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WD 2004/ 047975 PCT/ US2003/ 036920 APPARATUS FOR
COUNTERCURRENT CONTACTI NG OF GAS AND SOLI DS

WBAOKGROUND OF THE | NVENTION 1. Field of the |PePOB20051036920

The present invention relates to an apparatus for
countercurrent contacting of gas and fluidized solids,
and 5 particularly to a stripper for a fluid
catal ytic cracking process. 2. Background of the Art
Various chem cal, petroleumrefining and.conbustion 10
processes require contacting fluidized solid particles
with an up-fiAevirgrgesrér eotierRCORREGITE MONTERSST RNEl
or heat transfer. Such gys¢ggsagpukerabpso be used to
carry out .chemical reaction by efficient
countercurrent contacting of the phases. One such
W dely used application is in a very 15 inportant
Pr ees& RO o@s Thipuidvegialogt ¢ cracking (" FCC'),
whi ch has been used in petroleumrefining for many
years ghi@n g 6@NYeLt itngheayer (or high boiling)
hydrocarbon conpounds to nore valuable lighter (or
| ow boi kiyng n : i f

hrinag),,6Q QF%%%%ntEQ%L%eﬁaﬁ%éwﬂ@ &hh £Sﬁ§95tFFyfor

configurations o units but all are 20 esSentia
co [ f..the f ' |~ i - ~
SRS AR BB AL E p# 688 FlutBlue sorics, and

particularly to a stripper for a fluid catalytic cracking

process.

2. Bgcquound of the Art
Vérious chemical, petroleum refining and.combustion

”procésses require contacting fluidized solid partiéieé witﬁ
an up-flowing gas to achieve efficient mass and or heat
transfer. Such systems could also be used to carry out
chemical reaction by efficient countercurrent contacting of
the phases. One such widely used application is in a very
important process known as fluid catalytic cracking (“FCC”),
which has been used in petroleum refining for many years for
bonverting heavier (or high‘boiling) hydrocarbon compounds
toc more valuable lighter (or low boiling) components. There

are many different configurations of FCC units but all are

essentially comprised of the same functional pieces of
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equi pnent. Generally, FCC units include a riser,
which.; is a vertical pipe reactor in which the

w@e@akiTegs r eacti on takes place. The hydrocar bpeT/U8md3/036920

generally in liquid form i2 introduced at the bottom

of the riser where it is contacted wth hot

r egenErRtet . catatysillTheFCatanyiss bedheds e thieseformich, is a
of a fine powder, readily mxes with the oil and gives

up vieadtiqal vajpoe | zes ther oih enticls ush @i eradlel oy acddafgon takes
reaction. Both the catal yst and hydrocarbon fl ow
upwarade t hridughtdwoca seon fe¢eds @elvart Bgeous tioguid form, is
maxi m ze the ratio 10 of catalyst to oil for inproved
convermicredd) dthethié Sest toThef rigse deheer tinerd ni it hies contacted
riser is typically less than about' 10.seconds. A - =

ri sdrch dram nmqmmw@@ecatalymtoprm tdigalydisaring in the
separates the reaction products (in a vapor phase)

fr dornt hef catfmlnestpovidier proshiudt 1 wapiorss exith tttee KGQ znd gives
unit and are sent on to further processing. The

catg ysfatpard ived@srizahiled @t e ooveseskanint h looke fakamg

the cracking reaction, are sent to a regenerator

whefregidt itdie, CaletH Scipir etk DFft i and hedr@satiodn flow upward
oxidizing gas (usually air). The catalyst comng from

an tairmsphertes of i dwsdr ocat bbh vdpitsayddls hayven2imize the ratio
hydrocarbons in the pores of the catal yst and between ,
thert cattal st pad td €l esor Befprevddhecentat 3isdn cian R riser.
sent to the regenerator it is advantageous to first

st mhe thes icRirady/ Stindf i eniKai fegk hydd apashedst oridde than about
hydrocarbons | ocated in the pores of the catalyst.

Thilg isedssidd | Y ceoml ishegh ycion device at the top of .the
riser separates the reaction products (in a vapor phase)
fromlthe catalyst."The prodﬁct‘vé§OIS«exit.the FCCunit and
are sent on to further processing. The catalysf particles,
which are covered with coke from the cracking reaction, are
sent to a regenerator wherein the coke is burned off in a
‘stream of oxidizing gas (usually air). The catalyst coming
from an atmosphere of hydrocarbon vapors will have
hydrocarbons in the pores of the catalyst and between the
Catalyst particles. Before the catalyst can be sent to the
regenerator it is advantageous to first stfip the catalyst
of entrained hydrocarbons or the hydrocarbons located in the

pores of the catalyst. This is usually accomplished by
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WD 2004/ 047975 PCT/ US2003/ 036920 3 contacting the
downf | ow of catal yst particles with an upflow of

wer@am798 f i ci ency of the stripping unit is i nPOF/USI3/036920

as unrecovered/ unrenoved hgdrocarbons represent a
| oss of val uabl e product. The unrecovered/ unrenoved '
hydWHHé%H@ﬁ§fE%Qﬂ@anﬁwma@faédFﬁ#MﬁélPh@édbéﬁthGtﬂ an upflow
regenerator. in term, of burning '"a greater nass of
hyd?fbcsatr%ms VBT B ol yd ofedber etrapdingonal tgdantimppreant as
of oxidizing or conbustion air. The regenerator would

al S8 ispErat e dturar dnigleer hyewperabane whbchsewbuled loss of

| oner the catalyst to oil ratio and degrade the unit

10 perfarmanmeodudth. r ager dnrecoperatl/ ngrehexkli hiyyocarbons
and the yield of valuable products: In-addition, the -
hy drloterputi ein st irtaiomed. hpddooarbbasragehdrytekd1n term: of
hi gher steam partial pressure in the regenerator '
whilmtendowt ¢ igrorsease neatsalofshyddeastbwasi shich5would require
Referring to FIG 1 a schematic view of a prior art
FC@ddiriitoriesl showrtityAdfi gliibdozinpgofeednbushias gas. The

oil or wvacuumgas oil, or even heavier feed, is added

t 0 gdrseratareacidrd Glishr opghateedti aj eétthen pekber2ture which
where it mxes with the regenerated catalyst

paMdeJcESLo\H'};e ‘HHaAGK tRQ yiseaebi ol 20at socenyl etedtabe the unit
the riser and the cracked hydrocarbons and spent

catml nfetrare«diviet edgay dekbovpdfat hngughegysh oney 324 the
whi ch separate nost of the spent catalyst fromthe
produdis of valuable products. In addition, the hydrogen rich
entrained hydrocarbéns would yield higher steam partial
pressure in the regenerator which woﬁld increase catalyst
'deaCtivatiOHQ
Referring to FIG. 1 a schematic view of a prior art FCC
unit is shown.. A high boiling feed such as gas oil or
vacuum gas oil, or even heavier feed, is added to a riser
reactor 6 through feed injection ports 2 where it mixes with
the regenerated catalyst particles. The cracking reaction
is completed in the riser and the cracked hydrocarbons and
spent catalystlarerdiverted by elbow 10 through cyclones 12
which separate most of the spent catalyst from the product.

Vapor from cyclone 12 along with the remaining catalyst

particles is directly sent to cyclene 16 which removes most



Vapor from cyclone 12 along with the remaining

catal yst particles is directly sent to cyclone 16
wahbiogl4mesroves nost WO 2004/ 047975 PCT/ US2003/ PGBOR103/d36920

of the remaining catalyst. 4A small anount of cracked

hydr ocar bon vapor is carried down the diplegs of the

cyci@n@@eeﬂ&mq}nmngwdahelgeparaﬂeém@éﬂaEW@anSQénFlab‘eQ

catal yst is discharged down fromthe dipleg of 5

cydlomescddand ab®r Asocatalipst dswni pper d@plaker ef oples

or nore stages of steam stripping occur. Stripping

st eayaisnes rglentediitina thienespa@adnrd 2ateiltyhér at the

bottom of the vessel or at sone internediate point

bet ween $ipent amt@rdstbdist dmschatrhedvessel frokethe dipleg of

stri pped hydrocarbons and 10 stripping steam pass .

upvaydlomdé® T seppdgerint andadyet senvpee wdt hwhhee one .oxr

cracked products after passage through the speci al

opei 1gSs t Ay ol onesal? st Fhepenar ecrany otherpping steam is

cycl oni c and non-cycl oni c arrangenents and devi ces for

sepatf ¢ gy catal Mstesand enackaedehydreacartbahevapotoatof the

the' 15 outlet of the riser reactor. However, the

purpasee Df ot heseone Her sdeniddes ecapdiarr mgerment shestop and

the sane, i.e., to separate the catalyst particles

frmﬁ@@n%@w‘dweqcar her svapeped Stycirppedoons and

catal yst is discharged down through standpi pe 20 26

;Pt§tiiﬁpfﬁﬁliﬂggﬁﬂ d%%t®bW®&dtﬁ@m&f@ﬁsbm@%oéf 1Thend are

ow
removed with the cracked products after passage through the

special openings in cyclones 12. There are many other
cyclonic and non-cyclonic ariangements and devices for
‘sepafating cafalyst.and.éracked hydroga;bon vapdr at the"
ouflet éf.the risér reactor. Howevér; the purpose of these
other devices and arrangements ;s the same, i.e., to
separate the catalyst particles from the cracked hydrocarbon
vapors.
Stripped catalyst is diséharged down through standpipe
26 into the horizontal catalyst transfer line 27. The flow
- of catalyst is controlled by a valve 36. 2ir is injected
via line 28 into the transfer line 27, which causes the
spent catalyst to be transported to the regenerator by

dilute phase transport through transfer line 27 and lift
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of catalyst is controlled by a valve 36. Air is
injected vialine 28 into the transfer |line 27, which

W@ awgms797he spent catal yst to be transported POT/URE03/036920

regenerator by dilute phase transport through

t ransf line 27 and lift WO 2004/047975 .

PCH 520031 036020 155F he 26" Crle. LRI 1] GPRIFHHRESH (Ehat
| d appreciated that _there are ofher_suitable

WU ALed DBt Lhere ate LS LA cacatyee

al ternatively be enpl oyed. Cat St .is regenerated in

r el A0t P4 BpacoNeart PSR WS r added via air

lines and an air grid distribujtor (not shov;gn%. A ’
cat al y<t3 ool 158 TREFIBE pFOVHUEtF ST T HHECOT neatP e dfPntact.
be renpbved fromthe regenerator in certain .operatigons
wiBrt ThigherrBisid 1§ RéEdsIBre MO AE RegerferdtePutor
catalyst is withdrawn fromthe regenerator 10 via
dudtCBashag h%@@ﬁaﬁwaﬁe@%&?rsf%ﬁbw € A ARF A S that
assenbly 30 and transported through lateral line 32

i MG & e Pas e s vERe LEPBeF P efiRIDISIF Ue JaTaNP Fome
entrained catalyst are discharged into a dilute phase

r SRR G ¥Pshetheruppehepob i b o L e rieratoro s sed.

Catal yst entrained with 15 the flue gas is separated ,
from t HEeganssgas cAtabVetple Yitkgesoff | difesregenerator
Separated catalyst is returned to the catalyst bed in

t e & efeiterdt dintichtbughali prerar 351 . THendRiRe ghs grd valve

di scharged t hrough pl enum 20, cooled to recover '
assembly 30 and transported through lateral line 32 into the

base of the riser reactor. Flue gas and some entrained
catalyst are discharged into a dilute phase region in the.
_upper portion of regeneraﬁor 24 . ACatalyst entrained with
the flue gés is sepérated from the flue gas in multiple
stages of cyclones 4. Separated catalyst is returned to the
catalyst ped in the regenerator through diplegs 35. The
flue gas is discharged through plenum 20, cooled to recover
the sensible heat and discharged into the atmosphere.
A typical FCC unit catalyst stripper uses circular,
- conical baffles to facilitate the contacting of the catalyst
with the stripping steam. The conical baffles are usually
deeply inclined so as to prevent catalyst from reposing on

the baffle. Fig. 2 shows a typical prior known arrangement



10

15

20

the sensible heat and di scharged into the atnosphere.
20 A typical FCC unit catal yst stripper uses circular,

wa@oemuoiorhaffles to facilitate the contacti ng PET/URM03/036920

catalyst with the strippinmg steam The coni cal

baffles are usually deeply inclined.so as to even ,
cat %% y ‘f‘?f]r%?n Jrrépaoﬁqﬁgl%’?ryt‘lﬁ)e RGP NP TR XIS)CRJO%SS i\ante.a
typi c ri or Known arrangenent, WO 2Q04/ Q47975 =~ .
PO ESbBY Ghauac s G dnes A 4 9t e dgpatfles 2.
i ncl udi ng_outwardly sl ant ed. affles 41 alternating

b
wi t hP® Nt ol §5 sdlarftrel Arafternés ta2 L afRe agdfyt 185 4 Hivg downflow S

42 tend to laterally shift the downflow s of catalyst

par®t cFasabetk Reid Forash bagdi e £RE thpABGW S ofthg upflow G of

stripping as to increase solid-vapor contact and rmass.. -

t r afisF EPPLHDVER IO | HNHER He SR LIV PHatCAL d¢e and mass. '

catalyst rmass flux is increased through the stripper,

t het 831§ EplencyHowdvatas s it Mamseen( oW itdedr koh the catalyst

renoval in the case of FCC strippers); -is reduced. o

Beytmels af et tisd rinssiasachd rouehf réiteidy ieRe or ophofgfficiency

very sharply. Accordingly, a nmethod and apparatus for

achPevilags Higinsfey cicandyress rbpanskaovadetifedme case of FCC

downfl owi ng fluidized particles and upflowi ng gas is

nee®ledl PAS SUVMARY cORCEdE | RYENTHOR Af faggdr atisny sthe

provi ded herein for the countercurrent contacting of

a gastbpteduwddrowinny fdfifi diergd sbekipdy. Accordingly, a method
and apparatus for achieving high efficiency mass transfer
between downflowing fluidized particles and upflowing gas is

needed.

SUMMARY OF THE INVENTION

Zn apparatus is provided herein for the countercurrent
contacting of a gas and downflowing fluidized solid
particles. The apparatus comprises: a housing at least
partially defining an interior space; and, a plurality of
baffles positioned and oriented within the interior space oI
the housing, the baffles being arranged in at least first
and sscond vertically spaced levels in successively lower
position. Each of the first and second levels include a rcw

of at least two baffles oriented parallel to one another and
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particles. The apparatus conprises: a housing at | east
partially defining an interior space; and, a plurality

wW@p002041923 f | es positioned and oriented w thin PEEUS2003/036920

interior space of the housing, the baffles being

arranged in at least first and second vertical

spaddd Hegs §roR Seedessitpdl PLGRER t1pBsPPi ¥ t%ﬁ%%f?ﬁtha‘

the first and second levels include a rox  of at |east
tmodﬁypﬁﬂ@yl@ﬂié@ﬂé@kpéﬂéWIéF@P§héHet§ﬁaFﬁ%rt%%ybOWQBHQ and not
2004/ 047975 PCT/ US2003/ 036920 7 inclined from ‘

hor £2oRE&It tdrcite it o019 SSo S tlenmakeat RE2 L YRkt | ovlidfyitionally
solids flow snmoothly through the housing and not_ to

r esBHCEL S ecleys Isectli dmtdres avai pabReyed to laterall/ shlft,
Addltlonally -successive levels of baffles. are
arrﬁﬁ@e@lﬂ@qfap@raﬁlWommﬁﬁow?rxt@érékﬁé@ﬁléﬁ ‘e parthleS move
downflowi ng 'particles as the particles nove fromone

| evé&lromo oige leeetl [towshe eweelt. 1Dygircakigl . sutrbsd ey

| ayers are arranged perpendicular to each other but

ot hercarglséyeofl avetrat izoe may cbgedspdrpendeetlar to each other
installation or. process requirenents. 10 The

appabat s hean aaduast ageousiaribe senvbbaedsefit ho anee=CC

unit to achieve nore efficient mass transfer between

t heingpafllewiing gas pandeatstte rdown rElewing f 1 ui di zed

particles. The apparatus is designed so that there is

maxi num Gboet appba reetseerrt kelvphasgsocandy chanoehhimedfwith an
the phases is avoided. 15 Also maximum"interfacia

sur F&Ce'indreaol scavdaivicabloaef @fficient mass transfer between the

up flowing gas and the down flowing fluidized particles.
The apparatus is designed so that there is maximum contact
between the'phases,and channéling of the pﬁases is avoided.
Also méximum “interfacial §urface”.area is available for

mass transfer pbetween the phases.

-BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below with reference
to the drawings wherein:

FIG. 1 is schematic of a prior art FCC unit;

FIG. 2 is a schematic of a prior art stripper;

FIG. 3 is a face view of a baffle plate according to

the present invention;
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mass transfer. between the phases. -BRI EF DESCRI PTI ON
OF THE DRAW NGS Vari ous enbodi nents are descri bed

whedoemumi h reference 20 to the drawi ngs wherPCTUSHDED36920

1 is schematic of a prior &t FCCunit; FIG 2 is a
schematic of a prior art stripper; FIG 3 is a face

vi ew of &18&f flde pl, ataedaécomd&,ngetS@eCtthéeélyesmrSPectlve(

i nvention; WD 2004/ 047975 PCT/ US2003/ 036920 8 FI GS.

4, B rcand &6,evarte onedspedt svéd ylpmtgpeetl vé.ewsf odnta gas-solid
el evational and side elevational views of a gas-solid
contcactiany iappapatus taecardbnging tohéhienventsindgnornkl G

7 is adiagramillustrating the spacing between 5

baf f| es; FFIGG 78 iiss aa ddhageaniralist mperisge chievepaicdwy between

,,~|Ilustrat|ng an alternative configuration of the

gastsdlfildsgont acting apparatus; FIG '9 is a
di agrammatic plan view ill ust rati ng yet 10 anot her .
confi gur e&tli@n sofi st e dgagramhi idi € grelrapeicidg vappareat us;lustrating
and, FIG 10 is a graph of baffle performance vs. nass
fl wen slawmngdike sup€ipataeidi cfenty obstt@lid contacting
i nvention. 15
apparatus;
FIG. ¢ is a diagranmetic plan view illustrating yet
another configuration of the gas-solid contacting apparatus;
and,

FIG. 10 is a graph'of baffle performance vs. mass flux

showing the superior efficiency of the invention.

DETAILED DESCRIPTION. OF THE PREFERRED EMBODIMENT (S)

The zpparatus of the present invention can be employed
in any application wheresin countercurrent flows of solid
particles and gas are contacted. Typically, such contacting
is for the purpose of mzss transfer dr carrying out a
chemical eactlon betwecn the phases, but it can also be for
the purposz of heat transfer. The invention is partlcularly
advantagscus for use in strippers for FCC units and can

advantagsously be combinsd with an FCC unit such as shown in
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DETAI LED DESCRI PTI ON. OF THE PREFERRED EMBODI MENT ( S)
The apparatus of the present invention can be enpl oyed

WO pooatoy792ppl i cati on wherein countercurrent fl omeT/082003/036920

solid particles and gas ar®e contacted. Typically,

such_contacti ngC 20 is for the purpose of nass trﬁnsfgr

or cBtFyindwutthe sereri €4l theadtiven BeE weén NPke t1m1ted tg such
phases, but it can also be for the purpose of heat

transfer. The invention is particularly advantageous

for use in strippers for FCC units and can _ ,

advant ageOMs IGp& cESisi aewawiatth Sak TFER Rt segéh 1qgention

shown i n WD 2004/ 047975 PCT/US2003/ 036920 9 FIG 1,

but ¢melardieidilet vd siteverdtni om 2% R0t NEVRed tgisben

use. The contacting apparatus of the present invention

 enpl @y&f baffdte opl.at € fiew rdm daneay teavilfy & rudngdedgvidual

configuration. Referring nowto FIG an individual
baf fPaf 409 I&) sisowmone Wierr eiaf Plad 160 109 figbiiedaiegted from a
froma plate 101 of suitable material such as netal,
cer aplate ok01 efgisnedribdg pladstiie l( Ugh aFolpéadborgranic, or
acrylic, polyvinyl «chloride,' nylon, acetal, _ _
pol yeud ¥rore; irgne lielse ild Ke).,g .10 pdeperdivegagsonacrylic, polyvinyl
operating tenperature and other service conditions,
Pl at eh1idmgs rfvilest, awe tsdcopd lytsudifghite  siedes the2 1akd) .
103, respectively. Preferably, plate 101 is planar,
depending upon operating temperature and other service
conditions.
Plate 101\has first and second straight sides 102 and
103, respectively. Preferably, plate 101 is planar,
although curvéd'plates may altetnati?ely be employed. Upper
side 111 preferably is serrated and includes alternating
teeth 1lla and notchesAlllb of generally V-shaped
configuration. The notches define an angle « which can
-preferably range from about 60° to 120°, more preferably
from about 80° to about 100°, and yet more preferably from
about 88° to 92°. Most preferably, o is equal to 90°.
Lower side 112 of the plate 101 also is preferably‘serrated
and includes alternating teeth 112a and notches 11Zb.

Notches 112b also define an angle o as described above. The

serratiocns of side 112‘alternate with those of side 111 such



10

15

20

al t hough curved plates may alternatively be enpl oyed, .
Upper 15 side 111 preferably is serrated and incl udes

wa@bdoaiosmrs ng teeth |lla and notches 111b of grCEUSL0$036920

V-shaped configuration. Th® notches define an angle a

whi ch can -preferably range from about 60 to 120,

mor ehak efles abdychd s o 2boat B@Gtéoabéuﬁlﬁeollénal§eveitlcally
nore preferably from 20 about 88 to 92. Most
prefbrabdy, with stleguadetb 90la ©éweidsi délilandf thpeteeth 112a
plate 101 also is preferably serrated and includes

al tef natdagli2edhe 12at Andl hpt ghegndd2iithNohehestdligh 111b of
al so define an angle a as described above. The
sersadi®@ ohsl of side 112 alternate with those of side

111 such 'WD 2004/ 047975 PCT/ US2003/ 036920 10 that the

not ches H42bl©fpldies | DOEr asbdeidt2udee weplicalbiyy of apertures
aligned with the teeth ilia of side 111, and the teeth '
112a15 ofnsi deeAl2s ab e vewbi ¢al byaghegrddanicbhgthent. At least
notches 111b of .- side 111. 5 Baffle plate 101 al so

i nctudesna praatityy of, apest unese tdbsi nfaaperiesesfare in

rows in staggered arrangenent. At |least two and
preégtiabbyade BODr nBsL LOWssbfaapeet puepoaee,i roeachlSa, 115b,
plate 101. For illustrative purposes, rows 115a, |I5b,

115¢1 80 dahd 5Th 2 .@pespar esras easbovhoin EhGrI8. The The
apertures of rows 115a and 115c, as exenplified by

apespalFresred 152" rang 1158" anareivert beakkygmplighed by apertures
wth the teeth 11la
115a’ and 115¢’, are vertically aligned with the teeth 1lla
and notches 112b. The apertureé of alternate rows 115b and
115d, as exemplified by apertures 115b" and 115d', are
vertically aligned with not;heé»lllb'and teeth 112a,

Thé siée of the teeth,.notches; and apertures may be
selected depending upon the particle size of thé solids, the
volume of throughput, etc. By way of example, for a typical
size of FCC catalyst (e.g., 20-160 microns diameter) the
diameter M of apertures 115 can optionally range from about
0.5 inches to about 6 inches, and is typically from about
1.5 inches to about 3,0 inches. Dimensions oufside of these
ranges can also be used when appropriate.

The length L. and width W of baffle 100 can be selected

in accordance with the size of the apparatus. Typically,
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and notches 112b. The apertures of alternate rows 115b
and 115d, as exenplified by apertures 115b' and

walwd/o47925 e vertically aligned with notches || PGI/ERINN3/036920

teeth 112a, 15 The size of 1he teeth, notches, and
apertures may be selected dependi ng upon the particle
si z&eBEthhé sehids, frha abebundd ofn¢hedubhpapouet ¢40 Bynches,
way of exanple, for a typical size of FCC catal yst
(e.gnd ?OJLBOWnirengas dirametee)tthelpta®ter Apoft 24 inches.
apertures 115 can optionally range fromabout 20 0.5
i ncheg toosbobit Gobhbhdsstandei 8 t9Fs catdiprfaldy atsoe from
1.5 inches to about 3.0 inches. Dinensions outside of
t hegdkourafgésicaheal s0 bboused2whehnalpps oprPanensThes outside
length L and width Wof baffle 100 .can be selected in-
accof daheeewrthgthecshzelsd bheuspparatusapiyppchaty, -
WD 2004/ 047975 PCT/ US2003/ 036920 11 length L ranges
from abolhe2dresehesihocabbot 240l 1ihchess sahiddwobthad¥ by more
ranges from about 6 inches to about 24 inches. The
t ooethetdyt doshrdbatangetbd damnbptv omal $ylidngenfowgh the
about 2.0 inches to about 12.0 inches. Dinmensions, out
si denbepfotrhesethangeparaans al sothdeneseny whensolids into
appropriate. The present invention. -facilitates solid
contamitby apEes .evehhyidistdi bating fhew dofndd Didofis shifted
solids through the interior of the apparatus.
Chahnelii pgcof ogsokbdgasi Bbomakimi ted-las east et Soxr Mo bihe€din which
as the flow of solids is shifted

gas solids contact can effectively be made.

Referring now to FIGS. 4, 5, and 6, a solid;gas
contacting apparatus 200 (e.g., & stripper) is illustrated.
Apparatusyéob inciudéé a housing 205»defining'an'interiori
space and having first, second, third and fourth sidés éOl,
202; 203, 204,. respectively. An interior framework 208
suppdrts first, second, third and fourth rows (210, 220,
230, 240, respectively), of baffles 100. The baffles can.be
supported in any of a variety of ways. Interior framework
208 is an example of a suitable means of support. The
height H of each row of baffles can optionally range from
about 3 inches to about 30 inches, and more typicélly can
range from about 10 inches to about 18 inches. Dimensions

outside of these ranges can also be used when appropriate.
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10 in direction so as to maxim ze the interior vol une
in which gas solids contact can effectively be nade.

wRedoasouionyy now to FIGS. 4, 5, and 6, a solid- gesI/UsS2003/036920

contacting apparatus 200 (d2g., a stripper) is

illustrated aratus 200 includes a housing 205

def |pfﬂynd“‘5ﬂ3§rntcéf$|h?ﬂf—ﬂﬁssﬁaéebﬁnﬁoﬁé\iﬁﬁﬂe? fdy @ row depending
second, thlrd and fourth sides 201, 202, 203,

r espBAN V1S Si&e iGt dritoPPPRAREWST k th689C S dFssH t’%lrouq*‘outf
first, second third and fourth rows (210, 220 230, .

240 a%@emw L BICehaPRHe51900: THENBARFIs Sarkbed baf ffle
supported in any of a variety of ways. Interior

f r afgforiclpledgin sagh éﬁanpﬁétbpué{hsm‘ﬁ‘ﬁﬁl S RedSs ¥ of this
support. The. hei ght H of each row of baffles can :
opt iGHEe ywaanded romusabouhes fpekes sgiabade-30As can be seen
i nches, and nore typically can range from about 10

i ncHem & Hdifoutt 18 ifchbs. PBERRASI ARS asat srdduged such that

these ranges can al so be used when appropriate. WO

2OO4ﬁ0ﬂ?QMHﬂREWNUBQOQBEOBGQZ@re1QdAH91ﬁ&wb§Mtoﬁhe rows each

baffl es can be positioned in a row depending upon the

si zeslgfntt movapEarcativs a2 théfdesitedirhebughput Foramdiamole,

ot her service conditions. CGenerally, 5 to 15 baffles

ar e baffdlamded (0 nireach: 2aW, sdbnhhodgtinnanbers “ewdsisdel=nf203;

this 5 range may al so be used when deened suitable. As

can eef illeen 100 am RoBS224 sbabt dhenpaffll eswkl0isasdde 204;

i ncluded such that the baffles within a row are

par &dfellehbut0d her maws 288chlant downward towards side 201; and
baffles 100 in row 240 slant downward tocwards side 202.
Thus, the downflow of solids is shifted towards each of the
- four sides of,the'appératus{- More particularly, the lateral
component of the direction of flow of the solid particles is
shifted by 90° as the particles flow fxrcm one level to the
next level below. Lateral direction changes optionzally may
‘be from about 45° to about 180° depending on the angle of
rotation of successive layers of baffles.

The angle of incline B of the baffles 100 (i.e., the

angle with respect to the horizontal orientation) preferedly
ranges from about 20° to about 80°, more preferably from

about 50° to about 60°. Angle B should be great enough tc

prevent solids from reposing or accumulating on the baffles.
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slant downward in a different direction. For exanple,
baffles 100 in row 210 sl ant downward toward side 203;

wagosaifres 100 in row 220 sl ant downward t owardEUS1008036920

204; baffles 100 in row 236 slant downward towards

side 201; and baffles 100 in row 240 slant downward

t ohRP deP§idem20Rgle TRUSANL HEPBANPNOW B N&BIied$T §he Sollds,

shifted towards each of the four sides of ,the

appaf apastivbeespaet pod apkyiclresharer al 15 conponent

of the direction of flow of the solid particles is

shi ftedThy epacasgt Re lparveeneshe | owi frgmisngsFéve ko the

the next level below Lateral direction changes

optfenat| gfmayerlbe Progeabogtwasnt dhaberpsdgmd lover edges

dependi ng.'on the angle of rotation.of successive

IagﬁrsdoﬁCbatfbeéflée Theedrglréngf tPnEI¢ ne’ 8 tdfe thoer and

baffles 100 (i.e., the angle with respect to the

hol@wentadgesimayabbodﬁrpceﬂera@ﬁgneﬁawgébfmq(gﬁpab@upverlap-

20 to about 80, nore preferably from about 50 to

abblteBbatAngle, Btahoal dalebgr eathenoaghoverlay evegbp of

solids fromreposing or accunulating on the baffles. "

WO 2084047905’ PCTIWE20A08L036920D, 13s THieroplerruaeangbe the

1 can depend on the nature of the solids, the

paztoche sfzevaHMapabtlgb@ shapeheThegS@aﬂlmglﬁme width W of

bet ween the baffles is defined by the anount of,

oventapadrlgaplbeewaed theidppey and ones ﬁdge§ tb @b

adj acent baffles.' Referring to FIG 7, the upper and
inches, although dimensions outside of this range can also

be used when appropriate.

The gas-solid contacting apparatus 200, when used for
stripping.entrained'hydrbcarbon vapor'from catalyst
particles in a'FCC'unit, will typically be sized‘and
configured to accommodate a catalyst residence time of about
5 seconds to 200 seconds, a catalyst flow of from about 5
Ibs/fti-sec to aboﬁt 50 lbs/ft’-sec, a stripping gas flow of
from about 0.5 1bs/1000 lbs catalyst to about 5.0 lbs/1000
lbs catalyst. While these ranges are typical for an FCC
unit other processes may requi;e higher orrlower values.

While the gas-solid contacting apparatus 200 is
illustrated having a guadrangular cross section in plan

view, other configurations can alternatively be employed.
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vaper culpanceasat yset A% paE tW

't 0 288Butvhsgh| pat

| oner edges may be directly aligned with no gap or
overlap. Alternatively, there nay be either an

wo@rnloa7dr gap of dinension D2'. The di mensi BOT/DS2003036920

t hus dependent on the anoudt of overlap or gap and
the angle f3 and the wwdth Wof_ 10 the baffle plate -
an&etPRirdanl FocaRCr ahged fFdm 0t 3tPnhaichisd aPPRsagHs 2004
di mensi ons outside of this range can al so be used
wheR Cappespri aeperahby gasl 5oty bRt ity dpparaths 2
200, when used for strippinqé_entrained hydrocarbon
@s haf il Uhi grewpppitioned.
typically be sized and configured to accommodate a
catfdlGyst? fedhdeneess i ae dinabvutda S Feblohdeore2 2BENY apparatus
seconds, a catalyst flow of fromabout 5 1bs/ft=-sec. - ' -
{@de%e@,cﬁlmcﬂlﬂﬁ%gﬂ%rmwmﬁg £Pém and an
about 0.5 | bs/ 1000 | bs catalyst to about 5.0 | bs/ 1000 '
20 axBg Lc gpalypst 20 Qilh bch hesie Bandesr @ @nyds catheorians
FCC wunit other processes may require higher or |ower
vabges ionwaif]l ent FeC gasisobi do ot aeaniaeippar afue 2001ipping
is illustrated having a quadrangul ar cross section in
pl @&¢curisewn thhernwoldi gepatd drestvoean altednatdveny BEOS and
enpl oyed. WO 2004/ 047975 PCT/ US2003/ 036920 14
Refarteirngotie IRb @083 &an gasi ol itk donidlets ngf Gppue apasitioned
200A includes a generally cylindrical housing 205A
wi tflora gasi-solibar conosst seet | ddthar whiodsteddt 2snd DO
are positioned.
configurations, such as oval, triangular, and the like, can

alternatively be used with or without an axial column such
as 206.
. EXBMPLE

The relationshib betweén éaéacity and efficiency has
been seen by experimentation in cold flow testing. Cold
flow model experiments use actual catalyst and air to
simulate the actual operation of an industrial FCC stripper.
Tests were conducted to investigate the performance of prior
art strippers and the new device. 1In the experiments, the
‘fluidized catalyst was’injected with a helium tracer gas
prior to entering the stripper. The downflowing catalyst
particles were contacted with upward flowing air. The

ability to remove the tracer gas was measured over a range
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FIG 9 illustrates an annul ar gas-solid contacting
apparatus 5 200B which includes' a cylindrical outer

whowgionty7205B and an axial colum 206 whi ch CBET/D82003/036920

for exanple, the riser pof%ion of an FCC unit or

ot her conponent. The stripping occurs in the annul ar
spric et Mgsdn flmerraot anan@08 apdbsgutcsr rouspPmeg 2058

in which the baffles 100 are positioned 10 for
gax0Tslol Gwr aformrec tainmy . cardiet ieness- Serilgmlwere taken at the
configurations, such as oval, triangular, and the

| i kel etcand amtératatqﬁ/ettlye bet nsedew &hdora witaoipuarpoints over
axi al colum such as 206. EXAMPLE 15 The

r el fet | fomisti tp. e thviese e tTapee t yandd aebfliveisghcfohase 1 been

seen by experinmentation in cold flow testing. Cold

f |owamdetatexper i nents use actual catalyst and air to

simul ate the actual operation of an industrial FCC
SstrippefIG. Testshomer eclcondaesedetiopemiestingate ¢hethe apparatus
performance of prior 20 art strippers and the new

devi cehe Iprddmntexiperdmehds, usheg thei diszedo it bt ystrangerant as
was injected with a heliumtracer gas prior to

emt@npaged e 3t rd pperor Theodowabhowinng coed il st ipper using the
particles were contacted with upward flowng air. The

alpdidy Hrowrkmnes dhed tsacele gdsswas . medius exbovesit@s of the
range WO 2004/.047975 PCT/ US2003/ 036920 15 of catal yst

f ;e satte s rangchta Jrunheiiof tequapmeditficiency of at least 95%

over the measured range of mass flux (lbs/sec~ft%, whereas
the conventional stripper apparatus had a maximum
efficiency of less than 94%, which repidly dropped as the
‘masé_flpx'inéréased,' For example,-at.afmaSS'flux of 18
lbs/ft?-sec the efficiency of the baffle design of the
present invention was about 96% and the efficiency of the
prior known baffle désign was about 93%. However, at 22
1lbs/ft%-sec the efficiency of the prior known baffle design
dropped to about 88%, and at 28 lbs/ft?-sec the efficiency
of the prior known baffle design dropped to less than 78%,
whereas the efficiency of the baffle design of the inventicn
remained above 95% over the same range of mass fiux. Thus,

not only does the prior known apparatus have a lower



10

configurations and conditions. Sanples were taken at
the inlet and outlet of the stripper and at various

w@oionsg7oever the height of the.stripper and apel/ygmd3/036920

for helium5 concentrationi6 FIG 10 shows the neasured
performance of the apparatus of the present invention

usiAg tHeENTeiv bafd |t B¢ idTgehehittPas 2tcanffaEBdShpeRea Tatey as
prior known conventional stripper using the prior

knéwE TstSendakulk biafdfeagisi gn. The apparatus of the 10
present invention exhibited an efficiency of at |east

95% ovéhithfe thasitved rdame ioft iggs soRkaxns many specifics,

(I bs/sec-ft2), whereas the conventional stripper

ap parescu s ovad Bl emxs mowd d efdl dicesop s urRds g st Eé.miga%ions on
whi ch rapidly dropped as the ,nmass flux increased,. =~ =~
Fothexanslre af @massnfénndof, @t1BefBdyf 82- ssemphefications
efficiency of the baffle design of the present

i neentd et anase dbouto @B%eEre tHereoff.i cFepsy ekifhed in the art

~prior known baffle design was about 93% However, at

22 willls /ehtv2-siemn tiwen efdilcdepessobitheéipsi witkaowhhe scope and
baffl e design dropped to about 88% and at 28

| bsffitr2d-tsed tites effvenemy 20 @ffinke pyi bhekpownms appended
baffl e design dropped to | ess than 78% whereas the

ef hiegiecgrrcy of the baffl e design of the invention

remai ned above 95% over the sane range of mass fl ux.

Thus, not only does the prior known apparatus have a
| ower WO 2004/ 047975 PCT/ US2003/ 036920 16
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efficiency, the efficiency drops at a nuch steeper
rate:,-as the mass flux i ncreases. Wile the above

wa@le®@anirs on contai ns many specifics, these sSperUf1003036920

shoul d not be construed asttimtations on 5 the scope

of the invention, but nmerely as exenplifications of

pr éteyr dd EAB3HEReABs t hereof. Those skilled in the

art will envision many other possibilities within the _
scope and Aspipperetushéornvent oM BITABEFFREd BPRURETINg o a
cl ai m8 appended ‘hereto. 10 WO 2004/ 047975 .
Pcna@sm@g/cm’@@z@wimq PEATd | SRCERFMVEDY | Bhigh Agrprises:
apparatus for the countercurrent contacting of a Gas _

and dowaf)| ewihogssobi dtpaesftlesrtimi &l E6Aphiisgs arg)ingerior

housing at least partially defining an interior 5
spagecsy) a plurality of baffles positioned within the

interior space of the housing, the baffles being

arranged)i m paurhéasy bifrsafahes seedhdioveti valtinin the

spaced levels in successively- lower position, each o

of isdiatiatr Ispast bifr sheahdudOngecond beféllesi heliudi mgrangad in

a row of at |least two baffles oriented parallel to

onextanatdsar famdti neki sedohdonerbbrd kbpt abaceidedteatslon in

so as to laterally shift the
successively- lower position, each of said at least first and
second levels including a row of at least two baffles
oriented parallel to one another and inclined from
horizontal orientation so as to laterally shift the
direction of downflowing particles transversely as the
particles move.frbm‘oné,leVel to the next,lower_ievel;

2. The apparatus of claim 1 wherein the baffles ars

flat.

3. The apparatus of claim 1 wherein the baffles have a
plurality of openings arranged in at least two parallel rows
such that the openings of one row .are staggered with respsct

to the openings of the adjacent row.
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direction of downflow ng particles transversely as the
particles nove fromone |evel to the next |ower,

wo ewel037975 15 The apparatus of claim1 wherei n PEEUS2003/036920

baffles are flat. 3. The apparatus of claim11l wherein

the baffles have a 20 plurality of openings arranged

in at |edst Thaoepapakter pbwelatuch WW%ﬁe%méﬂﬁbémﬁ%i$s each
of one row are staggered with respect to the openings

of PRESadjas&nendonecYTr 20089 DUTY 7ENPCTF USAF0R/TIFIF edges
18 4. The apparatus of claim 1l wherein the baffles ,
eacHefhavaof arsafhhd senond oppeRli s BreEPAHq gncluding
serrated edges- defining a baffle | ength, each

ser pAtednetigeridgeadang narckedate ridges and notches.

5. The apparatus of claim4 wherein the ridges and

notches of the first serrated edge are staggered with
respect to the ridges and notches of the second

serrat ed5.elige. appasat Theofipphd Hous \Wicwsd Hi B whHelgsisn and
the notches define an angle a, wherein a ranges from
abouptébesoodbbbe f20st FerThecdppdgatame oftagdgsirad3 with
wherein.. the openings each 15 have a dianeter ranging
fromeabeot 0o5thachidges abduhoBches of the second serrated

edge.

6. The apparatus of claim 5 wherein the notches define

an angle o, wherein o ranges from about 60° to about 120°.

7. The apparatus of claim'3 wherein the openings each
have a diameter ranging from about 0.5 inches to about 6

inches.

8. The apparatus of claim 1 wherein the apparatus
comprises at least four levels, and the direction of
downflow of particles is shifted laterally by an angle of
from about 45°'to'about 180° as the particles move from one

level to the next succeeding lower level.
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inches. 8. The apparatus of claim1 wherein the
apparatus conprises at least four |levels, and the

walzeogotiooh of 20 downfl ow of particles is shifPerus2003/036920

| aterally by an angle of f%om about 45 to about 180
as the particles nove fromone |evel to the next
succeedi Ag Todwerrpavaius Wi 20buos7g7serein the angle is about
PCT/ US2003/ 036920 19 9. The apparatus of claim38
wheP8in the angle is about 90 10. The apparatus of
claim9 wherein the lateral .5 direction of down
flowng particles at the third.level is opposite to
the lateral direction of downflow ng particles at the
first | eV}, Thndepprratieral @iadety omeredowhheohrhgral
particles at the fourth level is opposite to the
| at @k apctépneet i drwn of Letownd | o - ot td el elsc athi hd - level is
second level. 10 11. The apparatus of claim 1l wherein
t hecbapBles apethé nkd el fdbmet dwrigbmewnilowing particles
orientation by an angle 13, wherein 8 ranges from
abo&t PDet bimboutesal, 1@1qzthérrﬂeat@m¥ aliscotienapm downflowing
wherei n the housing possesses a quadrangul ar
croggrsécieonat 1She Thenapparewals of @réditlewhereha lateral
t he housi ng possesses a circul ar cross-section.

direction ‘of downflowing particles at the second level.

11. The apparatus of claim 1 wherein the baffles are
inclined from a horizontal orientation by an angle 8,

wherein B ranges from about 20° to about 80°.

12. The apparatus of claim 1 wherein the housing

possesses a guadrangular cross-section.

13. The apparatus of claim 1 wherein the housing

possesses a circular cross-section.

14. A fluid'catalytic cracking unit including a
stripper for removing entrained hydrocarbon vapor from
downflowing spent catalyst particles, the stripper

comprising:
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20 19. A fluid catalytic cracking unit including a
stripper for renoving entrai ned hydrocarbon vapor from

wa@loamPi™dr ng spent catal yst particles, the strP@pE82003/036920

conprising: WD 2004/ 0479752°CT/ US2003/ 036920 20 a) a
stripper housing; b) neans for introducing a stripping

gas i nt ¢ e ststimpggemRGUsidig; and, c). a plurality

of flat baffles positioned within the stripper

housi ng,bt Heearef flces ipdinagfuaimenge$tiviPainegss WMtosithe
and second vertically spaced |evels in successively

| oviFr jyusdt itonysiggoh eofd,sai d at | east first and second

| evel s including a -row of at |east two baffles

ori entedc) par alllvelaltic yord dlctthée fadd s meldifegrfacoviithin the
hori zontal 10 orientation so as to laterally shift the '
di rectimre ofhouwowf,| dlendaddtiasy deipar tamlaggged in at least
transversely as the catalyst particles nove from one

| eviglrgto drive gwexind owert dleadly. spBcethe efialiad igatsalogassively
cracking unit of claim14. 15 wherein the baffles have

' a pbwealpdyl wforgpericigs farscdnyged ilkasdt diezst arnwb second

~parallel rows such that the openings of one row are

st dggerled midlhudiegpectrdwo dfhetoperisigs waf datfel lad] acernted
- OW.
parallel to-one another .and inclined from horizontal
orientation so as to laterally shift the direction of

downflowing catalyst particles transversely as the catalyst

particles move from one level to the next lower level.

'15. The fluid. catalyti¢ cracking unit of claim 14
wherein the baffles have a plurality of opening$ afﬁanged in
at least two parallel rows suchk that the openings of one row
are staggered with respect to the openings of the adjacent

TOW.

16. The fluid catalytic cracking unit of claim 14
wherein the baffles each have first and second opposite and
parallel serrated edges defining a baffle length, each

serrated edge including alternzte ridges and notches.



20 16. The fluid catalytic cracking unit of claim 14,
wherein the baffles each have -first and second

woppasites and parall el serrated edges defi ni NBCHUS2003/036920
baffl e | ength, each serratled edge including alternate
ri dges a not ches. WO 2004/ 047975_ PCT/ US2003/ 036920
21 17. Tﬁg'fl%ﬁ}ied%i&tlgl ﬁt‘-i“&leV,?ébk?ﬁ%c}uln‘ﬁj S 16,
wherein the ridges and natches, of the first_serr
edgé’%&rel@a@hebgflidlg@Safagaspgg‘élé?gdoad Wflzr %rp%tctsﬁa%reat%eed edge of
rld%%%h?@%ff@%t%?gssggggggegegggg ?géﬁgg@dt§ %é égdges and

notches of the second serrated edge.



