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with a process fluid between two adsorbent beds. The apparatus creates a space for mixing
and redistributing a fluid mixture between the two adsorbent beds, where a process fluid is
received from the upper adsorbent bed, and a distributor box passes the feed fluid to space

25  between the adsorbent beds and mixes the feed fluid with the process fluid. The mixture is
then redistributed and passed through to the lower adsorbent bed. The apparatus comprises an
upper screen having apertures distributed therein for the flow of the process fluid from an
upper adsorbent bed. A distributor box having an inlet for admitting the feed fluid and a
plurality of fluid outlets is suspended below the upper screen. The apparatus includes baffles

30  positioned below the distributor box fluid outlets, where the process fluid flows across the

outlets and mixes with the feed fluid in a cross-flow mixing pattern. The apparatus further
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(iv) R6is Hor C, .4alkyl; (V) R7T is CMalkyl (e.g., nethyl), (vi) Rand Rb
are independently Hor C -4alkyl, in free, salt or prodrug form [0010] In
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15 DETAILED DESCRIPTION OF THE INVENTION

[0013] A wide variety of processes use co-current flow reactors, or reactors where there
is a single phase fluid that flows over a solid bed of particulate materials, to provide for
contact between the fluid and a solid. In an adsorption separation system, the solid usually
comprises an adsorbent material which preferentially adsorbs one or more components in a
20  mixture. The adsorbed material is then removed from the adsorbent by passing a desorbent
over the solid bed, and the desorbed component or components are collected. The fluid can
be a liquid, vapor, or mixture of liquid and vapor.
[0014] Co-current adsorbers with fixed beds are constructed such that the reactor allows
for the fluid to flow over the adsorbent bed. When the fluid is a liquid, the fluid is usually
25  directed to flow downward through the adsorber. There are many aspects for providing good
contact between the fluid and the solid. Multibed adsorber are also frequently used, where the
adsorbent beds are stacked one over the other within an adsorbent vessel. Typically, they are

stacked with some space between the beds.
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i ndependently -OH O-0OCH 2COOR5 and R1 is - COOR5; () R4 is a H or
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6)S 7 ) f F | [, 11 111,
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Forrrulal II or IV, or any o wherein Rl, R2 and R3 are
i ndependEhIw ;heI-Hfafﬂc Ehe@r@@sspﬂmam 1mpfn$s)onrﬂieadl$tnblhtbr bdA 4s iopass¢sMromn abovamy o f

compoundb O ESY hlP b€ Byifte ¥ ges ity Relepo Brgmp U et apoveshals i oR 1
rR>2 counter-current flow mixing and mixes with the feed exiting the holes below the baffle in a
20  co-current flow mixing. The resulting mixture is then redistributed on the screen below the
baffle. The splash plate is designed to prevent any jet flow introduced from the gap between
the baffle and the distributor box. This is to reduce the risk of localized fluidization of a
particulate bed which can cause fine generation.
[0018] Problems associated with the current design include: (1) poor mixing between the
25 feed stream and the process stream; (2) designing the gap size to take into consideration the
jet flow and axial flow mal-distribution; and (3) the solid splash plate casts a shadow, where
there is poor flow distribution below the splash plate, and subsequent poor usage of a portion
of the bed region below the plate.
[0019] The present invention provides a means to overcome these problems. The present
30  invention is an apparatus for distributing and mixing a feed fluid with a process fluid. As
shown in Figure 1, the apparatus includes an upper screen 10 having apertures distributed

therein, a distributor box 20 having an inlet 12 and a plurality of fluid outlets 22 wherein a
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and R3 are independently -SO 3H,
IV, or any o f 1.1-1 .3 wherein
1.9. a cowpaeordioos2k Forrmula I, |1, I o
R 1, R>2 and R 3 are independently -C(ONR 6)SO 3H ; 1.10. a conpound o f
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C(H) =C(OH) (O 5) 2, yl-P(O(OR 5)2 (e.g. - CH2P(O (OR
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Wnereln is H.or .G.4alk e. gn, thyl),. 1.2 onpound. of Forrrula
"HE " A mtsrpE gonis ofe b 3210 B Cdip bt wr s 30 FRROE BN Ghiss ound
of For mﬂUzﬁl the plr(l;oesé ﬂﬂud% aloss ﬂﬁwafﬁerg enjv’ir@)nt%entzgnd ﬁﬂ@@ﬁl?s'eﬁ‘ué%nh;@tm@ pa@@skyl
(e.g., nethyl); 1.26. a conpound of Formula I, IV, or any o
1.1-1 zBroughéméaarﬁﬂ%ap %2 tlel the IO@erdfaiekryIIO (Téled)afﬂeegdp)az)canlbemea E’ufﬁale@dyrpound
of For Ia I H .1.28. a
conpound e et ering onfp 4BrFsGh e 4, pra Rt S o Hibiea s
OM al kyloré@rdly @atewh)mﬂ;e@%th@ftﬁ@mué pab Formula 1, 11, Il or IV, or
any of lp % wherein R6 is H or 4a| kyl; 1.30. a corrpound of

For Al a [DOZII]I The spashl plate g2 camWCdiide_‘apeIIurEs fozallowdhgrsem dR@hd mlﬂﬂ;lrelo Bdss a

(éo_rrggrﬂgpr%ilgﬁ?o i agsorbent Ibedlb lowthe lov&}er Ared¥o. Cin a pre]ferred emlbocwn ent td R6 i's

percent open area of the splash plate 42 from the apertures is less than the percent open area

1.
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8.
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of the lower screen 40. One embodiment for producing a smaller percentage open area is for
the apertures in the splash plate 42 to be sized smaller than the apertures in the lower screen
25  40. The smaller open area, or smaller apertures, facilitates the distribution of the fluid
mixture across the lower screen 40 for a more uniform passage through to the bed below the
lower screen 40, while permitting a portion of the fluid mixture to pass through the splash
plate 42. In one embodiment, the apertures in the lower screen 40 and the splash plate 40 are
sized to be sufficiently small to prevent the passage of adsorbent particles from below the
30 apparatus.
[0022] The apparatus can, optionally, further include a flow distributor plate (not shown),

positioned beneath the lower screen 40 and placed on top of the adsorbent bed. The flow
-5-



1.32. a conmpound of Formula I, Il, Ill or IV, or any of 1. 1-1 .3 1,
wherein R7 is C .4alkyl (e.g., nethyl); 1.33. a conmpound of Fornmula I, II,
11 or 1\worosewn72t 1.1-1 .32 selected fromany of the Polrlusasg23270NEW
ADSORBER GRI D DI STRI BUTOR BOX DESI GN FI ELD OF THE | NVENTI ON [ 0001] This
invention relates to a device for mxing and distributing liquid uniformy
over the cross-section of an adsorbent bed. The device resides between two
adsor beny; r f S and m xed
wth o raagoRpr Ry TEE ol B ol AL O R PR el e LEEHEE
BACKGROUN ckenT kiEh¢ MYENTh<DEd, BMOR]thd Aewatigrbutat platechap eperalredsizgar ocess

i ndustries.use many types of vessels |n _processing and/ or purifyin

cheni ca|8§fﬁe_rwély g@f%‘@nfatﬁ@%%ag%af %4S9rbﬁgt FRuen th%@%\iv\%%rﬂ?ﬁt% M@teff’l@ﬁ ds and
passing ea(hﬂyd éi{t%négr{l/ﬁa!gﬁné la'ﬂo@z_sdiQtYfBgto??la &ﬂriﬂédrg&aqurge@a FREL9h Red, or
passi ng the urds over trays in a distillation colum. e particul ar type
of vessdbweisscaceméOtandeldt spdashtpbate 42 dshhcalsorbeent rédtdatedfrom psocgdsoidhui d and
a feed fJluid. The nultibed reactor conprising a series of solid particul ate
beds of PaflaMAIPYPEPlaies that react a process fluid flow ng over the
beds. Theoef|f | ChaneyraRBCidi fof 1R dilBuGRbAL IS I NSRRI ShifiavaRGELcOYe i
distri blr}tg?%ﬂ of %b&%{% ??S(l)%\n r?g I%Vdé% tglﬁtg %%%:I.é‘lshagts{f%ég%gf Iﬂ&i cailvc ne%% added as
a react ambss-socticas aad quemrche apper d) afidloveer g ceresiss Istve egandrhldy ciidudars over a
cat al yst bgd. Rediﬁtﬁri bution and nzilmtg% is . jnportant faqr Xim zi ng.

cat al ystCOBEEVRIIPR, ﬁ_ap%rawwﬁmw A b BNEH e Ceseh aTPEs EPPRAFEYRAY i ng
deagh 20neSiioREd BARES) bl SoliAhAiVISL THEddaMitihd O i bBYHioh Ao her
types of vessels include countercurrent flow reactors, separation vessels
havi ng awsoter et cfdsewection isbetweer £Aloraed80Yd athe Manycofromitbs eenperaddlsses are
affected by the nner in i ch fluid, to he reacted, . separated, or

ot her wi SEPHh EE8 o Fheoudrdeler st}?’é‘alpp?f W_gndgs@&l NISEBOE™ e P &7 thnt
type of JUMLChsSis!tRe s Ridean 0SRPApRE-RA datiff ARScentbP B AAIASRIEQIdN
separation process has been devel oped t hrough sinul ated noving bed (SMVB)

t echnol agyesitredéectvenddSoapt 72946 of theaki s ce heprao dlsscensm obéecappeatcedtnd® a
con inuoua ]geasi s. [The ﬁirml ation cif a novi ng adsorbent bed is described in
US 2° 985 N84k QErIaiigROEHIcaPPs] sejeen 1. acconpl ishing this simulation, it is
necessarois) COMRERbwa iREHosLsk 2RM pRsA tfﬁlgglgﬁﬁlequp&e&%énnosa%laqnae, first

to bed no. ﬁ then to bed no. 2, and so h for nunerous beds, the nunber
of beds miti@npdsedsiirobeh thearenttd partdf 2k scTévasd thatds lovatgd hethoothsiiger edgd of be

portions, of. a. singl el.arge bed ose novenent i i mul ated.. Each . tinme the
Pocd ot S fifiBidt et 20 AR et tof pives Greuigh st ween s Rept been

desti nathOBstet gcriti 1SRibebor Box DEASE tht RLRS QLG thS §r&@NR). IMMALIG hBRYst be
streans entering the beds, such as the feed stream or |eaving the beds.

The2¢rovinvgtidreahdsicaerdatdroon mmayn bebstintrplly cqles empiygsl taasrodide iadialagcech@obed i nt o
series of fixed be nd [ 1 he points intyo i,ng, and, w t hdraw ng
Taui d TG SRS PR st MeebTghrier Bk dnelioe nable YRR i 6 s
past t hefitht digeiwaior 8hx 20drods L&A WRIngRRsMbas all PAPImINGHRs BF e THPY:

di fferent process requirenents in noving bed sinulation processes,

resul timgraen18i fferent fl ow schenes. For exanple, in addition to the four

basi c st described in B ht S 2,985.589), it desjrable t
ot § 2o BTG, “RBF aorditudfhe pgUFEs SRriny of INighIot 2 horsal PRENERU Rl hes. A
flush stegpsidam. Qﬁ@d@a@atﬁﬁ BNONfes BEER Shik A3l oF tHE febd SrQim SRIAOPRIILSs strElyd. f 1 ush
substance is chosen to be one which is not undesirable for mxing with

ei t her By mosmgdbanlistribator bek aboysuheg baffles, and apsitipiios therquelets 22rabops el i ne

after flushing i leted. US 3. 201, 491 (Stine et al. be nsul t ed
For 1 nt PR B e RS d MRS S0 atrbigey %% fbs Sristeal BpPRafBlght on
(US 2, 98ReRBBhverdtidbnadiddieid fltid u@dt DT F@NeUntef-cliliét BiRee 3&o " dle dBibutor
factors, including the redistribution of fluid fromone bed to the next,

and t he boxdOrygs aidds wheticat fyigd wutlen 28 hreadipnase@ sisthe Bidiedl Thiit provides esfuntdie f eed
streans between.t beds. 4 00Q6] .1 nprovenents ..in the uid distributers can
iorbve DGR s A R R BE b B ERE AT o 5, AL b

adsor pt ipRirpefa fald Mvisy IbeMalcAdVWARY - Blatof 5x kNYBNREON [ 0007] The invention
provi des an apparatus is presented for the mxing of a feed fluid
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with a process fluid between two adsorbent beds. The apparatus creates a
space for mxing and redistributing a fluid m xture between the two

adsor bentwbedny/10né2er e a process fluid is received from Phe/usppenziedsor bent
bed, and a distributor box passes the feed fluid to space between the

adsor bent beds and m xes the feed fluid with the process fluid. The m xture
is then redi stri buted and passed through to the | ower adsorbent bed. The
appar at Vi in
For 1 he YA ot TRRI AR HBBET PEAE B SR BRHAMES L) bl ddh eI
distri bLHo&QObﬂi@rh&mrmg liatihe d)mioeﬂovfl acroagiint ktrcarg 10 bee ﬁo&&ddlfstrlhud)raabd 28

pluralit f fluid outlets is suspende elowthe up er s The
Hosting e " i

appar at thatsewyy Thl%%ppabéqr?%%@dn e ’rﬁiepl%ﬁesq MRASEH .m logpiiAmy
outlets r‘f‘?{fb%h‘? i S&hPARERRR fb|o5rf 8 chh Yéﬁmﬁg LOSW thOScrOM | Bl %Eﬂerrﬂo)ﬁ?o?l dth
thefeeoP deolnacross Iome| g pattern. e apparatu

f ur t hier ithe Histdmta boeROrcas be eleape osfatilmate dobvedrowmd the dfs&‘[b‘ult(ﬁé)okdﬂ such as a

di stri but.i ng thg ﬂmxtur o the | ower ads rbent l_‘ﬂbjed Th Iovver screen
?’Pepﬁ%é g

i ncl udesTANEYHE 1ddaliteetd %ar%%ﬁswwago% delicBHTOHO" et f9es where the
flurd m e fi r oxt dscreen.

[ 0008] (&6%2]7;] objlgé({:ilt?esthgocgl\ﬁ/}lgfrl]tf g%%lgwgﬁgﬁ%lp??%tép%ﬁgo% j@q? (Laﬁsg t |nvent| on
wi | beganalyipiivetite upperts‘mm 18kThd g 38rofitiedistribufor bnx Qheaﬂb&ﬂa\/\omg

det led d BR] E SCRI PTI ON OF NGS [ 0009
F.egﬁ'r eelshﬁlge%?ﬂra'égcafé@te éraﬁé%sg%@%wtt‘*?ﬁ NSSHERH %Pgeet"ﬁgﬁ tﬂ?"@ﬁﬁhﬁut E)r boL
andqjts dpagég 5Ftﬁ?d‘§‘hr¥bﬂ'td? btota@of In ur%dz fife's h%mg&sﬁ@e d [aﬂglg otFigure 2

is one desSign o e present 1nv Ention s butor box and its
posi ti ormmt ta tad lipiteigow €his Hept dpit scmekidp afly)pds]s]blerkgtpe (ﬁor3he: ®pgoctiopafithson of

fl ow pat sfor |st|n di stributor box gn..an he new
distrib Srbgexbeel é[ﬁw%é% SO 2 gl Qtltkegp%ﬁsp% 7 GHEDWAN ol o of
the axi ghed {RWMBEYUSyiREEe ?F‘&EE& sfn%ﬁmt ﬁ‘ﬁe %ﬁl\%_%th@ﬁcl%ﬁgs t'ﬂ@Wpﬁ%r%EfebP%or box
designs. DETAILED DESCRI PTTON OF THE | I ON [0013] A w de variety of

pr ocesseshils & faedauoungrthe ﬂismbutceénotcdﬂsbafﬂes 3Qawhtchrase Fmaroeled bercath thea singl e

phaseflwdthat flows over a. so bed artlculate materials, to
Dr o3 do Ft 025t WSd SEBHF B PD TR Sne 24200k Pired fh i b S

separ at i ffly §%‘1‘1%%ktutfé1§ftﬁebf&eé&%‘ﬁ%hﬂ%n&%&rs'té% tRBuSIERIABRD. TR BikBLtophi ch
preferentially adsorbs one or nore conponents in a m xture. The adsorbed

mat er i albox20tdae he desrpnvasido fhnvera stbstaatisloashben ratlyyofpadti todemhties ordseftt over t he

solid bed,. and,the esor 0 r.c ents ar oI | ecte The
FPud oamipBtme BEIRTons 32 SeS O ERa e s GrTR DG e SRS GRSt e apine
Co- cur r gj¥ith 2b%§ aéﬂﬂe%thraflb %R BB uddgo GRRhin YR ﬁslwscaﬁéﬁubﬂ@{for m@eé@act or
allows for the fluid to fl ow over the adsorbent bed. Wien the fluid is a

| i q&0 d, stieemf Whlldnnmnu@u@thewvmaﬂlémgm of thefappavatioventhe dprich saagrhl Q, e
adsor ber ere ar so ts,for _providing good contact between the
f1uid an‘HSt’ElE 0518)‘?’?%0 "ﬁ;{}%’a{fﬁ% gg\'eblg erasrcéeeﬁl@o frequently used, where the
adsor benpopgds FBﬁlaﬁge@Qst%@ptﬁﬁ%eﬁ Mo HRtcaish 8l dufichraBf RASOSRGNM vessel .

S

Typically, they are stacked wt one ‘space between the beds.[0015] Wth
mul ti bedcedsorbeéptlardretospdaly shepadasmtsiven sowreandannenigeand stiugtiureg prabiess. | n

additio to rem xing, fluids passi fromo bed.to t spaces
et ween 1pode <P TaRAL i< ubar P St stnt PhGREy SF T Autalf, e shigtor |

f1 upsls. sEhtichsi WhAakitdre bleahnlWhéreYn Rlo 30 Sdcivhatidd situliathgRFdh Sy Hafs Wher e
the system has two feed stfeans and two drawoff streans. The feed streans
are t he iptogowdlsr wnirsghah aa:@ﬂmeaufaﬂtqmgd tagegonentrsome thyestryefpe ane dlaanfacfalrmg

desor bent str m ff, streans, are th xtract ea

Cont ai ni Tyt HaPEs KDoAt Be bR VPSR feil R 3N B M ersha0md N T ar 1 nat o
st ream GRpicHsRhd thord §peITH BBRITCA 24 Al 28BERIAOIWRELTE dBA L 8bdsistsiiRE bed.

[ 0016] The current |IC]UI d distributors conprise a toroidal, or ring, shaped
devi ce vwctdgeammdtsacrt@m,athe dxstrﬁgli@é@tqlmcoltﬂctlmﬁf fgm@ldafbh@hagﬁd hOXthWheilbut or

box S conne d sp ott om of
he3box RHEER b8 b TPt RS UdoBufSihtn BB aBlR Mkt fabrer ot he
box t hr ipgFox@hateflh &iroiderghapd. g@lemgé biguped | @wnohbﬁ@uﬁle sIdIéQlahgésef%r @fachlig Si des
of the box. The distributor box is in a m xing zone between adsorbent beds.
The process streamenters the m xing zone wherein a baffle directs the
process streamtoward the distributor -box and the process stream and m xes
with the feed stream [0017] The distributor box has a series of holes
above the baffle, and a series of holes




bel ow t he baffle. The process stream i npinges on the distributor box as it
passes from above the baffle to below the baffle, and m xes with the feed
exi ting twe 2hplw3s2above the baffle in a counter-current PCIras0mon232g6 and

m xes wth the feed exiting the holes below the baffle in a co-current flow
m xing. The resulting mxture is then redistributed on the screen bel ow t he
baffle. The splash plate is designed to prevent any jet flow introduced

fromth - - At : i S educe
the 11 okearin SRS LR I SRRCIT MR o By hr B THENE efbab ol

fi ne gertersatid,ar.indl0dddienPresld disy amsodoatbedvatntshetidne dating epdratiesi gn

i nclude: (1) poor m xing between the feed stream and the process stream
(2) desilaf%%ﬁﬁg tﬁée gRrEny s foompdngthefeed %ﬁ@i%@}%i@f@ﬁ%ﬁﬁ@tbeﬁr@w and
axial fl : - i | i.on; j S a shadow,
ahere t KOS i Y b S R BT R P RE e
subs®quehktigpoass tessaipesigf theorpicd nadeldg ot Heod's neigp compelfatundl Hiaidl at e.

[0019] The present invention provides a nmeans to over.co t hese_ probl ens.
The pr e<ERAMIG WW@HWI@H%%%%%@%E@ Procestils ehavaLini Fgra ol G HoshaWeeed

{1 d i hBaRuMAGR Pl Udirelh BRABRA oh MFbBUF fobasdiBEn BREBEBNRC | NCI udes an
upper screen 10 having apertures distribut therein, a distributor box 20
havi ng appamntustforlih amding dttibwbr dosignf Figurd 3b dwtsehsdiz@ibnhen ef fraaparfor on of

the distri but .box .i ded b th ] 10 |
bar 11 ¢ 3¢ BCSFO B BEnen KOS SO OTBIF oM HHE G St bdeeroekd 361 e eedl over
scregn Ac%ggiotﬁﬁﬁe%%%@r e 1@@2&&3 Jfig Bd. TTRASs QR esRafisnd ﬁrfo%Qieé Rk aaul AiAPE(d ur es

di stri but rein. baffles 30 forma gap 32 for a m xture of the feed
and pr ocegsfifdntly dedusepths sclatovahbigh@oscensanaeof tho feciHmctionver ths ereeamouhd

i ncl udes, a | ash ate .42 disposed, beneath the gap.32 fqrmed it he

ba {1 es BOSI ni?taﬁff& efilStlﬁlﬁgh%ﬁg@{t?li it DB o e RS aé?f@g*%%f’e%%ﬁ the
upper Sc{cgefed & the Uatbrbéiabed REES cirSeidn Ao 6. 1984 WS 6.D65 WRRGSs screen 10
and the distributor box 20. This gap provides space for the process fluid

f r om t heubgantablywatsideethd dstired batgeofhappa dedigrsshow sfthomwiang tnlet efrsefficiently

di stribytar b 0 020] | di ment , t i stribyt 20 h
bot #om didhevily fititeAe rustin EveEre Castapeihsasbiurein ot badobd "t
bot t om pbang ikdcdiOWRldifids: iBHIGR %81 indfe ﬁ{i)aﬁl 8f MlcangdgL4. The baffles 30 are

positioned beneath the fluid outlets 22 an he process fluid flows across
t he gap [8830et wAenthchmecai¢ dfthe BOpmmdmetas thestritert imorthg Bgw2@locpellizaf f | es

30 should overlap . the fluyid outlet ports 22 to pravide, good i xin Thi s
con be hmEbm st Hidafor g BohRud M rhht R ShaEE Moo 35§,
the edgey@fcatleTRadfiliey R%ign thatds@8Hohd White MoBSal Welobit} NercREQEI9HSeH. Tukd 1 n
a cross flow m xing environnent, and the subsequent m Xture paSsesS through
t hfe?(_b af flbﬁl bigh @EcﬁtfﬁStChE ldad\ls? ﬂ;l'fdd:zyagem Of,tt:h_e aﬁkmbfma‘ Wlﬁieh g@l}oleaﬁ t(tiexctemfinzﬁsz edd
sufficien ar 0. preve i etting onto t.he.s S ate. an
the w drndgretisdas SuRe Aartenh 3 Tpde UikrosPBspurgrldtu i At Prindkinin o

t he baf fiy@ Qéchi%Zdex[iQ%lﬂorﬁ i a%l%h%% oR) @él@ciﬁz%s%@ 'kd'g%ﬁ&ed@ﬂ?ﬂﬁr&f Snf Or

al l owi ng sonme of  the m xture to pass through to the adsorbent bed bel ow t he
| ower sadserhentbed) Fheadigpedeadomadthenvigh dhateadtis fiohethp ¢ercedrthe b er ar epositiont he
splash plate 42 fromthe apertures is.less than .the percent open area of
the T oval Bl Ag oo Bt RereRine Shauen fyo setbhafs BB deRitge open
aregs i s Hrgh thORsaRL it dah 88 sédh thBe S PhidalicRhiat8udidn iR tHReIc§iaf6H aStiBLdESf t han
the apertures in the |lower screen 40. The smaller open area, or smaller
aper t ur g¢b¢ b¢dadihis indicetss & haichirgtucedbehanon obfluitization of e pilsorbané atatbe tapsoft he

| ower s%ﬁegqi40 for a nore uniform passage through to the bed bel ow t he

| oner scPeéi 40, while permtting a portion of the fluid m xture to pass

t hr ough mbyusplaghmﬂh@&@¢$aﬁkhnmga@ﬁ@ﬁggﬁhﬁ?wkdeﬁgﬁﬁﬁnﬁéHMﬁﬁ@uh%okhalIower
screen 40 and the splash plate 40 are sized to be sufficiently small to
prevent berd apeseratie rastangdleo phsmatiqheps. chtber theoaridseldalshepe Thgpapaetus caif 0022]

The_apparat us can, optionall further .includ fl.ow dj stri or plate
(o2 Eh SRS 8 Pone RO Bhation e RO b dtoi bldd>he Bop of

t he adsqih@nty drathid dteetS 2D Wihie it BbOBox2 (Bl PreFanblyWiigossd BASR thdheppkl ow, and
can contribute to restricting adsorbent novenent at the top of the bed,
wher e t ercendis Htser b dispescq imsuchigasanise py igrbsagtiatlycdbevd thicaipperscieesdfll | to
prevent to passage of adsorbent througlgihe flow distributor plate. The
enbodi ment enconpassing a flow distributor plate can incorporate |arger
apertures in the | ower screen 40 and the splash plate 42, as the adsorbent
is restricted from passing through the flow distributor plate.



[ 0023] A general design for the distributor box 20 is a toroi dal shape
havi ng a rectangul ar cross-section, and where the upper 10 and | ower 40
screens hwoeow/gesreral |y circul ar configuration. The apparatsesl0i0332dé sposed
within a cylindrical vessel, where the apparatus is positioned between beds
of solid particles. The distributor box 20 is positioned wherein the center
of the cross-section is between 50% and 80% of the distance fromthe center
of the upAGhuRl SeRulfcelNfo Qithehe AAISURE: JdHE MRRSSFEAGD ihDserdth 0.

di stance fromthe center to the outer edge I1's the radius of the screen 10.

I n a pr efterapparatdssnduddshelcagnive baffics Bhewheromseask bififlons dispged btioandd bet ween
70% and 72% of the distance hetween the center_of the upper screen_ 10 and
the out dhuigauetdrrts ke ofifisehistabytapbpx ), a{l%émafﬂ%éofqrwa&?f %@Hﬁ@i@é@% fluid
passes thnLadgldWtc UREburSCERERN, bk ARhoRitboh Sk iPALHLAA RS RiARIR t he
central %grt o% tﬁ]g screen 10 that aijlschooclate \}\ndotlélllsn the%?nner}t’eége of the
di st3i buhoflulout20porast?. A lpecosudeqnettis posipassidsldvwhtheuglfldsi3®, sot @elndéhat | s

| ocat ed bet ween e outer. edge of the distributor box 20 and the outer edge
of the sgéﬁé]éﬁﬁ‘i?)‘.w g pjthiny 19W?r§9reﬁ6r4§i@w S&ﬁ?&ﬁgge%ﬁcwﬂueﬁ BRGRINGS
subst ant §;a}; in. AnRLOt vide, R0 a6 gsfpaps 34
bet ween (%lﬁjgb%tieggiré?‘lblﬂ’tor goh% a%)gﬂg[rr?g te%e e%é??{ es g%%#ﬁéllﬁs ?eg%%e%@ %he center
of the dilatrthimdlwibgklo@Ghough shesspbash phatd) bungspdisirtbuoos thetflid d0t the nes

radi us qf t he u%p r screen 10. [0025] The apparatus can include a plurality
of inl et'SYFoIT&Mre even distribution of the feed stream The apparatus

pr oy desohdjt er Wik thadfbritids sEfestic M @8%afl REUVHAE GRSwTbF BaEEndBY(1yTOVI NG
t he di sts[rl L]ltOI’ box a aEl)verpitlhe Sb%?flles%’yg%ndl pogi ti%l%’ ng tﬁ\g outlg)te% 22 above
t he baf fregsnguldraliftelbdiotboxan?Grclotabtyprfobedistrdutienbvxas € 0max bd distritated

cross-current fashion. e present invention can include fluid outlets 22
for couﬁ{né‘FUi‘E PP%?’&SCWF%TH&’ ogie %mﬂfes‘iVFPEl?two&s@g}&“%a’rf{a‘?”‘é%%ﬁ%ﬁe&%ei n
fluid outhkgthsnddhdpBedl sQ3ed in the sides. This provides countercurrent

m xing for process fluid flowing toward the distributor box 20 and
cross- cUfdt nilke dgtribotorfbowi2@) chh awilutly cditiepaats@ignt the sidesofithbboo20.08x si de

| anes. [ 0026] .The upper. screen 10 of the present invention includes a
Feqlon” URHE HE GraRPLRo Hext ot tathre CHETEVIng Y PRI PBRS AEMIHRPRr oss
the scragipd@cdus 300nt Hﬁxiglg%ﬂﬁe%é&rss 842 dehOfdeliRBedR A inf R QN-  The upper

screen can include a solid piece of material in that location, or a portion
of the d0834]i bullbe iyonti®0is clasigprdotsrautied adsbstebytie devrceeesptallyTfoe thipper

ortion of .the distributor.bgx 20. can be shaped, tg facilitate flow around
Phe i st o Barbgottin e iy aRgar cotrplepfied b Phaertih et t he
process §dy m&%@&' B&letcglgn diatd inkHe %g;}@%%d %gv%lh%a ﬁhsdrﬁticﬁﬂse%lﬁfﬁ%h m. aS

shown in Figure the distributor i'sposed partially below the

uppae s &@esrirnm@tedimmvin@bectaﬁfswm ¢dmeprabics moivingtthe inbax arkDow kets foe diffeagnt fands
shaped to facilitate, fl ow of process fluid,in th ed, above the er

SoaRen T s Thi bagEe RS bR AR e bt B peds ThiRts Jhe B R
shape i sppfheIRiMsafilan dPeakadtagder ths pRREssRaRkd howhRBdlalval pdridol telcRirdct

shape, but to include any possible sﬁape for the top portion of the
di st r i bundrafifioate30-carmhevigiran themxtraet dndxaff@aicsoudepass thrbegh thooudetawrisor t he

di stribug, feed st ix with th t Th t
ot ude 28 obsBn EEreuthf B8 Taton ePirfi SR B SbRE MrdtioRE box 20°
baf b4 es {Hffcrohi $4bcd be1HRAKhLRASELWRSNERL MMsbipeioR YehalitioRPrdesZ Aulf wih&ither

di stributor box 20. The gap 32 can be sized to maintain _a maxi num fl ow of
t he ni xtheradded torthe systane.cx sviddravamiramdhé exstens threugh thadougivteriexgap 32. The
distrib box 20, can. be desi gned to hav substanti al . aspect ratio of
wiaen cgOIont Witk BT imFr SRR T R wle PEETHE Pty SRS brE T above
t he baf fJrem 3@ cabodihkRnBNAN © veambERloot Mhdt R ifil &t i19hottIEit@AB tR2disdib&d
aspect ratio also can be used to maintain the flow conditions for the feed
stream amtiodemeritsibut Ziigtended wveovart variows gedifohtipheandmgaivatensarrangemhrtsupper
screen 10 h i.stributor.pox 20, the.baffles 30, and the | ower screen 40.
00357 Ry Rh R A SPR e ieftiat PGSy st ens. & ho manufacture of I arge
circular screens, and of |large toroidally shaped units can pose

manuf acturing and structural problens. In one enbodi nent, the apparatus
conprises a plurality of substantially wedge shaped sections, where there
are anywhere from@8 to 40 sections. The subdividing of the apparatus into
smaller units that are then fastened together overcone the structural and
manuf acturing issues. Typically, when the wedge section design is used,
there are between 20 and 30 sections and nore typically between 24 and 28
sections. Wen the design consists of the



wedge shaped sections, the distributor box is a collection of trapezoidally
shaped boxes when viewed from above, such that when fitted together forma
pol ygonalwehapa7i2sgur e t hat approxi nates a toroi dal shap@/UStie/ oaedge
shaped sections include side flanges for attachingsections together, and
for providing structural rigidity to the apparatus. The side flanges can be
solid, or include openings to allow cross-fl ow between sections during
operati qf. A[\4929] The apparatus is for mixing the feed streamw th the
process stream before distributing the m xture over the surface of the
adsor bent bed bel ow the apparatus. The design was tested using theoretical
nodel i ng of tlheAmlappsratusifogdistabptiigdndongling 4 feed fldydhaith e procAsscurput at i onal
simul ati on of.the process is shown in Figure 3. Figure 3a shows the

di stri btPMBNSEe - t he feed streamfraction on the top of the adsorbent bed
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distribution of fraction for the present invention. A theoretical conplete
m xt&re w || hafremeabovattei uppendcré@n2@ Belotv thheppearadeemnponent over the
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fraction in the,g&a vicR4RE pbRRNITHRSHsRibaI? bod 'ﬂ;%u@l?@:nﬁéd Doithe fpRyt or

desi gn shows concentrations of the feed fraction delivered to the adsorbent
bed to have regbaes dghods@ibuiordox abdivieosed Bebwithe uppdrscreeyst anti al |y

out side the desired range,. The, new desi gn. sh the m xin 0 be of
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the m xing of the fluids. [0030] Another neasure of the inprovenent is the

variation in thbaffleoandvel ocity. The maxi num axi al vel ocity deviation from

the average flow velocity is 0 i n. Figur for,the two cases. The
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hi gh. The | ocal aftr@iesv@itABitkbl Br&GATor tR@HokvQffalhixlirg 8F ihePr&tesd M@d ads asaent ,
whi ch can |l ead to excess fines and a reduced life of the adsorbent. Figure

4 presents conpfuah pohbdvings splesh pdite disposedbiclamihgxidat ol/dk deffley devi ati on
fromthe aver flow vel oci.t. s,one progresses down. t hrough an,adsor bent
bed'® The di standBe ARRIEEHY Ui | ROSHIHME SPESTpRER MBS P RS BB ey, or &
posi ti ompekdénit ol 20 §MBe b plSie iLREs théh thRMErihOSRSSdNT tHOMNRKEeér ough a

one neter thick bed. Fromthe results, it can be seen there is a
si gni fi cant rkedilibe pemeratps efaaigel vacicomthaupp¢rent dpwvetscrage hpede gaisially

indicat%ﬁ,abhqgg*r%gyce cha ce ptlg yigk&@t'o% o% t %ngd OQ%?B% at the top
of the b&Gf BYSHFOF SHAPT eV Wi BTy SBaRegricEss 4P . the design
for the qitEbilitoPbd:ORasOsrdidd sReaiitifa BRBRERIal Yrok£sdcapgul ar prismatic shape,
rather than a toroidal shape. The apparatus can conprise an upper screen

10, 2&t | east “‘ond&helprparathueiotlaipok whoreihihg icaferofithe pigss-pactipn optherdstabutor
plurality of fluid,outlets,22. . . hsteibutor box 20 is..preferabl
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to be pané batkt ydgaovie: dpper sp@er screen 10and partially bel ow the screen 10
with the fluid outlet ports 22 disposed bel ow the screen 10. The apparatus
i ncl udes at |%adhe apwsrang ¢f daingb whekesr bie dissalpnodmesindudes aplybiseef 11%@11 ow t he
fluid oqﬁkft ports 22 of the distributor box 20, and the baffles 30 are

spaced to rm a baffle gap 32 below the distributor box 20, but at a

posps i on t hat6.i Thelhgpraces Han ¥ untaid the dadtabityiebdxthab BRlc fpl dticdlamithk €luidpor t s
22. A lower screen 40 is positioned below the baffles 30, and includes a
spl ash pludles anodisppsad dvth@istdsinkinehe | ower screen 40. The splash plate 42 can
i ncl ude apertyr i i t i I rtyr S| to
provide 1% dpeniafRarih Y dfaly ShEleD faR R APRES b bR Fm et e
spl ash gl eutldwbrcalisposdi iatthd battonoplahble fluid over the | ower screen 40.

[ 0032] When the adsorption separation systemis small enough to allow for

t he general | \8-r B¢ apijatay ofglainy 7 pliejeinth dissisbuter, box horttgrpplpnghagfangpper
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t he prodess cdp¢ aamowa@DB3boutEhedgh. st ri butor box 20 can include outlet ports
22 on the sides of the box 20. By noving the distributor box 20 above the
baffl es 30 and having the outlet ports;g2 away fromthe baffle gap 32, the
m xi ng of the process streamand the feed streamis inproved. [0034] The
invention is designed as a fluid redistribution device, especially for the
m xing and redistribution of a fluid m xture over a | ower adsorbent bed.
The apparatus can al so be used as a collection device in the sinulated
novi ng bed adsorpti on-separati on system



The sinul ated noving bed system conprises noving the inlets and outlets for
different feeds as the process fluid progresses through successive

adsor bentwbedny/10732¢r ef ore, the inlet ports for the fl ui #eTwiskéioiozs2dé f f er ent
stages of the process be used as withdrawal ports for the extract and
raffmate streans, wherein the extract and raffmate streans pass through the
outlet ports 22 and out the inlet port of the distribution apparatus. As

t he process o] i.ff i ng
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syst em wecmicithdhiadmtribu@mbbk uily@ities ctmribulgdil tctvlmed thesihnérimdizarant obe seOHRB5]
Wil e the invention has been described wt are_presently considered
the pref®fiiel dpeeg wdrinsaththe ﬂ@trtbc«}t%@% rf{l&edr %tttk%%ﬁlﬁtﬁatltefi RVIARSRYN i s not
limted J4 g t he di scl osed enbodi nents, but it is intended to cover various
modi fi catfons and equi val ent arrangenents included within the scope of the
appended cl aiOrs Tat Appdiatudof o@mina%p&emmmeftwo bdifket ardegparagd afodminga bugfla f eed
fluid with a process, fl risi een, having apertures
di st ri biRBNHERLFIR ﬂF%ﬁ‘PT%Sgé’kfth% ?b‘f’m{] ﬁgr te5da8dhs A8 Erb-om above t he upper
screen to bel ow the upper screen; a dlstrlbutor box, having an inlet for
admtting the feed fluid and a pIuraIity of fluid outlets, wherein a
portion of the distributor box is suspended bel ow the upper screen or the
di stributor box is disposed bel ow the upper screen; at |east one baffle

di sposed beneath the fluid outlets of the distributor box, and spaced
sufficiently to allow the process fluid to fl ow between the distributor box
and the baffle; and a | ower screen disposed below the at | east one baffle
and having | ower screen apertures distributed therein for the flow of a

m xture of the process fluid and feed fluid, and having a splash plate

di sposed bel ow the edge of the baffle. 2. The apparatus of claim 1l wherein
the splash plate conprises apertures and the percent open area of the
splash plate is | ess than the percent open area of the | ower screen. 3. The
apparatus of claiml1 wherein the upper and | ower screen have a generally
circular configuration disposed within a cylindrically shaped vessel, and
wherein the distributor box has a toroidal shape with a rectangul ar
cross-section. 4. The apparatus of claim 3 wherein the center of the
cross-section of the distributor box is di sposed between 50% and 80% of the
di stance fromthe center of the upper screen to the outer edge of the upper
screen. 5. The apparatus of claim 1l wherein the distributor box includes a
plurality of fluid inlets. 6. The apparatus of claim3 wherein the

di stributor box has side planes and the fluid outlets are disposed in the
side planes. 7. The apparatus of claim3 wherein the distributor box has a
bottom plane and the fluid outlets are disposed in the bottom plane. 8. The
apparatus of claim7 wherein the distributor box bottom plane has an inner
edge and an outer edge, and the fluid outlets are distributed on the bottom
pl ane toward the inner edge and toward the outer edge.9. The apparatus of
claim8 conprising two baffles, wherein a first baffle is di sposed
underneath the distributor box fluid outlets distributed toward the inner
edge, and the second baffle is disposed underneath the distributor box
fluid outlets distributed toward the outer edge. 10. The apparatus of claim
9 wherein the two baffles are separated, formng a baffle gap, and wherein
the splash plate has a width greater than the baffle gap.
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