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SCREENLESS | NTERNALS FOR RADI AL FLOW REACTORS
BACKGROUND OF THE | NVENTI ON [ 0001] This invention

wo edoae9t o the field of fluid particle contacPCEHOS200T073054
an apparatus for contacting fluids and particles. Mre
specifically, this invention relates to a noving bed
of particles with a cross-flowing fluid. [0002] A w de
vari ety of processes use radial flow reactors to
pr ovi dSGREENIORS S 8V THRNWESTF@R RADEAIaROOsY BREACGTORMe
solid usually conprises a catalytic material on which
the fluid reacts to forma product. The processes
cover a range OBAQKGROVAD OFTHEMNWENTIONocar bon
conversion, gas treatnment, and adsorption for

separation. [0003] Radial flow reactors are
[000d$ns t Fhis invgniderctsiaterde thenfdeld efHuidrpaiice epntaghand toran apparatus for

con BB B PGB TR g UL A o

particlhds magitd @Bss-fiewingdluad.e some type of screened surface.
The screened surface is for holding catal yst beds in

[0003] acearide Fasictuppageshes usheaddal Slow isaetpisrio provideeios gendact between
a flu?(?/ %r\lrﬁ % {:o id?”flﬁé ?cﬁled I%Laﬁ hceorrrl erggg g %:ﬁtél?ftl!: %Falte!r{aﬁ 8111 ?vhgc%qheahuid reacts

roug e reactor screen can be a

to forESdpro@idt NBfe pibER sdlcotéreran b firb@ksses Oinclad PigngbR@arbon

plate. For a noving bed, the screen or nesh provides a
convgayien, @ps tretimenty ard adspeptiopder s§pargen.d cat al yst

00T R e ln B e S B Pt srucare

and BMAfithbleOite bR dhistiib@ichparcatisdionidvicedrane dedtest fdL distribution and
bottom while paSS|g%ﬁthrough a screened-in enclosure

collgchign inserperate seine tyipe ehvsaeereld gidacsy Ehe sdreened swfaestis forhelding
cr.een. i referabl,y constructed of. a non-reagctiv

caraREO i MaBl ot Pt I b Eouler Brd O AL gifuce of me

reacfR MBfaCBAGE rQMal FRAMOUEdIgH Ak RaLONbedATHe Q464 danR a mesh, either wire
roblens arise fromthe corroded screen or mesh.

or othgO4aferiglher & purabad plate. lresh e vingdwds the koken ehueshatrayiget a barrier
[ a, bed are s

to peBfinkiof Ry o i RS A Pt T hog R BB EEn the bea
Solid B&@N@harthiss GOhddedantheRbPng moiwsthlﬁdi@h(ﬁl‘igi%‘éfaﬁ% a@lﬁ removed at

meshes or screens used to hold catalyst beds in place,
the hsittofrg whilp @asting thidygh iasarcefiedripzotiamrs thay peunjts the flewet dluid over

e BBy T GBI BPRRL GBREA BBe R SR T ey
scre&Po@SInABrgodNsdhSRa&IMahRuLRES®Fsion, and over time problems arise from
the corroded screen or mesh.

[0004] The screens or meshes used to hold the catalyst particles within a bed are sized to
have apertures sufficiently small that the particles cannot pass through. A significant problem
is the corrosion of meshes or screens used to hold catalyst beds in place, or for the
distribution of reactants through a reactor bed. Corrosion can plug apertures to a screen or
mesh, creating dead volumes where fluid does not flow. Corrosion can also create larger
apertures where the catalyst particles can then flow out of the catalyst bed with the fluid and
be lost to the process increasing costs. This produces unacceptable losses of catalyst, and

increases costs because of the need to add additional makeup catalyst.



15

20

25

apertures where the catal yst particles can then flow
out of the catalyst bed with the fluid and be lost to
WO b@8f011282ess i ncreasi ng costs. This produces PCT/US2007/073054
unaccept abl e | osses of catal yst, and increases costs
because of the need to add additional makeup
catal yst.[0005] The design of reactors to overcone
these limtations can save significantly on downti ne
[00650r r Elpadasignanideastors eoveosunathessdimitatangs cavhsavh sigaifacantly on
dow R SELF BB AP SNRIRY el SHIE KYENH ENF BSUBPoRion of the costof
pro@Witd hRRodatbdnle above problemis to design a catalyst
retention apparatus wherein the fluid is allowed to
freely flow across the catal yst bed, while the

catal yst is mai ntSIMMARN QF dTakEaINMENTEINNt i on vol une.
The invention is an apparatus for supporting a

anul ar, solid, The a at | onpri ses an inlet .
008 "\ Sh TR bT g BT PRETR! # 3o SSTRLARAD v ettt gnggpatus wherein
the fliid iPLbvRA 16 WebBiflRAAdrbdsi R czﬁﬁ%t?%d,a\pﬁi:ié {HE @ftafyol is Imaintained ina

all owing gas to fl ow out, wheré e inlet and outl et

catalyar tetentiom zoldafei ke mvensianne af eppanghslfarguppogtimna p@nular solid. The
solid. The apparatus.further conprises at |east one

DDA EOPRRF AT G Ay SR AR e FSTioPanecti 40 B W, and an

outlétrﬂa%tioﬁﬂﬁﬁlfn%]agell@ﬁ}@s forlaB B gl og'éts ® HB8 o0l WiHFRe hefinIPCInd filet

the solid. ouver extends downward and covers the
partitiohgdefaper talnee fa holdweagragolar solid: dhe ppsitngfurtheocghprises at

the .inlet aperture.. The |ouver has an upper edge and a .
teas{ Qi pRL e SRt LR ot it Doy B e e s R S0sy B Sehdends into

the @Tvﬁ’tn@f&r%‘@ﬁfin{ﬂﬁ%olia\hﬁ{eQOﬁﬁ? ek @HYEIoWRPRY 2 88 ekSthe inlehteaperture

affixed to the inlet partition at a position where t

to plewent splidifrperpassige thrgught thé edsttapasurki Tire lasvdrias ambipger edge and a

aperture u r edge and the | ouver | ower edge extends
towsike S FOR e ore e RgeR S5 86 pIPRE R Sderq Badguver upper
edg® affBWdAS tHeNRlet PABLoRRE! ptitfon! ONEBE (1RAGEVer EEﬁerleﬁgée/ f'at least as

extends away fromthe inlet partition at anh ang
highize theeitet ipaityge eppeardgBhiddby teeeer lof@DEIEe eRtends invdjheoctobyme for

advant s and applications.qf the present inyention
holdgga e bl b 5 piERE At [ as M e P B oV o7 sdge b oryes gitends
awa i8Rk h&w&aitﬁfn%ﬂg§%}\?8&“%@ﬁ i"d'e?‘éegﬁc‘f% ubtQn. BRIEF
SCRI PTI ON OF THE DRAW NGS [ 0008 Figure 1I"Is a

[000dF awi Oiyendbjectpadtvamages indapplichednspdithd present fnoentidnewill become
apparatus; .] 0009] Figure 2 is a drawing of a |ouver
appar |t%§ﬁ<)ﬁ@skeﬁ€éi Bt ?TBHét,h [f@f%]lg fragiings and;dgtagled description.
verti cal Cross s_ecti on of aradial flowreactor with
the inlet pargRIFPPESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a drawing of a portion of an inlet partition for the apparatus;

[0009] Figure 2 is a drawing of a louver including the extensions;

[0010] Figure 3 is a vertical cross section of a radial flow reactor with the inlet partition
incorporating the invention;

[0011] Figure 4 is a vertical cross section of a second embodiment of a radial flow reactor
with catalyst containment;

[0012] Figure 5 is an embodiment of a spiral louver around an inner inlet partition of a

radial flow reactor;
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i ncorporating the invention; [0011] Figure 4 is a
vertical cross section of a second enbodi nent of a
WO 208411202 ow reactor with catal yst contai nnmentPCT/09208]/073054
Figure 5 is an enbodi nent of a spiral |ouver around an
inner inlet partition of a radial flow reactor;[0013]
Figure 6 shows the use of inlet vanes on the
apparatus; [0014] Figure 7 is a drawing of a portion
[00131 anFi'gmﬂeét%hpa/IStthetmscrmfﬁldct ‘anes aiptbampparstuwi t h t he
endln ou vvard an fromthe parti
100143, s iR 5 PTG 5 POBEBIO! £ gl 191 YBAPPRGHLS with he
louvgfscégt?enaﬁl%tduﬂoar@fana Iﬂ@/aﬁ%ﬂff @BE PErREE Rl MSumRUMRS S
extend oltward fromthe particle retention vol ure.
[001BETAI i gD BES@RE REh Gio SR ediinin 6 MNWEMIHaEltl{ ®Bdr6in the fnetds eriend
th r d| al rovi/ reactors where a catal yst
Out“falr%gﬁg“b‘gﬂﬁ/ﬁa%‘ﬁ RO YOlBGfon, and the annul ar region
is defined by an inner screened partition and an outer

screened papETAIPRD MS@R@H@N"@? ”ItﬁLeIWEIQﬁTXéN bed, or

a particle retention volune for ding a granul ar
solid. Afluid, usually a gas, rovvs across the
[0016hr t i Aiporiderangistsavigh sadial Hew, reacters twhere akatdlystifilows down an annular

.cat st t d duct. fluid, | so.usual |l
regiqjhaid franpylabiegions Aiieg Ry Adpgrseened R PRSI gl pater screened

partfﬁﬁﬁ r@hith 8e@RsS dhd @a\f\ﬁystt REQUIR. paHl‘Fe REdneBA SEIuRR ol 18RS a granular
need hol es sufficiently small to prevent catal yst

soliady flnid) ewially @ gayp dlosisagroshuie patigions had caalgstdath] reaxtting avith the

I [ d dead aces ere t S .
cara§ydd i te? B e €l RunBP B g i sivros PRIl ot iy with
scre@s QBN RS A8%E BFH&M. THE @&Eéﬂ%@ paRliRAs hh@thods sﬁﬂﬁ&&ftly small to

catalyst to spill out. [0017] The apparatus can al so
prevbes caralystipotibles ﬁf)mpaas:iagn,rbbut dg hwlasams subjace mt plfigging tulbereating dead

fl uj I I l.i.d adsorbhent. This
spacky A de iy STt i SR arelt s e BTHGRY SR AP 14 Rt and
corr@s%h @fb%ﬁn%ﬁ&lei fhavaiidw %Qgtafy@@to‘%gﬁp&ger but is held in

pl ace he inlet and outl'et partitions while fluid
[001f7] omsTlmappartahs cgn alsobann adImbdnefmt adsdibéngapg@as@ienst fodm the fluid

resent inventjon is_oriented for the dqown
flowiig 68 Srnular PO & OG’F%IR/ Thfingly aafapaaréw Mg aggroent is
loadt dErPRRANGL fishw (b E 8{R6e, AVl iRpEaShy Rthlet and outlet
accordingly, th he terms down rd and upwar
partiies while ﬁmdrfhmsm\/(eotml grzamﬂar(adsorbaitafhev@pmutsh;é the present
directi.on avity.
invention 18 orlenteg forgtfle Xowgward, or in the direction of gravity, flow of a solid through
the apparatus with the cross flow of a gas, and accordingly, the use of the terms downward
and upward are in reference to directions relative to the direction of gravity.
[0018] The retrofitting of existing radial flow reactors provides for a method of
improving the reactors by using a screenless inlet partition. A section of the inlet partition is
shown in Figure 1, where the invention is described relative to the inlet partition 10 with one
of the apertures 20, and a louver 30 covering the aperture 20. The louver 30 has a length, L,
and extends into the particle retention area at an angle 6, designated by the number 40. The

louver 30 projects into the particle retention area at a distance of L*sin(0), and extends

downward along the direction of the inlet partition to a distance L*cos(8). The apertures have
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[0018] The retrofitting of existing radial flow
reactors provides for a nethod of inproving the
WO 2@8001R82 by using a screenless inlet partiti oPCT/BS2007/073054
section of the inlet partition is show in Figure 1,
where the invention is described relative to the inlet
partition 10 with one of the apertures 20, and a
| ouver 30 covering the aperture 20. The | ouver 30 has
a lower esiggtl A0, and thelpuwses badksa lomteo edgee’ Qo avhereghe lquserdowienedge 70
area an. an desi t t he, nunmher 40. The
eXtePS%Weq?‘iej’ﬁt Bf 8 W%Iqwsd%q@ dln°f’¥ HednlebPUREPDN area at
[00®]di sbangetRfrilkis e of ﬁﬁqe%@a@%oﬁ@mwe%a%&@ Eetdrfi®n space,
direction of the inlet partition to a distance
and koo sf dpe solidsefl@pep inio g Wad ealuhewesatadepewdehlhe anet partéion 10 and

the gy 7 T BliE SE T Selue cHLCEpE A v BB K dhjeratalyst i
alloadé@to B0 Boh fEhE Ahieta ﬁgﬁ{ute'ﬂ)' QQOldEr%Otﬂxglospr bﬂgy%qgs#gs in

l'ing process of t react or solid fi
mgnpfmani wivings et eattlysins epracfahe anost sgmBcat codieinsopdtiddeufi mfinery. The

to the void vol ume eate in
Spﬂlﬁg%?éq k! Fotdiing Ree g bhe gged FHBS bataeeies ?gﬁge giperture is at a
helgﬁhé&)v}é%éﬂ%ef@dﬁg%%l%u@er@%%lﬁ%&%%%ﬁfeﬁl gtlt@ﬁl le of repose, ¢,

catal yst is al | ow t hrough t t ap ture
of the(granai cdiatygt. tThe ahgle ©f ofposatdasiysdied g thk tnember 50, is a property of

signif Vi cataly is one of the nost
pangpgx Sﬂlllg%%%aélpg%%lc ﬁéetl?%llr%{ﬁ‘ﬁt? égxpﬁéqrya sttfface, a conical pile will
forn?‘%b Itﬂe:F&g%fbe@\%éﬁltMéEdée f let R (RPREA IS glgffé(?% 1s known as the

avol de the | ower "edge o e aperture Is at
anglhef gipbsafbvenglhés ﬂemrﬂftoqxﬂgﬁcajfprdmmds@Iﬁ\‘ll&:rminyrlai such as particle
. distance determned b gle of repos , of the
Slzegpfiﬁ*mpafde@awayéﬂw °P lcmpégwwp@&%@@a &i%sr gnated by

Y

(003 TR e fafe HERBEAY ofthe RAEhE i B4RPIGRE the louver
lowaedfasealeteamirediacadrdipiglte thai dghiationr; B3 fodlodst he angl e

bet ween the edge of the pile and the horizontal

surface is known as the [anrgin)cftan@pose. The angle is

rel ated to physical properties of the material, such

whefSL Raht le‘ﬁ%ﬁl éf'tﬁéloﬂO& shane an%@ B 1bYver %an&{%ﬁ%’oﬁrom the inlet

coefficient of friction of e particles
panlﬁbefzeﬂamisyhe iripde ofi rspaseder thegrdnalagbcbhd fﬂleﬂehlgt}a(pfethé loueer, L, is the
r edge above the | ouver | ower edge is determ ned

lenelte o dingpned cqares el o joyner aiacheg)tp Gisinleypartifion 1¢ spangyng to the
lower eﬁg@ﬁ f)ﬁ th\é\@(ﬁfv%r &(télﬁilﬁéﬁtd @%‘énlc&f fe{elﬂﬁm]i Qb‘lYlﬁlre qis

he“angl e the I ouver ten away fromthe 1nlet
[002{1}” t i Thecamgleadt] Of isibstwclen lalagdi 60 dégreeposn tfﬂmerﬁm and preferably is
anul ar _saolid. The length of the louver, L, is the

betwe@h §? ANG 3D AcaTRRS. Wi armerg @éedeo?ngl%@tW%fﬁ\/@r angh 35degesgs. The
anglE 8f thdFod vak i%tprgf%l:atbi}I H3Fertd p‘?‘@sﬁ@@ih@%aﬁlg of El%ater contact area between

the inlet gas and the surface of the bed of granular solid exposed under the louver, as the
surface area of a screened aperture.

[0022] The angle 40 of the louvers 30 is chosen to minimize holdup of the granular solid
as the solid flows through the apparatus. It has been found that the uppermost louver
preferably is of a steeper angle than successive louvers lower in the apparatus. The uppermost
louver preferably should be oriented at an angle from vertical between 1 degree and 20

degrees.
-4 -
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| ower edge 70 of the |ouver extending into the

particle retention volune. [0021] The angle 40, q, is
wheiseenI20 and 50 degrees fromthe vertical aPcI/UuS2007/073054

preferably is between 15 and 35 degrees, with a nore

preferred angl e between 15 and 25 degrees. The angle

of the |ouver is preferably chosen to provide the sane

or greater contact area between the inlet gas and the

[0023]ir f able apferttitee 20 dn bé raynd holearorseh b skewdoy e agrerally herizontal
. louver, as.the surface are f a screened aperture. .
orietaReh Pt HhGsich i Bt PRy BT 4 1PE Al tp Biving the
apertlr®idWef 8901 Ubo0E tHehBut: AW gS BY b HisBict Red@hlifled by equation
flows through the apparatus. It has been found that
1. Ferttbe cgvp ©f amgperfuptiweh aproefsenight lowes edde, thedowepaige acfgieace is the
t han syccessive | ouve | ower in the apparatus. The
lowﬁbﬁ%‘m@g?g ﬁlﬁlﬂﬁ’/‘%‘? eﬂﬁ‘é?t&‘ﬁ@??‘gﬁoul d be oriented at an
[002309! enfong @n‘ﬁ%ﬁﬁﬁeﬁ@,l thORLVWESR0 LxRGE 'ﬁf‘eewi%ﬂ{joﬁtg% irﬁet partition 10, or in

degrees. [ 0023] The apertures 20 can be roun ol'es, or
the aasmotberadiabteactoghapusery 8Aencikdly theanlezpartidgdn 10, or form a ring that is
.orientatjon, or any sjze or shaped opening that fits
affixgf g eehingrisal et ghfhon O kadh g0 caper ewalipwl apertures

20. ﬁgg&lglﬂagvép,gg@a e?l%rés%vc%fl b%gl{éﬁ%ﬁg&i @%ts%v?‘-g?ng%'h@ﬁﬁ? h8tizontal

det erm ned guation 1. case 0 aperture
oriematidn.a non-strai ght | ower edge, the | ower edge

reference is the | owest point_along the | ower edge of
10025 ¢ dpépetirembesimant. fhe e b e Ghetend e gk oBie et

_ : o b or i g
50 P A Mo BlrbS, b e RLAL M M i rire 2
The icuivets hpa¢ sidé edges BO, amarthé extamsdorsi G0 xtdndtfrdans tiefsidexeiged 80 of the

the cylindrical inlet partition 10 and each |ouver 30
louvers\A0rte the la[ea patitipy lg’fefgﬁ%}‘ftlla faminga shrgud pys ghg eares20.
e r .ot '
1002617 ABbHACRO B RR. e rBLANBRRACS o Biel REHAE ol ap outer surface
withelbedalpR riispotdicbebwennahs ind@r shal dunér sarth@fdrming adytihliried structure.

the inlet partition, but extend over the apertures, ,
Depgiiling on desard flaw dhawciesiptégssihs daner sarfags sam be fhepplghpastigion, with

I ' d [ .
B O B L e
partitioh eiid thafifinel is@fiack@an 68 trecdutiéepartifier. Mhagcrristidsahist vosted dictate

the aperture 20. [0026] In a radial flow reactor, the
the chaige ingludeohirare Bet lamitadrinethe dlomf ratecofaheitlaid, igghuding whether the

AR o 10 OSSP MRER D B i
within the fluid, as well as temperature changes in the fluid. A vertical cross-section of a
radial flow reactor is shown in Figure 3, where the outer surface is the inlet partition 10 and
the inner surface is the outlet partition 100. The gas flows through the inlet partition 10 as the
catalyst flows down the reactor in the particle retention volume. The louvers 30 extend into
the particle retention volume, with the lower edge 70 of the louvers extending below the
lower edge 110 of an inlet aperture. The outlet partition 100 can be screened for retaining
catalyst particles with the screens having holes sized to prevent the passage of solid granular
particles from the particle retention volume, or can have a screenless louvered system similar

to the inlet partition 10, as described above and shown in Figure 4, wherein the outlet

partition 100 has apertures 120 defined therein, and where the apertures 120 are covered by

-5-
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Dependi ng on desired flow characteristics, the inner
surface can be the inlet partition, with the outer
waersaceIns the outlet partition. In an alternB€T/Ug8007/073054
the outer surface can be the inlet partition and the
i nner surface can be the outlet partition.
Characteristics that would dictate the choice incl ude,
but are not limted to, the flowrate of the fluid,
louvierscl i@dhﬁg:xwmétlmdowwalfdl dijegtieix pmdls pertickoletantion solge. In one

AT R R N e AR R T
suffeRANY 8Mall o praQerdtithtd fhssye\orChtafRd. THE B8Pt $86/tOMB0Have a lower edge
radial flow reactor is shown i'n Figure 3, where the

140 oud an upper £dgeel 305 whhee thehpper pdget 130 io nffm@da@dletdméen pamgtion 100

surface ,is the q flows
sbo o5 e foeaiteap, FEY foe 8% Pins o e i Genas o a
distR¥Belbiant BARFOEddedf HREOURRT Apebtufe ByEthe QlstRRe, \(lestﬂéﬁnedr Move,

| ouvers 30 extend into the particle retention vol une,
whewd thh lauver | Hvexterald gearV&hgbi 6t freml tbcwetlsalemd ehfcgrmgllmedohvl/has an

ower inl et ure. out | et
angl 4 Spra - 160 Srinob e cbPednues B btresn 1 Sediets G0 degees,
withPAprbietle8 Sn e bBvidag 18 Qi%gx%gssadala}ﬂ Grdol B ?Feefgr e ulppermost outlet
prevent the passage of solid granul ar particles
louveh &3(peanttiedHeewgeat ledegiaerand @0udeeteenr can have a
reenl ess | oyv e ed S sim]Jar to the inle
[0023] ¢ FargReciess e hersdibh B Gl ﬁﬁ?smﬂ?tﬂowe@ gge preferably
t I [ r
exefidy ﬁ“ﬁi‘%ﬁ?%eer%%ﬁ@“*gnlﬁ‘“ﬂ% s e erb;%%“% AR PRE E 8 han tre
distanow 8reddwhbryddge wé the ifild@0loukert exmride helowrtha lobemmedgr of the inlet partition
direction into the particle retention volune. In one
Per{ii¢i at i on, the outlet partition can be made entirely
[002‘8'] a RHIEaR befred @ﬁba&hﬁﬁnﬁ%ma%l bmféa&ﬁ; me%ferﬁhbx is also
smal | to prevent the passage of cata e t
appllaablmeo 8 rd8rhanadsabtowheregdde 1ﬂ1é0pmtubraamqum;der padgen are
mher? the upper edge 150 is affixed to the outl et
“ﬂmﬁﬁ¥@n¥P@ﬁl@@@“ﬁbgvguﬁe%overed outl et aperture 120. The

[Oﬂﬁ?mr’l'nl'geg&gseﬂlﬁ le t1 OQHH fok n{aﬂg}%%s 1EYLEARSOhOsith embodiment

di st ow t west edge e out et aperture
is a fadial Aewdesta@ancie) th(d mlst }daeﬁlu(lireﬁh thb dnvde ofitee eeattoe Theunler partmon
130 extends at an anﬁ omthe vertical and th

10 fesmsrubptartipliyeyHadric Swre ftslrd th%&%lg%rs 3p aredigpossifine siral
aalgBS b blg HRAEL AR o ERNERNA RO OORRE AR TR e

pamﬁsn dHgrleesers dibaffaedte t}fe(mnérhﬁrtuhme]l()’mﬂtwmdl firk etplfaﬂ) wa@her around

130 can be between 1 de%ree and 20 degrees. [0027] For
the ipgeg pagition: IR harg the ARelgIPT dpglingtien é@%%%w P-ardsgrees ﬁ@ 10 degrees,

as st § ﬁtFI%lﬂ'yFeA 1&%? 3@ ( 8{ g&ﬁ@%% aes)&{egg%]gl d{lrpgt ;?roﬁ'ﬂdsﬁl"e’"}?& partition 10,
el ow 't ower edg I on ure

or cqir @aipeise hlvddiplé hendlngs with the limit of having a single louver 30 wound around

the inlet partition 10.

[0030] The present invention also provides for a variable angle, 0, of the louvers with

respect to the inlet partition 10. The angle that the louver 30 forms with respect to the inlet

partition 10 can, optionally, vary with position down the length of the reactor inlet partition

10. It is preferred that the uppermost angle be the smallest providing the steepest slope of a

louver 30 on the inlet partition, with louvers 30 in lower positions relative to the uppermost

-6-
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di stance the | ower edge of the inlet |ouver extends
bel ow the | ower edge of the inlet partition aperture.
wO o®28112vthi | e the preferred enbodi nent is for BCT/EHS08T/073054

flow reactor, the invention is also applicable to a
reactor, or adsorber, wherein the inlet partition and
outlet partition are substantially parallel planar
structures. [0029] The present invention provides for

10UVﬁ’ia3Q/h€p@%]iatﬁeé aggles. dihs angpecaniinereeseipnaiupintorican mcreask efkce and

rem%lﬁ %thétg % Coréowllhti‘ I%thg} t&g? Hl?tap(rgxtﬁtllttf%l O?‘ﬁjbstl%a SO prue gor tl?e design
hav1§% Bd antbrl shitaloyhidrel i tedd inshé bk W & sing2R&pirAEloL P30 the louver 30
are disposed in a spiral arrangenment around the

has gminial pagle ihal srmml, mhbthp angle of erletven B arcreaseunwish saahespiral

wincfe bt FeTpie Rirlsoh, P T RGeten Bl SpB ok e a0 S ffiees
[oostl!pe Imearpp@@ﬁtslotfIugmpré&nwme&ﬁnfﬁnﬁaq!aﬁ l&fludée&hma 3h1kOR the top of

between 0.5 degrees and 10 degrees, as shown in
the rEachnrfer Bilmatingthedogowaddlovonfpgrasdassobid pgitelasiimdierpgiticle
aroun the inlet partition 10, or can conprise
reteHn OB wi ndi ngs, with the linmit of having a single

[003|22 uv eAntherV&%qlrﬁ‘&Q 8P thelifFentiBh %co%r&tb§ Infi vk, &S%%Q’ll in Figure

The present invention also provides for a variab
6. Tlanigleg vaups 160 atehdispaseds en ﬁle\mhhpmsmd:@ dnch¢ pa&s sidd Iﬁtd away from

t 10.. Th that th ver 30 f
the fREkclt b g TRl BB RPRYOBES L30T an ygos o RGP nd s ower
edgeVB0Y aNd 48 AR kb B 19EY\ﬁar¥1ﬁ§n h@ﬁgﬁlhh@fnl& I'\‘fﬁnJSQ%EIOJdrges 170 affixed

inlet partition 10. It 1s preferred that the uppernost
beloarthé vize edgrel lsﬂnﬂthespertprem\andhm gudtipartsioadPeThe sighpef the inlet
vr300n i nl et h | ouv [

| /
vaned g eitiritats Bt PrgicB d0unkerige Mhosira a0 deerees. The

inlethAUENG0l @R §8Ve AV of J&ﬁgﬁﬁﬁb% 1&,"?1511&%& 1538 ﬁmlted to a louvered
gradual Iy, or can increasée once and In at that

shaparagd eardiganext¢rtded laenogt dplofalithef intet eperpaes dt & mmnaled shiEpé s/here each
true for the design having one or nore spiral

s als
mletl%’ﬁ’%ﬁeg‘as HhiBled VARE-t he case of a single spiral |ouver
[OOSgg’ tIH%n aRHPﬁQ{e eﬁ%ohﬁﬁ?rﬁ‘rlhé Dbk s @tﬂlgﬂr?seg Ainid t%aﬁﬁﬁ)lnl 10 having

he angle of the | ouver 30 Increases wt
apertupéerﬂ defiinadl thegeimrand ad ohitiet partiten lm)@rltalvmgcapemﬁes (Tdffﬁ]ed therein,
can vary, from 1l degree to 50 degr [ 0031]

wherpqfe gﬁﬁghgpu%et@@ﬂttwe dsfing Rl eispighvalupE Rewiegh fie paritions
oy SRS L GPRRD 150
lowepadgd tlled pantidbinef thairletqlaetitioat kndfi tbmapmkaumaof this embodiment is
shown in Figure 7. The apparatus further comprises at least one inlet louver 30, where each
louver has an upper edge 60 and a lower edge 70. Each inlet aperture has a louver 30 affixed
to the inlet partition 10, where the louver lower edge 70 is affixed to the inlet partition 10 at
the lower edge 110 of the inlet aperture 20, and extends away from the particle retention
volume space at an angle, 6, between 1 degree and 85 degrees, and the louver upper edge 60
extends to a distance, d, above the aperture upper edge 180 according to equation (1) above,
where L is the length of the louver, 6 is the angle the louver extends away from the inlet

partition, and ¢ is the angle of repose for the granular solid.
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[ 0032] Anot her enbodi nent of the invention
i ncorporates inlet vanes, as shown in Figure 6. The
WO piosp1dnes 150 are di sposed on the inlet pareCT/U82007/073054
10, on the gas side and away fromthe particle
retention volune side. The inlet vanes 150 have an
upper edge 160 and a | ower edge 170, and are affi xed
to the inlet partition 10 with the inlet vanes | ower
[003¢d| g e sIntanGitafriatexaanb dslénen, thh@ptrowey havd giale Edgesofind the louvers 30 have

., apertures on e inlet partition 10, The,ang] e .of the_.
side gty HhTugehs 3PS eBERLe B R S e e s Pt pixed to
the lofvd?@ldéR@Bes] IndRg )R AsiBAspafl tILGa6EBetwdfftht M pa¥@i&Sand the
150 can have a variety of configurations, including
louvierst Endt exténsiongs affixed t¢ ausmred stagizcdndlosathelsale gap between the
ext ended across a.plurality of inlet apertures, or a
tous 08 TURE T EC SR 9T B vidpa e TRaL f2a brefpuihe catalys
fronY #Bing [0PS3he tAcRR al ternate embodi ment, the apparatus
conprises an inlet partition 10 having apertures 20
[0035¢f i Bk ohesre B0 prederdblarx@atl laety frant the irdet phetidrald aign angle
apertures defined therein, where_the in|let and qujl et
betwrgp 1 dreshons %ecggfeﬁémﬂefi B PTG NGl EeBd o lsaiges and 35
& ' . j e
deg GO PORL P ANRl Che MO 0B EobiP IR DAY (s BRRoH &
preféeroasethatertig eprctostAoar BD erteadl atvhp frionl the iperpartitionn] 014 aofangle
t he aratgg gf this enbodinent is shown in Figure 7.
ba“?ﬁﬁlgggﬁFéP Ofeg€¥fer conprises at |east one inlet
uve I : 3 :
00368 v 2 OGP RS IRt K 3 P URERC R doBRif0 can
compfifd scetnédapicn@rdsniteteip aid dctdeathad Openmipe rsefficiemtlly suméno prevent the
Iom%f edqe 70 is aftix%g to the inlet ﬁartition 10 at
passpgfeof theeglidegygalarpsriggles that ara flayingghyaugh gheapparghys. In an
3 r . t:i . i \Y; 3
eS0T RY L BRI LAY BT o0
showhin Figuee; whpear thediget f@btitdort Bhelsnprzeaghrsitanieéinedtherein and has
above %he aperture upper edge 180 accordingkto
louvery Rraldred to)yhaiis @artiirerlg af thedoveredge Rgths iBlet nserures, and
r -t he r :
whetHAE oIt el Bk Rl AR e S REAR Al KL 130
affixietieo gheantibipartstidn 0 0 OApwenedye odlthieasniat gpeetubesdinn@iat |,
t he apertures have side edges, and the | ouvers 30 have
embgdigienp dhgelouvers &0 Irateand sutward figgeths pagicte igtention volume.
t ensi [t XL Eensi ' . t
10037 verieqtterg RS B b O FNE I BB B bR UM O such
desifrethaeie potditsle undetthip aivientibis thddset df@ ohieatshfised sea@dhs or pyramidal
extension is affixed to an aperture side edge to close
shapgd éecglpg%fog gﬁvqg@g\m@wlqt peerwes/ A WhsEein the qopicak sections are affixed to

the iffff ééh’{l{l&{] 10 mﬁ tll?g(élfe Soif %Sco%cos\éict(?c?n &)Jltlllﬁgt ﬁ%{le HF\%}% dfir(e):cr:tion, and
preventing cataly

the lower edge of the conic section extending to a distance below the lower edge of the

aperture, as described above. In the context of this invention, upward is the direction

opposing gravity.

[0038] Optionally, modifications can be made to the louvers for purposes of redirecting

gas flow, and further contributing to the prevention of solid particle spillage through apertures

in the partitions. One such modification includes the addition of baffles. The baffles are

affixed to the underside of the louvers, and project substantially perpendicularly from the

-8-
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fromspilling out of the reactor. [0035] The |ouvers

30 preferably extend away fromthe inlet partition 10
warooan1nyl e between 10 degrees and 50 degr eesPCTUSI00E073054

nore preferred angl e between 15 degrees and 35 degrees

hi order to facilitate the flow of the granular solid

t hrough the apparatus, it is preferred that the

upper nost | ouver 30 extend away fromthe inlet
louyszy inja the gasmreatn, hvt syt theldeworcasige of tedowesraRtf@ably, the baffles

e SRR B SER0Ls B R e S REA TEB heove

upp&<k ?@&ﬁﬁe%ﬁ%ﬁ%@%e&%@%@ﬁﬁlo&m v, DRFfRS RalBS aRie8 b f}gsmet partition,
sufficiently small to prevent the passage of the solid

whegg tin bhifles partlnq inlet partitian atermsitionwd hepenthrtbeitpuvets@nd below the inlet
s an alternatjve, ppar a ca ..
aperiRE PR EosR thehsfioparieT 16 @S sahhi B BE TSk RY dtiosh The
baffﬂe@ Qn e SNQ PArtiidn Wil UinGeReraVBELEO R hdRweh le?e cﬁ%@ idu Q9. The
10 conprises apertures defined therein and has | ouvers
bafﬂ}'@ caif furshed lrmbldt: lhecieah posipencdiabbonthe Quidiscetof ¢hd awdyst éatge
t he inl rtures, and wherein the outl et

ap
fahﬁgp??qggﬂﬁ toé@ﬁﬁ?1§§§m pertures defined therein and
[005928 | Rk 1]1391tﬁ)fnfﬂa§ Bkt @sLiedQii ShatP f,ﬂe%én% cbRQaétd the
| oner edge of the outlet apertures h IS
prefemtzbeihpetitents hieislto e @ander&0od ha0thextemdow istnwa tichifed aorthe disclosed
tae article ret i on vol une. 3 The present
embp gﬂt it gr}mepgeéi Oé:B{v?r Vﬁgpu%@g&%}ﬁg I(gﬁdfmd equlvalent arrangements
mchm%a%mlh tifel @5pe $MBe ﬁ%ﬁ‘eﬂd&?@i @ that is possible under
his i1nvention Is t use o coni cal shaped sections
or pyram dal shaped sections for covering the inlet
apertures 20, wherein the conical sections are affixed
to the inlet partition 10 with the apex of the conic
section pointing in the upward direction, and the
| ower edge of the conic section extending to a
di stance bel ow the | ower edge of the aperture, as
descri bed above hi the context of this invention,
upward is the direction opposing gravity. [0038]
Optionally, nodifications can be made to the | ouvers
for purposes of redirecting gas flow, and further
contributing to the prevention of solid particle
spillage through apertures in the partitions. One such
nodi fication includes the addition of baffles. The
baffles are affixed to the underside of the |ouvers,
and project substantially perpendicularly from
t hel ouvers into the gas stream but above the | ower
edge of the louvers. Preferably, the baffles
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are di sposed on the louvers at a position between 10%
and 90% of the length fromthe | ouver upper edge to
W@ b@shozezr | ower edge. Additionally, baffles BPEHUR®07/073054
added to the inlet partition, where the baffles on the
inlet partition are positioned beneath the |ouvers and
bel ow the inlet apertures, but above the position
where the granular solid contacts the inlet partition.
CLAINS:baffl es on the inlet partition will, in general,
be above the | ower edge of the |ouvers. The baffles
can f&ﬁ%h%&tip(ﬁgdeo iscreeglpo§;%Honed abpve tpﬁb C
sur f dce R the C 3Tl ysI%g R i é& T Bt P Yay S bW PR s e
t hen eaéPansionq@d) hdvfi3Hkertiek | 20)tdefinédiheRiH, WhehBsach 8p&tture (20)
described wth what are presently considered the
pr ef dras @dowensslge (el end pn upperedgehe under st ood that the

i nyention is. inmted to the disclosed enbodi
puts Pt ai g b g gt AT S, PBHE S perure
€qui abeytas aNbRAABE BhS arii/g@ehla 6@%»4;% WhBrel e $90QRr R on (10) and

the appended cl ai ns. CLAI . paratus for

suppohe putdet pagitian 124D asodpaded to defioe e particlegwtesiign eplnime for
conpri si.ng: an jnlet partition (10) having apertures
(20)15§%Pg3§”WH é&#&aﬁﬂere each aperture (20) has a

| ovelea® dainlet1dier EI10, Whert BREMoSHI €30)3s A h dge (60) and
parti?ion tf%O) hggﬁﬁg agerturgs (%% ) aefigéﬁe ge (60) and 2

t her dower edge(@)eashtha parveuvppet ¢d8)(60nis attachedeto thedglet partition
and an.upper edge, and wherein t i nl et rtitjon .

(10 ARt Bites G e RS B PETea 08y o6 ety theParticte

def i ngtetiBRISILME BpARLae B hitle, PO betiRed @He?@é@éﬂ%ﬁde ees and the
granul ar solid; and at |east one inlet Touver (BOff

wher doeves howaredee (103 0)tehdsstoanleagibe lomag edged0) Oofdhainlet aperture
| oner Qgge (70), and the |louver upper edge (60) is
attaéﬁ to the inlet partition (10) at a position

aboVerippitafis o BRIth Yehd @ hABHVeE1ERALRIL (9 ekfRBds at least a
particle retention volune space at an angle, q,

distapet, Webelow thiegpresmse lamdr 8fzedé t))eesording to the foouwler | ower
edge (70) extends to at |east the | ower edge ( 110) of
the inlet aperture (20¥.L 2sin{the tagparatus of claim1l
wherein the | ouver |ower edge (70) extends at |east a

whef@iISisaRERng# of BRY 10Wdrh@isaReidls el IOWRE (9 @Rtehdsldiy from the inlet
according to the fornul a:
partition (10), and ¢ is the angle of repose for the granular solid.

3. The apparatus of claim 1 or 2 wherein the louvers have side edges (80), and the
apparatus further comprises a pair of extensions (90), wherein each extension (90) is affixed
to one edge of the louver (80) and the inlet partition (10).

4. The apparatus of claim 1 or 2 wherein the inlet partition (10) and outlet partition
(100) are cylindrical structures, and the inlet louvers (30) extend around the circumference of
the inlet partition (10).

5. The apparatus of claim 4 wherein at least one inlet louver (30) comprises a helical

shaped louver (30) that winds around the inlet partition (10) and having a declination angle

between 0.5 degrees and 10 degrees.

-10 -
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d =L * sin(g) * tan(f), where L is the length of the
| ouver, g is the angle the | ouver (30) extends away

WO e@ai0ine2 i nl et partition (10), and f is the apgl/EsSwhH7/073054
repose for the granular solid. 3. The apparatus of
claim1 or 2 wherein the | ouvers have side edges (80),
and the apparatus further conprises a pair of

extensions (90), wherein each extension (902 i's ‘
af 01 xElee anpacaties addpamat wherein thegrparqt8ois agadiak fiew resiceor having an

: i 10).. 4. Th . . of cl.ai 2 .
innflnblch 80 B abras T PRPBRGR Y nlEh a8 RpRL o) oo fpmer
surf4ckOfNd @ ugdt!paitonqa00)SdefiHed HE Bfter Jiehckhe i nl et

| ouvers (30) extend around the circunference of the
i nl7et Tiyaanparatusrof cldin 4 BherFinghe ppraraivuis aghdiel fAowrresctor having an
. Wherein at |east one inlet l.ouver (30)..co i.Ses a
innh OFFF &k in o 6867 1S B afiersf e hieh b L <Bfes Ty aper
surfRAY hrd the BulikPhreaRdA (100) Rands HetldepairtRR angl e between
0.5 degrees and 10 degrees. 6. The apparatus of claim4
whér ellre apperagyspraay o theslams ddo &lwierawthegmgteof, foatheriglet louvers
an_i.nner face a n outer surfa and wherein the
GOy LoRaeRitiard e el baieee® PhS 98 ace, and
t he opgd zﬁipaﬁiﬂ[stdftahg Bf (htQHimIefth BEehet IR tRUIPEmS3Y i&ouvers (30)
7. The apparatus of claim4 wherein the apparatus is a
are disphised atfanangledown gerticahafhgtveaenilndegreesind RAclegmed an
out ersurfac nd rein the inlet parti.tion (10)
GelF TR nain Ay O et o D TisPimpriniad St Ghes 1501,
whefeli@1n]étefattitesh (1 OFhdsNREGH5iHR6Kd a ?as sIE 2APRALRUHS ir®dt vanes
any of the claims 1 to 5 wherein the angle, q, for the
(150) hbet anl uppeeedge((360) ade lavergiigatiOs, fndovherethieiiclat vane lower edges
et n 10 degrees and degrees.. 9. The apparatus of
(1705 R B iEn s EO\aHe R st B RRR PhiBg e lower
edgdsQuMBrs (30) are disposed at an angle fromvertical of
between 1 degree and 20 degrees. 10. The apparatus of
any of the clainms 1 to 9 further conprising inlet
vanes (150), where the inlet partition (10) has a
particle side and a gas side, and where the inlet
vanes (150) have an upper edge (160) and a | ower edge
(170), and where the inlet vane | ower edges (170) are
affixed to the inlet partition (10) on the gas side at
the inlet partition aperture |ower edges (110).
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