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FLUI D DI STRI BUTI ON APPARATUS BACKGROUND OF THE

I NVENTI ON [ 0001] The subject invention relates to
wappansi2es used to distribute and/or m x fl ui dPCMDEE05/039145

specifically, the invention relates to an apparatus

that distributes and/or mxes fluid flowng in a

vessel containing solid particles. In an exenplary

application, this invention finds use in_sinulated

novi ng bed ( SVB)FIZHSOPETIRIBUSERR AREARAJ Wt esses.

[ 0002] Various apparatus that m x and/or distribute

fluid as it fl °‘Eﬁ@§@ﬁm}9 OEsER M picyng solid

particles are we nown in the art. One or nore such

devi ces may be positioned wthin a vessel and divide
[00alhe Jhkisubjpetrinventiesrclatdsdo apwrrains wsod to disttibute Find/onmex Bfid. More

such fluid distrjbuting devic an..increase t.he . . ..
specGiL (i ESTBLARSE B PRy B Ry e St AT g flowing n o
vesstl donthilhORALd F[Bﬁﬁcléé? 19 &S el APSliche6H, 8 alveRfi @RfiRSs use in

the vessel. For exanple, they can mnimze or

simghtedrimoaing Hed dGMBa adsovptivesepasaitondiroaskghnel i ng;

oo Sl foraruSh8 B Bpa LSRN TE R iyt Bl e
contiirotdolid PhrtidRa Afe Wl kidhvndd Weears Ghelirtngt seaiddvivedmahbe

vessel and/or withdraw a fluid streamfromthe vessel.
posiiprsd within e vessgl and didde thiejsakid particles into two or more beds. The use of such

v Bl AL SRR LR g g

flui@propertiod ac@¥Rd @osstsetionaliaea bfithadsssl pFowexaneda ftiadyi cam minimize or
climel e TR DL LB G OB S0 By A grietons inthe fid
confaiich Hisg FRp e iay s Hle kil Ve oot Wgroduge o fuid
stre@n int¢ frervebsel matHorywithaingw & Sluidsteamdmnsthe vessebt Stichidegiceshwll be
bed of solid pariii cl es above the apparatus and
CallﬁﬁrWFﬁ- I5bRIRE-coNeHO™F f1 ui d downward t hrough the
@ﬁpar atus; 2) a fluid deflection plate |gcated, bel ow
[0003}a demeriagansofmiserrdistEbuppesliesiommaretl kagwa if thgiag. For
et _
exaff, bbb B e R s L A s
adsdrptivetbeg@rbtiatt droexapiptified whiUs 13,214247,d&s 3 f7BRO8O; US 4,378,292; and
communi cati on between t he upper boundary and t‘he) fluid
US 804,67 but kft follpgymecee eropapn € RBRIFER OLSUEHAPRRE BN }) AR upper boundary
o I r L)
co \f)?iélingg ng%gs k' reth ST ;géaééﬁﬂ s&ﬁ%a%ﬂ&es%%@@ FheCp Qt%g% %%1@ permitting

e are a In the art. |
the Dewiof Abldedovitewaad themighttheappefatusy2)e fluid deflection plate located below and

s B 2 SRS 2k g b gl et rom
the fa%ﬂeeﬁ&i/ﬁlaiet &mgh%%ﬁsﬁg&b&gﬂuﬁbgh% L 8E BEMQtibRA Blakd WhikK provides fluid

o]

owm ng through the vessel and thoroughly mxing it to
conmpumicatior betyesah theaypper boundary and the fluid distributor. Myriad other components

and extensive variations for them as well as the common components listed above are also well

known in the art.

[0004] Desirable characteristics of such mixer-distributor-collectors are also well known in
the art. Examples include: 1) having a minimal volume; 2) preventing back mixing; 3)
collecting the liquid flowing through the vessel and thoroughly mixing it to minimize localized
concentration gradients; 4) providing for the introduction and thorough mixing of another fluid
stream when called for; 5) providing for the removal of a fluid stream from the vessel when
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concentration gradients; 4) providing for the

i ntroduction and thorough m xi ng of another fluid
wa@toeanizahen called for; 5) providing for the PENDSZN5/039145

of a fluid streamfromthe vessel whencalled for

wi t hout negatively inpacting the operation; and 6)

m nimzing the pressure drop through the apparatus.

Finally, the mxer-distributor-collector is to provide
callgthfor gthrwtasrativelyimprsiingdhe opwatiqn; ang @dm@gglzmé ¢pressyre drop

B e A e b T S e

rediftriboniah cfithe Huidgceriokethd owms kerceaml b&d of)ihe sesseliwhide predtidiag high

Velqzﬁﬁﬁtﬁgﬁrr?mw%&trr@sﬂﬁ@ g?l %H‘v@%éﬁa St eiaed of solid
arﬁc'ik% @rté:lf_'ﬂs " s‘gr@'cﬁh"' Pkl "cfa“}ﬁgﬂrééﬂl“fa!ré‘lilsgd herefd i Vﬂa&ﬂndnﬂal fise and are

vesse wnstreamis equivalent to a downwar
integuretbd based Iupmaﬂle overalh dirbationa:s sdbich ffuBlie ﬁ]owmw inythevessel. Thus,
m cal neers, Hand k, 7th Edit o ited by
dov SR aTVEIeTD » dol BRI LATaE VB ORER SbFEr New vor k

i d b he |
00080 Freni e Fppisre Fariosl, A Brien. gﬁﬁ% A

publil Ib? g@{tﬁx@w ﬁﬂl, W&F%tw% :}ﬁgestmﬁ o diy aés‘eﬁbé the well known use

pro rough’ channe ess equi pnent
of abding sfEidient wdfoas redistarme iacnoss ﬁlb tibe chhrmel tmsmqmtﬂ att@amsn-uniform

el S S0 el s bR i o

maﬂlﬁtﬁ&oétaﬁmﬁ%mnBﬁh@éﬂs%Hégoﬂ%%n%ﬁrb?eﬁTafiUAqlcﬁﬁt' I”-ﬁV[ NRagib, and R.1.
bal ance between turbul ence scal és ) Fl'ui d |\§E

Loe@i(@B‘Z)lteraatlbn ofi frek-strzpm tBhleBRBWith h@eeus en«b’grlﬁa*. Lalbalamedwtween

PR T il Nesh (Bl of A RO AR Bor o ow

axﬁﬂﬂ@tbf #vieBdudBs hoi@éﬁﬁiﬁ%& Scredifid, PsiforaBd plaRIpdRahs 8 such as
er eof havi ng suffi'ci ent’ uni form resi stance and

frittedt maictipapdamesb blankefs.fgyidy amé@pmbmmwﬂbﬂetqfdwmg@nfﬁfc@nhmmfom

L N L R SR
dovaktreant6f @itlet béudl sy ﬁﬁm&andwtﬁf)utbfl&)llector is well known in the art. Herein,
m xer-distributor-collector will be referred to as the

thiscpmpprpng pSthe mgxarslistribytonemiector wible ngfeaied o antre { Auid distributor”.
m xer-di stributor-collector apparatus of the prior art
[00@dn dt kastheen fq;md et pixanydigtabutertgodlacter appayatis of thenuioe art ean create

high RS BB A oG Lep BTy FRE PP cisbi S B i liefe partictes in

the 8dntatt bed Rrh¥@htyly bl vAhe hpSRatt &RAMt 4 tdltileMabRGiveiige linear fluid
through the vessel. The present invention reduces the

velqolty thgopgh e aawelo The @retﬁgmteme@tlp@reéw?emthﬁaﬂ@d it ang/as frbelgnce to

elirrﬁi:_gl)aﬁ[ée gr%hjfl?%;ﬁés (ﬂlre 19 13 golhrc]l% éc?e\?%g%{e 0k A ?% e?evl?r{ %rgﬁld velocity in

the véx¥elNFuhersthg linv%nt@(ﬁfﬁlgr)dﬁéﬁﬁly@ﬁﬁlc@f or@limanstdsurbances to the particle
di sturbances to the particle bed beneath even when th

bed hoagatiyeveniwheaihe gvgrage @@Paéélwdyvq Qeity pringigated byp factpraccftf@mr to seven.
of four to seven. BRI EF SUMVARY OF THE | NVENTI ON
[ 0007] The present invention provi des a nore useful

m xer-di stributor-collector &Qara
BRIEF SUMMARY THE INVENTION

[0007]  The present invention provides a more useful mixer-distributor-collector apparatus
which minimizes or eliminates the high velocity jets and/or other turbulence which disturb the

downstream particle bed. Specifically, the present invention involves the addition of another
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which minimzes or elimnates the high velocity jets

and/ or other turbul ence which disturb the downstream
wW@a00biosd2e2 bed. Specifically, the present i nvenP€DNS2005/039145

i nvol ves the addition of anotherconponent, a flow

mani pul ator, to the apparatus which is | ocated between

the fluid distributor and the downstream bed of solid

confpRger Al m%pfa&%ﬁ%&%or G e ep s g st
and tllle %n% @ftéogﬁ Rgﬁlg};é‘s ?ﬁeeﬁ(%w' g%nﬁ%ﬂsatt&' i9 Eaga%d dpRrt {8 the fluid

eat ni pul I's a
d1stﬁbutmcahdﬂms bp@mga whictegrowidb flujmoomsinieitipnl fropethé Gnidtdésdributor to the

pl.ate, ree r .grid havi ng. an open area reate .
bediof syl ia besat Zhe SOgrmeEHRMIFPLisd a1ICE Py GHongEpEb, porous solid,
per m&y Q\éegzor THE HRRAVL NG e Q%]aat&‘ 1AM the l’)périSar@a of the fluid

sect i onal de view of “a vessel depicting a vessel
mﬁnbMDalnlng a plurality of superposed particle beds
with internmedi ate m xer-distributor-collectors. [0009]
Fi gures 2A-2C are overhead sectional views depicting
m xer-distributor-collector sections assenbled wthin

vessel s. [ 001BRIEFQIESCSRENIONIOBBHEE PRIEWINGRal si de
views taken along the section lines marked in Figures

00, 4 SRSl 1S bSO Rl iy o

supbpBdelilpatiitfe SdbivelinterN&IMtE Siker@istritRitdrsRedtBrsany
process wherein fluid is contacted with solid

[OOQ%r t ']ﬁ%ﬁg s PRieN868eflbad QeshnaNiSyRddpidtng mhikir-QftriB@&EE collector

nt ai In a vessel. The vessel is oriented

secti@rstabsealbled witlomgessels. maj or axis. Al t hough such vessel s
are typically cylindrical and thus have a circul ar

[00t0]OS sFigexet BAnad 3Bfw¢)&ctlbﬂm sidelbiews takien wleng itersecteonriimes marked in
I|n1ted by the crass se al e of. the vesse

Figyies 2/r29€ @B TeRRaF NG yRdg! mﬁﬂ‘? ety RedBusHiian. The
fluid flows downwardly in the vessel through the solid
particle beds which are separated by m xerdi stri butor-
col l ectors. riad salid such
processes. Ng% AR %ﬁﬁﬂ%@ggﬁéﬂ%gfg§%E§G*8§uch
materials each of which have many specific

[00% grm Ophd éu‘B ﬁ{)éhti%'ﬂ a/o&l ust PR be‘cEééqf?he%iﬁ ‘flﬁlﬁﬁé‘ téntacted with

si ns, ysts nert rraerlas The fluid may
solidepaetlcilmp)dnch dre dwndbdontosa@mah@of basds|coftfainied in Nqssﬁiu dhe vessel is

t he |nve t| n [,S not int ed . for, mul ti i d
orggigouedicallialope i et o 2P et I TS BRIy Splindrical and thus
hav®l a)gn‘éﬁﬁr %sé@é&ﬁdnﬁ ﬁmf)é Hh@s&}e&ﬁﬁ%tlﬁﬁ i Gichiteh BY tHRBoss sectional

all substantially of one phase. Thus, in one

shapﬂbﬁﬂhe wessel, Tk iprasesshay ¢mploy on@ortlh@re§a¢1tVGg§B@Ss elhe fluid flows

cotipyat st SRI e AR W n B s sh AR plier

dis@ibBHRlcbl1EHIa MMyehd SolERseidespiiaiged inl$udh pratesses eNlon-hmltmg examples
herein, the ternms "substantiallysingle fluid phase'

of grups'ofisheh maeiials P3chatt vaneh hsvagany mesHicqompositionssamd physical forms
1ncﬁl% g%rbenltgi petsmg,fca aES%ts, and inert materials. The fluid may be a vapor, liquid or

supercritical fluid. Although the invention is not intended for multiple fluid phases, the fluid

may contain many compounds or be a mixture of multiple fluid streams provided they are all
substantially of one phase. Thus, in one embodiment, all of the fluid is the same phase.
However, the invention contemplates a wide range of mixtures and process conditions such that

there may be a small amount of a second phase. Thus, as used herein, the terms “substantially
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fluid is of one phase. Likew se, when stated herein
that the fluid is substantially liquid, it nmeans that
W@eookesre2 95% by wei ght of the fluid is |iqui dPCIVER2005/039145
such processes are well known in the refining and
petrochem cal industries, including for exanple
various reaction and separation processes. |In one
._enbodi ment, the process_ is an adsorptive seg%%ti on
singfeyfid ghase’] g1 sybsendiatls pf ene Riatec PIegR Mgk 2blest 9oy picieht of the
ﬂuicgig%? 91;1 13 Iﬁﬂemﬁ, Wi 8644 HeRY S ikt @B fd ik sERVMBAIPIHNEM it means
y re ence to the acconpanyli ng draw ngs. The '
that dr laxdt 0% byveeightrobitief fled isdohzimMany suclepocessestare wel kapwn in the
only showi ng.conponents necessary fqgr_an under.standi ng ..
reingns APV MRS Pl 0 Eunnd sEipt 2epeligh AR Sehkation
debded Sl Ak SmBOIBnAERRIPIBARE & a8addRtiverpithtidApraceds.ar
pro r?%)gteyi nt endréld to limt the scoge dg}fﬁ the&i&nvenrbti on as
t Tohdde i6h 3hdar; bR bt slibibd $iveti&iSwal now b
W“@@rtf%@%@?d38égﬁwgﬁgﬁggﬁgéggigkggaptgd tg Hold.a : ?Ow'e
givelbyrrafetenye Wfthe srcoimpahyiyg Spavined. Thodmpasgsdrqamplif¢deschematic
beds 2. There may.be two to twelve or nore parti

. y cl . .
viewso et t ieale: GP A viReoBIPOnS R FERAY JPeArb BdEr R aRpg e invention.
The'&r%ﬁﬁ%sdéﬁ hfebgﬂécp{o'iﬁﬁ’éﬁa?e%toﬁfe%m%o@i?rféﬁfsdﬂf@l% hPenkiBR and are not intended

subject 1 hvention. The optional use of a
to limitthe sabips bf thb itventicrokd setfooth irBthalslaues.t he upper nost
particle bed is also illustrated. One or nore fluid

[0083] r eaigural dlistrhtesdveidaliyopdshientdoyessel padaptedtodiold dplurality of

vessel 1 by way of an L%et ort 4. The fluid flows icle bed
vertiggiy sRacer SEPeRPERTGIrEdie bers s dhere gpaye thiado BXRIVE paReie Hegicle beds
i ; ' s di | i [ R ' URB&Aing to the
e b B BN R or sl B R0 Ring |
subjeatyinedntiam et dpttonploust ofie tnixdralistributer-caie¢tonhiabove the uppermost

m xerdi strjbutor- collector, al so he | oca bel ow .
pargatebecnaet HBsHEFL B ot BEsiraes are RaRERLfine b portion of
the Q&Hélqaagb’\@ offah4hidt ]gdrﬁh.r TRUEAA fiBws 88Fnivhayy HiRMLR Heiedel

are conmponents of the m xerdistributor- collector
contaptiag edch parBiclarbed 2raad amirerdjsdbuoeniiagtor 2 sequrnca pndis removed from

ith respect to each other and substanti al . .
the o ot e Besel Fon b P GRELHIORS LR o epicral mixer
distAbutb6oleBS Blay hRBLB ISR A belW theRetesBsartidle B&l ih3he Y14 As shown,
“Substantially parallel” as used herein refers to the

uppewequatiry Speid iistobuten andHpwmeaninslaier T e cappenesatspf themixer-

. that t are essential | J: [
s Bor RSP PR A i RE bl D BRBL L pet p coch e
andGebFAdtAnY iaéifiend'i(ﬂﬁér&b ligd vegtival axis dradajotxeaterlitg ofthe veswlirepresented
For exanple, the solids retaining screen (upper
by imengirae Yoe Iday exhi bit sone maj or defl ections when

supporting a significant weight of particles. This
[0014] | ‘tSobstprtiady parllelfas nsaddwreinorefsnioshe Avaathepapiar gf thepomponents

bstanti al,|l arallel arran 2Nt W L. i g
I T —
contSREntd Sliciab fieRp¢dnstredtin, inStaltition R eudi bdatie iMmay oedur. For example,

the solids retaining screen (upper boundary) may exhibit some major deflections when

supporting a significant weight of particles. This will not preclude reference to components as

being in substantially parallel arrangement with respect to each other.

[0015]  “Substantially perpendicular” as used herein shall refer to an approximate normal

positioning of various components of the apparatus. In some instances slight variations may
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positioning of various conponents of the apparatus. In

sone instances slight variations mayoccur in various
w@omposenat s of the apparatus in construction, PCT/US2005/039145

installation, or by virtue of their bearing weight

whi ch may cause defl ections. This may cause the

conponents to lie in planes which are not exactly

per pendi cul ar to ven axi.s. Thus, the term . .
ocotrg HEHCR PPIQPPI}E%%?afﬁg%%RPé@P’éﬁ“ Copst o HOPUAIgPo R virtue of ther

bea{n%éir@?ﬁ Vit E%O\S%ﬁ a'd@ﬂ%c'ﬁﬁrés; ANBEMbY MsShe BmPEn&HROI0AR S planes

be simlar to any of the
whivkehre nitrexactlynapendirsidzd to mgivereaxas.t Thusy the terai “ﬁubﬁgamlh]éy

R ALt RN SRS o L

Exampl es of such nea clude a ri et
[0014)r edfpper bpundary ey by %Hn@ar 9128y egtvﬂﬁ el BRBR %W%H%?d in the art for
reta rﬁlrsg)tﬁg Lol paﬁﬁ?eseﬁg%j{h@%géaratﬁmhﬂ@ﬁ&ﬁmﬁﬁ’g%@ @E)anward flow of fluid
rrses ‘a perforated ate and a screen with
thropgh ﬂerabparastusz elfxampeles ofgsclt meanstizdlwdet ah‘mdp asiatigty bBscreghms.cguids,

NI ERENIEER IR A R NN A A

a pérfordt&fflat® ind B ScrHBP&Ith BRBBERLYed dPiefinsh ® réfalrfths paigieRs which
provides a highly regular slotted surface that is

overlem the jalate. 'm)amjﬂmr lcagnedmu ggerighlaf hyarbstidenraorlykpgwn as

the outer. fa t he profil e, wide
e P e i PR s by Ry BN 3o e iehly
regM Sotk8 k8Fibe thA §efedis@fto @focﬁégét(pmgglmg%m ertendel contact of the outer
tailored according to the spacing and thickness

facsoffhoprofilsawisesyuidhsalig gagickes e Henbarmarsy theuigiditypf thg lpr@fﬂe wire screen,
rega(ﬁif? w‘i’l @)g ap‘? f O% 'gla%ebéM[aﬂgreii I\pcro%ﬁhé o th{: E&a HQ\H&’ £ cl&%ﬁss?f support bars

ner ace

usell R€joRt @th irﬁl\)&dﬁa@,spardlhﬁéxterﬁmgt bx@ﬁldm&e nNdSrrnaﬂiyduhe eu;psport bars are
contact with the solid particles.

weldedtoiepeh piofile wirealdho gl fse ofithg Rr@glep\@ireﬁe o 1&[}}51%1%69 npign direct
h
con%%? Dief? Ehgr o]?‘fl Péﬁlcfég. %gg?@%hﬁ?n@ fprcﬁ'{l loeAL AR hERed

e wre sapplcatlonls .
perp@fdimlaﬂy té ach ofloar buk nthenarigiestolfi eligrmakns aneyalsaknawno Rroddeiwire screen

for g SRPMCRUON 35 VBTN &1 QA0TE REPBdh LA R et JQHB LSBT (avaiable
froRUPR! F1 | St%&n?"@td? ITIQ?\I BPRES pBANGRE redh alii®ible from other

m Xxer - or co1ec ors |s commonly referred to
supipliers verldwidea The lppardioinidary eff the mixey-déstiitekm-colgetptslivegnmonly

f 001
refmegtt%» %aﬁ?%%%%ha%§3f<5§as{a§{sr%osg¥esevrzé%dkssaigsqspgglgﬁs@%
e solids retaining screen (upper boyndar %}Pto def ?
(O0RD v hahad Riribyeor s benigs PR SPaReO L. the Sofcs Rfaining

scrge%t (ﬁfp%p 86"81%?#/2 RE 5etﬁfé 1¥me o%g kG- cﬁétﬁl’nﬁoﬂéo‘il‘e&tb@ Wt Qktween the

ction plate 8 is | ocated between and
uplﬁp dowdag(Foardd the ﬂmdtdmnbmqnfﬁ Himdmidﬂcqnoﬁ phated8 fslla¢atied between and

BETI A NS TLS TR 2 EARTE —

ﬂu*ﬁ%eﬂ?ﬁi ng Jate8 % 16E \fédj@ﬁhlhtthe' Apbaraf VHRRR! VVﬁidLHF@ld%t into an upper
ocat e et ween t per boundary 5 and the

voldaiel1d ddcated bptveten t]83 L_qnndr boum@m 5 andlthﬁmﬂiﬁlm@&@ 8a@nd a lower volume
cgfl\g& S%W%:gq? thg %fe Cfob?g?qt%% ?rt}cg g gf"’}faéf cggtggut(f)rl 6" "fjhe deflection plate 8

contains a passageway 9 which is defined as an opening in the plate providing fluid

communication between the upper volume 14 and lower volume 15 of the apparatus. The fluid

deflection plate 8 serves to collect the fluid across the cross sectional area of the vessel below
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contai ns a passageway 9 which is defined as an opening

in the plate providing fluid communication between the
wappessizet umre 14 and | ower vol une 15 of the app&r/as2085/039145

The fluid deflection plate 8 serves to collect the

fluid across the cross sectional area of the vessel

bel owt he upper particle bed and thorough m xi ng occurs

the upT RS be sSSP ROCR B SOB B e yggy assageviay
w1tl-{)aﬁs§l§f?cge%\£@¥e§s£?}ﬁroﬁe hlljacfr?gnbdc?méxﬁe $ e@f@ eﬂ?ﬁ?ﬁ&ge&é&% rﬁ%l heused. Inan

e cro ar ea
embpéifdchithe rdicbfttie ¢rbss seaitoahl aeaosfshsessd belaiv the pa‘tlolfe b@d@ the total

assagewa t the r e fr
ol eSO e o B0 18
emb%ﬁl‘fﬂehp ﬁﬁl ra% 8Rme rdsh &t Blea BEIHE WedsBltbeRAY tHeGaftidkekd!te the total

tdtal cross sectional area of the passageway(s

croseidctiomal turea of ﬁ'wgassf;agomyisa isl within3lge rangeTiiem ,jéglstg é@vlayl)hmssageway
maye o LD i PP ARG D S BV OV F0 ey o

norfRARRused fdrahde %Hrfbﬁtlon-rhﬂleﬁﬂ }n&yfohﬁed ar dii@d:ohv’entmnal way
any conventional way such as cutt| ng unchi nﬁ
suclopeniting or priowhite atpediag tevdhdhe getlackon nipe- dédetedtion plate 8 may

| se_ ml
ol eSS TR YO B 558 BB s om0
essé@E 8B hdpahidus d¥Peson Pliste dﬁﬁ b 6péromp gl optring thht diatﬁne the passageway
openi ng or openi nqs t hat def | ne t he pass
Theg@gg@wya)n&/ }1@@1@1 @gat@ & it may completely
trav ﬁseé{h P a{teo nuc?xﬁﬁ%t?lﬁ}% %Pi)é \%ge%% lb@fng Ilc)éa{ea %\éﬁ}e%g t§vBeflection plate

IS seen as el n
portids as ﬁlﬂstﬁ&édl\&ﬁ?igﬁmﬂ @&ﬂhb@'t the Blngleacteﬂtrqdqmtsagema)a& illustrated in

illustrated in Fig ure‘éﬁi # eS| pﬁentral
Figyad seaydwespilipient forjeletivebegmalid g e
contn%l} el bR s@d@faﬂocé@é&'ﬁ??&ﬁﬂ&ﬂa&m hecﬂagé%l@eway 9 is defined herein to

confrgurations are comon for commercial scal e
inclpdeothe spatngthralehahd fhdd Ideﬂezetlon fht Sasishayerkame abye and below the

L P
e BEL O B el S, ey om0 i

ﬂu1demnmtﬂmaatldrhlmt\wmhgmyb@mdale’rﬂndrfbllcbdlwlbm@f se the
vol une, V, of the apparatus and provide fluid
[00£8) mnmﬁeca@pmms eluvee N, tileusuplhebe prrtiaiyacyumediby bmﬁ @t more other
di stri butor. E%eThe apparatus volune, V, wl hasb
compponentisy ber effamp CalelF BBCHHMEST B}Pr%ﬁ’é’l’%‘?m%ﬁ?eént%?f%%lf as braces or
i HhE s&be r bound
supp%fﬁmt. B e e s s e bfer oundary)
andnhs finididistiheors Spapatingmeinbemery aldocesiotd T@sﬁrv‘edgﬁwgon between

eSS foDP RN E G e Hlafo d s Tersudports T idefill s or  support
grid ﬁg«fﬁrgﬁfgré&fbsg ?f{ev!%ﬁﬁnﬂ RS SIBIFFOIRRARAPF tBOSbIdS @etdlﬂfﬂg%@feb@ NOther

here may al so be | oad bearing bars or
optﬁmpirlmt congmion cempenedisrioeatedrwighin thecppoitypriioliigiey ¥ Wflbbf‘c@taﬂed later
and support the solids retaining screen. O her
hergi8t i onal but cormon conponents |ocated within the
par.at us voLums V, . wWll be de{)atl ed

[0018] Fluid distributor 6 provides for the distribution or redal streﬂgutlon of the fluid across the
cross sectional area of the vessel to maintain a uniform velocity profile or plug flow of the fluid
in the vessel. This function is important for example to maintain a uniform residence time of the

fluid when contacting a catalyst bed to achieve a desired reaction, or to maintain a sharp

-6-



10

15

20

25

30

herein. [0019] Fluid distributor 6 provides for the

distribution or redistribution of the fluid across the
weewspseerti onal area of the vessel to mai nt ai PCHUS2005/039145

uniformvelocity profile or plug flow of the fluid in

the vessel. This function is inportant for exanple to

mai ntain a uniformresidence tine of the fluid when

LT e R R
desﬁ'eges oﬁ%&ﬁdn of ol gnm%ggﬁtﬁ%r%ﬁa%ﬂoﬁ%r&e%@ PUE design of devices

ent to a I eve a ed separation of
suclessmeefomnddsplates, acreartsgrids; pareus@ylids, avieynopbs ced somipinations thereof

o igPR oy BREC PRETRE)C BB Rkl vt SRg Kown by

thode 3¢ {)ﬁ?{a& &illR P@Pfh@‘é%)a@ Eﬁﬁ%(ce&rﬁy ﬂ{eafiréhﬁls%fe@éﬂéb& phgs of Perry’s

pro uid is well known by those of
Cheorichl Eaglyie@m Handbaok wberamthgsurebqr@ém@@@tyﬁ;ﬁa@mf pressure drop (K) is on

the %4‘3"9@@3';2{ [ el e%%cgﬁ%g&hlgl? uhd (? ?]tlélgﬁturr og}p%ggshf E%r?&!ated plate and an

adj Jeaﬁ dsredf. Rr25Hef Embiddperthe iflsidadistihieodis d@rofilé wiR. scﬂeen
one enbodi nent, the f|UId di stributor conprises a

[OOfﬁbf gfh%tfﬁ)% Hfafﬁgﬁla a8 SRR MonPHId96kted 1R edTRIid distributor 6.

nment UId istributor is a profile wire
As seed bemin tp@&m] ﬂonmprmtd@v1ceu$e§ te plierebe mpaner in which
fromﬁ cat ed. bel o

| di Ly o)
oA B RS
con&b%ﬁ@h@ of RlId &ty @iﬁmﬁl’é@ﬁﬁﬂow thatputdfor$ indiude: §cfe’éﬁ§|gnds perforated

hrough a veSsel or conduit, such as in affectlng
platm-; Anneyedmbs;orenstsplidy S@dn@ﬁdﬁtﬁdtf%at@fals\ﬂéﬂdé%@sb)b nﬂ&dégmbmatlons

of . f ni pul at ors_ | nc
therﬁgﬁ, flg\e\g{og\amsﬁl Pla \ts %rr\{ees Co?%nﬁc%.ﬁ%f%ﬁéces(%l gﬁnatca Ehﬁ ﬂéléd velocity jets
andfdr tirBel i@ WhicR b s ﬁlmﬁihcﬁ?kbraﬂkﬁta&d b@fﬁﬂ@b ﬂmﬁblnsnﬂlmitm(sand cause

t hereof. The fl ow mani pul ator 7 serv

sienfig fisisehmiy o Bel sEcITaT el Bt (R Gop rEiPalos i Rogpresent

i ol ot REUSERE) U SRR ity

pro&dsg Bichiag %fﬁakﬁig&hd@dﬂﬁdiéﬁnto@ntdﬂe&@nhﬂw oyehéeht thpaplug posiobeof the

i f the rom;nanlpuIat?r s n esep Exsturbqp&
partigle berbcausing mopAp Pl velordly Rt 13g) 3Rfl fpacgrptable pressure
dmgggatlve i.npact on the operatlng process such as

reaki ng the partlcles into small fragments which then

[OOngl o C Qts! %‘g (ﬂ’ﬂPJFCt gx'ﬁ?eirh %f) tgf' gcslf%gfar FRAYEL fb@lo%% ﬁmnfrl&%%mponents:

anne and unacce

an ﬁ}fp@ﬁ&iﬁﬁaﬁﬁ NPid dP&ioh plate 8 , passtgewail, diutid dlstnbutor 6, and flow
m xer-di stributor-col|ector has the follo T
mamp\cﬂp‘@n dntlke spbiegy W@r—%uﬁﬂgrrgp ]g,cto* qtnpp@tlg@%oergwl@g that the flow

aﬁgn A% é}{ugs?%% %%?%@;Xpsaﬁgrc;enlé tﬂeth?d &1"5%1.'0%1: g %n@the%?gn gulegwfthe flow

m xer stributor l'ect or
madiphiatod b graates thanahgoper &rdahﬁthetﬂmd ﬂllstmﬂm’tmanﬂmllatthﬁraﬁo OAM/OAD is

Db o Dot L Ao e R
rfgkf 1di Q@W&gh?‘iopteﬁ‘ Greh? bf Gl bShpddRis N herdil Abfih& astiotal cross

sectional area of the openings, Ao, divided by the total cross sectional area of the component,

Ar, expressed as a percentage where these cross sectional areas are taken in “primary plane” of
the component. The “primary plane” of a component is herein defined as the plane through the

component which is normal to the overall fluid flow having the smallest Ao.
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greater than 1, where OQAMis the open area of the flow

mani pul ator and OAD is the open area of the fluid
wale@biosat or. The "open area" of such conponenPGI/UUS2005/039145

herein defined as the total cross sectional area of

t he openings, Ao, divided by the total cross sectiona

area of the conponent, AT, expressed as a per cent age

wher e these cross_ section ar eas are t ake

0022he | o gpFATACHSF O iR s ) pstalled by
any %ﬁmﬁ 1818%% %5se o? oﬁﬁ‘rl[ 2 il e hegd. Bus bR phaRks tnﬁh&%lé @bnstructed

e corrpon s normal to the overall fluid
fronf dngwnitenial rvdud:}mansmﬂjstaad the/@g{a@@@jndﬂtms sudh) asdle temperatures and

e S S5t e SPBH B IR Sppopipigyin e i
they%ll bRt SRsusl l(f? thk sdrfle flaRrial will bERied fok AR tienpaiphtis Gftle apparatus
be constructed fromany nmaterial which can w thstand

but thise's npeeatiierg Typinallyt indargersiestelsass leasicome b reaonpenciyage made of

ool nghE B SRER hEooBE T GRR | PERBpR e P Pt e

appe%th& m@9 BE 86 porteld Hithé Yessélbysapendvhi g sush bd sdppoml ﬁﬁgis on the
for all the conponents of the apparatus but th
innen wiall o€ thsﬂ veers); sugnsKtcheRmy extending Hep Rewesesl shell apg/asyertical support

c
o TSR TR £ a1 B S
vessefs sﬁ@llf ag lﬁlbcﬁstoryIdTeJeﬂcﬂmalatmﬁs n?y hive vettjmabparéions with ﬁ‘@ngs such that
vesse any_known neans such as.s rt rings
the MvsEAIRETOTGPLIER PaUSar cud oot e DURRLLYFSHAr RYTPHONT
conME?%XIES%QIg ﬁg&gﬁl the aA AR is Yl Al A& %n%H RAQ Hbr¥RBH & RoBE&E that fit

e app APt Us can e’in In a varretﬁ
thro@gh slahwky omportimyte veSsel lshadt andelmbanlsia@ within the wesselt bagh

compppeT: A HEHAEh G RESOIG) eV Cr b fPaRup RSt ind the
app 95951&{?) Iﬁﬁﬁy&? InBhtEn¥hRhat RRS HHRRathdHe dBAEdIM Segments

commerci’al” scal e vessels, the apparatus is usually
whetde&cgrseginan dofatises el laydrsiand §e@p®1¢n§ of et appatatush L b@ﬁg [egments are

| shel
e B g Eéﬁ%%%aﬁ%sﬁrh %ﬁé‘&%&&ﬁlﬁ el
[Oogﬁpg?fgg&gé g‘gﬂz;qn Il,’r%ll'a% e&%é;égmf 5?1 ol ? At A ga?&dq{ltts as viewed

100155‘% dé\g{i’ AeAllR &%n‘ife%?&f}gqst' HRIREYIBHIE bohelfy SBGH apparatus That is,
conprises al yers and conponents of th
the afidatethining stiees & noeshosvt is Figuees2A-20 gledrdah‘d) raeviderd Plé@r view of how
to formthe ap ara us_acr S section
scampes B (Db PPy AF BEaAds s FERGRry Qe o By lipisp] Bindicated
by tﬂ% BUH 364 WEHoR) veddel Melrﬁ%ﬁ%tﬁéal\ék%%d Treatbsng delmmhe side
e vessel at an el evatian just bel ow the upper
bouhdaried detwesh adjheﬁnamgmeatsu ghe mmaﬂns«ssegmﬁets arsyi hggupported by any well
retarnrn screen not sho
bRt SO RO EDeeaaF g o Sl i) Fpomovabie
maRPab HeUfindFRyrReR oftHeARERUshelli Iihe WnaeRital seh@ene amithe right chordal
cylindrical as indicated by the circular crass
segmentthopassageswess 9 siedilusttpted 5 ¢ singlereciangulpk ogening thyepgh and
r|b 0 e [ t
st E B GH HEe Hh  DERURED Al g e 20
sho%@)(hdﬂﬁié passageway 9 may be curved to follow vessel shell. Figure 2B deplcts another

possible configuration of the mixer-distributor-collector in a cylindrical vessel or column. In
this embodiment, a support hub 11 is located in the center of the column. This hub is typically a

pipe which is aligned with the major centerline or vertical axis 13 of the vessel. The ribs 10
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known nmeans such as support beans or a grid which are
attached, usually in a renpvabl e manner, to the inner
warobase2nf the vessel shell. In the ten cent reCT/US2005/039145
segnents and the right chordal segnent the passageways
9 are illustrated as a single rectangul ar opening
t hrough and surrounded by the f|UId defl ection plates
The chordal segnent an he I de of

g (
deﬁlsmtbwd@ hatls eae presreateandya %Jaorf @bfg’gl{ ff%%?%}ﬁing to the
outel g‘?%l gf $B ?)Lulﬂcle gé‘% 2 gﬁngl%ﬁff%e%f ANOTRE RIS Th Bh Bmbodiment the

uralono m xer-di stributor-collector in a
ribs ael attndredwthe\swﬂ hLd»randoﬂmrmufabmof the sesselizbdll hyay, well known
sup rth terofth col umm. .
meaWtscgﬁawe gt%?f’ el v s %? (Lo P AR Bl g1 T PR e miver-
dis il g&%ﬁﬁ&hﬁﬁve@r IlYng‘iﬂeCZ@ t}@iﬂa§s %é”wé%f 9 bféacN SBRint is a narrow

s 10define the sid t he segnment's and
rectangdiaabeening thétrcompldtely éuamxsas tthehfhbd daflestioe nm%bqt‘deqrﬁbe 1ibs 10.

e P R085uRL ol e B R A O P YRR Srinai
fron@fhe %B @dithta ?agsag%v&waa lah omébpoan@h eNnaetinsiishagepaefagtway to the

vessel any well known neans such as wel din
vessok shoBl I m embl@élmﬂﬁ,sthq otigefthe éhwp\% pEthe passpeeytay dingn ihs central
sup;ﬁrglﬁ.ﬁ) {o gtghcﬁ ?c%bc)e( BF {4 s agéwg&{lagfr ﬁc}n‘f éggﬁr%%?mﬁﬁl V661 is'Whthin the

rangdFIn@ WOIte ¢ Barmuus, anulgple Mortpns may be cmadl teﬂeﬂixye the Awvidrdsfisction plate 8
the fluid deflection plate 8 between the ri

and phaspgevere ) wichin dhe yolume ohihg anparatisnYi e peeih %r§n§>@g‘ﬁ@ent not shown,
the ﬁ%%{é&gg n b% Qlef' H % Jrés%at%tlagéjfhré%ufu{ I%lé‘t@ between the

d an outer portion exten |ng rom
ribst FEupe3s ﬁgswﬂys ﬂhe atrhl@emms@ appdratiub seginrentmmﬂanb tvdssnldmwing a

SqUESE AISRTCCSOFbHRE THED 1 i o aRs. SRk e ORy botyhe same
conﬁ% H&&ft% rﬁ@ﬁg fa%‘x‘lrcgt?(%{eajﬁhaa%ﬂl%lr% q'?&’?évek $hihid {dit Fequi}€d. One or more

to 1 |'e ‘portions may be
segm&ﬁd of the dﬁiaranes ﬂnhp diffeninglis dlhfstrﬁcdl by) nxqmmaleseof&aams passageway 9

con R SBHEER HEHEE AT COHBA 2t e 08 RO BRI ™S Oy opias may

be d%ﬁg &ﬁgl nh%er%ﬁ&?thﬁhﬁ%lx}dh%\é%E@ﬁlb‘léaecoffbﬂﬁ the AFHdrRGS A@8ss the

enthe rib igure 2 [ lustrates the
crossrse@;twgexffﬁwtvesﬁel adpantlae pesticlelbade dtach edantrngofihe eppsegtus may be of a

havi n Al
B s L T
mirG R AAHE BhhBeR of QiffdrdMkédnvent @ddfgncat i on and assembl y.

Hovvever this is not required. One or nore segnents of

[0054] ?ﬁN 2nd'B% 1ﬁ\hsft1fa€er ad@ﬁoﬁaﬁ ditali¥sid SRRt ESRAP I Ention.

var o s"'passageway 9 configurations shown on the .
Thd waéws i Kigured 3 AbgdiBB cespohdtodi sestion h@@gn@h@dsmcf‘ﬁgqrmA and 2B

apparat ys nm ed in rrann
ressaly . Howermb Bued Blordl FruBea eR o th hifep HfRent
diffsfeﬁﬁénmé&@thaﬁ tiiie piRfRsl dlaehsavd. tmeh@@ﬁlsocﬁmnbmtrated in Figure
Each segnment of the appara us nmay be of a unique cross

3A sthe tpmn hbmslamﬁeqommsemre|s¢re¢rsl wh@h|oyer&nysep@ff¢r@terieolﬁte 17. In
thlszﬁ%fh%g %ﬁ-{%a{jlgg%}%t_eg wrﬂl%tls %%ntrﬁ)% 16 lqpneﬁla t-adjoining segments

will meet along the outer surfaces of the adjoining ribs as illustrated in Figure 3A. In another

embodiment not shown, a single rib 10 may be used between each adjoining segment. In such
embodiments, the ribs may be secured to the vessel and be sufficient to support the apparatus.

For example, the segments, preassembled from the remaining components, can be set on a
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[0024] Figures 3A and 3B illustrate additional details
and enbodi nents of the invention. The views in Figures
W@ 200a/065238B correspond to the section |ines marRe€US2005/039145

Fi gures 2A and 2B respectively. However, the
addi ti onal conponents shown in Figures 3A and 3B
represent different enbodi nents than those previously

S G b SR P8 56 Lo
segrﬁ) #ng}y Be s%hﬁ 1 ilﬁ{sﬁ‘%t@&j v[%l%tlﬁ othér ndn1h$HafedRdinidi they may have

segnment ricated with its own ribs 10 such
opeﬁlh@tto aejnoi the noxisg gfrﬂmdsbeweleh thesegments ﬁlgartgqé ingilze egme plane. Other

optlg}aégc?nggég}?tg il sgﬁtgg hbo]::" ﬁ\g’ﬂ I l l 1r8a anceicrimxmlg qox 19. The
conduif?] S1RrVERYs PReMReE iRRIIMRSS vﬁﬁﬁfhvﬁﬂhﬂl ﬂ‘Unm ﬂleSJGEmﬁﬂV of the mixer-
such enbodi ments, the ribs nmay be secured to

disttsdwretolleriot Appargtys iheh s adt i TSUFFSrtY thmroa%&@a]ﬂa@ Q@memﬂn of single

oG oL B BB RTB TR SO TP Ribwn i

eacH RghnbRSBaytisle @b bem c@ﬁmﬁwr peidists ahdh thekd 1lnay BOcameuted tosa distribution
Flnlng t he segnments may be so s illustra

mmanold it thereese Wdﬁlniﬂmzeﬂternélﬂ’é’éf ehssREERE By %c@?%%h the vessel

shelr agh otgg n& f} YRR e & co e?ﬂoﬂ%eﬁeefl lpad \%ﬁﬁﬁé YR8 apparatus and

e sane plane.
othe® rétphlpﬂﬁatht outzmmnewtssdlshélu Altheuglt thervoRdwul em8Asiimplyt bedie open

the conduit 18 and xing box 19. The c uit
comgpjeaton With ﬂ??e@#fgn% 3} e ﬁrgn%ﬂﬁ%sel%% CORPAY ?05 ef‘ioﬂg"é‘t 1§ tke
conﬁ&?ed\{g % an?lﬁer LR BoM o ehidh & lbbe{%é’d ﬁrleas%ﬁa‘?ﬁlt\@irthm the volume of
I's act is required by t rocess.

the a‘ﬂparanmnﬁe f[he use offmultiplgingixiag bewdsl andéor h@ﬂﬂw Wit m@anmng kpx is known
to m er-dis r|buto -colle

os 48 B TBUIRY Ot S2ane Goiene ey RVl poERBiiRhe it pox 197
loca%dslfl?r?kggip&svc@lﬁﬁe bh@se ﬁ@éﬁu@ﬂ &RgvehyRdhd Speding through the fluid

I on manlfold vvlthl n the vessel to mnimze
deflectenplatt ein toik embpdioreat, iopeningsde thermaigingrhoxUgIsoepraaty sgthgassageway

e T ATV
distRBtbREBRELR UL TSSO cdrlTBe seeSthed ms§ielf the rixinpbeglis witkin passageway 9.

conduit 18 may sinply be in open communication w.th
accordingo ﬂwrpee'mastyr@v iniionof thetpas@g%%&haf 18 the gixing box is

8.to _be co
Pa“i@ggm b the paysaeevaly 1 ﬁ’%eas%%ggi? ﬁu&ﬂ% %é eﬂﬁr e iffing box 19
is wgshhrums @%&/tgfebﬁ% APld Alixisg box. is Ideeted a&;; aee‘nt tauhé ppdsagemiayi e mixing
oxes and/ or

affles within a mxin bOXISHlf as
boxareed aotiilerk thewneaing iptha fivid defleghien gateatob therhotiom edge of
the '{rhl é%’%ﬁg b? @ﬁ@é@%ove%é(ﬂﬁg dgﬂégc{%ﬁ gﬁa?e |Iﬁ%ﬁét‘ﬁgr énﬁbodlment not

e appar at us overlays the
illustRgst, the riiking bR is dipipt briectanipfldreohduinpgsitned witlnntdnd $unnmg the

e ooy e e phovy S R & B SEPREHBL Spenig
pro?n%%glrﬁgf;bs ) B6h vgrté]tﬁggolﬁlﬁ%f hd il HEBBuB-cdIRBtor. Thus, the

r'i butor - ctor us it can be seen that
mixinsboxofrovifies for thieraddition amcﬁon/wrthdrmq;l @ faigernaynegr the location of

viggrgglg rglg)égg?sttgq-hgﬁ rﬁé&e\é{tﬁgggﬁ/tkg h%seq%gwggfls ia%en?ennt o% the IFr]r(;"w(ing box

and/or baffles may be used to increase the mixing intensity by changing the direction of fluid

flow and/or further reducing the cross sectional area available for the fluid to move from the

upper volume 14 to the lower volume 15. When the apparatus is formed from segments, itis
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partially within the passageway. |In other enbodi nents
not illustrated, the entire mxing box 19 is within
W0 b@ofpssageway, or the mixing box is |ocated BAj/as8m0$/039145
to the passageway. The m xi ng box need not bl ock the
opening in the fluid deflection plate. For exanple,
the bottom edge of the m xi ng box may be positioned
above the fl |l ectio Iate [ n anot her
DI BEIh BT T R e €8 HeRE A Bk Qmpopr &t the
embgﬁlrﬁe%%éﬁgt%ﬁgear AGeRHbtoRAThipeR&@H o Rpbprraas 1srsgﬁt@1|1 F]gte 20.

of the passageway. The m xi ng box 1
Splatshpmtea?to ib em hparfreats bwfaceo whightiaay bgesad trgredurephevgrtieal momentum of

e oG OTRUPRERRt R U y e HS ot e

plat® ! B\hid @ﬁlbf)&lfnehh EhAfite ibRipuRRE/798 alé hieteasids eqier]fokaid:cﬁplate
at or near the location of vigorous mixing as the

[00&] ui %sr}gdgﬁx%dt e ?l‘é%&rﬁkﬁ.ll:ﬁ@isﬁ AGBVRY as BHRASHRABAM apaft ffd@the fluid

nT xi ng and/or baffles may be used to increase the
distributom dn om embmchlylemythc Histagcnbetwhen e floish dignbeer 6 prgd Gow

fl furt
g ot e R F B SRR BEgR o
opeﬂ:tﬁg§ &dttﬁkeoﬁe%@% 1P LIES hRom pbﬁéhtg fieh apMaippetHousdary 5, fluid
ornmed from segnents, it is cal but not required

dlstﬁmrtomﬁa@hd ﬁegmnptdatonmﬂhtyp@a bsunitprmalus thigispot required. There

nt .of the enb d| I
mayc?ﬁrgfagq@ll vaggw;ﬁg Eoernefcarggle epo a‘%g gérbgf[@%tgbiﬁ)qoce@ﬁdﬂo? 111teli1t10nal variations
suclhat tﬁﬁje asdy el atiatiaDinite side dndfe Khapef Ghes)lpelﬁlﬁgfamﬂfnrcllmn pattern
be used to reduce the vertical m)rrent(&cm of. t he

(laybutgx 1) qyéfeﬁxb@dimenaéh%@gamwa@@wrﬂwémrép@ RNGS PRy$uch

B T

conﬂ)‘é)néltpﬁftﬁmftﬂé SehdnatiodimdnfAREMmeAs dinmetet orewlidtlt drespiuh ofisuch openings
pul ator 7_is shown as beln ent?(ﬁggrt fromt

is Of]) ramc{%}% ticheskt dhe opsrngs ghrey RS AT é)flgourse differ
sub?[%ﬁ%ﬁ? nTﬂ«%}gfofré lt‘l#éjm%hsM iU &R d@ﬁﬁkﬁ% Eﬂe%aﬁ%@h@ﬂin@ﬂ%an& between

unction’o mésh or pitch of the f
adjatesttopbfingsoin the pritherypéne ef theabmppeent. n@sﬂna nmbpdment the distance, X,

RETNTEE IO D T -
as d%ﬁﬁ%d ﬂy th Pt de o Ak, ! b\?vhér'@MDqE fAe rhdth of ﬁiesﬂdlcﬁdlﬁt@ﬂaufo@ @lahd 8UM, is at

natural variances for exanple due to the
leaét ab i :mmtheo mnboahueas therigitance, Xitie affeative WhomthcartioX Vs ircwithin the

a he .si ze d/or
e T b S SRR R B
rati§ U@l@ﬂ'b@ﬁ tyvittih e TRRYS of FRARS RY250 Mn BéreHid erﬁbocﬁﬂaﬁts ahe effectlve
openi ngs on such components ranges from0,5 nmto

distageeDX, ISW@HIchIe magediom § mnp e mmq@m@ 8 I@Pheéi hTerother

t h| t he :
emﬁch;ﬁg?% %vgt st%t}ce 3%395%@?{% giérnﬁnnﬂggm:ﬁg 3 %ches to 15 mm
(0.6 B T@ﬁﬁ}ﬁ@% th& ReudhRpelhrgstyt I e ippartatue eadhf dfeh@lqliper boundary 5,
onents may of course differ subst antl al.

fluitieestion platg &élmdaélﬁtﬁbﬂhor 6 el lony maiBulARE ¢ W4 Uiyslly g aiteched to the
rli n ol t 1
o A R BTGk nBS e, P,
solidfecds with R &tivel; small cross sectional area exposed to the overall direction of the fluid
may be used as spacers to help maintain the desired vertical separation of the components of the

apparatus.
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bet ween the bottomof the fluid distributor 6 and the
top of the flow mani pulator 7, is effective as defined
whyoosloss2eati o, XM D, where MD is the nesh of pé&EURI0F/GB9145
distributor 6 and XX MDis at |least 1. In another
embodi nent, the distance, X, is effective when the
ratio X MDis within the range of from2 to 50. In yet
anot her enbodi ment,, the effectjye. distance,, X,.1S
[0026bt | Frole Ebp b psTalechif BT M B PRICH Eofdap sdiefiped by a

profg% g{% Sertéh \ﬁﬁerlc ! Vﬁ?ﬁ}l& Aifds 8 MRRAIIRAbSA0idaN8ro8d de@Gér With the largest

nce, In the range from5 nm (0.2 )
surface of & Jirapezodds aonta¢tingdhé patiels et andsithh eppasith stfase of the prafile wires

vingeet ey SO Saiomert 52 S LG TR A e orny

cross EJCHGﬁa%‘) Eidpe laRd BRY 'h{a?/ dfertil thepakabets 10a8GH edbodilent, the fluid
upper boundary 5; fluid deflection plate 8, fluid

distribusari6i ib aso mage ofithe sdrhoprofitawise scaeasras theiaper Rpawdayy Inpther
tached, to th ibs. O ' .

emtppEE gt iy e SYmagrrs Rk bR pEC SREART Afttren

confBRANE.: TRk cBmBHRERIMN 4160 listt difforatt yrremmes axprewsusly discussed.

sectional area exposed to the ogverall direcfion of the
For Examipde, wng nsg bg aadoie wigseisen while H’)@|0§1€ﬁ§i afesioratedyplate, or one may

esired.vernt,i C rat . .
v b s L R e
oriefiaBéHs®f AR, contppnemprhichatnsa iljustated. Befoxampleblyorycombs may have

profile wre screen where th Br?fi e.vvireé 31 are of.th th
tapesed apapiagviheseAbessienicd vl (b o Baying FEalfer ohsrings on either the
ool ST AGERLERL) T 408 ABELIEhe: b e o
sectic@al Rofilelvatiesalpmotht héightsor & otRrrefiselnenssymestal. afet example, grids
support bars 32 may be.of any cross sectional ape
such e PO Pl OF il B BUEE RSO P Aty T ot bars on

the ?ﬁg%%ﬁﬁ Wde OFi Jebidk dndigeticdPuiiPhobsynimétisn parelas 6f o%)enings such

e same pro e Wre screen as the upper boundary hi.
as shithesy estutadedinrthsi imptzostabplane sottbatéheenepinge meay bawyicied in any

profiJ]e wire screens with differen onfi qurat | .
maqq%g/. 5@% ﬁ(é‘%:le do tain camp O%IS? %18@ evg{oc%?.r ﬁ’lcén%gggh %rrébodlment,
the g{o;ﬁﬁ Ygiéé Lofed RTHRBETB WoRld RXRERIN0° e BBMzdIfal Plane so a similar

W re screen while the other is a perforated .
viewlvatuiz] show the erosmsectinns af moviaye s1ppor bars e thsiskisrfage ojajsipgle profile
. Th resent invention also.co I . i .
Wirg, e Shogﬁ)%erl&ftﬁ? fysrage %8 HSH?E}EI% ! Ctﬁé ger%elg %{)ltegéf Ywice the average
opentrgbetwedh @b dprEﬁre VAR MRk endiksiin Fords 3BRtite meesurfapeofaib 10 is

openi ngs and these may be oriented with the fac .
visihiewiireg lsokang rough s OB Vit Piche BT disRgrcoNlggigy Figure 3B
surface of the . T ' - OEREED as illustrated
als%gkl}i;t&ai%% tﬁ?,;[ ﬂ\%\%ﬁ%la %?@éeéﬁglﬁrgls%e 221218? Iﬁgﬁag{er%% El% #‘ ?‘F@L‘\?ar i3bn as illustrate
with lﬂmallnhés@ pb@iié)ﬁ lp¥ the Lﬂua;r @ﬂet:iitgf plits & being-cinsastit theqassageRay 9 for both
exanpl e, Qrids such as profile wire reen . .
ot e Skt IR Aty Gpcton
DAL %0 51 RonB @ GFoul #BEgSRMIG @Sangular or
ma%l%? f?p R6 % ts{sf(%lmtﬂrgttvﬁéft%{asg Qép?gtg {l g?anrgéqou%ﬁo E)l eﬁi ngs us uch 8 as y £t
trap‘éﬁ@iﬁﬂ. My cbeduinlSit sibvimntottieén corhmunizativnavitipiha veluses of thetapparatus
thr(t)ug?l ﬂ?epr?linxlirrl]g €ox”1a¥ gseshg\rwln?t?lte ?rgxfng bg}r(] 3[9 may be a rectangular chamber
running the length of the passageway and extending through the passageway to be in
communication with either the upper 14 or lower 15 volumes of the apparatus or both. In this

embodiment, the flow manipulator 7 is illustrated as a perforated plate spaced apart from the
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manner with respect to the horizontal conponent of the

fluid velocity. In one such enbodi nent, the profile
wWoweoe/0s2eeen in Figure 3B woul d be rotated 90 PET/URM®05/039145

hori zontal plane so a simlar view would show the

cross sections of nmultiple support bars and the side

face of a single proflle wire. In an enbodi nent, the

ﬂulqa%gggs&ébégwg\t@ﬁﬁﬁg es | ri‘:lg% &eﬁfo&?ﬁa&pﬂ%&iﬁ% )gg any W, &Fihe group
of ma&?h%ﬁ)&?%#r@m?ﬁs%“&?cﬁ%d anBQudHRQIceSMbY BE sc@fin Lorbih&tidnSto define

king through this sectional view of
the fldvemanipelatati The mhxﬂr{olustlmb)itd>re®ﬂlo¢tor #isheve 0B Begighpside of hub 11 in

Flgulgelal ,Sétgqrgr? sre;cagsg a/fﬁ:s]sSe Istﬂ? glﬁ)f Qet((:) Ilreloln fr g{fg%e Vt\jﬁ?e%ve? ] shell 12 to
sepaﬂ[?é ﬂl@%ﬁﬁul%afrﬂlc@é%éafs 2t I'I%rrfﬂn'dl ﬂat@ﬂl' &6 bphap téhponBnts evhidh may be

osest to the passageway 9 for th portions of the
usediefﬂuﬁwr lmpmpt ﬁﬁéﬁuﬁmabtnmlbe%b@@nﬁéﬁ@ sggjtons. As shown these

he .f| f
tenntl% Bfatea itsl gy Stfﬂ'g to eliljcgosgglg% %egééedc?%ﬂo%} Aefit the FRY R essel shell. They

an equiva
mayHePnaPl chriisl 6 pridl d dloder fitaght (ali‘vamuretolf dpeazspedale. suffh@s they

s Lo S S e
nbsﬁgz#]% 81%%] ﬁf Xﬁ ﬂ%}%g\gﬁ) g‘r% t(lz@ﬁargl%na"f1 fafeQ bangy ?ﬁer Gh@MRs 5, and the

passage and ext endi ng
flovt MesiBEBtok hen@as:aagmayo the vessel shelt mthmt ivn supplott rings 22. To

ei ther the upper 14 or |l o 15 vql unes, of. t fih
the o e Lo WS P, gt PEOWRKE TAES Whetginepgayer of he
appﬁgt% R #tt@&%rd bzlfsbﬁarétle h@:{o J@g 28SS@hRerh¥oaissht Blagbe used when

Spaced apart “fromt Istributor 6. However, it
desiiel 16 apseahiczihe aprfastus 1hé10f120mm1 tayioispathert than hmectien% riyalsﬁ illustrates

t he group of I pul ato S evi ousl cussed
v gt P Bhori Bt e e SRR e v
canfbh QW48 Q’ctaﬁ Itl"?et &Elredetsbﬁcﬂg B@t"Wegﬁ ik Eb@idél{&htsc Hignge BB alsasllustrates

own on t de"of hub 11 in Figure 3A extends
another qsmnalrmnﬁgmmn cﬁfrthmerhmdmwldlelebYtthﬁ mirer{lisfehutosgpllegser is spaced

apa%%rpmm es 3 gygd QF Pﬁ‘}%}’?‘ia% agfe d%ytvrc])?d %@MSIS‘LIH ope embodiment,

~ the afaféﬁeélﬁ&h&ihé/\ﬂsut@ﬁl Sade Rewusshulloritbl tHeliep of Hip 1@V phitiele bed is

structural integrity of the apparatus sections. As
witlsih dwrrangecBem Benmi(Bdinghea)te 38 mm (hdipchedve to encl ose
the section ends adjacent the hub and vessel shell.

[00TT]ey Inmyie bmbpdiaeat, thersubjectievention jsrused e SMB) agiserptiye separation
to the curyature o the respective. su

i U AL e SR g S s, LI Ao

use?b?an}; &ﬁt V\ﬂﬂ f@MB psdebd G%nh YartibB@ard dRorbeRFeddtbéi® Bbiibination.

s shown), the tvvo term naI@Fi)I ates 2.1

The gmembtee]nmtymmniﬂoxbdﬁn tlmm:rﬁormaﬁcb ol sigrilaied mowing bedeMB)

be attached to 12
adsgﬂpb\ﬁ% §etpa;a|tlﬂﬁés \ﬁ‘ép&?g‘ﬁ?eﬁ n [c}gf ergliur Pg)r %?%Qe é]géaﬂérﬂ dig;icnp‘uon
dir@RRAD Ble BERRE) JTRAta-tyEerRNO PRsMAR € pil et thcaS@temﬁer 19120 edition of
apparatus i s ‘attfached by separate support rin

Ch@nmhl Buogireatingl Pregress Gégl. & NosBd Thg e PAWINE ed teghmque is also

et ratu ¢ to 8-87,
BETIRL oL R SRR BEPURILAPRIind PRSI S a5 ¢
Mc@rﬁ\gf’ﬁlﬁ Bodk TinpaB@ (1986} ardl ih A dserptibe, Iaqmﬂcﬁmpma‘sonﬂectmn of the
the apparatus to the vessel
Kirk-Othmer Encyclopedia of Chemical Technology, 2002, John Wiley & Sons, Inc.
Countercurrent SMB systems are described in many available references, such as US 2,985,589.

Equipment utilizing these principles can vary in size from the pilot plant scale shown in
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can be used to attain the desired spaci ng between the
conponents. Figure 3B also illustrates another

w@pitcosk2 confi gurati on of the invention wher ebgT/UR®05/039145
m xer-distributor-collector is spaced apart fromthe
| oner bed of solid particles as indicated by void
space 23. I n one enbodi ment the di stance fromthe

Us %k;géqt b tgfcﬁlt@gl%ﬂgal\%&rmi“ﬁ afagr F%lgf‘% ggﬁ%?t?%rahgmg 1Mt 4 few oo
per ljuﬂgfb ttgﬁ rre}; tﬁo@ﬁn&@;f( aflors pepRHES Larée@@cﬁg blah® nof8ally el{/néoloy rotary

the su Ject invention is used in a
Valvaﬂmymg 4 pogt for wh@pndlmt phidesreall Sca'lh eng hightpreseurg pnifsgnd to use

ect |nvent| i s.n bel
valviy it e e pBrS ok BBt R il P sipRb &t £stn
adsc%tﬁ%%%ﬁar&ﬂon%ﬁ&ce@@ﬁvhicﬁléhﬁiﬂataﬁ@@mbﬁﬁtnridieﬁﬁﬁthff e adsorbent, like that
onbi nati on. (&J neral techni que enpl oyed i.n

dlst)@ﬁ:df oriRhae, 8)?2 andsy B8 da1.rmbha ivgcticeg a’(l%l?)B er&e%ﬁaﬁlﬁ?r\béms and
oA S BT At .

refefcBEOM! %Me mﬁdmrtas Ayheneri k mreﬁﬂﬁditmjlt ahe faid és stbstartiallye liquid.
Sept enber 1970 edition of Chenical Engineering

[0078] CO'FRSESing YMIB P&@ess hiitOinay E@ﬁa&%’ﬂda@teﬁdo BBathte Ondiee Ghe claimed

technique is al so described in ers, Handbook
invefioRePradice ofiftRetibieriigvamtion sayises n%%@éﬁcasﬁ gEnges 18 Hlgroperating

b, SO0y RN AL B R o

for ERB¥GliePetiafovall, @hervaap, of adrtehD@load g0 2 fedtheSMB Ipeycess unit is
& Sons, Inc. Count ercurrent SVB syst ens ar%gdescn bed

safelyrbraugh tearsidleatate thwcbp@w%fé@oul@b%ﬁrﬂa%de@@n@ §BisHpgmIxCI-
dxstgﬁfg%ggﬁfg&oﬂ C%lﬂ(f}) tnﬁél%& eNBYy/ Qérpdlﬁc% &gln%%ﬁ&&é A3cSHaf to the

scale's mn [ 6,812 to
subﬁ@ﬂTHﬁdrﬁbﬁbo@@bd& @vﬁﬂelfﬂecfaﬂ inphealivite MmetallationwiQrithé Existinganiess-

T B [T SRRt o
subeQti ?{réﬁtﬁﬁﬁ“ hohe %ﬁ?ﬁog ﬁnéht RAELe thedxiERE lihlﬁ&{’(ﬁ&ﬂli)ut%bdlﬁctors are

scale an pressure units tend to use val ves
assdneblédffornsegmdnts) tier flav rrampptatdr soulTve addedes tthednwnﬁyompgmnt layer

o SRS R S LB B

dlsd?h&% thahotHb S RIGHed b Both n%?pt&ﬁé’r R Bé%s%nﬂﬂ&l ado2dss the entire

unctions and properties of adsorbents and
crogiescicnedftls viessel beneetrtborenivipe apkiredisdpaonedliseionby pitaghing to the

cxisigE BV B a%%rf“ﬂeﬁtoaﬂ%m%q hhehERsRRy 7 ™

bstanti al | I 028
[00 2;], f SAﬁﬂJyVlB )iy glggl:lqs gare% SF@&M@W%@%&% must be greater
thar? {h@' ?E‘E'aﬂeepgiecﬁé 8% dlﬁﬁ@l‘%f @ﬁ\DOfIn Bﬂ@elﬁb’&in%ﬁﬁt thdWEHOAANOAD is from

res no significant ¢hanges in the operating
1.5 G:(Dtﬁil i anotheradfmtidaémentithe rafih © Ac@Ag etsfromlja @itod@. fmaeotheryembodiment

I e MB .pro I's halted . .such for 256
e B RS 555 2, DLS008a0 5% SR oo
con(iﬂf%r@&ﬁi rﬁﬁnﬂfe@ 8Bvalbiily Heﬁdssé}fp@ésh’urg dRIpAIRY), raBeed frohfll % to 20%. In
Sstate, e adsor bent woul d "be unl oaded and the

anogher smbn@;nnnb@Ad rartges ﬁrgmﬁ% to 12%. In one embodiment OAy ranges from 25%
to 50%. In another embodiment OAy ranges from 30% to 40%. As previously discussed,
another parameter which can be used to characterize the fluid distributor and the flow
manipulator is the mesh, respectively Mp and My. In one embodiment the ratio Mp/My; is less

than 5. In another embodiment the ratio Mp/Myy is less than 3. In yet another embodiment the
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coll ectors woul d be renoved. New
m xer-di stributor-collectors according to the subject

w0 povefosizen coul d be avail able for imrediate  PCT/US2005/039145
installation. O, the existing m xerdistributor-
collectors could be easily nodified by adding a fl ow
mani pul at or accordi ng to t he subject invention. In one

S TR T TN ————

it fo?f%%%ﬁﬁ fhe rhttfof tW%Vi'héEﬁ nv'aﬁb'sl AhfaleBelathobigvepdaseras the
I owest conponent |ayer to each segment for exanple by

[00?1?]t ag@ dé?.%{ YA RRARR S e SR SURRS %o \9691f§ {lﬁeﬁ%ppgl\ﬁﬁ Iberformance

utor. In another enbo
of thenibjed iaveartiono Thd obarakh syenbé@distedrod asreltuhailyan’iemtael aytindrscal

Ple%&%% If:(?lgtpg Iv‘mth(ﬁj ensﬁjcedl B gtg:?lg(? L tegte @j}éﬁ%&éf&%@ Wisdntroduced to the top
of tﬁ%( LGl Erhfﬂgt a{?ﬂlBiS{t cghéihfn'@r%‘ ag&unﬁ%dnﬁ&ft&f{ toQligld RphBARMINIThe

vessel shel previ ousl’y di Scussed,
volmhetno tiguid flosawaf cmtrelléd oy asﬂJ usting thelpagsoure 1r0hﬁ/lhnﬁn@meb@lg the pump

to st BouleE PhE R S QY g bvror R L U totigm of the
colﬁrﬁn ﬁf?ough% 1336 BRY l%cﬁ ng‘i‘élﬂ( Wmhé‘hﬂuﬁbr—%ﬁ‘l@w do‘ﬂeétb@fﬁ'ere
er e

to 12. In ano odi rent the rati o CAM QA

evahiatfmbz phcing thiem jsp t@hgleelmdaom%m wapncated 6(25& lélmr(leé@IChGS) below
f
e HaBeny PPRESHIRE R, bR AR RPN Y T8 slghap AT

SpRIRLAGI E-2 MRaH SFRieh WBNR wanggsorfed BnaGid! Thd ﬂ%d ddﬂe@ﬂirm plate was
enmbodi nent OAM ranges from 25%to 50% In anoth

simgltiodhat denicteim Flgn@elsanflrc@mlwb/eﬁtwozsebé plaies pf WS@HEW constant

i 50 BRSBTSl BB vy cxning

aloﬂ@thle AlahRted of iR cbhﬁmrrEEHe Wld’fh&f.’fehﬁ pagelggwiDainth v between e two
enbodi nent the rati o MO MM n .anot he

th :
porginmsd itieefhid defdecion) was VY 5 a6 RSt as{o}fdggttan ar block was

sup Bﬁ%d;ﬁ cgﬂitane h 5 pgegg{ oulgf% fg(%%( %/Mvégzt éﬂggin% b8x. The spacing
betwoai daclv sdaofhérsolid bldcklahdths réspedtive keles eﬁth@ﬂuﬁ defloctivagitate varied

wouhoee il L be  prel 3 b (SRE0L £ 5006l e
in tgv %w 68Fa Pt BF TRRGEstOthe tscglﬁi B R4 1 IRv@A4 1ﬁ&hes)T<fl§ser to one edge

system consisted of a vertically oriented
of thy HeftedtiorcplhtePhathg bther. d@qu:mf theis¢ WarzatioBsiniiim giaBarnidrugisition of the

sohglifb?ﬁglea apaw Etél 'g‘ﬁ%ﬁ: ok e)crs%/i@ Sst %@%ﬂ%@%&ﬁ%ﬁlﬁg ng PBticeable affect
in tﬁéﬁ%rﬂc%%tv% th@optionhalitse f § yhlRIpl4te Below iiepaéloewRY . The fluid distributor
ow was controlled by adjusting the pressure

was cuqnehepeﬁrf ated phateeena prgfilevdrepgreen wathtdiiderens pavamedgisias listed in Table

R S L e G S
mafipiRbeY. TR paci ?Meﬁbv&n HheXRIid disGibhidd dhdthe Cot ragdiplilatondr £ cases was
eval uat ed by acing themso that the ugﬁper boundary

heldggnstagtait B lrinshesld A leveldosyl Shana? ingkes) ingagightiod ﬁ@td spherical
paljggﬁ/g\s? é{{ Oa 131%% @Wﬁ%ﬁe@%&% Xloﬁé)d"éél&s ﬁfg b ];(eradlglﬁbut]o@ Qollector

apparatus in each test. The distance between the bottom of the apparatus and the top of this

particle bed varied between 9.5 mm (0.375 inches) to 38 mm (1.5 inches) without noticeable
impact on the results. These solid particles had a density of 1.8 g/cc after fully absorbing water.

This density sometimes referred to as the piece or particle density is calculated from the volume
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Specification E-11 wire screen which was supported by

a grid. The fluid deflection plate was simlar to that
walewsosed2 in Figure 1 and consisted of two sol PAT/pE2WHE639145

of substantially constant thickness having chordal

cross sectional areas separated by a rectangul ar

passageway extendi ng al ong the di ameter of the col urm.

ofﬂ%;?}ﬁdv%%%f”mﬁi e PGTeh b L Bl i borBed Hier s LS, pioce density s
higle ’EHAE%Be bl déﬂskty *sﬁ‘léé fhe bRk RhbiE) i Q&Eﬁﬁﬂéd %m%@%é"@&ght but the

suppor ed 1n and throughout the length of the
volpesa smimelyies the mmh ar naemmual nglubmbet\ﬁléhe thealds mg bedtwigenadds no

o=y nEIb T AR o
glas(; @eéh@ 25k g Inc ?‘ngﬁ 4uhichadtéPorPd béd W8 mlinal frﬁnﬁﬂdol ldinch) diameter

was usual centered in the passageway

glass boadls2 g (i frehy bigh avhisihds luraaestetrambed oﬁnommh@gynm (025 inch)

i i sehar Thaud ALy i THRTRELE Gy dffohifor agrc

cove8 ilitharN @1 0D ES /5 Slahahrd |ASTR Bpetification EClakire sdréad6éatéd 516 mm
the results. Another vari able that had no noticeabl e

(24 afch@sa ebove the beféom ekthg colysmt fer eashitesh e Usmpligh selj @étwle bed
|

o Y OB g U S 11 0o s

therv\ﬁl(b\hlydllfeﬁe;m&mvatﬁﬁﬁlﬂhmjt disaurbiag khes;iaﬂﬂld bedTahice tHe. system was liquid

Vari ous perforated pI ates, W t ar ters. as I| ted
full;the vater rajvas [résed 1QQbIURS dpwwawﬁw InSfOrElOoHHOTD r4§03 ft's)
and.kfﬁé ebmélbw'ﬂg&hﬂ { BistblR- c@ﬂé&totr s fv](s 'eR)‘éh ?dr%ovement

in cases was constant at 8 mm (0. 31 I nches
Dlsﬁrltaﬁtml to deedpaticdle bed e iclassified on msubgicyix scafe aseumdwnzed in Table 2.

p cal rtlcles of 0.8 mm (0.03 inch) dianet
ARG otfcsham Bcied 26 i His MRS e oo nd S her
obs%%rﬁh&@e IThe§8GHs Ft e tedth 8 GnFhADESIPPIDIES BlehiMe demonstrate the
bottom of the apparatus and the top of this particle

1mm<¢d\parfommameoﬁmmr@xsﬁlbmtnr(oollafx@rs Dreodespectallyd8 nm (1.5

i nches) w thout noticeable inpact on the results.

These solid particles had aTakdnsity of 1.8 g/cc after

fully absorbin Ier ity sonetimes referred

tg a)s/ the pi Iecg XB%Pfsl uior%iﬂie}:tp%ﬁqryng’rg%cu ated from

t e I%m umeof th uld’]ﬂ piTTs an%ld\b%/lé@%@ﬁ!&é of
ne Ppi | [ en

th s pl us sor ed wat er .| Thus
e bul lngﬁns ty

i$ higher th the buI nsi
i $ determi ne 3ﬂ°Pomth 0 ge vﬂégs 15"15& Ae V%I,IMJ”BE
HEP-N | \z E/

o tnel uda

+ ho Yoo
quﬁrhe wirbédeqmu %%d is Inb

iin
t
T |
I !
t+-etg—bed—was—stupported abed—of —nonmal—1-5
[ y
T 2.
¢

0.08 i ncB?ff@ﬁ‘ﬁﬁ@laé? gpg'é% beadd 35 rﬂﬂ%’ 1 'nc}ﬁ-g hi gh
di art of B Et'e' & Do | Dengn) Wah vhi i n
t 5 '

diu; tr: [ga a%gﬁrreés)‘wé 05 rﬁ‘r’f(] thjﬂes) mcg)ﬁ‘ Thi s

| ast support ed algry g Govergd W Eh NO-
100 %SA %fwgﬁ% SEETM Sd;)%%’l 1i cla ion I':JII/I%I wWre 2& een
| ocated 616 mm (24 1 nches) above the bottom of the

columm. For each test, the 51mm high solid particle
bed
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was | eveled and the m xer-distributor-collector was
installed in the colum. The colum was then slowy

wo Riobess2et t h wat er wi t hout di sturbing the partPcl/@sivesto3oiss
Once the systemwas liquid full, the water rate was
rai sed to obtain a downward nean |inear velocity of 9
mmM's (0.03 ft/s) and the particle bed bel ow the
m xer-di stributor-collector was visually observed for
novenent. Di sturbances to the particle bed were
classified on a subjectiveTabkl2e as summari zed in
Table 2. After the fect on the bed | udged, the
mean |inear vQP%FP?BW&gbarnﬁEF% 9&8""5’?}%&%%&
observation made. _The results for the tests -as
summarScged i n Tabl e 3 cl e@rekyripdienonstrate the i nproved

perfﬁrmanp of mvnr-rh cfrlhufnr r\n||ar\fnro [ '\hj

------- Ul 9 o TaT

especi abd | y| BNo habiemeiit dflaweparficles r i but or - Col | ect 0

Par apet ercTahI e 2 r\angC af Dot rha wer

of —bBisturbance—to—the+t

Particlke Eedmelm@nm@h@@e@fO oisallpaheicef hed t he
Lowe —Partiete—Bed—ftor—Variot
M xer - O} stiri blqvw‘rjﬁ‘@éndl@&dd?r}’éloé%d defled dnigebsA Li near

Vel o¢iti+esiCEAHMS: —A "'Q\E' —distributor-coltector

appar atdis (STWbB@&P%@dE@? BHugizaigper and a | ower bed
of s ' (2) a havi ng-a
vert :)Icla‘f‘ g @IC‘%%L%“C éfeﬁt Qﬁ’bﬁi'%{eas é#‘?ﬁi’? :anm

upperboundary (5) for retaining the upper bed o

solid particles and permtting the dowward fl ow of a

fluid having a fluid vel ocitgpigzofile through the

rri xer-distributor-collector apparatus (3); a fluid
ot 'D@M%nc@ ) tﬂe‘I‘b’%&e@ HaRiele P IFBAV s EixaPBIstriBut@Tollectors and
e upper boundary (5), the fluid distributor (6)

i nprovi ng the uni forFiulﬂM@ﬂlItlh@IMelﬂCdleeel ocity

profile; a fluid deflection pl ate (8) ext endi ng

horizontallly across|the_cr gg /9
vessiel and being | ocate u’ﬁ@@é@‘é mg?ird ?OCI@E a % from

1”4

t he upper |[boundary [(5) and the|fluid distni (o] (6(?)

at |east oneMisgrsage ?{)15{ hroddh thé’fllu

def | eﬁt g n Distaibetog-8) (A4 ¢ HOHBS LY I(@BD) f (AH% (0-12) (0.20)
f

commu I @ollbebepr—t-he—uppet—bountary—(5)—and—ftui

di stributgr (€D anfl apebRworBiNRBhREScote Hons Thise Led
fromthe group cons|sting of perforated plates

scregens, grids, porpus_sql |_ql_s, hqp_eyuon_‘gs a_rJ_d 4

combj natigns thereof; wherein the upper bgundary (5)

the flI ? d |di St but pr (6)], gnd the f|ow mani gul ator.
(7)

A 2 3 4 —

4 B 2 3 4 —

5 C 2 2 4 ---

6 D 0 0 1 4 -

7 E 0 0 0 1 1

8 E 0 0 0 0 0
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oriented substantially parallel to each other and
substantially perpendicular to the vertical vessel
wW@z2006/0633) , and the flow mani pul ator (7) is | oPeX/®@82005/039145
bel ow and spaced apart fromthe fluid distributor (6)
by a distance, X, and has an open area, OAM such that
the ratio CAM O AD is greater than 1 where, OAD is the
open area of the fluid distributor (6). 2. The
A&‘g@arat us of claiml1 wherein OAM ranges from 25%to
50% 3. The apparatus of claim.1 wherein OAD ranges
£ Fomhamixendisigbitoncoiesior appatag (3 [asmied RyPSFn & BPRFE ad a lower bed

v O er ei ' . ' P
of sofigaicfsiBih FeSssSitD By Geicy BSOS kald bpuaids Compriing:
?iﬁf W gb&mdmigeesyfet tetaidinlyEharppercbelof solidparneetand fpetrpigting the
ui istributor, and the ratio [ t least, 1., 5.
dowmaddigpueia 9t bivingg oK easirerop Srogh & wEFdistpipkcoliecor
a reﬁﬁg ).I\/D/I\/Mislessthan 3 where MDis the nesh of the
PP w@’di stributor and MMs the nesh of flow

ne Abjudigtibutor (6) lothted bglparaatl spaced apsartafiom ghef uppetHundary (5), the

conprising; a conduit .(18 i C rovi des_for the
ﬂUidéHﬁnP‘P‘i‘tBh(égH’éIWBYmﬁn%?%‘HF ?ty \é\ftlhgﬁ cvgxogﬂ?' Ipﬂ?fgé’st ream

;% ﬁ@d%ﬂ@&gﬁ:p?étélt‘@)‘éﬂeﬂmﬁg h¥%iZbntHll iaB@sPOY clokectiOdtrd of the

east partially wthin the apparatus volune, V, and _ .
vesstlranfilbaing lomtedibeiveszniaod spdcedapatdrane theuipper bgndary () and the fluid

. mxing box (19) having at |east one opening providing
dls“muﬁﬁ’rcig)zommni cation between the m xi ng box (19) and

! BeAPBAE ﬁ'a{s&hgewé)} WyBhroWgh 6 @Rl dfledingife (Hivitschvebuides fluid
V, iI's defined as the vo%urre bet ween the upper boundary

comfrBinication béteednl the uppir Sowndsas Gy agdsijuid distritpgor{Bl ahdit us of

cl ai m 1wher.ei n.th r at ' . |

dl PRI PR bl LASPAEE s Bt e srens
grid§, §RANA b, Rineg&sshs, ftBcaifirdtiahsthefeuf;t her conpri si ng:

a central sup%ort hub (. 11). coaxi verti.cal

<ial with th
vedsein theivepdr payndaay () balidgigroyiens8). e fue oy mamipgator (7) are
hori zont al by from : the
o Pyl kA BEd S8 CEGE AL mBURRANY pREPIG 8 e il vesse
axis{PPR hndoe MewarSlaen(y) istecdidd betbvd st spabet apart fiom the fluid

_define a plurality of segment vol s b n the .
dlstu‘p\pglr(%bymdgmce(, » angl heg 3n QAeR ey S Eih\%?‘gxﬁ aatt%(gAM/OAD is

L ( -t i LORuRl kS, y s di vi ded
greaft?{ﬁfganslég%’%rre =S(5]§R(%J tgb g g%f%l;:&?iith{’ig%gt ed i%&.)e(g% h segnent
V@), UrEheaipgareas bf deiat bwheeili @Aggariges fromhd % éni(7al

support hub ( 11) to Ei‘g*g outer portjon Qf.e segnment
V&t urherapPas Hédﬁ’ﬁn b ].:ell{,égg ﬁ%‘gS%f’%’elj’ tt%gﬁ]ﬁ'p per
bouUNdaLY, pgéfhtugeﬁaﬁ ddints 4. S1F b dicanthpldakdicé B)bemstnahe fluid
| ower vol'time bet wéen the fiuid deflection_plate (8) .
disteibutot {6 ahd the low manipulator (7), is defined by the ratio p where Mp, is the mesh
of the fluid distributor and the ratio X/Mp is at least 1.
5. The apparatus of any of claims 1, 2, or 3 wherein the ratio Mp/Mypis less than 3
where Mp is the mesh of the fluid distributor and My is the mesh of flow manipulator.
6. The apparatus of claim 4 further comprising: '
a conduit (18) which provides for the addition and/or withdrawal of a second fluid stream

from an apparatus volume, V;
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distributor (6); the passageway (9) extends through

the fluid deflection plate (8) providing fluid
weomasizeat i on between the upper and | ower vol POEES2005/039145

within the segnment volume; a mxing box ( 19) |ocated

at least partially within each segnent vol unme adj acent

t he passageway (9), the m xing box (19) having

o LU G R R 0 i
comz?)ﬁrggzﬂfoh v‘iﬁ%e fcbx}‘d%gt)('_i 9, ARchikfgloki(1) & Bi 16adt bBEoM¥ning providing

. m'Xing box (- ‘wnerein-the upper boundary (5)
fluideompiunkasombemetn the miking bex (169 and thh eparatigivelisier Ybut or

6 . . : _
cersia 0 e e O 1 etiped s g S Ryt P B sy
(5) afld thE IR ARRRLRIB)0f Clai m 7 wherein the fluid

Istributor (6) has an open area rangli n% 9. The
appafiat appacfusoifaiaim 1 witeseis the appamias istlogrteshinanadsespent Kessel of 2

simfie] BReBRbel AP GERUER Rl SRSy BREH Bkt Welilihe,
1 2 QEntral WSHoR Hib(ND cdhshiameethe Xerticavges] ddo(3Fmm (0. 2
inches) to 20 nm (0.8 i n_ches? :

a plurality of ribs (10) radiating horizontally from the central support hub (11) to the wall
of the vessel and extending at least between the upper boundary (5) and the fluid distributor (6)
to define a plurality of segment volumes between the upper boundary (5), fluid distributor (6),
and the ribs (10);

the fluid deflection plate (8) is divided into sectors and a sector is located in each segment
volume and each sector radiates from the central support hub (11) to the outer portion of each
segment volume to define an upper volume between the upper boundary (5) and the fluid
deflection plate (8) and a lower volume between the fluid deflection plate (8) and the fluid
distributor (6);

the passageway (9) extends through the fluid deflection plate (8) providing fluid
communication between the upper and lower volumes within the segment volume;

a mixing box (19) located at least partially within each segment volume adjacent the
passageway (9), the mixing box (19) having openings providing fluid communication between
the mixing box and the segment volume;

a fluid transfer conduit (18) fixed to and in fluid communication with the mixing box (19);

wherein the upper boundary (5) comprises a profile wire screen; the fluid distributor (6)
comprises a profile wire screen; and the open area of the flow manipulator, OAy ranges from
30% to 40%.

8. The apparatus of claim 7 wherein the fluid distributor (6) has an open area ranging
from 6% to 12%.

9.  The apparatus of claim 7 wherein at least a portion of the mixing box (19) is located
at least partially within the passageway (9).

10. The apparatus of any of claims 1 or 7 wherein the distance, X, ranges from 5 mm (0.2

inches) to 20 mm (0.8 inches).
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