalb

r ePBHPICoN HePERFIQY WhE ANATOPHICS FXEFUOR JuY r"é’ﬁ‘p‘?ﬂ%@ ydrocarbon
capacity of these materials. Therefore, the art has .
s otfEpAT PpiRining Yodharepe e srsciphald BOBHEMBALS SPEGiSS AT ptacted with
contam nants smaller_ than 50 mcrons, that filter .

pat masysenratingnpgeahFush ¢ SUIfpane o apqrekgling apd efficiericanagtipe of
of decontam nated process streans wth nosignificant )
r i thesei fwopimpeisaible Jighids peselis i extapiny afnepsqubially plh € the aromatic
filtering capacity that increases with bed depth, .

r egpaeids Gew thé hisecagont syeatp g Se Mieamdopiamingehe mass separating
associ ated with current perpendicul ar flow ) _

di ageni. bUerhpmentesspayaidonaymts van hloel include praoae sEcaiyticsmpigijals to
result in poor distribution within the process unit.

C byijitatg desired theaxicd] oedctiony is dlehcamponert separsdigs @githyExamples of
particul ate contam nants or the products of undesired
posuchixclhdla téaotiver distdptionmsitrayd edtectivealigidation units.

mal di stri bution. The maldistribution may result in
channel i ng and correspondi ng bypassing of portions of

t hi90PTIoEkes prageritt invensign c advertagaquili eprevifigsc jae methogdf of removing
contam nant renoval and reduction in unit efficiency.
Us oadtdnyinamds ifedindias contuinatot measkd emeans allyo meiiodeprgfespbly is
by so-called tenperature hot-spots. Such hot-spots
caperfdrmed bx aagsing thd packss eirdamcovens phiraink pimgtientaied demenslin a
activity in catal yst bed process units. Besides

mapcess nhinu The retipulaiol elvments drecrsidangy pedked imihe @agsessi upit such
pressure drop may cause catal yst breakdown as a result

of tiat thekd isosigniTibmt et epact hetwaen ches resiougthd ekement to enhance
per pendi cul ar flow distribution nmethod that may

di gttfatibibecdnrenipimcass seface afithaoeteulatedfetemmdnts wititehillawing the
the process unit, provide efficient filtering of

C O Gécafiamiiated, pré@ekt@arh he pas anitpedulahohghtht phpditg of reticulated
mnimze catalyst attrition, and reduce fouling caused
by emd@s nedirfaed yarenéladd aroMnéresaefhde0disl. an outer surface. Reticulated

elements made in accordance with the present invention will have more inner surface
area available for filtering than outer surface area. Reticulated elements can include
foam materials and monolith materials. Foam materials generally have a random
pattern, while the monoliths have a more uniform pattern. The reticulated elements

-16-



[0014] U.S. Patent Nos. 6,258,900 and 6, 291, 603, both
of which are incorporated by reference in their
wenioonetsres, describe reticul ated ceran ¢ mat ePCHIUS2006/019854
that are used to filter and distribute organic feed
streans in a chem cal reactor. A need exists for
filtering and flow distribution capabilities for other
types of process streans besides organic-based streans
an@ai b Badre fromy prys copmgicilly sayailpbile gnagrsialsg der exqEpics girconia
reactors. [0015] It is desirable for the filtering and
f | éanghensd raluseing, sammonhogered to as ETHr ofBA §s avaflaldesin anpgramic
all process units to increase the filtering efficiency
andoagt, f fsem | Kikw eSeramicaniner headguagieieadi ine@Qudaby.r Biiasorsin.  Another
contam nants from process streans, to inprove
peswitahlei tpe aaf detamvic d§ 9t modmbithi, owhiol ishmangfactered dyuGoming, Inc.
to have unit run length determ ned by factors other
5t hhendgnatesadrie Ghroipg,iMor ¥Fade, Thegprotess sticam qan ds suliqeid stream, a
drops across process equi pnent, and to maxim ze
pr saes phasaf etaycombdnation bofibak phaved, mod the kbathminamts eaminclude dirt,
arising fromcatal yst bed channeling and fl ow
m $dh skide,drin solfidef eplpdiedds | goke fiass; sqbtcatabudfigsoeilésSimpurities,
unit shutdowns and start-ups. [0016] Conponent
sepaliléntoor biierlt éhtidined dorSige Phrfticlate teten) fsalty @MCHSBlatich Eolumns,
that have traditionally been used in | aboratories,
pi baticilhtad b g@ndrebmelUsit sulfat of adfilidst fir@f tAiD g&eRAkAt Ehe process
process streans i nto conponent process streans having

10 de strda@lcam0MgQsR 1 ahi oBf%ic-BAbdd proREAdt a0 TAB Yetie@ARABRRents should
separation unit, a "process stream' can refer to a

f egd prfvidRam an SAHRAREMieR 18GEASveSIohRHTRI of B doffafiinahR from
product streams fromthe unit and "phases" can refer

t otHebockAidRhm! IAHEr RhtYAPOhe PRASE TivihtloRihayl ilQud Ut step of
During conponent separation, a phase noving’in one

di pREIdiY Y @RGhiAnRRRE Brddbi sh&nl for ii@eORBRitE direction
are contacted with one another within the conponent
separation unit to effectuate mass transfer at the

I N{enSpeRropirnaRRT iB: RRARES. refeRINONEPlocSE A BhprOng Stream
acconplished as a result of this mass transfer. As a

15 ' egudifey Of prb&is SRAMs bheAsd @ proieurds. ARIReRFIRGRISmple includes
streans are separat ed to formone or nore conponent

Pr 858ving tsﬁ%{niluﬁﬁ? Ry £ RRYAINRGL 985 ploB8hs GRERAS bdih@ RS catalytic bed
Typically, a plurality of trays and/or packing

el SrROk Sinfld. EpRRSLLY, W&tawﬂcmeg pkd¥BssURick uge?dig Ll bfi@bRment,

contact between the phases and nass transfer between

t hﬁ_x&f‘ LtaRrst E&E t Flﬂé,(scaﬁqﬁict Héﬁi El%lcés)f %@?Aﬁﬁ\%ﬁl?]}uge th%%rotreater,

hori zontally wth respect to ohe ano

Pagii, Bl e Sor&bkEr r?égfﬂfé:ry Jélgg‘z%ﬁ O { | i

structured s ape?géhhdo y ’oa pabk%ﬁ%géggﬁeﬁ?%%ﬁ%mom
20  oxidation, esterification, and polymerization reactors. The discrete solid catalyst

particles may be contained in one or more fixed beds and in either an upflow, down

flow or radial flow design.
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generally do not have any specified orientation
relative to one another, while structured el enents
whae/1z763peci fi c overall shape and relative  PCT/US2006/019854
orientation.[0017] Exanpl es of conponent separation
units include, for exanple, distillation units,
chromat ographi c units, adsorbers, extractors and
conbi nations thereof, Distillation units achieve
cof§f3Akkn additien tn cofnlybadedl persesshenili theeretipiated elgments of the
boiling points of the species present in the process
St peeaerg ibetiorocarhke useidtio rghaye| dohtamiimantsufiram othentipesdel process
for exanple, columms, fractionators, splitters, :
serfuipoetti nSuphspracdss Squipwenti san dogudenincmeratdrg starubbers, stail gas
batch distillation units, strippers, rectifiers,
extreaets) vad dissitlatidnatolannsumid spy armeaofactopng vdits that lopératenin a
units, and vacuumdistillation units. Adsorbers and
5 ex comttioussfagtien. CWhem adet ng retivive Sontamintute i & distiltatieon dolumn, the
i quid phases are contacted and desired conponent
s e paicaliedneleBerde e be chldrad dfl the bbtdem adff oniat ynpfposition in, the
conmponents in one phase to the conmponents in the other
phagéilatfoarcotmanl &1t ada FIHEEBSBMOYE €A ot Qe chitiifinants from the
conmponents A and B may enter such a unit at one
pOogistillbnWibdess. AGLANAT ofHaRE BSEh&IcoR@Miraa tviil Réduge fhe Padssure
enter the unit at another position. One of these

St aRPEcrbk thy Rbwa! lalow | U béttebpaRation CefBtiBRYy @adhe RBlumn, and
liquid or vapor. Now assune conponent B has a nuch

109" @Rt&QEe A il detydeR HowARANGAS1IG réid8d foeme X RBRERks dother
Intimate contacting of the two Streanms in a properly

deshaneRaA doRREE &igdn contacting unit will result in
creating one product stream containing conponent A

with a essentially no conponent B and a second product

St [630] TR Hrascit MUertRARRE Qd[‘\fanﬁ%éiﬂﬁy %ﬁﬁ/ﬂl&:ﬁ _h@{eh)bd@f berféndicular
component B. Commercial use of such a unit mght be

dr ipg@naidblifiéh & pidesds! fnMtsOF THEK rés%egehmcﬁ_slp oAt isEbBidn MBIhod
A versus of separating B fromC 'In this exanple the

fi ERfudet PRAYRInSIeCR MO idu1REd LRAIEME it R HESY hantwadfonly

the second product stream would be terned the

1520308 RaRbatePRRMdnt & SXAPILEpRENPISR BBl B Lfectig) YOl the

conti nuous adsorbers, tenperature sw ng adsorbers,

7 S5 OB BBLIS 0L ) 0 i

copt ac hhg&g%{)%%ﬁ% el R atdHIEL S ?csolnhgl#%it?(ﬂlh g %i ﬁegiglélated

cont acte ( onent separation a eved us
m a | £ V,
ToSBORTAC A AR A0S, SRR 508 g g

O Blrdifey 3 & o%ﬁasg%%&Eys PbuBH Q}E@’ke\%&&wé‘ Qele%{%%{ ag Plocess 'dream

IS an raction-unit erern a ydro on

205t LEAMLGL A R Peheft) TR LleuRRAChGRerAN . MO WBAied into a

plurality of smaller fluid streams by passing the process stream through the plurality
of flow passageways defined by the web members of each reticulated element. The
flows of the process stream through the flow passageways within the reticulated
elements and through the void spaces between the reticulated elements when multiple
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species are contacted wth a nmass separati ng agent
such as sul fol ane or norpholine and efficient
w@oomwbazising of these two inm scible |iquids reBCl/US2006019854
extraction of the aromatic species fromthe
hydr ocarbon steaminto the stream containing the nmass
separati ng agent. Conponent separation units can al so
include a zone of catalytic materials to facilitate
de seticalated riaments are Byed mrQyides ifor affsetive dlavodisrbuticnnerngndigiar to
unit. Exanples of such include reactive distillation
unithesfleyn aitrgrﬁtpm@w sirsangjthyppgh the proress pnit.s Thissuagthyideagn b applied
conventional unit internals used to achieve or enhance
S e faPrREess slrdamsdlntprsreatering tsprepessomityaijany locattsinydthin the process
exanple, trays, randomy packed rings or saddl es,
st ot airthel exib &einnidye Ipaacessounitesyeas , combimation hf thespalogasions. This
and the like, collectors, distributors, downconers,
Swamiethwidpen ¢ applmddo tpragesscsreamdwhidd chndawentlp lpadvéding for filtration
[0018] Inside a conponent separation unit, there is
r e pé€ab@aminatts fixine tleoprbest sto@inye @histrhethad ednniop ipdisd t@pobeess
the falling phase. This contact is facilitated by the
t r agsanandhile doacktendy maifemiag satalyéic hrestiohd ad paftially agtStotally
or depth of packing material nay approxi mately
I e pErRGRIbE cénviettdbdfed @henitdl@pscids iiC ik pficagetcannf
separation. The conponent separation unit internals
are designed and positioned within the conponent
sepén3aj Aardditiohaltfeatpreadthe ptekent apypntinar ¢aatieclndenthe rstepfof using
"theoretical stages" that will achieve the desired
10s e peticalated nelerhéiisl 81 a |variety ifi shhymb. OFheuwshipes dahein¢ledeeaibetantially
contact between the phases ultimately results in a
Vv appteripdlasheped Basls, Sthomuditle] sduagphemschty fligs| bdddles,| It cylinders,
boi I i ng point species and aliquid phase consisting of
| opertforsiel disks,idisks, sihgldsHeetd,Qinkisblid HQInBérs,pRBie@hers] MEagh shape
mass transfer: between phases is driven by the
di thebeners thahdiv@nalt peciBigitohdg spRs FhiSthef shhpts &BE e $nclude
in the phases. Species with |ower boiling points rise

angduiserRARSIPhEicM bdlshifgbsi hRilinadiRaklissmbadllhs WRORidths of
creation of the one or nore phases of desired

15CORB&AR L4 oMincResRAA 1dn@ths Of a8 RAhcHRE &g RarbsSwhl MdBR! df¥bout
recovered as an upper conponent process stream and

t hey; foemRERdsRed Rlths @R aboht O0DSASRE ARMioRaSS §4thassid diameters
reflux phase back into the distillation unit for

f ULE B&Jut 7RSI b Bad &Itsidé-giléﬁyel%eolf aBolR 1d PV, BEhekhid heights of

liquid phase is recovered as a | ower conponent process

St LEARY: RMWindRE: LedBk Qélwﬂpﬁagii g?aﬂoﬁ‘f w@%&l@s; GbH&w cylinders

vaporized) and returned to t Istillation unit for

fu 'hg\hﬁ‘% inTRS Yidnf RS Ef"c'rlbou{ ) t@qd}& Eﬂgﬂ%, o@88e YUandTBEEof about % to 2

conmpon nt process streans can
20  inches, and heights of about % to 3 inches; and solid cylinders having diameters of

about % to 1 inch and heights of about % to 2 inches. Custom-made one-piece disks
or single sheet construction can be custom-fit to the physical configuration of a
reactor. A further feature of this aspect of the present invention is that the reticulated
elements can be formed in either a disk or single sheet, each optionally having
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recovered fromthe distillation unit at any |ocation
between the top and bottomof the distillation unit.

W@ Q@80276rn conponent separation units, it is hPghiUg2006/019854
desirable to achieve efficient and cost effective
separation within the unit. It is also highly
desirable to achieve | ow pressure drop within the unit
and | ow HETP i ght [ e to. ne0 I.C .

o1 Aeorpisc A b BTt of s BleotiP b RIS gptcutaes

t'age

?Z{E%%é%%{s Hlef FafiTe e ?%m%ﬁiﬁtz é?o*‘lﬁ%%f g{{eg@gﬁg%@g@ ffom
or b ankr b e ot e msar e O e prsebifer

at which the unit is operated, and the differences

b h 0f_ [, ' . her..rel ev. .
ARSI o BRI Mg e i o i

iCS pecies cont a

i t hi h . S tion. | so. b ffect b

54 I PIARGE o, SRR OSB89, L8 il s
di strj but in th it t i f L e
LR SO R L ——

of the unit, .and the des,] of .the p ing . .
oL FOL S Bomeans ey fag el RESE PRIV ypgn pygmined by
conponent. separation units have been, ejther randoni
| oaﬁf‘eg}“@f’r‘j iarthe, Ry on BRSPS R ity O e&&@"é"hﬂe e about
packi ng, although |ess costly than structured packin
nmate ﬁmﬁ}n,wtwwlb@éh thh 8RS %55 RATRIE HitepirbweYf dedpy gt one
| ow nass transfer characteristics, and suffer from

10 pogpllwgegePgrpssgqei BUhisoeonieRt éshthe ggengrak sizg, Of)g@r cavity of the pore
separation efficiency in the unit. A so, prior art
unfecegnirag thhwerestarg Notawriestaspherey. Anefhereimngrian gigent of pore
mat eri al s have proven to be prone to corrosion and _
f osize isghasiee efabewpdeyioteting W the porenlt is hisdnepsyrg that defergnines
result, prior art |oose packing technol ogy gave vvaﬁ/ to
t hithedizgalf tipmiergest pprtigleghatyis '@Wj"ﬁg eefikbeted withiptthy eage. The porosity
packi ng technol ogy. Structured packing materials can
pr sangd ef thapetovietbd stemsaisar dtei ruesertfifiventiemisironhgwet/€ o, about 800
t he manufacturing of structured packing materi al

15 r eqpii r'Bds soples studtavizabnmddhe sizr indshaenditheetitylgfed elements for
expertise and fabrication skills to design |arger
unitesaipplicapien t@straiot indfudingyerticuldelveding bl pradssreairep constraints.
generally nore expensive to fabricate and require nore
uniThe parasof therestitaated plstahts adr i@nintharge roé Aldhourd peltkietegs to about
Even though they are nore costly, structured packing
mat @0 imidrensaeaeh bting defited by iarplyphliy of otb membemf@adikg aplurality of
because they provide higher production rates than
exifietvi papsageivhgs cicughothbedetianlatpd ekmens. dTap sarfabenmss of these
transfer characteristics. The use of structured

20 paedsteii@ls can vary even if the ppi value remains constant.

[0033] An additional feature of the present invention can include the step of using
reticulated elements with different pore sizes in the same process unit so as to remove

contaminant materials of a broad range of sizes. The materials of the present
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mat eri al s, however, has generally been limted to
processes that are not subject to fouling or

W@ r6a%icdn. Structured packing is nore expensi RET/HRI06/019854
difficult to install, and so its use in processes
where fouling or corrosion would necessitate nore
frequent replacenent is economcally unattractive.
[0022] Accordingly, prior to the devel opnent of the )
pr Byeition; epcliltar mentaptieanis §eyd ethpuhd mistmoll sigg Commercially
apparatus for separating process streanms into
c oAysdlaklptrelsnidere satasialsearAscahalle 9§ tereping edrticdaspdasin fAaBout 50
in a conponent separation unit which provides the
desiiqrembivesiashar act eri stics and/or levels of: efficient
separation at a | ow HETP val ue;rel atively | ow pressure
drop; resistance to fouling and/or corrosion; |ow .
f alfl0Btlapneherdpafuiernfithd prasanbhversipnadvaniageousty provides providing a
repl acenent; and inproved overall performance and _
5 pr plwdity ofretictiased Eloments pyrr aarentitgdengtioeilghproeespnih odheaplurality
apparatus for inproving the separation of process
st pRagticulatedocldments exdn cleenpemmirtgledr theagbowt the apracess amit with a
distillation, adsorbtion and/or extraction which: does
notatglgsts with ehtiple ebiplysarqgevigr ethsumetedalopsich di siphayred packing
nore efficient separation at a | ow HETP nunber
r eguateriels ahdthe likenpl ex and expensi ve desi gn,
fabrication, installation, operation and nai ntenance,
resists fouling and corrosion, can be easily repl aced
anP0dihinbhd¢cordover atith hmythenvasdeqp erff the meressat d@ngntion, the step of
producti on. SUVMARY OF | NVENTI ON [ 0023] In accordance

10wi tdmtdchieg iewentindmted grecekosteegmi with thel vedictlagd slehwuts nipyanclude
achi eved through the present nethod of filtering a
pr depesising hrcealyst drothe detidutatdaitlémentsaprianr dc essacsing élgnaontaminated
within a process unit and for acconplishing one or
boplocekistreant.0 Aduthee fiatuye cfithid aspean 9f degiresedl ineativh amy.include
Yet anot her enbodi ment of the invention is separating
ONéhe@ke SDetcyditad Elsmet AeAIdsirdalé Bavirpea substamtiadly aaifpaneating of
process streans having desired conpositions in a
CORREIBAET caapa indlhdiiy & Polousl Sluihasqeatnd withl a fG166E VOB metal or a
cellular solid materials. CELLD ST will be the nanme

15 Us egoupovirdatal,f or Bdile PREFEablyCthe GidHp O-E aletallli@moBBldrtim and
materials used in the present invention. CELLDI ST

naf)féfér@dl}% 86 Grbhp SATIGhBBNS Shet nfkkéll a1 @ibaﬁ.O'MQI_%-cFreferably, the
Cellular solids are materials conprised of sol

CORRAPENIB PetdTBLRT iGRb® MM H8lal Sre (impREhated M the reticulated
"pores" are, for the purpose of this application,

SYBRRYAR. Jhd BRiRAl drdhdBb&hi BlveiRR iPEscaR P ExiSROthOun life of the
ceram cs, netals,

catalyst bed. The catalytically active reticulated elements can be utilized to react
20 diolefins or other polymer precursors and also to act as a filter and as a flow
distributor. By filtering solids and partially reacting any polymer precursors, e.g.,
diolefins, fouling of the catalyst is reduced effectively extending the run time of the

reactor.
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pol yners and m xtures thereof. The cells can be open
or closed or a conbination of both. Open cells have
wowmdoes7i nto the cell said wi ndows being of aPGI/B82006/019854

equal to or less than the size of the cell itself.
Open-cell materials have passages between thecells
t hrough the windows in the cell. Cosed-cell materials

have no_w ndows and no passages between cells. There )
ar d0Q3@bIrh aedordases with anather epneet of tise pregerd rinveptipgsthe filtration
t wodi nmensi onal and three-di mensi onal . Two-di nensi ona

c enethiadrmayoinclide Hestepod| filisring selidapastieulaie siatariatior sedinpmts that
di mensi ons. These typically form non-interconnected

parferit stithinhapreses . unioineyrdantb sedued fonling ot pligging of downstream
exanpl es of two-di nensional cellular solids. There are

t weqamsen. Sthisugspent af tHequessntahvdntioe eayi inelnds thaateps of providing
cellular solids: periodic and stochastic.

5Thoee-ati n®res raicalate e¢lemeits; emtdctih@ra poddesks sia¢am containing the
characterized by a unit cell that is transl ated

t hipattighiatet mateeials bf elitietts WMyvith thar eticalhied ndemads;, removing the
periodicity. Exanples include ordered cell arrays such

as phichion meqiditl of sedfitknty fuGh tiRNstotadt birien; Shd pedvidifsa relatively
Stochastic cellular solids have three-dinensiona
ge@ariciliteWhitbrial jr| R¥inRAts Fee GRbOdesS st dRrdfugihaPBRcessing. The
These materials cannot be characterized by a single

I eparuREdnienERhA be (bbAed AREO BNRSE 18¢atiohe witRinAhOBBceRS unit or
these materials |eads to the | abel "stochastic." An

10€X 3k Quidt o@rﬁhegsés&smm orSd &niisdtion oFBbihl! BHis fethod of femoving
ceram c foam LLDI ST materi als need not be purely

st Qehi@shtt a0 BY ﬁl%innRﬁsrtiiHQﬁi&PcdlﬂmBQRP{)@giﬂp aJelakiliy Gediment
materials may be intentionally or unintentionally a

COofRE Rk RNtrRfm R ERHMR prdd&ide@t TR mOtHEd bP tHeResent invention for

I Mpreci si on of nature when It cones to attaini ng
PegiES MololWo3! it I -
0o ﬁ?tgﬁﬁrﬁjﬁgéésggde‘ﬁ Yn @d?ﬁyﬁmd?)?g%gg : Jcst ‘)(/Rég{/ %&?gfreg W¥ihrior art

te StO_C a_st!c mat e a _
S e%hﬂ)'a&%a hepa%gérﬂefge‘s: H %duc@l?é Jrhllélxgﬁun’? fntibd Hla erials éequired;

t iR
subst ant’i a?ly open Cells are al so caﬂ’e reti cufate

15 matlc%én%g %api&pgcgsﬁ], 11&5@%15%@1@ f{@tﬁ)ﬂlgﬁgﬁer égiq'iﬁ.tpaﬂlcﬁﬁ{ éﬁ%#rsifr&n the

the requirements’ o ration. ui'remen
oA A Bah Pl B8l R MG o

cont acti.n nd. prgssure_ dr in.c nent, .separ at.| o .
anitts < ihe PEYine BRAR Toop Sugtlsdt I TAYE JiPEE ol dperine
CE%HQL%I(pq%qr%&{§ exhibitfﬁyff'chentl qgen %qlls and
| oWPFRIHR IV TBERETEPORESAGRE 31 NP HRe PuLgppal concetns.
exi stence of an anount of closed cells in the CELLD ST

gﬁflﬁ*ﬁenh%c%&fdgﬂc% 'v@ﬁllt An%thglp %B?ﬁ g)# lt%qﬂx%’n%om ﬁllg QYR ﬁ(lgg%vgdvantages

open cells sucC e average w
Si i ter. 99 0f 1 size of the average _ .
205 B Frb R Pl Mot b bR bR Epnd HRARY o ffaracing o
least one process stream into one or more component process streams having desired

compositions using CELLDIST materials in a component separation unit.
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averagi ng greater than 40% of the size of the average
cell. Relative density is the density of the cellular

w@loed2@7vi ded by the density of the solid matRCT/EE2006/019854

10

15

20

itself. Relative density is lowif it is 50%or |ess,
preferably 30%or |less. [0025] In accordance with the
i nvention, conponent separation units are a specific

t yP63%leﬁrrﬁ&ﬁ&§mH§] bifonds @ été&)s%‘% %ﬁ&lﬁ% eﬁﬁﬁﬁzﬁ %aEe‘?i%TEBin the

ne or nore ‘conponent Frocess streans

degy Sl Sl A RORh LR %oswom @éﬁﬂLn?f%TqﬁXteﬁ@W{\%Nt tast one

trea can
el BRI 3 ‘?S@er b %Zﬁeé%?e% i, % She, i),
d
= ﬁﬁ‘?"%‘?ﬁ"go%%c"&r%ﬂ%ﬁ i T e

éﬁ%@fﬁf T h e ngﬁzfat%r% m?aet?l@ o R e oy the

separation._in, for e a distillation
{!Ef ]31 haateriale i %@ﬂlﬁ’i‘? BAE ‘B‘}nﬁéﬁ?‘gﬁc‘é‘ﬁb‘% a h?ﬁ%tea portion of
nDV|ng in the opposite direction are contacted Wi th
oneR greve Pf et Pﬁ’-?s e e Hb AL WAPRIP SOTPRRPedhPOcqs] streams,
effectuate mass transfer at the interface between the
phHREnN ty GonPgneEhpE9eTTe HECARs Bavedt desiFrd RPPHHO X anpl e,
an adsoption unit, mass transfer is acconpllshed by
cau5|ng sired species from one or fluid phases
lﬂﬁ?laﬁgf‘a BRPTEREL LFige & Wit 12t g asired asgpositions
SO|Id naterlals i ncluding CELLDI ST materials, packed
wi ER9REXiHE Hhjzone DﬁﬁEﬁ& I~ 98 A FR9TE rCqmPOngTY  process
exanpl e, an extraction unit, fluid phases are
coTHearRs ean R Tepnvired Fiom eneror mpre logRtiopa befereen g tomefthe unit and
transfer between the phases.. Conponent separation is i
acitie ppitoms 96 theawity Ineogg embedimen; e ppefacerof fhe CELLDIET material
aresult of the mass transfer, one or nore process
St aaahnTe Hr surfiep AFeat ofdun ¢ EheUn49AR savareraReiers i GHRiatmeter of
process streans each having desired conpositions.
[ 00BBL.DISIampicdal ipthecuitp dhelarablye fgrsutfpasreiihs CELEDIED appterial
to the invention include, for exanple, distillation
unfias2, sugfderortb insthe esnge € plous 25hH0M0cHabiTa anctesn pet erbiembter of
Distillation units achi eve conponent separation based
onCEbleDd T rhaemal oetbe imit. boi | i ng poi nts of the species
present in the process streans fed to the unit.
Distillation units include, for exanple, distillation
c ol00481dn one apestotha s@idsomppnent efthe CEEbRISTompteriply duthe unit can
units, continuous units, flash units, batch
di et seleciadl iftom thaigtoyp cansistipp ef exidescearhidgsenigideayhorides, pweramic
distillation units, azeotropic distillation units, and
v avatgrialds stetdllicamatonalymipplymegriel material and a chemical vapor deposition

material or combinations thereof. CELLDIST material can also be formed from a

corrosion resistant material or predominantly from silicon carbide.

[0041] A feature of the present invention is that the component separation unit can

include both CELLDIST materials and one or more conventional unit internals. The
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conbi nations thereof. Adsorbers and extractors are
contacting units in which one or nore fluid phases are

wa@ombaeisetd and desired conmponent separation i SPETOREVE9854
based on the affinity of conponents in one phase to
ei ther the conponents in the other phase or to
suitably activated solid adsorbent nmaterials packed in
the unit. For exanple, a process stream containing '
C o RSN SiEeamsa prfenmgnilie BRE dRaYs e hVaRor) hicamgy ligyd streams or a
posi tion while another process stream containing C nmay
entcembinpiéon ofi hottat . Sne toh B1oTeRI8es|copfaingsh within theyaribcan be passed
streans is typically liquid while the other can be
| i dieroeghomepa prore zomwfa“sﬁgd%% supsoiakinstalpdiyathintheyelh
greater affinity for conponent C than for conponent A
Inti mate contacting of the two streans in_a properly
dedPQ3bin aprordnpes atibdancdist asrerhef thei present invesidqn, 2 mpthod of
creating one product stream containing conponent A .
Swi teHeringethe egropasitiop ofiat leashensrisonessBtigan 1ma s@uRamantseRagation unit
stream cont ai ni ng conponent C and essentially all of
compoinchide Posit@mingent ddast] ong bed off CEHJdNSE matdrial withinte up#, creating
driven by the difficulty of directly separating B from
A veo susogf desapdplasenijorB tier abieag) orgpmedets sreamapgsbing thsftwo or
adsorber units include continuous adsorbers,
t empee ghesee thuigly tiEdsoicberane mdest GEELBW Thepaterial, whereby the
adsor bers, purge/ concentrati on sw ng adsorbers and
parcampbsiticn qidlinptivogr nioxd prasts dr changed as diphses throggh thetGELILDIST
which imm scible |iquid phases are contacted and

10c onfpmeirah t thaepapadudng asleag hne wethporeint groaess stream with a desired
mass-separating agent. In the exanpl e above, the
c orpopesitionCandret hverifg the atllefist ofeSBnpohére Hrocegsstrebnd &oiltke unit.
mass- separating agent. An exanple of an extractor unit
i S ATeadiir® NGt 1he Sin@ntitiRas ifin ondidr mber &ntpodeyido@eaEims are
stream cont ai ni ng both aromati c species and
NORecdk &R Fofh HRAhEBetAbE 18O FopasittReluiit &kl e BBSSGN of the unit. In
separati ng agent such as sul fol ane or norpholine and
ef foh& 1a8pYct, GROHRE tdr N e fof [HHEI HISMindt8aH] Sed Bhorh | fBUbGe cross
results in extraction of essentially all of the

1525 QER{hA BREGIARHN ITHB (e ThYAGRGAERET it Ue@3Mbbditd? GHIE.DIST
stream contai ning the mass separating agent. Conponent
Sepiéal %ohapﬁsea_o@_a?lu@ahﬁpoﬂrwoyﬂye RkéPNEmGs.cat al ytic
materials to facilitate desired cﬁen1cal reactions in
t he conponent separation unit. Exanples of such
i nquFIﬂ Qadokdanee it ddotiRf lagRclBf % PrRSEneHiveRldn, \emethod of
distillation units. [0027] The present invention

advaatRaee U&h?osﬁfoﬁ\bif deRastohPhBQs Qfea®APWistilfhtion in a distillation
contam nants from a contam nated process stream The

metiAdcaRr RERA&RJoYitibSing at least one bed of CELLDIST material within a
20  distillation unit, creating desired phases from the at least one process stream, passing
the phases through the at least one bed of CELLDIST material, whereby the

composition of the phases is changed as it passes through the CELLDIST material,

thereby producing at least one component process stream with a desired composition,
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performed by passing the process stream over a
plurality of reticulated elenents in a process unit.
wab@enegtercul at ed el ements are random y packed PET/UR®06/019854
process unit such that there is significant void space
bet ween each reticulated el enent to enhance filtration
of contam nants on a surface of the reticul ated
el enents while allowi ng the decontam nated process .
st PRAFRCPYPTIE RS pinlpash @R EPTRRPRERN GO PSS i fhe istillation umt.
reticul ated el enments. A surface can include an inner
sur’f &sdrard the isrpnden duflphoae RPPIE AORPORETE | RipRERY §lreams are
made in accordance with the present invention wll
haveconesediipmdeqatignstetrasn dredap al/he fighllation gpit ppd the pptiggn of the
than outer surface area. Reticul ated el enents can
i ndistiletiongmih dmoes dspeod, thnbedrasheds o [CHEIEPT apaderiabarg pustom fit
materials generally have a random pattern, while the
Snotoihetchess bestienad configaratinh Hthendjséitlateoninit T e anasher gspeat; dig bed
el ement scan be made from any commercially avail abl e
maberbedd sf CEOLDEXEmptejal ¢ compriised tof ey ipbmedity aF uandosly packed
commonly referred to as ZTA. ZTA is available, in a
celCRhLOISDealemefts.om Fi ber Cerami cs, Inc. headquartered
i n Cudahy, Wsconsin. Another suitable type of ceramc
is a nmonolith, which is manufactured by Corning, Inc.
hed@fdhit esoottlance @ithrinether Nepsotyof khe fisenpinyerise, 9t methnd of
can be a liquid stream a vapor phase, or a
c oatséneet the noroposiimntofph demssyne gmet esshetream iz adsnmtibs irc amdsorber
include dirt, iron oxide, iron sulfide, asphaltenes,
10coken frichids postating atatast st bddi ofeSELIAISTH | materib within @sadsorber,
sedi nents or other entrained foreign particulate
mafkcteating tswl drandra dekiret iphdsad fram tlsodt lemmstsone padgeb ssctib@h gmssing the
gas streans, or sulfur or sulfides fromtail gas
unitws or hbe phaes dssughttheatfesasnedied of BELADIST gatetisl; vhselly the
process stream The reticul ated el enents shoul d be
pr eumpesitionnofifhea OO Ndr @udfel pitis€nis thanpeiray ahso pessothralgh the
of the contam nants fromthe process stream Another
f e@BULDIST niategial) EREDR rddadies bt 1043t Hiycohipohdh probdie sda@Pwith a
of providing a decontamn nated process stream for
15F Uk HRE cPIMPEEEcH, el reb&RABY thvhk Raftdnt ic6ipateht/proédd@stream from
invention relates to a process for inproving stream

quald 4déobr. Pr R GBSre SIT B e RMIneHK ItRd dne o ki€ TEmPéHehs process
An exenpl ary exanpl e includes inproving streamaquality

of SQERRUE rREREN RERTRABoR HEHRER HIAH Of the afRtRk ¥hd fe bottom
bed process units. Preferably, the catal ytic bed

Pr QEBRSdsIbL-S IHER: Ap&E, RS Bod R BLALLIRIFTRNLT nldtetRbare custom fit
catal yst beds. The catal ytic bed process units can

| N4 1 rddy Hefbrab rblonraINHSQASAdsBBEr. TRUASIRG 25K E Fhe bed or beds

reformer, al kylation, deal kylation, |sonerization,
20  of CELLDIST material is comprised of a plurality of randomly packed CELLDIST

elements.

[0045] In accordance with another aspect of the present invention, a method of

altering the composition of at least one process stream via extraction in an extractor
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oxi dation, esterification, and polymnerization

reactors. The discrete solid catalyst particles nay be
w@ombarTsed in one or nore fixed beds and i n eiP¢EFUSENG019854

upfl ow, down flow or radial flow design.[0029] In

addition to catalytic bed process units, the

reticulated el enents of the present invention can be

Usggh hOhiE PO SorRNitabisn 8kt Ged SOEELLHRIT hYRER Wikhin a extractor,

process equi pment”. Such process equi pnent can 1 ncl ude

| gl gg{le%fréd gﬁ%@é" Bhg! ?118 dtakdst 98 Ip}cfc@&t flem ﬁ&qingtthea tphases

di st I on ums a any manufacturing Ufnits

oSl fichy Qo6 Bl B Ter AP F B RHIREE e o BT of he
SL%?%% Cﬁé}a}l%e%) ﬁsei? lgf?sg?s?ﬁoglgﬁ 91% (%i}ﬂlﬁgq[‘ %a’ten%[, t%tsrebiq%oducing at

ion colfum to ac
filter to renove salts or other contamnants from t.he
o eitiops Boriong Creie ey PPl RO A feS80ekRg e a
coptam nants will reduce the pressure d acrpss.the. .
{ olfis! oms FPTBprEl Priesy WFadioay e ES RS o (RS, of (e fyghtion is
col.um, and increase the tjine between omnt{nes b th
t y PIREAS SF MHOsG eATPRIACH BTCETRSHEA TR FES EPCRYST ST oG tHear between the
contam nants fromfhe colum. [0030]. The presen
i nireRLite e pger %ﬁ%ﬁ“ﬁ@%‘ﬁ@ ’{WBR?F-dIé’sona aFpsth ﬁatbsﬁ or beds of
per pendi cul ar flow distrihQution in process units. Th
pepﬁéﬁm% magterfal iR Rglom Blq dhe sk SaetionR erpdiguration of the
providing one or nore retjculated elenents in the |
10 pr extEastor- i anothgpasrechths beghs beds f GRLAINET aratsiahip cpprised of a
used, it is typically |large enough to effectively span
t heluglie efggndomly pa GEWS%STmI@nm i cul ated el ements
are used, they are typically arranged in a randomy
packed bed. Regardl| ess of the confiquratLon_of t he .
r e10040) Apeiberarsescint W presen pveption imyelucs farilkiadng th gepagation of
plurality of web nmenbers that define a plurality of
f | BRCPESTEYRNEYS CORPIGBhPIORSS SopMe (Yitafads Ensiveit 2 cgmponent
process streamcontacted with the plurality of )
r efdpetatian auit.eThpwpt proferahly dperey e watsdieds eé GELRPLS ymaterial.
plurality of smaller fluid streans by passing the
15 pr Seeds one tor emptet badsuesit bheompesed| 9ft ¢ rderakityogf randomly packed
passageways defined by the web nmenbers of each .
r e CEELDAY B chagdrishen CELHRAST [neafigriad fthat He cpytere dgstosthe aaiyp cross
through the flow passageways within the reticul ated
el ssrtinnad cenfrgutation ayh carfdnativn dhesqrd.c dbe drptlsend thet de or more beds
reticulated el enents when nultiplereticul ated el enents
ar & seb@casge pxoville shd wauiskimgoibenad thdopsticali staged touchiore the desired
per pendi cular to the flow of the process stream
t hsgpagiiot hisopreas el of o dr mofhefSherspetietlindhaprbesagpphined
to process streans that are entering the process unit,

at any location within the process )
20  [0047] In yet another aspect, the present invention relates to a component separation

(9}

unit assembly with at least one CELLDIST material disposed therein, wherein the
amount of at least one CELLDIST material in the unit preferably is sufficient to

provide the number of theoretical stages required to separate one or more process
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unit, at the exit fromthe process unit or any

conbi nation of these |ocations. This nethod can be
wa@ppbile7t 0 process streans whil e concurrent| yPCT/US2006/019854

providing for filtration of contam nants fromthe

process stream This nmethod can be applied to process

streans while concurrently performng catalytic

reactlons to part|aII or totally.re ve or canver

desTPERs BRsoPpapeny ﬁ@& ¥ ?wst%t%r Sized qoppasHions g §fain of

An additjonal feature of the present invention can

i ndhetheciphin thg @5 BMAISPIREESS BRI at ed el ements in a

vari ety of shapes The shapes can incl ude

su jally spherical  sha bal |l s,, nonoliths
ﬁ§ ‘@itﬂl hadg apd ﬁ@@mbﬁasdgfre gs PISERY iBypEgn .f?rdspgratmg one or
perforated di sks, .di sks, single sheets, and soli
cy |Iea &F %"essaﬁ’f’i‘i%‘s e éP@POIEQEPF"%%a ﬁ%e%nhaﬁ Elgsteéléedl qogpositions
i ndi vi dual ecifications. Sizes for the shapes used
carising &%@I%Jbeﬁ@ﬂtlﬁ dn [aycospRBet sapargfion) wnilpfwhgp sgtparad with
to 2-inch dianeters; nonoliths with w dths of about 1A
t 0 PPIOF 8 Fiethodn diayecthe pieanisesaiiperg ojhary of rdneing the complexity and
squares with w dths of about s to 2-inches and |engths
of caBoeft dasigning, Falirivetins ; insielbieg i qpevating sndvi maintpingigaenits and of
di aneters of about 1A to 1 inch and outside di aneters
of padsading \more oetficientc lherfacting doth piogéss ssteshms g uachiese tthe Aesired
i nches; saddl e shapes with radii of about 1A to 2
i nohpsationol | ow cyl i nders having inside diameters of
about 1A to 1 1A inches, outside dianeters of about 1A
to 2 inches, and heights of about 1A to 3 inches; and
10sol i d cyl i nder BRABE DEPRIZTEONQF FHEBBBMAWINGS 0 1 inch
and hei ghts of about 1A to 2 inches. Custom nade
ond %4 geﬂﬁrswen%r singl e sheet construction can be
custon}flt to the physical configuration of a reactor.

r feature this aspect. of th t )
i ml@‘rftt" £33 Reprioh SToPttocHOIAL P18 YaAe RE APE, Frglecatalytic bed
f or ned |n e|ther a disk or single sheet, each
optPresEd ‘P‘;‘/t erggapsé?ﬁ“g? sppesfigen Azﬁtha@afrsrlrtarrépﬁ% ature
of the present invention is that the retlculated

el en constructed can be for i nt .
o iPE) By 1%@%%%? ﬁe%lPaa@ B S PH LS mhtipte B beg chemical
sheet or, disk t i fit to.the.reactor's
15phyreqctos shovypg rrgcﬁl? 1 #e pRgsefdyenfidhal feat ure

of the present |nvention can |nclude the step of using

;,gt[g&g;h et glements, b0 a vaniely.of porosiiies and o
poriefs g%rﬁﬁe@?a%% St on B et nelRe hat 5

retlculated el ement of 30 ppi wll, when exanrned by
OnGosas FiE U4 1 £ N8BT LioNSVE 00 BHCLAGCPS RSP REencrator

fluidized bed reactor showing an embodiment of the present invention;

19,1

20  [0054] FIG. 5 is a partial cross-sectional side view of a radial flow reactor showing

another embodiment of the present invention;
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25 mllinmeters per inch, the pore sizes of such a
materi al woul d be just under one mllinmeter. Pore size
WO poobh2®7cont ext i s the general size of the caR€T/YSmwhe6/019854
t he pore recogni zing that pores are not perfect
spheres. Another inportant elenment of pore size is the
size of the wi ndow opening into the pore. It is this
nmeasure that determnes the size of the |argest, .
parl0PE] E1Enis 4 Bereregpysedew of fippiRrpld diskipads of priicplgied material
The porosity range of the reticulated el ements of the
pr é8agrordanceyyith 8 preseqtinventiebut 4 t o about 800 ppi .
Thi s enabl es custom zation of the size and shape of
the reticulated elenents for the application . L
corl8PFelifies 7i s nerspestipaivierc ol at8ddle Jerdsiassticylpted spteaial in
drop constraints. The pores of the reticul ated
el exveprdance Fathiike prasexyt inggniienof about 6 nillineters to
about 100 m crons, each being defined by a plurality
of web nenbers formng a plurality of flow passageways .
St nri80H Hled fsct peestitedia ehhellow esfligder madgof reficlgted material
these nmaterials can vary even if the ppi value remains
corgpggprdancqyithe gresgpfditendeml f eature of the present
i nvention can include the step of using reticul ated
elements with different pore sizes i tpe sane pr.ocess
i VSR FIG" P gs AcRRRRECSrISRHOS 4 DI §1ct SRoPioes Biéghiade of
range of sizes. .The materials of the presentinvention
carfersulated maigrgl dnposardeacedithine Bresmb v enion; cron in
size. Commercially available retention materials are

cap trappin articles down to_abouyt. 50 m cron
in @5’%’3 .F?{Eoéézf? AARGERENYS i Pl 2B fastefblogy sl ffade of retioulated
i nventi Qn advantagegéﬁly provi des providing a
10, (rafpriglyn gpeogdangedyiibipe BregqnbgFRtOover an entire
| ength of a process unit. The plurality of reticul ated

el an_ be comingl ed .t hraou ut the.process unit. .
i (O FAE A B & EROTRIF LYY lo IR el O Roggifie fasyal o
materigls, such as structured packing materials and

t heacf"i’ra%“.ce[wétgégf] PrPSNLEYAI%nce with anot her aspect of

the present invention, the step of contacting the

co ' e rocess streamw th.th eticul ated .
o R 3o f> RlaciEerRianBar bl hplid Spdi it R fgated materia
reticul at ed eleggnts @ﬁior.tq contacting the
corfPAMOFRPE VP Be@LSeiERI™ Anot her feature of this
aspect of the present invention may include the use of
ret| d, el enments..as _a substrate having, a . .
155 o BON G s A REPbR APyl g Ph0 S Bl P e ayiplygg matria
| NGl Udng, 2 B BUDALATRIGO2t g i th a Group VI-B

[0063] FIG. 14 is a perspective view of a monolith made of reticulated material in

accordance with the present invention;

[0064] FIG. 15 is a partial cross-sectional side view of a distillation column showing

20  an embodiment of the present invention;
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Goup VIII netal, or both. Preferably, the Goup VI-B

metal is nol ybdenum and preferably, the Goup VIII
woreaoal127631 ei t her ni ckel or cobalt. More preferpti/ys2006re19854

Goup VI-B netal and G oup VIII netal are inpregnated

into the reticulated el ements. The nethod of the

present invention is useful to extend the run |ife of

h g)ﬁ%ﬁ A/ 56 i g%%ers-ggawg ah&k ¥t b q%‘& é ?ﬁiwc?l\éﬁd lefnleatd! e void

S can utrlized to react i ns or other

CoRBIRATHNR A hRs P £ S AR
%t%qg any pol ymer precursors, di ol ef i ns,

foJ} rng of the catalyst is reduced effectrvely
extending the run tine of the reactor.[0036] In

ac W ?fﬁ%e 1)‘?"13t Q Eé}ﬁiatﬂ%%&%&%ﬁ tcﬂ@p lerﬁﬁgl drotreaters with

i nven the on-net may 1 nc e step
t I,]al{eI r:g: ceurlalltggelﬁgllellltg o@%’re rgggng%n%te%% %tgllledott% otﬁ? ggﬁ%gé ﬁrop ina

sl Rt 0 P PRRE R o' ot ops

of providing one or nore retrculated el enent s;

°°E‘L°??Lr1@ 8 EIPRERT LAV AON B BRSS! 6 e

r enmovi the u ial or sedinments from
thgﬁﬁm%ces ]§Wé&a%y&bgmg?§b%%lng arelatively

partrculate naterral or sedi nents-free process stream

'i(f()fGHf %‘ f&e f9 ?t?a% 'cﬂgs—se&}? ndl gltdle %W&&d ﬁ)c&@ Rinit with

0oCa e or nore locations wthin t e process

10 ggl tulltﬁaaei % Qtferega%ljﬁ.gd fil%fnertltp & rﬁ%\g}ﬁg ?1% nlre[eilrotds QF th8 pr. g Cfrsen’c 1r%v§nt1on

renovi ng s

?2?‘5 tge 9] ance %%Ilo?esfg Iuﬁl It lwa ! dtﬁe‘*} lgc%lugml%hlg th? 89 ﬁg%nﬁ and at

rvely se process stre
pr C met hod o the rese
e(r)ﬁcf ﬁg %rf:) tla ocess mta m aﬁ:crc])rdgﬁ ea|w1t cfu}lgrgeofo the present

unltst when conpared Wth prior art nethods has the
adVRRY%es of reducing the vol ume of retention
material s required | owering capital costs; inproving

t hz()(?%bi[ f:er’;\ tiool‘% of a}tﬂ? c?’o% %r%h&@al t\’lé’wlo?r ﬁ%&ésg i[ﬁ% tleg%rs of

r'eans, ded e pressu e % op across

15 Sy?eth?:ﬁléted € egn%afcé oq”gié uq]lgiﬂo?c%ltngs tct> er%bL eﬁlﬁer g gg ?J)ntgr{rmglgs with a

use or cat have

| f oty
A IR S0 AR e DEHEESV BT e

accordance wi t h anot her aspect of the invention, the
f ofY§¥i Wy advant ages have al so been achi eved t hr ough
the present apparatus and nethod for separating at

[0070] FIG. 21 is a perspective view of a top and a bottom of a piece of a reticulated
element on which had been dripped water tinted with food coloring illustrating the
20  perpendicular flow distribution of the reticulated elements in accordance with the

present invention;
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| east one process streaminto one or nore conponent
process streans having desired conpositions using
WEHObM2BTL material s in a conmponent separati on PCT/US2006/019854
unit.[0038] The nethod may include the steps of
provi ding CELLD ST materials in the conponent
separation unit, positioning the CELLDI ST materials
Wi thin at | east one zone of the conponent separation
unil907A hBIG 28 a5 & parspeetivervieytiofagpraaess weit wifhitherpticulated elements of
i ntroducing two or nore phases of the process stream
i nthe nresentziomention mndpminppcketethcmshoyt Sm entireclength of a catalyst bed
contacting the two or nore phases at or near the
surfeedingio anlsmbalimeD &S themaesentiinyentiony faci litate nass
transfer and recovering at |east a portion of one or
nmore of the phases fromthe unit as one or nore
c o M¥TRERIG. PB0is e partial rasentwectigpad rséden vieweofco Apvigaiiqnal component
process streans have a desired conposition. [0039] A
5f eagnarasionfmit ecenrdaeawith theemior s i s t hat t he phases
have desired conpositions upon exiting the zone of
CELLDI ST material. One or nore conponent process _ )
st IMFREFKa R4 2 petiel eeescserticgnl BAR VISIV oficr eompremant seprsation unit
between the top of the unit and the bottom of the
unicentaiping el dimatsriel, comentona drays gindt ¢paveiopsd dgtributors
mat eri al can have a surface area of up to about 4000
s qaesoedingtodhsprpent ipvdstion;met er of CELLDI ST material in
the unit. Preferably, the surface of the CELLDI ST
material has a surface area in the range of about _ )
250007dbblGs @3 4¢ e padieberosspseticnabside Fswed!l o¢ongnph sgaration unit
material in the unit. [0040] In one aspect, the solid
10¢ owpilssiemconventionel @echimgy Sptaral and adogveéntiond ediginibutorsaty Behieve
sel ected fromthe group consisting of oxides,
c asdyiathéion ofipropdsel efseamis dntp dewporgntemoedss etreamtsan iagdordagee with the
netallic material, a polyneric nmaterial and a chem ca
vapuoer ateposi ti on material or conbinations thereof.
CELLDI ST material can also be formed froma corrosion
resistant material or predom nantly fromsilicon
cal®78eFIG. @944 p pArtiaberossrsectighal side prewsedra conmpapntisgpprgtion unit
that the conponent separation unit can include both
CEvtDiST L DIST smatenthlonenventiongl eadny eprtérih ind ugvinyentional
internals. Theprocess streans entering the unit nmay be
15v agotribytossatvsmchievayseparation efgmecesy steeame b vamporenbprobess kireams
. One or nore phases contained within the unit can be
p assadorndhmce gt anrebodimentr«f tleqmessniohvadEbi,DI ST mat eri al
installed within the unit. [0042] In accordance with
anot her aspect of the present invention, a nmethod of
al {876hBIG. RE is arippospeetiverviof ofen |eaample gier preapiessssheet made of
streamin a conponent separation unit
CELLDIST material for use in a component separation unit in accordance with the

present invention; and
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can include positioning at | east one bed of CELLDI ST
material within a unit, creating two or nore desired
w@b@sas7efr om t he at | east one process stream PeBEEB006/019854
the two or nore phases through the at |east one bed of
CELLDI ST materi al, whereby the conposition of the two
nore phases is changed as it passes through the

or
CE erial, thereb roduci ng, at | east one
coh@ﬁfﬁ{gﬁ%@eg FISPECBHIGT AL &0 deseibied ditknpede 1of GrELLDIST
and recovering the at |east one conponent process

st MGHA defitehid #fomponent sepagptien gmitt iRcacoprdannei withthe present
that one or nore conponent process streans are

r ed®{PBYYY from | ocations between the top of the unit

and the bottomof the unit. In one aspect, the bed or

be LLDI ST material are customfit to the cross
sej‘?wg{w&&%éoﬁ%? i gvRsen otllobe wateriped dn cpmneghs rrgth the preferred

aspect, the bed or beds of CELLD ST materjal is )
3¢ oﬁﬁa%P‘%l@amoft vl be ypdarstegd that it ig maboinicpdslate gt e drnsatien to that
[0043] In accordance with anot her aspect of the

pr &8bpdimepty Pn thepontzarysdt dateadeddp caver gl altpraatives, modifications,
conposition of at |east one process streamvia
di 804 pquialests, asrmay i igelndadayithimthe mpirit andithe svopeigfthe invention as
positioning at | east one bed of CELLDI ST materi al
wi dpfineddy dhesppenidad pleimsuni t, creating desired phases
fromthe at | east one process stream passing the
phases through the at | east one bed of CELLDI ST
mat er i al DETAHEREDPEKRIPTEONAND SREGIFIG EMBQABDEMENT'S
ch d a&l i%f passes_t hrough the CELLDI ST nmateri al

10 hi&%@bwﬁ oGLFETRR) T 1F-ehsioT GRRmEHNohBIPcess sHE®R e single fixed
streamw th a desired conposition,and recovering the
at ¥l bedrocesiipitvenyitheteulated elenenisd § inghs ghage of substantially
distillation unit. A feature of the invention is that
on&PhsFicHbarlls 128 1i6h ht Wibrhsdlescsibed, plilioush ay rrevieedy disengsed other
fromlocations between the top of the distillation
unfiepghef thhestipdeted pewents he may de upddass well amther precegmenits . If
aspect, the bed or beds of CELLDI ST material are
c udheanodess uniix22tip ef & dows flewephiEgvadtionathé conignainpied pofcesstsgream
distillation unit. In another aspect, the bed or beds

15 of 2¢mill prteTtheraroesss ahit 23 atbeprétPdd Toe inveptiamrmaay byussfl in either
random y packed CELLDI ST el enments. [0044] In
ac Bgedderflyedizgdichtalytiobérbprocespenits. Bfefarkidy,gphewesent invention is used
i nvention, a nmethod of altering the conposition of at
| etrs pnove mrodesd tetls, eansithen amdpoflpw i @nddvm dloadsordial flow
can include positioning at | east one bed of CELLDI ST
mat@figatation.t hPrafezablya dbe rdatatytic chedapiongss t wits cinclude¢ ehydrotreater,
desi red phases fromthe at | east one process stream
pabglromgfibdne hydrocracker, reformer, alkylation, dealkylation, isomerization,

20  esterification, and polymerization reactors. Contaminants typically found in the feed
stream include dirt, iron oxide, iron sulfide, asphaltenes, coke fines, soot, catalyst
fines, sediments or other entrained foreign particulate matter, salts in distillation

columns, particulates in gas streams, sulfur or sulfides from tail gas units, or polymer
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two or nore phases through the at | east one bed of
CELLDI ST material, whereby the conposition of the two
woronne®7phases i s changed as they pass throughCT/i82006/019854
CELLDI ST material, thereby producing at |east one
conmponent process streamw th a desired conposition,
and recovering the at | east one conponent process
.St éri%?urpf %%lrér(]:htogseﬂgp L b%plaﬁ/ai ?@ &r%@%@f lasrér}g gﬁ,gygn&fl Rflculated
gl\?/lglrétﬁe?%%rd)?%(‘ﬂ 3%616 il}e VFﬁSS?mtaH gmglé% gv]?fg tg%ﬁ)t tP I%iltgrhtﬁe contaminants
ect, the bed or ds .of LDI.ST
E?Iaﬁb? LR 20055 1B R T &‘?ﬂ??gg bt @Wﬁ%df toy ydong
adsorber ot her aspect, .t he bed beds
CERy Besept ﬂlﬁéﬂt é&‘ﬁ’&? ‘]1 srepclonpfsi Whipienly &"BY"UF o]y ‘Zﬂmt‘on of the
random y_packed CELLDI ST el e nts 004
5 acaea?taak@fwﬁlh T%‘HBPIH daverssife b?%? ﬁf%g@ﬁfem the size of the
i nvention, a of alterlng the conposition of
| ekediculasd ebrr@e@slé %vel? anhallpi 122 a5 gredeatedy fom pug fize in lay® 26 to
extractorcan include positioning at |east one bed of
CEMBleS Fizeein dryeal28 vistthi foamingtmawseopireagy Baws Agousadhs gefd of
phases fromthe at |east one process stream_ passing
t heetipHaisd selergréudh. t Retiqufatgde agme@iﬁ ecapeigelyde Epm mpatprials and
material, whereby the conposition of the phases is
chmegelith agatprialpa Foan mateualysenemdlydrve o Smdemineitpry while the
thereby producing at |east one conponent process
10 st monohiths hdvea roers junidetmopnttos i If p seticulaied cpreménderhen is ysed, the
at | east one conponent process streamfromthe
extatigghed cerdmicesi¢nuants aeh be hrdé fromrany oemingreiallz avaglable graterials,
nore conponent process streans are recovered from
| o6atexamplebetrovaantotghentdopuminat hemmsaly acfewed tnes £he. ZTA is
bottom of the extractor. In one aspect, the bed or
bedwilable Grbrh OFiBF Catmidsalncarteadqusttaed fin tCudehyt, N&iscorsgs An
sectional configuration of the extractor. |In another
as pediplary meonbBill for udeaid shoprefent npbiBibn it eilable fiogn Corning, Inc.
conprised of a plurality of randomy packed CELLDI ST
15 el nemdghsaterddOfd GpbrmapptNiey Yashe cTheopratiiteedpsieRigndf the reticulated
i nvention involves facilitating the separation of
pr elemssts $5 bRANShe AlkQing O P BrHAD tanpé OLLAS oStcmaiiEnantsa MASS
transfer in a conmponent separation unit. The unit
preferably has one or nore beds of CELLDI ST naterial .
Su o8N rprevaiite ivetionc advahiegeonsip opwdided aa npthedabf trgmoving
of randomy packed CELLDI ST material or CELLDI ST
mat@ftarainatith affom Sa coigthaiimted t pro@sd eanni t The awetisd preferably is
sectional configuration or a conbination thereof. The
depédiamell by heovities Rticulateelbelsts preferably randomly packed with a void

20  space between each reticulated element to enhance filtration of contaminants in such a
way that the decontaminated process stream may pass through the reticulated material
unimpeded. The present invention provides a method whereby the entirety of the
reticulated elements can be utilized to filter contaminants from the process stream. In
catalytic bed process units, the reticulated elements can be sized such that the catalyst
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IS set so as to provide the required nunber of

theoretical stages to achieve the desired separation
wotosoes7or all of one or nore of the speci es PET/UR®06/019854

process streans. [0047] In yet another aspect, the

present invention relates to a conponent separation

unit assenbly with at | east one CELLD ST materi al

CePREPE el e e SentiO ik ot MR HBhc e Plom P have Bhapsted
L. nh f th [ ' .
: gthglré %glihg{eté)t tjgﬁeg gtgtrcoﬁ'{%urngnan% %a?gglgst. 'ﬁfi‘é m&%@% gfgab%g %%%@ﬁ% entire

processstreans |

C Pt bR af BLopRR RSB AR B B bog the op

streams. [0048] T t hods and. assenbl | of ..the ..
ot S A sl Bt o roLpa A SRETGP I Sl ol suen
streans, i nt o conponent, process streans, havi.ng desired .

5 CoMBISREL DS (FEPRg LRIl S TR 4 SPENIAY £t BB poving
separ.ation unit, when conpared wth prior art nethods
hab@tieHae seRiapinaye Fompnensss enas SEurler. vy &E?l}faatﬂlﬁgs’ once the
conpl exity and cost_ of designing, fabricating, .

i ntPaet] thaded gp ehugesda dhrwssi fioRi1Aithy e%?@@ltgﬁam%fto escalate,
provi ding nore efficient contactin% of process_streans

t orespifing\eshitdewn de rereeyeap arniace dhe Clpgaedmatprptsdrent thg\process
OF THE DRAW NGS [0049] In the drawings: [0050] FIG 1

i sugit.partial cross-sectional side view of a single

fixed catalytic bed process unit show ng a specific
enbodi nent of the present invention; [OQS#h FIG 2is

105 W81 Beta depd egterh fpmcdifierent; nEggest unjts figtihags gxperimented
fixed bed chem cal reactor show ng anot her enbodi nent
of withdheyetierdated ¢lerpenis oighe Prerabyentior, The reticylatgd plements of the
cross-sectional side view of a con bustor-style. ]

r egennt dnvention pve perforved dramaticelly betéshitha sppventional retention
enbodi ment of the present invention; [0053] FIG 4 is

a pateripklavghkblssogaerdidlyal si de view of a two-stage
regenerator fluidized bed reactor show ng an

enbodi nent of the present invention; [0054] FIG 5 is
Bxempla |l —Jseds {lpte Jydrafiedfer vi ew of a radial flow

reaétor showi n éﬁot er enbodi t of .the present . .
15{ ] BRSO RO e TR e e BREGFgeryn vicualy
perforated di sk nmade of reticulated material i .
ac édsptigh IO IFORHECY esBHR A nTEnEYdRireaieED ]al{é| 8, cpntained

is a perspective view of a saddl e made of reticuylated. .
racenventionahreticulated materials, known as “ring grading systems.” The remaining

two hydrotreaters, C and D, used the reticulated elements of the present invention.
FIG. 17 shows a comparison of the pressure drop of the four hydrotreaters using
20  conventional ring grading systems and the reticulated elements of the present
invention. As can be seen in the graph, the pressure drop remained low relative to
start-of-run pressure drop over a period in excess of 450 days in the C and D

hydrotreaters containing the reticulated elements, while the A and B hydrotreaters
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accordance with the present invention; [0057] FIG 8

is a perspective view of a hollow cylinder nade of

wo edobaedeat ed nmaterial in accordance with the pPEeBER1006/019854
invention; [0058] FIG 9 is a perspective view of an
exanpl e of a one-piece sheet made of reticul ated
material in accordance with the present invention;
[0059] FIG 10 is a perspective view of an assenfhl ed
di SRnpdkseconyentienal Eigs gradmeTuER ishewedp dRmElicHRIpRSire fRqrrqse after
the present jnvention; [0060] FIG 1 1 is a )
pe P8y 90;dpps ipjsewvicst Thargsulinefdhe pressues JreR FORRAGISHmEE begpen in
in accordance with the present invention; [0061] FIG
12 Tableal.peFhepeantanyipated gvpcess Hregwsiig thy |disidate eaiprs were
reticulated material in accordance with the present
i nwegtiondnently G008 liuigplesel In the G hpdrpignéast the differanpjalopreggure was
hol | ow cyl i nder made of reticulated material in

Sac oolydhpget 4hQ tayshdn gheds dmdrotreaternthie gliffer¢ryigbpesspreGrasiaply 0.5
IS a perspective view of a nonolith nmade of
r etpisicat|4&0 dalysielthe diffdreritial pressoredfanthe AnittdhB hidrotpeagsgewas 82.5 psi
invention; [0064] FIG 15 is a partial cross-sectional
si ded §4 esirebeaivellys fn ¢dngtarieon, thelCiaml I3 hydgptoeggteaswith the reticulated
enbodi nent of the present invention;[0065] FIG 16 is
a phmspeaiitheepreteatingdtioan pajoemed fignifivantly betic dhaal theremyentional
with a void space between each reticul ated el enent
t haingi geadty $ye@mis.N The Coved diffoeential predshe gasceimexdtwith the reticulated
invention; [0066] FIG 17 is a graph conparing the

10Pr e$stthe oftigprésantdhedntibh sllcvshiietimt bewtar wratdundd bode extended
reticulated el ements of the present invention
I nslkahdtRelly.o the pressure drop in a distillate
hydrotreaters with prior art, retention materials
installed; [0067] FIG 18 is a graph illustrative of

the effect of the presentrabrventi on on the pressure
drop iPreaRbDip YA Qi Eﬂixgpleq_m DEtilldte 06a}otFdaGerid is a

ol

nartial ernce._cacti onal o viow nf A AnAy fl vy
| ST LI I = O ..\J.\J\J :.TCUL LA VA Ull 91T U VT CV \V A o u.uv T T bJV\l(:hange ﬁ'omO
HydRhesess | Unitikl AB atly dayil [t Aplae20edegs § o at €30 dayh af & o 150 days

el enents to provide tlhe nmethods qf the present

TAventi pn at tA®e entriance 8¢ the |[procem® unit}] ar0% Worease

othar |l heationses. withilin tha nraocade 1ini+ and o +hn
A=A TIT T T vur LI A\ AV Y

oot T—CTT1CT T SO aitt—a aaslﬁﬁincrease

tlet of the“process unit-Tn accordanzg wth
egbodi ment of 3phe present 30 38 27% increase

D 39 40.5 39.5 1.3% increase

[0083] A typical pressure drop scenario is to have a low pressure drop for the first
months of operation, but then, at a time that is not predictable, the pressure increases
significantly over a relatively short period to a point where the unit must be shutdown
15  to remove the pluggage, replace the removed material and restart the unit. This can
be problematic given the unpredictability of the event, the mneed to acquire

replacement materials with very short lead-time or to maintain sufficient extra
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invention; [0069] FIG 20 is a partial cross-sectional
view of a process unit with |layers of reticul ated

web@aaete3l of differing porosities to enabl e fiPCEUBI0G6/019854

5

10

15

20

of contaminants with a wide range of particle sizes in
accordance wi th an enbodi nent of the present

invention; [0070] FIG 2 1 is a perspective view of a

to ' k | nakid oSl G dMiivery of
on EREr oA EOAL rACRRR L ornd B AR B vy o
col oring illustrat]i r ' :

di ﬁpﬁa[chafmt maucg’xﬁal%.1 hgﬂ@é{sg Sr i @g&g%técﬁ%ln eﬁtg Waccordance with the

ron O Iculate S I n accoraance

L R Y
1 | |

ba E&é?af‘ﬁir%hfg‘ﬁ iqysf’%ﬁ?;gﬁwmaatSf%ﬁgtWGst o B LT S e

6Tl Badp s i oSk bt SWEBRB s YRS HGRayts may

of _a_caonventi onal coppanent separati o nig in.

2 DOITAF SO TP 1B Rt s 0y hef e T zeoglagd clements
partial cross-sectional side view of a conmponent
sepErsardet-unit contai ning CELLDI ST nateri al ,

conventional trays and conventional distributors

accor di % tQ the prese i nvention; [0074] FIG 25 is

a Mﬁm vi ew of a conponent

se lon unit utilizin anvent i.onal Ki.n
rraﬁ@ﬁ%jabagn‘ﬁasc rtﬁ}lécﬁltéfoé?w glgeégﬂe?i WQ% {qs piap oache?'gﬁ(?rgfa/tgrs' Three of
separ atj on of oces treans i nt.o conponent process..

ot M chotipates, Bloin@l G bR R Bl AP, BERRy Re the
26 is a partial cross-secfional. side view a . .
coRHOHARE Toaisdeatt OV R i, o ey e ageg yention
conventional packing material and conventj opal

di 51 B rEgshel cAPBYET S aBEr R (o B P dRalolr ydrouigaters: At
i nto conponent process st rtsams.ir cqordan e vvith%eafln ]
entia Pt 249 dayethp Bk arith thaveiirtlal Cleadiel EPeEenssy ppima
a perspective view of an_exanple of a one-pi ece sheet
madeessire CEPR.Di-ST-hatsk P hyfisieaide D ﬁoﬁlpelaﬂp@ng‘ﬁt pressure drop
separation unit in accordance with the present . )

i naprtieasrd Bndholryg upitGeonigning Hog, gFadiige pysiEmsy gyl psi for
an assenbl ed di sk made of CELLDI ST material for use in

a dudisoneen BoapaR o1 n hyditeate G@cdbe aaeBingied Rrocsss streams in

pr esent _ _ _
the naphtha hydrotreaters were predominantly in a vapor phase. The reticulated

elements of the present invention filtered efficiently and effectively while the

conventional ring grading systems became clogged.

[0085] Referring again to FIG. 1, unless otherwise noted, in addition to filtering the
contaminated process stream 20, the reticulated material 15 may also enable a
uniform distribution and flow of the incoming process stream 20 to the catalyst bed

32.
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invention. [0078] While the invention wll be
described in connection with the preferred enbodi nent,

WO 2oosf1Ri67be understood that it is not intendedP€DUB200$/019854
the invention to that enbodinent. On the contrary, it
Is intended to cover all alternatives, nodifications,
and equi valents, as may be included within the spirit
and the scope of the invention as defined by the
ap feAfet Byarassing theprqusrss strsamEbReb 7 mammfsitﬁcpﬁsegeways 120
EMBODI MENTS [0079] Wth reference to FIG 1, for. .
t r €BiGrOn defofed By preboesnebess 128 4MGa 93 phigjk ecticnluied neadarial 11 indayers
bed process unit 22 with reticulated el enents 15 in
t h@6sP@phe afcomingspraerss alrdagn () mayiabsl bebdibtributed by Hyddyiding the
11) will be described, although as previously
di Swesseyl wodvey sshapemitofa phealitet ofc ymalierd flalde segans 26 then
may be used, as well as other process units . If the

5pr acsmbdividitigt a 2Purality of tienesiaiwn sthiltew stenmis sputhatt the mcotning process
contam nated process stream 20 wll enter the process
Unistreati isaspretall @niforndy addss tHhBuitl rutentiossentinn e takse alongline 34
either fixed or fluidized catalytic bed process units.
Pr ef 31, abthy,catahigt Byde3Re rMThei pdot@ sy dt@Bmi29 ikl seacked tn thaeatalyst bed 32.
nore fixed beds, in either an up flow or down flow or
I adir&brablyQhé €a@dlyst et 3 dodthinsFY ety @ilil Yatalybigpafiiziesl3gl i C
bed process units include hydrotreater, hydrorefiner,
hydr ocracker, reformer, alkylation, deal kyl ati on,
I SqQOG87] Fat icanlytieSbedr pfocesat urdts, natichdp odfytier presnt dmvention filter
reactors. Contami nants typically found in the feed

10St paAituiatC bow@mibhtits , befdro nthex iréheh the odatadyticl bete, This allows for
asphal tenes, coke fines, soot, catalyst fines,
S edhdieiRbSefbiticfd ynefithednkdlat Bearkiics medre of thakirface high of the catalyst is
matter, salts in distillation colums, particulates in
JasvSildbRAIE useSddl of datalyRt wheH EdnlRgedf tb @Pstérad Wit asnviehtidng] retention
or polymerprecursors such as diolefins. A layer 26,

Pr ehR8N, ¥udhPsems rid gradhe Hbtem® ubddUinat:@ehpRk anBAt® Aba result,
is provided in the vessel in an anobunt sufficient to

f i |shfalled $MR4CABAMIARABLIE dotiARHidIRt BRERS SarSbd @8I o ftRY lower
as long as desired’including, but not limted to, as

15! ONQer@ge hiB&uFAE) ¥the Whit BLNtA af BARCH @htalySt activity of about 10% —
sufficrently active to justify operation of the

reagtor. Preferably, multiple layers 26, 28 can be
provi ded wherein the size of the reticul ated el enents
15 such as balls 122 is graduated from one size in

| 2{66887 Tht QetPtddCha®HAC S Ma) BY Alse® Aferl 4@ eAGOPAHGlates 36
process stream flows through the bed of reticul ated

el et ddtgoiRetpréddtAbiRAmEB € NMBRta8 SedficuldS niai@iaf 98Mhat may be
material s and

entrained in the outlet process stream may be filtered, or captured, from the process

20  stream 38 and retained by reticulated material layers 40, 42. Preferably, the size of

the reticulated material in layers 40, 42 is graduated from a size in layer 40 to another

size in layer 42 at the outlet 44 of the reactor 22. In addition, sediments of material

may form in the process unit, e.g., sediments formed by excessive hydrocracking of
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nmonolith materials. Foam materials generally have a
random pattern, while the nonoliths have a nore
apioboesrpattern. If a reticulated ceram c el eP€NUS1096/019854
used, the reticulated ceram c el enents can be nade
fromany commercially available materials, for

exanpl e, zirconia toughened alum na, commonly referred

t ZTA. ZTA | ilabl e from Fib s,
noat kPl R iR o CrartRe] seb Bt T SRyt may e

T OkAe A G RO BRSPSl Ton LRI AL VAR 1S
;P]?rg : %&lﬂj S‘Lte?sgzp;{@ﬁeggﬁ%fﬂat%lhrg@tg% qu(,: élp{%té 2&4%|§§e glggltl%?dl f?om a size

contam nants. [0080] The present |nyenfion
adindritea §@ tuasioghep sige ive g et nafthoertist AF hise frefgtor 22. Alternately,
contam nants from a contam nated process st ream The
et inyepicafrasyasa bg wsed ér ao¥mEew SoniiguERFiog vigrein the contaminated
reticulated el ements preferably randonmly packed Wlﬁi‘h a

v obrdoesp stemistwiesd insteah exter the unisetdld at therewer ond 38 Ardhe gutlet
filtration of contam nants in such a way that the
deprondsasicant 250vqld et the pracessntial 24 dke UpReToRgH 7 1ok geactor 22.
reticulated material uninpeded. The present invention
provi des a nmet hod whereby the entirety of the .

r ef00890l 4 praviewstndiseussedapnaier adyaniage gt fhe Prestdvention is o react
contam nants fromthe process stream_1In catalytic bed,
pr axtivstsd onparsiplly hesivated retiduintedimatespelh Witk RALYBIT pregpgors m a
such that the catal ystbed has exhausted its catalytic
actontnhiyatbd fpoorcesst steeame £9.c UCendersatipn pelymstirgiipa of diolefins may
exhausted their ability to filter out contam nant
pabtdue i@ she fiiotess maithdf afieralbk eontgminagsd praesse trpane 296l heated,
of reticulated el enents, as opposed to current nethods

t haéneeillg ptiviaib iytratuotiorn int thoproséss univ22, esrehy fomeing Soudmts in the
the retention materials conventionally available. Wth
SuUglvce it Balitself thatimaylgeper plugaie procrss uwihd2.f 4 thedpeants form
essentially of no use in renoving particul ate

CORf MBippRBissunity Ry prane bs fibitrcd dmen thewohthmmatedi irocosyugteam 20
materials, once the top of the bed is plugged, the

Pr @sHtY Rovth@ Rerbsy thé Rl reesss-stigh 34. flherefues|the yer or layers
requi ring a shutdown to renove and repl ace the cl ogged
mabgrigahe, 4 Tretidviate feREsl nhhy bd OR8H] wibasmalhmsnayeeider that
collected fromdifferent process units that have

eX ek 88 REEH aWibdiratd Rr 6241Y ¢ atdrals te fenpnirialigfactivated reticulated
presént invention. The reticul ated el enents of the
CULL@8al. | NY 6l heril) au Cadiivht@ cuppdrtt maamt (il patdtiyulbet heaterial that
than conventional retention materials avail able

CORHEh&h Hnpégnated with catalyst materials or (2) a reticulated material that may be
an oxide, nitride, or carbide of a metal or (3) a reticulated material that contains
zeolite or inorganic oxides, e.g., alumina, silica, silica-alumina, magnesia, silica-
magnesia or titania. As used herein, a "partially activated support" means an activated
support material that has been purposefully made less active or partially deactivated in
order to achieve a slower reaction rate or to partially react the materials contacted.
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Exanple 1- Use in a Distillate Hydrotreater [0082]

Data were obtained froma refinery for four distillate
why@eoeTeent ers in virtually identical process PCT/US2006/019854

conditions. Two of the hydrotreaters, A and B

cont ai ned conventional reticulated materials, known as

"ring grading systens." The remaining two

of Hodh! §RbSEie o urbpes %%és?%sr%%%%ﬁs&tsﬁ SisplaRgBh il 15
of the pressure op of the four drotreaters
RO AT R R L T S Pttt il eptonat
el ements of the pre ent(tnventlon As. can @f% b
t h&2tglysph, Altlﬁ\élapm@é BIrEe P AR A ﬁ%aalnsowtroélﬁ ' %P%era Y
start-of -run pressure drop over a period ess
45@lumigamanbe ysed € HEPYY Wa?ltatheéla*h%?%abﬁ%n?%ﬁ %‘faﬁ&t ?%Qfdmg to
reticulated elenments, while the A and

5hy dininvestioarnyefsiahly soRwTissrA Bt 9f Srown H&BgWa%j paggber of Group
system showed a dramatic pressure increase after on
200/ THagrshoify impreghates intprva alwming hgsedisupprat. phecosdingly.dhe ﬁatalyst
conpari son can be seen in Table 1. The contam nated
pr ovE Somptiseeatrisast ane dlechiormivim mealybdayem ond dmgeaies ineqrabination
predom nantly in a liquid phase. In the C
hy eiithtat éeasteme of fren, diidkele pabnlti platipms pslizdiumasd Bidian.y The use of
psi at 450 days. In the D hydrotreater, the
di phlidemt iialpapicelsdyineefulas el yenovel p§ iaC%wleﬂfS endlaljgefins from
The differential pressure for the A and B

10hy dthytene aheremonalsof @8Ry genpaid the derbdvap sf hydeegeac t@ivibe BroupnVI-B
conparison, the C and D hydrotreaters with the
r etmetdld, ab@dtybdehenmen hwstoprefetred. pridsentalysh pefi¢ratdy will contain from
performed significantly better than the conventiona
ri agowd RediorostyRie b weikhicofl Groap VIIB fretaknOf dle @roep 3Henetals,
associated with the reticulated 10 el enments of the
Pr @soReltant BYIRIE ar®@mosgt|predeyiedt e intaniEtGvoem VIID meea duthd satalyst
to be extended dramatically. [0083] A typical pressure
dr @PpreRRBE frdin hiout ©541aY ebcat L bprwesgisr e drop for the
first nonths of operation, but then, at a tine that is
not predictable, the pressure increases significantly

150V ¢009d] Mathatievemby oSG 2, anltiplt fixed @atplystritedyiierees diited6 having
unit nust be shutdown 15 to renove the pluggage,
I epivatited duealyseban @d, 3oadie tedtulapd niaesinbl Y inttheshape 6f saddles 126
This can be problematic given the unpredictability of
t herey entvill behdsarard. The @bt 466 ilhptrace endowrbflew cadfipuration,
wWith very short lead-tinme or to nmaintain sufficient
extwiRidh BB ofit¥mbhtcd Ricas et SIRER khigl the Qhit 46 aHieeldt 52 and
the down-tine to await delivery of replacenent

MBRY dullbSproddks SrebiS4afill bkie the @hitaeihatoatets 56BN WUSpdrtially reacted
accordance wth the nmethods descri bed hereln t he
20P" §ecrésSsndiR B8 Ryl chatb@ht fhe RUAEL it gHtthe fine Fikaibedf 48 and
withdrawn at the collector tray 60. The partially reacted process stream 58 may be
heated or quenched or otherwise treated before reintroduction into the reactor 46 as a
partially reacted process stream 62 at the mixing chamber 64. The partially reacted

process stream 58 may be removed for redistribution, heating, or other processing
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time based on the |level of contam nants in the process
stream and the capacity of the reticulated el enents

wo o@danrern t he process unit. Sufficient reticuPer/@82006/019854
el enments may be | oaded such that the catalyst in the
unit i s exhausted before the reticul ated el enents are
saturated. Exanple 2 - Use in a Naphtha Hydrotreater
[0084] Data was obtained froma refinery with four .
nasiephas tegeredtbetose winfrodygipgethe Baﬁlﬁlﬁéwﬁ%¥ ProFess lega p2ainto the
B, and C) used conventional ring grading systens,
whit¢astor 46 feramaggtion vthray eeesediag caiplygifed $9e dnt aiditional layer 70 of
reticul ated el ements of the present invention., FIG 18
i | Iretisulatedanateripd S ewprparraevided for Blgtipreand: digfribisionde fempone any
four hydrotreaters. At the end of 200 days, the unit
wi tchntpininante tentrained dgmepie fosmed b th peacessingeriiuipmrengrased in the

pressure drop, i.e. - 4 psi for hydrotreater D,
5c onditienh] tpoockdsengpstes sucle ad diop ien paide o ivee sulfige, takghal times e coke
units containing ring grading systens, i.e. 10 psi for

hy dined, seq @talydt fing, @Aingesis of othehgndaed fatign paEliculite matter, salis
cont ami nat ed process streanms in the naphtha
hy dii distiB@ioar ®luseise patiedaes mages | syreams, auMapor suffiies dronl kel gas
reticul ated el ements of the present invention filtered
ef funits, efpdlymemndecibacucivaldiolstiisl e t he conventi onal
ring gradi ng systens becane cl ogged. [0085] Referring
again to FIG 1, unless otherwise noted, in addition
t 0 [6092] &nyeng 66,hE8, 7O nif anticuiteldmpiedd elsars toreaded 260, the heactor 46
reticulated material 15 nmay al so enable a uniform

10di Setoiwbibie indet 5264 folixaig cHambéres4i in e ainognt pufficiestso siteethmprocess
20 to the catalyst bed 32.[0086] By passing the
pr gaess 55 bfictpphfiadyugactad ploctsabtrdayn 62 Hréfomblyaths agdtigly $ayers
120 (FIG 9) defined by web nenbers 123 (FIG 9) of
t hesel @8) coilagd @ebvitRl et lthal Shd Porosiyye b tidbretidBated himaterial 15 is
i ncom ng process stream 20 may al so be distributed by
sulyghiadhidd Fnt BEpIrEHAP Th NgeP 166 48 Sdhothiby BaBityNinOlafier 68 to another
plurality of smaller fluid streans and then

r esJeRAitY irfliaféh 70%aspthél indbining chtafind®Re,prédass SiEh [fR¥ws through the
streans so that the incomng process streamis spread

15unizE@iundied B&EQAS15t Neptionbllyd HRNErEdnECMOS T Shdyl K¥Nprdéticed with or
taken along line 34 - 34, of the catal yst bed 32. The

Pr QEigR%t SdrvERBnAl0basket 's6@&Hs e, | Prefeh®lys MeAtixet cabdyht Beds 48, 50
Preferably the catal yst bed 32 contains discrete solid

cat 3h¥aldiRad dhiefa& pafidfR874, For catalytic bed -
p
process units, nethods of the present invention filter
[0093] Another feature of the present invention advantageously provides providing a
plurality of reticulated elements 15 over an entire length of a process unit. The

20  plurality of reticulated elements 15 can be commingled throughout the process unit

with a catalyst 19, as shown in FIG. 22.

[0094] As previously discussed, an advantage of the present invention is that it may

also be used to distribute the process stream. The process stream 51 may also be
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particul ate contam nants before they reach the
catalytic bed. This allows for increased efficiency of

wo b@saateal yst bed since nore of the surface arRer/vb20061@19854
catal yst is available for use as a catal yst when
conpared to systens with conventional retention
materials, such as the ring grading systens used in
Exanples 1 and 2. As a'resué{“ snﬁtler sj zed, nore .
cadisiihutedawhile being fillered by sydividing g, goping nigeess sifpaguto a
to the | ower average pressure drop of the unit )
r e®lirality gf spaligr Juidrstrpamsclyt passag thy Prqcgsssireass tugpishe Pigelity of
- 15% [0088] The reticulated material 15 may be used
t o fiop passagayieysr BOAFHC pr dafined By dke 8eb megben@3 dilGonyf the
process stream 38. Snall particulate material 36 that
mayetiselatedimpaggriad 5;ithen b dividing; a plugdibsef tines dhpfmelier pleeams so
filtered, or captured, fromthe process stream 38 and

5r etlsit leedinogmingtrireasksa steedmmistspread [uniferydy geragy, tha fluid entry cross-
Preferably, the size of the reticulated material in
| apention 40 thedatalyst deddaatTihd feadorh &5 thénzreadted frathe rcatglyst lopd 48,
anot her size in layer 42 at the outlet 44 of the
r ehefoor bédy withirawhtlng & parfialedaateaiprecess streameidi i thengwllector plate
formin the process unit, e.g., sedinents formed by
ex ©es Jhy enethpd o6 Eittentikn mgl ditribgioduathenidpsatechfat thegpprtially geacted
or foul downstream equi prent. These sedi nents may be
fi lpteeadstieaand2t fxeit dlotngdntogth hikias Shathee & 238 fayset ieough the
reticulated material 15. Preferably, the size of the

10r etrdtivulatddaschterad Byéred0. i n | ayers 40, 42 is graduated
froma size in |layer 40 to another size in |ayer 42 at
the outlet 44 of the reactor 22. Alternately, the
i N\[e9S| amotheryfeathemfitle preseot invention i phat thewetpohtddguatertal dhmay
wherein the contam nated process stream 46 woul d
i Nalsead wedt ercaptues aid fetast caflysapartibles Vo fem the dutB8wangdartially
the outlet process stream 25 would exit the process
Uniréactld p2ete@istrtdir S8 pidethe esdied prooéss ket HF. DR refidOSIA material
As previously discussed, another advantage of the
Pr a3enh laydwers, i80natithe botldt GACHT A€ thirst Fixed bed 4pamtlithd keficulated
activated reticulated material 15 with pol ynmer

1501 @G#srf0N 36 inNlafers Q7 SANGt RS QlcPSOERHS s&cbh® ared2kd 50 are used to
Condensati on pol ynerization of diolefins may occur in

t &i1RF Q6E Staik! RhihlySpafidlar 74 et Saf bha nRah&inPhe @esilly reacted
stream 20 is heated, generally prior to introduction

I NtpRodebiestidif S8 9 rdablell prodessish@meby. AouRbugedf Wikl Rf:énck B FIG.
thé process unit 32 itself that may gum or plug the

Pr acEss cathing3gnd Aftaihine daRWsBNE SidRramparfallyh €eaPle® CRSS reacted
unif, they cannot be fritered fromthe contam nated

Pr Qaffwvisd Hoddss &Peaheh QitRerfd s@rY%{l@Qr LR0BPR 188 bfd dethical reactor,
entry cross-section 34. Theretore, the layer or |ayers
20 the reticulated material 15 is preferably graduated from a porosity to another porosity
as shown in FIG. 2 for layers 78, 80 and 82, 84, respectively for each bed 48, 50.
Optionally, the porosity of the reticulated material may also be graduated from small

pores to large pores. Alternatively, the porosity of the reticulated material may be
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26, 28, 40, 42 of reticulated material 15 may be
coated with an al um na powder that may al so act as a
waewstiewre for catal yst materials to form partPei/Ug2006/019854

activated reticulated material. As used herein, an

"activated support” nmeans (1) a reticulated nmateri al

t hat has been irrpregnat ed wth catal yst materials or
aretic mat eri al that

N oD astcbe R Goaeiaise Pares Abporsp TIRF s bt qnay form

rraterl al that contains zeolite or inorganic oxides,
heﬁ?ﬁlﬁhsra#’ﬁ silica, silica-alumna, magnesia,

SI I i carragne5| a or titania. As used herein, a

"p vat ed pport" .meaps a tivat .
el i By nians of HE S et PaR LB %wewﬁﬂge% il 15

actlve orB, ially deac ted .in qgrder, %.hli?veat .
s| G- G acEied Prr infpaeegpte nghf%t?léi‘i“f Y ré& ‘éec “ia gal to react with
materials contacted.[0090] Wth regard io cont m nat egl
5pr BELEET RreFuEsaTE N NOASFFeRRY 7 o GF-af8 Aenicipdin EAp- %e Yﬁ%f;“ 8,70
al so be used, wherein the coatin corrprl se . one of
s e Péredipulaish ateripblPamnaioeonipin an aé’t“’%?%ﬂﬁpﬁ%ﬁ slpdpe ippsgaicides
an active coatin tionally but preferably, alumna
naypraually egleged alg% ﬁg@ (EEOUP iSRG O ¥Rk siligaa sjfigp-alumina,
The catal yst according to this invention preferably
commehesiss sHicamaghesigr orGitanip ovizeditey prgfonabih aqlectd oy Gbe group
VII1l, or both, inpregnated into an alum na based
su ppmqtmg Af:z,e@htmln gtojite Xiradeealt¢ ¥swhishynay berpided éo e reticulated
| east one of chrom um nol ybdenum and tungsten in

10c omiitemiat asomsulsirate for catalysstmaterialso fOrtionally, Hieghtisulated apdgrial may
pl ati num palladiumand i ndium The use of palladium
i s bpampiegudtert With gatelfysil materidlher the reticalatesf matewd] yhaynlee amekide,
diolefns fromethyl ene, the renoval of oxygen, and the
r emvidd, cadbideyod bogdemf aGhetslhve dSclosgl U8 RatdnaNs, 5,399,535, which
nol ybdenum i s nost preferred. The catal yst preferably
Wi i heeghytiadonpdratedrbyatetauencd % the estbuitit is hé®/mbynsisehighith e present
Goup VI-B netal. O the Goup VIII netals, nickel and
cobmlentiar. e nost preferred. The anount of G oup VIII
metal in the catalyst is preferably fromabout 0.5%to
about 10% by weight. [0091] Wth reference to FIG 2,

15a he97] prevatéde gatiatphotiveted edficplriod emeeriahast ded@ibbdigtiong may be
two fixed catal yst beds 48, 50 with reticul ated
matesd talcodtbol ithre liyldengstraioe raé of the dicdafink 26 othet falynigr predutsors to
be described. The reactor 46 is illustrated in a down
f | pvevetnbulgigr @tguanfornMtiane iWhdnhadothatdaraaationd rguoe €esaddition
stream5 1 will enter the unit 46 at the inlet 52 and
t hef hedtlie thepractindls Seasted adteSdstiahrhn| 58 wieferdthe the neticulatedthagerial
outlets 56, 60. A partially reacted process stream 58
may 5 1aee Joub alse deatatddn@ waifidligt aclivatedf Théénventicht may also be
fixed bed 48 and

20  practiced with coated reticulated material, wherein the coating may comprise one of
several conventional catalysts. Alumina may be used on an active coating or support.
The catalyst according to this invention preferably comprises a metal of Group VI-B

or a member of Group VIII, or both, impregnated into the reticulated material,
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wi thdrawn at the collector tray 60. The partially
reacted process stream 58 may be heated or quenched or
wordengicse treated before reintroduction into PEEUS2006/019854
reactor 46 as a partially reacted process stream 62 at
the m xi ng chanber 64. The partially reacted process
stream 58 may be renoved for redistribution heat i ng,
or _other processingsteps as required befo
r einergeptsuiidrgon 7eelilsar Ascardingly dhi eatelys r%%’e%%n@’ts? ahlepg pne of
into the reactor 46 for reaction with a succeeding
c athioynm, eely Bignumand agstsnon spmpiagiion with ﬁfleqswe@é irgp. giipkel,
material 15 may be provided for filtration and
di selhaitbpletimm, telladiyrywed mﬁi\ylr@ oRf thei Grane Y1Enmelglsnualybdagym is
or formed by the processi ui pmrent used in the
addiost pefairedr Soesgilysy psf wﬂbwn@n fomtabonty23m tapskiodiel 4% by
iron sul fide, asphaltenes, coke fines, soot, catalyst
5f i meight sbGrowpiIsB oretabt I@értheefﬁtonai\ﬁﬁdnﬂds,eiigiwl and cobalt are most
particul ate matter, salts in distillation col umms,
papteifatedatihe anugiast Gione B metallifi the @talwst isfirefemblyrfoom about
tail gas units, or polynmer precursors such as
di 0l5ef iondout[1000R] weighter s 66, 68, 70 of reticul ated
material 15 are provided in the reactor 46 bel ow the
inlet 52 and m xi ng chanber 64 in an anount sufficient
t 0 [6098}] EIG. Bhiflugtrates essnentiemhr@nliustondtylenuigiaed pedireagtor 88, 90.
reacted process stream 62. Preferably, the nmultiple
| ayeyss 66, 9B réficudutel preyialded meydie tiedtint fhddipat bl themical
of the reticulated material 15 is graduated froma
10 potk@sioksy 90 mand &y ar coafbuttor, anatdeacraord8sid yediuce bmyaece BB8ses and
to another porosity in layer 70 as the incom ng
comfafdiitABitRe ¢ the eaporsér giafloivs OVEhet mledLegh 93 he the combustor or
reticulated material 15. Optionally, the present
| NygRhdrawr §RYs Hewed aebighete vitictlaed mtdtérdadldyer 86 to subdivide the
conventi onal basket screens 72. Preferably, the fixed
C ak@bandintdL ISt ofsRhall@Tlowin} dilesas. eTIR Biduldeddbtatial 45 may be
particles 74. [0093] Another feature of the present

I Ny eoloircaily ank age gus! ?\emwat gRspt@el geifgration 125; however it
plurality of reticulated elenents 15 over an entire

15! englybeQh FaPQGRSS shiet 121 FT@ D\ b @yl deYmetric lcBhfigitidh @6sired
el eménts 15 can 'be comm ngl ed throughout the process

uniderididdhrtassatd ddidk B9 (FRS 10 Wtiohaliy ifaltiph?disds @89 (FIG. 3)

As previously discussed, an advantage of the present

\ﬁ@agtﬁeo{?seﬁs AR&tmb tdléiEaM4adF§@ Peogre: i ?I@t b} ?ﬁd& &ptionally
the rocess stream The process stream5 1 may al so

bedpabinl RufRRiond 8. k%%b&lglsmhldfetﬁ@ @aﬁ}f Suff 'fl\bbvghﬂegf ¥e'a€ce the

i ncom ng process streaminto a plurality of smal

Iy gushdee b%c&ﬁﬁl ot BE aﬁr %§§I§ b Gedlch rﬂ’lb‘ %n@ressor
pl uravlty 0 | ow paSsageways FIG 9) defined by

20! h %oi@@ﬁ’ov%? r&pa%'é r %ﬁ@\mﬁlg e anQﬁchefse tnh flow rate, depending on the process

constraints of the particular combustor-style fluidized bed reactor (FIG. 3). A further

advantage of the present invention is that the subdivided vapor or air flows may more

uniformly distribute the vapor or air 94 throughout the combustor or regenerator 88.
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reticulated material 15; then resubdividing, a
plurality of tinmes, the smaller streans so that the
WO p@o/278g1 process streamis spread uniformy arPCDES20061€19854
fluid entry crosssection of the catal yst bed 76. The
feed 51 is then reacted in the catal yst bed 48,
before being withdrawn as a partially reacted process

L8, M5S0 i i S A oy

tiall d t 62 ' i nt
PGBk BB SeBRSIERA FLASBOR Blpgihelrre o
reticulated material layer 70. [0095] Another feature

DRIy D bR M AR
[ 4 . OW 1

U BELLLE! T AT 5 ML DB o s
SR et G B TRASE kBl L% B4SET T o

reticulated material 126 in Iagers 82

8 t.th .
oGSt M5 RcBRCEOMEREE Dol egeriipt S gifey gos is flowed
filt d retai tal yst | cl 74 th na .
o ah g I el gt PR Py BL A BoRiTe LS PP B EEbLy nto

or reacted process stream 54. A? gjscEgsed mﬁﬁh terial 15 i

r ebarlenby (fonpile flawing sfreamy Dreferphy fhe rdculpist fppionial 15 15 a
catalyst 74 froma partially reacted or a _reacted,
ousinglswinglapdige é%‘%(FSGr kot BremeEpragons; g} Rovgvenit may be an
multiple fixed bed chem cal reactor, the reticulatep )

10 mavedlicakquess sheetgR&(RIGaB), yr yragemetsq configyration desires ipludipe an
anot her porosity as shown in FIG 2 for layers 78, 80
ands8mplegAliskr BRp@&EGi 1@ yOptipnalky arpliirly disks O312 (HIG. 4) may be
Optionally, the porosity of the reticul ated materi al )
maysal. s aldve tigr didud24 dFIG. oo ledt 13orEEGtQ may gatigngHy sontain
Alternatively, the porosity of the reticul ated
matperforationyaySidanty dorstbe yeagndstage b, thedribulentjiales @it d96 mpy be
smal | pores to filter sediments that may formin the
C atfiiwed thrbegh the BOEB] 00 freticulated neederieh i & tresubflividgdhe stream into a
present invention is that the reticulated material 15

15Mayplisitnef smalle dlosing stpemgn The subdivisiorcof tb yepos ¢ iy flows may
active material to react with polynmer precursors in
Pr GERRS thé reduBn&lof R indsmitgpvapbecriair Fir@ms? thusaipdpaing the
66, 68, 70 of reticulated material 15 nmay contain an
ac tdopeashr UBPEIvier nfipk Wl agving rrgannaesx indfew rate, depending on
preferably selected fromthe group consisting of
al ypd Pdcess bbrsGaintswif kieatoatageiaganeraragiadizal bed reactor 104, 116. A
silica-magnesia or titania or zeolites preferably
sel gah@tdbadipet JTehdprRbiMt Gvestidit i nigt ofe sdAivided vhpor or air flows
zeolite X, and zeolite Y, which my be added to the

20 eth &M @ diniformly distribute the vapor or air throughout the combustor or
regenerator chambers 108, 110. In addition, another layer of reticulated elements 112
may be used to uniformly distribute any fluffing vapors 114 used in the fluidized bed

reactor 116,
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material as a substrate for catalyst materials.
Optionally, the reticulated nmaterial nay be

wo peagmeat ed with catal yst materials or the rePCTUBZNEO9854
mat erial nmay be an oxide, nitride, carbide or boride
of a nmetal as disclosed in U S. Patent No. 5,399, 535,
which is hereby incorporated by reference to the

ext it is_ngt inconsjs t with the present, .
CvEBtaohn. ' [ 308 perEtiey B o TpRPAEERS g PyapiBgied process
reticul ated material as described aboye may be used t.o
corfIFyR 1P YaPHy APk Frd Gl el e REIea) BPPTG4 Gt retioulated
ot her pol ynmer precursors to_ prevent foulin% 0 um,
£ onTHHERDES e tepeiet HF M Srbe ekl dad L. (RE ilustrated
addi tion of heat to the partially reacted process )
st rdthpnghg as preisiybfigoussed. pley shapat 8@y rhet &eflal Thescqgtaminated
|l ayer 70 is also activated or partially activated. The
i nvRBpssHYireamyin sipes fiym Prabientee thewpdial floyapecgor 94 at the inlet 96." A
reticulated material, wherein the coating may conprise
ondayst Bevlereticulaionh veaieriabria) mom afefesaldy laxiersn?Sha Ofesf 1gtculated
used on an active coating or support. The catal yst
ac cvateliigl d 51ie povided imthe Messel thetyreen the dlbflgction hefile $25ang the scallop
metal of G oup VI-B or a nenber of Goup VIII, or
bot194. iTherlagrraefs, iof wtittiated aktecial Ht @d in filtering contaminants such
mat eri al , i norgani c oxide or zeolite. Accordingly, the
c ataaldys tiromeokideoinpr sudfddeqatsphagses, ovle fofs,chetpeatalyst fines, sediments
nmol ybdenum and tungsten in conbination with at | east
10oneorafther rotfgingdl fokeddn, pariidnddtd matdradd pudymerpadussdisumrlamddiolefins
iridium O the Goup VI-B netals, nolybdenumis nost
pr ehedinedlin {hheottarmmhigd tvapr décelr Pl eforairddcti@oint the fixéd amlyst bed
about 2% to about 14% by wei ght of Goup VI-B netal.
O 10l eanr distiharyt [throti@ the Scentet pipel11ang tho Babikd praesFosicam 112,
preferred. The anount of Goup VIII netal in the
catglky sk provipisef afsadrked, fanomivaixagy of 1o pietendifuintidD % lhat the
weight. [0098] FIG 3 illustrates a conventiona

conbtisllAsd mbigha 1i5lmbydicanel Badptifositi 96tail&ataBe: frdra Yee$ streams,
86, 92 of reticul ated nateriaf 15 may be used in

15F | Wihehvg Beke R the GRRATIERtubEERBE Or s 90 and in a conbustor,
or regenerator 88, to reduce entrance |osses and
mal di stri bution of the vapor or air flows. The inlet
ai r[o8d1] o t hahe esdeubtedrcl@fientegaier adedrto 3ltet Sorftdmin@ds, such as
through the reticulated material |ayer 86 to subdivide
t heseSinfe@fMih Néthera typbirall proyes®feqaipaleher FIGW NGllustrates another
streans. The reticulated material 15 nay be a single

Ci regpdodimedt Kthd gtbsdnfirPentfoh. M thikdhibodtient, lrbtitstatedtcthents 95 are
perforation 125; however it may be an oval or square

3ha_gted g&lrer{l&liﬁ?g séllmery, s@dhYasGERNTRY & dRtiBAdhi @Mhat 900MThe method
esire

20  of filtering sediments formed in process equipment preferably includes providing a

9]

layer of reticulated elements packed with a void space between each reticulated
element. The void space is varied to enhance filtration of smaller contaminants on a
surface of the reticulated elements while allowing larger contaminants to pass through
to prevent pluggage of the layer of reticulated elements. The method further provides
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i ncluding an assenbled disk 134 (FIG 10). Optionally,

multiple disks 86, 92 (FIG 3) may be used. Also, the
waeleek/11241 (FI G 7) or sheet 121 (FIG 9) may opCT/ORZN0é/§19854

contain perforations. The subdivision of the vapor or

air flows may reduce the turbul ence of the incom ng

vapor or air streans, thus reducing the conpressor

h I
. gt?%%gt‘é%@ﬁﬁg&gﬁéqeﬁ% c%}%gc 3 Stﬁé s@ﬂnéﬂ&&/ﬁﬁ‘ﬁ{% rb?{ﬁwjalte%vglements

constraln

paEﬁelA%gu @ﬂg@g’g@e\jgﬁm%y Iﬁ:?mt Lglp%cégs slfe%g‘l ?%&7 %(516 cé\'&mtller

age o e presen

that J£.he subdiyi ded. vaper, or air. bl
unl ?%?,rmna%al g)t ! Ieb l}ltr ? %9 the” reticulated ecfemg-lgsa%/lﬁgr% 10%1& the larger

he “vapor or I oug

t nbust 8.1 diti h

l aygrﬁ%g@%%f Y U 8 A o
m trj but 96 d

SUPS B SEREA 5 S0 L BANR0T, 95 R B e

FIG 4, which depicts a conventional two-stage
re@@ﬁ@*gﬁor fluidized bed reactor 104, |ayers 98, 112
of the reticulated material 15 nay be used simlarly

MBS o i o i aripedif sibonSi s o PR e os o

conmbust or. or firs age .108
¢ hPSGERSE TR gy PRETBIY aPE ke B Pvelggr?%aﬂons 125,
subd|V|de the tre n1 prefer g(i |nto(ﬁ1plurallt
sngrq %f? Iy lawtw @&r fogsiogs ars uspL Brepmmiodate sioer E?F‘ tédhat may
singl e C|rcular di sk_124 (FI G

Owj pﬁfw@lh{ h%ﬁﬂeﬁl W&Pé%trca}%e fkﬂ?ﬁenﬁom@rs PRES BRRY lacslu%ﬁaddles 126
oval or square sheet 121 é or any ge
coﬁﬁlﬁg ah2OlRY ybindare ity L@y ﬁﬁgISHh%?é% leb?fgtaﬂﬂal@ﬁd qlsf&nal 15
(FIG 10). Optionally, multiple disks 98,112 &E
mafFlGe Vsdisks Al3do formed g8 ke Phuality| ¢ soemegts dpbert i @. 10),
(FIG 9) may optionally contain perforations.
Si sty Sbercehealis ) Cot Bl epinded 0 il ataschie ings
inlet air 106 may be flowed through the [ayer 100 of
r et 3¢ (Jlgt ED, saverss (BIG. 14), ped wondliths @EG+ He. Eacleshaps mexbesized
plurality of smaller flowi ng streans. The subdi vision

150f ta frelividipbrspenifiations | Siss ferythe shapse ushd mayr ipoludn sebstpntially
the incom ng vapor or air streanms, thus reducing the
c onpiredsa brllhof shopbikde 2usdigdiameters ltamhiimgngsowiﬂaimside diameters of
increase in flow rate, depending on the process
conbdut & ft & imdh dndeoutside- dismefersrdgboratod 12 inclesad leaghts of
reactor 104, 116. A further advantage of the present
i nwent /oo 2i ischeeataddlb shapabetitl ialé i alapo 4 tor2 iachesfHodlow cylinders
may nore uniformy distribute the vapor or air
t hhevigh twide tdirenat@sbfishant Yoto e fehey attside divardees sf 4108t ¥4 to 2
110. In addition, another |ayer of reticulated

20 el anhest andlAdights of about % to 3 inches; and solid cylinders having diameters of

about % to 1 inch and heights of about ¥ to 2 inches. Custom-made one-piece disks
124 or single sheet 121 construction may be custom-fit to the physical configuration
of a reactor. A further feature of this aspect of the present invention is that the
reticulated material 15 may be formed in either a disk 124 or single sheet 121 having
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may be used to uniformly distribute any fluffing
vapors 114 used in the fluidized bed reactor

wal®s198100] Wth reference to FIG 5, for trerCTBR1000019854
a contam nated process streamin vapor form a radial
flow fixed bed chem cal reactor 94 with reticul ated
material 15 in the shape of substantially spherical
ba idnil fehtubSSF R # Hs 1@Sthe reticulated
preoutfs {5 A ool SR Bsenfle BRA T 1B8gp roticulate
cont am.n d pr I j ' .
crbEr o e PR R GEAPh AL HRER ool Epithgl in ondor o
layer 98 of reticul ated..materi r ef er AT
| s S eptipo, ibe PR B Rl B RUeCHARAR ppysca

tion baffle

in t bet. t he. def | 2 .

eSS oSS T R0 AL e i A0 s00 oo
terial 1 1 d ilterj t am t h .

5 g? P{%’E‘ér&% ngbgiltaaé{ogi tL% ﬂ?o@raitg g%agl?rnagg%n ﬁ‘g’%}n 8&0@3 5143 Eoo S@ ppi. More

1;:1&% ’reﬂ)iyg %f&}léﬁ?%lt%ééqr%tg%yﬁgggl Oél? ?115%061? E%g{ é}ené)'l This enables

precursors such as di ol efns entrained in .the .
cofsipmirpiion @f (hgize apd ghppg 1 BT&rfaF%ﬂart%fg@MeHﬂ §5nfor fhg application,
fixed catal yst bed 108 and di scharge through the
cefiger Pasiiqukite Jopding puh PreSe <HOR) CORRRIIS ¢  Hignfofipylate element
Al so as previously discussed, an advantage of the
pr egteniel suprgunstingghe pares. 95 PPeTRESy ot the rRtglad slsmepts dproy e web
may be used to capture and retain catalyst fromoutle

10 st meabers 13hailE- Newhich in wpedadine dedlavgrassaseyaysggl F1G. 9).
[00101] The reticul ated el enents can be used to filter
cont ami nants, such as sedinents, in other types of
pr 89483 equiTheepresent ieyenten iaﬂqouéqvﬁéﬁa%@uélﬁol’%&des a method of
enbodi ment of the present invention. In thjs e
enbedendigwlar flowtdigtipuiiondn plosess wss. gbhin pearpeRdicylar flow distribution
renovi ng sedi nents, such as salts, in a distjl|ation i
c omgthed gocludel eprendding Pneforf preetetipyated lemsHtssing He ragrept unit.
process equi pment preferably includes providing a ]
| ayéfﬁnwﬁﬂyrtmeir@tiﬂum%dﬂl@ﬁ@ﬁiﬂm%d,paw@mc%{gftlhfga ool te sHeaively
bet ween each reticulated el enent. The void space is

15 v aspaadhe groesshanit eWhér mnltiplegntiofatehelements gonsalniben prdypically
on a surface of the reticulated elenments while _
al howigadin awgdmmly padkadbeh Regatdesp afthe chrliaygition of the reticulated
prevent pluggage of the | ayer of reticulated el enents.
Thelenentsoerch uetidubatedpelememddsfsor phuslitnof ivel membersdbat define a
stream containing the sedinents with the reticul ated
el ehmediity of Hiewemgsagewnpsi thypugh eéhe edicniatetl clémentn tAgrocess stream
process stream by renoving the smaller contam nants on
t heomautddawith ahe pluealityebf caticataed @breerss is thareforalshbdiwided into a
the larger contam nants to proceed through the void

20sppheditpef sedier Aaidhtreahd pupatiag tiel @Rt stream through the plurality

of flow passageways defined by the web members of each reticulated element. The
flows of the process stream through the flow passageways within the reticulated
elements and through the void spaces between the reticulated elements when multiple
reticulated elements are used provides for effective flow distribution perpendicular to
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This nmethod produces a relatively sedinent-free
process stream for further processing. [00102] FIG 6

WO bdogaeTeat es a specific enbodi nent of the presrOit/US2006/019854

5

10

15

20

invention as a reticulated el ements disk 124.
Optionally, the disks nmay have perforations 125.
Preferably, nultiple perforations are used to

BRI B BB AL M0 oy o o
( Flioess 3%@.&%5?1@%% s??éf@fa%ﬁfg?&?‘é{ﬁ??’h%lé B ihtiho prpcess
FI G ' 134 s Al .

g e 5%&%;“‘1?'2&% Tqm Ig%{:é%g%’nft F Py cQ)Hll)gxﬁ}tlbltx Yof ch’nese locfatlons, as

subst an y spherica

balls 122 .(F 1) ,.soli ylinders;1 (El :
r 2 BbRgE i guC; 48| mpe e e ISPt E e Sps s white
nmonoliths (FI G, 14)._ Each shape may be sized to .
R ERBUE g SISO BeTRY ok T frpkSs g Thi
may include substantially spherical balls of out Y% :
D e e PR PaBORSy TGt SO MY nerBHpe At
of about 1A to 1 inch_and outside di nEtﬁrﬁ of .about . h
1 ATgastigns 1to partipliy 08 tofplly FRIMQYRtoS CBPV%&EFG fbqgiod) species in the
i nches; saddl e shapes with radii of about 1A to 2

i N®HESss sgA™M-ow cyl i nders havi ng inside di aneters of

about 1A to |I1A inches, outside dianmeters of about 1A

to 2 inches,_and heights of about 1A to .3 iInches:. and
SO0 1 RS e dhSamutiar e pengige: AR T e Agpated
and hei ghts of about 1A to 2 inches. stom nmade .
onEIPIEBOIRE RECSTBATSHIEY ] WPENB O PIBEOEEN AR FEPTHRER Wes
may be customfit to the physical configuration of a,

r eRexiermed psmgra HropPe gyt drepper flpwetgs ng?prBWriaFFéy 116", The
present invention is that the retjcul ated paterial 15
mayetisalatedretpment disteibyipdbihe dawid prroendicwdalyglp gliamelpadpbqy peven
havi ngperforations 125. An additional feature of the,

pr éiwea the digaeten ofitha dyornsht Thendow B Bef ditvdepted doyghthg reticulated
when constructed may be forned into a plurality of
seglsrentas mudy dBre significontodisiribuion evas readie m g hasizogfplgplane and
that is customfit to the reactor's physical o

c ombt gyvarttal plane. P¥hersused wepresess yndts, teg jebienlzied slompaipiighiicantly
may range from4 to 800 ppi. Preferably, for

f i Iperpatdionartshdispersss ey flndy to Preyentf channeliigutand ethergproblems
ppi. More preferably, for filtration the porosity may

r anigpeudsedmreibout 10 to 65 ppi. This enabl es

custom zation of the size and shape of the reticul ated
material 15 for the application, size, particulate

| odONI8G] and Aneadditionsl Getwe ebiks PreapHitaventpre careinclude theestep of
el ement material surrounding the pores, or openings, .

of using retistilatad| chameetitséh erveniety of peasitivreanggigre sizes, as shown in FIG.

20. The reticulated elements can be manufactured such that they .have a porosity of so
many pores per inch (“ppi”). For example, this means that a reticulated element of 30
ppi will, when examined by one skilled in the art, have on average 30 pores per inch.

The pore sizes of such a material would be about one millimeter. Pore size in this
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menbers 123 (FIG 9), which in turn define the flow
passageways 120 (FIG 9). [00103] The present

w0 pwenticdnh al so advant ageously provi des a net hBdr/v$2006/019854
per pendi cul ar flow distribution in process units. This
per pendi cul ar flow distribution nethod includes
provi ding one or nore reticulated elenents in the
process .unit. Wien on one.reticul ated element is
oS0 i e deppE e B tha RRBOLRENS rofoRRosutiE b BPiaarg not
the process unjt. Wen tiple reticulated el enepts .,
o BRI o oyhagiet (e FipRe ok iecrenss i S window
packed hed.. Regardless of the configuration of the :
TRt DR S s EeRy B gt Derogh ehihe iesppartict
plyrality of b penbers that define a plurality of .
f1 B (P or prediRhip e pase-i Che parentydprasenfithe 1gticulated
process stream contacted with the plurality of )

57 ePlPmeREthe] Bt TYeRiam s 8P abow i S4B Pt Bhig enables
plurality of smaller fluid streans by passing the o
pr eRstogaization i the mize gt shane of (ther wticulsted plemenf Tor the application
passageways defined by the web nmenbers of each
r ebstidigts aerlediegrpaticulapp loading wrd pressureedrpl esainist rThe pres of
through the flow passageways within the reticulated
el Bweeticylainddlantpntsi rgh be e rorged! shrait 6 mibiateigaela abewd 100 microns,
reticul ated el enments when multiple reticul ated
el eavbriteingadefingd ey prudwialirsoff web efeirdetsi fpeming cavplurality of flow
di stribution perpendi cular tothe flow of the process

10 st passagewhysdbupugh the rqiicolsed slemwents. Thi s net hod can be
applied to process streans that are entering the
process unit, at any location within the fpr ocess unit,
at [00K@0lexi t Asaradyindagsrod depsesemiiinveniionathy fiorid mathpdprovides
of these locations, as illustrated in FIG 19. This
mefon sepre gfficimt Aifgpation avithin fhe peavsss wnity eSings thiicbaminants do not
concurrently providing for filtration of contam nants
f r eake whengho Gt mckdsrod dlm refidulatednaerhents, eawith eomyeplidneldreteption
process streans while concurrently perform ng
c ataleyitls.call efitiei Qites ted cpaibt ieffkdtivelyrusedt drdsyure eloapythramgh the
convert desired chem cal species in the process

15 st redeutated @EhGAls dahGem2inllowl dsulshg at estfitiert @tiowlattd efements are
per pendi cul ar flow that the reticul ated el enents of
t hetilizeé sehtthitneprbéesniudt radapabdrd-affrurpcadition Ptgher tan pressure
experinment was perforned using a dropper with a
dr épp eicredba MRiedoweafprespyre dioiprmdrelkes the shfety offdperating the unit since
reticulated elenent distributed the |iquid
ped@aidtan bqripyertas Aot dieprifet @F flow aad tHetupsessaneduipiiat 8dee not
di anmeter of the dropper. The flow was not distributed
dopwessufecup ElteGlth Binedbedl emeatalySiSchihleh are Eiy@iffch ARy intre@6d since
di stribution was made in the horizontal plane and

20  the process equipment can operate much longer than with previous filtration methods

before the process equipment end-of-run conditions.

[00107] Another advantage of the present invention is that smaller sized

catalysts can be used in catalyst bed process units since the catalyst bed is subjected to
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not a vertical plane. Wien used in process units, the
reticulated elenents significantly perpendicularly

wale@paeses the fluid to prevent channel i ng andPOI/82006/019854
probl ens di scussed herein. [00105] An additiona
feature of the present invention can include the step
of using reticulated elenents in a variety of

iti ' ' . 20. Th
ok ikh 178 P06 e bR, B o B BB e mor
of so_nmany. nch

h ' .
E;- ﬁ%ﬁlﬁ?"?ﬁ}fﬁi‘%ﬂgﬁ e %it R Ay hiib%??g%i femtg\ftlelé?- The
30 ppi, W wh ' . ' :
RS P AR e SE D 6RBapEe pihap Beenfion is t

pore. sizes of such a nmaterjal would be about one
i PPk incteas Hiednis of b ppatichy diih o RughdOY v gaemagsure drop
size of the cavity of the pore recognizing that pores

> arléerﬁlﬂ‘ile%%lﬂfeé%‘?ce%ﬁ’étr es. Another inportant el ement of
pore size is the size of the wi ndow opening into the

po t is this asure at determ pes. t he, si .0
PoB1ig es: Ambiter ERBRERaR! (8 prese R o dPIRE B g1 2L
within the pore. The porosjty, range of the reticul ated
ol Bhiie of gpd PhEo ng‘éﬁpf WA SR AT et E‘{“ﬁlm a
800 ppi. This enables custom zatjon of the size and,,
s heFpeestpnif (efapibifateRATRRAREIUIST BFE feHstRiHiop fip miigsfs charmedpe and
constraints including particul ate | oading and pressure
dr ¢petcymPtens At §19ngldﬁmbé§°rbf Sttfe ORL O Blprudaygrs of reticulated
el ements can be in a range of about 6 mllinpeters to

10 apdermentp Withinct resesseyihalpe farditefe diltationinf partipulpteasqniaminants
of web nmenbers formng a plurality of flow passageways
t hvBdkigtheiecessinilcul at ed el ements. [00106] As an
advant age of the present invention, the filtering
nmet hod provides for nore efficient filtration withjin )
t OB cess With teferasiop G 3 cHAVA i aRtinr artdistifigioncglegm with
up on the first inches of the reticulated el enents, as

Wi EFRvesiRd ity Aarnd BrepraveRtional dstribters 14 enedpcaqdenear the top

filter bed can be effectively used. Pressure dro

. . P.

t handuits neethe dottem | odtteeiuril e REOSess sireginy avgging theWnih énclude the
long as sufficient reticulated elenents are utilized

15 suialet PHwesst fsapr bd e 8 Dot of g ctyedoath ligHd spanp JA2 exiting the
condi tion other than pressure drop increase. The | ower
precsdenser atel dle Vaper digarnd 53 pitingithe tbytierns igpeifeat Comgpanget process
unit since downstream equi pnent is not deprived of
f | diwamp dretrbeovenod 85 & pontion of thediqpiddtream Adt exptiesihe cendgpser and
The run tines between catal yst changes are
si gporfiprcefithd Liquidetreemsiéd esiting éhetblotiop b the wgitequi pment
can operate nuch longer than with previous filtration

met hods
[00110] Referring to FIG. 24, a method and assembly for utilizing CELLDIST

20  material 15 within a component separation unit to separate process streams will be
described. In this embodiment, CELLDIST material 15 is disposed within the unit to
replace some of the conventional trays 12 in the unit. For example, large, bulky trays

can be replaced with smaller, less complex trays, and the additional space that is
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bef ore the process equi pnent end-of-run conditions.
[00107] Anot her advantage of the present invention is

wo b@b/131681 | er si zed catal ysts can be used in CRPCHUSENG6/019854

bed process units since the catal yst bed is subjected
toa nmuch | ower cycle-average pressure drop. The result
of using the smaller, nore catalytically reactive

cat@laysit witin %egtﬁﬁtrba%l Be 6kl r(i)fa¥1 B lﬂg g%ledl\g% EELEBESJI( material

15% The entire surface area al yst can
USQ%tBQ&n&kﬁm?Rk&PQ?QaﬁH{pose which is to nodify and
i ncrease the reaction, due to a nuch | ower
average pressure drop per cycle for the process unit.

[ 0Ga@dh] Anot hRs, B3A%ERE 296mPéne p&}pﬁﬁfr’(ﬁﬁﬂht éc@&‘aﬂ{g t0hd ﬁhor art

as deplcted in FIG 21, the use of one or nore [fayers

of dofbintdy @hechiBha ?@P&ﬁg AhteMAr 100 ﬁl A uﬁ @flévﬁ]ﬁl Wb dder of the

process unit to fa tate perpe

5r e ésEﬁt' fﬂV%ﬂtl?P ﬁgﬁi%i%? ﬁlgéﬂﬁeiﬂ %H%ﬂo&ti Ilﬁsrmbutors 11 and

stribution. "Such one or

Ia I rocess unlt

al g%ﬁﬁgggpﬁ?%?g%lﬁl |on o%aﬁ@é Hﬂ%?a?g cont am nants,

mnthln the process unlt [00109] Wth reference to
%OﬁQ shoyp, &1 PDRT ﬁﬁteﬁ{ltw%a? ﬂ)é (l,cﬁ]i (—Fi &%9 'H]atéﬂai B’lat 18

conventl onal trays 1 two co ventl

}gbpeugp bé&i g':k bridhd 119:8 gflee ge m?urg oa&da%(fe o %Vltﬂ&%{d the
ottom O? ?18 uni I'OCG reams ent ering

d
3?'@ P Frekl, b %Vl@{ é’@iﬁﬁirs%q

ove?

tons o

ortion
of np
en nsg tcho onent Separation

OC 0 rtllqﬁ %Egrgtlo%g qngtjp %E#Eﬁ%’T r%%t%r‘?ﬁ“i‘s ]égg’ b Xéeél vﬁgg 89 &agﬁviég@ the

15

20

pr ocess St reamns

{
gﬁ%"%@%ﬁﬂ%ﬁl a-"f""% SR R da b ey fer}?ﬁto ﬁﬁ?ﬁeﬂm“
ol 5Sh°§’£§°§%ﬁdff%31?>% ]619%%1 S rArta ciee vt gPapantof
S ?5%?%%&%%&3%5@& P Biodhion of R Bcknady fesfereate desen cost
CELLDL ST mmat 5 d thin th tt
PG TS B RS etk R et ays 12 1 The unit.

For exanpl e, |arge, bulky trays can be replaced with
STIOIES, | Sy CERL St 5 08 U B8R e
| ms?%ne%ta?f el Pl opoo e s era es Al Bonshtan, e
atl on ﬁ‘mé%@rc[glg&dl gtg?ﬁtﬂo t%xyé}%o@%}@(ﬁ%ﬁﬁl morilgphases
nl%lroug e Ir?aterlal Such pathways facilitate mass transfer between the phases
passing through the CELLDIST materials 15. The CELLDIST material 15 can be
manufactured to exhibit a wide range of porosity. This enables customization of the
porosity of the CELLDIST material 15 for the specific application. Also, this ensures

that the CELLDIST material 15 has sufficient mass and porosity to provide the

number of theoretical stages needed to achieve the desired separation of components
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present invention using CELLDI ST material 15,
conventional distributors 11 and conventi onal packing

waosi1ietern a conponent separation unit. [00112PCT82006/019854

10

15

20

CELLDI ST material 15 may be conposed of any materi al
that is capable of being fabricated into the required
structure, and able to withstand the tenperature,

p M &t L 't e égﬁfrﬂistfymﬂ%l 95 &y wé'belg&h?e?mt ségg tndin§]_the pores,

nponen separation unit operation nert

ggtﬁ;@;n i pi et %{e%;aurmnés B A Yol delhadd 20 1GS.

rocess streamis
2%hq£ﬁ5nbodlnent the CELLDI ST naterlal 15 is
of a non-netallic material in order to allow
for treatnment of corrosive systens such as
hy Iorl I [
co M o it %&%ﬁf@ﬁ%ﬁgﬁféhﬁfﬂﬁ@l (S8 o {55 6Pbreg g nch
5 .can ta

32'£ vy S srepdErie i bl Ooifusd 088 5

gg%i‘fﬁﬁg{% U?ﬁns'c} %@%Eﬁ Iﬁtlel%,ogg %1%(%?5 Egrrelragw I%Chm agou't five
%8 RSP EOU 67 PR SO AP CERBIATY PR por sizes

SSIn t hr ou CELLDI ST material s :

Ceot fekt ﬁea‘?aé‘anﬁierslthQ%E DFRARSSE P EOParghs 'f}]%?ftﬁlst hae pore
mnde range of porosity. This enabl C om zatj on of
t h&2fo b Sikeeys @E abRY Sy PBRaeiot erﬂg@r ‘5’% f Baterigly comprised of
specific applicatign. Also, this ensures that th
CEMapioRqronsPps & cellscandave gy random paterhas Llusfred s & i% 38y The
to provide the nunber of theoretical stages needed to
ac RPeFey 1Ree didhe FEHLREDamaryn So¥ thegipsATRYGIHAL fgem about 4
unit. The CELLD ST material 15 has web nenbers 123
suEq SaHHBHYPRIN N p presaTed SMbEREISIHIYS UseiRiacaempAnI separation unit,
define the boundaries of the flow passageways 120
( FHESEREDISAnatgjal 1f 0bthe pyeses inysntin wil hepy ¢ pprovity of about 4 to
materials is neasured in units of pores per inch
(" piut $O pih L hgsndaserageaf thedntergenneaied poras 11 the CHRbRLA: meferial
as known to those skilled in the art. M croporous
matfl & facalitstehphage mirdngsandthass tragséar avidinzbe unigebpenglempodiment, the
about five Angstrons to about five nanoneters.
Ve SEpODISE matetriel 1 adfshagmesentinyantinmsdyapiogesusly penyidsf an increased
about five nanoneters to about fifty nanoneters.
Masurfqpe aoma sviratcempakd tdpgacking arateriglszed other axit aenadf used in the
about fifty nanoneters. CELLDI ST material conprised of
maeriopat. olise pofaesaos of bk ICELERAIS hanaterial ofthel presquainvention of up
as illustrated in FIG 28. The

to 4000 square meters per cubic meter of CELLDIST material is in comparision to the

approximately 60-750 square meters of surface area per cubic meter typically
provided in prior art unit packing internals. This increased surface area
advantageously provides a more expansive location upon which contacting of the
phases can occur. The corresponding increased level of contact between the phases
results in improved separation capacity in the unit. The increased level of contact
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porosity range of the CELLDI ST material 15 of the
present invention is fromabout 4 to about 800 ppi. In

wa@2eatmrr ed enbodi ment for use in a conponentPCT/US2006/019854

5

10

15

20

separation unit, the CELLD ST material 15 of the

present invention will have a porosity of about 4 to
about 30 ppi. The surface area of the interconnected

pores in.the CELLDI ST naterial 15 facilitatgs. phase

i ERGoR e RESE T0 APl eV O e et Fcihe and & lower
emhodi ent, .the CELLDI ST naterial 15 of the present
igsgﬁﬁﬁgﬂlgﬁyﬁﬂfgﬂﬁously provi des an increased surface
area when conpared to packing materials and other unit

i nt dint i t. Th f
t nd SR By 7t Spbelfind o foe Bistsinu enfin affiee e s trovet
to 4000 bj { f.CELLDI ST .

ma CBF PEFOTente ST anieg! fateuimrdyiace yist Hugreted
fg E?Elgi@tag‘a 29?3‘853{0];\%% ?tre(ag;n% g}l S{r}ﬁﬂ c ?lblge%e l?)élliquid streams, vapor

internals. This increased surface area advant ageously
pr SYPERS Ok 2 FAMaInatigels YAt ape @i BFHUYRT JEHTRIR oF, for example, a
contacti ng of the ghases can occur. The correspondi ng
i né?@a%t@an% Svisflup sireasht By de st ¢ Feoprh sEean ¢ ppRaround
in inproved separation capacity in the unit. The
i néTess Pumpack sflug stieearande sidosireaniscysiasieamea Agpsocess stream
results in inproved mass transfer efficiency and a _
| o} alpEfmetionas apnpsstsergFating agans as [Ohe ¢&p in Hqudrliquid extraction.
enbodi ment of the present invention, phases are passed
t hiusidlation asiog 15 materigl 1 TRpoonligTtonembqdimgnts] 8f the present
positioned within the unit, as illustrated in FIG 24
andnvestionTepn hsr ascewplished ebligh gart e Yapgr toadingmivithip sncdpgentional
liquid streans, vapor streans, or a conbi nation of
bowhit. and may i nclude one or nore of, for exanple, a
feed stream a reflux stream a recycle stream a
reboi |l ed stream a punparound stream a punp-back
r efl0016kt r e ol ensderaboglimans t the SIALLEEYE neaterial da s inAthe form of a
process stream can also function as a mass-separating
agéhgle mciuzedt emengsas iflwstiated di dfIGi i dhestrycqwed elament can be
Distillation using CELLDI ST material 15 according to
enBeadedensizedop fit mathpy the amer ¢rossenctionrpf dleencopwonent separation unit.
acconpl i shed at high gas or vapor |oadings within a
cofhe nleimentdanipai for examle 8]disknameel,enoctangle nt gnytdeemetric shape
CELLDI ST material 15 is in the formof a single
st that iureguire] mnerer, fonthei bted4l rtatfie dvithin Fle@rosd Aectibneof the unit.
structured el enent can be shaped or sized to fit
wi Alternatibady i ifi ler ugit bss a gelativeynlande trioss-ectignyeaior more smaller
separation unit.

sections of CELLDIST material 10 can be fitted together, as illustrated in FIG. 28, to

span the cross-section of the unit. The CELLDIST material 15 can form a single layer
within the unit. Also, multiple layers of CELLDIST material 15 may be utilized
within the unit. The CELLDIST material 15 can be laid in an offset pattern to

decrease the likelihood of leakage or channeling within the zone of CELLDIST
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The el enment can be, for exanple, a disk, an oval, a
rectangl e or any geonetric shape that is required in

woeraen2fedr the nmaterial to fit within the cr osSRCHESL0GNM ISS4

5

of the unit. Alternatively, if the unit has a

relatively | arge cross-section, one or nore smaller
sections of CELLDI ST material 10 can be fitted

toget her, as illustrated i 28, to0 span the .
crBEeT gt tiomnibs Opner ey C%ﬁb?%%maﬁr@is Fhe@ 4159 ba gositioned
can forma single |ayer wwthin the unit. Al so, .

muder Bt enfiesy pgth it aoppit Dy Ao ipiea CELEDRRL, myderials 15 can be
utilized within the unit. The CELLDI ST material 15 can
becamniggled, thypughppiste yoit Wish ane 1 drue camentional unit internals, for
l'i kel i hood of | eakage or channeling within the zone of
CEempSTHEMSers showm it FEG.upd.t packig awetepipl os GRWIDISTFIG 26 or
materials 15 can al so be positioned over an entire

| edigfributers, a3 shown in FiGs24 andh6t i pl e CELLDI ST materials 15
can be comm ngl ed t hroughout the unit with one or nore
conventional unit internals, for exanple trays as

shi@@kl 7 n FI Gherpgmay ek voigagent &r PRAN SRACSHHhIN Hherpaes eof, or
or distributors, as shown in FIG 24 and 26. [00117]
Thewguning the extolietadcthe GELEPERT gitezial 13nintthe anit. nEYpiesllgsa high
of , or surrounding the exterior of, the CELLDI ST

matadage bpats of ypid Frectipnicprrespopdsdalalbjgh poresityland o layagressure drop
space or void fraction corresponds to a high porosity
anwitian thewngy whisly isededirahye for séparntioh uipeses, Thhiidérnalyoid fraction
desirabl e for separation purposes. The internal void

10 f r@lcthe OIELODIS henaGiial Db ST theapreseant invehtief istpiefeppblysmritigh as 70

15

20

invention is preferably as high as 70 percent. By

Cc opgp@nt. S By, cotdparison) degesddgos fiehindninnpsdt awrentgntvaglable metallic
avai l abl e netallic structured packings are about 98-99
pestmetoted pacidngarage #toot98-Fbpgresnt,ant] afecaboniofimetr@int foe nonmetallic
structured packing. While certain of these prior art
madtetiusld pacidyg. hitgle keadie of M@kl pfisraat marsialk hady Kahahighér void
the present invention, the increase in mass transfer

ef fractib®hyn &Rs ot thateebed inlentior, thadicaseth slasd aaBfaaleefitiency
of the CELLD ST material 15 of the present invention

C adyschdiddvith @hdl Mckeabedl Bief0p @kl e it CBLLDY®EN nfate@i@lilB®hf the
nunber. This will preferably result in the sane, or

bejrt Rt infn@ed 64d Miokwythé Ghit & biberAREL AL 186hetlddAirfeBlukiPeS TThis
material 15 according to the present invention than a

Unj Al prefeldbBl RGult RE (R daBle, BF bethdR! Bloll@dtivitV tbha Rindh@krated with
voi dage percentages. [00118] The CELLDI ST material 15

al seLIERIrhitSrif A8thck&iiing k*{} lthd YreSiRiRehSS: fHoh fastt)n_\ﬁ'ln\ﬁnizing the

conpared to prior art packing materials. Wettability

I el 82 nlaRrials with higher voidage percentages.

[00118] The CELLDIST material 15 also exhibits good wettability
characteristics when compared to prior art packing materials. Wettability relates to

the level of contacting and distribution of phases on the surface of the packing
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the I evel of contacting and distribution of phases on
the surface of the packingmaterial and is affected by

wo b@eaeTeoct ure of the material. A high wettabi PCT/YS2006/019854
value is critical for avoiding maldistribution of
phases within the unit. [00119] In general, a packing
materi al that achieves a high theoretical nunber of
stages at a given flooding factor with a | ow pressure
drmpretisl and iedffdctiddrytthe sicpire b the auhterid k iAngivmetatiléy | value is
The goal is to mnimze the amount of packing materia
uséatlicalner ye@idipy maldizeibutien ofipithses withintthewniet i cal st ages
that will result in the desired separation. The
CELLDI ST material 15 of the present invention
adjpartoggeousdh yerexdlj hpackingingtersé fat athicyns @highchesratigalayyenber
| ow pressure drop characteristics when conpared to
pr bostages tat agiesd fAbsdings &abtar nwitto ajowgmesswe pho@mts am efficient and
units, which is a result of the increased surface area

5 angkeferred phdkaty Mabaagahandalietd mbiihizt phechaouat bepacking omierial
of the CELLDI ST material 15. [00120] It is to be
unged $h@9ek frb@ice tileminibee Bf iteoretical ntapest thatbveilll resnltt iedhe desired
the exact details of construction, operation, exact
MefePhiafde, THE CEINDISMTERALEBishowWef &ﬁdprdﬁﬁ’c invbetibn alyantageously
obvi ous nodi fications and equivalents will be apparent

t Ot SKich | RParhiiort Bfficanty ah@rlo@Xpipdues dsqpe chadctdristiesi ehen
di stributors or conventional liquid distributors could

be 95tk dfototiol BE nlaflibGWséd Rctofipehen képatation asits| ivhRhés a result
the spreading of the |liquid across process equi pnent.

10 Pf/ fﬁ% $&rdhsed Qx@fa&sﬁﬂe@ bh P8l el QbR AdeSand OptEbilley dhaRBteristics of

particul ate renobval . Accordingly, the

lnﬁgqﬁﬂgﬁng§HEMQﬁpﬂpre to be limted only by the scope
the appended clains. CLAIMS WHAT IS CLAIMED: 1. A

nethod of separating at |east one process streaminto

ONRYPE0]NDI € IERND 88 BitfersisFAGRS SheShveRA OB sV ioNg ekl tethe exact
COﬂpOSItlonS in a Conponent Separatlon Unlt t he

MehigH of 'Haﬁgtﬁlw&l t fRraBibR P Sxa0f ma(téﬂalsﬁ (@Virlbdlgnents BE®@ and
dlnenS|onaI cellular solid material having a solid

CORRORGIAL 2 SRR ‘?no‘afficgﬁ’(grﬁ aﬁ@ E&lﬁvéléﬁtg xlaﬁl Bépharedtld one skilled in
positioning the cellular solid material wthin at

15! CARLaPNRoZ O ?6{1 shddGat lﬂ&hitd dibtAdutbid tdr QARFnASnal WeuidTdistributors
nore phases 0 e at | east one process

could be used with the reticulated elements to facilitate the spreading of the liquid

across process equipment. Conversely, the reticulated elements could be used only

for particulate removal. Accordingly, the invention is therefore to be limited only by

the scope of the appended claims.
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streaminto the zone containing the cellular solid
material; (d) contacting the two or nore phases at a

waemobaem7pf the cellular solid material to facPdT/USL006/019854
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mass transfer; and (e) recovering at |east a portion

of one or nore of the phases fromthe unit as at | east

one conponent process stream wherein the at |east one

conmponent process streamh éﬁmﬂﬁsired conmposition. 2.

The nmethod of claim1, wherein the cellular solid
?I %ﬁ‘ ppriodic unit cell. 3. The nethod of

claim erern the cellular solid material has a

pl Ur al i Aymethod edf] sephrating ahdeash HPe sproepss FHEArERINoANGPT more

claim1, wherein the phases have desired conpositions

u pemexeiti procesh eireams daving desited| campewtiong invat wmipghent Separation

The nmethod of claim 1, wherein one or nore conponent

prwﬁEﬂm1ﬂmhmﬂumuammngﬁmxspéd fromone or nore

| ocations on the unit.6. The nmethod of claiml1,

wher ei n the (8urf pewvidifig b tigree dinkemkianal sellilar soditlendterial hagng a

a surface area in the range of about 250 to about 4000

squar e soiitl ebmpfent aidlone omaberceldd indied bt ar sol i d

material in the unit. 7. The nethod of claim1,

wherei n the el | gpbétiomnd thd ceRiler sobill maerind wdthireat léasbome zone

the group consisting of oxides, carbides, nitrides,

bori desofthe @@it:am ¢ material, a nmetallic material, a

pol yneric naterial and a chem cal vapor deposition

material . 8.(cjrhe ifpidicidg @fvo Grahohe Iphavhiesteths at Neast one process

cellular solid material is fornmed froma corrosion

resi st agifeaiBhBthe¥one Sontalifify MRIcENL10b1i€ kidtebll, Wherein
the cellular solid naterla% is predom nantly forned

fromsili conggar Qbﬁitﬁetm%Qhe e obROshatds o ladduffede of the cellular
wherein the unit contains one or nbre conventi ona

uni t | Noghsial bl 84 ostelorl ai m 1, wherein the
cellular solid material has a por05|ty of about 4 to

about 30 po r@ﬁ P&EcovBHE at 1e%st L ERSPONGRor SRPEE At BRases from
unit assenbl the assenbly conprising a unit having

the unit as at least one component process stream, wherein the at least

one component process stream has a desired composition.

2. The method of claim 1, wherein the cellular solid material has a periodic unit
cell.
3. The method of claim 1, wherein the cellular solid material has a plurality of

cell sizes and shapes.

4. The method of claim 1, wherein the phases have desited compositions upon
exiting the zone of cellular solid material.

5. The method of claim 1, wherein one or more component process streams are

recovered from one or more locations on the unit.

-55-



a three dinensional cellular solid material having a
sol id conponent and one or nore cells disposed

wo b@esagicrhi n and having a surface upon whi ch tIOT/082006/019854
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nore phases fromat | east one process stream are
contacted to facilitate mass transfer. 13. The
assenmbly of claim12, wherein the cellular solid

meg.er i aneh@shdd JFelaiRd @h&ah&hecs%{fhce oFdhe cEggxlagfm rmalté/na%as a

claim 12, wherein the' cellular solid mat has

p| é’ﬂﬁﬁké &r)!a ﬁfth&ﬁh% e Gt 55 230 % SHIBPARDO :L(?.lare Hl@teuﬁd%? E@Alé’ m@fer of

claim1l wher el t he corrponent separation

Se(l;eﬁﬁfa?gohfd sorr[gh&tgg p consisting of a distill atl on

unit, an a er and an extractor and conblnatlons

t hf” eof The :h?etho]d of c-m-ﬁ lﬁﬁe%g;q t1¥e o%ﬁulglj ds%hg}n]a%hafm S t?d f"rm%l the

phases conpr

8 | f 12 mh
¢ ptodf Qlé@n o S e caftifes a?lﬁed”b "éﬂﬁ%t § P RS £ lbianic
f t he. ) 50-.4000
e & p&o %ﬁ%%@%?aé s R At EBPritr el i

Lo e %ﬁ%ﬂ GV helei e Sefuly sofa skttt i tpca from a

consislln |q§s carbides, nitrides, borides, a
c et A F@Pfrﬁ?ten metallic material, a polymeric
S|t|on mat eri al .. 20.

eri and vapor, depo
THe & 3‘@1.%11 h%if ofjé?aafﬂn%a hereh e e g o lig dnairfel s isforginantly
mJ~J3;1‘()er| is. formed froma corrosion resistant

mn?k“”Wﬁ@”%%senbly of claim 12, wherein the

cellular solid material is _predom nantly formed from
si G conhe dpeirqgeot ojaim Frpyeherpdn Bgimif centaimp nenon mors,praveRtipnal
the unit contains one or nore conventional unit
i rOdrpigmals. 23 The assenbly of claim 12, wherein the
cellular solid material has a porosity in the range of
abdut  Ahe Gneiiad Rt Bl isTeRefho oliar slid mterial hesch Berosity of
altering the conposition of at |east one process
stabewirft ipiahows p aprae pesindbn a conponent separation unit,

the method conprising the steps of:
12. A component separation unit assembly, the assembly comprising a unit having

a three dimensional cellular solid material having a solid component and one or more
cells disposed therewithin and having a surface upon which two or more phases from
at least one process stream are contacted to facilitate mass transfer.

13. The assembly of claim 12, wherein the cellular solid material has a periodic
unit cell.

14, The assembly of claim 12, wherein the cellular solid material has a'plurality of

cell sizes and shapes.
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(a) positioning at | east one bed of three di nensiona
cellular solid material having a solid conponent and

woep@ene7enbre cells within the unit; (b) passi ngp€TESENG6/019854
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| east one stream through the bed of cellular solid
mat eri al, whereby the conposition of one or nore
phases in the unit are changed as the phases pass

t hiughTheNRsea@ly BF QhinS 0, ivihefBRt Bkicd poﬁe'ﬂ%eﬁr@%tt&{ QUS| g@lgcted

at | east one conponent pr ocess streamw t desire

COFBASHnt | @Ristir) off £UR 1ﬂ£tloﬁlrgllr]ﬁlp @n aatdsdr ffn_? extraﬁtor and

component ocess Sstreamfromthe unit.
of 24 %@ rein the phases conpri se at | east one
$thertfOf P mp

Iiag?%hﬂﬁaseeand at | east one vapor phase. 26. The

net@od of claim?24, wherein the cellular solid

mat eri al has a periodic unit cell. 27. The nethod of

claim mher | ar d mat er i al ,has

pi gl'ai ithe B¢ Yi"f “ﬂ“nés‘fi org %‘ asﬁ%““i%ser?étl“ii’&t °‘t?th“‘d
ein th ceIIuIar SO|Id material has a

qF%%%“pr%§§m§UW¥5B “%rea in the range of about
40 .
d_ nHheRERTey of 9 Slaﬁr‘?i%fe%g = e b et st Shppria has

erein on or rocess strea are
re%; ai“r’Sarcsoafrar Ty Obiaut PaTAI% HAGMERS bk Qubioggeter of
of claim?24, wherein the cellular solid
W@nFéﬁ’ Materad e 1mitt o t he cross sectiona

conf ration_of the unit. 31. The method of claim 24,
SO s oD et el e the CagiiaF PIBUmia) is Selecied from

plurality of ., randaom y packed cell ular solid elenents

5 2 R EqTiSHn® oF Qpdem Prbidsih sHEdes, berddesep |caragrc sutarigh 2
materjal is selected fronithe group consrsting of

oxingtalic majerig] g@slymerie matreial ang groperaisal vapelepgpition material.
material, a nmetallic naterial a polynmeric material

amf-a cHerseablefsiimdepveiein §ie oellelasob npgrialr gormed from a

met hod of claim?24, wherein the cellular solid

meRCEIoRian Tesisteptmpteralf r om a corr osi on resi st ant

material. 34. The nethod of claim 24, wherein the

cetll ul arhegeemblymiictaindl, whergn wonilwansolig nfaterinksid pfedominantly
silicon carbide. 35. The nethod of claim 24, wherein

t hiermed from eiticeri ¢agbidsme or nore conventi ona

22.  The assembly of claim 12, wherein the unit contains one or more conventional
unit internals.

23.  The assembly of claim 12, wherein the cellular solid material has a porosity in
the range of about 4 to about 30 pores per inch.

24. A method of altering the composition of at least one process stream via
separation in a component separation unit, the method comprising the steps of:

(a) positioning at least one bed of three dimensional cellular solid material having

a solid component and one or more cells within the unit;
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unit internals. 36. The nmethod of claim?24, wherein
the cellular solid material has a porosity in the

wo avga27i1 about 4 to about 30 pores per inch. BFT/UI1066/019854
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met hod of claim 24, wherein the conponent separation
unit is a distillation unit. 38. The nethod of claim
24, wherein the conponent separation unit is a

C%} aCtﬂaMnéJ g{e:)ﬁglge{eﬁ ¥k isﬁQanY Ql%ﬁéﬂ ﬁxléi l%d%f cellular solid rriaterial,

l'iqui d/liqui s. 39. A conponent separation uni

as\ﬁ% Ythe E&ﬁ &ﬁﬁ)ﬁ'g?lo}{e SPHB{eip%LQQ ixﬂﬁxe lug e BBFeed as the phases
conponent sep%ratlon unit wt a three |nen3|%naf

! : al . .
bbb L e AR b on
ot el i iebTofiall ot ages needed to

separate one o re rocess streans jnto.on or .nore
o dhbondReo Bribs 8ttt e OMPn AR BT €8 U B IIGHE 40,
reiSer | SAPC B GSGIATBAN VIR lecipscs FOmpropAL RSB phase

of ¢lajm39, wherein the cellular solid naterial has a
pl &Y aﬂewoa? VRO PhasP-zes and shapes. 42. The assenbly

of claim 39, wherein the unit contains convenfional, . .
QA% | ARl of sl ‘éi%%‘ﬁt&‘l‘%ﬁeﬂ?l%? m%@%a?fm@w@rlﬂdw unit
the cellular solid material has a surface with a

sffflace area in the range of about 250-4000 square

neters per cubic neter of cellular solid material in .

t Fd- uni’lhe methodmpfeclaimdnibgropy the cellukar 3olid pgatstial hps eplurality of
cellular solid material has a porosity in the range of
alsglisizas and shpRast 30 pores per inch. 45. The assenbly

of claim39, wherein the conponent separation unit is
a 28i st iThe andtiend afislaim 24ewherpia thesepllar soligfmaterigl hasgosurface with
wherei n the conponent separation unit is a contacting

urfi surgc eeqa ingtheerenget piakaue 250404k eavavapistery pefusulpicometer of
l'iquid/liquid phases. 47. A nethod of altering the

c capdsr solidmaddriahin thewwit one process streamin a

29, The method of claim 24, wherein one or more component process streams are
recovered from one or more locations on the unit.

30. The method of claim 24, wherein the cellular solid material is custom fit to the
cross sectional configuration of the unit.

31. The method of claim 24, wherein the at least one bed is comprised of a

. plurality of randomly packed cellular solid elements.

32. The method of claim 24, wherein the cellular solid material is selected from
the group consisting of oxides, carbides, nitrides, borides, a ceramic material, a

metallic material, a polymeric material and a chemical vapor deposition material.
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wa@edbubmrt solid materi al
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contacting unit, the method conprising the steps of:
(a) positioning at |east one bed of three dinensiona
having a solid conpone@t/Us2vde/019854
one or nore cells within the contacting unit; (b)
passing the at | east one process streamthrough the
bed of cellular solid material, whereby the

CoAPOSiThi ik of WRinP 4 we?enph@so%gulafs%u& %wﬁ@-s%g{g om a

passes 't hrough the cel’lular solid materi al

prcgggﬁdrplgslgtgmln%?&alone conponent process streamvvlth a

desired conposi and (c) recovering the at | east

35 Tha e UEHedRERTT 20 AR e B EHIAARS Kl holfihaptly
erlz_itha a [ od|c unit ceII._49. The_ met hod of
°|n§$% ®he cel | ul ar solid material has a

p|3l§.r al LIIhX me{hog%lf Icl::um Esw}?err]gn e L{:I)llt contains one or more conventional
unit internals.
36.  The method of claim 24, wherein the cellular solid material has a porosity in

the range of about 4 to about 30 pores per inch.

37. The method of claim 24, wherein the component separation unit is a
distillation unit.
38.  The method of claim 24, wherein the component separation unit is a

contacting unit contacting vapor/lquid or liquid/liquid phases.

39. A component separation unit assembly, the assembly comprising at least one
component separation unit with a three dimensional cellular solid material having a
solid component and one or more cells disposed therewithin, wherein the amount of
cellular solid material is sufficient to provide the number of theoretical stages needed
to separate one or more process streams into one or more component process streams
of desired compositions.

40.  The assembly of claim 39, wherein the cellular solid material has a periodic
unit cell.

41.  The assembly of claim 39, wherein the cellular solid material has a plurality of
cell sizes and shapes.

42,  The assembly of claim 39, wherein the unit contains conventional unit

internals.
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43.  The assembly of claim 39, wherein the cellular solid material has a surface
with a surface area in the range of about 250-4000 square meters per cubic meter of
cellular solid material in the unit.

44.  The assembly of claim 39, wherein the cellular solid material has a porosity in
the range of about 4 to about 30 pores per inch.

45.  The assembly of claim 39, wherein the component separation unit is a
distillation unit.

46. The assembly of claim 39, wherein the component separation unit is a
contacting unit effecting mass tfansfer between vapor/liquid or liquid/liquid phases.
47. A method of altering the composition of at least one process stream in a
contacting unit, the method comprising the steps of:

(a) . positioning at least one bed of three dimensional cellular solid material
having a solid component and one or more cells within the contacting unit;

(b)  passing the at least one process stream through the bed of cellular solid
material, whereby the composition of two or more phases are changed as they passes
through the cellular solid material, thereby producing at least one component process
stream with a desired composition; and

(c) recovering the at least one component process stream from the
contacting unit.

48.  The method of claim 47, wherein the cellular solid material has a periodic unit
cell.
49.  The method of claim 47, wherein the cellular solid material has a plurality of

cell sizes and shapes.
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