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WITH INTERSTAGE PRODUCT REMOVAL FIELD OF THE INVENTION
WQOO08/PoBRR present invention relates generally to a reactor syBfekUV$A¢A7/071363

interstage product removal and more particularly a reactor having a

plurality of reactor beds in flow communication with one another and with

a diver-ter for removal of product between a pair of adjacent reactor beds.
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olefin materials and their subsequent use in the production of numerous

important chemical produgig:vig O@\Tgs e pligRMerization, alkylation
and the like well-known chemical reactions. Light olefins include ethylene,

ropylene and mixtures. thereof. These light olefins are essential building
(0064 s F RIS BT B IRPIE RURT EEN SR CREHTASTR VB & 1@ fiajege product

remsalreedfaidhgsativalelipls inpiasenicay palinlng i RecsteaRisGRaking of
etroleum feeds. For various reasons including geographical, economic, .
COMBEHHEAN Ay i Ly CUh SRS AST fRErarehakhEdy Strypegn 2 pair of
adjasentrceatfideidan petroleum for the massive quantities of raw materials
that are needed to supply the demand for these light olefin materials.

Thus,R&D persoaneAé?&g#e |§§ﬁ£§%%§f effectively and

selectively to produce light o sening dependence of the
petrochemical industry on petroleum feedstocks. Much attention has

(0002 e féctnsuer RN S4B MErdPideRs rapheseisd dndosiyyenacasane with the
prodRQisnshecHiclyrmetianol Oh e YRbe RAME A APPSR 68 Blmerous

.__the necessary alternative feedstock. Oxygenates are particularly attractive
lmp%@gﬁmr@i RS procl B ioncRligRBRFiZvHNBDMK M atierairdide like

well0aRIWIAHER B S REMHE D BIRIEAnYHAUILARINY 335 SHERB MR T hures
industry and various products and b%-products rom the agricultural

thergrfi Shr7e Hisd teteinmae sg rrem dndidang asks 6% dermedsmartorhsmical and
cherY@ASRIuRMEMN AR ialg b WallRIGIREE thand i PRIMAYSSIRRiHS R e steam

one or more of the following procedures: (1) manufacture of'synthesis N
craciing B RaYP IR saBwWiPIeER bt ERsgsdam dism gea srmerak esprmic, political
and GHANSID pHaTbIRiaEmincSiaR falewer By st&?g}‘i’teil's&ﬂ@w&ﬁ@?mgﬁ‘?letroleum

synthesis step using relatively higg pressure with a copper-based catalyst;

for ths asxg\HHenelial graiarivhdhaigun eeagfrtitenBPpr g desiand for these
lighttcPHO eHaEesi M OTHRI IR B TIPSR MAYBBALRS 1RE CREHBHIRRSSAMBIRRIGRR tively

and gléggggl}tﬁghpr}igd%%%ﬁ:g}ht olefins, thereby lessening dependence of the petrochemical
industry on petroleum feedstocks. Much attention has been focused on the possibility of using
hydrocarbon oxygenates and more specifically methanol or dimethylether (DME) as a prime
source of the necessary alternative feedstock. Oxygenates are particularly attractive because
they can be produced from such widely available materials as coal, natural gas, recycled
plastics, various carbon waste streams from industry and various products and by-products
from the agricultural industry. The art of making methanol and other oxygenates from these
types of raw materials is well established and typically involves the use of one or more of the
following procedures: (1) manufacture of synthesis gas by any of the known techniques
typically using a nickel or cobalt catalyst in a steam reforming step followed by the well-
known methanol synthesis step using relatively high pressure with a copper-based catalyst;

(2) selective fermentation of various organic agricultural products and by-products in order to

produce oxygenates; or (3) various combinations of these techniques.
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WO 2008/008597 PCT/US2007/071363 [0003] Given the established and

well-known technologies for producing oxygenates from alternative
W Hp88Y8um raw materials, the art has focused on differenPprESaUyEe71363

for catalytically converting oxygenates such as methanol into the desired

light olefin products in order to make an oxygenate to olefin (OTO)

process. These light olefin products that are produced from

n-pe raw. materials,must of course be availahle in

O ST L OB S BB epasgapares
fromdisensing woth-paroteaterials miasirars, the senblys grodsabdnudiffgrent procedures for

hm oxygenates have been ,disgus in )
e L e RS Ot S R o
ordefdgiraekdighoalgimatads dlebin (TR tpmoobcdrhasesightetfiopogyucts that are

proafmpa(n?ﬁsﬁﬁr%ms b%z@&'%w%a Laormercig! 'é/ok {%@.&96&%@% quantities
synthesis technology. Two principal techniques are known in the art for

and guniessioahotheiabigarrot totigtitakedibde(M TOY NS 4p8 87263 g seltste materials
hat QPE that utili atalvtic canversion zone containing a
S oM SRR e
discasgnshimBrapuitnrhdbsanoicigahiersior thelinigussasingea BSvbduyph ok desired

. t i using a.zeolitic cat t
et i AR S R G P
availpbtivy o6 envemmgiadlpemasonsthetayolifesd tathoangy T WMiEincipal techniques

are BRSOIANANZAR 0Bl SRR IPUNSIZIAG ©F Ay Pﬂ@gmﬁg%%%m

. 5,095,163; US 5,126,308 and US 5,191,141 disclose a conversion
disclasesr e gy Lielpiper s efothatatilire srotetaliaicsienecsital yiin ervatetdaling arecolitic

typeQ?ff B ?’Eltys%@éﬁ @ﬁ&%@%ﬁ@%ﬁefﬂ&%ﬁ ﬂ%%%a&}%ggﬁgl%?l Eﬁl methanol

R
(ELAPO) and more specifically a silicoaluminophosphate mo ecular sieve
conygAPOahi Birsripig e £984ifldany SIRBLBY sYHRMSAPO-34 material

[00047S fopRs8 1Ry R3a1MRIYBIGN 56 %%W%Eoéajigﬂ“ytspé?%ﬁl"ﬂﬂ% %ﬁ%’f—tg?&oﬂ)urposes

feedstock and consequently very low selectivity for the undesire

of makipgspehdtrdinght hsarddiksetandinel oreaviiviertingeriatyti@oo6} Traghanol feed
strefHRRSICANE (IBRANAOBULIO MG RSiE: TbHHLE, AIJIgNS OLeins: RrinagHly

ethylene and propg/lene along with various higher boiling olefins. Although

(0005 ¢| WS PSTIO phbt &2 feddhansgy Hosksbak dirsloap aniVT of eshiftmgion
techHMRoB\PIRN RIREN IQAYCE ERENEI& AP SIS QR ATOR RHRENe MR- RS %Wﬁﬂfarly these

by various adjustments of conditions maintained in the reaction zone, the
pateg&%

fisslRshg uBa grnaillyBereRrBat prEpiE AP PRy mermenegfitaty a
silicus RSPl praedtRiovietd s Afropyians) ralative A SlResiRalQ SRPO-34. This

technology. The driving force for this shift in emphasis towards propylene

SAPQ‘&‘]%IBW e f@Pﬂﬂat%hfﬁﬁléﬂéry high selectivity for light olefins with a methanol

feedstock and consequently very low selectivity for the undesired corresponding light
paraffins and the heavier materials.

[0006] The classical OTO technology produces a mixture of light olefins primarily
ethylene and propylene along with various higher boiling olefins. Although the classical OTO
process technology possesses the capability of shifting the major olefin product recovered
therefrom from ethylene to propylene by various adjustments of conditions maintained in the
reaction zone, the art has long sought an oxygenate to propylene (OTP) technology that
would provide better yields of propylene relative to the classical OTO technology. The
driving force for this shift in emphasis towards propylene is the growth rate of the propylene

market versus the growth rate of the ethylene market. The existing sources of propylene
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market versus the growth rate of the ethylene market. The existing
sources of propylene -2 WO 2008/008597 PCT/US2007/071363
WQ286//104/5A7In the marketplace are primarily based on conven®&TA Stei71363
cracking of naphtha, LPG streams, propane streams and the like. Another
principal source of propylene is produced in a fluid catalytic cracking
(FCC) hydrocarbon conversion process in the modern day refinery.
prodBE4 1 i P iBRAISROSER A e bt methang (o propene (MIFde
process for se ectleeaiy producing p¥opy ene from a feedstock of Methan
naphthd/dHOMECaFhss patemt stpplivatiod tistlbsesmftewpdheips baviagodpropylene is
t len TP IS, portion having three reactors,in
Pro e B B SRR TS o
day gegteern diluent and fixed beds of oxygenate conversion catalysts. The

ctor, o] serial flow,arrangement with, res the
O B D T P ARRE OFE S precss for
selegtvRy 100806 8giiscmdesc fsimg avfieedstrtiorf roribsiid eodie®ME. This patent

f -nr. >t fractiQn contaiping C4+ h rbons to
P R B S R RO e
portigiohatonrgdrilisandent seleqrionl bl Caralpstaagdneohwatisiespeonditibasfgpenate
fecd RIS S UBAUIAA SEPRRES B 6 102G MARTHIL RV he
catalyst such as SAPO-34 for an oxygenate o light olefin reaction zone
reactig aRivenaceioninaotricahibiecatsangieventavaly st great ze dlitic ffhtalysof the first
reacBiCh @S SMmp atetigd! for the auxiliary reaction zone which operates to

convert the C4+ by-product fraction to the desired light olefin (i.e., C2 and
[0008} oleHRsB- TR patedis diswip veing sing raacivionl atings flaicobeerommeoxigmmate feed
i i ' [} id be, fi r.a fixed., .
e A BV S B i
patenydisploses tho dootvpeasteserntinyalivior prinddesndenssclostbysefmatal yst and

com@é%l%&%)ii@i&')‘érﬁthXa%rﬁﬂ%%i§‘%’E‘§ﬁt§f§3%£l«’t§i%§({8 SOSIMMACRUA e cular

~and having at least one pair of reactors separated by an interstage
sieve)gRioit 129 BPsYh iR A respimtrdishisetnreeimrsyetondrrither a
non 61k MAreUhaRiene Af MRty Rl CAGIQLE SRS SNIEHSE LI e

communication with the interstage position and capable of directing a first

auxifrYisFeRenFRRILhitheRparatifyconEeTeherbnih arr phieotredonds ths desired
ughtftsgflﬁqaag@?%@é%%ppfﬁﬂmiéﬂﬁd@m@% 1906 SUERMARBHIDELA or 2

. another reactor in said pair of reactors. _ _
riser reaction for the first reaction zone and a fluid bed or a fixed bed or a fixed tube reactor

for the second reaction zone.
SUMMARY OF THE INVENTION

[0009] The present invention provides a reactor system having: (1) a plurality of reactors
connected in fluid flow communication and having at least one pair of reactors separated by
an interstage position; (2) a line for supplying a reactant feed stream separately to an inlet of
more than one of the plurality of reactors; and (3) a diverter in fluid communication with the
interstage position and capable of directing a first portion of a product stream exiting one
reactor in said pair of reactors to a first location and a second portion of the product flow
stream to an inlet of another reactor in said pair of reactors.

[0010] The present invention further provides a system for converting a feed stream

including: (1) a reactor vessel defining an inner space; (2) a first annular catalyst chamber in
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[0010] The present invention further provides a system for converting a

feed stream including: (1) a reactor vessel defining an inner space; (2) a
WQiRH0HAMIUr catalyst chamber in -3 WO 2008/008597 PCT/US2007/071363

PCT/US2007/071363 the inner space for containing a first catalyst

material; (3) a second annular catalyst chamber in the inner space for

containing a second catalyst material; and (4) a line having an inlet and a

[rst out econd outlet, the first outlet foy directing a first portion of
the I B e T s A enamber
in thsuiteefopdie ttingat siedamd wortivncafaltyye feeer siicmdd (gastlthe iwsing an inlet and

a fir%‘%ﬁ%%ﬁ&%%%Sﬁ&‘%‘&%&ﬂg %Pr{%h ¢ fecandiannular catalyst cha

er.
0 n Ort10 &] ?ne feed stream
e present invention further provides a redctor system for d strea

to tlmﬁmmmgaﬁeemlwehmma pr(bdnm§estmdmdﬁeﬂ lfdini_:_jre(dt.)r@ resetaid portion of
the YESFSLIRITIAG O NS, ARBEE L0, L R A Y e AR patalyst

catalyst c er in the Iinner space for guiding a flow o
chambaterial along a portion of a length of the reactor vessel; (3) a second

ner ' n alyst chamber in the inner.space for.
[%gﬁidinﬂ?@‘v%%@%i%%@%%ﬁaﬁ%rs?ﬁr’nvétéﬁ§|rS ] 8y6%r Ak ETERg ] foed
streghtieaprodektisiecintinginding ddiedyshctuaimisee lodifigingpmcanteicsihce; (2) a first
iti ithi e st. chamber: a first annular i
zen e e RGNS L S T 1) AT Mo or a e
catabyh mpeti{b) lange padichelide sgéceiiipositgne ddsetlvé@nather fingt generally
cyliﬁﬁpiwﬁﬁrﬁﬂ}?alyggtﬁﬁ%m%mg 1@8}??&9&%@%@#@ 8%#1%%%[ ﬁ:(f)l argp Srs tc%%d catalyst
second annular space being in communication wn% the Second annular
matesaghplengtiaprbéon af theoleagihehidigingsael itlefarchaniivst oataéysacbamber being
S&eR04; b i i %li'!‘ilﬁ irst; bQrti f the feed sirea
Coninto thgtlal iﬁ&aﬂ%ﬁrﬁ%}gge%én%g%% seconag %%Il@z%ér}? é}llr%g%i’n 4f)aas%rgoﬁ%nrglar space

defipreRyrrad thd lde emenmiontiomeidedisnreirnmalas paiokyBetERber; (5) a second
am@§§%8-ﬁ@fﬂoqu%&ﬁﬁn\é/mg %M&%:ﬂx Sﬁ'ﬁﬁaﬁ]ﬁgpg{gqgg HEME fannular

a process flow diagram of reactors for convertin o
catalysyghaaRe: it apinadierandtrsarsedeindiafemontaisdtigrpritiudtesteeand annular

catal}RYIMAHBEISIALR cPHOGCh A MR AR LRL Bl 2dR R Sid8 £ VBHAVVIRY the first
in partial vertical cross-section of a six bed concentric radial flow reactor

outletitpridisctinga Hrstpertientivhe derd oopam Mo theifixtsitaudlevationavié e

secoldRAAIA! e diral &k %5@@&5@%09&@15%@ Q] e ARIPHRNQUShN ! Grar space.
2. TERMS AND CONDITIONS DEFINITIONS

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic view of a process flow diagram of reactors for converting an
oxygenate-containing feed stream to an olefin-containing product stream having interstage
product removal;

[0013] FIG. 2 is a side elevation view in partial vertical cross-section of a six bed
concentric radial flow reactor with interstage product removal; and

[0014] FIG. 3 is a side elevation view in partial vertical cross-section of a segment of the

reactor shown in FIG. 2.
TERMS AND CONDITIONS DEFINITIONS

[0015] The following terms and conditions are used in the present specification with the
following meanings: (1) A “portion” of a stream means either an aliquot part that has the
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[0015] The following terms and conditions are used in the present
specification with the following meanings: (1) A "portion" of a stream
WOrE8$808%er an aliquot part that has the -4 WO 2008/00859RCT/US2007/071363

PCT/US2007/071363 same composition as the whole stream or a part

that is obtained by eliminating a readily separable component therefrom

(e.g., if the stream contains hydrocarbons in admixture with steam, then

f sati jor. portign. of the steam.. it camprises an .

S LR e o reaaity
sepaiellessHnp cernpilesstenaieiforip tepiemueciensio by dvbentitow is shoixture with
steaffOiéh 283P QRAIE 3% RISSPUSAOLAINE SLIIDRELRIGIRE: Bhcous

the presence of necessary heating and/or cooling' means is tmplied witen
portianaisl shgdiedsebae pnrrionss dpdicapireg cacdiffenect ssemyperapnssodaitiéor pumps
is uﬁﬂé?gtgb%‘&ﬁé%fﬁé&qheﬁf&%ﬁ Hj(yljg Q%’o@@oﬁyllgﬂﬁvaerl]d lg]vlvxu%r%ssutrg 5eo%og_15€) of higher

the term "heavy olefin” means an olefin having a molecular Welghaf greater
prestigei ptod gidaresef@rthensepsearsibnat@Z RN ¢iwcesdingoansna iprogdss fehen flow is

sho&ﬁ@é?\%@g Ahek¥ g&?ﬁ? tgt REAR tl: PEA r?ﬂLﬁ'elg{ rtr}?ed gnr?lbcf{j | t%’i‘éfins” means
i t fe

when the oxygenate Is methanol the OTP process is referred tG as an

ethylgappprppytessand raiktimsthereefid Spshgenatehemennkfin” means an olefin having
< i i ' C ining L carbon atoms

o e P ByERESD g ke praleenalams,

procgigdRy ey ekeigfeso xegpmatolie aries]ensditdenike)refetredigtubed inichiesben the

oxySBRRMRIRISBRINE dRBTRYRL SuaGtiont apfs that %@I@sem%&em; (@) the

catalyzes both the OTP reactions and an olefin Interconversion reaction
(erhEQPBEEART0TBERVERN ORYZRE-BIDslAdslibhstiplkshecadptheorsnining 1 to 10
carbdH AN @E&M@E@%M?&QY&TME‘:'é?h%?s’]%x?d%%ﬁ?ﬁ?f%ﬂlgmﬁ@sE(lgg.?;%ﬁehydes,

two or more double bonds or a triple bond in its structure; and
ketopsrrarbmykiel asidr: andathe pketierd mixduestafyibessanatrralnerthe term “dual-

funcBiBSEZRO AR BR& Ay iokth e d Ak REPRIG RN QG 61in

. INVENTION [0016] While thé present invention will be discussed in terms
INterGPRYFH M ARREHOHR VTS PE Ykeepatier el Lrdl efrfinp frairngleaed(9) the term

“highle@Bartiahuid & Lapslarstorshhah RRJERGIR WIRWh STAEME Wil or more double

interstage product removal could be Used to produce products from other

bondygea BiRleReaA itoitaidmpiant (4 Qohiiemmatfyidieedtbrdomeamuparticles of a

cataRKPGESSkA Y i aGRERAN IRACIERAE. LK B,00qRination of oxygenates
and hydrocarbons. It is also contemplated the product streams could be

i ' iti it | hat the reactor

couid process B S MR QR TR R BYR Ohbcece the

feed stream contains one or more oxygenates. In a preferred form of the
[0016] While the present invention will be discussed in terms of converting an oxygenate
feed stream into an olefin-containing feed stream, it should be understood that the reactor
flow scheme with interstage product removal could be used to produce products from other
types of reactants. For example, it is contemplated the reactor could process pure
hydrocarbon feedstreams, or a combination of oxygenates and hydrocarbons. It is also
contemplated the product streams could be aromatics and/or olefins. Additionally, it is
contemplated that the reactor could process one or more inorganic reagents. For an OTP
process the feed stream contains one or more oxygenates. In a preferred form of the
invention, the oxygenates include lower straight or branched chain alcohols, and their
unsaturated counterparts. More preferably the oxygenates include methanol, dimethyl ether

(DME), ethanol, diethyl ether, methylether, formaldehyde, dimethyl ketone, acetic acid, and
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invention, the oxygenates include lower straight or branched chain
alcohols, and their unsaturated counterparts. More preferably the
WRIHENERES include methanol, dimethyl ether (DME), ethanoP @léig07/071363
ether, methylether, formaldehyde, dimethyl ketone, acetic acid, and -5 WO
2008/008597 PCT/US2007/071363 mixtures thereof. In a most preferred
form of the invention, a feed stream contains methanol or dimethylether
mixggrgg%gxrgcﬁ.ﬂﬁ? 5 g)s[togr%@ lndaf II:I%f% a%% Eﬁ%‘nﬁ%ﬁb% %ércf) %&Ogr\{leéglrﬁgigftergéthanol
the oxygenate feed Is cataf;r/ ically and selectively’converted in a plurality
or dohedryhetbea drezigtioneszdaemto propylene and by- product hydrocarbons
ntaini ' i leti - but not limited to - methane, . . .
e e o P e B Bnsevticaly
and kigéwsivedylsonvetiedieaaliphdiiy byaometaedi mgadtielfenedssapl@wiﬂylane and by-
prodjd‘é"lih 89%0(?11508%3’1}{? Qltiﬁ‘m?ﬁ:t% i€ l-el-SP Sﬁ(ﬁ)ﬁ] %ﬁt@gu{rh&? ltlon-é-llt:)ed to — methane,
conversion step also form3 minor amounts of highly unsaturate
ethanydetudeboneyonaoh, dvidlenesbarmhea sadylanicdypdrocarbaisthanblighentatison
r di IS10f lyelyrequired butis asstul gption t :
nun{r%\éa?ifﬁ in%%eﬁs) Iegtiélhij@ﬂ})% tlh% 5§TH§8€at§i¥}gtato%ar(§% lﬂlgel?llglght ole"‘f?rté? SEak ctfective
OTheenditiary. giop yaitcahvenssm sfep dikodiormychinsrsteamtsah lpgividensaturated
hyafRAABRAUMRNGER8! and dbaynal AlRRan BAYANRIES AR R fBcarbons. A
lowering the partial pressure of the oxygenate reactants, there 3};
dilugmgrie asingpselieelivitgquireiblineis theseplzapichangembnerivgbn stkeativapof the OTP
lipeied st LAnAlSA e SDRIGYEM Aerf HAnSFHRGNCRLch as st
Cataklj%ﬁwe\gn the feqékgdstock aﬁlg the ree{c%dgr]qé%éer?ﬂ aned t%egsepe{ra?l%ns of the Seam
can giRidfe foaitheqpipagst cequiaktbeimal sfifigknecp adengagenasteplios lowering the
part PREAGVE S5 IR LAY &@@gf‘iﬁ&@?&%%ﬁ%ﬁ%ﬂ BotBHSins, The

preferably used in the reaction zones in ofder to co artial pressure

phassrehRnasgbtieRs veastamdil provicuca ¢satlsinkefompieedtiexdiatage in
tran§%ﬁﬁ§%a@8%@&g dhereinang to,ghift Ijagc%ﬁlﬂih%%%célﬂptﬁg L%E%Y,!M%l ef the
S

towar ropylene. Suitable diluents for use in the reaction zones inc
dilupd| friomn Hig BFORIGTGERIrea AN BRBY gendeasBt ANt de shpetrsgavater from the
light\Adein frdatlieuah CS paraffins, aromatic hydrocarbons and mixtures of

these materials. Preferred diluents are steam, methane, an aromatic
[001&) mp oty sakienrig it Rresratdyaise dirsteg g aiierracsria rakanvelyaneed gartial

pres$if GIMRLIONE AR RGN NG o LeACH MR AQNES A tHeSRe ClalinBtaTe T & tions

diluent is steam since it is relatively easily recovered from the effluent
occustipg Mharain Ay cosbdhdisRrerald Kergtien sTlsetiyitntaw oHsniepyleaeSuitble

diludifsyoleeieshitradhaiangshof frdidatnhdRehangd ot typicA N oM ohokide,

to 5:1 moles of .
carbon dioxide, hydrogen, water, C1 through C5 paraffins, aromatic hydrocarbons and

mixtures of these materials. Preferred diluents are steam, methane, an aromatic compounds,
and mixtures thereof. Preferred diluents are relatively inert at the conditions maintained in the
reaction zones. An especially preferred diluent is steam since it is relatively easily recovered
from the effluent stream utilizing condensation techniques. The amount of diluent used will
be selected from the range of 0.1:1 to 12:1 and more typically from 0.1:1 to 5:1 moles of
diluent per mole of oxygenate in order to lower the partial pressure of the oxygenates to a
level which favors production of propylene. In a preferred form of the present invention, one
or more of the reaction zones will be supplied with a portion of an ethylene-rich by-product
stream that contains significant amounts of ethylene and minor amounts of C; saturated

hydrocarbons. More preferably, each of the reaction zones will be individually provided with
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diluent per mole of oxygenate in order to lower the partial pressure of the

oxygenates to a level which favors production of propylene. In a preferred
WOXWBEOBR present invention, one or more of the reaction zoRES/WHPIHE/071363

supplied with a portion of an ethylene-rich by-product stream that

contains significant amounts of ethylene and minor amounts of C2

saturated hydrocarbons. More preferably, each of the reaction zones will

indivj vided,with -6 WO 2008/008597 PCT/US2007/07136

P A o e L A el gt o s
furngshesaturatéicti§ipsh pdnaistiteat dititedt @2 ey catamb eondirenthta dfeeer dactimount of

. refor mount of diluent.that must be added to such
it e D AR it to
achigiadh targstydidrratctonoiggetidevilb i minisk itntienihsheact ahczenetion zone or

rondORESAIETRIEAR AN C2 RO Geygls miated: 0019] The

present invention uti n optional separate (or second) reaction zone

[00¥8} intéﬂ@@px@psibhlmrtﬁemad\i@eateﬁnpbipxmbszhpatmm;e@ed)mcﬁén zone for
intel?éﬁ%@ig)%c&vtﬁreeﬂeg n'blgﬂl% %3'—'15%‘ J(r:%rt]rctahr%f?;rg %R &er'ﬁlsc{pe%ﬂ r'C 0(()§)vsz%gnd from

e conversion conditions used'in the reactioh Zones are care

the ¢fflesrdrirene hodltiornuvérsiopylepe from the oxygenate charged in the
[Oﬂiﬁjed' lﬂ“ﬁe@ﬂ%ﬁgrﬁ%ﬁﬂcﬁg& sedpé/cg gg%%,'f%‘%‘g&gg %(t)%e%oméecrasrl(fﬁ}lg/ chosen to favor

temperatures will be from 350C to ower portion o
the prrglgerancot orerykion fiompbeaapgtarigelwigredentdin tedlysts psekemedform of

the #R/JRYQS, BRyRERIHCUAN & RrRRYIERe WitD S PP L ROSUBN Y RN e he 1ower
Xpense OfS . 8 t

production of ethylene at the e propylene. Preferred inle
portigp s nrrdenateronsesion eomesatie thogsfurith irethénr aatgly sf 36Rntmwn to

favo_%@@ecpremf&ieﬁe&??a{;gi@n@evf@nﬂs] gg@@&&@%%g%mé’f}oﬁa%ﬁ&?% ethylene

in the range of 375 to 475C. [0021 nversion conditions employe
at the, expepitivhRioREsBFaRIdfRERsOIM R KBPerane s milid e anidotrenmiare therefore

in tHORHYEbIETBREIAHE-R IS JMRICHY SLS &ﬁ%eéﬁfﬁo%%o@ét%% ost

high value reference to the maximum or peak temperature experienced in
Pref?h%’bﬁpt%%t&?rpﬁéﬁé‘é tawvhiéRGs typically at or near the outlet of the

[002_rﬂaCt0m %ﬁv@ﬁ%}l%&%tﬁgﬁs Qﬂlﬁf&%cpmlﬁ?e%ﬁoﬁ%ﬁ%?gﬁa%qgt%o%@%mion

interconversion reactions are strongly exothermic. In a preferred form o

reacpiaihpaiddhyt sAdethsemichiberrietdemramature into s igégionaveedetianEoneet at 2
relat(PEINRBANIERFIQEIL A tiRIe{RAGIALS 8F %ééﬁui%%rqgéﬁaﬁﬁée &éﬁc@gﬂfﬁm OTP

than the maximum temperature reached in the reaction zone. Bes
reactign Apney VgHER ALY PiAEY thidrinfet thepieietofahe macty indhis kong)wince the

balar@Cof GhéMOTP: RGO MEMWMBconversion reactions are strongly
exothermic. In a preferred form of the present invention, the inlet temperature into the second
reaction zone (or into each reactor if multiple reactors are utilized) is at least 15°C higher
than the maximum temperature reached in the OTP reaction zone. Best results are obtained
when this inlet temperature is set so that it is 15° to 25°C, or more, higher than the maximum
temperature experienced in the OTP reaction zones.

[0022] A diluent may be used in the interconversion reactor to control the partial pressure
of the heavy olefin reactant used therein and to provide an additional heat source for the
endothermic interconversion reaction. Suitable diluents can be chosen from those previously
set forth in connection with the operation of the OTP reaction zones. Preferred diluents
include steam, methane, a mixture of aromatic compounds that are by-products of the OTP

reaction, and a mixture of Cg™ olefins, paraffins and aromatics that are by-products of the
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temperature experienced in the OTP reaction zones. [0022] A diluent may

be used in the interconversion reactor to control the partial pressure of
WREM§449558lefin reactant used therein and to provide an addiR6R&V$2887/071363

source for the endothermic interconversion reaction. Suitable diluents can

be chosen from those previously set forth in connection with the operation

of the OTP reaction zones. Preferred diluents include steam, methane, a

' of atic, compounds t e by-products of the OTP reaction,

O e S R Bl et an
olefof-theh gasWiDe2008100850W ROTIMS2PO70M1B63itBT B neALtiorsplained in

rf; inthe series of QTP reactor are typically recovered as.an .
con R o e R AR volves the
risk e pipdinedhénmebdpanttiononiti the dlisklissidnrot thayfigused irGhthieseconversion
i ts.. steam involves.the, risk of hydrothermal deactivation of
rea S e B R A iy o
contggbehiH drigheeomomke dtiomdsigmnisntipoitethy bisedbdeages ohdseaabibiyitternals, its
I L.pr ke formation in,heaters, heat exchangers and )

read N e S SR RS A reaction
and pegdusgstelthbeintercaryersibr vwactioncanhierduseiit tarOfP usadiah aones. The

[ inthe OTP reaction zones. The amount aof -
e e S e iR D01 o
1:1 ggey df thluertt peslewlstofilighobefimeble gsfiCd tholefinechat gaot ¢ptbfsrably to a

molé?ﬁl?o%.@ﬂrletg '@geia@tﬁﬁg %}1@‘8{%{%‘8 \%ﬁ’ 'r%%:]éctptt(g tgl:gl(ggtﬁelirk%ggn zones it is

situation with respect to the Ce) P reaction zones it is
to bepriedHha sinae it ByiprotiadyairdiaHf tieeFadriversionvresiotiorsctions
perfBSﬁf&{%‘%ﬂé@&J%?CHH%F&BM CLRLRD, ARG E?g&eah%té{@ ' l%’xﬁ'](% %?%H‘%%‘? f%cross this
diluent across this zone so that the effectite amount of difuent usedin the
zongrieFeairibereibistiza copinties ditnonintsehir gl ithereoy dioweratiiiss the amount

chargnéﬁwme%.sm%tn@ RrEREN my@@éﬁf!‘o@t@g@&é& ors e&(ﬁ%ﬂ%&% some
e Interconversion reag:tor N an amo nt su fI enf[ t.O off-set the .
oxygshakiie the dnipteoBERIGEIBiBI Y@ dl GRS BINSIRCs tHiBieddnt [00PB}@thk endothermic

intelOSHIERRIE E&Pﬁ%ﬂé"%'i‘&fg){ﬁ\é‘?éﬁ@” and the C4+ olefin interconversion

steps are effectively carried out over a wide range of pressures including

[002: et toRahibssuRensERRRBIPDYIcBEAGIB R AN thro QLoD @efin(iretconversion
stepdARA Lt Vil oy 508t SGilRrALoDs BEdighier ﬁ@ﬂﬁﬁ}%‘jﬁlet t %lr pressures

ropylene are favored at Iowgressure conditions. It Is thus préterre

be‘Wl%S{h ok ftesd Atk kBabups® ARUrier prassYIBahktelrimnyel bnownatznthe formation

of 11%&5@% SAAOAKDRI AL LGS RIS AR AGENGE %{)Prgﬁi&%sszf?ié(ﬁﬁs(%rr&erred for
both of trljlselsge) 'steps to use an inlet pressure in the range of 1 to 4 atm (101.3 to 405 kPa) and

best results are achieved at 136 to 343 kPa (5 to 35 psig).

[0024] The contact time of the reactants with the dual-function catalyst is ordinarily
measured in relative terms of a Weight Hourly Space Velocity (WHSV) which is calculated
for the OTP conversion step on the basis of mass hourly flow rate of the sum of the mass of
oxygenate reactants passed to the OTP reaction zone plus the mass of any reactive
hydrocarbon material present in the feed stream or any of the recycle streams passed to the
first reaction zone divided by the mass of the dual-function catalyst present in the OTP
reaction zone. The WHSYV for the C4* olefin interconversion step is likewise calculated on
the basis of mass hourly flow rate of the sum of the mass of C4* olefin by-product stream

passed thereto plus the mass of any reactive hydrocarbons present in any recycle stream or
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[0024] The contact time of the reactants with the dual-function catalyst is

ordinarily measured in relative terms of a Weight Hourly Space Velocity
WQRAgHY$Which is calculated for the OTP conversion step on R¢dA39T971363

mass hourly flow rate of the sum of the mass of oxygenate reactants

passed to the OTP reaction zone plus the mass of any reactive

hydrocarbon material present in the feed stream or any of the recycle

dilugH&Qf@a%rPBé&%ﬁ {RMRR Hﬁﬁf&fiﬁy?ﬁ&ﬁ&% QMH@ ge@é’n@ gl.{_iﬂh@ﬁﬁl&%g\%%z}lyst present

_ ual-function catalyst present inthe OTP reaction zone. The WHS .
in thisecond srafiidnteraenleesiorkBe s tilecwisult atcoknizg Brat the basisofime of the

reacIASSHAHY QQWIW?scgrgb%ﬁfgﬁlapfcmﬁe%%gfo?ﬁfé %—fll \b¥ﬁ ﬁot(ﬂgf; hs the WHSV

stream passed thereto plus the mass of any reactive hydrocarbons
increpeaseniRanime doereasaeand epngewady 2008/898597WHSV produces an increase in

confa HSZORKHL303. dilusht s RaRssh eraie AAGHRYIBR Mass:

of the second dual-function catalyst present in the second reaction zone.
assopiitrsh it gt ipresenainvantiee sahiagh dranelebinddiine ofvifea preferred range

beintr BN he FHAY RSIRORRAIANL IR DR IVRISE.RL RS VY 1B Y SHEN.

at as the WHSV increases contact time decreases and’conversely a

[0023d cre aseonemefsiyedrfrine et the inveatiae, potbohea BRSO PlOPYiSadn
conReHLINEPTHR @ﬁ%ﬁéﬁﬁ%@lé&%ﬁ@f&ﬁ?&i‘y@b@i %ﬁlﬁ%@%@sﬁégﬁlﬁz%@ﬂg}l catalyst

the present invention can range from 0.1 to 100 hrl, with a preferred
systeghgaciseahly otherdupd fangtignpatdystrasing badifeitprabiine afigameerting

oxyé@ﬂ&@sqg(?n%??/légems Mﬁ%%&%mm&fsﬁﬁ%feme&m% MR e PRERN

the oxygenate to propylene conversionand the C4+ olefi

propytene sHPEPBIIANStepRY it ttaduisanatpidsderndattiysrtdhatdgye the

capdBIR{§BRIN 1A BS WhETIRRERIRIYSE SURIDM RASdiR GeRELHW ffthe catalysts used
converting oxygenates to &r{)ﬁpglene as well as the capability of

in theRIrssRt BTNl BiREtRGAupkdmtEne tatphspyiRm ARy ainghe molecular
sieveatalydiaaaHae B d b apbenatdIBVE dNRoRRRBPUIN oG 1RIMER ely small

these two reactions are suitable ingredients for use in the catalysts used

poreih h3sterar Atvaitarzer Hprarskratsatiatedinctbiredtarpsmbpsipnes of ZSM-5

and ZSNEINS @NAL S BN Aarihie RSt iGreHIE BEARA PR SRS i ¥res with
the molecular sieve has relatively small pores characterized as not larger

an ayeragfftective diamenatHesd e mémber pores of ZSM-5 and ZSM- 11.

[0026Prtais g ibR ROIRGHIRbRIEYES HSely EiNiBR NEARINMIAKSHEP BRYBRNRS by the
with. an average effective diameter of less than 5 A, [0026] Suitable

genefdfff@Biecular sieves in the calcined form may be represented by the
general formula: Me2/n0@91é§913)39§1i%y,t$2@2;y}120

where Me is a cation, x is the framework SiO7 to AlpO3 ratio and has a value from 2 to
infinity, n is the cation valence and y has a value of 2 to 100 or more and more typically 2 to
25.

[0027] Zeolites which may be used include chabazite - also referred to as Zeolite D,
clinoptilolite, erionite, ferrierite, mordenite, Zeolite A, Zeolite P, ZSM-5, ZSM-11, and
MCM-22. Zeolites having a high silica content (i.e., those having framework silica to
alumina ratios greater than 100 and typically greater than 150 with good results achieved at a
silica to alumina mole ratio of 150:1 to 800:1) are especially preferred. One such high-silica-
content zeolite having the structure of ZSM-5 is silicalite, as the term used herein includes
both the silicapolymorph disclosed in US 4,061,724 and also the F-silicate disclosed in US
4,073,865. Best results are obtained with ZSM-11 or ZSM-5 or a mixture thereof.
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where Me is a cation, x is the framework Si02 to A1203 ratio and has a
value from 2 to infinity, n is the cation valence and y has a value of 2 to
WO ap¥HP#RYe and more typically 2 to 25. [0027] Zeolites whicR@TASB7/071363

used include chabazite - also referred to as Zeolite D, clinoptilolite,
erionite, ferrierite, mordenite, Zeolite A, Zeolite P, ZSM-5, ZSM-11, and
MCM-22. Zeolites having a high silica content (i.e., those having

[ooié?meW&ﬁ@&%F@f&l@H‘i@@H&‘é‘ﬁﬁa‘-ifﬁﬁltﬁﬁo %Qtz}l%)ﬁ ?&duts\éol'r? IJ)’(hgcggr"f\'}gfsion steps
than 150 with good results achieved at a silica to’alumina mole ratio o

of thpgerenent 3uvnYiend sespedist priate Fhed iOeiursLiepniigirasiivacfcoPMrft or ZSM-11,

som_éﬁi?ii%?iﬁqﬂﬁ‘ﬂtépﬁ&ﬁ_lﬂgf&ﬁ%ﬁoza%Mé?i}%%j"‘g%%%sﬁ‘ﬁ 9-IgHM.4ged herein

includes both the silicapolymorph disclosed in US 4,061,724 and also the
[0029sjlicvertiztbisiednalesslas §78:8685¢ Bbit thasdiel dradismiersal yoithused in the

presé% Mivdch Q6L M R RN €i0EL&A; P YR gg%%é%%i@ Letive r%ore size and are

PCT/US2007/071363 [0028] The most preferr ual-function
embgaged Ry fir eBpifichothespisebesionositios, of treapfesisptsrhasinienpessed by the
empieQliteiauing the structural configuration of ZSM-5 or ZSM-11,

sometimes in the literature referred to as having a "pentasil-type"

structure. [0029] Non-zeolitic mdlEbulAk&ledés useful in the dual-function

whe@@ﬁtﬁryﬁ%gﬁgggew&?ﬁ%ﬂrm@@%@EBM@ME&QH&%@% &mﬁ? zinc, iron,

have the proper effective pore sizea re embraced by an empirica

cobalhanisee) BRgEISIto FhEMHAR ARG dPbSIsa shereslpreissbd mplhEaetiopinédiL and
is atREMUWBIE B YR D% WAGISH T S ANRIGMGALSEIacRATOM AL Re fraction

consisting of silicon, magnesium, zinc, iron, cobalt, nickel, manganese,

of phosphargHs ARd indktleass YHYrend X totrezmdieWheni&h- o Emisterciofamisaks x
représ&83 e fotRE MBI rm%&mﬂm%@gfééérﬁt 28RO LIAISHIGEDO S e

fraction of phosphorous and is at least 0.01 and x +y +z =1. When EL is

silicgnypagne i mhandisoRaliepidseheomieingasRerirlht Brefseede farpisfiiseform of
the iR(@AABH MEsiBHodaMeBIs k) Q¢6e SHiahR: BagNasHIm @RI AR Withore

silicon being especially preferred. In a preferred form of the’invention the
preferghly SO HHRICHAF Qidve catalyst are SAPO catalyst and even more

[003pTeferablyns HRAB4IToRABNS 1n{RABGH WA tREefsaad forEh iR st is a blend

invention where the dual-function catalyst is a blend of a zeolite-typé
of 2 AeORIETIMP STRUS LR TS 8rfA1A Y6 AL R FRI MRS IR S faNY siutystalyst, the
blenth@ilblesneanilh poriain & BAomaf 54 BRfSARNIPI¢ierallYl M BRNGIBAL: than
50%&})@%&&%@@%&5&%? preferred form of the invention, the catalyst system will include a
zeolitic material of a highly siliceous ZSM-5 or ZSM-11 type of material.
[0031] In another preferred form of the invention, the dual-function catalyst system is a
mixture of a zeolitic catalyst with a non-zeolitic catalyst. This mixed catalyst embodiment
can be accomplished either using a physical mixture of particles containing the zeolitic
material with particles containing the non-zeolitic material or the catalyst can be formulated
by mixing the two types of material into a suitable binding matrix in order to form particles
having both ingredients present therein.
[0032] The present invention optionally uses two separate reaction zones containing
particles of the dual-function catalyst described hereinbefore. In the case where the dual-
function catalysts used in these two zones are of different compositions then the one used in

the first reaction zone that performs the OTP conversion and C» olefin interconversion step is

referred to as the first dual-function catalyst and the one used in the second reaction zone that
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50% by weight. In another preferred form of the invention, the catalyst
system will include a zeolitic material of a highly siliceous ZSM-5 or
WO HNE/48%)He of material. [0031] hi another preferred form of #eliWPEMIBHY1363
the dual-function catalyst system is a mixture of a zeolitic catalyst with a
non-zeolitic catalyst. This mixed catalyst embodiment can be
accomplished either using a physical mixture of particles containing the
perfBRAINE SPALHRLYN, RATHICIeS GRRAIL stgﬁ QAR LIRIRH AL 8! iR tion
catalyst can be formulated by mixing the two types of material into a
catalyfitablomstridigrreddorhabiderinydoionpleishese Huakidgrisoomicafrdeieistesed to

cataleSEOf AR QR IR Qﬁa%ggi@ﬁﬁqﬂpe@c%mi%%w&g;gj;}gﬁaé%wate

reaction zones containing particlés of the dual-function c esctibed

IntefqeypiptETB PR Raaats Vehelieniremisal- function catalysts used in these
[oo39p zongs praofdiffRiailcRmRasionadben Haans éé?&qlef% #pgrgg%hation

reaction zone that performs the OTP conversion and C2 o '
treafpeRtsspdrsielegizplishydfepatpaghyaissturasidfhrdtimarbaralystians dienes

andEa8, 19&%%/&‘11%&%%%’1%@3@&8&@& et e WR<A08/ Qgg%? fhinor amounts

. PCT/US2007/071363 perform the optional C4+ olefin interconversion
(i-e sleys tamett tfecddhe amavet 9f astisenataigsbeony oriedmrddiiddyrf.Of to 1 wt-

% ofBdHERIR r&%&@&?@#ﬁﬁé‘fH&%“ﬁ@tﬁ?%ld%&éﬁﬁy&oSM%Q ot }eresent a

OTP conversion and C2 olefin interconversion step and the C4+

subsiiiebiBrsioh Biepylanseyjalddestedicirsrbeen £aurdaba e qseeseny significant
contFINEIAEH dvr el BCldeapBaR0BalRE S YR Y RoRRRERA éﬁ&m.ﬁﬁﬁe

step to selectively hydrogenate highly unsaturated hydrocarbons such as

selegfighdy dap@rBRiiRERHEIR; dtdlizab dh thin Hcaradatsier are trbegmbirom conditions
knoWANYRIRIANHARINAMIROLAM YdiFe ftiGe 163040 Ki gﬁﬁ%%&ﬁ]&%@ﬂ?&t&&bons to

oxygenate feed converted and typically 0.01 to | wt-"%"of the amount
the GSFRAPRBEANS PR El A IGHIMIRDR OF SeRIRgHRECEIY & by finernstiaiin the

corr@spaMdsiantial sQuiea < PyaRansyield loss, it has been found that they
are a very significant contributor to the rate of coke deposition on the

[0033)eferi@iscRIE FUIREOFrE AEARAPITIFEL Hrvertion wWtrsyBIRiRM ResHigmetogy in the
OTREERSdAIRTEs BIeH HieR@ie Sriried fram fPRdilpnSHANUIARL RIS ol e fin

of skill in the art to be effective to convert highly unsaturated hydrocarbons

intergPRKETYBR SRR AT OIR FRBARFRIEAIRIRSHIAY 6F BisaiveraHrasgss for propylene
prod¢EmyPiegee 3t enbiath ®egetasRRSI M8 fWlyssriHeied RYSKecaPBHbwn and is

[OQB%One §oreferred form of the present invention utilizes moving bed
shovdRSRody 34t - OTP conversion and C2 olefin interconversion step and

[0035] the apéiaRalbeepar@ie#Abhd@dinuse in the instant invention can be configured in a
number of ways, for example, the dual-function catalyst particles can be introduced to an
upper section of the OTP reaction zones and fed by gravity through the entire volume of the
reaction zones, wherein the dual-function catalyst is contacted, in a preferred form of the
invention, a radially flowing feed stream; thus, the fluid stream or streams flow transversely
to the direction of flow of the catalyst. It is contemplated, that the feed streams or by-product
stream could be directed to flow in a countercurrent direction to the catalyst movement or in a
concurrent direction without departing from the scope of the present invention.

[0036] More typically the dual-function catalyst particles are introduced into an annular
catalyst chamber, or annular catalyst chambers, defined by concentric catalyst retaining
screens that run through the reactors wherein the catalyst particles travel down through the

annular catalyst chamber and are withdrawn from a lower section of these reaction zones.
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interconversion step in order to enhance the selectivity of the overall

process for propylene production. The use of moving bed technology in a
WQRRSSBMINTO process is known and is shown in US 5,157,1BGT[08x98]/071363

Moving bed reaction zones for use in the instant invention can be

configured in a number of ways, for example, the dual-function catalyst

particles can be introduced to an upper section of the OTP reaction zones

[ood fefbﬁxrggayéwrabéw%%ﬁ@g&t&k@rxgmf cha?@oﬁfcaeg& ne

NEPRE: i
eridl! i.e., coke, is
wherein the dual-function catalyst Is contacted, in a pre erred form of the

depapivehorihe qatalssyaf dmﬂwgﬁééwsgbdm reaowrehd iuidbweaeacos sepavitgnaterial
has {f@v}éﬁ(@c@%\ﬁéﬁ‘ﬁ%ngtm%gfﬁ%%}'% Qiflaw;of the t?rgtgﬁ)(%}vsltt %?W{ﬁgﬂéﬁﬁtgf%cts the
e ow i a

that the feed streams or by-product stream cou rected to
extegbohthecieeit eirastisintanddheatelsei vityve popytamin & pomionredhe coked dual-

funcﬁk/il(';ﬁf&%lmtnquﬁga@e{ala%t%}mﬁe%%%%&f d &%f%%%é@vt%f}%vfeo%{%kst a

ore typically the dual-function catalyst particles are introduced Into an

portignrefishe cakslyheichtomodn the areuidiccattifeteohdnabdractiefimathlygts are used in

the @%Q&k%&%@fyéaﬁataigggﬁﬁﬁegs R UVROMPR NG 8GR Swo separate

wherein the catalyst particles travel'down through the annular catalyst _
movipg heddieggnsrtionihara ki fomsed oneroid cioimoithtge oédutiontalystamrticles

that wdu¥y Sc2R08/ 99§ﬁ%7t1%91-%é§1%997A05é§§§e({%9§b7dd%ﬂémqg etggéle_e re two

through the reactors, a carbonaceous material, I.e., coke, is deposited on
sepagigte e iR elion fiaaky tHratsgised o e Bl crmeneartsganetios theposlpgy

discﬂi‘s%t(?EWU§Q§4@§@6€\%9FJ§W§%%@§ Amnerof Bﬁg}/}%éi'é?é %%éﬁ&ate{i iél a

catalyst which thereby affects the extent of the overall’conversion and th

singlecleReRAFptieTHrOpY WHBOW pomipi stingdhoraalpidlaticlesioln daanefersed case
whetb lﬂ%"é’jﬁlﬁgr@é@é{]ﬂpﬂ&r@f@e@ﬁggg&ﬁ%@fg%fﬁ%qﬁg LEBRY ?eauﬁ)?lsicﬁles then the

portion of the coke therefrom. In the case where different dual-function

cokecparysissdremsuinongs ombsaxaserioasies and e gstionaragamon
regeHUGERANYSESI AN EGRRHAN RO NE JVOr $6PBFAlEnMAERGIES IBYGRE AR charge at

zones can be used to avoid contamination of the catalyst particles that

leastgpaeriorQirths ristial xisekad gaMest papicksyaihdrmouiraanthe terordgeaction
zonéVbeke e &%Eﬁl’ﬁt%&fé@.'ﬂ%@&ﬂ%@%ﬁg&&%‘%&ﬁ%@i@&ﬁ%ﬂ BIQfe dual-

regeneration technology disclosed in US 4,498,973 where two separate

functiap chstyet tedteputens &by dier ataetivnLip gl megeyrsr dhe to b @artial

Covey\ggéqma%gw@'ﬁglmgh%g@@ygnj@%gg@s. In the preferred case where
the same catalyst particles are used in both the first and second reaction

(0038} o5 ThesAFROTASRRE paatreiakif B Tonede sAHesHceridyétrapgeneration

whe R ChRRGRE BEECEPRAIBAAI R FRRTERUARFARAY M fRoMtRIN e SRORC A theed with
present invention in this last case to charge at .

an oxygen-containing gas stream at sufficient temperature and oxygen concentration to allow

the desired amount of the carbonaceous materials to be removed by combustion from the

catalyst.
DETAILED DESCRIPTION OF THE DRAWINGS

[0039]  The following description of a preferred embodiment of the process of the present
invention is made with reference to the attached figures. In the interest of simplifying the
description of the invention in order to facilitate understanding the figures do not contain
representations of heaters, heat exchangers, coolers, valves, control means and other
conventional items that are well known to those of ordinary skill in the chemical engineering

art except where their presence is essential to the understanding of the present invention.
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least a portion of the partially coked catalyst particles withdrawn from the

second reaction zone to the OTP reaction zones. This can be
WQaNE§86us when the selectivity of the dual- function cataly$i%d/52007/071363

propylene in the first reaction zone is improved due to the partial

coverage of active sites with fresh coke deposits. [0038] The

carbonaceous material is removed from the catalyst by oxidative

Alsde@eneration w@&r%m%mﬂm%@&%%éh&ﬁ?esa%%tceﬁ%ﬂﬁ%wm Wit
f h gas stream at

rom the reactors is contacted with an oxygen-containing

contgififigdsederipernto e alef oxsepiviogquategicrconalbwhebbd desinsgrstood that

othemgefahpfés@s@@rmés&fm@@é@%&g&&@&r %?%Qé’tfé?{s‘]@kféﬂ%‘ E%E?fin
the catalyst. DETAILED DESCRIPTION OF THE DRAWINGS [0039] The

dehygdneesmiyiaRsuiipton lofepsrefeiesticaniodrtiiednt of the process of the
[Mfsenﬁ@.\lﬁ QH&’M%&%&M&B I’[%l;f‘ctigpg S{Qrﬁhﬂ)qgi@ﬁ%ig ty(%ﬂrgls 3 iwrlgagtors 12a-

interest of simplifying the description ofghe inventio order to facilitate
12f, snderigsndin e edes igreardecddinsoHtaimlighpadefimtstivels Efedetiieas Haat diluent

feedegffémgsra,&g@ﬂ@@ %@Yﬁ%&ﬁ&%%&%%ﬁﬁ%%ﬁﬁe%?;wga%ﬂ%%&E@ﬂ&%m it is

that are well known to those of ordinary skill in the chemical engineering
contgpplpehutilivang anyinprees e qackersaitianeealiped foradimglofithm two to

twelR§ERARIIAVeRtiaRy Lt M@, J80R(998WRVIRGHMRZLAHOLIBER L58n40R with an

reactor system will be discussed in the context of converting an

alphgReiiet sharaggtaaming Fedddthehimnengiio dmeastiennihd p foerlistretradram which
theylbeiiRuldehe undersioed that, gtherdras ke thseARS oW iRt %he feed

and particularly for reactions, such as paraffin dehgdrogenation, where a

P 1S, SU 9 )
streapyy iBtessnAER SpcRchesiremdioihal iy tsed aninlps bhe2dicaé aech @idbgoreactors
12a-99$teme AOhayind thaithef i SEBLIRE ﬂe%@'s&%%?@c%ﬂ‘%é@‘f)éﬁ@gltl?l monitored

stream or feed line 14, a Iié%lht olefin recycle feed stream 16, a diluent feed

and ggpulated Prsfarathedls Hedintreapsatsdequinied shopthwnrslsiraeaeisesives
roughl§ SROWMH v e OTRIRIES N G-al ¥ AP a1 0T 6CREIHE 86 &3 a total volume

_practical and for example from two to twenty reactors. Feed streams 14,

basiy gndrFr R esiitfeontortsoEREE Aol spshilyrdeahitathsdram hHisdasd volume.

EvethdsRchéfenangiatedhitb thscnymetis desianstianahthefeet sireanfiofch
which they branch (e.qg., 14a, 14b, etc.). In a preferred form of the

indiyadnal fese! Byeami oS iRy oy SbelmEdiRE B PE 06 BrenseRbdheoinlet of each
reacigglividually feed an inlet 21a-21f of each of the reactors 12a-12f, the flow
rates qf th? individual branch feed streams can be independently

(00445 nitordy g FEY IRV et Cinb e terch fesd s g d Guitftetndudhhaving
a dedhal€@bbinfieRGIRIEREBIVASOr, it is contemplated that a greater number or a lesser

number of branches could be provided per reactor in any of the feed streams 14, 16, 18 and
20. Preferably, the feed streams 14, 16, 18 will combine with the feed stream 20 to form a
combined feed streams 25. As shown in FIG. 1, branches of combined feed streams 25a-25f
of oxygenate feed, light olefin recycle, diluent, heavy olefin recycle and product downstream
of the first reactor may be combined to feed each reactor 12a-12f.

[0042] In a preferred form of the invention the ratio of number of branches to the number
of reactors will be from two branches for each reactor to one branch for every six reactors.
Also, while FIG. 1 shows feed streams 14, 16, and 18 having numerous branches, it should be
understood that this is merely one preferred combination of feed streams having more than
one branch. It is contemplated that the reactor system 10 could have from one feed stream to

all of the feed streams 14, 16, 18 and 20 having more than one branch. It is also contemplated
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roughly the same flow rate of the combined feed streams 14, 16, 18 and

20 on a total volume basis and irrespective of the contribution of each
WOHRE®IIFeed stream to the total volume. Even more prefer&6/Hediafi1363

of each reactor will also have the same flow rate for each individual feed

stream to achieve roughly the same mixture of gasses at the inlet of each

reactor. [00411 While the reactor system 10 in FIG. 1 has each feed

that $HE 3R dLéhretbn PBGd RIRVINE A sleslisale 9(9@5&‘1%%&%9%‘?%"5 %cis&iﬁ feed

contemplated that a greater number or a lesser” number of branche
streaip iUk hans ddee qnsk s iced o opehec et stherainsthelse@nd@agiocbf branches

to 1 2R Gl CTARb R IR SRR Bt ROl GommRine with the feed

stream 20 to form a combined feed streams 25. As shown in FIG. 1,
[0043hncHasaarrefmpihioaneeidrpmnes XBrepbprotluxyepetmteyfeerd, Iyhill have a

divewsfifbrﬁﬁy&l@erﬁ%w%omyxﬂ%mdﬁay&ﬂﬁa%ql Qfﬁﬁéﬁ%tsﬂ%ﬁz%? %ﬂfgfwmg

the first reactor may be combined to feed each reactor 12a-1 .
betweeirdTeoradi Femnh ISREM Iniedeidie thie iniastage DAsHETO? brarchesltstteeovery unit

40. ”ﬁhﬁ@&%ﬁe%{éé‘%’r %é’\?yfg‘?ef&thwarp {I}?I%!Fél?gaf?é S;%I%%(gtelae%%%? P0G inore

branch for every six reactors. Also, while ows feed streams 14,

prefamedirmehtving Aot diesdivanendd wilbnsiwdben incesrsgsquetuctthigioval line
34a,34D6 i ARG Y S BIE A SaBPEIaHeRALRed ik e PAVIRGMCIGiHAR actor to the

one branch. It is contemplated that the reactor system 10 could have from
prodyskrrseycsienindd aafl aseseréparsvainda arodsict §em dtramadndmrs-8owing

thro@gwu QIaRLL IS 2lsoreqptemRlaied s 13 WS %89&!1%%?8& The diverter 30

2007/071363 that one feed stream could have a first ratio of
can PeanEribanserounagpiviiibes Bnsaqebr slevin GoursFranien fos eehig ving the

saméag!ﬁ1%@@@%%%9%68&%@%@&?@#&&%%%@ %@9&&1@% i%erred form

reactors is different from the first ratio of branc o reactors. [0043] In a

of the UrespEgIHAVGIHE PrEssaesRIodshrame Yeldine Sdysith ispinvidrs fopevery
two SHUGEIRESPJIAr SIS BINGh AROFIRN Rf RiRFAUSE Prlgh QrefIveNt RIS, 34b for

32a-32e flowing between two adjacent reactors, to define an interstage

five iyertiggesRotBians ritidde vscstelhyLrrItanPiae Sethatimey anIas rereae
prodiNRABHY ASIACT $AIGHE OIS SROYRIA K BalIPHR RIS IRTFRifRIMPELREW as one

. invention the diverter 30 will include an interstage product removal line
intergtage Prpdist Errnelal Rgirdepdbdaosn ane sfdhe dvsntarseacsmsitionigia shown

in FIGS [e3f3RIIR dhenOpashit iesRVaR it A0 ancha secansiRemtieniidis ob is
product flow stream continues flowin%rthrough the product outlet 32a-32e

diverted RXRERBICH SRR iRF A hls RS reppuining Padae opiken n the second
prodiicsbanedeanpeeieror ot dYRRD MEAbRh AR WEE-PIBIE (O M I@%n a fourth

prodggth (i)%\t/lier:]t%tZrlleis diverted by product removal line 34b while the remaining product
continues in the fourth product outlet 32d to reactor 12e.

[0044] In one preferred form of the invention, the diverter 30 will withdraw from 30-75%
of the product outlet 32a-32¢ at interstage position 33 and more preferably from 40-70%. The
diverters allow removal of product at interstage positions downstream of an upstream reactor
12a-12e and before entering a downstream reactor 12b-12f. The same volume of new feed
can be added to the downstream reactor 12b-12f as product is removed from the upstream
reactor 12a-12e. Consequently, downstream reactors do not have to be sized larger than
upstream reactors to accommodate additions of new feed.

[0045] Product removal lines 34a, 34b and the product outlet 32a-32f from the final

reactor in the series to feed a combined effluent line 36 which connects in fluid
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same goal of dividing an incoming stream into two outgoing streams. In

one preferred form of the invention shown, the interstage product removal
WQRR08A88532) is provided for every two interstage positions, dICH©R2807/071363

case, two interstage product removal lines 34a, 34b for five interstage

positions 33. However, it is contemplated that as many as one interstage

product removal line 34a, 34b could be provided at each interstage

conPRASHONGH 5 (R ARG LUISIR0& BIOAHEL emMOYAL NS 3R 34Dt 40
4 ; ¥

one of the five interstage positions. As shown in FIG. 1, a portion of the
SePISAERIIBE fePir e redittbeampaneatseochis proddinsmcpdpbliedivertadtsy effluent

conPRLE femovanling: 34a whieb &935@31&%%9&9% gqcl)}gé%‘?oig dgl%%tage tank 44,

second product outlet 32b to reacto and a po the pro
The fpgpdyetaersendunidakin sppathiet watketiBad iheifBrent bydpromiets the water

throlfg! Qvalding R0 Yehigthe 1RDRID IR PraduGt §%ﬂ?§?§d\%m§cfo%?ye unit 40 also

product outlet 32d to reactor 12e. [0044] In one preferred form o
separieneibn] e fane the SO wont winh dpavesiohe3ncysiad ethiflensrddoeglbatethylene

recysrAmed 21{MSHRIAGR PASHON SAP ARG PIESSERDP YoM 4054 ganl@seheavy

diverters allow removal of product at interstage positions downstream of
hydgsaspenetipm e esuenhand s e veddiearn@efip eeishmyteaany foateche feed
streama B 2f. The same volume of new feed can be added to the downstream
reactor 12b-12f as product is removed from the upstream reactor

(00463 51 FTCC brideshas 2o oniienad hep raiebis e rrsmmardommbactizd@0 connected

throlRI9BHENAN LNBEGARIEARIIS:IS Brfommadaig adritionsel RSV IPE8. is
[0045] Product removal lines 34a, 34b and the product outlet 32a-32f from

conygyef {ionghdiae iHthbaskie she mexkyet rsowmiRedndi@ent line 36 which
[00459NNeqts B, HId okt Qr AROBLIOPBRAMR QI,/ W&ZI%OJI{Q 53),3% oxygenate feed

communication to the product recovery section or unit 40. The product

streqrach sl AR do paistey s UasREHDIBHCRI G AR Hems onahif methanol,
dim@mheeisrepMENRIRRSI finsh pthalceuant camprRianiadnhe affiuemi ketone,

and conveys the propylene through a line 42 to a storage tank 44. Thé

acetig acidcand BURR ek e s stauslonstiormiihe dmeatiemithe oxygenate
feedGRRYAY S4RANGATa N IRMERR BN RIS YSIRliRe Ak iQtesthRfagd stream

18. The product recovery unit 40 also separates ethylene from the '
[00484) e nt e e Hveara SrgEecabons e e dgmeathemy erbors gpddncluded

ethyltiR, ethiie, thafeed slrarmaie. Mt%ﬂf%f%%‘l??ﬂl\éef%a RitAPAI8QLontains primarily
separates heavy hydrocarbans from the effluent and conveys a hea

ethylsnginhit ferd stieatthwidl intsarebidehe diradsd b0 Ho4g1omiensaad delivered
thro@ioWiEeaNGAPTIoNR HieaNy: Fedt e cenVERsi ek Herkian 180RAMese & mperature

at an inlet of the reactor system 10 of from 50° to 150°C.

[0049] The feed stream 18 will preferably be water at a flow rate of 40-200 metric tons
per hour (MTH) and at a temperature of 8° to 100°C. The feed stream 18 is divided into six
separate streams each having approximately 1/6™ the flow rate of the feed stream 18 prior to
dividing into separate branches and delivered through lines 18a-18f via lines 14a-14f,
respectively, to an inlet of each respective reactor.

[0050] The feed stream 20 will preferably contain hydrocarbons having greater than 3
carbons or a molecular weight greater than propylene. Suitable heavy olefins include regular,
secondary, iso and tertiary butane, butene, pentane, pentene, hexane, heptane, heptene,
octane, and octene; cyclic and bicyclic compounds including cyclobutane, cyclobutene,

cyclopentane, cyclopentene, cyclohexane, and cyclohexene; dienes, aromatic hydrocarbons
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through line 101 to the product recovery unit 40. An effluent from the

reactor 100 is conveyed through line 102 back to the product recovery
WQRH0300§80047] As for the content of the feed streams 14, 16, RETAHSRIE/071363

the oxygenate feed stream 14 will contain, in a preferred form of the

invention, one, some or all of methanol, dimethyl ether (DME), ethanol,

diethyl ether, methylether, formaldehyde, dimethyl ketone, acetic acid,

and %ﬂ?efé‘."f%%ﬁ)w ?5@@& R @9&&@5%?%@&&%8#3 flsﬂ} @é%gt{ Q’fltr@? reactor 12a and
methanol

oxygenate feed stream 14 will contal or dimethylether or
flows terbsediadiot 40088] 2théJesatisthe tmadtehabénydink don dimsitieg/iteguperature rise

due WS HR3NP GRRORS ARG INLednethYlens. S g GiYD %&&}HQ&W REguide

methane. Most preferably, the feed stream 16 contains primarily ene
separis flesor atee s0r walloprestea asigtase dividenhpsrotare of furfierssstiedm 20 at an inlet

of tHEIMRIGAS 1HOHGD Unssd BR IO 1!shgé@ach reactor. The feed

stream 16'will have a temperature at an inlet of the reactor system 10 of
[0051dm 56 tertedirt Wdbao prvidesbendaepies 18 anit @ pafdy stsigtore 1 Ratk a0 aontact the

combbdale LiA0200 ?Q%Hiﬁ&%éﬁat@&* 'llmcgftﬂ%y_@cﬁﬁgl i@st%ﬁ’ﬁh%t\%flei%ﬁ?e art to

to 100C. The feed stream 18 is divided into six separate streams eac

ProVAG AR MMIRT RSP UIBHR tednser fackidinieliedredrbednmeypniobed or batch
typeld&f{gfg)g Hlé%ﬁ%%'iﬁé?s?éﬂﬁch?é&%&@ﬁ%ﬁ@%h&%%ﬂ@&ﬁ%ﬁ%%%gé?gfs will

ines 14a-14f, respectively, to an inlet of each respective reactor.
contefBey isgdsth byl pY&RIFably contain hydrocarbons having greater

[Oﬂﬂf‘fin 3 A8 hons p@ 8?@?(91’9?{ W)?i@lr%trgﬁgﬁ‘)tﬁr 1@51@ ﬁqp%l%gﬁte%ilttﬁ}mﬁutilizing

heavy olefins include regular, secondary, iso and tertiary butane, butene,
any ke Aeckierigirerbremecpliistarms, elsetar situneatahstoad noreyakterably the
zeol RBGHICYGHA RO TROHRISIRGILGHIY ZYRIOP BNV CY EIQPMIRRGes of the same.

00 Cﬁclopentane, cyclopentene, cyclohexane, and cyclohexene; dienes.

malithrd 3&4rB sheweneres eotsg) fores of the TP AgSP e I9OT 1@631V_émﬁ1 a reactor
vessPIFerRaving flpvutateafithis ferd sireameRuisnably tﬂ?eg)xléﬁ%goi%yaﬁ(ﬂ{s?ta first

reactor 12a and flows to subsequent reactors 12b-12f serially to act as a

reaciqg SEEhiaR ”f M ATgRE Arpeidsrstivsed Yuandatidgsegpaiedéer o with
interstayéeyRIdibeEréaas stiaas 0 xRy thhesdiyitlas ihRaoyitt SERA RIEHBKS between

rates to two or more reactors. The temperature of the feed stream 20 at

the thresrikackdreartd et igRsdrclo s a8 PR 680 B enHos 1 A

concetalE i BEsBIRAERA URIRT 7 S Uba RN RGAd BaRIRI 281 42 10 he reactor
contact the combined feed stream. It is contemplated usm%those

sectigfepfo Regtess MSIFRMIA T b2t G pPovibre reacky sechier Yrdsatses thegeactors
12¢, "ERG R dnBEInGoflwidizad Jordomneying bederdpich) of.

[0054] Combined feed stream in line 25 receives oxygenate feed stream from line 14,
light olefin recycle feed stream from line 16, diluent feed stream from line 18 and heavy
olefin recycle feed stream from line 20. The combined feed stream in line 25 supplies feed
stream lines 25a-f which feed portions of combined feed to inlets 21a-f, respectively.
Additionally, FIG. 2 shows that the feed streams 16, 18, and 20 can be either be combined
together in any desired combination at a location 110 and passed through a heat exchanger
112. A portion or all of the feed streams 16 and 18 can bypass the heat exchanger through
bypass lines 16’ and 18’. However, it is desirable for the feed stream 20 to pass through the
heat exchanger 112 so that the stream will be at the proper temperature to act as a heat sink in

the reactors.
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type catalyst distribution systems. In one preferred form of the invention

the reactors will contain a moving bed catalyst system. [0052] As for the
WQR\Rasa8atalyst, for the reactors 12a-12f, it is contemplated uBKAG2A073/051363

the zeolite-type and non-zeolite-type molecular sieve catalyst and more

preferably the zeolite-type catalyst and most preferably ZSM 5 or ZSM 11

or mixtures of the same. [0053] FIGS. 2 and 3 show one preferred form of

[00%9; re&%@&&&%%%%@@%&t@f vy£§§§'d%%mggg Anguietwall s4.

. The reactor vessel 50 has three reactor sectlons, Irst reactor
Extejudifisy gtigabysbeonghridgdmes sbinh 0Bt afi¢ashhifd re sxteos eetiams66a, 50b,

50c ‘ﬁﬁ%‘ WI?&@H&&H%‘EEH&@ R)Vﬁlet%g&gp 4’5@ 181?’ §@a %M%”ﬁ&e %%E% first annular

interstage locations between the three stacked reactor sections.
catahygithrrgherishaspaBTtn S oueonthbiaeile censéatrivaiyaishosetamber 58a

com fﬁb@%ﬁ%ﬂ% 3% %ﬁa‘&%@%@l@dﬂ?&&@% tﬂ[ﬁnll%@'ﬂizsft z;mﬁlg?%éé%y ?ec?lg?nq)er 56a.

Oa houses the reactors 12a, 12b (FIG. 3), the reactor section houses
Thetfiestaneubts caplyst ghamher thevagentricdbiipes Bon¢busdsrspert aotdrssecond

annchaBe A3l {PORALmRined fRed éﬁ&ﬁ@%lﬁ}%&ﬁl9@9@(’5}\5@3@5@&&%@9 be

stream from line 14, light olefin recycle feed stream uen

cylindegadrBamiinsanirscradpenhisasptaisishenpere fbed Seaanddrard tiortain the
flow?d 4 BaA9fPhincieadiRam a6 23 sLpPfigs feed stream lines 25a-f

which feed portions of combined feed td inlets 21a-f, respectively.
[005&diditiof iRt Praulargedlretivmermbse 4G tharisasdigtapenabetirstwnd second

ann@HPeARE SUmRiNRYs Sagetier max&%ﬁlﬁ%%ﬂm@&%mﬁ%ﬂam%g 89 d-]slo

and passed through a heat exchanger 112. A portion or all of the fee

concenIAARYIBai %l ehauyhasectis Reavlaxchmhe chiwabehd by padsapaegies an
oute: AN tHAWEYRT ol iR IdESHARI& (latEtead $H7RTh 2009 B@38ce of the outer

through the heat exchanger 112 so that the stream will be at the proper

walliafnddiafii idracashmantasisnahy st athant62- $8anve 2o08rmoBbay 2 fluidized
bed BiCaliSRRMQ (b AP Plohhey LRAE IaMRMHEMIIA AR N G W@l =2

defining an inner chamber 54. Extending vertically thr%%h the inner
charghepdeh SHbf ks e s 62 HaHs B IO 5e Bheiauigr wall 63 and the

inneEXQIMPREY S8R IRNEE L6 1K1 1BAFON IR HRO RSP BWA MG RicR iR 'S mbined

annular_ catalyst chamber 56a comprising reactor 12a and a second

feed sirqamPodfuRrei sl skl eonpiaing vad ewdinashg Hewdossianyticulate
matékiVaEdl Y SrosaHIesTitRERRU SRl Y GHRTIREBE B8R of BRISE ANAWAGUter wall

catalyst chamber is concentrically positioned with respect to the second

63 andh Hifl dPRE gL AR I8 BB A b SiPrDA tSShn AT CataRFseBH i R rials.
Althobgh 288 éamvdnent is shown to be inward radial flow, outward radial flow is also

contemplated.

[0057] First, third and fifth portions of the combined feed stream 25a, 25¢ and 25e exit
the first, third and fifth outlets and enter the first, third and fifth inlets 21a, 21¢ and 21e,
respectively, and are directed to a centerpipe 70 before entering the annular catalyst chamber
56a, 56b and 56c¢, respectively. This arrangement is best viewed in FIG. 3 which only shows
the arrangement of the first reactor section 50a. As shown in FIG. 3, the centerpipe 70 is
coaxially disposed within the first annular catalyst chamber 56a of the reactor sections 50a
and the centerpipe 70 receives a first portion of the combined feed stream 25a from the inlet
21a. The centerpipe 70 is defined by a fluid permeable wall, so feed can radially exit into the
first annular catalyst chamber 56a without catalyst permeating the wall of the centerpipe 70.

The first portion of the combined feed stream 25a enters the inlet 21a and is directed through
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cylindrical. The first and second annular catalyst chambers 56a, 58a guide

and contain the flow of a catalyst material through the reactor system 10.
WORsEPI®IMSt annular collection chamber 60 is positioned betREEN H3ROFiE363

and second annular catalyst chambers 56a, 58a, and a second annular

collection chamber 62 is concentrically positioned about the second

annular catalyst chamber 58a and separates an outer wall 63 of the

nd annular, catalyst chamber.58a from, an jnner surface of t te
s e PR T R S B e
centarmpmricudtéherfilidizaddiadly ontavandlsinbrbeghtthzeinataly sl iy stenfirst

The fi ond annular catalyst chambers 56a,,58a. each have a
I N S S B RS BRI A
pro&ioulddEpepiodiec totativnig the passagl 63 shitnifl suemasttedirst annular

coll&XM ia%quggggostream 25 through the walls while containing and guiding
tﬁe ow of a particulate material such as a catalyst through a desired

[00583 tiorSef end. rieaictb angististh pOrtiTine alter voaiib BB diyednme? all &band 25f
exit %%%98, ﬁ?@ﬁwﬁheﬁ{j[ﬁ muaeregeaﬁa, eon%%gc%&?fgaer@gé@ rﬁ“&%ﬁ U315 21p. 21d, and

oug e embodiment is shown to be inwar ow, outwar
21, ngdipmctivelys aid are divtsteg bl fOOSPlErs tmitb 2Bt iqrortiversngf tteefirst
ned.fee .25 it _the first, third and fifth .
o B s Y S8 e S 29 hcion s0m o
FIG@spuctivatiprahi tlromifastennolar cettbipigerd defoasrante viththeecond portion
: t 3 (V2 |
o A ST 23 e R O A RSB I B0, and pasies
throwpghibefimnaewelbp Settibe Boand\enshbwrarlysCegimber ddatendipe o7coigact with

Catafﬂ@ﬁ{@yé{rg-{a%%gaygiﬂgc% fﬂl%td%l'ap Eggégyfk@%?@rs?ega{hqguﬁtﬁg outer

reactor sections 50a and the centerpipe 70 rece fitst portion
walldshibendatfeby streamapsul doralipeipnahanbertieand fianbipexie the reactor

throS@fineeh P Al RSENE3RIe W a8 R CamErdRlviatinto §€§f[ﬁ5§tsethe same

annular catalyst chamber 56a without catalyst permeating the wall of the
for eaghtelBigacrotomsstings SOri AP Ebenisitser festia2insoBaientbeghird

anndl3¢ IH&H2 L enanfbds SRS Ahitd: WERISQAABE98D and the reactor section

PCT/US2007/071363 a duct 22 preferably bénding and extending
S0c erpstign Beifsiipmtorrator deiabeicd aseHid ki aoalad apiely foshember 58c.

[oosndially@utwaedly thiouahdnsinneEwlbaeHato fhg it apayisy ﬁfﬁé&yﬁsmd at

chamber 56a and in contact with any catalyst therein to provide a first

the fiss gredustRutesBaiberite sxpenth Aiveeitdbitaontinsd gidhetioarnihpsoduct
outl 2B PRG£S CHOR £835RRH GRoximate to the respective reactor outlet nozzle

53. The diverters are, in one preferred form of the invention, a T-shaped pipe connection
having an inlet in fluid communication with the product outlet 32b, 32d and the T-shaped
pipe having two outlets, one outlet 31a in fluid communication with line 34a, 34b and the
other outlet 31b in communication with the next reactor 12. In a preferred form of the
invention each outlet 31a, 31b will have a valve associated therewith to control the flow rate
of an effluent therethrough. Preferably, a first portion of the second product outlet 32b is
directed to the next reactor section (50b or 50c) and a second portion is directed through line
34a, 34b to the product recovery unit 40. The product recovery unit 40 will utilize techniques
and equipment well known in the art to separate propylene from other hydrocarbons and any
diluent such as water and transfer the desired product, such as propylene, through the line 42

to the storage tank 44.
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[0058] Second, fourth and sixth portions of the combined feed stream 25h,

25d and 25f exit second, fourth and sixth outlets and enter second, fourth
WQRHEBASHilets 21b, 21d, and 21f, respectively, and are dire®e/HHiE/071363

distribution manifold 23 before entering the first annular collection

chamber 60. With exemplary reference to the first reactor section 50a of

FIG. 3, the first product from first annular catalyst chamber 56a mixes with

eco | [ fee h in the first annular. .

[w@)ﬁlectiﬁaﬁﬁﬁgg%%%%%%gfggﬁﬁ?o%%ﬁa%rﬁé%}?]en%rrow%ﬂ gg%‘ﬁﬁeumt 401s also

capaideohdeparniing dataigstbenethived BB ategwanimdhsorfithatwitine Gétalystseparate
effIfPE gﬂféﬁﬂig-eﬁl%r@{ﬁ%’?eﬁg ?&!ﬂl@rﬁgy% -[lbeeﬁﬁ:%%p gp rgl%l'i%ﬁo APSERINE H%pvy olefin
3t flet an

the outer wall 6 en into the second annular collettion chamber
recykhafiyearitd th&hre aceamsasugt backaiotortbetestotorzvtessB a flestpbedubove.

ood¥{"*! $a, TR NGB SRME SRLAREMRL N GARI0 R 108 0r 100
50a, 50b, 500. The reactor section 50b contains the thlrdr annular cataeiys
or beHiibik o5 i fmarioarndarioersiyeyahinmbamcE8bAng teefreticbove, a

seleéﬁ&éi‘fl?d FANARI G féf%ﬁ?gg’tg]&%&é% t%k]s%'fgpg{;e§§e(fl rg) Séé%?ﬁ&hly

annular catalyst chamber 58c, Two diverters 30 a own in

unsapufgiede sdipspdionstarchon dignssitodied anetenfiestysodadonatibat3ze fmhed in
the gﬁ%eﬂde%/&{ QL FAPIR R SIHRRGH ?‘fﬂ@%ﬁ&%ﬁgg BFQAMEY H;‘ét%%%%%’l&hl%actor is

_diverter 30a, 30b are located proximate to the respective re et
discugsedlabege- The diverters are, in one preferred form of the invention, a

Aoty s are, in one preferred f
ek A D3 v o TEREAE i oot G O Ot

hydregaehommhavingdesenihanithige saxhen pemyer o eabomatapaser goehser into
prop¥hi) RAMIRBTUGAUAN, Wity tG MR IEEa6IOfobdd Q@o@éﬁ@éﬁgﬁﬂgchu&efor

invention each outlet 31a, 31b will have a valve associated theréwith to

crackingibfuie dlslinreie o fFarmedae pleHerefho rtstrkdeanskerablivsttdizrionoving

bed, FfthB2a00d RresleRt GUIRL3ER ﬁs@ﬁ?&@%ﬁ’eﬁ?%@%&i@ﬁ?%ﬁ%ﬁ%@ will utilize
(50b or 50c) and a second portion’is directed throughline 34a, 34b to the

a calghydh BIHSIGERIABI AT fenstisasatabeb vadymerk Reelomblipeeolite-type
moldeehpiees caaf aakinmerbIHR PO MBI g IO SERFLRIS RIRNIEDE: zeolite-

from other hydrocarbons and any diluent such as water and transfer the
typeqRelrehl Sl C LAk 8D ropHerROI S rSYRRRICAHAT A e ¢RIy rsr Ay ene preferred
fornf@ Kh@‘inv%ﬁtwp, tﬁ@%@ﬂ%%&&%{)&%ﬁp&{@&@@éSJQQQS%H&& ng;p{ﬁg‘iieactor

form of the reactor system 10, the étg‘goduct recovery unit 40 is also

vesseLadRdpves ars REetRE Rnaih shepr batlt tharama satahesesysiem and the same
catalfNOrseaater ailuens e angin e Stensisac¥aleivaré 24ithes il ve in

recycle line 74, and the heavy olefin
greater detail.

[0063] FIG. 2 further shows line 101 delivering an appropriate cut from the product
recovery unit 40 to the reactor 100. An interconversion effluent is conveyed in a line 102
from the optional reactor 100 to the product recovery unit 40.

[0064] FIG. 3 shows the reactor section 50a having a terminal wall 80 having annular
passages 115 to allow for the passage of catalyst material from adjacent reactors, i.e., the
reactor section 50a to the reactor section 50b and from the reactor section 50b to the reactor
section 50c. The terminal wall 80, however, prevents the flow of any of the combined feed
stream 25 in the centerpipe 70 and feed and product in the annular collection chambers 60, 62
to be transferred from one reactor section to another. Thus, the terminal wall 80 seals off inlet

or the centerpipe 70 and annular collection chambers 60, 62 but allows catalyst to pass

-19-



recycle stream 76. The streams are fed back into the reactor vessel 50 as
described above. [0061] FIG. 2 also shows an optional selective
W 9HEB838Tion reactor or the reactor 100 or both a hydrogenBfidUf2a¢tgr1363
and an interconversion reactor. As is set forth above, a selective
hydrogenation reactor is optionally provided to selectively hydrogenate
highly unsaturated hydrocarbons such as dienes and/or acetylenic
rogarbhons;that are formed in,the, OTR conyersion step in, minor
o S A TR e S can be
containowes] Y006 2{dbeintert oeneosisrttioastiva hefarabdy;od atap able @fal yst regenerator
for r%%{}gﬁfgvﬂ%%%@kpgope\ﬁa%? sgéltgorrolé: %‘6919% hﬁl\@%%lﬁv)veerrnths%?et%g% %5 rrteJIOnr(])ve spent
atoms or four carbon atoms or greater into propylene. s &0
catatysit feonp Eatebothemtheresactiosct00b26arnmdefuoracgimg reet tat fbyrst to the top of
65 glégg%ﬁa 4+ lefin cut to C2 and C3 olefins, The reactor 10 referigl
reae B B O B R
drawfiregepiigrealca actolys 006 whid priéfzaed datpdyisl, moie prefargbhbalyst bed reactors.
[006%161"]:%%'9&8%&6%?&%?8@ 16 ?5%%{9 Blg ge%% 1}'% -%88%$O!§gol¢|raersssl}%/ Srops that
catalyst, a non-zeolite-type molecular sieve catalyst or a blén a
are keolitetotpgeumiol ethdaresieve atatystaddosimopaze titeHside Motggutae. The
foll I8N pls ﬂ&p@hg{%f%r {é)[rm f.the invention, the optional reagtor
© 100 %v%?%ﬁﬁze tghe same cata{? sl,lt assllrl}? ﬂ%taetlroena?:tgrr?%%re?g E,:Igrﬁl{é1 \fal\r}érgh ree
reacttsreopiesfelraigeatiiesvaith basth iére caime tals sl isnbedichtiyer sahseantially
1 alystregenaiial égﬁ»] gll‘lg 8) pleff' i]%gtrc version reactors are
ow%@cussed ab%ve in gregzter (cillitaz}l. TS%)g% I(?‘:Iggel ?J%ﬂ%?”éﬁ%%é*’l?ﬁée%tf rs each
havige|p/enats satalpprbpdiate cut from the product recovery unit 40 to the
reactor 100. An interconversion effluent is conveyed in a line 102 from the
optional reactor 100 to the produgtyaeapeiy pnit 40. [0064] FIG. 3 shows
the reactor section 50a having a terminal wall 80 having annular

ssages 115 to allow for the passage of catalyst material from adjacent
0008 o SPETPYE VEBEIGbtAd SO e ROt CEEAOr BUG ARG ohinee
reactbeuciactacishating H0b teather ieantiper sooliebantiing iRowinal W8, and 3. The
however, prevents the flow of any of the combined feed stream 25 in the
o e K RFAT 05 hd Br o A e ShAEIaP RN Rlitoers 60,
62 to be transferred from one reactor section to another. Thus, the
terminal wall 80 seals off inlet or tA&A&ddiekpipe 70 and annular collection
chambers 60, 62 but ajffows Tatatysttyp dei’bklnﬁ;i’n‘é? 20608/008597

PCT/US2007/071363 |ddwashsiraiynfrgm 1h& a0puar. catalyst chambers
56a, 58a. Consequently; Ldtcliy‘bt canfoe 1883

16 48
18 45
20 110

[0067] The feed streams shown above were divided and fed to each reactor, and the
product removal lines 34a, 34b were set in such a way that a total feed stream 25 to each

reactor and an outlet temperature resulted for each reactor, as shown in Table 2.
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continuously moved between reactor sections 56a-56¢ and circulated to a
catalyst regenerator for recirculation back to reactor sections 56a-56c¢. It

WHMBES Most feasible to remove spent catalyst from the boReEAUER007/071363

reactor section 56¢ and return regenerated catalyst to the top of reactor
section 56a. The regenerator and recirculation equipment is not shown in
the drawings. Spherical catalyst is the preferred shape for use in moving
catalyst bed reactors. [0065] The reagPEsystem of FIG. 2 offers the

benefit of r

examples show that a

hSudat TTmpefaliwoi

ducing the pressure drops that are known to occur in other
reactor systerps ang} to increddeatcofsiectstipr
compugtitsianshanh of a readtBeaststefiChayv

ng
ng

three reactors ddaAnec

ted togethdBvith each r¢

bactor hatffig two caj

talyst

beds has a

subsBntial

v lower p2fssure drop

vhen corp@red to a

reactor

system hay

ing diXcsep:

yrate reactdds each hav

ng a sindicatalyst

bed.

EXAMPLE

1 [0086] A

computer sl

fiulation was conduct®d of an O

reactor sys

em h2wing

three readtbé units eack

' having #90 reactor

per unit as

essertfally

shown in F

P
beds

&85. 2 and 3/ The flogomates of th

e feed

streams 14, 16, 18, and 20 were set as shown in Table 1. TABLE 1 Feed
stream Flow Rate, metric ton/hr 14 188 16 48 18 45 20 110 [0067] The
The gedasivaaheuis wmaptare Brmpedeis antionawis savintaattor, and the

[006¥PdUC REHRVAINGS 3 48r03¢ B WP 8SRS Wa?a&’ﬁ%mgk%%%}&&ﬁgd. The total

stream 25 to each reactor and an outlet temperature restlted for eac
PressUECHPPACENSWIT ity Stamevs foand/o boBS)oos39¢ theaversgooriisy peasure for

all AR ReAHAMAQIRLE 68 {nBeactor, Outlet Temperature metric
tons/hour of Reactor, C 12a 184490 12b 252 490

EXAMPLE 2

[0069] A computer simulation was conducted of an OTP reactor system having six
reactors connected with each other as shown in FIG. 1 and each reactor having a single

catalyst bed. The feed streams 14, 16, 18, and 20 were set as shown in Table 3.

TABLE 3
Feed Total Flow,
stream metric tons/hr.
14 188.6
16 52
18 45.1
20 110

[0070] The feed streams shown above were divided to each reactor 12a-12f, and the
product removal lines 34a, 34b were set in such a way that a total feed stream 25 to each

reactor and an outlet temperature resulted for each reactor, as shown in Table 4:
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12c¢ 135490 12d 174 490 12e 116 490 IN 155 501 The deviation of
outlet temperature from each reaction zone is minimal. [0068] The

WQ,28880985870op across each reactor and related piping was caRGTAHS007HE1363
total pressure drop across the system was found to be 8.9 psi, and the
average outlet pressure for all the reactors was found to be 10.8 psig.
EXAMPLE 2 [0069] A computer simulation was conducted of an OTP
reactor system having six reactorslcggiu‘%caed with each other as shown
in FIG. | and each reactor having a single_catalyst bed. The feed streams
14, 16, 18, pnlc20terere detad-shdiorReaTable |30TAB JEBpEsard otal
Flow, stregamBaéiNe.tons/hrméuid 8816ht.6 52 |18 4%.Re2@dr1C[0070] The
feed streams shdan above were tdVided to each reacto#Pa-12f, ahd the
product removal limes 34a, 34b w256 set in such a way #$x a total feed
stream 25 tp eatlr reartor and an3sutlet temperature regfited for each
reactor, as showdn Table 4: -21 M8 2008/008597 PC390S2007/071363
TABLE 4 Reactit2elotal Feed to Ragctor, Outlgt Tempengiure Bed No.
metric tons/hr. df2Reactor, C 12a138$7 490 12 256 49Q9%2c 135 490
12d 175490 12e 116 490

[0071] The pressure drop across each reactor and related piping was calculated. The total
pressure drop across the system was found to be 16.9 psi, and the averaged outlet pressure for
all the reactors was found to be 14.5 psig. The outlet temperature is maintained with minimal
temperature variation among the reactors, but the pressure and pressure drop is greater in the
embodiment of FIG. 1 than in the embodiment of FIGS. 2 and 3. The lower pressure drop
across the system of Example 1 and the lower operating pressure of the system of Example 1
is desirable and demonstrates some benefits of a concentric flow reactor over a conventional

reactor in series.
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12f 154 497 [0071] The pressure drop across each reactor and related
piping was calculated. The total pressure drop across the system was
found to be 16.9 psi, and the averaged outlet pressure for all the reactors
was found to be 14.5 psig. The outlet temperature is maintained with
minimal temperature variation among the reactors, but the pressure and
pressure drop is greater in the embodiment of FIG. | than in the
embpodiment of FIGS. 2 and 3. The lower pressure drop across the
WiRldtH819¢8imple 1 and the lower operating pressure of the system of
Example | is desirable and demonstrates some benefits of a concentric
flow reactoAavaster systeantionptisiegctor in series. -22 What is claimed is:
1. A reactor system comprising: a plurality of reactors connected in fluid
flow &BhHisliiehtRsstarF ornaeigbin 8aid finve amprvsaiesranddisaragey lsyst
an intergirgn pesilatior e ing o stprlving aysactant feed stream
separately to an inlet of more than one of the plurality of reactors; and a
divertesdn ki dozcnpplygatieadiin fhe bitersiagapesiian.analeagablecahan
directin% a %&é‘go tion. of aBEroduct stream exiting one reactor in said pair
of reactdls S8 i‘&%ﬂ FAHA S 88%nd portion of the product stream
to an, Jrieh & ANRIMEISAGIRGIR SRS ROl HERER BT A IShie of
reactor of the plurality of reactors comprises a irst gnnullar catalyst
chambetieating sdoshpbréantor optbdupl sty of iterctorstetteprisedd pair of

second anaylanCARYSECRRAMBRT 20458 HEstianoEIAL PJ&%@E&QQH‘%EMS

concentrically disposed within the second annular catalyst chamber. 2.
The systfh ofiathsrastpencaid PaLing sakstsannular collection
chamber positioned between the first annular catalyst chamber and the

secONRPEh AIEFS RS CCARHRYYR RN ESAHEFCAHRERGS Adifst fBpular catalyst
chafibenbed debfinad abotirtbersepundiguiaceaialysipeRambeind adiigar

t f claim 1 [ ffluent f he first L talyst o
o A N e A S g
thecdadon2 auhelainatiaby feedhiitberds in fluid communication with a first inlet to

the first annular catalyst chamber and in fluid communication with a
2. The system of claim 1 further comprising a first annular collection

chamber positioned between the first annular catalyst chamber and the second annular
catalyst chamber and a second annular collection chamber defined about the second

annular catalyst chamber.

3. The system of claim 1 wherein an effluent from the first annular catalyst

chamber is fed to the second annular catalyst chamber.

4. The system of claim 2 wherein the feed line is in fluid communication
with a first inlet to the first annular catalyst chamber and in fluid communication with a

second inlet to the second annular catalyst chamber.

5. The system of claim 1 wherein a third reactor of the plurality of reactors
comprises a third annular catalyst chamber and a fourth reactor of the plurality of reactors
comprise a fourth annular catalyst chamber, and a catalyst may flow from the first
annular catalyst chamber to the third annular catalyst chamber, and from the second

annular catalyst chamber to the fourth annular catalyst chamber.
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second inlet to the second annular catalyst chamber. 5. The system of
claim 1 wherein a third reactor of the plurality of reactors comprises a
third annular catalyst chamber and a fourth reactor of the plurality of
reactors comprise a fourth annular catalyst chamber, and a catalyst may
flow from the first annular catalyst chamber to the third annular catalyst
chamber, and from the second annular catalyst chamber to the fourth
annular catalyst chamber. 23 6. The system of claim 5 wherein the feed
line feeds d Pioe ¥oMBHSIHG2 Yrara%%F?ﬁefsﬁfié%fﬁﬁﬁ?%&mp&o?ﬂmm%%n
fluwlihesasd Hiesk alh nu i datahsticlatioberith. stidefisysiemlef claimsbovitabein
the feed line further feeds a distribution manifold in communication with
said Becondllaysiemcztalyst 6helmiven. tBe Taed Bystemhef Gladnaistignginn
mdfifoRIRE ExfRca EaHAN e ASiBLRRMARIRI: Cfd fistem for

converting a stream comprising: a reactor vessel defining an inner
spagg, a ﬁr‘ﬁB@E‘&Hﬂéﬁ{ Satalystchambardi B]ﬁei @%B&Pﬁ'ﬁ@u@{ ﬁ%’&ﬁlﬁmi%
first catalyst material; a second annular catalyst chamber in the inner

& for containing a second catalyst material; and a feed line in fluid
communication with a first inlet and a second inlet, the first inlet for
directing a fr&YBIRiEH SPIHETEEE SrEA TR RES R8nular catalyst
chamber, and thgfl aef;ond inlet for directing a second portion of the feed

[

a reactor, vess 1nin: n 1mMner spgqcee
stream past the rst annular ca%al)}?sat chamber and to the second annular

cataly st CHAMMPEaLSy < BRAHRIER AE AP U Re SRR NGAANBIRS
positioned proximate " the first outlet of the reactor vessel and capable of
directingat§figt:portion of an effluent from the reactor vessel to a first
location and a second portion of the effluent to the second annular
cataflSORAHBRIAT 2 E ShamRATdR dhits R RL B AGRPRd
catalystcahaysbenandifhadsecond annular catalyst chamber are each
generally cylindrically shaped and the first annular catalyst chamber is
concefetrichily idi Sjpos echwithircdhersedbridf@sinoler avatalystoshanehehe first

inlet for directing a first portion of the feed stream to the first annular catalyst

m

chamber, and the second inlet for directing a second portion of the feed stream
past the first annular catalyst chamber and to the second annular catalyst

chamber.

10. The system of claim 9 further comprising a diverter positioned proximate
the first outlet of the reactor vessel and capable of directing a first portion of an effluent
from the reactor vessel to a first location and a second portion of the effluent to the

second annular catalyst chamber.

11.  The system of claim 9 wherein the first annular catalyst chamber and the
second annular catalyst chamber are each generally cylindrically shaped and the first
annular catalyst chamber is concentrically disposed within the second annular catalyst

chamber.

12.  The system of claim 11 wherein effluent from the first annular catalyst

chamber is fed to the second annular catalyst chamber.
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12. The system of claim 11 wherein effluent from the first annular catalyst
chamber is fed to the second annular catalyst chamber. 24 13. A reactor
system for converting a feed stream to a product stream comprising: a
reactor defining an inner space; a first annular catalyst chamber in the
inner space for guiding a flow of a first catalyst material along a portion of
a length of the reactor vessel; a second annular catalyst chamber in the
inner space for guiding a flfow of a s,econg catalyst material along a
portibt of the TR ST B R ST 8 SHeS FrATAR AN Wty s ™
cogipaigiber being concentrically positioned within the second annular
catalyst chamber; a first annular collection chamber defined by and in fluid
comamgnitatideiinith dnenfiesspavaular catalyst chamber; a second annular
collection chamber defined by and in fluid communication with the second
ann@l & eV ET cathybeshanbes ey ImeinmgRifebading caliow withfust
first in'%a@&lﬁ?s@rﬁ%ﬁﬁﬂéﬂﬁgé grfiest oiﬁiel%ﬁ%ﬁfjifﬁﬁ@riga@t@f%p&ﬂion of the

feed stream into the first annular catalyst chamber and the second inlet

for diresiong ansaterdipgsicnaibhanferdsisegmdniorthe Gagoantbansiiar
catalyst chamber. 14. The system of claim 1(? [#)ﬂher ]C}f &?sin a first 0
diverter’{H A LM MUHAH SHORHA RAE QB LI ALy CAETgRt eR NS the
and beifigscapalie eftdysctingtafissingardiareatianleffodtiostteaithinahe

the reactor t%a firsltal Ioc? '9 aﬂd 3 esirecond portion of the effluent stream

t
to a third annu 3P%afaﬁ§1/§9 c%gmagler or a fourth annular catalyst chamber

ofa E%?g{rb%&ﬁ?‘&ﬁl%‘éﬁﬂﬂ@ﬂ%@?ﬁ&%@df%%xﬁﬁ‘ iR ANBHR I AR %ith the

system of claim 14 wherein the feed line is’in fluid communication with a
third inléf g i insechgiebaiird inlet for directing a third portion of the
feed stream into the third annular catalyst chamber and the fourth inlet for

dire @RFGRIANTRIA SAMSAUONRRATRRG delangh Mitanthid AT dRmyRiFation with

catalysttebaspbal afrinersaennsd caasisyr; sagtion. 16. The system of claim
15 wherein the third portion of the feed stream is mixed with the second

portiofeed the afffiedicstn@amication with a first inlet and a second inlet, the first
inlet for directing a first portion of the feed stream into the first annular
catalyst chamber and the second inlet for directing a second portion of the

feed stream into the second annular catalyst chamber.

14.  The system of claim 13 further comprising a first diverter in fluid
communication with the second annular catalyst chamber and being capable of directing
a first portion of an effluent stream from the reactor to a first location and a second
portion of the effluent stream to a third annular catalyst chamber or a fourth annular

catalyst chamber of a second reactor section downstream from the first diverter.

15. The system of claim 14 wherein the feed line is in fluid communication
with a third inlet and a fourth inlet, the third inlet for directing a third portion of the feed
stream into the third annular catalyst chamber and the fourth inlet for directing a fourth
portion of the feed stream into the fourth annular catalyst chamber of the second reactor

section.

16. The system of claim 15 wherein the third portion of the feed stream is

mixed with the second portion of the effluent stream.
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25 17. The system of claim 16 wherein the feed line is in communication
with a fifth inlet and a sixth inlet, the fifth inlet for directing a fifth portion of
the feed stream into a fifth annular catalyst chamber and the sixth inlet for
directing a sixth portion of the feed stream into a sixth annular catalyst
chamber of a third reactor section. 18. The system of claim 17 further
comprising a second diverter being in fluid communication with the fourth
annular catalyst chamber of the second reactor section and being. )
capaile of HiFeBMETAHSEBrON e Eifides: Gresit A B o
fiffieadtonseativtiionleg firstilticationfandi@seant fopbeioa fothdefékEntecam
._Str from the sec reactor section ta ifth.annular catalyst .
e BP0 LB, T LB H e b e i e
feedGtream into a sixth annular catalyst chamber of a third reactor section.

18.  The system of claim 17 further comprising a second diverter being in fluid
communication with the fourth annular catalyst chamber of the second reactor section
and being capable of directing a first portion of an effluent stream from the second
reactor section to the first location and a second portion of the effluent stream from the
second reactor section to the fifth annular catalyst chamber of a third reactor section

downstream from the second diverter.
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