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SUMVARY [ 0004] In accordance with one aspect of the
present exenplary enbodi nent, a systemfor treatnent
of one or nore flowing materials is provided. The
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and the outlet. The column includes an active bed of active elements for treatment
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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 fo the base. The support bed has a void

fraction of at least 45%.



the one of the inlet and outlet that is closer to the
base. The support bed has a void fraction of at |east
45% 2 WD 2006/ 099092 PCT/ US2006/ 008497 [0008] In
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[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 11is a plot of actual pressure drop, in cm water/m of bed vs. gas
velocity in kg/hr.mz for a bed of the support elements of FIGURE 2 and a bed of
spherical support elements of an equivalent diameter.
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bed 32, which is disposed adjacent the base 20 of the chamber 12. The support bed

includes a plurality of discrete support elements 34 that are located within the shell.
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 suppott 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 supporied 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



random arrangenent of surfaces. Catalyst bed 36 is
supported on t-he support bed 32 and conprises a
plurality of "discrete catalytic elenents 38 that are
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the support elements may be formed to permit passage of 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
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rom the support bed atalyst bed 36, bed {imiter 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



the top and bottom of the colum. [0028] Optionally a
bed limter 50 is positioned on top of the catalyst

bed. The bed limter helps to reduce the | oss of
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height bffephe it ubstatiBallyond@dtbus elements having the same average
element size (112 g/em” in the illustrated embodiment). In one embodiment, the
pressure drop of the bed 32 is less than 60% of the equivalent spherical element
bed, and in another embodiment, the pressure drop is about 50% or less of that of
the equivalent bed. In one specific embodiment, the pressure drop is about 20% that
of the equivalent bed. The equivalent spherical diameter is determined by



75% and in another it is |ess than about 65% (0032]
It will be appreciated that the individual |ayers 40,
42 of the support bed nay have different void
fractions fromthat of the overall bed 32, the void
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the support elenents conprising the |ayer increases.
The void fraction of the entire bed 32 is an overall
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60, olh ﬁ\lépﬁ’lﬁéttr% tefl &ﬁﬁ&ﬁlﬁlen‘?va?'bmr‘éhtvcﬁf ﬂﬂ?&@hsslaé/sa es 60 and/or
erica a

pariphera) indDbEEA Sxtpes MRS Bioadthel he et Hifgto the
Vcﬁdf'??@&ldi’?i‘Mth@fllﬁtrﬁwﬂ@ﬂfﬂodﬁheﬁﬂﬁﬁm pisdiecé-k iRl through passages
6($j grrheg %%t g%wlf?gtartgﬁel eﬂﬁ% @%P&ﬁéﬁ%@%égﬁ?ﬁ g%"‘tﬁ@rbonhammg
struotredss. Eight reemidirawprsindents $2 266 arcuately spaced around the
periphery of the containing structure and extend along the length of the element.
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, percolaticn of catalyst
elements down through the bed 32 may be reduced.



that is essentially cylindrical in shape and this is
understood to include perfect cylinders and shapes in
whi ch a round cylindrical shape has been—sonewhat
flattened to create an oval cross-section as well as

wegub@ne@dnd i rregul ar pol ygonal shapes w t hp@tusReesdosar
four, e.g., five or nore sides. The space within the
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4gat al yst el enents down through the bed 32 may be
reduced. 9 WD 2006/ 099092 PCT/ US2006/ 008497 [Oosﬂa
[0036] t hiTba Ghapalssepes rgMeriid ESHPRAT 8P L4Ves deqqsdifal 2 and
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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 80% of the void fraction of the bed 32 is derived
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illustrated by the particle 38 whose periphery is
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racti
erehEL Bsieriaipsiatin PG aur et et s 34 Rhnah dlifr the
catdlydtherneitd. fraction of the bed 32 is derived 10 NVO
2006/ 099092 PCT/ US2006/ 008497 frominter-el enent void

[0842]c e SWitB refatenchto HEHUBESSa e altsthatiyg PG Oodimeis ofw ayipport
el%fnentaérel 9?0% r%smeierhEnﬁsMafh espatiarenidiméhsond angrias be

are or,ous_nat er.i

SN fPHBe %F.%?ﬁe'&me”ﬁgqeéggw agEghe ﬁ ﬁ%ﬁeiﬁ@%"m of

Denroshondase, caatbd Rastab@dd: 1dd abhet 1:4te.g- abewedif. v0| d
fraction conprises through passa?es 60. For  exanp

[0DAB] el Enestpp@h clemeriahdd slivvdppak KRB Gt Bsiudes %gontammg
stF[F:ﬁfrg e 1t lﬁﬁntlgﬁrﬂn&f cal BSsh ab@ and hé%'lg lifdepine162. Cross

I nent, rent [ | 7
amberfof SEisBH0 e o UL neRaR S mRine: A, 1D part of the
cyBRBAEH! BBiithiningassictunawitd abéther. The support element 134 includes four
through passages 160. The element is symmetrical about X and Y axes.

[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 XandY axes.
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The el enments can have an apparent porosity of |ess

than 0.7% The |low porosity nay contribute to the
strength of the elenent. In neasuring apparent

porosity, the through passages 60 are not taken into
saemoumtosaskn general , any porosity of the el&r®ud2606Rds497
whi ch does exist is provided by fine pores, for
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sicactere \.mﬂnarhﬂhéir Be altpport eferient d 34 frmlides:twelve hyjoughprasages
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connecting one interior part of the cylindrical
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dent
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SO0 ST LR STOBHOBRTEP o1 D P o Tad, SpiAve indents
Smmﬁeahd§8ﬂtmhmlghtldmﬁis@m& canidefihedess of aroimagingmgircle of
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Dresvbdefine: amgee of ﬁg ipAgnaRtiEiedhab i dbtt 40n 0% o7 that of the

miexdnh BH R GRI D.Crovt @b Atds sphnegicdr sbonit Marainvtxes.. The
support el ement 334 includes six through passages 360,

[0048] The support elements 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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a circular central passage 360A and five arcuately
spaced circul ar passages 360B. Arcuately spaced
concave peripheral indents 362 extend along the |ength
of the elenment and are joined by convex portions 368
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cathé@s Sﬁlt étfaymveaﬁbutowtdme@ 208, in@neeshtiiraenty balopoataubhg C and

568 th h def

mphela8 dreAboliie MOOTealE PRdER: ToVsad BF - profgbas 3 don
tekrgiegdttiredi fmmamplé—lacmawmjem tamparaderectt fram 1 HRQYCrHaf¢o0°C, in
or%%@hﬁg%%ﬁ??&ei 309‘(?%@% tah@!ﬂeperl“nﬁgﬁgfégﬁ%t 1250°C, to
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coamimbeing it MRy Sar e A a GpPEG Tt e PG i@ meéral
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silica or xtures of these may be used. Cays are
C‘E{Eﬁ%?f’@éﬂ Eim xed oxi des of alumina and silica and

[d(ﬁgiu‘j? &e%é‘?%ﬂﬁ&%lé?ﬁ@f‘ltb PaayR fabfta¥d frbhr @mixture of
ik e o oM g Snt Ry fhat is
clavalanglfasiﬁp@mt@n Pibps minaldpoTgdiehls 1o ofmy? siar Redy {5
HRHRGSHANAP R shicEh lokRROAE QIOBWAN oxide (an aluminosilicate). For
example, the 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, thatthe support elements can be composed of
any material that is inert, or in some embodiments, beneficially active, to the
component streams in the process snvironment and provides sufficient crush
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clay. The clay may have a net hyl ene bl ue i ndex,

("MBI"), of about 11 to 13 neq/100 gm -The term
“"feldspars" is used herein to describe silicates of
alum na with soda, potash and Iinme. O her conponents
®aCocasegaart z, zircon sand, fel dspathic cl aysriusoosnos4e7
montrnorill onite, nepheline syenite, and the like can
al so be present in mnor anounts of the other

L& &0 rastertAglYC BRRsie At §esiledoa@lMBo nifsn sawohentedmay be
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feﬁﬁFé@Mrégl drying may be used to drive off water.
s may avoid disrupting the relatively weak
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AR ARBAL, WA ANy, BB RIROL ARl 230D e
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nl%ess tﬂlﬂ%@gﬂ exbff] ?iumes;t?&dy tﬁgﬁlatt}/a% G ¥ 0RSs, or

en or OSi
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froMecapesrobaded Waribie suBh a8, forBRAthpI&DAadre6aISQated carbon, or
fu@ I | cat| ons. The firing tenperature may depend, to
degree on the conposition of the elenents, and

[doﬁsjﬂe”éFéleﬁc r@%m@r?/t(se %gefs ia%v'n‘?sg]{e g gnﬂﬁwgb&v gtaﬁﬁlcéﬁ effective
gt onews mase caiglvicaly reeetwerﬁreta satrigato malke 8 ahtajyst

preawie ot PTscR0; 8&6%@&1@ entr%;ﬂ@g@aea Yo tmeffa! %r”@érﬁbé@d(s)
may be unsuited to.s
R RaR e Ao S 55 S
cetapBely %ﬁecmmoent vh eatabtioaiycreaktivee ntadenedy Abeused herein,
"CE%%'CQW %ﬂeétfv@”érﬁoﬂf‘\tXtrHéﬁwso% Shéus @F“Patta?sfjﬁlﬁ’%rﬁ %ﬂ?s a
ot Her, minor ingredients to forma resu f
measurglipseiayda efgeth e brorganated Rarigr, d%caﬁa&sapmwmmmay be
drizeiia Hwe(i:&?sétidemf Qﬁ%\rrhogﬂ{eeé which hlso&é@ﬁﬁﬁsQl{le lbﬂl%lytﬁb Hbé#éliﬁl to
rm el ements may conprise at |east abou
th%%ﬁﬂe# ndi‘rgarﬂ‘%t@?f ormng i ngrgdl e%s and t he bal ance
[0b54pPi %lé{ﬁ’ lé@oﬁé&té}ﬁ%%erﬁgr@s o deRBEE SR %[g(yn US Batent

ceramc I en

NG B B oA PAS SAae] AR 4.5 Vofom b 35,5986 5.512,630; and
Pubtisiees sppitatibfl 200840 1655 BE s kRS b RN BIEIiRGbrporated

herein by reference in their enfireties.

[00565] 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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firing. It wll be appreciated, however, that the
support elenents can be conposed of any material that
is inert, or in sone enbodi nents, beneficially active,
to the conponent streanms in the process environnent
woehehsRbsvi des sufficient crush 13 WO 2006/ Q890@2006/008497
PCT/ US2006/ 008497 strength to adequately support a

desi red colum. The conponents nay be thoroug%;qo
mestured ibafroseof we ete phthadialyzed reactianoimiess tian <% mer ¢git
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anount of catalyst that provides a
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bl 8§ Llfoﬁgfnst ¥Ie%ntsdﬁuhﬁﬂ hdvel ikgle (resepaimIC @utivity, such as

sq%[gggg%ﬁ@g madia ST ﬁ)‘@ rﬁ%ﬂtr e? E‘C esc[h%%&? @ e foﬁn@@ 1Bl Aolites,
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Pat ent

[0058] Without 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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Nos. 6, 656, 874; 6,649,662; 5,952,529; 5,914, 432;
5,733,842; 5,512,530; and Published Application

2004/ 0170556, the disclosures of which are

i ncorporated herein by reference in their entireties.
POCSY" e support el ements do not need to PEIEEIYWAMKO7
catalytic activity in that their functionis to

support the entire wei glgxhpipg catal yst bed (and any
bed limter present). In one enbodi ment, the support
EetamentEs are free or substantially free of catalytic
material. In one enbodi nent, the catalytic activity of
[D629]s upfrectetiad calcli4tind 2@06/NER002 RETHESA086dr0P89Tss a

Hﬁcg%‘ﬁrag_ﬁnﬁéﬁ %?B@S?fm %‘g%g% %fqont y%ﬁo&sa%%hys%ﬁ%l({% eilem?nts
conetrisiechigercibads FIGUERG Hel 2 SiASRIPRIS  5ITes afensdh Lol
eI Ml k th‘é@k&i’&él O&dtﬂﬂé’étloﬁf oft B@%CatéibM%orﬁed/er@rh%de for a

ener al | ut 1% or | \Wher e a
maaa@%g?iyﬁrﬁg I Gmeen T o PoRgEs spayeal et bidtepersy 19
I‘ﬁl’ﬂ&arﬁé‘d abryitial bad frsmyon dfet (it dﬁ‘fﬁﬂdlSEﬂﬁdﬂECalhath&)bed henon-

g,as&%{éff!@wé BEHRE R&' 1 shsa%egsre%aﬁe p%tpg mcn%vafe?ﬁ'r?ét&f:df%ed
vexaaRnass yglogitydn Eglhamyiqr 56@51 oféfsmwoé;ﬁﬁma@ﬁ OHRIGHIRE 2. It
@b,@;ﬁarem Bht l‘herpﬂéﬁsm@é di 4BRbRSthe®ed fﬁf@[dh@rldéeélek@nﬁ is higher

BRI HBer BB T BT E BT o PRg o BT 41oP

fiyethe awfdargsenerracbrbythah gfsibtehthat @f Theiassspherinal #lements. For
i "
e%rtr]] e < ?ﬂé(f\é%??g@ énegl ne ﬁ’ﬁﬁ t]Yé ﬁﬂésélfr?tdhﬁp foHPRAheRRS about

can terns carresp ondi ng
28 £ P /Bretem e éﬁf‘t i\ i%%@ abgu%iﬁveagmﬁﬁ thatiqfithe Wﬂﬁghe cal

elefnd s fatiRgBn20Unalent Miamaedri(bdut 40f cmtHhe/metdrye bed,
per unit weight. For exanple, if the active bed is

provi ded for sequestering, the support bed nay have a
seﬁuesterlng activity of |less than 20% of that of the
Bed, per unit weight. [0056] In one enbodi ment,

[(H}igts ;J%ngg%urg ﬁ Clgé égagﬁarggnptsoer%%ﬁ%g g{%ior%g%}'@sl %osrrtlprfls?r{g Shout
26%t sl 6684 eilicaivas soohined witioweter.di portioped the migure was

g@%oee? H@Q@gh g @%3 %{Z{;&neg’l%gleg% én%i@e@%?:a temperature of

approXL 7y 5260 e oforn &g diHaP @ FlegientspyaAss according to the
déﬁgﬁ’ bppr@iz er:hé sefmehs. ha'v'@\&ﬁ\é@bardnt pavickity bidesthar O 736 el first

sttt ind Beombnta e s felar DR bbLTD i At BREH L B fbout
26 e iseesnd awiyof tizestred eimments bed v dimeteedf akeutdllyninand a
1e<'f'§t y'otr%bo(%@?'nwﬂaddreron oﬁ'ﬁ@%m@l’ﬂ@%%%s‘éﬁ th #6rm two sizes of

tic material may percol ate down_t
seraﬁsgwhlqswere Bies tor 3 PR §f .appwafe@t ﬂﬂ%& E The fired
sﬁﬁérés/ h&y diab{¥sréof Dranetde mre megictiesty. Betdsef appxintately 70
cr*% in helth[ were S?%Pméc? of e Qp%etres? I gct)ﬁ—\s/;?her[cal 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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bed 36 conprising elenments which have little or no

catalytic activity, such as sequestering nedia. The

el enents of the active bed nay be formed from

zeolites, silica gels, activated carbon, conbinations
denmﬁogzand the like. [0058] W thout intendimlgsznrmmoswf

limt the scope of the invention, the follomﬁng

exanpl e denonstrates the ef f ecti yeness of e
clasmrielilmehcasss, fecPTBed 8 GO RtNE 55125 @ idﬂab‘Pﬁ%af of
tm@ﬁ&§§&&§mg{@@m@ﬁﬂ in supporting a catalyst bed. 15 WO

2006/ 099092 PCT/ US2006/ 008497 EXAMPLES EXAMPLE 1

[ 0059] Theoretical calculations were nmade on the
>§gﬁssure drop across a random dunped bed 0.56 min

Sof non- por ous non-spherical elenments

[ommist Gedalpst pEcedaitimigstscareipedrEned i erPes of Tﬁﬁéﬁ@rspbea?m

su#:?or’?@en%n sqe%&:l bs @schBed fONEXAMPLE 2. hﬁ@jlﬁmlnmbam%tbellets

action of Cal cul ation

Ftﬁtﬁﬁibf?fﬁ%ihorb%larr@ﬂtsrlgﬁwta% bg SHBP]S%@regﬁl g&;lg?s a fayer of
ab%h?ﬂ%%hﬁh@:k oﬁbmﬁﬁér@’ze]éhppnmnwmhb af diameteaD=v0i wim and tength

W b
b ednefie i s S PLABLME ph §ftreiaer bPabold 205 ﬂéf"“
ofchrgpr site sepponamediame s 2o mrbedd length had 1rra@sa%rdj%s! fgthe
deﬁ[b&ﬁEﬁ?UﬁE 8/ @?@f aholit®1 SHPMRIKt ofed @:ﬁ?ﬂ%eﬁal?&t pellets is

ar e S
ko AN SBhesstinge VGt e Tt GHEr SBpmgatas
Klili)for a0 hﬂlﬁht@é meewlewnw it mogehmtatioalof é‘leeQ‘@&ﬂVS;.t thrpggh the

%aa the pressure drop for the spheres is nore
S"ipﬁﬁﬁ §805F¥5t hat of the non-spherical el ements. For

[Ogé%n‘pl the @%arﬁgl@aénﬁgéh%ﬁ Yia®Mhedd - Rsbiitdd with h@feﬁiéraﬁw the

pheres 1s a

rwfﬂrr@ﬁ qngoogltmqarggsrpb\aw mq@éa{;qq@%@ﬁg@atl%s {&ﬁ gccur to others
r\‘eﬁ@ih LY del%ltaﬂﬁfg theawdeniingaeteitud desiceptiordiltasnintended
théﬁ%'eé?,mp%eqn& '_c? c! Btrm/sp tEuding B SAkn ﬁ]d@ﬂf?ébﬁér% and

ani ¢ extrusion al

aummssnmammey o i SSEEOL (APRSRESS EIIFES RBEe
qq] ,ﬂﬁ&ﬁ;eoﬂA portion of the m xture was extruded
rough a die, sectioned into lengths, and fired at a
tenperature of approximately 1200C to form bed
support elenents in two sizes according to the design
of FIG 2. The el enents have an apparent porosity of
less than 0.7% A first set of the fired el ements had
a dianeter D of about 19 nmmand a |length L of about
25 mm A second set of the fired el enents had a
di aneter of about 11 mmand a Ilength L of about 7 mm
A portion of the m xture was used to formtwo sizes of
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spheres which were fired to a tenperature of

approxi mately 1200C. The fired spheres had dianeters

of 19 mMmand 6 mm respectively. Beds of approxi mately

70 cmin height were forned of the spheres and

non- spherical elenments, respectively, wth the

smal l er elenents placed on top and conpri sing

approxi mately 23% of the bed height in each case. The
Cy@@ﬂsfraction of the bed of non-spherical elenments was

% % The void fraction of the spherical elements 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

acr os A s\igehdadr DéataENt ol 68 or Aloeedolihgwvaataiiaggher t han

for the equival ent bed of the present non-spherica
COBPNAP 006/ 099092 PCT/ US2006/ 008497 el enents. In all

casesghd|ie pressure drop for the spheres was about

doubl e that of the non-spherical elenents. EXAMPLE 3

[ O0GLjurgatrBbgE in hersbell apimphisingst glueality plesticponeriemants,

- riccal f d
g SBpPoi o B R IB B ton B B Rk T o pe 1 ot s
ondaarb@divefbesup Ab Itshe'll emmc;ttr&dibl:w taeimpbb&cﬂnéeﬁ_frhﬁd s ;J ppor t
ia conprises a.layer o ut_ 7. mthick o
ol W o) g SR et Has 20 astvaY dewaras TRons ShfdiR

fldvARg iihteials WHIER RAESS FaRP AR of that BPHetittiob bel@AREbEsien
top of a layer of about 20 cmthick of larger size

ofsugigl t media of D= 25 mmand length L= 11 nm
according to the design of FIGURE 2. A |ayer of about
21 cmthick of 3 mmcatalyst pellets is supported on
t op 2fTrehdystdedf clhire 1t adiereinied sesparhibehelugielr at i on
of th lum_.,at 3.5 KHz for ;10 mnutes. The results
shov ﬁﬁg%y%obgf%o&r’%&l?gﬁn& afle catal yst through the
SuppPEécdrRidapsiceilstippbARGsthe i es panedeyetivb dids trizydr, thas
been described with reference to the preferred

sunpesiRlemants. indbe secrNd/layaolaving asmalsr gﬁa than &eﬁq&pﬁg

] ; ers upon readi ng and under st andi ng
a?h@”%f@?é%ﬁﬁg' é%éiled description. It is intended

that the exanple enbodi mrent be construed as i ncl uding

F hey® TSR hioT BB B teindhe AR Rom 38 adTue
adthlty afdWhe 8he ok sndrbdloadig miter@isAnbfbde ohe ok rayist reavtaot

treatment of one or nore flowing materials
materials.

4. The system of claim 1, wherein the support elements 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%.

8. The system of claim 1, wherein the support elements each

comprise a generally cylindrical structure with at least one through passage.



conprising: a shell; a support bed in the shel
conprising a plurality of support elenents, the
support bed having a void fraction of at |east 50% an
active bed in the shell supported by the support bed;
and wherein the support bed has an activity towards
the one or nore flowing materials which is |ess than
20% of that of the active bed on a basis of weight.
2. T [ j
el qte Vel B i her R BTt le bl R iyage
hasez orechnl iyl ofodt lsagipomim.el enment s, supported by the
first layer, the support elenments in the second | ayer
having a smaller size than the support elenments in
t he § iMhetsys@Rof cRim Bh@heysh e of legstain® throvgtesaisagthe
activity conprises a catalytic activity and the one
hasra msed widduwvhighiaekleast $0% R aunaxignen Yidthgf éhe seRROtht
agﬁkﬁfials. 4. The systemof claim1l, wherein the
support el enments have an apparent porosity of |ess
than 3% 5. The systemof claim1l, wherein the support

6. “Tha & uelein &7 cLARLVERH Bl RpaoihBAG oI BPisR A <

pleadity ofdprpidl Seoss mendeed Wiichydefindithe trosgh passageswi t h
at least one through passage. 18 7. The system of

thereheiweeN-wherein the at | east one through passage has
a mean wdth of at least 1 nm 8. The systemof claim
6, wherein the at |east one through passage has a
meani GuiTdiersyatens lof claim®, Wbarain adystarl the mdINBLARORE dt h of

h I : - f ' :
el et SRR Rt B G RURSTHEE G 121 1y o
internal cross nmenbers which define the through

bhor O g STEE SEFIATRG: WS RAICTa e &1 ISpEhu oudn

paddbgesects a second of the internal cross nmenbers.

12. The system of claim 6, wherein a largest circle which can be
enscribed within the through passage has a diameter of less than a

diameter of a plurality of active elements in the active bed.

13. The system of claim 12, wherein the diameter of the largest circle

is less than 3 mm.

14. The system of claim 1, wherein the support elements each

comprise a cross section which is substantially constant along a length of

the element.

15. The system of claim 1, wherein the support elements are

randomly oriented in the support bed.
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11. The systemof claim®6, wherein there are at |east
four though passages. 12. The system of claim 6,
wherein a largest circle which can be enscribed

wi thin the through passage has a dianeter of |ess than
a dianmeter of a plurality of active elenents in the
active bed. 13. The systemof claim 12, wherein the

di aneter of the largest circle is less than 3 nm 14.
The systemof claim1l, wherein the support el enents
each conprise a cross section which is substantially
constéafthealystegn af tlamgtihwbérein tree wiiefrantion k5at iddsd 55%.
system of claim1l, wherein the support elenments are
randomy oriented in the support bed. 19 16. The
SyStEMTRE syhRinfolclawhiar @herdihthev@iid flat8ed isaBss haat80%.
| east 55% 17. The systemof claim1l, wherein the
void fraction is less than 80% 18. The system of

cl ai , i 0| : j [ i 0
o e aRin B LAt MBI MRel ST, bashaf o
conprises a plurality of active elenents and wherein

t he ort elenents conprise,at. .least I r.npst

| ayel aneavaieo ORI 1 IREISIT 1 sgvebed s
pllrfiBt dresttivefldiments fandafiferéinaihe BQp ot eldnddris comprise at

conprising: a suppaort bed conpri Fi ng a plurality of
leagtA lopeempebiryeupiRiehents BARSBREl ¢ he support el enents

each defining at |east one through passage, said

support bed having a void fraction of at |east 45%

and 20. Besystemnpet keaigieat pf anepi mpreflowingimategplsnent s

.ed by the support bed, the support elenents
Cws%d‘an activity per unit weight towards the

fl owi ng redgpcat sedrroprisisg aglgabgta monfepheBtabaippbHe
oG et g 61 S0 BBy 5588
sal‘-’r%ggfﬁsrgg}oe@|hgiéiﬁb7aovoiﬂ“ﬁ%bﬁd>rﬂoﬁ Neexfiaofrartion is at
a bed comprising a plurality of active elements supported by
the support bed, the support elements having an activity per unit weight
towards the flowing materials which is no greater than 20% of the activity
per unit weight of a majority of the active elements in the bed of active

elements.

21. The system of claim 20, wherein the void fraction is at least 50%.
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