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[0003] Process units may be configured such that process streams in the unit flows

vertically downward or upward or both. Alternatively, process streams in the unit

may flow radially from the center out or from the external part of the unit to the center
25  or both.

[0004] Reactors are one type of process unit. Many reactors include discrete solid
catalyst particles contained in one or more fixed beds. Catalyst beds are typically
very efficient at trapping contaminants in process streams fed to the catalyst bed.

Such catalyst beds, however, can quickly become clogged by these trapped
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[0007] To increase the efficiency of conventional retention material beds, graduated
layers of these materials in different sizes and shapes along with perforated discs, or
screen baskets, have been used to retard the process unit from becoming clogged with
contaminants such as dirt, iron oxide, iron sulfide, asphaltenes, coke fines, catalyst

30 fines, sediments, or other entrained foreign particulate material.
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pressure drop increase across the process unit. It is also highly desirable to have

retention materials that promote perpendicular flow distribution. The method of the
present invention for filtration and flow distribution for process streams, when
30 compared with previously proposed prior art methods, has the advantages of

providing highly efficient and highly effective filtering of contaminants; increasing
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Clogging or other fouling such as that caused by particulate contaminants or the

products of undesired polymerization reactions may also cause maldistribution. The
maldistribution may result in channeling and corresponding bypassing of portions of
the process unit, reduction in the efficiency of contaminant removal and reduction in
30  unit efficiency. Usually, a maldistribution problem is also evidenced by so-called

temperature hot-spots. Such hot-spots can, for example, lead to increased coking and



the process unit, reduction in the efficiency of
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mvention advantageously provides a method of removing contaminants from a

25  contaminated process stream. The method preferably is performed by passing the
process stream over a plurality of reticulated elements in a process unit. The
reticulated elements are randomly packed in the process unit such that there is
significant void space between each reticulated element to enhance filtration of
contaminants on a surface of the reticulated elements while allowing the

30  decontaminated process stream to pass unimpeded through the plurality of reticulated



reticulated elenments are randomy packed in the
process unit such that there is significant void
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[0017] In addition to catalytic bed process units, the reticulated elements of the
present invention can be used to remove contaminants from other types of process
30 equipment. Such process equipment can include incinerators, scrubbers, tail gas

treaters, and distillation columns and any manufacturing units that operate in a



particles may be contained in one or nore fixed beds

and in either an upflow, downflow or radial flow
waleaisgmo3d 0017] In addition to catalytic bed prOLESH04/006366
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reduce the pressure drop across the tower, aI OMI or

bet aration efficjen in the col .

- nolfhst TSt iavension elsabimt sty ﬁ’é@’“ije? 5inae£rqdff perpendicular
I eqllove diskiBuficiTRY @rdchR Senifal This f feBithEiB@la QoW MHistrib@ibk8Inethod
The present jnvention al so advant ageously provides a

met FRSGHAST PIoRIdBe I Ctmgre reticyaied ploments i flispreqessoinic eWen only
uni be retidhifted RRAMICHEAT it fd %cgl'lysfa%ebéﬂohgp td@ftﬁ!&ﬂ%ly span the

i ncl udes providing one or nore reticul ated el enent
1phe ppceasy. Uiien muliipdaretenlsted Jementeare peadatheyiare Itmmﬁy arranged

i's %?%dranﬂ%nlg %Jc)(&i sy, ! yRégaacﬁ’e%s %} Qhﬁohﬁglﬁ%tgoglﬁf)% :ﬁ% dyetlculated

span the 1 cess unit
el enlementsagash ustimi]atadhelymentehas yappkuwlﬂtyy ofimrel ngedbersi thad define a

ran rdI of. the urat i on
9 ﬁ‘lg&l li)rﬁét% ?glﬁﬁa?ag%%ewﬁgne Nt he%%’ac joylapd ?ﬁ%flgd Ae PO Stream
h as centq:dtmﬂr with ttlye pluraligsh ofresticelated tedabentiefsi therefore subdivided into a

| ur flo a ways .t hrough t he ret culate
8 A o e B2 B LR R b USSP B
pl Ubﬁﬂb\t/)pa@;ﬁgd’waw deflnell &6 el weEMembeS of bhabiudated element. The
sub IVId d into a 15ﬁgl raligé gf smaller fluid )
str IS BEOSESS Site tﬁiﬂa%‘b PV P4FRBNTaYE grithiy dhe reticulated
pl u EE{nleﬁty andfhrduleB WePRREPAENBY S eBe fHe @@(Quﬁi’edtellb@néﬁ%kivhen multiple
nmenbers of each reticulated elenent. The flows of the

pr oEdulated Flemignts AregisghPionides fos gffpraiye Agwdhybusion memendigular to
20 et iU R Sthe BloBER @ﬁ@an@ﬂlgoutgﬁ rﬂ%uﬁbcetsbﬁly O'Flﬁs ﬁ'f%%ﬁ Ran be applied

between the reticul ated el énent’s
r et FCRIPgPsRHreame thahare el@tﬁ@natb@grop«rsevm@@s alfydpca@bn gathinthe process

f 1 oyl 3 td QHttfr rougﬁgs&g lyGiloR §901‘391n%tn)%_r4]f1 AW, {)ﬁhgns This

process stream-t process uni
canmigthod s bedpplied tpprocass stresitrrs ediik mhan'reairlﬁpmmdﬂrgl fiogy filtration

t h.e?f”) E%Eﬁiiiﬁanqy hg{n tﬁg ?oc%%s s%r%gﬁl e ar%:l c('m g)ﬁyappf:e%s & process

uni e exXi pro ce
2§ onktraaaisi whileo torichaaslyl p@rﬁh‘lnﬁigs catéﬂfmiics readB6ROM GAtalBe or totally

g IP g{‘?:ng)qfﬁ t&lo(f(glg/ gl? &qSF?(g%}{CgﬁCn? specms 11’1 t eolg]rgclzjersg Setlneglll'l’ly

[0019] An additional feature of the present invention can include the step of using
reticulated elements in a variety of shapes. The shapes can include substantially
spherical shaped balls, monoliths, squares, raschig rings, saddles, hollow cylinders,
30  perforated disks, disks, single sheets, and solid cylinders, among others. Each shape

can be sized to individual specifications. Sizes for the shapes used can include



of contam nants fromthe process stream This nethod
can be applied to process 25 streans while
w@omao4oent |y performng catal ytic reacti ons tRBCT/US2004/006366
partially or totally renove or convert desired
chem cal species in the process stream [0019] An
additional feature of the present invention can
include the step of using reticulated elenents in a
v arsubdtantiofly sihapes ballEhd abdvd #e@ Zimeh disletethe monoliths with widths of

ST NC e RNt

per% o 2ieteskinglengtidi of l&Bout $4 mg!-mc]ﬁsemtcﬂug mlgﬁ veith inside diameters

cyli n er apong ot hers. Eac . zed

e K hah AR AR O el S PEp A0 1 S fdfpients of

5 athbﬂO,h W@mcﬁesWQd@l@ @Hif}:@%ﬂffi? Qddlﬂgif /a%&ﬁ @D%/ ﬂﬁ@&@ﬁmﬂow cyhnders

su stant.i al spherical balls aof about 1
Wéﬁ@lder%%?tiﬂﬁ 196 abQut K i 1t riechss: oug,lﬁg amq@S PJ{')zﬂ)out 7102

2 '1ﬁ&{3§3anaﬁ1@1glh§rlﬂtah§ut0/§ t@@%ﬂhes /284 QiR cHIMGESE havibf dRhRErs of
about ' -inches and | engt hs of

EbGIOMAS 1 i 2 SHES Of By gfo & o PHoT A @ne-piece disks
di ageg 1%1@ sh&%t Etlon/ &lntﬂa @us‘td?ﬁ-tﬁt HGhed Hﬁy%icgﬁ conﬁgura‘uon of a

di ame "I'4 to "/2 inches, and %
16 axbmmr /Mﬂnrtberzfeatm@rcéﬁns mq@méﬂ@m@@ ipyention edlpq ﬂ@rretlculated

abo e c r h
di 25 e;cssc bé 6‘%1{‘1}%9 }ﬁ eltlﬂgll Llo(%‘i\%( XII lSlﬁ g’sﬁgelh g%gn(qmoﬂﬁiydﬁavmg
di apmﬂomusnsnf AatnddttlohaﬂllfeﬁtureZof the (pmssqt invedtibe isgfrets thefreticulated
ai <sleearvigh mEet SR e el e B MPagggp orm
" | dart Rsenblddches or Ghlsthatis ﬂiﬂstt&n—ﬁﬂ&&-tbﬁ: &aﬁonihl Iﬂx&ﬁcal oonfiguration.

si ngl e sheet construction can be customfit to the

hysieal . confi qu t|on react: r .
ea@h?‘g i a‘{]‘{\tﬂ%af e%%”t © {h pﬁesemr esen F%ﬂ\?lelﬁt&dg Ia1eei sstep of using

t hafetiétgted démenid ataadriets |Oéﬁ@‘b$lﬂeS%ﬂ pbee sfzes. NHck reticuddtédnedements

a dis sjn sheet ch optia aII havi
per B LA rBReSt I SRR bR SRYBRE R5FY FHEY BPsestineh (b
| NVEdHek &ple Sthishadand et 4 Rtibstkt@tesientedfe0®pt willMadvn examined by
constructed can be f or med mggp%r lurality of segnents

i n eeciled 4n g hayR o LY EAE RAr ingh. frixe hpiiflere gre about

Z(Pusiﬁﬁﬂlﬁlhkteﬁsgpetr hgoh! BRGIRS siSesPdTYsatic 8l mAGT medldahd Bt unkler one
[O An ad |t|onal feature of the present_ invention

c anmillyaptgn & or aize i fhis ponigst rig the generad sige ef the emaht & thy pore
a vag Lﬁ%ﬁz)l’ngofhanoﬁ’d'ré’ssérg 186 p&Rdt BMefRs S| ARther Tffortant elre]m?nt of pore

reticul ated elements can be ‘manufactured such
t hesizeniaths sizoo6 thesvindovodpening rintp yhepperee Jt isdlis maasyre that determines

| at
((i‘l 2?%8 rsll%e 0 tﬁg& %mic% ’chg’tl;yh H@eﬂ&?ﬂ fi ?}tgxgh vﬁth{ngc%ée ﬁcgk 16 gorosﬁy
n tahge @fitheg relienl@edelemens afiybe ﬁl@sqnbmsmmarara fingrh 4 t(GBQ/erpl This
por @aﬁfggﬁst%{nezg%gﬁ ué thr?gflés an%l S \N(%)ul oie L 1%%0 léter:]cf glemelqt% for the
mi | hppliedtion . cobaraints inckding Iiialﬂﬂicsllwso itading anﬂ ﬁrdsseulg eheyr abnstraints.

S| Z"?heolgorésho?~ tl‘(l:ear\e/:tllgu}{ate%f elénli]e%tsp can Be in a range of about 6 millimeters to about

100 microns, each being defined by a plurality of web members forming a plurality of

30  flow passageways through the reticulated elements.



recogni zi ng that pores are not perfect spheres.
Anot her inportant elenent of pore size is the size of
W0 b@4inp40dowW opening into the pore. It is this PERES084/006366
that determines the size of the |largest particle that
be trapped or filtered within the pore. The porosity
25 range of the reticulated el enents of the present
invention are from4 to 800 ppi . This enables
c uspozii] Zat adwitiomhl fehimresoizibe pragers hamtlmi cathimclude ithsudtent effusing

Slafrgﬁ%‘ﬁﬂﬁ%{ géffl%gsgﬁﬂﬁlg%?% Cf%gédetg gla rsglﬂ gge s%hn %%oc ss%.nH % Bto remove

Thecopaangand imdidiialst ef bchrbat edigelof rmm;s Tlaen rria&rlals @f the present
range of abogﬁ 6 niILin?tgrs o q§qt .100.m'.cr0@3tn -
G R PR G P eI O £GP S s tigy  Commercially
§ Or gl rd¥dntioa| thiiyrifd are3EaphblowfpRgpagepmydest Bevalgh about 50
the reticulated el ements. 8 WO 2004/ 094039
PCTPIOSP0B4F006366 [0021] An additional feature of the
present invention can include the step of using

r et[0624] 24 :Rehee Fank bStheiptdsert ifvbati@nddvpaiigtotdly pﬁbvidﬁs ploeiding a
as to renmnve conf am na

sane pr.ocess, u
mat RpRHyOf ggticy a@#&i&eﬁn@@@ BrerSieeusth ThPEraFpY) Thplusality

t hesiPfeGS Qb dldnYRRt ERANbE aBmbdihdI] taeMneH BRNpScAOWAItt Rith a
about 1 mcron in size. Comerciall avail abl e

1¢ et @tlysbriviglamakiply eatalysts erapnih |0&hebfna¥qnabp§%§ a8 gprpgtued packing
dom;gatglqa@?{aqh eRQ mcron in size. [0022] Another

feature o e present invention advantageously
provides providing a plurality of reticul ated

el e} dn careerdanse ewith raothelnatpRCtop! thepprseeal dnyeAtien, e step of

pI Ul a'cﬁ %thQ BortGhin&d Aot %&Wftﬁ t}féq‘&wlaﬁatéa%ﬂeﬂg;llﬁ% include
hroughout the process unit wit catal yst, with

mJI deppsitngacaitlysiton thy re@mtlﬁedaflhl@ﬁntwaﬂ@rrtp &pufacting dhe epgiaminated
15s t r%{gée% gtgea{:hac%ﬁ&ger & rolf ﬂhé as%@ de I?E?e 1%) redthit 1nLJQrQ1%§]méynmclude

ance wi t'h anot her aspect t he present
i nvm tiseqof retichatedtelgments as ¢ @uhsa@ue ihn‘gng h eub@tamuaim unifomicoating of

process str t he retl ul. af t
| nczr ﬂe cte%i a%?}/SI ltncfuglng aé) asll{nl g(iaﬂ P;Eﬁ:lcéi,ﬁmé? ¥7 -B metal or a
el e@mup SV Iﬂrmetal oD bothnt]&efetahg/ theeGoopt\AHB mata ds ffwlybdenum and

o GERRT T ETOR Pl Tt Pt e, B SRy b ekt e

2@| egpip SVRB ﬂleﬁll gd r@iotp h\al\n mg:taa e bsdpeeghated lipto utme freti¢ulated
coat i ng  of d catal i ncl u

o CAPTSRIE T Y Dhioa P epics Ity 1§ bt BEgtplife of the

VI | datdFak @kd. Othe Q:@iatytlc Rﬁétﬁﬁz@@éﬁéulateﬁ%lﬁi&@ca\ﬂ beButiek@lto react
is nol %bdenum and erably, the Groue VIIl metal is

ei t fielelipy ek ofhep rpotyawamrecuweweaq@r gee ey as eniltey andy asup flow
VI - BBl 8 ?dm@hﬁg RoiMs! dnd PatiBlity 36K tih FBAF 9HRIEA pleBlrbors, e.g.,

the reticula
25  diolefins, fouling of the catalyst is reduced, effectively extending the run time of the

reactor.

[0024] In accordance with another aspect of the present invention, the filtration
method may include the step of filtering solid particulate material or sediments that
form within a process unit in order to reduce fouling or plugging of downstream

30 equipment. This aspect of the present invention may include the steps of providing



el ements. The nmethod of the present invention is

useful to extend the run life of the catalyst bed.
wab@4024039 ytically active reticul ated el ement SPCEHOS1964/006366

utilized to react diolefins or other polyner

precursors and also to act as a filter and as a fl ow

distributor. By filtering solids and partially

reacting any polymer precursors, e.g., 25 diolefins,

f oudriengr afore hetigdetied yhments; cedfactivg, 2 efftbesss istredny containing the

ext en t n_ ti A

accdr élgagee nvbﬁ%?ia?ano enrlggsst‘@%t ﬂ?)f qﬁ?mated[ Ql%&t@“s’ Rmoving the

i Nvieani dubite maﬂaaalfdrlsbdments |ﬁronmbe mnmesmyreanmcdndctmoxuheg streptively

of filterin artlclatemat
et s PRIER o sRpreeie” i faPul? 3% elfee The
5 ouletiti@ated el@het@gtan®e Qcﬁcatédvu‘ﬁ she @anorad (caiits prwhnt the plokess unit or

aspect of th resent jnvention may incluge th teps .
%t ety thgp&ﬂffsgG@ﬁpbgﬁﬂ%@nﬁﬁ/q%@%o4ﬁl§é§§§%’ﬁ of Rgnoving
or sréamnfseaah GioHeCihe® e ARANSion GORDE ttd PEbvalePd BLAF6ly sediment
st ream cont ai ni n’% the particulate rmterlal or

e

sediTrapeShAttam Ke yrer Bapsses. dbeedtod.o £ tlasprg ey iy frgion for

par fidib %Irc%eﬁasﬁr‘é‘irh@fn datalyiie @b&'ﬁﬂ)‘é&s TR RINWHRE cREPEEBWith prior art
stream “and providing a‘relatively partlculae

1Gvat wetheds, bas the ddveeieess ¢fireducpirdbe veluge of agiertiop malgriatapquired;
pr
%@%ﬁg&@%r 3 gﬁda&g @t ﬁﬁraﬁhl? H}:ﬁ% §%1gg%§9%%4rtmorleﬁom the
at febbstoamisedecohsing éieprases sirapnicros theasystomb ineeeesing rugf time of
bot emyv dj
asclte et PR PRE 18] leCRR ey WP B, BB i Dowering
s edopeeating chsts éncprasiogpocst safetm dndneduging hemqnmnﬁalscsxnngns
The method of the present invention for filtering

rocess streams igofat fﬁﬁq@'ﬂz ts when
15c[:Jorrpar ed with prior ar?k%g ds advant ages
gﬁgh%&% ol une of retention materl aI S
req Ir

|'owertng capital costs; inproving the
filtration of the solid partlcular matter fromth

f 024l riBgnd ; is pettiekb asiosgsechiensh sidssiiewe ofimopngle fised cqtﬁéﬂc bed
Sysﬁr@ﬁgess e Eﬁﬁﬁhgg gf ebificleln @Edlﬂlfeﬁave #r@s@ﬁ&ﬁ%nﬂ@“ owi ng

use of c ysts t I gher activity,
| ower i ngﬂﬁ ger ating costs; increasing process safe
n

andl0f2d iehPRiBHTes Saftiondriider iew of g npyyi fixed bedchemicel
Z(EESQ%&D shmn?a;m%\%mgdm{egp%e PrBsehiy&figid ng: [ 0026]

1 is partial a cross-sectional side view of a
Si n&pe fixed catalytic bed, process unit show n

spetFIFIEnD dur pamel gpssimeiopleidanyiow ) érFP}n@HStOI[‘S%ﬂQ T9generator
Fl GHulézé@?é?l Xrg%'f& 'sl%mﬁ% Qf?énﬁﬁ%élﬁ’ B8¢he Sledént WivBWIRAl 2

mul ti bed m cal

[0029] FIG. 4 is a partial cross-sectional side view of a two-stage regenerator

fluidized bed reactor showing an embodiment of the present invention;

25 [0030] FIG. 5 is a partial cross-sectional side view of a radial flow reactor showing

another embodiment of the present invention;

10



20 reactor show ng anot her enbodi nent of the present
invention; [0028] FIG 3 is a partial cross-sectional

W@ a@ae/094089v of a conmbustor-styl e regenerator fPCI/UB264006366
bed reactor show ng an enbodi ment of the present
invention; [0029] FIG 4 is a partial cross-sectional
side view of a two-stage regenerator fluidized bed
reactor showi ng an enbodi ment of the present _
i nVIORITIANAG. @% 4 PAYBLtive \dew Bf p perforplad tiskimade of reticulated material
Cross-section si de _vi. .a radial flow reactor
sho%aﬁcbor a&ﬁ%‘f"ﬁ%@?ﬁ%ﬁgﬁilﬁgﬁg "8f the present invention;
10 WD 2004/ 094039 PCT/ US2004/ 006366 [0031] FIG 6 is
a pP3NAIGI Veisva pevspdctive piswf of atseddielingdde mfdistigflated material in

retjicul.ated. erial..in accordance with the present
i nvaecﬁ?rld%l}?? “F%@ez re%fianv%u?g’ a perspective view of a

saddl e made of reticulated material in accordance _
Wi t WO3HFIGr & senperipevtivetviieom of Sh¢lRORJindr@radg of setigulated material
perspect iV i f .cylinder nmade of
r etllncag A aélge %r’uitﬁ\éﬁeﬁjé?sgnt:}%eg@%ﬁdr dance wth the present
invention, [0034] FIG 9 is a perspective view of an
exal90B4d HI6. & isrmepuinsctivestiewtof radexample fea prerpigecesheet made of
mat er.i al, i i 1. . jnvention;
ooy i e KRR P BreRinE B Biok V0L T e
di sk made of reticulated 10 material in accordance
wi t D0BFIFIGr dfeinta prvpastivoniew 0038 assembled] disk gnage of reticulated
er Is ] . reticul ated materi al
”Fn %E%%gr%g%:\étd%}vqméeﬁlﬂ?ﬁéL%?éeﬁzgﬁ%&?ﬁ\/enti on; [0037] FIG

12 is a perspective view of a solid cylinder made of
r et [0936]atI6d Itmiser i relspestive aviewr efahdls mpden of Hetigyfatesde praterial in
i nv Lo X . 13 is a perspective view of

a hg{af’lggv&gﬁ ?‘%5%@%&@“‘6%“0?"et iculated material in

accordance with the present invention; [0039] FIG 14 )

i s HOPUrEped? isaparsnepiivst view #bneolid ¢ylingaianagp of reticulated material
retjc [ ' caordance with the present

i nviennlélt%%a%gf %hg{ep%sé]ﬂlfé&ﬁ%ga partial cross-sectional

side view of a distillation colum showing 20 an ,
12 mb W3S &3 istansrspeative miewi efwdellpw ayligdgomade qfpeticulptpdinaaterial

a pﬁ{a%ﬁ’&ﬁéd Xﬁtﬁitl%‘é{ﬁr onBnveddy. of reticulated el enments
Wi t d

a vol spac et ween edch reticul ated el enent

that is varied in accordance with the present. o
[0039] FIG. 14 is a perspective view of a monolith made of reticulated material in

accordance with the present invention;

[0040] FIG. 15 is a partial cross-sectional side view of a distillation column showing

20  an embodiment of the present invention;

[0041] FIG. 16 is a perspective view of a layer of reticulated elements with a void
space between each reticulated element that is varied in accordance with the present

invention;

11



invention; 11 WO 2004/ 094039 PCT/ US2004/ 006366 10042]

FIG 17 is a graph conparing the pressure drop in
waole@iiop40as e hydrotreaters with the reticul at eBCT/US2004/006366

el enents of the present invention installed to the

pressure drop in a distillate hydrotreaters with

prior art, retention materials installed; [0043] FIG

18 is a graph illustrative of the effect of the

pr el9642] HlGv Ehisiagnaphreomperingsthe pess.um &opl rm@;strlhtmlapmmaters with

cr o@g trertlz:?]{ féd et rlll’lletn% ef{tgrlg gégseq,l% In%eé fon isnfs{?}ll@ﬂor {gg éesssure drop in a

Wi t distiltatd Hyﬂfmltreathxaymmsmof art, @éterttion ahagatiabsl mtaﬂletis to

provi de the nethods of the present invention at the

ent f he proce t '

|::(]) I@ b &g %a%ﬁ nllﬁ?str%mf ft'ﬁl tertt;m (ﬁttﬂg rés?n%?ﬁ%e%ﬂgn on the
Spr Qﬁesmetdlmlhnmmpmndmremerwmﬂsh an enbodi nrent of the
present 10 invention; [0045] FIG 20 is a parti al
C | . .
o1 RAAS5E. OF L PR B PRSERS b MR EYRIR i it
fi | heltipledayefs afoeticalated ztetientsitd proalde \thedﬂethcais g)éﬂmfpresent invention

parti.cle sizes . in accor e wth an

pr X &ienipngs é’i fqeé)ﬁme?f'émqo% 3%? %F'gocaffnﬁ ‘g%gn ni‘eeerlzgocéa &t le\r)teand at
Vi efhe Qlutlet 60fheaiiteess DO tlﬁ)@cﬂfrdaﬁ;c@ivﬁﬂlealﬁfemhodlﬁlbntcuﬁ dleegtesent
el enment, on whi ch had been dripped water tinted with

1¢ 008Ve@hPBring il lustrating the perpendicular flow

di stribution of the reticulated el ements in accordance

Wi tﬂ0043] ﬂTIGp L@ Sent partial &ﬁﬁds&é\ctloﬁdﬂdw&\@Oﬁkl pi%lcﬁs @it with dayers of

per s ve Vview rocess

P e ebiiteied epinapieBup S35 ards spadt eriag soptapinants with
r angliel Mn%ﬁﬁk partitler geghmu ﬁccaﬂa@d&t Wite dneagbdili@éntaof the present
catal yst bed according to an enbodi nent of the

pr 8Bty ent i on. [0048] While the invention will be
described in connection wth the preferred

12NDRYLETENG, 21 {s aeldpediitve Wittes S 10 End HBSttdnt of aSple@st of a reticulated
intended to limt the jnvention to_that

On leaen Rt whishy had beep drippedeyafer tiptsd sddheipo F?lonngﬂ%straﬂng the

al tﬁe‘rﬁlﬁhicﬂﬁﬁ ’ﬂoWD&ibtﬁbﬁan' SNt RuPRY QOHENREERIBrdaRS with the
may be included within the spirit and the scope of the

i nvieatenbipvension,dafi ned by the appended clains. 12 V\D
2004/ 094039 PCT/ US2004/ 006366

[0047] FIG. 22 is a perspective view of a process unit with the reticulated elements of
20  the present invention randomly packed throughout an entire length of a catalyst bed

according to an embodiment of the present invention.

[0048] While the invention will be described in connection with the preferred
embodiment, it will be understood that it is not intended to limit the invention to that
embodiment. On the contrary, it is intended to cover all alternatives, modifications,
25  and equivalents, as may be included within the spirit and the scope of the invention as

defined by the appended claims.

12



DETAI LED DESCRI PTI ON AND SPECI FI C EMBODI MENTS [ 00491
Wth reference to FIG 1, for treatnment of a process

W@ treamoad si ngle fixed catalytic bed process POI/USRA4/006366
with reticulated elenents 15 in the shape of
substantially spherical balls 122 (FIG 11) will be
descri bed, although as previously discussed other 5
shapes of the reticulated elenments 15 may be used, as
wel | as AOEEBAIEDDESCRIRTION ANP SPECIFK: BYSBBODIMENTA2
is of a downflow configuration, the contam nated
pr o {1949} Wtiﬂletafcrenzé) tWMF[$ bnfor treatmentpeior prosesgritiea 2 single fixed
the t The :
fixs &erﬂg@ r%ﬁe 25 a]{tl%/{%ﬁ%ﬁ%é(d Q&P%’gg gSS nnchg’ %haBg 193 substantially
Pr efjgheatd] }ballst e (E]GES envilli leudesitribed) altbou@h esjprevmushn édisarssed other

 ariape Sy FHo0eaT Bt 15 R BParel aprol & Hoer Blocths units . 16
cat teyrodesd@dit m ﬁQﬁ%?dOWﬂﬂt!\ﬁ Cbﬁﬁéut@ﬁnh&d cottieabed process stream

hydr or ef i ner rocra al kyl ati o .
deart W‘i.fm%the PSR g 96 ot abfhe it it g Sghmag ftused in cither
POl ViRET brZRfidifsd daRfgit BES rosaamﬁﬁm PedTESbIy YRE Srabdny inkOuide is used
in the feed streamlnc? dirt, iron oxjde, iron

sul f1 @8¢ AspAwE fiserbbedse dReelﬁ%ég upflowt or depaflgw; or radial flow
161 NESnfigiRALAENDRFLIIRN! ’l!ﬂ@rca%‘}tfcabé'lﬁ ch@Jseingf% include hydrotreater,
particul ate matter, salts in distillation 15 col ums,

par bydonefings h&‘dr@féi%ckslt r aefprmer.s Allnletion  dwileyiatien, fisemgrization,
t ai e

di O}est%ﬂ%gﬁ'(gﬁ taﬁd gagmgxg%aﬁgi?fe (étplrasb(éﬂ)ﬁ %g{}lzdrngs ?£§8t:ou%df in the feed
r et stoaamaingbide @lire rieomt exides i ugog Splf@iw ehplialicnes, leekey Bagsebodtncatalyst
an u [ . a n =Xy SO

t heﬁﬁ%bgé%gllélgtg of eﬂ[ﬂe% aln‘%ciJl télj(?r 1% g:%ggcggtées %HFQ%’ LSt {n 8%intation
15 ncbcbldmng paltmnulaﬁemn gais sir¢and, sudfur aissul fotey fromstai lags units, or polymer

catal st Wt reactor is_. sufficientl ctive

SO PietSorpabeh P el ndt Shyet 2achbiereblst Bt A5 7b. St tefoutared

mul tlelests | fysarovidd, in 28 vessel aan pmowmtdefficivhetodiler the eontammants

SIZ of the reticulated elenents 15 such_ as b?IIs
3(951&&%?@86513 F%‘?ﬂ"oé? ogpslang 35 e&fﬁé‘r‘“ 1pg butnpd fidfed to, aS long

SI Zgs He &awwc vathiR $het fé@ctbﬁﬁomfﬂi@elﬂ&%ﬁﬁé td %dsﬁﬁynbﬁdrm of the

t hrough the bed of _reticul ated el ement

2fRet Teaticht Bepfartlyrantléple daversntt dd<ar bs MW‘%NW%“ ysosize of the

nMoNQichiBredRica{chA! 1S suf® @%Hﬁt ehi @lg?adgﬁ&? Bl hel\@Cinayer 26 to
random pattern, while the 25 nonoliths have a nore

uni frstther sigetisripyer 28 as theircemingt mecese stsarnt flowe thupughi the bed of
usepetlcﬁlgt%d Jl&ﬁén‘fsuh?t eﬁeﬁ&lﬁﬁ%&b ‘éleﬁlleﬁtge&}ls nGlﬁ@e Bﬁamgterials and
fromany conmmerci ally avai e material or

ex amphelith zhatenald. a Foaw gihateals abmllyahavcmrmmdbm padteey védle the

A ' zai | f [ @I

]%] %ﬂéﬁ%er eg ﬁl;]g'r ugl\g%)}m, I?f{%?tglc OI?] gngrﬁ: h%ﬁed cg%mlc lgéent &sed the
nonadtictlated oerams:ealérmentsrmn e eméa fromravg nbmmarcla:ﬂy avalabhbhaeenals,
from Corni uartered i.n rnin .
Vor P A EY g g deDrh g Mty FEShel shpL s RN 214 16
el enwiilable lfvora | Fibeys Celamids) Idee tiedduaifiered i cadakiygn@escofsin.  An

sizes of contapjnants., . D . .
exemplary monomh fgr use in the present invention is available from Corning, Inc.

30  headquartered in Corning, New York. The graduated sizing of the reticulated

elements 15 allows the filtering of a broad range of sizes of contaminants.
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13 WO 2004/ 094039 PCT/ US2004/ 006366 [0050] The
present invention advantageously provides a nethod of

WO 20094039 contam nants from a contam nated prPCEES2004/006366
stream The nethod preferably is performed by
providing reticulated el enents preferably randomy
packed with a void space between each reticul ated
el ement to enhance filtration of contam nants in such
5 a[Oﬁé@J Theapresént ideandint asdvariegedugly aeresidess tar emthodnyf removing
pasg | e.r t i mpe : .
pr eSH 1atm1| nverﬁ‘{ ?ﬁon gornclt)a\%ﬁ{hﬁésCF g’r(’c%t E%éc?ﬁlv\h (L;?kée{ogsnegﬁ g pr-le_Pe?ably s
ent perfoinied by plobdingattiaistalt denaksprefetabl yoanddady phiked néith a void

to filter cont ants. fromthe proc

cot SR S P BaRE P R BF Ao o by i ot
rang b@ysﬂhate theSdueBnthbied tﬂ'ﬂ@oe@ﬁkﬁéaﬁﬁ imalp eghsd al&oﬁghh ﬂiéslfeﬁdﬂated
its cat ytlcat v before.the reticul eln;sms11

0 R QHARRSE Lo Th B RL PRIy TGV B D vhereby the emtirety

CongfaRt NAMkulRRd ieleRS -cad e uiiBIIN@16R %Bﬁt@&maﬂt% Q’ro@ff tHeN@ocess
entire bed of reticulated elenents, as. op

cur FAm. g craltc bedarocess whtsuile rsficeisg eleRientsg @an B‘F Sizqcsuch that

t el alaSNER1 s éxhﬁmfe@ﬁ%@a‘té?ﬁw%h@ft}'/ 8Lfre the reticulated elements
conventionally avail e h such materials, beds

1Heecksee cxbpapted Bsitabdine tq‘ fﬂéér oat eoné@slémt ipadticles. ofThisanethpgeenables
in v rd sC - Lia S oo 8 Y
0, BSOS BRSSPI 8 5y o
of ¢veatublédclpg th@l tqlg g.edo twétee pries of the rd‘temrinn matetiads conventlonally
eg%@g%gen d\’\f@l%lugli 0 tteﬁeﬁg <:r1eds (tleeaer it qlgérb%{éﬁn&e%ggt%ret ?s(ﬁ)%lafly of no
pr ousess remmhng f)ﬁﬂﬁﬂz}te mttanilnanﬁs lfremnprocdss etedaed. mmr, with such

ffere eSS _uni at _hav erinme ith .

1§ et PG O R il Bh0R RN, BEDRR LR in ffe' ypment
r et begitlsab esi:alateefmlﬁitrﬁg afshiithewn #0refiotd il replaseetht clopgddanerials
per or msd dramatically better than conventi onal
r et R5iProGeat Wik al s avail abl e commercially. Exanple 1
- Use |n a Distillate Hydrotreater [0052] Data was
obfjﬁ)'l)ﬁﬂdf)eftdi Qs %eh &ﬁile’t&ldyfrcfrﬁ) rdlfgdﬂeﬂt pdiclsisi Unlitatiigat have experimented

ro in V|rtu i denti cal proce
it el e e e riaayanan. Tuied clements of the

20:oné@teﬁeﬂwe&§mcm\é§mﬂoﬁﬂai dfagiati€dilyabedidr MRuhesdnRérional retention
known as "ring grading_systens."” The remai ning two

hy dgierias pwilable commercilly.ysed the reticul ated el enents
of the present invention. FIG 17 shows a conparison
of EXendl £S$J4E & ADRAILAS HiNBtréaitr hydrotreaters using
conventional ring grading systens and the reticul ated

el e[post]sDa4 wah ebtpihebRom a refivegy fdr Four AGillBRMyBOLEAES in Mirtually

t he the pressure dro In dlowrelatlveto
id ntlca{1 process cond?tlsons q’ po% ﬂr;na rotreaters A and B, contained

25  conventional reticulated 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
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

30  start-of-run pressure drop over a period in excess of 450 days in the C and D

14
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15

20

30 start-of-run pressure drop over a period in excess
of 450 days in the C and D 14 WO 2004/ 094039

wEOMEseHeD4/ 006366 hydrotreaters contai ni ng tPer/Uus2004/006366

reticulated el enments, while the A and B hydrotreaters
usi ng the conventional ring grading system showed a
dramati c pressure increase after only 200 days in
service. The results of the pressure drop conparison
hydrattedias setnining thd adticelated elmeentso mthaleriteaBeahdpB diydmtreaters

usiﬁé rg%g‘gﬁ%%ﬁ?%‘@ %Pg g%tdflnig s&s‘fcan hl% gxéegt rcﬁ@m?th zpr%%rn% ifbrease after
onty2d0 WayLintsefvice! Mae ﬁHsﬁlfsﬁJf&hEt lblad;sumrcbsls cTRpaniacn cafible \ted in

at_450 days n the throt t t.h
Tablet bor B ?oaatanapaé%i BRESSe LB o O Naos he; i %@‘?te A et ygere
pre-ﬁhﬁlrﬁ?ﬂ}f ﬁ{ @H&th@ lphaﬁ;é eﬁﬁtlhé@ ﬁﬁfroﬁrd’iear,ﬁtha dtffebential pressure was
drotreaters

and 5 t
onki BObal Go, Tt Al Lkt OF G B 0.

psif RlubG AL ahe dﬁjfe@é}ﬁﬂltp?eégﬁretf&eth@ MESRN hid¥RkdrPRas 82.5 psi
performed significantly better than the conventi onaF

ami 6% psimespentizelyndn eoypagses, thykeanddhaydrefraafesy with thgreticulated

BRI IR ep"?és%&%\?e'ﬁﬁ& rfoprrw&gﬁlﬁ&anay 'b@&e% %an%eeemo&ﬁm%
pres I nventi o bet ween

nns lgranhrrgﬁmtdms t @hp veex diffeckntial mp@mtmsmiataﬂ withathp ecticulated

Pre i, " S
GBI PBPERR P Py B B s
deadfiicalyyys AP at 450 days %Change fromO days to 450

days A 17.5 38 100 470% i ncrease B 21 38 75 257%
i ncrease C 30 30 38 27%i ncrease D 39 40.5 39.5 1.3%

Hetrease—00531—Atypical | pure drop—scenario TS

ggergtvieo RSB B DAoL

. i 1% Change from
PG ol o t@@&}%s‘ﬁ@ Sy % p%f* ARSRHERC | (g o 250 days

Nyt anmLo raa.aoe

u..u—rArﬁadoL be QITX?FUVM:‘T O—F lctggvc t+h WUC’ Cg_lzg%elgcrease

t he‘ry enoved mat nd restdart the un| Thi s

be probl ematic giiven the uanedl ctapili ty750f thé 257% increase

avant t h naarlJ AN~y
VvV T

] LAY LELAYA Y2 AC v | Te | a\JC |C||l ﬁ CC1 ; al - .j%
i 31 3 0
9 g Xt % a(t’ increase

ver{ short| 1 ead-1% ne or|to n’élntaln suf fiCi ent ¢
20 i nventqry of repl acepent naterials or to extend the

dowm tine [to awads delivery 455 rep]acenthf nmat ﬁariHB%.increase

Wth use df the reticul ated el enents in accorda

t+h +hn
WtA—the

nce

[0053] 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
to remove the pluggage, replace the removed material and restart the unit. This can
be problematic given the unpredictability of the event, the need to acquire
replacement materials with very short lead-time or to maintain sufficient extra
inventory of replacement materials or to extend the down-time to await delivery of
replacement materials. With use of the reticulated elements in accordance with the

methods described herein, the pressure drop remains low for a predictable period of

15




met hods descri bed herein, the pressure drop renains

| ow for a predictable period of 15 WD 2004/094039
WIS 4/ 006366 tinme based on the | evel of PCT/US2004/006366

contami nants in the process stream and the capacity of

the reticulated elenents |oaded in the process unit.

Sufficient reticulated el enents may be | oaded such

that the catalyst in the unit is exhausted before the

r et timalbaded dnethekvesitod comaneingnts i the process sEsaampidethg capatigeof the

h notye r 4
f r omtlgﬁgtgﬁa ieﬁg}%g\}ﬁdﬁ oﬁlr Jﬁ%%% %m ?%Y?l?ter a{?gé]?ést&egﬁmems may
of bt hadddysdclpthaeht enaydt thB;unlﬂISdBX@)uS’&d ddfosothy eatitilatad Elements
ri n? gradleglg systens, while the remaining
hy dPGEME%E%r (D) used the reticul ated el enents of the
present invention. FIG 18 illustrates that
s onpaimple 2e (Heds s Maghthlr Bpdrbiedaeeen t he four
hydrotreaters. At 10 the end of 200 days, the unit
Wi t [f00sHEeDate twas wbtaired fiehearmsdinsry Dvithxfoor haphtha chydiotreaters. Three of

e

thr @@namﬁhg sydottairniD)gised g gtiaditad chystie g, the pEsen‘L@nvention.

dr ot t B d 22 h !
N L Lot B A0 22 Pl Sl L SRR,

10y ARt &rRaSFENs aas, Ghdtiiel Gith RN tetiyulatad @lewpRrD phpsienced iginimal
reticul ated 15, el enentimof f he F :Isent i nv ntlg
fi| PESBEe S, cientd Psiaffy BYdriEaley ’yCQmPEF {gthe pressure drop

Con\é 'eﬁ’d%@'b RO H9¢e2 HhiRkg o‘h‘laﬁﬁlﬁ Bg Cdyeemedie. 10 psi for
[ 005 Ref er r}f nc? agai n lt oC FI G %Eﬂ ?@ssgoty@(grwl se

ot émdrotrwtﬁcﬁj rrd &h prigor hydretreateg G hEhe eapfrEpatvhpTagess streams in
Pr OGS Ra g% it &Qatefsh@e& elidonliRin@d A8t %ﬂo@lph&s% W@He reticulated

al so en uni form d| stribution and fl ow of
15 nc eleimeyts p@fo thes presant dayention tfdteredecigigieatly snd b@CfPCU‘ZB@lV Jehile the

[00 t hrough a
pl urég "GF%‘B?Q‘?% %‘gdl{‘gg“‘%g%g&z‘wl%%&{nm G 9) defined by
web msrrbers 123 (FIG_9) of the reticulated nateri al
15 il¢pSShReferinggaindg FiGink unissoptheryissrasteds i additioarip Sifering the
may cglllélgl ?ﬁaed r§$e’§§ Q{lléa%g 2@)/ }FeUMhM?Q th: lf5I B 19 enable a
process s minto a plurality of sma
st r eaifermadistribhiéon 48 ﬂce’s abiie vicdig pracqss gtmm ZQ/tooﬂhe catalyst bed
2{9 méz the smaller streans so that the incom ng
rocéss streamis spread uniformy across the fluid
entry cross-section 34, taken along line 34 - 34, of
t he [MhBysiassmmthB@IOCﬂseshpamdbmgglsa piastit Of iflgwr pragpgesays 120

;3 S ST Bty P T MR e

26, 28, the incoming process stream 20 may also be distributed by subdividing the

incoming process stream into a plurality of smaller fluid streams and then

25  resubdividing, a plurality of times, the smaller streams so that the incoming process
stream is spread uniformly across the fluid entry cross-section 34, taken along line 34
— 34, of the catalyst bed 32. The process stream 20 is reacted in the catalyst bed 32.
Preferably the catalyst bed 32 contains discrete solid catalyst particles 36.

16



16 WO 2004/ 094039 PCT/ US2004/ 006366 [0057] For
catal ytic bed process units, nethods of the present
WO pawefp40en filter particulate contam nants bePCr/ES100€§06366
reach the catalytic bed. This allows for increased
efficiency of the catal yst bed since nore of the
surface area of the catalyst is available for use as
a catal yst when conpared to systens with conventiona
r et BA8TIdror 5canﬂuter bed procssschnitss medtleods i ofgthgr a:@smg invention filter

es
s namrgcsulalsf? chlatam}ﬁ fa n@ef? 27 F? nrg C ythg C%a%‘a{}%tlc g% TI%IS allows for
el ehterehstd eﬁ%whey bl&hdcaﬂalgst bed ttlilr& rharevef the amﬁcagﬁa of the catalyst is

et ey ae e,y oyl i CFard s iR pooppiions retention

5 et inatdtialh, etlcired Bk irdls gi:zﬁhﬁ'gisyshﬁls us&int ]_@caiﬂﬂldselr ardt As a result,
retain art|CU|ate pracess

36 10 fr t he out
ot r ElioBEzedsfAfq ca Wl&smcgy%caﬁgy%ﬁ fements gan ﬁealeseﬁég»e fgghe lower
ent §\3t438 Grekdird Ni8p OFHhk Ghit REAGESH aStahLidMutAB¥t RBvity of about 10% —
filtered, or captured, fromthe process stream 38 and
r et B%hed by reticulated nmaterial |ayers 40, 42.
Preferably, the size of the reticulated material in

| ay @088]4the didculfedimdfdHall B nlay ¥ 1@ed ko HltérManda¥Rin ﬁ&u&ﬂms 36
another size in layer 42 at the outlet 44 of th

1¢ e abregrthe putgping JueGess sieams a3 mapplispasticulate apateaial i@ thagymay be
f or Qidafhell A R rdﬁﬁasﬁroéégé §trea§1 Hay beS BRU0E R Saft@ie@Bikbr? Yhe process

excessive hydrocracking of residual oils, that my

pl ugjream F8oand refiginad by é@tmbtfdurm@ml 1aymél§e4%e8rqﬁ<§whlg thegize of

b LSS O, I SIS GBS0y ) SEEE B o

t hesireini leyer 42 etithamudetie ofithe teagter 2. 410 addmon&eglmdnaauf erdttenal
rom a.si z e 40 to.ano n laye

1 PR RR s Bt Y S o SPGB ligin of

t heresidvad oils, Cﬂmt miesy phikgser ol dmsmeiraam ayoipieht. OThese sedlments may be

26 A Hort et PRl bRRES B Pact b b ORGSR et 15
39 Puetbrdbing tiRuide@ff thelbtibitassl Hdtéredm 132eryw0)14d iegbduated&rom a size

pro S ynit at 24, at end 47 react or

[ 00‘3‘3? Ag 0k gt §129 “blfa¥?f u‘éé Bft ‘h‘%‘?fo'glﬁ ?F&ﬁtf”élg% éﬁematel%
20 hethph@gatidn hiky A5 bOtkel $n E&uﬁfﬁﬁﬁ tonfi @ﬁﬂaﬁé&ﬁﬁvﬁ&eﬁﬁhe contaminated

partially activated reticul ated materi al

pol Bieesss preapyfosprudd instead enter dhaynitat A4 elte &%%e é@ds?’ %%qdélaﬁﬁuﬂet

20. nGeREdaRARAIISALURPLNITRE %)x%éés's ofte 824Gk Bk @bPREndBY of reactor 22.
occur in the process unit 32 after the contam nated

process stream 20 is heated, enerallg prior . to
i nt 98%cAs aviPvbbdistyeseds otheradyantegeof the preseabipvensionisty react

fouj@nhteq b pihflly RLOSES §etféﬁ‘1afed %téﬂa? QB fwi H‘?&lyrﬂafymgdﬁ'@ors ina
or plug the process unit foul ants™ form

23 hecqutaprpaied prpcess shigay @an ﬁ‘@nd%@atfqnl pdymaerizpfiernof Heolefins may
congag ﬂf"hl%dprg£eg§ S 35t dRAMe Bontaminated process stream 20 is heated,

generally prior to introduction into the process unit 22, thereby forming foulants in the

process unit 32 itself that may gum or plug the process unit 32. As the foulants form
in the process unit, they cannot be filtered from the contaminated process stream 20
30 before flowing across the fluid entry cross-section 34. Therefore, the layer or layers

26, 28, 40, 42 of reticulated material 15 may be coated with an alumina powder that

17



30 before flowi ng across the fluid entry cross-section
34. Therefore, the |ayer or |layers 26, 28, 40, 42 of
WO edoisogd032 ed material 15 nmay be coated w th anPEl/usiong006366
powder that 17 WD 2004/094039 PCT/ US2004/ 006366 may
al so act as a substrate for catalyst materials to form
partially activat ed reticulated nmaterial. As used
herein, an "activated support” neans (1) a reticul ated
mat entallse deaes a $rbstrasefon citatystenpteriabsdo \Kmtmpamtaeﬂ]al aytitated reticulated

nat erhétgﬁa? %rs ugél)dhe?m%ea&ll "gé{‘ng%g gl(l}%%a}’ce ?Igl (tlg?, re(ngy thg material that

an oxi r car
ret iles Ibaﬁtnedlpmhaed with t:iitallyst(:tm&rﬂailm (5) Zetbilited Material that may be

i nor.ganj

o1 R0k BHEE i o S Gl ghBitaecmeinpigcontin
As  uselite heriabigania ox{ies,téd.al |abt1nﬂ1(1‘d, Is‘ﬂlﬁb e@ih&d—’ﬂ@lﬁfﬂa 3B/, silica-
an activate teri has bee

ort f‘i
pur JO¥BFU P it bod P ¢ gt B 4 Vel SYPROEA Brepsnaativated

i N sopstermiteriAaht Bédean Surpoefully Ras le@ﬁaoﬁ% & 6ﬁﬁlatll9 deactivated in
artl%lF react the materials contacted 0]

Coat&LFT AP aplererrarcdion gte aufo paially @@ct@]@ maferikls contacted.
wherein the coating may 10 conprise one of several

conVesso] oakd eaicalaiedt ateriil UK Ray BRY boGistE Sthesn Ik coating may
ctive _.coating, optionally_ but preferabl y, alum na

y CBRPTeRpe Sﬁ“‘éﬂ 9By ntipRs! seialybigt KHeyminnanaychet esed ot an active
Th e coaing| b‘}ﬁfonﬁ@qﬁﬁ gife[ﬂﬁaﬂl? aw?ﬁlﬁa any 173 Eéeg 'alqrg Etﬁypg#@%t)(enﬁthen the

onpri ses a met al of
VI | [catalyst. hhe catalpgh raégmélpédo |ﬂns @nvantuml mmfereé»lybasmses a metal of

SUPRRbLLp VlA—‘ECd? raqﬁcrh%ey of éﬁﬁlpG\ﬂ byt %éregf?e{{g nan alul};]ma based

| east one of chrom um ybdendm gsten
conisurpett omesprdingkt, ﬂheaCSiltalyﬁn emuf compnise ai déaeﬂ on€ aifathromium,

| a d di.um of a | adi
IPS E)%&#Hﬁ%u ar{]c?mn ﬂ%rﬁﬂ'x 1ﬁat10nrvxé1ﬁbee/ta as 1g)neal 8 {1‘911 elﬂ(‘ekeﬁn cobalt,
ang phitiohmef paﬂsdlﬁmmnﬂéﬁﬂliylhle nEhe dshef memammh isOpartioay@Buseful in the
an e ou V]I -B
ot AraSval g a%??}/e%nﬁ ol %@afe&}y g, e Folvhot Py¥aen, and the

pr efreml(afal yf hydrcbgeﬂo r(DiathE GIbeTNa-kH)ﬁfeta?s%ﬂ&@bagﬁllrﬁ islAh¥8t Preferred.
ou

rret g Cﬂﬂ?f‘g?é#g 3‘%& Wd‘i') B%ﬂt%m &P@ fﬂ’BEft 2% iuthopt EACY bYW@lght of Group

26noWiMB fiketalsr O theVGioup MBI et B, AiBR:1 GAd bbafilard §1ost referred. The
pr ef er abl rﬂ; rom about 0Q.5%to_about 10%b %
[ oo%ﬁ?}"“\ivoff Tpwgy ¥HE mretal iy the) qafalyst iscprefigrablyplram fab@déd) 5% to about

cat ad¥%%ly ve@ght pr ocess unit 46 having two fixed
catal yst beds 48, 50 with reticulated material 15 in

the@% gf saddles 126 25 (FIG 7) will be
desH g'g‘gflt Toerepesde £8F- 46 multiple fixed satalisg bedpracesownit Howaving
confy@fieaton@ist WRASHEI 50 \ymlereﬁ&ﬂﬁt&mél@ﬁaﬁcb BE 8 gﬁa%e%*f G 126

51 will enter the unit 46 at the inlet 5
2¥ut (18- Prildedesaribad niisareqgton 46¢ix iltustrated imrsi dovanflowhenfiguration,

out {8E8in3Re cABmifBPFobRL bi¥Yeah®RACH B enter the unit 46 at the inlet 52 and
the outlet process stream 54 will exit the unit at the outlets 56, 60. A partially reacted
process stream 58 may be accumulated at the outlet 61 of the first fixed bed 48 and
withdrawn at the collector tray 60. The partially reacted process stream 58 may be

30  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

18



process stream 58 may be accunul ated at the outlet 61
of the first fixed bed 48 and w thdrawn at the

w@oelkeessr tray 60. The partially reacted procCRPCEUS2004/006366
stream 58 nay be 30 heated or quenched or otherw se
treated before reintroduction into the reactor 46 as a
partially reacted process stream 62 at the m xing
chanber 64. The partially reacted 18 WO 2004/ 094039
PCT/ ISZ09 41 QOB 38 Bnaypreotswseds for gadistEButivay hénting,eoroothet processing

for [ j ' r Qcessi
T R
r eacteedorptéoive swcisdn el §&cceeding ¢atdyst bah 5. 0An4@ditiofial layer 70 of
r eact th a §$ccee in

at al yst bed . An
o g ieRuctiRETee PyiRE forilteushand s gonsy remeve any
p‘f ov¢od&d111ﬁzmts éntﬂatrfeatﬂdm oR TOImEBdSy tHeUbro3sih® chEPRYE R8Y in the

ants entrained fromor fornmed by the
o o BT B Hie HEPLSED o Vo STl crogy i, asphaltencs, coke
Pr OCRES, s06t, Sdtalps finek; Beddfierdd 61t othdr leRiPaifdl (R ignl ﬂaﬁﬁula’ce matter, salts
sulflde asphal tenes, coke fines, soot, catal

fi ne®, dtillation prlemps, PattigWAteR it gas FHEsamS ofulfing AT sulﬁdes from tail gas

par tdrﬁt@'tﬁ?@lyﬂﬁﬁﬁ@éarso?@éu%ﬁas diBlefhsSti 11 ation col umms,
partlcula es in gas streans, sulfur or sulfides from

t ai l pol ymer precursors such as
® ol [g&&jéay% 6?0@%2@ dlaisbudateds matogial ) arsr prewided: il the agactor 46.

Mt edelod thd i aRd ﬁﬁ}hﬁ@ Qha'rrﬂ)ei g@m A0kt sﬁﬁicmkﬂ?#oofme} he ¢ process

inlet 52 and_ m xi ng_chanb I'n an anount sufficile
to feyepl ppdthspariedy reagt@ql e@m% Btreane|62. hRrefszably, did multiple layers

f
Ir Z 326}65 QSSP F79 Gre ‘Tﬁrcﬁ%deg fégﬂ:l@ r%léa\’; | @1*?}%136{ ﬁfé? ‘ta'?tg&lla{eg Prl&agtel?al 15 is
of tgﬁ@uﬁ@ﬂ |ftqm atRegositpitio rlawlr 655t0| anothgr aduwsitye th tayelmS& to another
th {
1{3‘” Hsﬁ}é 'rlr{] %g@%’g{ agglﬁ ;n%lmﬁﬂﬁ% con rangxﬁlte%zﬁrﬁ\%&s %’]rf?&lgﬁ% tﬁrough the

Contramnuhmdeldatpmaﬂ dés SO}ﬁtolneiamtlid present mventiph rhdiebe practiced with or
resen

ret Iv9 #103{ gonvg%xtgggll l?%lglé sc&rg SWZ? Eﬁrlgadb\ﬁ,ge )(Led catalyst beds 48, 50

i nventi oh na
conwemthmcﬂmhtdcmﬁlieimlyame&fo%72. Preferably, the fixed
catal yst beds 48, 50 contain discrete solid catal yst

ar tij 0063 ot he ur of the pres
anéb@a}g é\e/ra{r? tgbGngJ@nV ?ﬁn{)mvg ﬁﬁ%a\ﬂtaéla‘?@ y?l’ro‘é‘ s providing a
2{|OI umphirality offreticatateciutlahads ek Qﬁh Eﬂlhlf eﬂiErle Qyieith af aGftbéekEunit. The
en s.unit. The uralit
reti ilﬁ?lgi' é’g %1C@ﬁ§gate?nf§tscl§ncaﬁéjeg‘i9ﬁ%ﬁlﬂélF%H“‘?‘lﬂh%gth‘bﬁfocess unit
t he withac@asystiTy, ks shobvinlin BIGRabal yst 19, as shown in FI G
22. [0064] As previously di scussed, an advant age of

t he (%Eg_ i nv on | that it n? al so be used to
ai S (PIOBTRS oy stogiised ahdlfianioen l Hiedgesss: Byonbamiesat it may
may alb e hed t2Bistibst rthé)pfoe@bs whtdr® 086 Reockls @58 S 10May also be
%ub%lVldlﬂqN Pe ncg process streaminto a

1stributed “while being tere by subdividing the incoming process stream into a

plurality of smaller fluid streams by passing the process stream through a plurality of
flow passageways 120 (FIG. 9) defined by the web members 123 (FIG. 9) of the
reticulated material 15; then resubdividing, a plurality of times, the smaller streams so
that the incoming process stream is spread uniformly across the fluid entry cross-

30  section of the catalyst bed 76. The feed 51 is then reacted in the catalyst bed 48,
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plurality of smaller fluid streans by passing the
process streamthrough a plurality of flow

wpagsagwdays 120 (FIG 9) defined by the web ne@hEsm04/006366
123 (FIG 9) of the reticulated material 15; then
resubdividing, a plurality of tinmes, the smaller
streans so that the incom ng process streamis spread
uniformy across the fluid entry cross 30 section of
t hebafarsdleingtwithelhwitas aTimetiallg aepcd pregesshidigam S8t ghg doHector plate

t he lys e : . . ted
T Gosort bt Soa ety 5 SREARE AT SHeatod for the prtally rescte
par piosdsk yireaacbed ipflowesgo she marimg Bhaatbet 6¢ and|passes through the
plate .60, The neth of filtration and distribution

i s fqti‘é‘f'}atF@B’égf'éﬁ%fe&%t he partially reacted process
stream 62 as it flows into the mxing chanber 64 and

pas fos5]t Anathigifediire of the presert aitveutionds dat &k rétinyleted Agpteryl 15 may

[ 00651, Anot her feature of t [ to 4 ' IS .

t hagls? Re PP cap it Ael Y ysﬁga?&rr@% 74aﬁ§1§ q%ée&ﬁgéé‘gmg gertially

captddéted prodess efrdainhs Caidahesictqiaprdess @mam$4f Thenrttivelated material

outfl owi ng partiall reacted. proces tream 5 nd_ ..

t he 1#@Hc1a3ers | Bosbet te 9“@8%%1521? thip st ézfel%lcllfﬁa‘{ye?:}’% fie retioulated

?m ﬁfajcef?ihl 128521% li(?rérs’ /81 St #.0uflét B ofttheseuitid fkedOledd drdr@sed to
irst fixed be

_ 48 and. the reticul gted .mat erj al 12@’6 ’
101 Fligrotns. BN suf2lyes RSB BE 18 BY SHFRASSB oG PRy reacted
bed ,RQ.RkkedhS $8 of Radifl pilobds€ btr@RMs4. A aliBougtdadiitSteference to FIG.
parF| c?es 74 that may be entrained in the partially

readt & capiusieesadsteraning gkt dtrbd PABRESPagR] @arh roacted
4. o@tﬁo@ﬁrﬁgﬁg&%sﬁ%&hn bRl rag'rh%get&r% bifible fiked H&I chemical reactor,

capturing retalning cat 74 froma partially )
r eatttegetianlatel maertal 48 is wefefablyvaradyaisd Somssposesiyaerpnother porosity

i ther, a si e »0 |t i harn
Fendf st By Bl b2, Bk by e o5 0
gr adypébedlyf the posinpobibe tefictlated nuidnial mpy plss be gra@atersfrom small

shown in FIG 2 for,|ayer 8, 80.an 2o .

r es BEEE Q) 8P PYFS: e‘ég‘ﬁm%tggl%ﬁéfe %951W£tt$eo%eg?\ﬁ§t?d fyefgrial may be
por @sietsglyQfradubied fiei latge poed tormhal pabs weiitensalondngs that may form
graduated fromsmall pores to |arge pores.

Al té‘i?li‘ﬁf’?t%]é(ﬁta’,ed't he porosity of the reticul ated

material may be inversely graduated froml arge pores

200 300mb6] ApfartRs aticankdgk b€ the pedbntamteatidrhia thatthe rétimiated material 15
the catalyst bed. 20 [00661 .A fyrther advantage of the .
or e85t b4 HOUAERGH FPHIREE tHE PRV R ETeG o et wit
MY pBBmRE ple¥idbRélindrodeFaNhe NS 1§ G2 WAL deri@t@inyIGC A lAyers 66, 68, 70
active material to react with polymer reclursor.s in, .
r ooBESCuIEieR TS 15 152 CRBIRBLATIRRY TRPAF teluging|ingriphic oxides

66, B8eratl) seRbteli Cfrdih Uhd @6y BERIstAL of 2iRiMa,CANRéRI sllicAAlumina,
activated support including inorganic_oxides

26r efeagntsiay silish-agadia pioWpBiReT groliips PisFraablt peleptesk from the group
al u Thi\dsting of b Bite 1S izbd1f@xX8Id T8 Re Y, which may be added to the reticulated

material as a substrate for catalyst materials. Optionally, the reticulated material may

be impregnated with catalyst materials or the reticulated material may be an oxide,
nitride, carbide or boride of a metal as disclosed in U.S. Patent No. 5,399,535, which
30 is hereby incorporated by reference to the extent it is not inconsistent with the present

invention.
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25 magnesia, silica-magnesia or titania or zeolites

preferably selected fromthe group consisting of
wQe@iopsm3d, zeolite X, and zeolite Y, which mapCDhES2004/006366

added to the reticulated material as a substrate for

catalyst materials. Optionally, the reticul ated

material may be inpregnated with catalyst materials

or the reticulated material nmay be an oxide, nitride,

car 0068] Actitabed agaribllnativeiad refisulaicd slatssiabasidesqibg] above may be

Pat ent. .No.

by P S s itendah it P oo O Bl AR Hrdpors o

t he ppvestefotlingi arvgent founatloﬁO Wm@ﬁh@gﬁ@%amns require the addition

PCT/ 4/.00636 71 Activ

act i %/J E‘faggo HEhe Xtr & ?saﬁﬁeg%%gégcrl {hgﬁg%cél lafed material
Be 189sFdayte® 70 dmtarsolacﬁmdhgddpaﬂmhyaictlmied affhe dfvenhtier may also be
di ol efi.ns, or. ot her reve nt

F OUPTRICSr gy R PR ERISEHs e BHS P BRgss one of

I eqykvetnl bhigreaiishal talystOfAliRaia thay BeRBedat dx &kivy ccsaaﬁg bﬁﬂlpport
process stream 58, preferably é{{‘le reticul ated

5 1§hspatp1a(9teqccozémg§o i, et pitere! B FOHBTET &IPSR ‘oFGhp vi-B

act iy at fambd6f RN VRN o TBYth 2kt Se@Rited PInbS tHeCRECMAED material,
coated reticulated material, wherern the coating

may
180 npmqrgaémo%d@)ﬂr zepliteer APcosdipalErbe Grialystcmsa peraRIEse at least one of
Al ug nay; a%ymglgbd%ﬁﬁlg 218 tlﬁlgstaﬁfn' VbR Hih ATt &Eéq{ftlron, nickel,

The ca ccor di I's invention preferab &b
conppbééieslaamrm,tmllla@ﬁm@né inidiyn- O thyy Gepupdie metsls, @oslpgenum is

VI I Imos%) f)re%%tgﬁ] Th%itﬁ?&%?e%j%m%@ll rml;l‘ﬁ?lﬁ %H:%oﬁ{ ?ﬂ to about 14% by

I nNor ganr ¢ " oxi or zeolite CCOF |ng Y,
t he wmlmloy StroupaYI-B ongtali < the Glrcmas‘fﬂhmetabf nickdhandriceha|t are most

I ybdenum and t ungs 0 'h
] ne){’li‘%el?f Onﬁlenafn&?gﬁ %850618 r‘flﬁ r{m?l i neu(r:f‘f[a %S%Ilﬁ %feﬂa%%g%%m about
i ri a.3%to 4Bout 1086 & @eightvl - B net aI s, nolybdenumis nost
preferred. The catal yst preferably will contain from

aboﬁh%ﬁ%gfé(gp? {ljlu tatei],'r:as/ab ntlﬁrllaé %%x?ﬂ)uost é%‘i’%ﬁ %(zecﬁb&ﬁte%tm 88, 90.

15 ﬂm@éle r3epd2 dinetiaared macdialil & ueyVbd hsadeinafluidized Ibed chemical

cata st ref erab from about % t o, about 109

Bkt 90 (BBn s eredisien ) SEPon sy 1 syE itbausy fosses and
W%&l@tﬁbﬁﬁ&' 6f {HeUabz 6fl afd ebwse aThe® inlé&8air 99.to tha)ﬁemBustor or
86, 92 of reticul ated nmateri al

oS e Sh S Ao et SR e S 6 sbaivide o

comysip 'fnto 9 gluff&g}e&‘fes'hﬁﬂl@trﬂ(ﬁﬁng §tRam§. dTH@reﬁﬁﬂét@d‘ﬁlﬁtenal 15 may be
| osses and di stribution of the vapor or

f | ovessinghheirquigr diskdRs (4. ohwitheut dhsril psiatsd p@}:foratlon 125 however it
regeng l?e[ rox’%ﬁoﬂ ubde QHEA lﬁpmégﬁ Enhﬁnyr gét(){n%ﬁ‘icactoﬁﬁguratlon desired

mat er'a ayer to subdivide t'h streaminto
Ml urindlidiyg mfassmltctedlslf 1BVEKg 18)- r@ﬁmallyr e ltinde dléléﬁ & BHFIG. 3)

mat 611 Ahe §2dM X158 the disk 124 (FIG. 7) or sheet 121 (FIG. 9) may optionally

contain perforations. The subdivision of the vapor or air flows may reduce the

turbulence of the incoming vapor or air streams, thus reducing the compressor
horsepower usage or allowing for an increase in flow rate, depending on the process
30  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
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a single circular disk 124 (FIG 6) wthout the

illustrated perforation 125; however it may be an
woral/opr3isquare sheet 121 (FIG 9), or any geoP€L/UEI04/006366

configuration desired 25 including an assenbl ed di sk

134 (FIG 10). Optionally, multiple disks 86, 92 (FIG

3) may be used. Also, the disk 124 (FIG 7) or sheet

121 (FIG 9) may optionally contain Eerforatlons The

s ubdiifarsiodisoibuteitee vapooer ar dhihrovghewigheregmbustdn o raghmeerator 88.

t ur bul e t

et R Aol dRrbRURRG walerl 15 My Tised 17 Mhitormiy

f or datributecung fisffingrvapdro 96 netl @ thel 8pidivdd hefd wactot . pr oc ess

30 constraints of the particular conbustor-style

f I ui ( 3 3

ot LB S5 006 (oo LB s AR e
6r AuidiZell bud revetpr K4, dayeB19WDL2 oﬁwkogmmd material 15 may be used
PCT/ U 04/ 06366 | u
ai r “94'% ﬁraggl Hed frhgi(%on‘gius 6ng§ § Sta? e&grﬁlgedggtr O?Qg%m%ﬁor The
addintrbwlent 1a1'eotaherozl pyde d@Rbodtor et ragenheaa:ted firsatstge di08 1S flowed

may _be dto nlfor dlst n | uffin .

Uandre e SHIbe repied pipr bl BBt e St gty into

Al t @rmhlhtyeifysmau& fidviang 4treathdl CPrefRei it RtiCEIRNE mﬁatesmahs is a
tage regenerator 5 fluidized bed rg&ct or

1D 2y engleaBEIETEIof 4 (G QY RIEE eTele s g 1R ey be an

usedyal ok uaRl sh¥et 281 (HISCOIS S0y 'g@orh:étﬁ‘% cé’nﬁf Qfa‘a@n de31red 1nclud1ng an
S|ngle stage conbustor or regenera

i nl @gsergbled I@SZ B¢ FHe Wntfsios!lye mull%% H’éksa%n‘* 12f iEIQt 4) may be
st agged[l 018ds'0S tl'fel AYve @24 glﬁf}o Y9 Rr tsﬂé%t |1§ly ?FIGQ 89) %ay optlonally contain

reticul ated materi al t 0" subdi vide the stré

pr eberferbtignsi dirpilarly, firvhasdcend-siagesiifl] the turbule; lnlgt air 106 may be
tr o4 i .

55" 2808 RS PRI LIPS AL PhRChiol B o o

per ﬁolnraitty ofismAl b flowmgesireams. t Thtaqub&bielswm of dheaVapor osgjuépws may

zggsédgéezj%( @1?{1 a?]fo fh as%%or?% et r J é %% t{eé\!lflx a{hkg Neducing the
Opt icomprehspy hdiﬂslépbwpi gsag Skﬂlog&g]fbl? al( frcfaasedin fhomyrakeg dependmg on

use so, the sk.124 FIG

> Sisyoe! S bHE B o5 resgbr SHLERE R gy 04, 16. A
2bor filiRr S&mafge 5t &geprés%ﬁ)b m{rehﬁoﬁ i the @Btsubdiviasd t’z?dp’or ) ﬁlr flows
may be 15 fl owed . throug R?e ayer 100 of et i cul at
mat &Y amors “f”é"%cﬁlwl?ﬁée tthe vapFedimainthEoug O‘HI af 9™ jstor or

of  s&mhd:ibr éﬂaﬁmbﬁt;lost 1192118 addlish, ahtstr Yiyet OMreBéuldtfBelements112
vapor or air flows may reduce f he turbul ence of

t he
i ncayRg wekhie runzfpmziy fhsg"thu@am fluffingsraperg b &4 nipdtim éﬁe fluidized bed
COMLERs9f6 hOr sepower usage or allow ng for an
increase in flow rate, depending on the process
constraints of the two-stage regenerator fluidized bed

25 ead?®3P] Yaih refmme po BI5 .13 erriesatrasal ah p geapmater grocess stream in
Plr gafgﬂﬁ Y § Mdi MobwSrideR Bbd LagiauRAL N Steditl ABOH1aRH nidtetial 15 in

the shape of substantially spherical balls 122 (FIG. 11) is illustrated, although, as

previously discussed, other shapes may be used. The contaminated process stream in
vapor form 92 will enter the radial flow reactor 94 at the inlet 96. A layer 98 of
30  reticulated material 15, more preferably layers 98, 100 of reticulated material 15, is

provided in the vessel between the deflection baffle 102 and the scallop 104. The
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may nore uniformy distribute the vapor or air

t hr oughout the conbustor or regenerator chanbers 108,
wai@4/094030ddi ti on, another |ayer of reticul at ePICT/US2004/006366

el enents 112 nay be used to uniformy distribute any

fluffing vapors 114 used in the fluidized bed reactor

116. 25 [0070] Wth reference to FIG 5, for treatnent

of a contam nated process streamin vapor form a

r adlagiérs bf 98y 100 retidulbted matesial Padid naliteting comamingifs such as dirt, iron

o ST o bR i, 1, SR HES ORI oo
al t batagld fasign paticalate shayted ios pel gerthreatdoey susln éﬁpﬂigleﬁwentrained

be used. The, cont am nat rocess.streamdn, Vapor
For 1 B9 O MRnGRE cPRPhEey SAPHr e Egiiop 4 B PR hed 108 and
§ Nl gfsctfze thrdugly e QBited ipip80l I0edsi thel katied praber dt@hm1B2. Also as

nore preferabl ayers 98, 1 of reticul.ated terial

5, Dreflousy dyrtveR 4 1N s Sole BT HECR THIEn deAbdtd eutied
baf {aRridi0% &Y behRed Akdpaide ARt retab@atalydt H¥oh 2004Y HY4AS Shown
PCT/ US2004/ 006366 | ayers of 98, 100 reticul ated

nmat Berp & the gnlgading t4besi I0fer i ng cont ani nants such as

dirt, iron oxide, iron sulfide, asphaltenes, coke

fi negy71 o retiGuddted] sistherftd 38 Be usRAdb flEt ®nRMiRBEsuch as sediments,
entrained foreign particul ate matter

[ er, or polyner
161 e BLPBeT EPeS RE PTAFSSSHIBIPETNH SFlsntlp dllysiates pﬁ).pﬂlﬁ% gmbodiment of the

con ien%gén@ alvestionaBR thif &RIbaRRer biRiufitddMihdn@y D5 dte 1&¥ for removing
fixéd catal yst bed 108 and 5 di scharge through the

censesimgritpesuch @s aglis. e ¢ ebsflalgprppddems st rldgngthod of filtering
Al S Qe dipent® F6Mled Liﬁlﬁfo tki g@‘ﬁﬁrﬁgﬂ Iﬁ'&eﬁgl\ffaﬁ%ﬁgéas fﬁfov !ﬂ%l a 1l%yer of

present invention s th ne reticulated nateria
may rdtieulatsé dletronts aptked evithradvoidespacebateteal epelt retieatedelement. The

trea shown. re i .un | 0]
P, DL MBERf2  rce o
c ontaticulaed tefementschhiksalbadigriardes contd@inamis ¢ Ipess thyopels tpprevent
br OCﬁl'Sg,S erL¥ &melnt ¢ of Gfg i c1 | leu%ttg atﬁ% %@?xtﬁld]ei{mher rovides for
enbBHERES Oote JawT of rgdaiped RleBRRG o0 e HepRi d P

enbostitiRing a reddss strabe coredising esseBbnentsewitls ¢gb fedculated elements

renmpvin sedi ments,..such_as salts, in a distillatipn

col QP8 TEmINaE i RIS PR B PSS BB, Enpy il smaller
20N R6ASEHANS Dl MOBRfadY 6f EealiyulitE leWiRatspPiray blibwiglg ahe larger

| ayer of reticulated el enents packed with §1V0j

d
spacenipainga fo BroesrdrtBtorgly fher voifl enassiebfteerfach getigglpigd element.

SPaqgisi SneViRdl Prhdh@seRNANARell kddiBbtFRre ObrotdB! kifam for further
contam nants on a surface of the reticulated el enents

whi Iptocedsingwi ng | arger contami nants to pass through to
prevent pluggage of the layer of reticul ated

el efFepridNe iMBiARY { UpldRS eRbOYIERS of Ghe pERBdtafbédlidn as a
a process stream containing the sedinments with the

26 et iretishlated elanavedisk 124. Optionally, the disks may have perforations 125.
Preferably, multiple perforations are used to accommodate screen baskets that may

optionally be filled with reticulated elements. Other shapes may include saddles 126
(FIG. 7), hollow cylinders 128 (FIG. 8), single sheets 121 of reticulated material 15
(FIG. 9), disks 134 formed from a plurality of segments 134 a-f (FIG. 10),
30 substantially spherical balls 122 (FIG. 11), solid cylinders 132 (FIG. 12), raschig rings
130 (FIG. 13), squares (FIG. 14), and monoliths (FIG. 14). Each shape may be sized
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t hereby renoving the sedinents fromthe process stream

by renoving the smaller 20 contam nants on the surface
wo@toosletoset i cul ated el ements and al | owi ng t he PEF/B2004/006366
contami nants to proceed through the void spaces

bet ween each reticul ated el enent. This nethod

produces a relatively sedi nent-free process streamfor
further processing. [00721 FIG 6 illustrates a

spetd fridividinb ephcifientionsf 3ies for dee ﬁhapBanmdt ingy inpdndg subgantially

B L s

pe r ﬁﬂﬁtfual‘/% N5 irth @nd 9edide cailzmmezlsrnf)ailaiue Ystorkéf2 lhm @hg heights of
telhgwét to 1t @%Q g!fl]%ee%aﬂcgwl h rgihl 81£ gi)ggfg% :tog %I Hf%%g h?lﬁw@ylinders
7) . hixahd @dide lanteetey 6f abdBt 1(3 Rb &% 1a¢hes,s¢ungdeedlsﬂnecetss)fhaam Vs to 2
of reticulated materia

FI G
fr omcgesp g 5¢1glit§, ’Fboé‘teé‘rrt@r& glgliegﬂaréig ¥0’llfl @_?c?ei av1n§oc{1ameq(ars of
subgbntd R 1 ¥cts Bliekdigd ofdblts/ 122 idchésG Cublon-maed oxtb-piece disks

cylinders 132 (FIG 12), raschig rings 1301%?6 %%) .
squapber girslesherin2] eonafTieHaw MY S CE‘@P‘Gﬁt o jhe 1 ¢pypparation
may op a Jéé&&d Azf’értﬂgl) RARR/ (Q‘QlﬁQSd%pé:’ Chr W%%m@@lﬁ%ﬁ@on {sOthat the

i ndivi | specifications. Sizes for shapes used
1y r¢mulat¢den%q1b§l%my b¢ fopmed ph@ﬂlptzaﬁlsb éM qr %mgl%%aft 121 having

1/ 8 Er? I%tldrlngS di %&1%%1 fé'aﬂlié:gf' tHe b Ekgﬁ 1n‘%ﬁtrbn 1§‘§1‘afjtﬁe reticulated
ers of out and outsid
dl am’etnems vdfenwbwmmd mab'daelfomezi mbmh@blrdrm Oﬁéfcggmﬂn@ ipforder to
about 1/4 to C I h
abodf™ 4 ?Sger%bl?ﬁc Eee% %E o{/%vaéy %llﬁdszSt% avi 'reaglfor s physical
I nsicoefighiaAiort Pogosities ab dmtreﬂd@at&cbeléﬂérds img hawge flmm éltdESOO ppi.
ters of about 1/4 to 2 hei
lgboﬁ efarpblyy the POFISHY %Y TAREY ggliﬂl O‘&W i'h gg P& (I)]fe é) referably, the
di a fo@iﬁ:ﬁn@? ran@ Glain abbBt 100to160 ppt.h Thﬁ&nhiﬂbgdﬁsﬁmﬁﬁatlmb ofithe size

1/4 to |nches e 0 i sks

o naPLSEmE ! Vet PHOT o (WajeeP P Bre: Py lading
Phy $he plesutdrbf btrhiaR. TAE rdliclleRElddient Mafetislt dﬁﬁbundmg the pores,
feature of this aspect of the present inventig

t hator ppRRings, of die reiifuintedplomanisy oay thesvehagenphers Ige (EP- P which in
B theh @ﬁlﬁéﬁgﬂ&zﬁas@ggewaygiz@ Fi@@? 121 havi ng

perf orations 125. addi tional teature of the pr esent
i nvention is that the reticulated _ele

t
con 0T Tbemes BacTop AR S QeGUgl Fraaeey RALC RERElicular
I N Qe Hishutib N pAdte@SSRRD! ?ﬁlssﬁﬁ&dﬁﬁlaﬂ 'fk‘okv thetufiéh method

customfit to the reactor's physical configuration,
Por dadludes prayidinghenerasthare Feliceldtcd (clomstsdn the,preesayyanit. r Bken only

41 %ngqgacﬂﬁtfd e]re:f%éo E & Esre@bft Ys t)fgirlg?}g?ag%eséﬁdﬁgw offEi9€ly span the

from about ‘Nor e porosity
250y mewegemitr é’ﬁwabmullplifbtlpuiaie@ elomints Fgiusede gl Reedypically arranged
cust, org %gntd&%py packeclj] eoegI Zﬁegardless of the configuration of the reticulated
elements, each reticulated element has a plurality of web members that define a
plurality of flow passageways through the reticulated element. A process stream
contacted with the plurality of reticulated elements is therefore subdivided into a
30  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
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and shape of the reticulated material 15 for the

application, size, particulate |oading and pressure
waoele@p/ogwast rai nts. The reticul ate el ement nmat ePCHIUS2004/006366

surroundi ng the pores, or openings, of the

reticulated elenments formthe web nmenbers 123 (FI G

9), which in 20 turn define the flow passageways 120

(FIG 9). [00731 The present invention al so

advﬂmragﬁaiwspmcqms ctreahe shraughe theoflovo fpapregqyeryd ivathimthe reticulated

;:8 %IF %%1% tﬁ.{ou i the Sgg(’%? ﬁg 5 drfe tZ‘re Fr)e}%gl% %{epneeg% W% %{ultlple

nor ftitglhted Hlemibmis aﬁl LﬁéfEﬁlb&desnfot‘ bifeqtive ﬁewshsmnﬂmﬁmn Wét@éndlcular to

onl ne reticul ated el ene I S used NS i cal l .
0 e Bcefa Pooast p e GRNh Dot ety Tt BetbRisfihe dolica
Shep gitdekd dHeBms Bbi Golbnt@k (B IOBRE Sniglacanydechioh Melinaheprocess
typically arranged_ in a randorri%ly packed .bed

Reg‘é‘?léll wdbe Kt o HSnIPERSE APH SR injatipn Of s docations, as

el efiRBsed $RHIGr @01 cohRt fehed %Eﬁme Riptied tB| pbedkd titeddds while
web nmenbers that define a plurality of flow

pasesengevRIly nroviding For fHEationt ef conigmingts fare e pracesy desews This
StI Gdfod 9N Ha G g Gkt ﬁoc‘fe@se stPéales %ﬁlfeycdﬁfsurfe%ﬁﬂl %{fgitnﬁgg catalytic

elements 1s th fore subdivided into a 30 plurality
10f waetidnerto fobuially ot tesaliys rempvp @8 Somgri dasirgd eecayenl specaesnin the

thr lurality of flow passageways defined by
81%9% tStEJeE”szrs of each reticul ated el enent. The 24

V\D 2004/ 094039 PCT/ US2004/ 006366 flows of the process
str wﬁﬂﬂﬁbr?ghﬂtuh@at«fsl they pecswhgé\Vreysndicelpi Jowhtat the reticulated

et 'mlglglnﬁg g)g thé k’ egﬂ% gﬁr%;cga Me tog gmvcrarﬂgsp&ff QSperiment was

r et parfirmed asiap enzknpwr avith uslfmbppr divinetes of oppr@flﬁletctyr /é6”. The
1) Stk B R BSARFRLHh b5 bl s e

cantiles &ﬁplllanﬁff‘er bf the dsppee Sﬁlesﬂdvemmtmmlmrt@l dontehé regjculated

the rocess u on withi,n.t r.oc

L £BmE R it e Aeoiin Rl o S g i SR Blane and

co ”hd)trh&tettﬁﬁl $hnel Wﬁlﬁ% dsamtpme@,unag thd ﬂeﬁchiﬂettétﬂélﬁﬂeﬂtsrblgmﬁcanﬂy
FIG 19. This netho a applied t rocess st.reans

whi PePendisylagyr diRarses p it ﬂwﬁn@ PBFeI phpleling o other problems
26 ONRMIsERINHesid. r om t he process stream This nethod can

be applied to process streans while concurrently

perform ng catalytic 10 reactlons to artlal
t ot 073! £8 soouow tesig oF edasb i e Cegrm%lrs’ééﬁegter Rf using

t heretiRhiRfe® Senithis8AM vakiel A pokdsfties 2dd ipbleUstdet ads@hot e FIG. 20,
anmount of perpendicular flowthat the reti cul at ed

el efbpraicapted irlensnissean beipapsficiusid aick teas Hagy havep porosity of so
pr oq{éﬁ%{ P&e ﬁ&ﬁ‘ HRRR S E Rby Plepﬁfsflﬁéaﬂ?ﬂlaf’@feﬁ&lﬁed element of 30

dr oppe a droppér dianeter of approxi mtel (\)/
23/ 18pi wﬂ‘lh@'hen examined by one skilled in the art, have on average 30 pores per inch.

The pore sizes of such a material would be just under one millimeter. Pore size in this
context is the general size of the cavity of the pore recognizing that pores are not
perfect spheres. Another important element of pore size is the size of the window
opening into the pore. It is this measure that determines the size of the largest particle
30 that be trapped or filtered within the pore. The porosity range of the reticulated

elements of the present invention are from 4 to 800 ppi . This enables customization
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15 reticul ated el enment distributed the liquid
perpendicularly to a dianeter of about seven tines

wo b@4adpmaet er of the dropper. The fl ow was notPCT/US2004/006366
di stributed down the reticulated elenent as nmuch. The
significant distribution was made in the horizontal
pl ane and not a vertical plane. Wen used in process
units, the reticulated elenments significantly
per périk siab antl shelpes pk iiwestittiged lelentntsofopriky @pylication constraints
channel .. ng_and .ot her ..oroblens 20.di scussed herein.
o PRkt RBRP s haiRl e FBegw e, 100 pRBSBRES { g dosn of the
can rétivalatedeldnivissda@ he dh alsigedf abeiti CulilHine@rsab @BBALIHO inficrons,
a variety of porosities d pore sizes, .as.shown in
F1 Goadsoboing dalied By, o) Smfibep oitieh rieier SamiE arbleey eef flow
SUC hadshiivaliBioulR YR raidid%lidnen®f SO  nmany pores per
inch ("ppi"). For exanple, this nmeans that a

reticul ated el enent qf 30 25 iwill, en exam ned |,

by SHERS in GTrteiR s prosiin PR entom, i Hlemacrgicaovides for
per niofs Eficiel filtrRMdrewHhid @ife 1bccssIGHit. aSIABE @k icahtaRidhtd dB@ot cake
just under one mllineter, Pore size in this context )
is PR émgg’ﬁ et%gq inghes of jthe rpfrculaiagd; flgm%qts,tqqew% cgnventional retention

r eCcagfridisnN8ll t Sedhe BMELBePER BOSecRRL) 86dd. SPRGNLRSdrop through the
other inportant elenent of pore size is the size of

An
0 he rshicHawty clespsats ¢g iemel loWeaplong as sufficient pitisulpied slaneents are
t hal,igeh e Mashd fecat 4Rt Rhctle t@[ﬁ!ﬂlﬁf-?ﬁr@h cglﬁlgﬁdnc tlger #n pressure

that be trapped or %iltere W por
por eeptigerease gEhedpwetmwesser ideapl ingreages the eafethiog opkating ghe unit since

pre j A f 0 ' Thi s _enabl es

Cuisfopepieli ebib i foy o5 s g Bttty G TERSh: Fes no

t hepessiee yndltehremp Emes bateenroatalystdimhgd aed @gmifidantly ticrehded since
ppli.cation constraints _incluydin articul ate Joadin

1S bce SRR BTt R B b T ok 1 Pon Bbanods
r et befuteaheproedse epiijirsent emi-dfaruh bordliticaege of about 6
mllimeters to about 100 m crons, each being defined

by 1ty of web nbers, formn lurali.ty o
Oy B b Bl B R TREED BOL BN, APt W o co
[ 00%6 hisedsinamtabydt ek prgeeso tnitsheinger 18 eahlystbednit istbjectéd® a much

filtering,method provides r re effjcient ,

11 et PRRERRRE RS (1Pt SBSreatl ot isSa fecoriayis more catalyticall
2¢ onteaciveantal/stie anin akevityudT abButt 1085 fo bshit 1996 NeBe &ftire surface

t he reticulatqd el epents, _as with conventional . )

r et 8¢ 6Ahe FRIATEY icar be useq fogmistinndqd paposBewhichds fromodify and

ef f potchdscthy rak® 8fla rdAE @S HhtoH ARcH kR M erd R Srdbure drop per cycle
reticul ated el ements can remain |l ow as | ong as

suf for ghegngeepsattiteul at ed el enents are wutilized such
that the process unit reaches an end-of-run condition

ot hpn78)Nanothr Q8edht@e ofl R PrésBRIiBARHon KNS UM RTEG ! e use
drop.increases the safety of operating the unit since
5 of one or more layers of reticulatéd elements at various locations within a process unit

2
to facilitate perpendicular flow redistribution to mitigate channeling and other
symptoms of flow maldistribution. Such one or more layers of reticulated elements
within a process unit also facilitate filtration of particulate contaminants within the

process unit.
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downst ream equi pnent is not deprived of flow and the
upstream equi pnment does not pressure up. The run

w0 2008594989 ween cat al yst changes are signifi caneCT/US2004/006366

i ncreased since 15 the process equi pnent can operate

much [ onger than with previous filtration nethods

before the process equi pnent end-of-run conditions.

[0077£ Anot her advantage of the present invention is

t hat [08781 1t isrto &¢ wedtrstendzghaj shesinvention enotimeie limitedlab aeyeshct details

bed N ' al yst, hed is_subjected,
P LTS I g8 s
r es udhiviaws mesiifrpgtionsend ealivadents will &e gpbmhtytoi 8 lskile@® the art. For

react. C ] bS.a-.gain in activity of about 10%

to- aniiey Bl Ruid isfiodel ot oligpa Pagkl difigSulam apyidrpe used
can the rutsmihtddorleimients i tot facitia e ROSRingVBf Gl ilisuiﬁoacross process
nDd|%¥.andt @ncrea e the@$@}e of a reaction, due to a
muc FPBRER o 8PR5EDp fhegeticulates epmends could pe usgdopnly e particulate
pr ocemsvalniAccord kheARRinkies oM i

i nvention |s, ag@ epicted in FIG %'ie?gﬁ]egﬁnl}ggpmgg%g?wscwe of
one‘z?”ﬁﬁwgdwgwg%s of reticulated el ements at various

| ocations within a process unit to facilitate
perpendi cul ar flow redistribution to mtigate

channel i ng and ot her synptons of flow

mal di stri bution. Such one or nore |ayers of

reticulated elements wthin a process unit also
facilitate filtration of particulate contam nants

wthin the process unit. 26 WO 2004/ 094039

PCT/ US2004/ 006366 [0079] It is to be understood that

the invention is not to be limted to the exact

details of construction, operation, exact materials,

or enbodi mrents shown and descri bed, as obvious

nodi fications and equivalents will be apparent to one
skilled in the art. For exanple, special liquid
di stributors or conventional liquid distributors could

be used 5 the reticulated elenents to facilitate the
spreadi ng of the |liquid across process equipnent.
Conversely, the reticulated el enments could be used
only for particulate renoval. Accordingly, the
invention is therefore to be limted only by the scope
of the appended clains. 27 WO 2004/ 094039

PCT/ US2004/ 006366 CLAIM5S WHAT IS CLAI MED
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1. A nethod of renoving contam nants froma

contam nated process stream conprising the steps of.

WG 2qoa)p9qsovi ding a plurality of reticul ated el POEOER04/006366
a process unit; (b) randomy packing the plurality of
reticulated elements within the process unit thereby
providing a void space between a substantial nunber

of the reticulated elenents to enhance filtration of
contaminants on a surface 6LAINS plurality of
reticulated elenents to produce a substantially 10
decWHAKISAIAIMEDBcess stream and (c) contacting the
cont am Nt acnpd A S8fovihd EaMhhds ot Bl dhflldidated Blocess stream
reticul at ements t o renpve contam nants

contanprisatgghle gemodss st ream while allow ng the

bt a0t ol e AT 5B GAT s i
el enent s. 15 B Tlfnmdnﬁﬂl}hpwtkm& thd: alumlity oﬁ\kﬁélnellatedtel'wlents within

pluralit retic ted el.enments hav differ .

pore siz E"&eﬁsﬂléﬂt tﬁﬂg’yﬂfrﬁ?@fﬂg fy (%TSP? &t U e Bilintial number
el enment Soc@é rdtichlafRll ctithR o BAlkhSe filbdatich bf ﬁm&li’rhnaiitszma surface
3. The nethod of cl ai erein the conta

process & rtgnpiuglily %Jo ﬁ?‘&‘m% EF¥PariP c P Eg%ed £ Substantially
19r ocess &dcbRAMinaid pfoceskRfediBlah@d Of C| aim3, further

I ncl udi ng depositing a, catal yst on pluralit

reticul ated efknerseaiagigdhe P‘?}“%H't‘tﬁ P’F"r‘f@sstsltiféam Wit e pluratit

contam n@% gc@a[t&f&&ﬁerﬁst %@&H&vefbontzﬁﬁlaﬂﬁtff@)ﬁﬂth@%orﬁ&rﬁﬂnﬂ?eé—process
wherein the reticul ated el enents Con”prlsear‘raterlal

sel ect edstfeammwhilsellgwingghewhsprftally decontaminagadApaess stream to pass
mat eri al scal vapor

deposi ti onﬁﬁ%gwg*@l%%@{ah@ cgr%%tqﬁ?eg %}%ﬂ aiml,

I%herei n Fhe ulsttod nifi ddimnlmvlearein fthe hlurabityu p&kdticylatsfl "elements have
ret | ed el erre pl f

by éi gﬁ“ﬁ‘& gpte t51yzes t tﬁe Vlﬁ%latiy of 9{ llla{eﬁ Sﬁegneg{gu : aflﬁ% yc'ogt?ﬂmants
f | owf pidsfagaxay S thr ough the plurality of reticulated

el enents_, and poe5| e of the res._is

abodt & A MABPY A abotiteiiBo; Epiitat Pkt stream is 2
met _f&@ﬂlalﬁfnafgﬂaltgﬁihllvbamyﬁﬂeﬁ strbzﬁns plurality of

reticul ated el epents. have a . orpsi t.

2800 “4por edhpwethed REGpIm %cer.theé ?nc%ﬁig’grf%f’% agarq%ﬁlfl i\w phurality
whe e idfictiied bRy babad c&hﬁgﬁ@ i caﬁtamfr@fea@ebctagscmbaan.

reticul ated foam nmateri al
5. The method of claim 1, wherein the reticulated elements comprise a material

selected from the group consisting of a ceramic material, a metallic material, and a
chemical vapor deposition material.

25 6. The method of claim 1, wherein a substantial number of the plurality of
reticulated elements have a plurality of pores defined by a plurality of web members
forming a plurality of flow passageways through the plurality of reticulated elements
and an average pore size of the pores is about 6 millimeters to about 100 microns.

7. The method of claim 1, wherein the plurality of reticulated elements have a

30  porosity of about 4 to 800 pores per linear inch.

3. The method of claim 1, wherein the reticulated elements are formed from a

reticulated foam material.
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WD 2004/ 094039 PCT/ US2004/ 006366 9. The met hod of

claim1l, wherein the reticul ated el enents have a shape
waeleod®ad fromthe group consisting of subst aptT/abi094/006366

spherical shaped balls, raschig rings, saddle shaped

pi eces, nonoliths, squares, a single sheet, hollow

cylinders, solid cylinders, and a single disk. 5 10.

The nethod of claim9, wherein the reticul ated

el egent sThd Method Bﬁdalhﬂh; whgreinpibe feticalhied Bk’:meﬂt& havkheeshape selected

claiml i.n.the praoc t.. has .an

A A e T AR

of thped Blkssy nhn6Ethe | sqiRes, @ safghe §heetrhodllow cglirlers, solid cylinders,

assenbl ed sheet that, when constructed, is customfit

to enbaprYedisk unit's inner cross- 10 sectiona

gonfihgur hd GRhod 2f cHAR 9TRNLBRH Bb réicaiadleletidify S Fornltd having

process unit has an inner cross-sectional
conbp@eraianison and the plurality of the reticul ated

el ement STl gk '3? glgirﬁ‘ § gﬁﬁerah WkeAhrbleks uit hECHBALSoross-sectional

form ng an assenb when constructed, is
c us tcomfiguication cantdh the p]pmhgg of uhd tretg;ulamdeplements are formed into an

C r OS %@%ﬁ:ﬁ Isﬁeﬂff\ haf: % 111 g&lrséﬁdt&p 18 cllﬁo&l?’ﬂt tcT IEH% é)?@%ghqgm%fl €T CTOSS-

"the process unit I's sele from
lgr oma:tlonaircenﬁgum@nof a di stl I I ation columm, a tail gas

tre ci,nerato ru

oo R e LRl R B G By B s stiona
C ONMRbhfiraAios WhS thegil@ralitgfof tiet el addeclcratmsramn tfsm’wd\lntn @ murality
substanti al | unlformc L. f a,sel ec at al
o arEes 1P BE AT Gt VR et Qi - fito the
met %koce%Qmi‘t"é innbh@rogadebtafaidonfif@htionl4, wherein the

Goup VI-B netal is_ nolybdenum 16. The net hod
18l ailth 1, TapareEiod of ki e Plgres e PEIosTettists é@ﬁﬁ?‘? fgmythe group

subshhddiBe off dislldieH AR, £hR RN SN M iftfhefator, and a scrubber
substantially uniform coat | ng of a selected cat aly

i ncllddi nghanjsthod @f chinu Whereia ;ﬂtq rﬁtjcq}at%elem@ﬁ@%wls‘?/ﬁ|S1lbstra‘fe
et %lf*reﬁ'cz ateﬁrb?elﬁ@?lk hl?a@lr%f Qb?thlmailg unWB&! Sbdfing o@a‘%@]@cted catalyst

Vi rreta or cobalt 5 18. The net hod of
cl aitmludingvhporenselemicr oeppny/witl ope@eupiVd-B melabgnat ed

Pt Ot Pyl Sl bR P SBR tnd Sronf R BELACH bl

erein a regnated into
r et iloul affae net}mdmnﬁ tlain2 0, whdnein rtheet letiehlazéd elbments domprise a substrate
at ed el

| nor 3&%}03{; e>‘él én%]gﬁ e (S.)tﬁ%l %aﬂg G oup%c(’:%l?j 09 £ Slé%"te??' Satalyst
al urthdhadingsa porows al@hink caatiag with oas Group VIII metal.

17.  The method of claim 16, wherein a Group VIII metal is nickel or cobalt.
25 18.  The method of claim 1, wherein a Group VI-B metal is impregnated into the
reticulated element.
19.  The method of claim 1, wherein a Group VIII metal is impregnated into the
reticulated element.
20.  The method of claim 1, wherein the reticulated elements comprise a porous
30 inorganic oxide selected from the group consisting of alumina, silica, silica-alumina,

magnesia, silica-magnesia and titania.
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magnesi a, silica-nmagnesia and titania. 29 WO

2004/ 094039 PCT/ US2004/ 006366 21. The nethod of claim
waQaooat0e4089 n the reticul ated el enents conpri se BCTERZNN4/006366

oxi de selected fromthe group consisting of titanium

tin, lead, zirconium ruthenium tungsten, yttrium

ni ckel , magnesi um calcium alumnum silicon or

boron. 22. The nmethod of claim1, wherein the

r et beul athdneiearitcainoypriessn thenetieilated eleiments comprise a metal

selected fromthe group consistidng.of .t] i . :
o1 v conp srreed e R ouT pranpreg Ty 388 dffbninm, pugnium,
of  Ghmkieh, LitriwAehickd) hipacsieh,i caletuat, abimetenesiticon oobgroi. s e

a netal carbide selected from.the.qgro on ting of
i t 81 uniThe edhof QAR h U T TeHEURCD SR g+ motel
24. {hge sRd-hadd el Bbup chnsivh@rog titantune zirebdie) @hgsten, silicon or

el enents conprise a netal boride selected fromthe
gr obppragonsi sting of titanium zirconiumor tungsten.

25. yFhe gt hod Qf orcdi@hm, IvhtiE R RetibiSied Rlenferisadogfbrise a metal

el ements conprise a zeolite selected fromthe group ..
consabidersglegttd frow| the group consisting @f thaniya, Zwenipetupgstegsilicon or
A net h%d of perpendicular flow distributionin a

OTOI1. . L.
process’ unit conprising the 15 steps of: (a) )
19r 0\2iddi nhe mpthadadfi dlaimof, wheréi Whentesigulated plamestsi gpmprise a metal

process uni having a fal il ty..of )

Gt B0 1o O R Coibhg A Rl AhoBRERRA SO
f 1 ovgsdi Sthhe Mastiodnst e 1, byhecedmn theotiicwipted plemes sompriseamyeolite
with the zone of reticulated 0. el en S

SubdPiras Ramareeprsts st gt kSR o0y 67

smaldser fA we@hod 5F F@@éfﬁlidalar Passdistgbution ipk @eess Biitr@anprising the

t hrough the plurality of flow passageways defined by
Yhe s@pofenbers of the plurality of reticul ated

el ements so tpgt tHevilmGesisralty Eamidudated glBinbite amb Ipyocess unit
di spersed in a _ 25 perpendi cul ar djrection. 27. Th facilitat
met hod ofhengp plupdity o Vehopembmbiipidedige iAW PRERES(Rp gt factittate

st eps: (?5 LSRN T weaRtiBonads from the contam nated
process stream by randomy placing the plurality

reticul ated e(®neneentagingian Pragessppirams gvith the zone of reticulated
20 elements; and

(c) subdividing the process stream into a plurality of smaller fluid
streams by passing the process stream through the plurality of flow
passageways defined by the web members of the plurality of reticulated
elements so that the process stream is significantly dispersed in a

25 perpendicular direction.
27.  The method of claim 26 further comprising the following steps:

(a) removing contaminants from the contaminated process stream
by randomly placing the plurality of reticulated elements within the process
unit thereby providing a void space between each reticulated element to

30 enhance filtration of contaminants on a surface of the plurality of reticulated

elements; and
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unit thereby providing a void space between each

reticulated el ement to 30 enhance filtration of
wa@omsarosants on a surface of the plurality of PCT/US2004/006366

reticulated elenents; and 30 WO 2004/ 094039

PCT/ US2004/ 006366 (b) providing a decontam nated and

uniformy spread process streamfor further

processi ng in downstream process unit. 28. The nethod

of claim 26, @her erovidinge asdeqontamimntasly jand ripifarnply usragadt process

of reticul ated enent s.incl .di.ng..t he

pluralit 8% ts%@%%ﬁlpé?cg%ﬂéq g%%egr%%gdcg% l(§'cat ion

sel egt edThe amstlidde of)rchiitp 20 nehestin nihe cepa of pomvédisg Lnipturality of
inlet, an.interiot of a rpcess unit. r.0c ni t
out Feicuied elerait epidoherdiiTe R, Plglio RLNHRERR] dfnénts at o
6! aidPaitdh salr@sdCldin e gidnP COBHtiHNOf alpaScesUNiIN{lEL, an interior of a
cross-sectional configuratjon_and th Ifur ality of

t he PFRSESS St RIACes WHEGHIE! apdcoppnagions tﬁ‘frgo an assenbl ed

sheey t hghe mBMEN o£ARSE 76 Whein thé pfodsds At hibd arf Bndrltgoss-sectional
process unit's inner cross- 10 sectiagnal

confepufiaugationnandathe plurlibhefl thy reticplated; FigmeR e fpgned info an
for q?sgmpdeh Efée;%t RLOGHES cotdbrboted ReubBihiado tHePHReSSUG iR cross-

steps or: providing a plurality of reticul ated
181 ementivgaliconfigweationocess unit; (b) randomy packing

the 36' ur gl .Lnt%%[oﬁfofr ltté.rﬁlgl s%hlggn{?sl ﬁ)ﬂﬁ&f %viﬁ}ﬁnt E{.‘OQ%SS ]'lﬁlll]; I'ﬂ?e method
process uni ereby pFoviding a vold space between a
subsbtaptisiad thasteteest: of the reticul ated el enents to

enhance filtration of.,.contam,nants,. C: .
subst anti al n@?‘r‘oerpr%‘fldlf1 haPd gthit}f:%ﬁtrgttlcgl?? tegil ez%ﬁe{}nt?sslgtﬂg%o':%ss untt;
produce a sub@)antrusdomty psckitigmbatpliralie of ravebedsdlensaity within

1%;2:” ﬁgm g’l%fﬂlr{] ssgurgf;tggrg > Sgﬁﬁ%g &oﬁcﬂépglcé%] i)%g'e%nhha:substantial number
reti cul abethe @biiRAIdSlentdd}s teBatics @lttdiien 9€ dormaninant§ b msurface
the process stream; and provi di a substantially .
S6ai ment OF R S BRELE DG ¢1URh G eq SIATIABl 1 POBGR sty
31. A reg&iiféntane preby sg@mRr i sing a reactor, the

reactor including 25 (a) a plurality of reticul ated

el enents rand®i y (EEREE WiPEITPH tiven GoaiEey thepsdigpts with a
B oV di NgyRraKQNFuRBACSE tRELNERR IR ant i al number  of

(d)  removing the sediments from the process stream ; and
(¢)  providing a substantially sediment-free process stream for
further processing.
31. A reactor assembly comprising a reactor, the reactor including
25 (a)  a plurality of reticulated elements randomly packed within the
reactor thereby providing a void space between a substantial number of the
reticulated elements to enhance filtration of contaminants on a surface of a
substantial number of the reticulated elements to produce a substantially
decontaminated process stream; and
30 (b)  a catalyst bed located downstream of the plurality of reticulated
elements, the catalyst bed including an effective size of catalyst to provide an

increase in catalyst activity in a range of about 15% to about 20%.
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reticul ated el ements to enhance filtration of
contam nants on a surface of a substantial nunber of
wo b@4etBeul ated el ements to produce a subst anPCEIUB3004/006366
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