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The spheres are generally of larger diameter than the elements of the catalyst bed
that they support. The spherical elements in a support bed have a void fraction,
measured as a percentage, of up to about 36%, due to the spaces between the
elements. These spaces or voids allow the reactant material to pass through the
support bed either before or after coming into contact with the catalyst bed above,
depending on the direction of flow. Pellets have also been used as support
elements, which, due to their shape, may have slightly higher void fraction than
spheres.
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of the fluid material and a support bed which supports the active bed thereon. The

support bed includes a plurality of elements each having at least one through
passage. The support bed includes those elements of the column that are closest to
the one of the inlet and outlet that is closer to the base. The support bed has a void
fraction of at least 45%.
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[oooagn FIGURE 1 & & SidReectiehs VW ofig reatiheant system secomiihg to the
enbodi nent of the present invention; [0014] FIGURE 6
prepantdnY@Higfl an vi ew of a support el ement according to a

thjrd i.nent, of the.present inventiaon; 0 .
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i nvention; [0016] FIGURE 8 is a top plan view of a
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the present invention; [0017] FIGURE 9 is a top plan
[00REW EIGHREINIoatpessmantive vieve of iindgmly damyiecd $upport elements;
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[0016] FIGURE 8 is a top plan view of a support element according to a fifth

embodiment of the present invention;

[0017] FIGURE 9 is a top plan view of a support element according to a sixth
embodiment of the present invention;

[0018] FIGURE 10 is a theoretical plot of pressure drop, in centimeters water/
meter of bed vs. gas mass velocity in kg/hr.m? for a bed of the support elements of
FIGURE 2 and a bed of spherical support elements of an equivalent diameter; and

[0019] FIGURE 11 is a plot of actual pressure drop, in cm water/m of bed vs. gas
velocity in kg/hr.m? for a bed of the support elements of FIGURE 2 and a bed of
spherical support elements of an equivalent diameter.



[0020] An inportant factor in maximzing efficiency of
the catalyst bed is the nmaintenance of an adequate
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carried thereon
and upgilet neemeyma seveased Bad ghadeactants ﬁ@ysﬂ@munward through the
to nping theminto in the shell to provide a
ubstantially random arrangenent of surfaces.
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conmprises a plurall éﬁ iscrete catal ytIC
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The support bed provides support for an active bed 36, such as a catalyst bed or
sequestering bed, the weight of which is carried thereon. The support elements may
be placed in the shell by dumping them into in the shell to provide a substantially
random arrangement of surfaces. Catalyst bed 36 is supported on the support bed
32 and comprises a plurality of discrete catalytic elements 38 that are located within
the shell. The catalytic elements may also be placed by dumping to provide a
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thePS GIBUH Elenfénts ndy BETYRRE 85 plrril pRsage el reactants through the
elements, rather than simply around the elements, as in a conventional support bed
of pellets or spheres. While a conventional support bed typically has four or more
layers of increasing size towards the bottom of a reactor, it has been found that for
the non-spherical support elements 34 disclosed herein, fewer layers may be



of pellets or spheres. Wile a conventional support
bed typically has four or nore |ayers of increasing
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[0027] As shown in FIGURE 1, each layer of th (i drm
[002YDi cAbIspominss FdGUé%Enyeaﬁh layeieof thacelumn gy nl%aj\e_/ ies directly on
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xS eSSBS 3650 R ShCa e bo LG i BB orAthons
froﬁ’ﬁnt‘ﬂeaé%port bed 32, catalyst bed 36, bed limiter 50, where present, and any
other layers which may be used. Generally, the catalyst bed accounts for the largest
portion of the pressure drop. In one embodiment, the catalyst bed pressure drop is
at least four times that of the support bed pressure drop at a typical operating flow
rate. By changing from spherical elements to non-spherical elements 34 the
pressure drop across the support bed for a particular flow rate can be reduced by
about 10% or more in one embodiment, 20% or more in another embodiment, and
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Optionally, protrusions 64 extend inward from the containing structure 56. The
protrusions 64 serve to limit the maximum diameter of a catalyst carrier element 38
or smaller support element which can pass through a passage 60 while maintaining
an open structure for passage of reactants. In this way, percolation of catalyst
elements down through the bed 32 may be reduced.
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mentBIY Y} 4 WigbPhERERE I &bss WiHBers™® provide these elements with
greater crush strength to support the weight of the bed. It is also contemplated that
elements may be formed without cross members, for example, a simple ring-shaped
structure. In yet another embodiment, elements of more than one shape and/or size
are mixed in a single layer of the support bed.

[0040] In one embodiment, at least 80% of the void fraction of the support bed
32, and in one embodiment, at least 90% of the void fraction of the bed 32 is derived

10



[0038] The exanpl e support el enment 34 has upper and
| oner faces 70, 72 and defining a cross section
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[0044] The support element 234 shown in FIGURE 6 includes a containing
structure 256 that is cylindrical in shape without indents. A single cross member 258
connects one interior part of the cylindrical containing structure with another. The
support element 234 includes two through passages 260, which are arcuate in
shape. The element is symmetrical about X and Y axes.
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theCﬁertdhérybwhlcﬂheleﬁné treafoen cadjers eftthe ldempat. i iteecaiticave indents
565518 ﬁﬁggap Cogstﬁ%%u giﬁ%ela%gﬁ é—? 83&3@@%%%%%%@' iP(/r}aﬁ(ienary circle of
diametbegreaterthan ﬂﬂé’helcopaawlgdentsﬁBQB af @odssof tiheavidth dimension
D b PSfine A"a pl.ad (rBORERy pllye et AobAE YRR of that of the
mawinh ivouidithn De he. elé@neatisrsymmesicab8beer X andag axes.

structural nmenbers connecting one interior part of the
[00a8] i ndfHecadipparhelenentg of the invention can be formed from any material

that provides sufficient strength for the support element and is compatible with the
flowing materials to be used. For example metals, plastics, or ceramic materials
such natural or synthetic clays, feldspars, zeolites, cordierites, aluminas, zirconia,
silica or mixtures of these may be used. Clays are generically mixed oxides of
alumina and silica and include materials such as kaolin, ball clay, fire clay, china
clay, and the like. Example clays are high plasticity clays, such as ball clay and fire
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structure with another. The support el enent 434
i ncl udes twel ve through passages 460, six arcuately
W@ paeoehodnt eri or di anond shaped passages 460A BEIUS10R6/008497
arcuately spaced generally triangul ar passages 460B.
The elenment is symetrical about axes. 47

X and Y [0947]
clayribesimpoay have senethyenedieaindex, EMBIREobabautdidpdd mea/100

gm! Tﬁﬂ?ténﬂ"f@ld%@ﬁ%" ié’\hﬁéﬂd RerEX tTHE WL dllidatad eradiuriiRa With soda,
axis and a xi mum hel ght H perpendicular to 1;_h X .
potash and fme. QihpbceomMpPNeNigBHCHASAITZ, ZIrgop éazsia,e“gﬁp@thlc clay,

moﬁ@ﬂll@ﬁﬁé} Qépﬁ’%ﬁné Qyénite, land A likeakan Yalé& ILRY predaht ti@minor
i1Tustrated enbodi nent) of circul ar shaped through
am@w:e}@égge BB SEESaERNINLERTPPRRNIS| enent . Pairs of

opposed concave_peri pheral indents 562 nd 56
10088} or @ omRSMENES BeR ShGRRC TP AT GSTRRNC Grd EHPPOTt Slements may

be SEHIEUEY fifelpRwddifor@bAd Marbé Aadidteas %h&géﬁl@l@ rhik@Ure by the
each other or joi negﬁgxgco vex portions 568 o

; t . .
addfian BhRlEn AR RIOF 3 e Ssrtng Adefls. exfdsion aids,

lub@éHENENd The IKeNRAYSsiENIETHES exBOAOn Proesss Dhe trhigture can be
hei ght di nensi on Eﬁecan efi.ne arcs n

d f [ ' . .
Progeseaceusing sgreliabd rarﬂfetsplé'ﬂ'qvﬁ%wrﬁttﬁho%gxfelkﬂngﬁbg%rfélssmg using
dryicfﬂf@_ggfhg t%@ﬁﬁﬁq@bfset@dégm&é hige \ddéirbdﬁéha{]&im ekample, an initial
efine an arc of an jnagjnary.circle that t. .
SIS RGeS RaY b TRIRNe By G RaTRE T c AR (8 tERsiection of
extlgfl’s(iacﬁvmf@tﬂé g&direPlRugths. @lﬁdni‘ﬁa&%@@ng (20483 udée ts drpooff water.
. ment S can

Thigaraaravad dispuptig 6 el Em e tee Pl dror Biaand may be
carﬁg@ 20; h’lt EéthWBégBotﬁngS amimﬂbh@:%Wdiﬂmlmhebe?lé\h@hiougm% and
erials to sed. r e :
maolaghi e Akt ) BOUSich habONEr GvSyihdd (iapageed St high
tenfpﬁlrgm@é,sfor é@hbteea,maﬁgﬂjnetémpenatmewﬁ;rcﬂ%1 100 €dai1400°C, in
silica.or mxtur . : - o
ond,emRRiaP ahisrst \BD:feaat i aneHieha e DR apdif4250°C, to
formlrbﬁﬂéﬁiﬁah b”aélyt‘thefﬂtﬁpiealw(;hﬁlebla@ﬂ&émﬂ .S%Idplp«akal}’c,po‘rbsibj, and in one
Y, ina, clay. an .
embpdinettrisss trany 0. va gBsaEHEROIES T T Wy ety tigep PR ey be upto
abc}q’t@ @}Q%B?Eﬂf&aﬁ’ﬂgclialﬂSH_@.O‘ghéGﬁiﬁ@'r’te{'maatufré' htgayc ldependyto some
ave a,ne en "VBL " 1.

e RN DR e iR s dondls e S
bulkcbdfdﬁ_écm'aba&iaitbiM@& afloal povosiy Wi hib isddagontrast ds heticulated
and |ine. er. cpnponent o 7. .
cordiigbod s JRIFRicaERaYE Ub T Al HooF PR Pordi &t ytga-material
voidyemd whichrtdus heay bé ensaitedaiossupperingthenveight genenally found in

mount.s of .the other ceram c-form ng conponents.
Cer?%@@é’%'v?:gﬁﬂﬁnents fired together to produce ceramc

o Yy R B Tl R e 91 ficure o
clagsl @intli fefdsplarsvandr othed minopingeeientsgoafiods, a sestitaad body that is
co g BG5S ARSI BT 1A ). For
exaraplebthe mixture used to form the elements may comprise at least about 90% of
ceramic forming ingredients and the balance (typically up to about 10%) of
processing aids. The ceramic forming ingredients may comprise 20-99% aluminum
oxide and 0-80% silicon oxide. The processing aids may be largely volatilized during
firing. It will be appreciated, however, that the support elements can be composed of
any material that is inert, or in some embodiments, beneficially active, to the
component streams in the process environment and provides sufficient crush
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processed using several different techniques, such as
extrusion or pressing using dry pressing techniques
wao eooapdtoere t he desired shape. For exanpl e, anPCTU$1086/008497
extrusion process nmay be followed by cutting
per pendi cul ar to the direction of extru3|on into the
stredgth tecadesvgtely . sURPdArhia idgsired! yealgmpayT e GogeRER&Nts may be

thorg"upﬁﬁ ﬁ]f{ed‘"@éﬁfre watBk 3s He Vi?l' Qn Hrb Uit siEciehe to enable the

weak structure o reenwar e and dy
mixitae it dup @mp@t inge tey dgsiad erm@ tp, retaingihat form liring firing.

GerﬁéTQW'tﬁ'%_ﬁfnobogbf’Wa%@%‘dtdeaQﬁ%@BQ fro‘iWXZ'té‘%O rﬁlq’br é@&’yﬂ 09 gm of

les na rocesse
the tanpétaranidhe cpmpogfsatﬁa Tée %hap&@blwwt@r@p@hﬂ%pebeomolded or
ext@gg%&f'&ﬁghb%e%ﬁggghabé be%}% tRERALpERfiredah alkiAZd a maximum

i n anot di ment, about 1250C,

temperatite @&fambb0°Chie W&i CalliRF kEPeEaiUre Hhrﬁhqq@% may be

mcr%@@ %‘E‘ta B 8F bbdivecH90 it %H@/hreﬁ’ﬁﬁdhé'ﬂlv&ell tirﬁésatttﬁ@@alcmlng
% appar ent _por osi t

e

erREf&t ure may depend, to some degree, on the
onposition of the elenments, and in general, nmay be

[oosv_f fi piieste c%ﬂimfd@pd@mﬂ é‘lem‘entsh@retmbelucedi by @nastiiusion ar a dry-

{
pregapa frecat R PR L Serg Tl e st F b5 Esfion along one
axizlglection whichogiovidesran akis of isgirenmétay for\ibe eéemantd whi ch
thus may be unsuited to supporting the weight

[Oogfﬂer F"}IarrYeE %‘P%tél&sts‘%ﬁ%%@lﬂ?n&ﬂw‘b?%é}ﬁgﬁb tér%gghcﬂfﬁé refractory

cera enments ricated froma
mongammmteﬁals doagxampte a@IﬁuB@arSﬁICanoprdttﬂ@Iﬁ kasqsk compounds, or

con%'i%ﬁgﬁsegfe?eéfo FL@H Ebaaivl‘?lﬁ’ré{ -$ifed 899%\‘3 t@é‘ftrle'r§ may also be made

rse I con oxi and al um num’oxi de
froroanarlacbmbaawmatemle)such@s, feneamie, ewcwkﬁetnéateééarbon or

fu"&%nEgrmthe el enents may conprise at | east about 90%
Ceramic formng ingredients and the bal ance

[00@33 pi @%ltél tlé‘Bletnﬁ’erﬁQ‘?Hé}leQ%aeé bypéi@ﬁ@s?ﬁﬁd‘g c':litgﬁtlcé' eeffective

am c rmn nts my nprise 20-99%
amguu’rnq)frqnﬁ orompcﬁ;c haglt@a@n%aﬁtlye @@ﬁta@,@@@ cafijgy to make a catalyst

pre?ﬁ &%‘?S ﬁ*ypﬂzaml d%eg%rﬁér |§‘rlﬁﬁirég Né’cleat Withz ﬁ%télu lor N€bmpound(s),
reciate owever, t he
coranlsps(ﬁso anFae sal(s fB@eebﬁ%cﬁ.C@a It 'mar@,gnﬁﬁﬁ éh?a@afflﬁ%\ﬁ"”th a
catéfgtlbﬂg Effeé’tfve' AR radiyiiedllySredea08 fraictial. YA§QIsJe‘dehereln
Mponent Streans in the process envisonment
"caialtiopliv @ ERAVSAMOENENMEANSS AN 300D SHENaSHdal brovides a
meggfagﬁze&%ﬁg%ﬁ%& ﬁfélﬁfﬂﬁé@hét@d %@ﬁ%aéleééfta@w@@”cbrs@r may be

esired

{
dried IAdhc BES NS ABr SO SAAB BRI NS BIRGRAES Sif PR imatgrial o

theSiR<®o mbidiure to be shaped into the desired form
e&g S?ret inthat formduring firing. Generally, the

[00% UntE)@ﬁhdl@é 8f céﬂd%d el@iehe dre d@sd@bdd féfexdmple! in US Patent

100 'gm of t of .t n
NoSg APt G5 Sl g AES 4t N 753 ¥ 592,530; ana
Published Application 2004/0170556, the disclosures of which are incorporated

herein by reference in their entireties.

[0055] The support elements do not need to possess any catalytic activity in that
their function is to support the entire weight of the catalyst bed (and any bed limiter
present). In one embodiment, the support elements are free or substantially free of
catalytic material. In one embodiment, the catalytic activity of the support bed,
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extruded to formthe desired shape before the shape is
fired in a kiln to a maxi num tenperature of from

wa 1092 1400C. The tenperature in the Kiln negI/bs2006/008497
increased at a rate of between 50 to 90C/ hr. and the

dwell tinme at the calcini ag tenperature may be fro
measuired fin tervst ofrtbetrate &f the qaaliredrartios, oless ﬁ'@)a'hﬁﬁ?/%ﬁ?r unit

welggﬁ@fetﬁgf of % %e{tglgétlﬁed/viﬁ ra‘ﬁoﬂ%raémﬁo&lmrks@tww% per unit

roduce trusion or a
Welghto@feﬁ}at afribg Qﬁalyﬁbb@daanémwm agouw%pfnless Where the

cat£¥§%%éﬁﬁ8|hhgg Ié?)e?é‘?f (‘Hﬁ@rerﬁ@cﬂ{fntﬁ Hhé ﬁ&!l\ﬂﬂ/ ofhé '&atalyst bed may

es an axi he el enen

be czoms:d@e@ to be thﬁpﬁtr;esprgdgmnw,{ﬁyﬁﬂ (in terpe @gmecwélgﬂt oiJ catalytic
elerﬂgﬁﬁ?‘g lo? ltﬁsfltdeQHe "f‘ﬁajbﬁﬁfyréf%Q @I’embﬁ&r gap 'eﬁaﬁ%‘l@ Iif ﬂllescatél‘?ét bed

, _or titania-based fo dl
causes epoxigatien pﬁﬁigflmqq@tr%@fte of @ nQies pemimnae Qp{lﬁ "8 catalyst bed,
the %ﬁPEbﬁrq%S Sugrda?'él§zé7?rié 8h8AdaforBflfio rﬁbﬁéﬂrﬁwbﬁﬁblbﬁﬁlﬂdkg of

ria for exanple, charco t

suppartdess, and gengrely.dass thqm@ésﬂmd%?t anipe %@f QMW&A@S the

actlblf?{)ﬁﬁﬁfe %’M ptPBEH idaR b A simalalyyddfrll iv t@frﬁ@@f ithves correspondlng
one or nore catalyficall )ns q(

actiwity: af tesactive hask sush aarm &ty f %td%# é@. &8 ﬁxﬁ acuvity of

theten:?véaﬁéd egger‘ §n|'t Wl@ﬂnflio?dek@rﬁ Bleet file Qétl\@ﬁééum}ir&ﬁnded for
and/ or sal ti@?t’ﬂsmfl cient to, c

SeQUﬁg&ég\gate% qupogthad raay a@@%&ﬁ@%@&&ﬁ%@?%ﬁﬁf\%@% of

thatﬁéﬂH@tac@i(/e%HaF& igigleghteactive naterial . As used
erein catalytically effective anbunt” neans an

[00 UlnInt Sthe éﬂoéhlfﬁéntt Rt support sE32doseastearit as a catalyst fora

reag,l@b @¥ §I$ rgﬁg(;r(}:ttb%s |to<§c?ee°dnﬁ ﬁﬂgﬁéeagpg%@ﬁ@:ﬁ@{griﬁ{cgac 3 those

des%TgHBtéﬁgﬁ@SV\Pbﬁéht aNee. reeteg? 874t ez 648682yt els Q©5AE2e: | 5/914,432;
carrespopdi a

575645 SRR DS ISH Bha, BOGA ZP4BEDhERuSee, thgreon or

oth@ﬁh@é‘ﬁncb@%rat@d%@r&ﬂ HéwSAS, 661l Hedappretiated that naturally
432; 512, 53 and, Publishe

8
OCCAng HHPPB‘%'?SZGD%%WG%%%S 5ed Bl ot 80PRET HemRnts, or the
el Phehfedbs, Hﬁy?ﬂ\aﬂlebs)onﬁ@fairb@ﬂmﬁltedl ddtalytic activityeAddiionally,
M1 T R ey
oveF YRR divih§ &t Somhé catalyicautivity. t he catal yst bed (and any

bed limter present). In one enbodi ment, the support
[0087ENEMN anstrer Ehtmdiment)tis¢ soppadt bedf3ie ustd to auppyttian active

bed e S0BpHROL BRI Wi 5osuP0ddae ReaieBebiodion as

sedt%%@@ﬁr@mledld GThEEeleflﬁ:ehtBeofrtmmom/e ted may beyamded from zeolites,
action, s than,20 I of that of

S'I'?%geléa?ﬁql‘ﬁ%‘f'd (RO ﬁom&%'&nsépr%@é{fr%ﬁ {h%q s than 10%

[00%%5 Wlthout intending to limit the scope of the invention, the following example

demonstrates the effectiveness of one embodiment of the bed support media in
reducing the pressure drop and in supporting a catalyst bed.
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wei ght of that of the catal yst bed, and generally
about 1% or less. Wiere the catalyst bed includes

wo agpen2900f different activity, the activity ofP€TES2006/008497
catal yst bed may be considered to be that of the

predom nant |ayer (in ter f e wei ght of catalytic

el enents) or that of th%ﬁw‘g’r‘ié of the elenents. For

X e, if the catal yst bed causes epoxidation of
Exgil\’ggp’%ﬁ at a rate of 10 noles per mnute per kg of

[ooBh; tecastint cRCHBIER e ThadR o he) KESshTe dipparcross

rarfd@@ht f @lhﬁbt@flt%;)damaﬁ m ¢|$Slwdidjtﬂnoﬂnd>n]£p15traas/ﬂﬁrﬂspﬂr'éﬂcal elements
ot her active. be 0 e s

corsifiated SphaTity i EIGVRE S Wiih A dibate! B D RRLe Bt of 10

mnaclandi hythelorétieal agdid Vieadiiem, oSlﬁd%aicailﬁulaﬁblns/IWefret hrdde for a
is l.ess tha? 20%of t he ,acti vi

cogBRNSHT PERER GO RTBRA M eborols SRbetER JE UG fidiameter 19

mnp enwadﬁdmfrwl voikkfiaetidreof 4@, bhteotheppsetndéxﬁitarl:&ytﬁmhaf non-
t hat t he

N T TR IR T T

vs.idae ma@spoerbclwem Rzhdmé sommbed ef the supportaltalents of FIGWRE 2. It

s disiie0Pial tnd BfassifP 8t 505t i BRa R soPfliar S emeats is higher
thaAdbea bebies thebps6nBidh-sph&rkdl BEMmerits Anll2Bes, the pressure drop
5,914, 432: 5,733, 512,53

for 5647555 wﬁ%éﬁ el Ine 81 R elemens. For

example; pba gasdetdeity ef B7.Otbimeinethe pressurkeldrop fathe ephertesds about

h ral ly curring..d itjes i eri

22 508 FEOMG WaRETH b Boan SRl " Gpref b€ of B Pifisbherica
elentents éavieg, amaguikaleat diamesten(abmiut 411 ot ids/noates). yt i c

activity. Additionally, small anobunts of the

catalytic material may percolate down through the

support bed, over tine, giving it sone catalytic
EXAMPMERY. [0057] In another enbodi nent, the support

bed 32 is used to support an active bed 36 conprising
[0060¢ e s gixthiecof dlay,deldspanseand organiaexsirysion aitst ¢amprysing about

25% %Iﬂrrﬁﬁ% @%uﬁﬁ%a?ﬁ? o'f'ﬁg;ﬂpéd withw e‘?”ﬁ%oﬁ’tle] otfqﬁe mixture was

rom zeo tes
extaaied/élnr@ugbaa tdjﬁ, se@tnmwaqiatnt@dengther @ofl, firgddat iaetammerature of

apé%\%@ﬁ%tey ‘ifk?(x'c PRBPs rf ?‘e‘né&hg R S z%g atcESrdlng to the

Iovm ng m)nstra

design ot FiGehdde ejem@ne leaﬁeo@n ﬁemre@t porasityed |Qﬁ§pibeﬂ10 7%. A first

o T plene s Do o Bl o 5P oBEA S i s BRGL BPabour

25 mm@onawmmqﬂ{e@beennenmabaéta diameder efiakautdidsmm and a
e A e e
sphgregamhish were flred to a temperature of approxnmately 1200°C. The fired
spheres had diameters of 19 mm and 6 mm, respectively. Beds of approximately 70
cm in height were formed of the spheres and non-spherical elements, respectively,
with the smaller elements placed on top and comprising approximately 23% of the
bed height in each case. The void fraction of the bed of non-spherical elements was
60%. The void fraction of the spherical elements was 40%. Actual pressure drop
measurements in cm water/ m of bed vs. gas mass velocity in kg/hr.m? are shown in
FIGURE 11. It is apparent that the pressure drop across the bed of spherical

elements was higher than for the equivalent bed of the present non-spherical
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constructed according to FIGURE 2 with a dianmeter D of

19 Mm a length L of 10 mm and a theoretical void
wo e@enyom of 60% Cal cul ati ons were nmade for aPCT/US2006/008497

conparison bed of random dunped non-porous spherl cal

el ements of dianmeter 19 nmand a nom nal vojd
elerheaist Iroall easemydhe prassyrmaran s theispheresWasabad dauplg that of
theﬁBH-spﬂ%ﬁSél'é@heﬁ@”emS FI GURE 10 shows the pressure

ncmwater/meter of bed vs. gas mass velocity

in kg/hr n2 for a bed of the support el enents of

FIGURE 2. It is apparent that the pressure drop
EXANMPbES3t he bed of spherical elenents is higher than
[OOéﬂ aCQ?ﬂysquhetrE'&aﬁéﬁ%@éTE d?'é’g)eﬁ%hﬁéﬂcoﬂ a@éﬂ@ﬂ!}ﬁ; ndrilspherical

cases ressure

for the sp ?
suwnarelmamséomd agresprbedbier EXVIPEEIZ. &%ﬁ@?ﬁ'@@f Cﬁg')ys pellets
on 56@6‘8#& F?GL t¥ R Askhbied. T% dﬂrﬂedia%nﬁm%‘éslarlgyerof

eres Is about cm H20 bﬁnﬁ
abonfh 7@16m§hl§k of é@r@dlea@aatsupporé ”t‘ﬁ*dﬁ@f diggpetsr Dkl mm and length
L= T‘Prgn %EESFd'n@ﬂo thS'd%Q@No?)F'TGwRIEZ%ﬂ tef'ek w?fw ﬁb@mEZO?dSm thick

tBJ m xt u
of I@ngec |sn-:zs¢ supaqoatsrmd@ obRg 2t FunrRddRpgthsiD dﬁﬂbaccord'ng to the

Wf 'ﬁeﬂm@@w& la;?efr"/efaéwntrm chBthisk lof nWﬁSceﬁQWbt pefkts is

thon of the m xture

SUPDOGE g tap of 1S Bedt Tt IDeP HENRR Y DRAien 018 Calurp at 3.5

KHE ?d'FplerﬁFrM’té‘s qfhe rRBORSSH IR IRt o lehEslation bPihe dagalyst through the
upport elenments in two sizes according to the design

SUP@IOrtFtPQ‘j QCCUrhe el enents have an appar ent por 03| ty of
| ess than 0.7% A first set fire
[00§2}ii afrbee?xample %@@%l@@ntnh?%%@ea tbﬁ%L rﬂ%’ﬁf‘ce b the
prefetrédemBodiRtets. @Btnogfslyt ﬁ@dfﬂcéﬁ@h@éﬁ@ltﬁr&tlbﬁwwm occur to others
di amet er of about

of about 7.
upoR mdmg)ﬁn%pn@ﬁ@tﬂﬁdéﬂg?%e% gt e et JCis Mended
tha’f"m&%)@ﬁn 'eﬁ{bd@ﬁmézoo gf b@l_ %dn?t@u@df@ Imﬁrcﬁsﬁgl aﬁsgér&modlflcatlons and
roxura e fire ad di,apeters
alteShaS ARpLTCEs TN COBE JU YR $OSBRaE 107 CRBRPHET RAIDRPT the
qu%|eﬁ@thng| ght were formed of the spheres and
non- spherical elenments, respectively, wth the
smal  er el enments pl aced on top and conpri sing
approxi mately 23% of the bed height in each case. The
void fraction of the bed of non-spherical elenents was
60% The void fraction of the spherical elenents was
40% Actual pressure drop neasurenents in cmwater/ m
of bed vs. gas mass velocity in kg/hr.n2 are shown in
FIGURE 11. It is apparent that the pressure drop
across the bed of spherical elenents was higher than
for the equival ent bed of the present non-spheri cal
16 WO 2006/ 099092 PCT/ US2006/ 008497 elements. In all
cases, the pressure drop for the spheres was about
doubl e that of the non-spherical elenents.
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EXAMPLE 3 [0061] Catal yst percolation tests are

perfornmed on a bed of the non-spherical support
webk@aeos2 f or med as descri bed for EXAVPLE 2. APCDUS2UNG6/008497

of catalyst pellets on a bed of support elenents is
CL/QS(B,%an ed. The support nedia conprises a |ayer of

t 7.6 cmthick of smaller size support nedia of

dianeter D= 11 mmand length L= 7 mmaccording to the

design of FIGURE 2 on top of a l|ayer of about 20 cm

thick df Aasystensifee taatmeent @Edere ofr meorss flaywiag gmaterials
o Ieriggrg L= 11 nm according to the design of FIGURE 2.

Mo r of about 21 cmthick of 3 mmcatal yst pellets

is suppgpehel on top of this bed. The test involves

i ntense vibration of the col um

1
ni nut es. @ $HRPQIEBAH IRt %@wlkmp%n@éﬁwaﬁk@‘ﬁw%emems
t 0062] Th

the%;ﬁ(éﬁ,p%fz‘)%gnﬂ;%%n Eﬁf elgél‘l e y\rM_st h[ r ef e]r enc:

to the gmattve bed emirmdshajmtmpoﬂedu m&ieﬁupport bed; and

di ficat] nd alt ti i t h

e et Sl B g v

flomgﬁ%‘?ﬁét@hbf%rwhkh i SeddirRA20% bhHat ldTRhE RV Ebed on a basis of

odi nent be construed as including all such
weigbtli fi cati ons and alterations insofar as they cone

vvithinteceofh.p . [ . .
equi val e Sengrisdy of SRS 3B5ERpGbBEbeBH Bedfincludes:
PCT/ USZOQWQQ)%U sGbébN%ledqent% sydt em f or t r eat ment
of one or nore flowng materjals conprisin

a suppora serand layenef synart elemants, ﬂﬁ)p&rﬁﬁduh%met tjrsg,layer the

SRR HE TP P ARROAURE L SE41B0 st 0 1o suopor

clemeppointthd fipst layer. support bed; and wherein the support
bed has an activity towards the one or nore flow ng

mat eri alg whiphe syfstémﬁ cldiran , AB%rai tHewdtivity comprises a eeatalytic
bed on a basis of ight. 2. The systemof claim1,

actiwifranch thm@r@ppdn@reoﬂ@vwriQﬂm@@gals Eciydes pne Qe mese’ reactant
malSlHééﬁ) rt elements; and a second | ayer of support
§ int s, supported by the first layer, the support

Thant hetsOBBanEtSt g T yHeY i BTFg Eleiethéfits have an

apparent porosity of less than 3%.

5. The system of claim 1, wherein the support elements have an
apparent porosity of less than 0.7%.

6. The system of claim 1, wherein the support elements each
comprise a generally cylindrical structure with at least one through passage.

7. The system of claim 6, wherein the at least one through passage
has a mean width of at least 1 mm.

8. The system of claim 6, wherein the at least one through passage

has a mean width which is at least 10% of a maximum width of the support element.
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3. The systemof claim1, wherein the activity
conprises a catalytic activity and the one or nore

w0 b@eiovsmorat eri al s i ncl ude one or nore react ankCT/US2006/008497
materials. 4. The systemof claim1l, wherein the

PuBPoL 1 TS ek A im YT GR TRk e TS oppr

plulli§ S SnANA AosAPRRhIYrs PWHIEH t defiie | B thRauyHD- Pdésages
6. 'The systemof claiml1l, wherein the support elenents

theeghstiweennpri se a generally cylindrical structure with
at | east one through passage. 7. The system of claim
6, wher el tHe systeensf aaim Ohwharhinpastirstef thadnternal cross

an wi.dth of at |least, 1. . _The system of claim6,
mefiere Mictsteta SperifSbing T moRsERiihsRhas o mean
i dth whjch i t | t_ 10% of ' i d
thmpor L orsThS S48 Ja 0oBoms KSR BbBeSbiskg hrouon
pas%a ghe systemof claim®6, wherein the support elenents
coﬁprlse a plurality of internal cross nenbers which

e e, 1% TSGR o RO o g e con o

enseribed withimiles throngle passdge has eatiathetdr dffiess thiaerandiameter of a
cr_gfs mepbers. 11., TBe sc%/_st m of claim®6, wherein

plugahiby of agtiveglements inftBgACIME 888 passages. 12. The
systemof claim6, wherein a |argest circle which can
be ensct3-bedlhe skstem RE ClainolZnVhereintie diameter of the largest

@i less than a dianmeter of a plurality of
cwcﬁécfsﬁ\%ggrllag{n%n @'i n the active bed. 13. The system of

claim 12, ,wherein the diapeter of the |l argest irc
"7l ess Mhan: Hieysh SEAEEDY, Shelh ahd dpbort flehis each
cormzﬁsélapewsb ﬁ@i@ﬁﬂhﬁicﬁ&@%ub‘s@éfﬁ[dll?&:cﬁls@émséloﬁ & ilgnyth of the
ich is substantially constant along a |l ength of the

elegedtent . 15. The systemof claim 1, wherein the
support elenents are randomy oriented in the support
bed. 16.18he thstsystarh ofl elaim 11, wheredn the reupporidelements are

fractian js .at, | east %, 17. The systemof claiml1,
rangifiepAopie BonaSEPRRERSH i 5 i ess t han
16.  The system of claim 1, wherein the void fraction is at least 55%.

17. The system of claim 1, wherein the void fraction is less than
80%.

18.  The system of claim 1, wherein the void fraction is less than
75%.

19. The system of claim 1, wherein the active bed comprises a
plurality of active elements and wherein the support elements comprise at least a
lowermost layer of elements in the shell.

20. A system for treatment of one or more flowing materials
comprising: ‘
a support bed comprising a plurality of non-spherical support

elements, the support elements each defining at least one through passage; and
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80% 18. The systemof claim1l, wherein the void

fraction is less than 75% 19. The systemof claim1,
wab@se9991 he active bed conprises a pluralityP@f/US2006/008497

active elenments and wherein the support el enents

conprise at _ least.a |ower t ¢l 3y i

Fhe shof Be g PR ot Tk, Horiesf Sipotsy by the
supporP BEASHERS RFpcH 8lent@TBMavinggan activipppet ubiédveight towards the

conprising a plurality of non-spherical sup

flowisigemeterials whichsispppgreatercingnt20’e iihe acﬁwrtshggébnii weight of a
. h - 0) .
mei 5 R HER RIS it vl S RRISEARRAS g ystom o lm

20, Whbiaie iRl polETrsctioniané edpport bed is apleast 468d, t he
support elements having an activity per unit weight

towar dsoyhe Thé @ysfeen BRICRIMALE, Whedn itse noidfrectiar is at least
than 20% of the activity per unit weight of a

50%vajority of the active elenents in the bed of active
el ements. The systemof claim 20, wherein the void
fracti o@2of Alsystamfortreaieent of atfluic matedaogonmrisingie
syst em of

clai m20, wherein the vaj i '
Tast " Goseidiing a bERE Ao Bl Eniihrmdraptiainlet 4l an outie
tRlid Aateparpri sing: a shell having a base at a | ower
fortg%(j tlheraeoiﬁmgnd an inlet and an outlet for the fluid

materi al %@gﬁmt ﬁf’?’ﬁ?{‘? WitRA tse ¥héiNihRotdiewhtelthe fluid material

t hr ough material passes, the col um
passestithe cohgnn @oisind: bed of el enents, the support bed

i Si h I h I . 1.
base. ' the s orePaLaed Ry Sleniis Jhe S PP IR arpbtigng
| eqsd BAHenBNEf We 2BNINYE dRssbseiio the BaYes the pauppoetdbdy

the support bed for treatnent of the fluid material.
23 .having a yeideiaationcofatieast S0keard n t he el enents in

the active bed E@xee?%%gﬁiggﬁgmggd i0d %ﬂﬁ%%ﬁﬁ%&?bed

fluid materi af"é@ sScrete enent

suggptrbataesht cf4he DR Musdrim of cl ai m 22, wherein the
inlet is positioned in the |ower end of the shell.

23.  The system of claim 22, wherein the elements in the active bed
have a greater activity toward the fluid material than the discrete elements in the

support bed.

24, The system of claim 22, wherein the inlet is positioned in the

lower end of the shell.

25. The system of claim 22, wherein the outlet is positioned in the

lower end of the shell.

26. A system for treatment of a fluid material comprising:
a shell having a base at a lower end thereof and an inlet and outlet,
one of the inlet and the outlet being closer to the base than the other of the inlet and

outlet;

a column of elements within the shell through which the fluid material

passes between the inlet and the outlet, the column comprising:
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25. The systemof claim 22, wherein the outlet is
positioned in the |ower end of the shell. 26. A

waeybemodnr treatment of a fluid material conpPCHEUSYNG/@8497
shel | having a base at a | ower end thereof and an

bei ng ol oser 2ot B dclfel oL forc ettt spe

angiuidPHdtéial; an¢ol um of elenents within the shell
through which the fluid material passes between the
inl et and t hea 6UPP@it bednuhich|SuPROES Hhe iastivg peddahggson,

o1 e ERRA 53 ooRARHAR HiainPr femetts EenPhadfg e
S ﬁ p@@sfttonbe?roglggq?ossarg?ghﬁssupbe{tﬂx?d: iliufiudigm]g tghge ete{ments
t r .

eacH INGGPHEILIN! AER OSBRI RP GGHo Sae Inigiend st ifialds
be%lééé?'tH%é‘Ea&@,%%oﬁlpﬁinSﬁ heflinggaev&alf%ohftﬁtatq’é&st

cl osest to the one the inlet a outlet that is

cl 8. to the base, the support bed having a void

fraction of at least 45% 27. A nethod of formng a

system fay. t Agatthetofddrmintylasyistegn farteatrabnt of a flowing material

comprising: placing a plurality of support elenents in
compridNdirm to forma support bed, the support bed

havi ng ag]‘éleggjeér b%g%ﬁt?%g Qgﬂg%rt bRARENI3 ATl R HA G Form a support

form ng ort bed which defines a
bed, tiveesupuysirt ey baving aetaadrfracton af atheast®0¥mincludiag forming a layer

[ i [ I h
of 8 8Epa BRI RO AoIRES A 1N GGy ] BiaTau § B8 Lolumn; and
mat er i al sypisdriieg bited 6V56tR@ Slémehned 6h the SOPFBIt Bedg:
flowi ng one or nore materials through the active bed.

29. The geet hod pdih 6} aldBidd ohd! drRbre YBRIMG imiterials using the
mai nt ai ni ng an average support bed pressure drop ratio

systémlafcdainmdpcodptidingur i ng the entire flow ng step,
wherein t he support bed pressure dr ratio is, the
ratio ofﬁq\’H@g PPELL PR r?i? &9“9'&51%%@\6? t)e‘g'ed
usi ng the support elepents, tq fth expected pressure

drop acrés dheuppiiad oleglaim2fg f FAMPRSING: si zed
e ' R
Sphert Ca}g}aﬁlﬁ?m%g?%/%@%%dpaﬂt béa‘ﬁré?épgé;grdﬁ reftio®fMess than

29, wher ratro Is '
9:10 during the entire flowing step, wherein the support bed pressure drop ratio is
the ratio of the pressure drop across the support bed using the support elements to
the expected pressure drop across a support bed using equivalently-sized spherical

support elements.

30. The method of claim 29, wherein the pressure drop ratio is less
than 8:10.

31. The method of claim 30, wherein the pressure drop ratio is less
than about 1:2.

32. A method treating one or more fluids using the system of claim
22, comprising:
flowing one or more materials through the active bed.

33. The method of claim 32, wherein the flowing comprises:
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than 8:10. 31. The nethod of claim 30, wherein the

pressure drop ratio is less than about 1:2. 32. A
woreaohoebovr eat i ng one or nore fluids using the BYFUS200©608497

claim 22, conprising: flow ng one or nore materials

L oua ARl elag SupdO BB 06 FhRBEE oss thar
1:2 BHTAROMAING 8] whmeimtthemupgoarbed\mesgﬁesdmpmﬁo isettle ratio

pressure drop ratio of |ess durin
of the GIRSRYre 1D ageseihe FH@P%?S?S%r*ﬂS'BQJh%rSQQgHFte&GF@NS to the

t
orob ALl So U EP A pr B A B3 L o RS Sidcapherical
suppattetdradnisc essure drop across a support bed using

equi val entl y-si zed spherical support elenents. 22
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