VESSEL CONTAI NI NG FLUI D DI STRI BUTI ON MEDI A CROSS- REFERENCE TO RELATED

APPLI CATION 5 This application clains the benefit of U S
Provi si onal Application No. 61/152,912 filed February 16, 2009.
BACKGROUNDWORO T/ (9841 NVENTI ON 10 Thi s invention geRET/aBIN0/023974

relates to a bed of randomy oriented ceram c nedia used to inprove
the distribution a fluid by redirecting the fluid over an
increasingly larger area as the fluid passes through the bed. Mire
particularly, this invention is directed to a bed topping nedia,

| ocated at one end of a chem cal 15reactor's contai nnment vessel,

which redistributes a YERNE: GOEFARNINGRLUIBDISERBALANMEREY nay

include materials such as catalytically active material, adsorbents
or activated carbon. One exanple of a patent which di scl oses fluid
distribution materials that may be used to reduce

mel di stribution of a flgréssRI4ERIROEAR RECALLIONPPEICATIBNG, 291, 603.
SUMMARY Thi s invention provides for inproved redistribution of an

incoming flufd 25 stream di sposed onto a bed of randonly oriented

ceram c nmedia by i negngp@blisiifihyid peleyiestt 8 9p6NanNE heplicat hde
outer surfaces of die nedia. The channels are configur ed to capture

and then rediret1% %%F‘icid@ﬁbfﬂmtlﬁ@()@? uid as it flows through the bed.
In sonme situations, the nedia nay cause the fluid to flow
perpendicularly to the initial direction of incomng fluid. 30ln one
enbodi ment, the present invdtGERROHNPUIREHE INYENE[ON onpri sing a
fluid entry1@oi nt and a bed. The bed conprises a first |ayer
conprising a plurality of individual elenents disposed therein. At

| east a majority of Thisamyentien geperpliyrelates to a bed of randomly oriented ceramic

media used to improve the distribution a fluid by redirecting the fluid over an

increasingly larger area as the fluid passes through the bed. More particularly,

this invention is directed to a bed topping media, located at one end of a chemical
15 reactor’s containment vessel, which redistributes a fluid over a layer of

components that may include materials such as catalytically active malerial,

adsorbents or activated carbon,

One example of a patent which discloses fluid distribution materials that
may be used to reduce maldistribution of a fiuid in a chemical reactor is US

30 6,291,603,
SUMMARY

This invention provides for improved redistribution of an incoming fluid

25  stream disposed onto a bed of randomly oriented ceramic media by incorporating
fluid diverting channels into the outer surfaces of the media. The channels are
configured to capture and then redirect a portion of the {luid as it flows through
the bed. In some situations, the media may cause the fluid to flow perpendicularly
1o the initial direction of incoming fluid,

30 In one embodiment, the present invention includes a vessel coniprising a
fluid entry point and a bed. The bed comprises a first layer comprising a plurality
of individual elements disposed therein. At least a majority of elements in the
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first layer conprise randomy oriented ceram c nmedia. The ceramc
medi a conprise an outer surface with one or nore fluid diverting
channels forned therein. The bed al so conprises a second | ayer
conpri si ngWenplinsstls wherein the najority of the conpoREmUS2EN@23974
physically distinct fromthe ceramc nedia. 5The first |ayer of the
bed is positioned between the second |ayer and the fluid entry point.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10Fig. 1 is a cross-section of a
chemi cal reactor that includes a vessel of this invention; Fi g.
2 is a perspective view of a first enbodinent of a ceram c nedia
useful in the ffiERy§rggupasepaipmyprieptgd cefamic media. The cepgnpe medig s an end
view of a secongoiResh sReHsudce itk BhAH fordBGH AiveRiak bhanhdls bahde first
| ayer shown in Fig, 1; Fi 4 is a theoretical cross-sectional view

. Fi g. . [ C \
of a fluid dist iR i%a bﬁﬂ@%ﬂé%ow,{)ﬂ?@ﬁ@.secan 8yeg CUBPIEIR(PRPRICERMIET BT a
l'iquid di stri buite@jdi@péi ROcodtPBh@s; ardprgsicdlly IRAWE Bndhodtant gkdibhe
central, internmedi ate and outer regions of the testing device shown
in Fig. 5 and 28HU§layer plsthybegrispsitiopedfelncst the seropgh layd rad die fuids

vel ocity. entry point.
BRIEF DESCRIPTION OF THIE DRAWINGS

10 Fig. 1 is a cross-section of a chemical reactor that includes a vessel of this
invention;
Fig, 2 is a perspective view of a first embodiment of a ceramic media
useful in the first layer shown in Fig, 1;
Fig. 3 is an end view of a second embodiment of a ceramic media useful in
15  the first layer shown in Fig. 1;
Fig. 4 is a theoretical cross-sectional view of a fluid distribution pattern;
Fig. 5 is a schematic drawing of a liquid distribution testing device;
Fig. 6 shows a diagram ol the central, intermediate and outer regions of
the testing device shown in Fig. 5; and

20 Fig. 7 is a graph of pressure drop versus mass velocity.
DETAILED DESCRIPTION

As used herein, the phrase “chemical processing apparatus™ is intended to
25 describe equipment, such as tanks, burners, combustion chambers, piping, etc.,
that receives one or more raw materials and then chemically and/or physically
converts it to one or more end products that are discharged from the apparatus,
The conversion may involve: a chemical reaction that utilizes a catalyst to convert
raw materials to an end product; desorption or absorption; a physical change (e.g.,
30  liquid to gas) to the raw material’s state of matter; and/or an increase or decrease
in the temperature of the raw material. Chemical reactors are widely used in

chemical manufacturing industries for a variety of purposes and are considered to
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DETAI LED DESCRI PTI ON As used herein, the phrase "chem ca
processi ng apparatus” is intended to describe equi pnent, such as
tanks, burners, conbustion chanbers, piping, etc., that receives one
or nore raWhiiem3gdls and t hen chenically and/ or physi c2ONUSPAPZATS
it to one or nore end products that are discharged fromthe
apparatus. The conversion may involve: a chem cal reaction that
utilizes a catalyst to convert raw materials to an end product;
desorption or absorption; a physical change (e.g., 30liquid to gas)
to the raw material's sﬁ te of matter; and/or an increase or decrease
in the tenperat gf dSfee g‘“??\ﬂ?ﬁ?ﬁ?‘%‘ﬁlﬂqce@%‘éﬁi’%mr ShepisriIeagos Bivdel y
used in chem cakom@mb k&ed! i Which the dotstisios $rob@k octumar i ety of purposes
and are considered t he a subset of the phrase chem .cal processing

apparat us Chemi cal re¥EHG! Laeiely febsogr s 28 chrradct bprgrtiag a pereel with
conver si on pr oCes&cBGuhstherein where@We B} B8k réa8@8(E B4nSnikRal o gRARIeaL 8ndN
end product by rovidingﬁa,vesse wth a reaction_zone_ therein where

two or nore realPANt S8 A0 jaqluds Hldyeriob byt igRriRsamAsTiablgated 4 oBuerdto! iy

al so include a lkayen 7ohe Had 14y00RIHBYsuPBsE hbdtial lReRY edhabppeii@ «RN6r 18
the reaction zone and a H@yer of bed support na%eriaL | ocated at the
opposi te end of RO (FFEMP D& ompeEraly available bethtnpring mrpiAlNpHrdeap) e
bed toppi ng mat egriudik Splichs ahdR iR @NMoEmS ANRITER 1806 (hEbddGsPpaizeshidaanms.
One function of the bed tqgfjn material is to accept an incomn
fluid that is diSdpasertpHegmsfiuddhat s dspossd opinea fixgg wra githglayer of be

t ot oppi ng maber topbingfdictiliend (Al kdieed: tHelMRid dvit LaR¥edircaas|HS R padfegd as
the fluid passeﬁﬁth qu?_agg exits the bed topping.layer. The

i ncoming fluid HEPeBaNGs<Ls e bad GRRIBS ake: %‘@dﬂ%}y}ﬁfﬁb“ Ay b digpogedpnto
nmechani cal devi gR beDPFIAY Myd VA m@Bardcll iSAdeichidhOA]y WhdvwehasmeNswitiedrude
one or nore nozzheﬁ. Thelglstrlbutor ngg_ﬁf descri bed herein _as a
"fluid entry polAh mayiciyde prg orgorg ppzgRs fipe dispripptor pay befesengd Beippe a
singl e |spipe o&s & fRiddnay bbiit’0fThdiepl Stiti aduyGRin Baiy A& dés@ibe a single

i ndi vi dual |y di spose qne_or‘nnre fluids onto thg hed. topping | ayer.
As the i ncorl? ngP¥F O PIgliy SE piees hat coliequyediitnedviduaty dispese ang Hpd¥ent | y
forms an i ncom ngdf bith the BeSiloppiluiaiedN AP aleti®omingARid dtabis lpHere@KJFfaiﬁg,t he
bed of topping g@terhgg,‘th quid‘inherentLﬁ,forns a final fluid

di stribution pal&p inhsgetly fums Ahyinayrias Prid disfribuion Rapprar asthe flud gxisinn
to provide for eeBedeRbppfyidértl, ilellld BRer@ilyttbies i MaeMudgdibditig@dn but

t he ongoi ng need to sugstantiall i ncrease the redistribution using
spheres has not PHEeh BeE 1ppe (radapifieragyiq sphergfe kngnys; th groida éor ganodest
reticul at ed 2¢er agisGibha@ bt Y ndofrAgHlEd But flewh@dingd dec@lo J0BRaIRINDAESaswhi Ch
defi ne flom/paSﬁagewﬁys,through thjlcergnic mterjial. The web nenbers
subdi vi de the i NESHHSHEHPRENS SREGesDapne) begnrealizetk Similarfyebeditppping
streams whi ch t hed dfir@buke eeghictiten mepGtals a piali® of WoslinghbiOWhigh a

| arger single streaminto many smal | er stneans_na%,be adequate for
sone i ndust ri al 496 EeY PASAZAYSIPIopEl tBe pIpic Bterigh 1 WD PEHPES over an
area nuch | ar gesubliital thehfeonmgOmiidgitd 4 plindligios§hdlbrfdi Brdmk IWalch tkgy be

necessary if_the operation of the chem cal reactor depends upon a
br oad hormogenouS®YiEeys Hl?tr?%ﬁ’r‘o?ﬁ‘ﬁﬁﬁ’%ﬂ'r"‘sw&ﬂéa AF45f gfagle stream into many

smaller streams may be adequate for some industrial processes, lateral
redistribution of a fluid over an area much larger than the incoming fluid
distribution pattern may be necessary if the operation of the chemical reactor
depends upon a broad homogenous distribution of one or more fluids.

30 Referring now to the drawings and more particularly to Fig. 1, there is

shown a cross-sectional view of a chemical reactor 10 that includes a vessel 12, a
3



30Referring nowto the drawi ngs and nore particularly to Fig. |
there is shown a cross-sectional view of a chem cal reactor 10 that

i ncludes a vessel 12, a 3 nechanical distributor 14, and di scharge
pi pi ng 16. WO#14/@3%kk| houses a bed 18 that includes a fPEEUSHEYBIZITO
of randomy oriented cerami c nedia 22, a second |ayer 24 of
conponents 26 that includes a catalytically active netal deposited
onto the surface of a ceramic pellet, and a third | ayer 28 of bed
support nedia 30. As 5used herein, the ceramic nedia in the first

| ayer are considered to.b h stinct fromthe conmponents in

e caond” | oy encianied By eEftiichateh Blnnb s i Retel Fors SRR TE) &

?nd thfa corrponenlmname:aetéum}ﬁe 2b|olltadd<ﬂhlyeﬁ§mﬂg:eﬁhﬂ@ﬁl§hﬁ122 E@édomrngre,
irst layer 20 ude el e at ar ndonmy orjente
corani o wodi 8 pPSYACteoRbopauTtd P it b Bl IR RSO st
| ayer are to ramndemtage oxra@fmledpanera[ma:uﬁm;iyeoslareédenﬁiwymm 0. ofs the
elenents in the fi yer arecgeramﬁrst dia that have fluid

di verting chénneﬁiegil‘?fﬁ(?o pEFAEdrind BF Y iafeopsiderada be Bpainlly

conponent s t hat dig@EPhéms CrelchRpSREGMCkht RO 1a¥eR il@e ceAaNOMEHiOhavk Inuidd
di verting chann&ls in the outer surface and thui re di stinct from

media in the fiPREUPGHEREpRelgagdEGePmPenGas 4009 ke Gyeripg hampplsent i on
may be realizedp mrﬁleﬁﬁoré,fﬁir@@e@&r doheayTRdlQeieleyne@ls tHahfe SQGHRIGmMIBORA(:E

conponents are S|cally distinct fromthe ceramic nedia in the
ot T ayer - R ARV oD o Tyt Do T SBbgHM Gy r A 8l S0 be

descri bed agot henaceﬂgbnmcdmnenc B&dia, 1i8cioasl aalkﬂ@mw\ehghﬁmalﬁebt lahe
first layer occupies |ess, tgﬁg& 0% . the F he| PW’ The second

| ayer may occup{eRUMBICHLF BrdpGo dired, the
third | ayer coukghikgy, rﬂeweaeeacm;bh\en& tﬁﬂrce;aphsb@ea&@dd heaead h deRid

Genti 11 o by W e R A B S BT £ AROIR Sat o

Nor Pro of Stow, th@]’il'sﬂlayé.ﬂslﬂowever the ddvantagds 6if (B8 PSRN anap S SRELIIiVR Vi ew
of one enbodlneg g; ceramc nedl% 22 that woul d be s #thle for use
Bt

in first |ayer QL pf thesecand Jaygiin cqUppoRsIs arq physiga tinglfrom
includes a peri pbegahicwddla isthe fidst fdytrS Re@fhg3ain fo HECQ M seddd &%: and
four Tluid Givert)og, shamnel . 98 0., 2 and, 40, Lt excond g the
di verting channgisslafivecublelesanm ZDV@@&thﬁ:ﬂtslh@l@M mhmaend l&serwialy | be
o 1 St aesafl 5, SURDIE! TR 0, ol red. Gpeni

20 replaced with a screen located beneath the second layer. A suitable commercially
available bed support media, identified by the trademark deltaPT, is available
from Saint-Gobain NorPro of Stow, Ohio, USA.

Fig. 2 discloses a perspective view of one embodiment of ceramic media
22 that would be suitable for use'in first layer 20 of vessel 12 as shown in Fig. 1.

25 The media includes a peripheral wall 32, a first end 34, a second end 36, and four
fluid diverting channels 38, 40, 42 and 44 that extend from the first end to the
second end. In this embodiment, the four fluid diverting channels have the same
cross-sectional shape. As will be shown in Fig. 3, the shapes of the channels may
be altered. Opening 46, which is an optional feature of a suitable media, defines

30  aninternal passageway through the media and also extends from the first end to
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30 an internal passageway through the nedia and al so extends fromthe
first end to the second end. The shape, size and existence of
opening 46 may be altered significantly w thout influencing the

per f or manceOox01wdees4fil ui d di verti ng channel s. ShoROTAUR200/R3973
is an end view of another enbodi nent of a suitable nedia 48 for use
in first layer 20. As illustrated in Fig. 3, the cross-sectional

shape of 5 the fluid diverting channels may be nodified provided the
channel effectively captures and diverts a portion of the fluid that
contacts the peripheral surface of the nedia (see arrow 50) and then

flows over the Pepscpreendl Theahiressizegpd pristensa pf epgpipgdempnborlsise or nore
of the fluid di Mgmﬁeaﬂay @hﬁdﬂx[‘ﬁﬁﬁen(:ﬁlg@ne%ff&\hﬁngé%i%q}uﬁﬂalvém%rc%hﬁeﬁt

| east a portion of the is redirected to an end of the nedia.
Fluid tothat inpact Sheweingdeidpnat e vigy of aaether cpépdeptiot yFuablamyria,

then flows intosapdudhs QHQH c%’)fﬂ Hé ﬂluﬁ}a‘(%ﬁﬁ l“@93 Qﬁlfb%}%ecu&ﬁﬁlﬁpé/of
changing the direction of % defined herein as

hori zont al | y3di %lﬁﬂa@élavefilnﬂpbﬂnnﬂs b‘PnP‘hlPleflgibQﬂfOYl‘éﬁﬁ’dhﬂﬁl‘?mM st edy medi a

having the flui gy gird@hd hiDesG H@%'o?th@@%f?l&ha@@%d&%ﬁﬁé ;?:n}%elrh s&ff’é&éﬁl
fderovmngthrouhtherre ia to be rapid di ver as nuch as 90

rel ative to 15the Hwdiagice pragw gf)rad thew Howy ‘)Vlbﬁ@e peripiberak waly curplnear

di ver si on occur §rH&PRRIARELYMm&S of M nkilWiWrhg BhAGLS (8 ErdWl 8P 18K44 S a
first nmedia, then contacts and exits a second nedi a, then cont acts

and exits a thi WhcrpiBdS lgast gpastion of the flujghis Fedireeiechto rp and 9f shpangdia,iTpid

di verting chgn nﬁqhtsmfp&&m@pdrmh&mvaw @berﬁ&afcaﬁpar@reem&m@w lﬂmfancvessel
as shown in Flg he nedia formt first | ayer

20posi ti oned beth\Wé‘éhﬂ flhlé dfverting ckanpely therghy chaRging th%mpw@ @é‘&ediwl $ayer

of conponents, phens @éﬁﬁecf ﬂéf\érﬁasq{oﬁ%rﬁd}ﬂghsﬁﬂ@é@rfﬁﬁcﬁA'ﬁ]urﬁlﬂ?o?ﬁﬁ@dﬂ}ﬁ medi a
cooperate to establish numerous ger i on passageways through

the first |ayerOricatedmedig hayispide Spigdivseing & & dgsprated ersingwifh case fror e
channel s f or medshif bW MrowdB e HEEH @ bk RSN vaMah GOmbdiess bbtietliifd BWs

after |eaving the port of entry and prior to contacting the 25second
|l ayer. |f fIidthe F%%f)édltf‘ﬁﬂ%@fﬁheaﬂ‘ml oy dhadyarsipppcepra Fmredtedpasgher flrd ¢

medi a and then £nong aﬁ&‘ﬂh@&'&hs@ﬁ%& Bedia fdléﬁ'c‘émgétyﬁfdtekﬁga SBHANRdial Me
second media, then the fluid is considered to have flowed through a

fluid di spersi ofPIjis SEGMa hirtieedid $ection that the fluid flows is

not inportant provi degkatgiaf thé!h%cﬁu%vérhﬁg%haﬁd&fs@s&ﬂﬁd'Elhﬁe butsherd@yer
and then the second layer. In a down flow chem cal 30 reactor,

gravity causes ¥R&sefllind ¥esEchas shewn divhiend thy njadigrfprahige fissley ‘Prb‘(ﬂ“@ﬁs
through thesfir ﬁkltioﬁ&ﬁ{u\@a@ﬁi e MR 1R oF 8RANGalRYE ond tferdR cORAnON,

chem cal reactor,

then thc ﬂu1d diverting channels in the ceramic media cooperate to establish
numerous fluid dispersion passageways through the first layer, A fluid dispersion
passageway includes two or more channels formed in two or more media through
which the fluid flows after leaving the port of entry and prior to contacting the

25  second layer. If fluid flows through a fluid diverting channel in a first media and
then flows through another fluid diverting channel in a second media, then the
fluid is considered to have flowed through a fluid dispersion passageway. The
direction that the fluid flows is not important provided the fluid flows first
through the first layer and then the second layer, In a down flow chemical

30 reactor, gravity causes the fluid to flow downwardly from the distributor, through

the first layer and then the second layer. In an upflow chemical reactor, the
5



fluid s entry point is |ocated near the bottomof the vessel and the
first layer is |located bel ow the second |ayer. A punp of simlar
device is used to force fluid upwardly through the first |ayer and

t hen t he swOth/A9a84¢r. As shown in Fig. 4, a theoreticaPCT/US2010/023974
cross-sectional view of a fluid 5 distribution pattern created by a
fluid as it flows through a plurality of nedia nmay resenble a cone
shaped zone (see arrows 56 and 58) wherein the top or the cone 60 is
the point at which the fluid 62 contacts the top surface of the nedia
and the bottom of the cone 64 is the pattern created by the fluid as

it exits the botHBHCHY R ippehics) segrhatorpmaf de el A 4 Pt o

di verting chan n%kaﬁed%lfovﬁllh@’bﬁcblﬁnﬁ)@f‘s'wp RinBMLAdV IR i ARG Ib¥EFuid
First, the fluid flowi ng through the iais redirected over a w der

and wider area %@VJF‘Hié“‘F‘P‘i&PEPcﬁ éﬂ%r‘t‘lﬁ%ﬂgﬁ’s&%‘iﬁéﬂ of media. The

anount of hori zont aladhePh RSB hBBE:HIdréss Bbcii¥ @il VieG A afiGAvVel nmay be
measured and used to calculate a nedia bed's fluid distribution angle

whi ch is def? netisEButioRauarFeapbinabid 25 if fions, theoyughe plurality gbmgda @Ry ch

defines the cenfgmuia e 91?&9&5/0':1@(55(! é}rowl“564md SH')‘CJthrtéﬁa thd @5 86the &dnde Of
the cone as represented by arrow 5 %&t l'uid distribution
apr

angl e, such as 4%isdie poif gayhichthe %‘Pé?e?‘ff‘éﬁ“’ Byiaeq of e peglia and the

di stribution angi@m o‘i"ﬂ%o%zﬂi@m@@at’tﬁ&eatédbﬁﬁ'éjﬂ&ﬂ % 5.0 iRvolgn 8¢ | ar ge
fluid distribution angﬂ}c media with fluid~'distribution channels

i ncor porat ed t h®f BlURIER a g BrsRede bﬂ‘ﬂ@ﬂ'ﬁl(ﬁ“l%?hdﬂ%@m @tancously

di stributi ong of adhleQe fuhotibgheidek MHiRL, hﬁ@uml@ﬁﬁa@ RO SR @Y r8diRBcdONE.
Achi evi ng bot h honbgenous distri bution of fluid within the cone

shaped zone and®¥%T f ¥id§eand Wit agre &t e Huidipasicsthigreh haedsd mediss dhaabl e to

achieving eit heémoﬁmté!*lﬂﬁz&ka‘?%ﬁxl@éhieﬁtrpeﬁﬁlﬂﬂ&v@rﬂé’al R BAPPIRBRINS and
distribution within the cone or a enous distribution within the

cone and a smal ¥s¢f fofalfulgtecimedmfier ﬁ'“é] Jirabutiggangfer whigh iy d¢finedpstBe t a

fluid into a w gfle RRkedh U8, sRAlkS ﬁﬁ%ﬁaﬁnélf&ﬁﬁéslﬂhedce&éi sfaedofie QUGN a
plurality of nmedia, paranmeters such as physical characteristics of

the nedia; the Ml ke glopssiside olihperng ‘ﬁd"R’ETfﬁ‘Pf?fbll’YsaﬂoéYnﬁ thigrepfiiidal ity of

medi a may be nogidib@nia @@ﬁ‘d&d@@ﬁ“‘dflz@ or, iPpRfcRe AR HsmallMuRRAG EkioM t h
one anot her. Characteristics of the annel that may be nodified to

i npact hori zont 28legish st pelsts: a‘%dﬁémf“l’ mvinsiadupe Hed dnEibicnmelss t he

channel , the degpiha ¢fin iR dﬁgﬁhﬁé}f&hnnelsh&:oh%mhh&unh&ﬂ\@n@ﬁk@ﬁﬂ | and
t he cross-sectional shape of the channel. Simlarly, characterl stics

of the media t hePvifiuipr Bemegsrus distibuion ¢hieduidwitis discane shaped

20  dispersion zone. Achieving both homogenous distribution of fluid within the cone
shaped zone and a large fluid distribution angle may be preferable to achieving
either a large distribution angle and non-homogenous distribution within the cone
or a homogenous distribution within the cone and a small fluid distribution angle,

To effectively divert a fluid into a wider and wider pattern as the fluid

25  travels through a plurality of media, parameters such as physical characteristics
of the media; the media’s fluid diverting channels, and the plurality of media may
be modified independently or, preferably, in concert with one another.
Characteristics of the channel that may be modified to impact horizontal
displacement of the fluid include the width of the channel, the depth of the

30 channel, the length of the channel and the cross-sectional shape of the channel.

Simtlarly, characteristics of the media that may be modified to impact horizontal
6



di spl acenent of the fluid include: the rotational angle between the
centerline of the channels; and the ratio of the nmedia' s maxi num
dianeter to its length. One characteristic of the bed that may be
nodi fi ed tWOIAipdE884hori zont al di spl acenent of the fl ui dPCHUSIHHE0/RSPRN
of the bed. 5Wth regard to the channels, a fluid diverting channel
may be configured to allow sone of the fluid to easily enter the
channel and then inhibit the escape or at |east a portion of the
fluid fromthe channel until the fluid travels t hrough the channel to
one end of the nedia. The d f channe] in Fi

appr oxi mat el y 1H5RIFFIEH ! Wﬁ%ﬁ’ﬁld?ﬁ ‘tﬂca%foéaruoﬂil "m%‘f b"tt‘ﬁg"'nﬁ’?é’cﬁ“&teﬂ%%f dept h

of the 10 channgb cmyelbanmwﬁem ho Yeeaind ndbhof dib@erBab finh MWK TUM
di anet er . Channel s havjn ths bet ween 10% and 45% of the nedi a's

maxi mum di amet efREFEIFHISS fhﬁlb thtgpay by adiicd 1¢ pppetfpzogist displesepgnt

opposing wal | s @mmﬂmgm&muk@bdy parallel with one another, such
as the wall s that defjne channel the width of the channel is

det ermi ned by neasurW%“‘E"f‘Y@t%P‘s‘f@H’Efés B Epigdaigrigs sranstdnaxdr Fenligpred sand

74. In contrastlafiok bandalise mda@to e@;ﬂM%nﬁeHih@ tcmhdlahd HePRhiblthiRlesotpd bs, a
channel , such as channel 7§, to have an overhang 78

whi ch reduces t#deasianertgn of fig ﬂewatﬁmathc §hdab<aﬁpﬁ4g5hb it gl hansd thehat

i ncl ude an overhanRgl Lotdﬂ@eml(ﬂ'ttﬂib 1ddid f’l@leQ@IﬁEﬂbMadxfél e el stsance bet vveen
opposi ng portions of the overhang, see overhang portions 80 a

If the channel tPLREITY 1{%gkhe “’i‘*ﬁm\}&“d{‘ﬂ“‘#‘rfd?m‘ﬁéh%df"oﬁh‘o‘F“PEhH’é e
channel to the &@hdcPMapbhe tddeecanannad 254 Bﬁmehia@iawndmuﬁt dibm&echannel
is defined as the wi_ dt h between opposing walls at one-half the depth

of the channel . CR8BClEhqyinegepipnbaitien 187 and ¢+ % @f B8 DeCAA MHEIngI fameter

per f or m adequat gk yeastalg. Itbamnaemmmtabe deBinvd t@td@pmtgl walb efavae ghbz,cmzuai;y
and 3.0:1.0. Chan el s, that have a rati o |l ess than

2.1 0 may be to?f“ W1ttbwetaB°tP%rt %thhasrtﬁwals t?ﬁtfltféwet%ﬂép th?B”d@i‘n%fnnel s

that perform ad@au@h@tly.t JERYminaYSy Beds@igithe difantk Béthednadpbesidpaiaeen 2: 1
and 20: 1. i ndi cat eddﬁbove one characteristic of the nedia

that has an¥ npﬁtét”otfl qonigast forngpngls &t haye sytsintally appliel ellp p chasgelnedi a

is the rotationakh a@heheDdrd, msaae ada@n@chamﬁwa%ov&hﬁlgr’?@t@tdheét&besamgl eis
defined as the angle f the intersection 3088 of centerllne 90

in channel 68 afff ‘gét}?tcgi“}nﬂrﬁa"%‘?“?’ i OL]ARRE Al delidr 81 oveghandhes kg ROl

Fig. 3, the chamaemlmmbels@ﬁx@lbbm&e@bpaang PRATO 0 BELhA BRINAE, s69 that
the 7 nedia has four channe m ni mum of three equally

spaced channel sCYEY $HROTURE I@QB‘F"eS" flb‘E}? Cl@&{ifélg{af}“%éﬁ’&ﬁ “?:h"élﬂh%?‘g Lhé’tr e

preferred. Mpdi@pbeme Bl 188 bdtiowEorMe chhaneE R HeYviGiR AEME cliRadI el S
are feasible. A(iﬁgshovm in Fig. 2, the cross- sectional shape of each

channel in one $rd@rdasiiy»igi B e QRRSIng pne-half thedephoghfficichanpely. 3,

the cross-sectiswdg. ShpmmePs4, bhew 8haDmnRhds Hagsfoat adbQRe! Gayive he
same for each channel . Furthernore, all of the nmedja in a |ayer of

medi a do not netéaﬂlhtlgw%h rabie hetweep 1- 2:1.0 and 3.0:1.0. Channels that have a depth to
width ratio less than 1.2:1.0 may be too shallow to retain fluid in the channel.

25 Channels that perform adequately may have a length to width ratio between 2:1
and 20:1.

As indicated above, one characteristic of the media that has an impact on
the fluid distribution capability of the media is the rotational angle between the
channels, The rotational angle is defined as the angle formed by the intersection

30 88 of centerline 90 in channel 68 and centerline 92 in adjacent channel 70. As

shown in Fig. 3, the channels may be positioned 90° from one another so that the
7



Anot her nedia characteristic that may be altered to inprove the fluid
distribution of a layer of ceramc nedia in a vessel is the ratio of
the nedia's 10 length to its dianeter, which is defined herein as the
L: D rati o, WO1§84tange from0.5:1.0 to 2.5:1.0. |f thECTEASI/NEIT4
|l ess than 0.5:1, the nedia will tend to orient with the ends
perpendicular to the flow of the fluid which adversely inpacts the
channels' ability to disperse the fluid in a horizontal direction. If
the nedia's length to dianmeter ratio is greater than 2.5:1.0, the
vast majority of media may 15tend to orient perpendicularly relative
to the directi of°gf hi‘SHB“fiCﬁ?“tﬂF]é-l Wg‘ﬁﬁf‘&“’f%%%ﬁ?"éﬁq% FReceihdigapls may

i ncrease the pressskeld QR eydalifspacddt@alies arelphe férhR, PLRBIMGIAg SHRPLve
within the bed i ncreases beyond an acceptable | evel. then t%e react or
nust be shut dodit W PESAFHTRSS eREFHRE ofF SIPEdt Bie THE B8 t hat may
be altered to aghii@MPshdfadieainahmndiis bhd Betid ARy &f ha@n. Howedds,ast he
average bed depth should be at least five tines the |ength of the

0ul d !
medi a. I n sofre HPPPitER DHE FHESGiMRhYRPLEdrdptngls fass nobncst 1 Redlt 10
tines the | engtun@ffoldien mmked. Furtheduldee, Bl B (A3 AOL 0 A8RE Br h&did @Pnot
shallow, the nmedia will have little influence on the distribution of

the fl uid. need goheddsnticaladia that is useful in a vessel of this

i nvention, includi ngadoiRr GediaBatacBBsticans RAWRe hitkrdd 1§ inspréveaRsiingd may be
formed fromany ceramc _material that provides sufficient strength
for the media afisiipeionghpypnnl cericmediddn f pepsd s thorieof faeprediEs
exanpl e, matigr i Rheh SiGNMaddi] WhictOik dsnHal RebinGs Gk 8VPratib ehd SRR ESHee

zeolites, cordierites, um nas, zirconia, silica or _m xtures of

al [ C, ] .m > )
these may be usEBM OSFLY®© 2y bO.gH herrpro Iops thindber L Jhy media will grdigicRentand
silica and incl wdehaeh®pertkdiculks o @6 1130 bk Ftid Wiadhlad GdredYy indphdtene | @y,
china clay, and the lef. S@ltablgﬁélgys are hlgh glast|C|t%,clays,
such as bal | cl gyray afipdo dispgpse thefeig inahopegpiah dywetion. e preing 8
bl ue index, ("Maigthto BimadQutlo iaéreﬁs@r_cﬂ&mgb,m@va@maim?of@emmay
"feldspars" is us$d herein to describe silicates of alumna with
soda, pot ash’ ant§nf forpEentaempendt driatiedo g digectien ef fag inial Sud B sang,
fel dspathic cl ayhicRedlid@idulylifidbeine pRRR didiewisieih: b, 1amd pkhgird | ke

can al so be pregent_Ln.nlnot anounts of the other 5 ceramc formng
conponent s. rop within the bed increases beyond an acceptable level then the reactor must be
shut down,
With regard to characteristics of the bed that may be altered to achieve
20  adequate distribution of many fluids, the average bed depth should be at least five
times the length of the media. In some applications the average bed depth may be
at least 10 times the length of the media. If the minimum bed depth is too
shallow, the media will have little influence on the distribution of the fluid.
Ceramic media that is useful in a vessel of this invention, including the
25  ceramic media shown in Fig.s 2 and 3, may be formed from any ceramic material
that provides sufficient strength for the media and is compatible with the fluids to
be used. For example, 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

30 kaolin, ball clay, fire clay, china clay, and the like. Suitable clays are high

plasticity clays, such as ball clay and fire clay. The clay may have a methylene
8



Materials fired together to produce the ceram c bed toppi ng nedia may
be supplied in fine powder formand may be made into a shapeabl e

m xture by the addition of water and/or processing aids, such as
bondi ng agewt®jo/@sgmusi on ai ds, |lubricants, and the |ikeCraszseansprd n
t he extrusion process. The m xture can be 10 processed using several
di fferent techni ques, such as extrusion or pressing using dry
pressing techniques to achi eve the desired shape. For exanple, an
initial extrusion process may be followed by cutting perpendicular to
the direction of extrusion into the desired Ienqths An initial
drying may be uBliindex. §MRe). 8fFoovielde 13 mpq/ 0Geay The i "Ridspannds wed t he

relatively weakpgbihubdeddr®e Hichifir %ﬁmwh%oéép&m RN PR EG' i ed out
at bel ow about 120C and, in one enbodi nent, bel ow about 70C and nay

last for about SPHRBPNS SUGhes J9ai Eiscomasndy fellspadic drn awairagilignitchi gh

tenperatures, fQpheRRRRe, afd iﬁ@)ﬁké@!ﬁ‘aisg WE&%H&%&& alno@ diRO0&hdr0
1400C, in one enbodlnent at |l east 1200C, and i n anot her enbodi nent,

about 1250C, 3to“¥6Wﬁﬁ5m§$ﬁ§@P%86? t hat typlcally has | ess than 1.5%
apparent porosity, QﬁmaﬂmnthQQQhéﬂ@ m&@@kwah%ﬁﬁmhﬂé gn%%h%QB%Ee”t

porosity. However, the por05|éy e up to about or sone
OHT 4

appl i cati ons. THHEPRGAAR fige RS ‘b“ﬁdVJH%%éﬁﬂd“ﬂ@”@@ﬁ@x@é§Wé@' on

the conposi ti ona&ﬁum@wab%@m gpoc@aqg hifls, 9&%& BéndinTBYenBeaMbibh Glagnt
for the bulk of the material to achieve a |ow porosity. This is in

contrast to ret it ddrr kAT CasHRdn 8§ CKEEOMPYPE al ieyningFeampe t o

30- 80% appargnt p3ed:Qaiukifg wvcaamlffaemcﬁﬁlheds JEH Ax @ oMBlcSdin g Lmh
be unsuited to capturlng in a d diverting channel rat

than al | owi ng t #& prqsw&itcwlqyafs@ a@*h%d@)rﬂ@ﬁlﬁé shiseli Bt Sy 0 iitiebr | al

voi ds. The cer aéE!uQ:saHEQﬂo@esHHaXy beroliahéd %@ﬂ% Eér?éﬂdﬁzum ikt EreBfon@ray s
and fel dspars and other mnor ingredients orma resultant body

that is conpri s€dgon it e Jessed lengthse OR il deingriepydeypdinfiteatde (an

al um nosi | i cat e;mefqr&s%f@ml@msﬁlﬁﬁgrw&m&eewﬁ@.ﬁt str@crﬁf%mhé RefyLEENt S
may conprise at | east about 90% of ~ ceram c form ng (gre I ents and

the bal ance ' t yPiddean by capicd entabl™ atoyy 126C pdpinese PIFIBO Peps, betpie

ceram c_form ngagongfeed sy ARYo%BHR S HSE:s Zﬁle%aa@@fhwmm&a@es%@a and
0-80% si |l i con oxide. The processing aids a?ly vol atilized
T

during firing. HBRCHPYavEsBHFanes. ﬁﬁ?mﬁémﬂ%@¥6@§ﬁP o K" BEr or e

1400°C, in one embodiment, at least 1200°C, and in another embodiment, about
1250°C, to orm a dense body that typically has less than 1.5% apparent porosity,
20 and in one embodiment, less than 0.7% apparent porosity. However, the porosity
may be up to about 15% for some applications. The firing temperature may
depend, to some degree, on the composition of the elements, and in general, may
be sufficient for the bulk of the material to achieve a low porosity. This is in
contrast to reticulated ceramic bodies that typically have up to 30-80% apparent
25  porosity or intra-material voids, and which thus may be unsuited to capturing fluid
in a fluid diverting channel rather than allowing the fluid to pass through the
media’s intra-material voids,
The ceramic media may be fabricated from a mixture of clays and
feldspars and other minor ingredients to form a resultant body that is comprised
30  mainly of silicon oxide and aluminum oxide (an alominosilicate). For example,

the mixture used to form the elements may comprise at least about 90% of
9



5 water is added in an anmount sufficient to enable the m xture to be
shaped into the desired formand to retain that formduring firing.
Cenerally, the anount of water added may be from1l2 to 30 ml for
every 100 B@ W10/¢8&41m xture of dry ingredients. The shap€ahisen1wiepr e
can then be nolded, or extruded to formthe desired shape before the
shape is fired in a kiln to a maxi num tenperature of 10 from 1100C to
1400C. The tenperature in the kiln may be increased at a rate of
between 50 to 90C/ hr. and the dwell tine at the calcining tenperature
may be from1 to 4 hrs hefore the kiln is allowed to cool to anbient
t enper at ur es. \WASRWBLC AR ipsrpdientsang the bataper (B@HABYIRIA 203 1078 Bn or a
dry-pressing prgeessing hil€Wheafarhld %e@mai i RSSRM 18dy dbmihdergmm;
cross-section along one axial 15 direction which provides an axis of
symetry for t hdUBfEgide and 0-80% prlicer,oidea e Rpcese Aidy moaydedarsilie i on
charact eri sti csv@lhilged §@Mme MitinReThel@PRbRAicAE diafbe ihbRLH Akl BEoedi a
shown in Fig. 2, the liquid distribution testing. device shown in Fig.
5 was const r tict ¥aCHRAdSH & arampuasulficiont (SRR heBEEEs 9y shaprdingobe

devi ce i ncl udedgair¥@fokh aal doYerlh iHANAH daied (irisb Ubdktally, SREREMnl @haleRi NY
wal | 100 that 20 was open on both ends and housed a bed of nedia 102,
a mechani cal di§¥?9Bﬁ¥g?“TBAZVH%H?HHI%ﬁﬁﬂ@oﬂﬁ%ﬁﬁﬁdwx%ﬂﬁﬁﬁ§i di vi der
ring 106 and a gREAREsIMéisEREabld HGuiO&n dRAHE nctddg%r kaRALEE fgl @w t he
bed and concentrically aligned with the center of the vessel, and a
plurality of fl tfsHeddppeRairotic phapgisfie ingkin topmaxinyiy teipgrargof] ocat ed
beneat h the ipi Ngsm 1F@C tH140°@ The BndefWrOh KBRS bk Mrdd@MiaLratc dre
rings were carefully positioned so that the first divider rin

defined the cenP?¥fendde ShCApand thedwell dBREt he CAIIRRS CIREFAMRANYS fi r st
di vider ring cogp@rabadrstterodahi Bt it BRowRAUNERI ictsbRht dhferhBlegr Medi at e
region 122, and the second divider ring and the retaining wall
defined the boundar i Wherg ferampig msgip afe W%‘g‘F‘ESErPYI"Z&?‘mEé’EWT 6f‘WtH§‘éSS‘Pégi ons
occupi ed one-t hpogks®fihdyken ROE aiSessdhtikIRCEI RIS Brosshre&itbhfalonl B axgiyant i ty
of the media 30 shown in Fig. 2 were nmade by form ng a m xture of

cl ay, feIdsdérS¢H§Hﬂ‘BWQ%WPEdﬁﬁPﬁH§PGW“§Wﬁ§f@ﬁﬁﬁﬂ?@@hg about 25

wei ght percent al umasvalbfie WG PeSEIeR thaddteriSick bt ®Bd M&gﬁng
conbined with water. A portion of the m xture was extruded through a
di e, sectioned PRt neptingtae megigshopn dytige 2, thefighig diskthytien (ggting device
approxi mat el y 1g00&id Bigf D#0 doR@rubed &l dpeiRE bdwill e R\iBicHBdd. afe 1@St
began by loading a plurality of the nedia into the testing device.
The nedia were figdeflydsd 4 vaticay eriepid 2ad ronlagy shepedrpipining alldP@thaon
top of a wine NMRedopsHBRBG el bRETHLIAG Bl bhmeef | Res msauaER Jxbrped
openi ngs that were %$proxinatel e distributor

_ y 5 mmby 5 mm Th I
i ncl uded connect®rlo FhieRgyetirg edrid ingdvidigan [¥Gangiagecond digier inedhp.
hori zont al ar mehdidfngsIeAetibBowbhe BOD bENCONBIBIEBEMTRE! With thOEn&PHNBET OF
pi ping 128 and radially distributed fromthe center

tri but om; [ 109 of the

testing devi ce. VESUHTOR PRFEDIDIREFOISEPR Bt Kb L b § Ifcamd dBRiloessdee
openi ngs 132, theeaRwmeRsdIHid B8Gs 4 Bp diehalfdle @fin2devRREMhEEs wokti Ch were
uniformy space%wglgp the armand functioned as nozzles. Sixteen of
the 24 openi*hgsCAgtey BELPIISHEY! B GirbdiHer igtetiand hesgnet resmngf: of
t Pe 24 openi ngsthiedcBnd@Sidé rRR Ak AB Bsedibaer AddBbpRaiab efiRd@on. None
0]

boundaries of the intermediate region 122, and the second divider ring and the

retaining wall defined the boundaries of the outer region 124, Each of the regions

occupied one-third of the bed’s surface area. A sufficient quantity of the media

30 shown in Fig. 2 were made by forming a mixture of clay, feldspars, and organic

extrusion aids comprising about 25 weight percent alumina, 68 weight percent
10



t he openi ngs were positioned above the outer region. The dianmeter of
each 15 opening 132 was approxinmately 8 nm Prior to neasuring the
anount of t W in each region and thereby determ qi f.h ui d
di stributi g@%}ﬂ@g $ the nedia was all owed to becone fEF?&Séﬁﬁ?:’é”dﬂby
allowing water to flowthrough the distributor and onto the top of
the bed of nedia for approximately thirty mnutes w thout capturing
and neasuring the quantity of water as it flowed fromthe bed. 20
After the nedia has been wetted, the fluid was allowed to flow onto
the media bed alythgpphe. c‘afnbﬂigd A B, (Rodabd AN BRfurd Al Elaca The
average flow rate of hrough each I8)22 l e was approxi mately 0.79
| /min (0.208 garhmsbaﬁaer seﬁilcwe@ a0 lepgthsgandd gy @ tammgraaire glippprotinateliat er
contacted the l@ﬂjove,w%nma%ﬁ&l@m Jﬁﬁaé@gﬂmﬁi E5e6Hgdn s,gr% JRLLT f1 oned
over a wider and W der area as the water was c'h verted

media's fluid dplgtanhnmittheomdwalﬁm@ung\ﬁqveqv Themodis wreé@@ﬂ@céa at he bed
of redi @ ands | el dihudls Lhendthis ARESHoSCHRAeon bR HALER 1985,in
collected in a series circular troughs 134, 136 d 138 mﬁl h
corresponded w tlﬁwqheqvé@ﬁhapaql ofeagEHnal et @waléﬁlé@bbﬁm&h@hﬁut er
regi on, 1 espect ii@bitor iNBaANabbYpifthe 116l sl AR e 5,048 BiohaS
rreasured and t he wei ght percent age iquid in each trough vvas t hen
30cal cul at ed.  horizontafpgas { Hk sdedig. ﬂevhx@ewmsq@pﬁecéecdh@mv@tm@mxslé& to
evaluate the fl bk sl dilbbiaaeRELaRE 36 SlhERuhl ibne. CQmIA al |y
avai |l abl e bed toppi ng “medi a and media shown 1n Fig. 2. The two
commer ci al | yi0 avaiphtdieontd aims iwléiwé@mmmfyﬂg%dm%@y 1gulipginpdakafi ngs
and 19 m n cer am fpcgfﬁgé %Vhlcﬁ%p: Jnh@rnﬁggﬁa.@éd Wﬂnﬁn@ﬁfn@ﬁﬂn&d Egal l S are
comercially availablé from Saint-Gobain NorPro 1 n OH, USA. The
Pentarings are e@rliSexwepael e 2qpapapingswen pvsx@qnediabqvgme@ﬁéramaon
resenbl e a wagop;Whaele 4NREniRASwe O;%%%ﬁé&'abbfve REFRHLADABE Thikr
equal |y spaced spokes whi Ch ext end radi al fromthe

peripheral wall! ewwmwoanw%bqved@muwemgmelhwlan@@noépac\p shaped
openi ngs t hroughhdhfig 1?@@5&6‘"{1)';)&)91111{% Smm: %og-gj IE(%BIIQ} ltl{églﬁlomro?wgngr mmin
hei ght and 19 mmin~diameter. Shown in Table bel ow are the
quantities of wlpwineaglrsgionapd tagrewemrmmmxﬁheciﬂwa fligibaiionpr e, e
central, interngpdialygs ameew&EOIﬁ@ﬁilp@atMg Q6358 WRk: biiEwaudiaRe! N0s
descri bed above were eval uat ercen devi ation bet ween t he
quantities of waisEputphaad optodhgap Pldb?)quh)ém@élﬁ ?fappfaﬁﬂldiehftl@ﬂm@l@ﬁse
regions i s showqiddu LRk b MedinkWUd Waahi @BE wRLAS i Howbd Goh AR tRa,

Tabl e
20  After the media has been wetted, the fluid was allowed to flow onto the media bed

at the rate of 18.9 /min (5 gallons per minute). The average flow rate of water
through each nozzle was approximately 0.79 I/min {0.208 gallons per minute). As
described above, when the water contacted the individual members of the bed of
media the water flowed over a wider and wider area as the water was diverted by
25  the media’s fluid distribution channels. After the water exited the bed of media
and flowed through the wire mesh screen, the water was collected in a series of
circular troughs 134, 136 and 138 which corresponded with the central region,
intermediate region and outer region, respectively. The quantity of liquid in each
trough was measured and the weight percentage of liquid in each trough was then

30 calculated.
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Central Region kg/mn Internmedi ate Region kg/mn Quter Region kg/mn
Percent Deviation Between Central and Internmediate 19 nm Pent ari ngs

9.5 10.9 9.0

WO 2010/093841 PCT/US2010/023974

10

15

20

The testing device described above was used to evaluate the fluid
distribution characteristics of two commercially available bed topping media and
the media shown in Fig, 2, The two commercially available media are commonly
known as 19 mm Pentarings and 19 nun ceramic balls. Both the Pentarings and
ceramic balls are commercially available from Saint-Gobain NorPro in Stow, OI1,
TISA. The Pentarings are ceramic media, which when viewed from one end,
resemble a wagon wheel that has a centrally located hub and five equally spaced
spokes which extend radially [rom the hub to a peripheral wall. The spokes and
wall define five triangularly shaped openings through the Pentaring media. The
Pentarings were 10 mim in height and 19 mm in diameter. Shown in Table 1
below are the quantitics of water, measured as kg/min, which flowed into the
central, intermediate and outer regions when each of the bed toppings described
above were evaluated, The percentage deviation between the quantities of water
that flowed into the central and intermediate regions is shown in the column on
the right side of the table.

Table 1

Central | Intermediate | Outer | Percent Deviation

Region Region Region | Between Central

kg/min kg/min kg/min | and Intermediate
19 mm Pentarings 9.5 10.9 2.0 14.7
19 mm ceramic balls 8.0 11.0 1.6 37.5
Media shownin Fig. 2 | 8.1 74 2.5 8.6

The data clearly shows that the media with the fluid diverting channels
incorporated in the outer surface of the media provided more lateral distribution of
the water than either the Pentarings or ceramic balls because the percent deviation
between the central region and intermediate region for the media shown in Fig. 2
was 8.6% while the percent deviation between the central region and intermediate
region for the Pentarings and ceramic balls was 14.7% and 37.5%, respectively.
The data supports the conclusion that the media with the fluid distribution
channels provided greater horizontal displacement than either of the other bed

topping media when evaluated at the same bed depth, Media suitable for use in a

12



14.7 19 nun ceramc balls 8.0 11.0 1.6 37.5 Media shown in Fig. 2 8.1
7.4 2.5 8.6 The data clearly shows that the nedia with the
fluid diverti n% channel s incorporated in the outer surface of the

nedi a prov@ITHEPE ) ateral distribution of 20the water PCRAR2EPAIFEH

the Pentarings or ceram c balls because the percent deviation between
the central region and internediate region for the nedia shown in
Fig. 2 was 8.6% while the percent deviation between the central
region and internediate region for the Pentarings and ceram c balls

that the media st of BETRRARE e B B U BHRRR RSO GRAER' 7
gr eat er hori zoninahe @iiggldacerivrentral iggionaant! fie mweohedifie region e Prefeeably, the
difference is less than 10%.
In addition to providing lateral redistribution of fluid as the {Iuid passes
5  through the first layer, the ceramic media in the first layer inherently impacts the
pressure drop across the bed relative to the pressure drop across a bed without a
first layer of bed topping. However, ceramic media with fluid distribution
channels incorporated in the outer surface advantageously provide less increase in
pressure drop than a first layer that consists of 19 mm ceramic spheres or 19 mm

10 Pentarings. Shown in Fig, 7 is a graph of pressure drop versus mass velocity for
ceramic spheres, Pentarings and the ceramic media shown in Fig. 2. Line 138
represents the data obtained when evaluating only spheres. Similarly, lines 140
and 142 represent data obtained when evaluating only Pentarings and the ceramic
spheres shown in Fig. 2, respectively. The graph supports the conclusion that

15  pressure drop increases most rapidly for the spheres and least rapidly for the
ceramic media with fluid distribution channels in the outer surface. The
combination of relatively low pressure drop and broad, homogeneous horizontal
distribution of a fluid as it passes through a bed of ceramic media may be
desirable characteristics for the operation of & chemical reactor,

20 The above description is considered that of particular embodiments only.
Modifications of the invention will occur to those skilled in the art and to those
who make or use the invention. Therefore, it is understood that the embodiments
shown in the drawings and described above are merely for illustrative purposes
and are not intended to limit the scope of the invention, which is defined by the

25  following claims as interpreted according to the principles of patent law,

13



t oppi ng nedi a when eval uated at the sanme bed depth. Media suitable
for use in a vessel of this invention have |less than a 12%
difference between the distribution in the testing device's central
region and its internediate region. Preferably, the difference is

| ess than 10% In addition to providing |ateral redistribution of
fluid as the fluid passes 5t hrough ChalMgrst |ayer, the ceram c nedia
inthe first layer inherently inpacts the pressure drop across the
bed rel#hatvecldimed se pressure drop across a bed without a first |ayer
of bed topping. However, ceramc nmedia with fluid distribution
channel s incorporated in the outer surface advantageously provide

| ess i ric Aeassel, compisagsafh@d dxtgppoiniaand a béd, sad bé(bopenprigih@a ﬁxsolaﬁa'r smrﬁprcsfnng
o pr e BREEORufe b et BaeR, VParn a0 N el s oS Rl
and t hda;cceccamprxse raadbrmlyshemm aeranfc gedla sail neranfbfix&draepmpsmg & dutee sdtfata
obt ai ned mhen eval ere Sim 140

repr eseht® GaC RGBSt Cfnclle“(’i‘é;lt ? H5Tsh M i‘?e‘ﬁgﬁ?%f’%‘g‘i"%{ﬂ%ﬁ &ﬁ%ﬂe}h&s 4
cer am clepthhed widghauinhd natid?ofghe @,amreés@mtto wédtly excdduie lgrlatpdndslugspmr txseddhe
ggﬂg:, 223' (gg ! hsgcéosgi?ap S goﬁfm(s:’l?%con? ogencse \Iyas S thremStOé{txlﬁtﬁ cﬁn’@ox&en s are physically
distri bhﬂtmctrfroohhmmdumc mdiah@dmhb&m thelfifsalager offthe bahirbositivhedivetwoden the

rel ativel 0 £ rop.and broad, honogeneous horizonta
distriﬁd%%g#y %FﬁﬁfF E)‘P&lpasses through a bed of ceranic nedia
may be desirable characteristics for the operation of a chem cal

react or, QEQ& %Q ve d %&{II%%%QIIS consi der %iIQ?t 8partlcut
enbodi rieh I°CAt§ FrPHeMENE SHEICRS PP COBRELT 2F S FHRER°e
skill emltwﬂmmevamg anmdﬁomdmrMO make or use the invention.
Therefore, it is understood that the enbodi nents shown in the

drawi ngs and descri bed above are nerely for illustrative purposes and
ar e not3. ' ensted dai:mlliwﬁe‘r‘ei:t fael hedper'ohedihenpisenfitsomd, adetald ehd and said
defineq} th%lf A eV%an§11i§E as interpreted according to the
princip es ?1p%ﬁ NP AWC FEPATVS "What is clainmed is: 1. A vessel,
conpr|3|ng a fluid entry point and a bed, sald bed conprising a
first la dual . el enent s, di sed
therei i i oo ol s midhEeath Sorfisf n SEREH VCRREG e
conpri sbetweamdmmm;&s ard seidtfind chmm abanmetlifamed &i didgeripherat wakdi a
conprising an outer surface with one or nore fluid diverting channels
formed therein, wherein each fluid diverting channel has a depth and
a w dti. ﬁmjvess@éofrcﬂaimd wnereih chephdpiral wsll ddinehtht metip' simbxiemmeh'aaimeték aid the O
and doe e r|S|n onent s
wher o nep Rt AT Ry AP findel fSRaNPee Ay 8 uR GEREL PO Y RRSERREE 1 o

the ceranic msdl a; and wherein the first layer of the bed is
positi %n%ﬁie \lr%gsteil\'gf‘ac:rl]air;l ?wl?e%&g ﬂw de&f{ef ea%lqguitdra%exttfnglc anneq exé’eecPSCiS percent of the

media's maximum diameter.

7. The vessel of claim 5, wherein the depth of each fluid diverting channel does not exceed 40 percent

of the media's maximum diameter.

8. The vessel of claim 6, wherein the depth of each fluid diverting channel does not exceed 25 percent

of the media's maximum diameter.

9. The vessel of claim 1 wherein each fluid diverting channel has a length and a width and the ratio of

the channel'’s length to width exceeds 2:1 and does not exceed 20:1.
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2. The vessel of claim1l wherein only said ceramic nedia in said
first layer conprises an outer surface with fluid diverting channels
formed therein. 3. The vessel of claim1l wherein said first layer's
media conprise a first end, a second end and said fluid diverting
channel s extend therebetween, 4. The vessel of claim3 wherein said
first |ByEhe esybefickinderorsmns myery obaid prlis bvendmetianrd a ferngctialeen
sai d enfifim@idnd At thefllaWicdplliny @hhiBda6300ak 5.5/ U MBdodshopddapss i pher al
wall. 5. The vessel of claim4, wherein the peripheral wall defines
the medi a's maxi mum di anmeter and the depth of said fluid diverting
channel;exgoRee] JQR1ne 1 GRBleinthid e dSREE Abel JEPN U &TRSLbccupibs lesk rt‘l%n
vessel of claimb5, wherein the depth of each fluid diverting channel
exceeds?? IBYCB@PEM bedfdepthe medi a' s maxi num di ameter. 7. The vessel of
clainms, wherein the depth of each fluid diverting channel does not
exceed 40 percent of the nedia' s maxi mumdi aneter. 8. The vessel of

cl ai m 62 Thetessehplickan d sberindhe waientylof saidimediy baveisvhytagtialbi s sape keseth gnd
exceed ROmRGh&L BepuPbs sEffElfﬁrﬂ‘P%bﬁs 8t IBRXS 7HEY gﬁ‘éa@é?%{aﬁ‘ Kaid mAdia’ If%ﬁ‘gt}{ essel of
claim1l1 wherein each | uid diverting channel has a length and a width
and the ratio of the channel's Iength to width exceeds 2:1 and does
not exceetheldRssht of cladl? 1 w-ﬁgl%mvsﬁﬁ%@éon@fay@rls bbdnelB 8 Re b Hﬁteﬂ?ﬂ sQl'éétEcy fr&h
sai d nedla have a | ength and a cross-sectional dianeter and

medi a' <14 FAY qeneigingiof pealelytipally pefive etd ddsagbenis maps gﬁ@f@@f@dladw@t t@p&fé@d
2.5 1. Quedialehd 6kPEoYBsGgl of claim 1l wherein said bed defines a bed
depth and said first |ayer occupies |less than 20 percent of said bed
depth. 12. The vessel of claim1l wherein the majority of said nedia
have substantially the sanme | ength and the m ni mrum depth of said
first layer is at least 5 tines greater than said nedia s |ength.

13. The vessel of claim1l wherein said second |ayer's conponents
conprise a material selected fromthe group consisting of: a
catalytically active netal, adsorbents, mass transfer nedia, heat
transfer nmedia and filtration nedia.
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