REACTOR SYSTEM W TH | NTERSTAGE PRODUCT REMOVAL FI ELD
OF THE I NVENTI ON [ 0001] The present invention rel ates
w@eomsiedshy to a reactor systemw th interstageP@r/uoswot/071363
renoval and nore particularly a reactor having a
plurality of reactor beds in flow comunication wth
one another and with a diverter for renoval of product
between a pair of adjacent reactor beds. BACKGROUND OF
THE | REANTTOR $YSTEY WITH)INTERSTAGH PRIODUETWENIOW Ale
petrochem cal industry is concerned with the
production of light olefin materials and their
subsequent use in tAELD OFUHE ONVENTIONEr OUS i npor t ant
chem cal products via polynerization, oligonerization,
Lkyl ation and the |ike well-known chem cal reactions.
(oot ght TBf Biersid IRvsaiioRyelalenganerdly A seArQs sustamaVith satqistage product
; . . £ ‘ . o
e o D e AR P A SRR sk por WL i A
comnnuistipn @dth ohleeinnticnandswith e diveoter fdnesov b€ pioghist iebween a pair of
g rqseng 33 refining is the steam cracki ng of
a~”§%1f%$‘ﬁ ea%eds. For various reasons including
geographi cal, economc, political and dimnished
suppl y consi der BNGROUND @H THRINVENTENGNt a
source other than petroleum for the massive quantities
of raw materials that are needed to supply the demand
[00"@5” t B0y pgHen of ®ewprldsride petrashemipgkindmty ipconcerned with the
. f t :
prod IS RE RS ot L AL ek TEER RE Roaypian afrumerous
important ebgmicelsediagvid ppbmeteatonfoligb@epetioacilenttal %nd the like
i.ndustry on petr.ol eum feedst ocks, h attention has
wellghow i P‘?ﬁ’ﬁ“‘?rﬁeﬂtﬁ%g ehing fwdafe%?q?gpmwa% achxtures
ther€OfY DIRRI1iGRt ABGNIME BsseRBA Ibut1GRL Yo B FaROmoREm r{)etrochemical and
di met hyl ether (DVE) as a prime source of the necessary
chemicaldndustiiese The sugir sokrce Gxythesaanaerials m pasent dayl @fihing is the steam

o RIS Fa B B8 R RAE S R i, ot

and Hi@iﬁnﬁhﬁﬁs@bgsédn@_‘&lera‘tfl@ﬁé, %bgarﬁﬁdskl@g‘g YAThea §dur&2Rer thTpetroleum
i ndustry and various products and by-products fromthe

for theypragsiye quegtitipsRfugmyaterie that areredasikp nupnte theadvotand dior these
. qen f of raw. .nmaterial.s i .
eGSR RS RTINS RSl B ERGLAUR dfgen
and saleatively toprdduee fight cdetinsgthercbgeelverdng dépehdéermn bl et pet®chemical
nt hesi s gas by any of the known technj ques
C

indug Y B GoS SRgoieoh SR e bega ashykon the gowitilimof using
T Ol L ol P IOt o e
sourgopfghe ng@sedy elaaradtipstfeedstock. 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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(2) selective fernmentation of various organic

agricultural products and by-products in order to
wee@doess9bxygenat es; or (3) various conbi nati oPGT/U82007/071363

t hese techni ques.[0003] G ven the established and

wel | - known technol ogi es for produci ng oxygenates from

al ternative non-petroleumraw materials, the art has

focused on different procedures for catalytically
[00@XnvefFivenghe Egt@jﬁmhtdamcswelﬂl—kaswﬂﬁchﬁdélogles fﬂGCridlﬁmg oxygenates

red |ight efin products in order to make an

ffo%%ﬁ‘g‘@ﬁ%‘fee‘lc%opt‘éTOé?‘%f g erlﬁfso@é%t hay frenged prygiffegang pragedures for
cot RS bamichle SHRPRIANACE s eI GON ARE G RY MERPSRAn products in
ordejua make IaBQXEgﬂﬂlaWLID iotafmg O)prodeas. ’IfH&eﬁyhgrte)lefm products that are

\ nt er.chan I? i n do st ream roces thtpjg i .
Pm%?‘iﬁ”&l% Pdte %‘F%bﬁﬁﬂ BTG S% ¢ Btilagledp gantities
and PAHFiELsuch Md: RRYIRe RGYh LY AROAL d“oivﬁ%?r&?m??@d&ss% SEHE $R9materials

in the prior art, the principal focus of the two nmajor
thataggpresently pspdigad bsing pefeolers isperdes. iAdthough whiny sxj'matbshzwe been

rsion chn rimaril eca of
s TS Rl R B G RO PR it B RHEE e asia
hghsylﬂflheliasSbeEﬁ oh Frmitmxbl cotwersiinl tBEHNdRd gyl R IphHI (l BESuSe 8F the
in the art for conversion of nethanol to |ight

avaiihghiy o8 C?W@Clalb@rﬂ?vgsme@lesolcwg@ﬁ@& tashuelegyvif®o principal techniques
are RIRGERIAS art [P&ICOH‘{/&JSEOE &F nufabH [éahf 9%?93 (M ?Q&%$%§%7 ,263

containing a zeolitic type o _ _
dlsc‘lczﬁﬁormdﬂé’ ax pmeq:ss‘rstthatamﬂae&ecatﬂsuofsomemcm millatcSnl\Mduﬁg a zeolitic

t ech es using a ZSM5 t
e ARt SRR e LoD OIS 79: ff SrHaEsloReHgeranol
conzeegbh tdcﬁm@;aésai l%azgﬁwweldf%at%glw s('}sﬂ‘eﬁ{ pur poses of

maki n ht o ins. Theé ' 373 t discl oses
[00Q4] v er 8Sﬁg5g & Jardischosen fising avedidivalatal yse ey ssdm dkerZSM-4 fENIrposes

t. or downsi zing of a scrubbi
MR RS PN K N
stredm 194 DME abiogii@Snafo MIdw Etivsizay JrAGRABHAZY-one.

a non-zeolitic nolecular sieve catalytic

til
[Ooqléélt e:r'tzjlﬁlr-]"g()%blﬁé Par:126:108rang USwéé@l pat élﬁtJIQSfdaIsMT& eonversion

|y PO
e T
patefiiSARG)osansing wenctaioi en sipplsishhara kENAE@E’&(BﬂloreTi'pe§1f1cally a

O- 34 erial was found to have a very
Slhcgaé}“él&qpb?%ﬁ}*a‘fed?lolrﬂ?‘ﬁ?rtSlfiﬂeéSN?Q)\ﬂmi Rah MtehargCally SAPO-34. This

SAPCRSA51051] 398RIE BN o¥ yseiegﬁ\(fl l;o?‘ﬁ M1k dnd \g{th a methanol

t he undesired correspondlng ght par-a S an
feedbteely it camatprenty sery[l@@ RdEctihyy fol _&&smdedlreﬂ)“é&rtthﬂmgcb@ht

S .a nmxture. light olefins primarily ethyl ene

paraﬁrﬁﬁ aﬁgglb%/}feé‘ﬁ'é’r H}aﬁq’i’j‘%\m th various higher boiling
[0006] ef It clAICROOTD OB oRPDPbRRES %@tﬁfe%q { &éﬁﬂ{gﬂfuﬂgﬂly

ossesses the capabili ty of shifting the j or
ethygp@ gyt propgleny aloag 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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therefrom from ethyl ene to propyl ene by vari ous

adj ustnents of conditions maintained in the reaction
WQ0w8/008she art has | ong sought an oxygenat e t oPCT/US2007/071363

propyl ene (OTP) technol ogy that woul d provide better

yi el ds of propylene relative to the classical OTO

technol ogy. The driving force for this shift in

enphasi s towards propylene is the gromh rate of the
proqurcapy irethe ninak & placy eiepuisndriie bgvedWhltonedrgionil stdaen cracking of

hyl ket. The existing sources of .
nap eI NaPI B DEIPRBR ST TS ik R Pnathe” BFiecipylisauice g propylene is
prodiRe& h LMuQAERd &Min%@dﬂ{dﬁé&%@ ec%fl\&%g‘iteﬁ E)B?cmsl‘iﬁ%e modern

streans, propane stred _ _
daypefinecy.pal source of propylene is produced in a fluid

00focels TAST R it o Sasd bed el ioaoomgeraehTP) process for
selegt,'ivl\%%fpl%ﬁﬁciﬂ b PEIPIRAR fRont h ¥&dsBeE oMBEMARA ankiRr WI\QEY'h?? gatent

process for selectively producing propyl ene m
application dssclyses oflowschhmmdiaviagdhoxyBivEte OiprepyertedXTP) synthesis
ication discloses a.,flowschene having an oxygenate
por s AR B oA B O Pt B 235 Eenate
feed @dQitidizs aisRam dIRea! Aol fided Doda6T FERAL oWt Sorf @SNEEL. The
to the oxy%enate feed and utilize a steamdiluent” and

reactqry g Q9BBRCIGK Inghspralfieve anarsrarest witheespastyfe the effthents of the first
ram&&%ﬁ&%k%e@&ﬁh%&ﬂ@.Cted in a serial flow arrangenent
w t

respect to the effluents of the first reactor and
[0008he SER-G:#H0230a8 diuclos¢ O tvicPreBetichQAnOSH @dhset As68ygenate feed

[ tion.z t t te feed
and 3Ry BodsiF? 6 HAtoN HEIGE g TR AN RS Eheny K RraPYBits This
patehOdiSd1Hk @R dRN oREARIh %Bﬁ?s an&'fv&SfOP ﬁ{d%géndqgtss%lle%ﬁg of &l yst and

the two reaction zones allow for 1 ndependent selectio
convsfsigmeetidjisans domeach more. Jihgn patentdiisdloses usiog a @astzedlitivemolecular
. Thi.s, pat ent di I S using a non-zeql Ltic nol ecul ar, .
sievg PUed PR SPOL B oM Bl P iehCil ik gt onegn either
nonlzé@hic bieéulhr sﬁ@@@a'tdl)%%t PRI’ @tal ReSuch RIIMSGhALHA for the
nol ecul ar sieve catal yst or a zeolitic catal yst such

auxifjaryzepgtion gapehigh operatestie cemmert the Fy b zrpdunt fraotien to the desired

. Leh, . t \% he € by-product fracti.
ligh{SERGUERANET] BFRO RS phOf drclos By Rhof i A T Ped or a
riserThatipatferthe firs ctaaes zomd ad 2flwid bed bas firgd hbddibich e tQbe reactor

riser reaction for the first reaction zone and a
ﬂ”tg?ﬁFamigadﬁWlﬁnFixed bed or a fixed tube reactor for
t he second reaction zone. SUWARY OF THE | NVENTI ON

[0009] The preseriyNIVERYIITREIN AQSTRON €act or system
having: (1) a plurality of reactors connected in fluid

fl ow comuni cati on and having at | east one pair of
[000Pk actBrepresepiainsensntpyovides 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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an interstage position; (2) a line for supplying a
reactant feed stream separately to an inlet of nore

W@ baws/oesse7 of the plurality of reactors; and (3PCHUS2007/071363
diverter in fluid communi cation with the interstage
posi tion and capable of directing a first portion of a
product streamexiting one reactor in said pair of
reactors to a first location and a second portion of

the irmer gyraod fortcohfaming fiea ﬂhthkystaﬂaﬂeﬂhleB)Qlfse&b}Qit dM@laf e8Iy chamber

I n_said r of reactors. [0010] The present invention
in ﬂmnfl?fes&’a%rflaw%émalgs%ee@?ﬁ ¢y opabeialy fwgl (4 » Heghatipgarinlet and

a fidsNGthe hiDa sefc@))ld Butl&ahk (Pﬁrrst\()%ﬁét% @?é&lﬂh 1%:&D 1§ ogrgé}ﬁéf the feed stream

space; (2) first annul ar catal
to thenfinst arsyplae eatfabqst dontbai, and @eesef:mrds«butke&fc&ldymtnr@d ﬁfcbﬁﬂ portion of
3), a second, annul ar catal yst. chanber in the inne
the gfﬁgélcséreﬁlgrpaétoth? g’l" i 2Aglar %qéac%sﬁ ghamberjapd to theseeqng anmélla‘acatal yst
chafdr.@ line having an inlet and a first outlet and a
second outlet, the first outlet for directing a first
[001dr t | She presertiénvieation ﬁxrﬁr@amowuies hecdciarsystamrfat @mverting a feed

I nber i sec for directin
sre A R SO BP0 17 adER G Sl pind e ) a i
aan b indeiehiedrvigila @:h@lgbtﬂih ber inQhd MRS §ROAthr AR AS flow of
gencatjc':l ﬁsr{ char?‘oerr 11 aTherl resente %ventrl%gn f%rtﬁgro a first

abshaeeial %lovéae%wnﬁ @tlmth @E & sengtar tvesrgls 43 ¥ asedongd gfmmlly
cylng&}];c%l B{rﬁqj&f%gtaﬁts[ aﬁa%ﬂepﬁl éﬁ? él’?’%i’ séa]c% Sf(?r %Gﬁ%ﬁ Ifﬁo esfs a'second catalyst

Initng an 1 nmner sp enera
materydl iatuohg aqmlrtl(a’m}ﬁjha lengﬂi @ﬂ this Vessdlathip €lrsti alﬁntllhﬁcdtm g&rchamber being

ace for guidin arowo(Laflrst catal yst materi al
CO“%FIHH@“& PB%&%??%W’glrméhq LhgLhaular gatalyshehagibel dd s first pryyular space
deflﬁe@ﬁfﬁfﬂnqmﬁﬁhﬁlﬁnﬁ){ﬂlérpgfth ?&' firdf luf’a? c&t@‘y?i er; (5) a second

nber in the inner space for gu ing a
annlsleltma@bdcmsaioylsd betsiteen the! firall amnglaa cgelysi diamber :trhiethl: eqvghd annular
rst a nuI ar cata LHl¥St chanb

cataff ﬁg@s&i@we’m%ﬁw 353 i P e St second annular
cata?@ﬂéﬂaﬁfbeﬁ ;ahal( nﬁmﬂ?’ an infk} afd 4 ik buddninh %rse&ﬁﬁ%tlet the first
e in flui

fined by an conmuni cation with the first
outl%trfﬁmilgﬁctleataéwslomm@fﬁber fef{CBS)treamsle@dhd figgt aumar S@p@wmd the

first Alsat.al ysi ch
Secoglgg)lu{ ﬁcemlgglé%ﬁé annul ngiﬁ)og% " ftﬁ‘ rtr“Sg?l m{%té §eé:88q18mular space.
annul ar space being in comTunl catl on with the second

annul ar cat al BRIEED&SORIPTEN AQF6THE DRAWINGS ng an
inI et and a first outlet and a second outlet, the
l.et for directi afir )ortion of t he feed

r st
[“"13 o IEH g2 sefBmabie SEe i OpRess S DA lacasserd s converting an
oxy&bteelonfaing Fde@Glrb 8 t&aS SRR @oﬂt‘afrﬁﬁé)&oe{}ﬁttéggarﬁ 86¢ing interstage

Sstreaminto the second annul ar space
PrOdEDES@RDF’ﬂTIC]\I OF THE DRAW NGS [0012] FIG 1is a

he acess fl.ow di.agram of reactor
001367 T 201+ S S B SRS penRl i s S leR b i
concafitrielredihlni &0 Fdadion With iRfeREpetproduceAdVaNiafg | nt er st age
[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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product renoval; [0013] FIG 2 is a side elevation
view in partial vertical cross-section of a six bed
W@ owseerspT ¢ radial flow reactor with interstageCpUswot071363
renmoval ; and [0014] FIG 3 is a side elevation view in
partial vertical cross-section of a segnent of the
reactor shown in FIG 2. TERMS AND CONDI Tl ONS
DEFI NI TI ONS [ 0015] The following terms and conditions
samarcempsgton as thhevhplegmam apewirt thaais iobmmNHtHy elifinating a readily
| ow n [ of a stream nmeans

f al meani ngs: (1)..A "portion"
scpifilp EomARnGHE TGS tfﬁn et e oo on pimage with
steal) ehehiPle £ c Siide BAMLA 'bf & nRGé P oktdéH off e OREA! ﬁ]%gﬂgﬁse an aqueous
eI|n1nat|ng a readily sep rab e conponent t £rom
port{aa, and a h yidredagbost poetaon ) c @ e mssmydoblufazbtsar)scqrmpressors and/or pumps
t hen aft r .condensati on of

s ol %?OCE‘SE%I}VA%%W 5 NG fvBdrtons o NGBS Bif Ui eddene of higher

presP@et 139 ﬂleap'féseﬂc@bfﬁlﬁ&ﬁﬁﬁﬁﬁféaﬂﬁg hh@BD codlidd nidafs REFPEREE Shen flow is
of necessary conpressors and/or punps I's understood
showim BpfWerp @pnes opiraiing Rt diffeeeny smpenfiuncs (41 the e¢ryn Tlight olefins” means

N W W

a mmlﬁiﬁlllaradelglﬂ%iefftéﬂhan prophRne; (b?fﬂé’%ﬁﬁre&ﬁ&@%@?e pfick 3Gnéns a
different tenperatures; (4) the term"light ol efins”
%%{% ceReEne, 0’1@’@6‘&3}? EnroBHangrnd irdeyeierad embodigmnt when the

oxy%e%%te i€ alﬂglat EhioPess @%@&re@r{o al ?Jté lnlgl"ﬁaé))r&%ﬁgherem, (7) the

| ecu r wel g t greater than propy
terneSqyessidmeDs B opy grreshstimadsliphgicigessattion containing 1to 10
ropyl ene and in

e B e S Sl sl dyces,

ketohB& c%exﬁ[@&ﬁﬁs anBthk BkeJ £rRAnbx@urdS offleseMiieriRE Q8PS ER term “dual-
her ei n; (7) the term "oxygenate" neans an

funcgigy géﬁa@ﬂ}bgtttht @ﬂ"é’dcaéﬂl}'a@ kataiyzeshyath dea®BB neacbonsaindi angpléfin
1ntellc8nvjegs181grea8 1onastno ngssé{g do ?gr?vgﬁ ég?'&%ﬁ? 4 8Le?1n& gct %ﬂﬁgglterqg (8} the term

“hi gﬁl’c}fﬂb@?ﬁyﬁ"dtéﬂ lay‘dr@&rbc&ﬂ Gndai€ a hiydRLarBBA wWlicht dblh%ﬁ’nsqfwotd?@ﬁ&e double
materials; (8) the term"dual function” means that the

bondsigs adrple bpad it s sryesurs: andi(h0} the teorP Thidiged bask ragsas articles of a
t t t
cata 3l B B S oPBIRRRE Y ey 1o Rl o y

unsat ur at ed hydrocarbon"” nmeans a hydrocarbon which

cont ai ns t WOEGAIhBDPDBESURIRTIOMNOGF THE ANVENIIeNoond i n

its structure; and (10) the term"fluidized bed" neans
s,of a ca [ pressuri zed

rei trai in a

001F 7 ¢ P Bl Pilitn eI e eame o Brivep e o oxyeenate
feed lsDYAENTH [ow?ﬂﬁdon%lhg fédag AR SR JhoulMBE RhALA0N thlat € reactor

di scussed in terms of converting an oxygenate
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
-5-



feed streaminto an olefin-containing feed stream it

shoul d be understood that the reactor flow schenme with
WO ni0goessage product renoval coul d be used to pPOHUSM07/071363

products from other types of reactants. For exanple,

it is contenplated the reactor could process pure

hydr ocar bon feedstreans, or a conbi nati on of

oxygenat es and hydrocarbons. It is also contenpl ated
mixtures theedfidh asiase presered fotn bé tieriovaaition sa feedb@sandtafthins methanol
Addj ti gnal | it is contenplated that the reactor
OrdEBﬁL bRe@ixtyiss thereqhyr o i norgani ¢ reagents. For an

Pp t

O BB B R 1 2P pclRE e 5 cvayically
and exlpgferehyt emvenied incepluoiiey ofstconaeat reacudmrmneh@obromaeme and by-

profiel Pudiry iisen bRyt HRRL Ptefi s oetatarot nodiHaERy — methane,
etha@b N@hyléddVBlopahd %Méne Bhiahdyild 1ghh&l am%{tf'éﬁ* &hb&figher carbon

f or mal dehyde, di met hyi ketone, acetic acid
numbsemipbatiesly eansrcsiog the fedstorksy ithpa deadrfindionddFP oftalybit effective
R AR A N —

hydﬂfc&xfbehs’ edcH &y dieraks ahb ac@gﬂemethryuﬁfc&ﬂb@ﬂs 9h& BrontidMR hydrocarbons. A
genate feed is catalytically and selectlveIY
dllueraﬁ%e?ttaéaolpw%reﬁpw%wtwa piclielmiion te mapsaia theoselesgmigy of the OTP

C S (GO inin
catagfg} %rt‘pgtei&%cg n%hg{;]l?felgs 3563 99&‘1%6%%91’%% %{1919& ofgx d:fu%nt ulf as steam
can petvitkrertaist dyaipemene t oy bied therrpalapficiencytadivyhtess, as bwllad?,ﬂowermg the
' anmount s of ot her g@lher carbon numb

and limt ?]
part PSRN ek By X ¥HHRLAERGH I HReTeREsTeatRe Shleqiivay {0 olefins. The
pha&%kn%%éé?{btégﬁ? af Pl QY MatedeaRhk S 6L b 10?1? to advantaﬁe in

conditions. This OTP conversion step a orms m
traﬂgﬁﬁmﬂl@a@ﬁ‘hﬁ@ﬁhy feedstatluamd b rwm'r@ﬁhebo rasd thﬂﬂcpalason of the
nes dr%ﬁarbo and a onat

h
iy ARFUR IR R Sy P UREEOSBRen BRGHT P Sirierotspfrom the

hgmékﬁmpﬁﬁﬁuh option to nmaintain the select|V|ty of the
OTP catal yst to produce light olefins, particularly
[0038] o pyf elfeentinhug pecferpbly vsed incthe resgiéon eencs Ifealldﬁt@WOHtml partial

presplgg \Sf 91% géérﬁk&e?ﬁ%tegﬁm\u& Sﬁea?ggkté(gst{)? ac]at eﬁ?é‘%g‘ﬂﬂ%n g%c[uons

vant ages~as we ower |

occurting teyge it ® shifadlearves)l redieiog BYlebthafyaashiig propylene. Suitable
to ol efins, The phase change between steam

sel Ct I Vj
dilueptyy f.uawofx%ﬂaévmbaweév%mséleéw Hpen NEogeay edtberymonexide,
r
e B g Pt TS, pRAHEA Y mBRCn{lBearbons and
mixturesf these praguiiatst Prefepuddrdibientslaye siesn n’pdtthalﬁ:omld eros@itic @dmpounds,

tep tq se ate ter fromthe |ight olefl product s.
and s R Tt et kB el gF o o mainiined in the
reacti@PESeOMAF 8PBSiall P pRELRI diRehOD bieRn shfktid @kelRE sﬂﬁ?écovered

t he oxygenate reactant to provide a heat sink
fromybe elusnhsreainutiliging dopdensation techniques. The amount of dlluent 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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occurring therein and to shift the overall reaction
selectivity towards propylene. Suitable diluents for
waig@sioessphe reacti on zones include helium ar gReil/US2007/071363
nitrogen, carbon nonoxi de, carbon di oxi de, hydrogen,
water, G through C5 paraffins, aromatic hydrocarbons
and m xtures of these materials. Preferred diluents
are steam nethane, an aromatic conpounds, and
a partiont off the ethlyhane{rfch biyrrbeéviat ettehh | TIBOTS oddfh re€ycdd @by will thus
ondi.ti ons maintained in the reaction

fumlisgfﬁrétglf%f@\% @?ﬂé&qcamoy peptde thegreagtionenne pad dieeshore hngraount of
dilubt th&t th& BE hy&ld%o SRS étMylE écﬁl:ﬁf)fl ﬁ:faEt? id?l%_f)ﬁfé&]éeﬁgﬂh{der to

streamutilizing condensatio ues
achigfe thieltargntt dilvertowixlygerae: meleaatie diill rlmmntsh@nbamgeeamhon zone or
fromO.1:1 to 5:1

0.1:1 to,12:1 and nor |caII
Zongsire Stapigd {p F%ﬁeﬁtz %ﬁfé’rro‘?e\"tﬂt cygle &1§@@ﬂat e in order to
[0019VieT Th&1BreRdt inv@htibH 9IFAK &n Sbtibh}e sEpaYHE flﬁ'ts@@anS’ réction zone for
| evel which favors production of propylene. In
inteygonyassipe @f therhepof Olﬁge byreedist straane it ¢. othe _Cqﬁ'estmammevered from
the %uéﬁ%c{rﬁﬁf@?p zoncre%?/r\{m%t[?%dbe supplied with a portion

ene- uct streamthat contains

[00%]] gni Th@ﬁﬁiveﬁf@m’dilﬂlt@fls eéddyih nereadttbnon&y ar@'ifﬁh‘éﬁll@ &Bsen to favor
saturated hydrocarbons. Mre preferably, each

the Elﬁéuqt@a@tf PERP I dEotipihel oxyaenatrichargndan the fseduin @epdefwrcdn gorm of

e REEIAN Sech 8 RO TE LSRR S HSl S €SP TR e over

port©21 dylais oxﬁgdnan& nVergioh téropdritard @Agd wih c&@di caalsts is known to
iluent that nust be added to

h nt of
favol s dHEoR AE PR i B DR PoRERE s 51Ul cthylene
at the Qﬂ@&i@é 81’&0&)2}%& qfrgt%ﬁegi Erhé‘t%‘ﬁlg&gtu?é%ylﬂﬁ)rlﬂé ?ea@@«l)r?zgn%g L therefore
Wi

di m hi Sh once the reacti on zone or zones
in thetrangead 33p° m@@bmommdﬁ@mbly aathe kange of 873t tedS.OOf(O ad®most

sent tion lizes an optional separate
pref?raglysfré o1 a?g 3‘37{3 4#&% for interconversion of the

[0021¢avYTHY &niversidy-deh@iEibad erfiplo§édmn the oﬁtlonal Repdedte $htERBMersion
recovered fromthe effluent fromt OrTP converS| on
reactor &pmﬂfﬂd@zdythm@%tbﬁvéetémper@w@ nrttcv WSImge@vcmlmmne is set at a
osen to f
O Lt LN R S
reacﬁldsrezdnee Gwhikch istypicell g it @tehoth8oeflettdiehd fRX¥&Bt inQRis zone) since the

ena conversion tenmperatures will be from 3500C
balale é Prpactiogsand %2) pl(eiﬁgﬁnt@fcopmrglog)gwgﬁlgﬁ are strongly

exotﬁéﬁh\{@ 1} b QPe L REPRI AL rtﬁe 2O 11Wef[1poﬁ: A iﬁlert.]t 91% ?%%Xrtse ifito tRe second

known to favor the prod ction of propylene
reactigypame o intcoench asastar nymt hipleread ustarontilided pishiy leamel 5aC hlgher
se of t enper at ures

T LN SR ST .

her38i fnfet ROMAFatu D SetRb ARTAPN ¥° (b Beof ABEChRheIh
v e5000C and m)s{l pr e? er abI;ll in the ran%e of ’ %%SGt o%lf}]g(glammum
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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[0021] The conversion conditions enployed in the
optional, separate interconversion reactor is mldly
We@rsnisseTri c, the inlet tenperature into this PCT/US2007/071363
i nterconversion zone is set at a relatively high val ue
reference to the maxi mum or peak tenperature
experienced in the OIP reaction zones (which is
typically at or near the outlet of the reactor in this
OTR onejioisi refermbdiniat 36168 o DTPheasiR aheaedﬂypmau@feéocered as an
olefin interconversion reactions are strong
olefiHeth gaseiipe strqamyinfosfnsireap S?Rﬁ'FffHOé‘ffa‘fIHBeSpQ’Sé’élﬂrhe explained in

conful¥&& WAR thd A1§us QbR be &%@%E@@t of ﬁlels@fn%egéﬁ d?lﬁgﬁﬁggteam involves the
reaction zone (or into e reactor" i multiple
riskroé h&dmt@mnledelatﬂl‘}' atipe ®f thesluat-funeder cdt&igsthisgdar the h@iercofersion
nunmtgggg gge reached jn the P reacti on zone,

reacgéféf SR (SPRPSRLALIMRY it Ripicallyuaed besawserof g ekility to
conir§l sh@or peeviehBdokk tfornfatibR ifi Re A9 qleapéxcﬁﬁ?ﬁ%:érs :er%chtort ifhals, its

the maxi mum tenperature experienced I n
readygyetlabolityz bhease of epagdbility dionuthetprodugtsod thfsmobrwnvbfsmn reaction
0 onyersion feacton to co
and BEEEERRUEPE LR 4\ SR5ir e PP PelByiah AT BRiha GLp asaprigngones. The
amduft e dll(ﬂeﬁﬁpraﬂ:reﬁﬂiﬁ idddanade 1h@%on$@1‘dfo@ﬂe§&16ntzbﬁe corresponds 0.001:1 to
endot hermc interconversion reaction. Suitab

1:1 gpofes o dduen peb@oler Ser! qlﬁfcbmwhqﬁg@etoﬁhle\zpmmwng@tpr@f@mbty toa
molé thfbod}'aﬁﬁt .M gl xﬂg t %Eﬁ[lﬁ ' Onltl%)fetstggc to PtCL'I?getaE:tgonn zones it is

zones. Pre erre Include
to berhottedittent siicaHo M8k inot myrpmaindmftmaqamﬂbynmgdlu Edastids

the QTP reaction, .and a m xture of C + ol efins,

perfiypedrip|thsInigRePYe SRR Teaeon Figre irtepisylpioRRl gHae of dilptmeoss this
zond &Athhi @R %ff@&fvfe%rm%% bﬂhM&ﬁt Seh t':hfeq}‘lteggﬁhérggﬁ tr%(crcbr e amount

are typically recovered as an ol efin-Tich gaso
charged thareté.Hahowmes tir Eamlmepl&rsadmemf thaplrelsert ire@nden wi dHargesome

n con unct i cussi on. of
o T B ke B et i B ot € R G At e adothermic
intercb@v ordiSk re@btidBs i Bin3ehéredn, deact i vation of the
dual -function catalyst used in the interconversion

[0023% 5t Bothithe exyganate & m@eﬂlenmcmvgmimehc €at iodnfinljuterctcmversion

sepd M 88 REFNRE) Ul P Bl o RBRE P o s

betwexe bartgmr(so anday eged 100 dtit (@0 rlGMPa) Budt $t i6 @@H%nown that the formation
vailability, its ease of separability fromthe
of hg}t%roft} ghis lél?e RrARYlene e &yiovesk il Dresae iConditions. Bdt thus greferred for

both'tc;f il stl@?s H)Sl?sg aftinl nﬂﬂ!&ﬂﬁé ki raﬁg«?gfeﬂor @f)tjtﬁ) ﬂOtl f%at 40§ kPa) and

he OIP teaction zo he anou

bemp%aﬁemambhwuabﬁ136t¢l¢3khdehndﬁw3@§1on reaction zone
per nol e

0.001:1 to 1:1 t
000" SRR ki M Tt S et BB 7o vt
& prraflive (ePmd o PMeeifRH
meathe situation with ré%‘gec‘?“?“osl’gcg &ﬁh%act |\§nW}§gllﬁeskce“lculated
for thq OTE coovasgion step dn tteahasssi af ceast-BQul s flowtrata obthepuatefahe mass of

oo s B B 2B SR e Bt S AR bt
hydro®ieoriha@tihlyfBlent il B8 feellRtrSam 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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zone so that the effective anmount of diluent used in
the interconversion reactor is the anount charged
W@ b@s008597 However, it is within the scope of tPE&I/US2007/071363
present invention to charge sonme oxygenate to the
i nterconversion reactor in an anount sufficient to
of f-set the endotherm c interconversion reactions
arising therein. [0023] Both the oxygenate to
dilupntaprghre pessed theeets idesridcahlniy thieenaS4 ofi thelseddnd dual-function catalyst present

in tllgns\tﬁfcégion 1%%' zgge ;Iﬁ'@g gd f f ? célx% :V\val ‘%’qﬁ)ég{zg Ilt}g? g}%uctonglcte time of the
reacd®in@SWHE @ ey Qﬁpr@p&ﬂ@hiﬂt& 4R ihvdc52of HP W1aS Y QAR as the WHSV

(10.1 MPa) but is well known that the formation of
InCrpgsghe@ytacy e d¢§re|a$dsemé copyersehea écceeésawmﬂ\éds‘étprwbms an increase in

I, |t|on hus referred for both of
conBLEFRHAFER W bout fre) B BitSioRl i the, FosraSiveri sforer
assdctuted] witintefRdsedt in@ertdn daR@adng@FEbnD 09ttoN68 Wkl Swah & preferred range

achieved at 136 to 343 kPa fg to 35 psig). [0024] The
beingfh? 130 by hevigs basheesylenerdmatiyy atiainedtinehediange ofithg e Hhhr1.

e T G R

conwtlom hmi td d,droltfre intrPornemiar sepyutiize mMHtehﬂlabﬁﬁicﬁo@Eatalyst
Iy flo ate of the sum f t he mass

Systsf}ey%fé y,rteeétlﬁlr#{lgctmeﬁwt &ystara erfbe capability ﬁ’f sYHETting

oxyRndies tt(k" Ero'ﬁ?&ﬁe Qi w@f‘ ¥s f}ﬁ%‘éh’%ﬁ{ﬁt W%t@&@ﬁﬁé?ﬂ n %@yc F-ée Bther than

pr esent in"the feed stream or any of
propylaneaerprqpasedAnypof the chtiatysic maseridls kmnverowehe bt itlde &ia‘haythe

capd5t By PR S e oo i ety i ek o n fhe eyt used
in tHe/Pr&efORVE tRiNOThSprRRericd dubKBNCESEn EAAIGHsaées) c%ﬁta'ilﬁea molecular
basis of mass hourly flow rate of théeé sum of the mass
sievgps the-achyemgredigpt prouges spseifisalhy hasederulfisteae daasptqlaslvely small
f [ ent . in an
porc L RS w0 GG oYL SRR R FEFEb oo

and ZSM he. @assn of tht hevls@to I’Siivés.lﬁﬁeﬁﬂhhlﬂﬂiel PRé&sefifin@ént in have pores with
present i.n the secqond reaction zone. Those skilled in
an at"ﬂégea‘?ffe%vf’ Fhafr%g’iﬁllezséﬂtaﬁétAt he contact time of the

[0026fact ﬁﬁfa% eV!eBnU& ﬁfa? hﬁ@% ﬁl%heoéa?ﬁﬁé%%@%a 0 IteEIGesented by the

| nver se o suc at as creases
gmkcddbanmm1|ne decreases and conversely a decrease in

VWHSV produces an ingc e e co E@ time. WHSV for

use in both the OT éb%%ﬁ P&t er conver si on

whefeS¥I6 P4 cARNOL Pthe @raYMe%rlE 5&)?{09&13@(3 rhtly & hQ™ AR from 2 to
range from0.1 to 0 hr~, a“preferred range

infinife mp the Satian denge a11d y\hWas & vties Df 2 & 104 or moti andmadry typically 2 to
75, attained in the range of 0.5 to 10 hr . [0025] In one
preferred formof the invention, both the oxygenate to

[00271 OpyZeaiiees Gaivemal B8 ugdtintnge Efabhzied Sflidlreferred to as Zeolite D,
i nterconversion steps utilize the sanme dual -function

clinpailelitgs eriogije tfermerifoy emééealwpyzeqhﬁeAdaemm BnZ$Moh ZSM-11, and
MCRIB 2745 Hite$ Mz?‘xﬁn?é% H?g?l SEIEL% c%%ﬁpd ttlyosgila r%ﬁltelwrc])gk 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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oxygenates to propylene as well as the capability of
i nterconverting ol efins other than propylene to

wWee@ppissae. Any of the catalytic materials knoR€T/Us2001e71363
art that have the capability to catal yze these two
reactions are suitable ingredients for use in the
catal ysts used in the present invention. The preferred
dual - function catal yst system contains a nol ecul ar

[0028] ev e Ths mokieprefetied ecol itgrdad]-Bmictiom datatystefosyedh bbthalonyersion steps

| | h | at |
B T TN TR N
somefifed (1 tHE MRSAuRAERSre@ 0 &MV AN ?% ahdyde sGREhal N of

t he nol ecul ar sieves useful in e present invention
[002%4ve H@n@solw0t Inolaﬁulawﬁa?g aseffif mghé¢ dlealdumt@n@atabfstsl uss@; in the

presFIEt 1nven|t10n 11[103 cf ﬁ%l%ra %l%veels éﬁ?‘géltégr# p?rheglgeégly]eg]\)/%? 51ze and are

embr@edBl an eh‘@%ﬁ@@cﬁ’ér&@al&o&@oﬂﬁ@n)’d‘rgﬁ ?ﬂﬁ)uB/BashéS eRpressed by the
catlon x is the framework Siqg 2 to Al2C8 ratio and

empifaeal forplaze from 2 to infi nity, nis the cation

val ence and y has a val 100 or nore and nore
typically 2 to 25. [0023‘%%?35‘?@@% whi ch may be used

wheraEL tidien dlbiab@tzieleeted fains thergedgr ¢cadisting afsidenl, niagnddium, zinc, iron,
rionite, ferrierite, nordenite,

Cob%le E}Pﬁ?(?lte 'n;&%lg%{&g? jichgprpumzesh mixtureg fhereol, g thgapplegtaction of EL and
is atZ&ﬁ Ob@§ ﬂ@‘ﬂ'lé"ﬁo@ |ceibn Bt Llluﬁﬁmﬁﬁ Bh& Rat (das0.01, LNOFR rﬁglﬁ fraction

havi ng framewor k ica to alumna ratios greater
of phmhan@ds BI}Cblscaaldayt Q;(B}eatcbx +tyhian =15 0Vivint EL gscmdlxrtuma olf hetals, x
t a #ﬁl aumnam)leé(tg dllSOgEﬁo
reprgs THE R ouByilotififolofelt BRIR P bied ements et are
silicBh HhaghlebitfrnanioBlt wi@allido b@ﬁé'e@ﬁec‘izﬂ% préfeHed UhQ Iﬁ’éferred form of
ZSM5 is silicalite, as the term used herein includes

the ipyeniionrke Ber-7aodipie Inyatestubiy sifive chlobstare SABS aatdsst, and 4vemuore

{lfoF |I di sclosed in US 4,073, 865. Best
prefggglgllsts ar%sbotS) ai nié with ZSM1 1 or ZSMS or a

[0030] xt Ulhe>nk pesfentd [RM2F]thTheennst wire iRrduan fi#@abn tdtdlyst is a blend
dual -function catalyst for use in both conversion
of a ggQle tpe mlecylpredesicatahisbng HROT-zcolite Bk imelequarisirye cp@lyst, the

blend Wilf %Bfﬁﬁﬁﬁl a poit {)}% SfSQPb% Md I% a%l}pgl azé%c;'pa% amount géeater than

sonetli nes | Iterature reterre
50%"lpewtlghu In anqoiect psdfemed fmmof[t]ﬁk()ﬂ%ntkbmtlmentailysl system will include a

nol ecul. r si e sef ul | -function catalysts
Zeo}ﬁ’§éﬂatf‘rﬁa ah glﬁtpequa@éﬁ\? %ﬁgﬁdd@%‘?ﬁr@?’fﬁq“&r si eves
[003#i C r]nrﬂiﬁ&%elt PefdpfcaRetm %f ﬁl%%\l'e\‘lﬁoﬁ) QhE€dS14En AR c@lraﬁrst sr?/stem isa
enbraced by an enpirical chem cal conposition

mixtgresfdrzsabtibeaalyst widpa ses-eeplitic catadyse iy ingwld chatystibrabodiment

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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(ELx AlyP )2 where EL is an el enent selected fromthe
group consisting of silicon, magnesium zinc, iron,

W@ wale859ni ckel , manganese, chrom um and m xt UPEBUS2007/071363
thereof, x is the nole fraction of EL and is at | east
0.005, y is the nole fraction of alum numand is at
least 0.01, z is the nole fraction of phosphorous and
is at least 0.01 and x +y + z = 1. Wen EL is a

perfmtﬂm @twhalr@a*abl@fmxntcepn'exsnn step ecalod dle seomdntuabfunction

t f | t EL
ca G TR R RN T SRR S et
cataBR@otetht O TH &R iR anh@fol@ﬁﬁfrﬁé&&gvefﬁéﬂ@t% abd'@e C4+

i'nvention the non-zeolitic nol ecul ar sieve catal yst
intepropveEAPDsERtiaFsparatarricieerezonedr e pref erabl y SAPO- 34 or

o0 i pfedt et e L BeBiobEin peafresist e b BEenaton
tread@alt step té y@@twelya@ulr@renab qavgeﬂ;eaﬁsatwﬁtad B{Adtodarbons such as dienes
non-zeolite-ty nmol ecul ar si eve catal yst, the blend

and/gy peetdgme élwﬁroaarpb@m thghare forgpan e QRR cprverspmEy i minpr amounts
(i.e. pfekﬂﬁhlp 3y, TR (ﬁﬁltt of ?)E){L'glgﬁatg Qe@dk%ny/@{e%%g t\é[g%al y 0. (81 to 1 wt-

pre rre ormo nvent on
% of jhetagmount tdnvened)utéhile tiae |hlghlly‘6ullimtlﬁiitt:@hydrf)cﬁbd$hsgiﬁ r)bt represent a
siljceous ZSM5 or ZSM 1 pe of material. [0031] In
subsiHBthERUT s Pé?méawrbs?%l%%s it berpdntiichat thissare a very significant

contgilﬁﬁ{or koetrh@ I'(‘)f 9@1&@41%%&1&%13{ oh &P Zﬂ ﬁe%ﬁl%ﬁ tfhn c‘ata_}_%st The

zeolitic catalyst with a non- |t|c catayst
Selemvceldfdmeaatym ceadhmas mehzeddathib Ereatm:nmmdap shadeeted frem conditions

f ticle nt ai ni n h
kno i ol BT F e Beto e BeeBRe so By hgsatwatta hdrocarbons o
the d@fesg@ing dlefifBivENd ﬁ‘ﬂlﬂlﬁﬁZlﬁ?Sr S ah@hty, axﬁﬂﬂ/epﬁydrogenatlon to the
formul at ed by mxmgthetvvot pes of material Into a

corrggpopdine dulhy ??élilrﬁ@drbﬁ focxtbpm order to formparticles
[OOZQI?V' n@{l@?}e?erféa%gg IO?PI aﬁeﬁtsﬁ éntltorr]leutﬁlzes \nggélad tecﬁnology in the

esen nvention o uses two se

OTP( eactision and@solefin irdeoM@ryied &S h@binQhe bponal, separate C4+ olefin
dual - function catal yst descri bed herei nbefore. In the

interegRYFTHAR FEP iTherdguie) %ﬁ!&eu%seé%ﬁnwty of thepyerpllipso¢eseins propylene
procfu\‘f@or? qfhe %S@Bxfemetfmg'bfefi ?Jcﬁ%log)o {}P@&h SECQ[D&’IT‘@ ?I%cggtgﬁse Q%%gp and is

used in the first“reaction Zone t performs
showmm/E$ $i187,184d C ol efin interconversion step is

fer s the first dual-function catal yst and
10035 6 Vins BT st 0teS it F S G G AL PP Gfgured in a
numb&€ofaPdyis OfdRkx fipld, @k @ﬁél@uh&io%r&&m}\é?bﬁtleﬁs §5r?lﬁ)e fn?roduced to an

cal l ed the second dual -function catalyst. In on
uppgssedtionrod ghe QT redctiph eomawemfercbby gllahmy Elmufgh the entlre volume of the
fun |on

reacgﬂrbz%ng Vers ﬁge ﬁilbal C&PEF f‘tﬁfeyStn]tg §P16t8?1t5 r1§ |a<?ﬁ§t§’Er%‘iJP°£ﬁ‘00f the
invehtiéh, @4adiall 16w GRTYET Ste@th; EhuBPthe MlufERRhAL & streaat FIew transversely

to thé %?rgcstion 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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[0033] The present invention further includes an
opti onal selective hydrogenation treatnent step to
w@e 20080085921 y hydrogenate highly unsaturated  PCT/US2007/071363
hydr ocar bons such as di enes and/or acetylenic
hydr ocarbons that are forned in the OTP conversion
step in mnor anmounts (i.e., less than 2 w-% of the
anmount of oxygenate feed converted and typically 0.01
(00370 1 Dwringtheftravhmsalahmugh tleoreaotsed yarbiick@ustrhassal, i.e., coke, is

hi.ghl y .unsat ur at ed, hydy oc ons do t represent a . .
depey PR AtE S Eiogie tyaR eresgia tha webonar oup deposit material
has PR@PfeEQREUINRL the REMbET & aRtiVELides DhIM EdtfPRtwhich thereby affects the

contributor to the rate of coke depositidon on the
extept effthe peataly genvefsiprcandghe selectiwtytto piipylenel Apbitiom of the coked dual-

hydrogenation conditions utilized in this treatnent
funcpp sHANEC s B RN o Bu e redc B andvsirnered fgemont ot teast a
portfidfithd dbke figeréfiémt B the cakvafeld Hiefetcdt GRNUBAdtIN @lYts are used in
unsat urat ed hydrocarbons to the corresponding ol €fins
the QP reackpm zores japg theropsional Guslt infricenygrsinnaieadiipirzopenapisoparate

- : ' ful | hvdr oc on .
movhf bR EEEF ERRRNA M Y gt A HLALF BN AT aRE Pyt parices
that sitould aeear mouixivg: them togeuroAg@sfeired tbodMRnCR MEESE MMere two

and gﬁ olefin interconversion step and in the
sepagiie AprcioB ALY a8 usedgpemploy FRivpen FRespERidm seluplogy
discREEEM (194888376 G, Féem%%eg {eva!nmﬁis‘?ﬁ) {&%algs\@%l%lrl: enerated in a
process for propyl ene production. fe Ust o nd%lng
singlpgdgdnectionlzogy withow cohmsisglied thivE@ahsopgetces. dn kreqwefeand case

is,shown in US 5 157,181. .[0035] Movi ng bed reaction
whelghR S0l Bt R s Wit h PO MY GRS s isaction Sones then the
cokedQRatti Q&N B ibBthezMBETBAY bedhixea YSaette? in@ YRFR Fro & d8mon

dual -function catal yst particles can be Introduced to
regepefatigipeanes Kdg wshinghe s¢ope Of herpressni iomentmas thim thsf exde bycharge at
ravi. [ hithe entire volu of, the feaction .
Ieastgd o@og{é{)l)[ a#le 2 i)lgl%lap 881&5192 ﬁa&%lﬁsﬁ g?rltlg es gvd[hgr%/v%q frf)gl t}le second reaction
zonet0NMhaOTedeaction 2ofiseThis c@flbé adwintigebiRovhemBALdI&RIVit] of the dual-
radially flowing feed stream thus, the fluid stream
funcipn eatalydits PrORYlFNe R Hhefissiepgiionzopg ¢ imprevadidyg tothefpagiol
t - - [ npl ated, that the feed
Coveg{greedg%gﬁf;%ﬁ%%%trho%gtﬁlé{? a%}%goul d be directed to flow
[0038h a Teunttemactoue ntatatial @atinoved fomhke catlghiyistoxidii@sesdeneration
or in a cqngurrent direction wthout_departing from .
whefei Bogje T O HE HHLE RETCE fo STV FOBABY R s contacted with
an okydeh &Bhiahihd Bashdhmfad Qe Rt Fcﬁ{g@fafﬁﬁte aH@%&%&h%n@Jm@ration to allow
introduced Tinto an annul ar catal yst chanber, or
the dgsired amoupaphthg sarbohageoey matedielsitn bd rdogovedriysvirhiustion from the
qtalyst retaining screens that run through the
Eactors wherein the catal yst particles travel down
through the annul ar catal yst chanber and are withdrawn
froma | oweDEFaGLEDDESCRIFION GRTHE DRZOWESGE0037]
During the traversal through the reactors, a

carbonaceous materjal, i.e., coke, is
[0039 The following description of a preferred embodiment of the process of the present

catalgl

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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deposited on the catalyst as it flows through the

reactors. The carbonaceous deposit material has the
w@2§08/00850F reduci ng the nunmber of active sitesPCRUSINE7/071363

catal yst which thereby affects the extent of the

overal | conversion and the selectivity to propylene. A

portion of the coked dual function catalyst is thus

wi t hdrawn fromthe reactors and regenerated to renove
Alsatthd mastor syspeon wiillbhe discusved moke cottextef comerting drhex ygasae-

Contt\ghﬁlzrrl%fﬁﬁde d| ];stfégaglg" P():)ﬂld@gh_ _f§g nt%%lln?gq%rggl%% :s%%jtéﬁ, 1%%1%11?(15 l?edurildgrstood that
othelr REHOMER EEAAs ERAEbE ARAZAD ParticWRrIS THATALHNIDNILRGs P& YEfin

regeneration zones can be uséd to avoid contam nation
dehygdroganatiemtveieye @ Iqyapresgiredrophatiesisd! d occur in m xi ng

em ther. A preferred enmbodi I.S the. case

(0od1e T FRES 88l e BB R B RO e by s & B e SGoregrs 120
12f, @ARIx9Yeraeieed steaesefcad 1iod 14, e0ihobREY réd el fos®strdath 165 a diluent

4,498,973 where two separate and distinct catal ysts .
feed stigamd$eandradicady plefia reysly teed depame?White siv Feactqrs areghown it is

j [ ti.G . red

con FTLAPLAD LG SRURLIPIBO L3 BRI BLERL R o o
twelgtrénctdre Heed streammal 45 @6 and 18 daddd it Frandrs bhd®retdasignated with an
alphgﬁ%l%gh ar I&ecrltagssog{a‘r!.’% b%ogqrééwz R éil%?igﬂzgggmﬁgéﬁqdﬁegq? gt%arr]negrom which
bk ki T bl cone . g P N
eI 5052 Al o AREL BRI i e e
streggukiath sspnmie/sranggs ta mdesdually Heldeannintet @ ha-2 Heofs:ectooitthe reactors

r tion zone t he .OTP reaction zones. This can b .
122436 D16 AT ol B iR Tl bR R TGP Fen bR PRRRG g Brmonitored
and EuRKAES Prdforaply0 el festBstieAmb Af: dekiilsted sBAEThhOMcR AR dr Seceives

i nproved due to the partial coverage of active sites

rougift e pprag HlopoRts ddpostmbined (odsireanitel 4 dp bbfhansetlen a total volume
basilMPhte@ectiVe BgﬁB\éggtrfbhﬁgﬂ Bpé?acﬁ %(ﬁlﬂﬁ?fh fgé’d Y daﬁ)l %/eetotal volume.
t1on ere bed of "t fmly§

regener In a noving ! e cata
Eveparoté pletesaiy thdinieof éachreddhe wilatdodaSe tie samRifREE &k for each

. ..W.th an oxygen-contai ning gas stream at sufficjent
mdl‘f‘éﬁﬁgé?%’t WA AL VM 2RIy B smeamixdire b 2atseoay thqrinlet of each
reac@gsSi red amount of the carbonaceous materials to be
renmoved by conbustion fromthe catal yst. DETAI LED
[004DESCRVRIlE G 1ORctTiHE sORAW NASJ. 0039tachifeed atedanmi4d6, and 18 having
escription of a preferred enbodi pent of the proces
o deiEE bR B B BERE o SPuShaliie it Perer BHBeeTos o deer
numBét FWakhéd B EBe plovided Pet RLEDERT anQlof ShdMREH §iYdaAG UN€6, 18 and
description of the invention in order to facilitate
20. Rrpigeabdy, dnifend strérans 14U pek8 Wil eronbivomithitie feed stream 20 to form a

Coméiglﬁc\ql gegg rS]Lrgi:i;] | s? Of‘. [?ng sgllégf%gﬁ :ﬁ%t ﬂi)aztmcﬁésc(;}ac% Wbined e ét?e%fc’rfs 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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conventional itens that are well known to those of

ordinary skill in the chem cal engineering art except
WOR@BOESHEI r presence i s essential to the undePGI/HRDOTION1363

of the present invention.Al so, the reactor systemwl |

be di scussed in the context of converting an

oxygenat econtaining feed streamto an

ol ef i n-cont ai ni ng product stream it should be
that wnd égedtstroaim tchuld hav e first eatat afittrafichedpatreaaomwicbed scbed feed

used and particuylarly for reactions, such as paraffin
stre R EOWA B a b9SRT IR Prapchen PR St e s 16 e Ceelinpig @t branches
to rda@fOk ditkrent Frovh ensriRN@tiPLEbRKEIRY 6 Raeloy. System 10

having a train of six reactors 12a- 12f, an oxygenate
[0043ded ko prafarisd fomedf thepeesent ingentiogHthe odagfor nysteguyi6Ivall have a

. fee tream. 16, a.dil uent feed re 1 nd heav )
aivesBESh R BAMEa puith of § BloduSStuh pr e sFaiin ara i figwine
betvedRA\to lalljatént eQRRETRG aéfRet difihlekZiddthoRtonBBMRES profiuct recovery unit

reactors as is practical and for exanple fromtwo to
40. This seetimecy sl e refrsted tg hersithes interstags pipdict Snavial de a more
' : ' ' abet.i cal .
prefb IR AR AR AR AR A ERLRA Do R D BB § Bbmoval tine
34a,t3b thedicecsing edirstfpoetionndfi thdrptodest dmftlaﬂﬁh—i{ﬁ.@itinglﬁtanstb reactor to the
4b, etc.).. Iln a preferred formof the invention, by )
Prodimea?wgy b 40 s §¢qoad Rertiontb ticapyarugt dlopr diremesontipies flowing
throh Q¥ indoR] Hutfe£ 8835 io'qnelhlet?gﬁé geu)?&’fiﬁg@e(ﬁpr Erof hﬁe diverter 30
reactors 12a-12f, the flow rates of the 1 ndividua
can be ailethapaskechngectenorotoanympemembeap dexdentd medmnistndioe achagdng the
regyl at.ed,. Preferabl t he. feed streans are [equl at ed
samg E0A1 of (Lviding ap, incoRHREreaBLiniq, B0 RHERIRE Sireams- knhe mplsyed form
of tHedhen@ibn kG & MWDinte stafLHddsdt r&AGFal lifte 342? a3t4%$s ﬁlﬂqldg@ féHtvery
e

a total volume basis and irrespective o .
twO HEeISiaEHDOYIRNSoP!. dnidis ¢anelityp dufatstage prpdict ismwveldinek 84a, 34b for
o b Y re. preferabl he inlet of each
five 8klogd BT 5 BONIDES L UGBt g ap Bl e

produbtchiexiosiald inef3atad3 4t dodddhd sroaicibl everch amialiage pbatisRoEas few as one
. mxture of gasses at the inlet of each reactor. [0041]
intergiges Brodue re@Qudldinesitas i figm ppe pf de fvefipigrsiage Roilaep. As shown
: re [ I: )

n L 1E8 A e 0t SRLIAR O PAREAIED: {8l o
diveged hy peslsetrremonidime 3 a lsvhdle cles neinih gl ploduarcoviicied ipefe second

t any of the feed. streans 14, 16, 18 and 20.
prodpFarRLHAR o TEAkSH 125 4hd b PORIR of ¢ U g7 [aRciopAR fieh fourth

prod%ttd'lhtlteh?hfs i8 %gvsétEH 83 &5}&910%: Iiégo%ilm& ﬁl‘Br(mif&e(ﬁef‘ Feglgzﬁ%linﬁ gaoduct

streans 25. shown in , branches o
contingetinghe &nmth 2educe bhtlasB2dxywectat &2d. eed, |ight ol efin

recycle, dil.uen he olefin recycle d. rgtgct

00555y FRR RSP BLSLR, SESHEHE AHPAAAS rom 3075
of thé ?ﬁdiu@@&hle[ 8L B 7Y at hk@rsiatl pobiflfd 3} ahd nRrdpRf@iH1 ¢ BofiPAI70%. The

. of the invention the ratio of nunber of branches to
diveyters aleiserpoval 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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of reactors will be fromtwo branches for each reactor
to one branch for every six reactors. Also, while FIG
WA 2®B00859T eed streans 14, 16, and 18 havi ng nuPEr/o82907/071363
branches, it should be understood that this is nerely
one preferred conbination of feed streans having nore
than one branch. It is contenplated that the reactor
system 10 could have fromone feed streamto all of
comnnmidaied ts thegmodicl fecoddy sd@ioarvd uad 40 aVheygrodudt eedolvary unit 40
one pranch. 1t is also contenpl atedf hat one fee
Sepaéi‘ﬁe%gﬂ%%g%’mdc?rﬂ%\% CYMPPRES, f1y "Soe”a‘?"dg?‘sﬁcﬂré’?ylﬁg?gmm other effluent
comp8a&HtOMm M bifRiedt zﬁﬁ%ﬂde;fsQEéjpl%bpféﬁémﬁ&k%hda Ve R assff&‘agéjtank 44.
rati o of branches per reactor Wwherein the second ratfTo
Theprodsichreepesy upitAe a&p@pgaratss diafet &roenthe effbrent frel danveys the water

I q.0f branches 4,0 reactors 0 In referred.
o ) B RESREAER i GBE Rl Rredn 8, o o B €8 e 40 ao
sepathted ethgleége ot the etfRienSthdf @hvelisMBE iejcg@e@etﬂiwehé eHro@h #h ethylene

product outlet or effluent stream 32a-32e fl|ow ng
recysietligel? iptaoha fjedseram leqthopredugtsecpseisnmitdd alsm spetatgdeavy
r [ . | .
ryoRESLbhORoH T IS SR Yol e Rl g e

strepn@fuct renoval. In a nore preferred formof the
i nclude an intersta

j nventj he diverter 30 will | e
004g o _uﬂGo-ﬁ OWiSiaR@PEARAL heamy qleiin BSTERHYCHIOTHICAFLPE 100 connected
throB&H ihOT0 106 thbﬁrogh&%&ive%rli@lo. %?r?éfﬁta&htgfﬂéltrll H'QQegct&J Todtis

reactor to the product recovery uni a secon
conygyed thyoughf linehk)2praold tie the fpk@lucstecewy condbDnues 1 owi ng

rough.th roduct. ,outl et 32a-32e tq an..nlet of a
[004?3 cond® {j tgef:g(ﬁ?er’? é’g g}eglf??({esf‘f?é‘md i 13 e fq elg a§8 2 a‘i}i‘_e QEYgenate feed
strean $N 3R doMAMNBCE Plef@fedTE bf thEREy HBIR ne, BV &IV methanol,
mechani sm for achi eving the sane goal of dividing an

dimgthrlshe gD e arnalt dethubetben geihyéethary tamsldehydeodianethyl ketone,
acet%:aggig %{1(? gli{tﬁfeg]tl%]crel:(}g gﬁlaalé‘rrg%éﬁg)&%tgpreé Po%mdf c}ééc] 1ean|81rPE 02{,/ B{e;a;g(%/ genate

renoval I'S” provi
feedtswoarn Nt evititcagairp@sihhhelng diféthylethet Bi $ix3@%e thekdwd.
i nterstage. product renoval |ines 34a, 34b for five
10048} o Ticiged B Fohas Tagrocgey Brying fevres Ut eavppmstaed included
t ' t 41 : S
et e s A nE PRl 3 G RRRTME el TRUEY 1 g primarity
ethylpne gBhi§ faed agean evill nirefestbiyg de plividetinta BB pattions asd 3davered

34b.fr of the five interstage positions. As
hrodilipes AR R i T Bl stiel. THORER Dekiet 16 PV temperature
at arf iGRE bPthe kR tdrRyfeROUTdrdd; 90Ut spuE ! et 32b is diverted

by product renbval line 34a while the remaining
[0048} oduldte feeshstiqanel8 Wil pieferatdy bavapar ada flowauatel af #0ZRP rheiric tons

r t 12 nd a rtiog,of oduct fromreactor . <
per SRRt 58 el o7 8o L0"E o Bh B ey Ty i into sin
sepaftO¢tHGns le@BONAling dppRodfaeM i b€ thdBow eaRIN tHRGRI QAT 18 prior to

continues in the fourth product outlet 32d to reactor

dividipgintq erpavte piangiee apd deliereddthranghlioes 1$eel§frwelingsofa-14£,
respéclﬁgelg/! t\éedrntiﬁfet §igea% lréspg\étwgq'gaac%rf rom 30- 75%

[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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of the product outlet 32a-32e at interstage position
33 and nore preferably from 40-70% The diverters
wa@lkdosmosseroval of product at interstage positiBEEUS2007/071363
downst ream of an upstream reactor 1l2a-12e and before
entering a downstreamreactor 12b-12f. The sane vol une
of new feed can be added to the downstream reactor
12b- 12f as product is renoved fromthe upstream
and odees. dihe f2a- rheof tilio rﬁea&icpmenml. prefatahvinst reaed foehe fiot seador 12a and

ﬂowggttS 8H$F\ée‘ét r%gm?% fﬁ% éﬁfﬁsrpgﬂli)o\}top %2 asu E Ft R érre ]grghgéstertngerature rise
due iR W2ht dfithefeaddch. HiMRvaN thel &1 REQHHES c&ﬂ'& B@Hlvﬁ%ﬁ 3 %fowde

fromthe final reactor in the series to feed
Sep%@ﬁﬁioﬁe@teéﬁﬁ F‘M@ At mofaTgager swhihe temporate to§ therfeed stream 20 at an inlet

to.th 5 od recovery section or
Ofthe mf'C mq%ﬁle p?hoéldlc?e ?%@?\9@ § WF 40 separates the
[msiqsu r actafil REUGH b€ pravadedninger presshbs ifitPEHRR AR 2a-12f to contact the
yl ene, fromother effl|luent conponents in the

Comgfffeldlf%fiﬁit stigarl- Kahoeyemplatedps mgyhessdcahnplogish well inoan4g the art to
proxgﬁ?es @atzﬁ ﬁru‘ﬂg?r eﬂr@&h kd-a r-erglz(?oﬂ 89&@% fll‘flﬁ%\ég 'i) L%'H(I)\!:l 496(% o batch

ara er fr omt uent conv

type\/@tzé}?st tih;[ruhlgknnayderhudﬂtoné ecyatel formef ik 1hVé1@10hhl€b fe@&@6rs will
st ream 18. g roduct recovery unit 40 al so separates
contain may@ebe ét ¥FMent and conveys the recycl ed

[005@] hyI KD eorlthE %}gg g @'ﬁalg LY Rer L &EUCTB- 12 nl?ls i%n{aeﬁ{épgat&&&ilizing

feed stream roduct recovery unit
any gbiharzaoléts- thmxyd ropeireobir typnsiofecohr sikee eftillystent neurel preferably the

e olefin.re stream 76 jnto t f eed
reol TR e rlelirlZYELS of 6N T ropbufes Reatye
[0033] ef | FIGNDEIE BB HInRPréfeAed RImISQhERARBE HREN m Qfégﬂl a reactor
[Tne 101 to the product recovery unit 40. "An effl uen

vessgk Yhhavise zme@ef@rowali@z) Tihs reastareipest! 66 g@m@neel rpmms@@nmw first
reac{o? {: ijrO 7:600115(? Pe%ct% %(eecglﬁ's %9@ ql_%gl égt]egﬁ(&r s§6t101} %tgc with

1nter@oag@ pruguet egedalshioaghnlidds Yal Bmpmmn@d at thté@stagelotsiti®d between
" tgorm of the invention, one, sone or all of nethanol,
c

feetacled wpeer S@\Cmv@; Eagh reasier sectipe 5|50kt Hisrcontains two

f e {
conB A S G L LR, B35 o
sectiofi SOmbousey drtreantorstlBe, 1®b3(ﬁlﬁleﬁ)ethé et se@imn 508 hotidds the reactors

t th I t hyl et her or _m xtures thereof.
126 gt Qo csDh ol Pt b HE HRRSdaF ks havi ng

[()()SHFWe rCSrﬂﬁBe@ f&easRONS iRk 2 Nrlcbided ﬁ?@ﬁhﬁ ﬁ%g sGENARSM line 14,

ty and met hane. Most prefera eed stream
hghtme toreenile §ee|dr8trnmn iftoyn B0, alileent Fridsstfeemdran diparBwnd heavy

oterfafoGlsTee ettt Res: ThSeompine @RGP it ne Lsapptis feed
streanPRAsP5a-f WiEcH fed ps#iona BT démbihtd fRaYSintetl STRERADUE R ely.
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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at an inlet of the reactor system 10 of from50 to

1500C. [0049] The feed stream 18 will preferably be
W@1081008597 a fl ow rate of 40-200 netric tons pePCHU82007/071363

(M'H) and at a tenperature of 8 to 1000C. The feed

stream 18 is divided into six separate streans each

havi ng approximately |/6 th the flowrate of the feed

stream 18 prior to dividing into separate branches and
[00%5dI i v&hetkattor sysgim 1D hestheSatet 8fal\i2alefinigsnlidaer bifimber 54.

ect inle e res i ve reactor.
xR0 cr i st i sheRbrt Sholands Boihy iKY arsiion 30, 506,
50c AN ahaxBRPRr AéRcddb R RactbP@tidn S84 HR¥%h 19rFI@ 3 is a first annular
mol ecul ar _weight greater than propylene. Suitabl

catahyshehangics POmeompratingireactoy i mand %@comrtianyalarlcstcal}andlamber 58a

corxw%s{ng cﬁ}/ctcﬁultZ’pl %ceg glg ?‘QP{ gupvgaﬁg@ge(%rg ﬂg:nfriré Er g?]taleyst chamber 56a.

The tﬂramhunr GalﬁlfpﬁtﬂhdﬁlbéMG béﬂlﬁ’deﬂﬁlcﬁufl b@ﬁﬁ&@ﬂamme@ﬂ)&b t @B8econd
C clopentane %%hlopentene cycl ohexane, and

anmé%%ﬂé%éh@n a8d batharhe et caiehishdrstee Ywehgsamay be
cylu:ﬁ}ﬁzat J%Wffr?tt ?sgcotnlalaﬁmﬁlg gatiﬁ%é%ﬂ@n%@r}g so&gﬁ? §¥ide and contain the

to the firrst reac a an
fknﬁm&@@ﬂﬁgﬂﬁnmﬁﬁﬂﬁMbSQinTa&ﬁﬁS§ﬁﬁh&bly to act as a heat

[00384e " Acdoet BRUTEBUA AR CEREDT D0dh BN POEBAKEF ot and second
ann@hvé A QSttcHarHBé}‘s’ 5ge s3ePAUaY s%?&%(ﬁég{n*l g§ 11dcBoh \éf?aixgl;er@

reactors. The tenperature o stream
Con¢e|ntrmallm)0$lhenqdmsmmhe sg@hne andfasdacaly st chanber Gidn 200 sdéparates an
i ded .under

TS TN U

wallcs2nirhe ekt he@ secohd @ﬁiﬁlar' datdl st ERAIRTBEAIRY cHS h&ﬂ»rﬁrﬂ&ﬁ%‘e a fluidized
technologles wel | known in the art to provide catal yst

bed grgaov uyRe ¢aglest flesctysient. dbe lﬁtﬂigﬁgd s¢dopil dimdar daedyst
|
charHPéf g@a %@? e?crh lﬁ@g %H E%P %%% X%%l 1rtui$ztwraH$§ Jl[‘ﬁ%ﬂutfzh\é/all 63 and the

pre erre orm

inner %tlt66rsﬁoWd|ble peffﬁta&ldr’toallﬁ@\tbﬂ@le @ﬁﬂsag@bfaal peid sayis heie combined
for the type of catalyst, for the reactors

feedf&fﬁ@l@@éﬁ%‘? Qlec%ﬂlsmleaﬁoaewrwg Pnd gwgingrihe Bpwiohe particulate
mat&%‘? Elhctheastayog 178¢ ﬂu&%}l %er a%ﬁﬁ goxttﬁ\éﬂ o IR rggé&nas;yst%lneﬁ? The o%lter wall

cat al yst an nor e e zeolite-t pe cat
63 andh thermsdr wallef Secantiieycod SMcteddirord Svhésh, porond ot sdrees-1ike nﬁahﬁlals

sa 0053] FIGS.. 2 and 3 show referred form of
AR i B S T bR o LSy o g ghiTow is also
contB@yplafid. an outer wall 52. The reactor vessel 50 has

three reactor sections, a first reactor section 50a, a
[0053 bcorfdr&t,éhktd and §8b posions0btharmrdmbinedifea steeant 3ia, 2ectnid@de exit

Wt h ers ou n 4

the B30 P ARl e, TRt P Dol Bl Snf e
respddiively, StidPak Qdrette@ed DEens@pipk qO%efoE@@ﬁleﬁﬁgaﬁfe QhnSI8FLAAYst chamber

50a, 50b, 50c contains two
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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concentrically disposed catal yst beds 56, 58

constituting the reactors 12a-12f. The reactor section
wGomsesises the reactors 12a, 12b (FIG 3), theCTESDTO71363

section 50b houses the reactors 12c, 12d, and the

reactor section 50c houses the reactors 12e, 12f.

[ 0054] Conbined feed streamin |ine 25 receives

oxygenate feed streamfromline 14, light olefin

a dme@pﬂe&rﬁlﬂy tesdingaid éxtemdihg theough, a diktribenién inagidold 2B ea e
olefin recycle feed streamfrom

from nd heav
CenterpiRe dﬂ%@ﬂ ﬁsw& F?ﬁjé%l Ry agly daenghihe mmper wall 65 g ithesfirst
f
oL L0 B 085 o875 Lontll Sl BRABES B0  rovide s
prodatdiTthie dimstl producEeGrs tRrasigb e dutatwalhé3 thee dlostsrietantse fift annular
1§q and %O an be either be conbined together in any
ConﬁngFB@n Yt nati on at a | ocation 110 and passed

[003877 OUSEoRd '¥Bakh 8XE iRMSrtidds%of the BARBhANTRY s@dm 95b, 1B and 25¢
feed streans 16 and 18 can bypass the heat exchanger

ex1tts¢ﬂ0@dgﬂ@uﬁy @a@, sixth (ppébtslzﬁrd eated sd®nd, fidomthand sixiht inlegs 21b, 21d, and

eS| ab e f d.s 20 to hr ou t.he
21 AEGECTRT ahf e Qs B0 Rl SPIRUS bRR0 pole e e
annlﬂﬁlocﬂﬂlﬁectﬁ(ﬁfmﬁhfbbﬂﬁ@ Wah agémplaryareR@aice 36 e firkt deh@or section 50a of
reactors OOS%] The reactor system 10 has the outer
FIGy4the st geaduet; iy AMistianpelar eialigehamher oatraings wigh a second portion

I
s A AP AP 4 Bl B b
throngf the émee wall GShef thesebod ameddricanlys0ehamitenigai ﬁnd:llnﬁa cohtact with

first annul ar catal yst chanber 56a conprisin

CataLYéfa@Fr&fﬂ RIS ‘ncsobheatinharecend ROt ehshEspUgeihe outer
wallCG?»rEHEd ﬁl‘t@ﬂlersgﬁﬁlﬁ%m&lgpc&%ﬁ&g crphih bY 2R hﬁ@f}?#)%{tssttﬁ@f@actor

first annul ar catal yst chanber 56a. T
thrO@gfmu teartor autiﬂtylszzlc hande first pradunceantet 32alThis fhos isdliemeeid the same

Wt h.res .the_.s nd. annul ar. cat al chanmb
for g 8¢ 8 FBE R stficR OBl T RRF kitbrof Sl Sbp EORGRS egyind
annuI@Ycabiy st YharisHr 1568 land Td@thf dnh&lar a6l &%ﬁﬂl@e@mrﬁﬁhe reactor section
cat al yst chanmbers 56a, 58a guide and contain the flow

S0c gantaing gedifthsanniiar satalyst qhambagﬁﬁq 4 siethenwHasgst grchonber 58c.
[OOSbgOSGi"W@d JJ Etgn{ 3%%%] %}ﬁorw CL%' IJ“IEGC erecallq fl n‘gglvﬁﬁfﬁ é()ls,a is positioned at

sitione Irs SGCOI’]

the faatt mbyhsdt oatiarsza raﬁd b6econ@aver@n dOlﬂlsS;ﬁ»@@lﬂﬁecﬁﬁtﬂhlé @dcond product
al.l ectign chanber 62 is concentrically positioned

outlel §ghy Thebveais dhia 10hre located PryBatedn sistierpestive magior outlet nozzle
53. "ﬁfeQﬁ{fé’Ee??al@nm%E %Eeﬂé‘@%cl fobrm Jthd fﬁ%erﬁﬁﬁo §. s%ggsjfﬁ fgﬂhe connection

cat al yst chanber From an 1 nner sur ace
havmgl tue mletah flusPconithenitationt widinthe peaduedodien 3Rar32dand |t}yéST shaped

. 56 58 ate a fluidized bed
pipe R B Aty e ST TSR TGy BT RRUOR (1R, 40 qdb and the

otheS&ARNI 1 R ¢ndhuGiddt®Inksith %Qﬁ?@[‘é&téﬁf‘z R 8drasd 1%?1?’1%% ?ﬂe

outer wall 63 and an inner wal . The oOuter wa
inventiah ¢aglk outlet 31a, 31b will have a valve assoc1ated 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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inner wall 65 should be perforated to allow for the
passage of a fluid such as the conbi ned feed stream 25
W@ brodiefts9T he wal | s whil e containi ng and gui di NnRCT/H82007/071363
flow of a particulate material such as a catal yst
t hrough a desired portion of the reactor system 10.
The outer wall 63 and the inner wall 65 can be
constructed froma nmesh, porous or screen-Ilike
[006fdt er Irad prefeiedHomng f theheactorzystienielt), tHegprahanrecboeryanit 40 is also
bnward radial, flow. outward radial fl s also
cap{is O3B RIS the GO HETPQIT sET th thp althicht ot nfeuprparate
effli@int tR@NROMR ARHcAERyAL liRAM ZRadilgene régge 7€ 78X4d thd fieavy olefin
first, third and f|f¥h outlets and entéer the first,
recych stigamnid. The stheanysl aee fedbbgk 10 cheamactolessal S8 pedescvibbd above.

00glo SR L SEUES 8 PeRETER R e Riity efidor or e reactor 100
or bo@sdIeRirbeBhiion rEaEtsr Afd AN RAEIHvelsfonl85torY WNeWEEEt FaHHAHSve, a

3 which only shows the arrangenment of the first
selegtévgdtygrogsaaiionyisagonis opgorpilyriovidedtogelegtiveljdydrogenate highly

nRi ' i al ' d-wthin the first .
LR AR S SO RSB MG omes
the OUR candkriibe sep it giipirpeolatsl Eheoyeaich dfisusl a BPdrop@iatioh reactor is

. the conbined feed stream 25a fromthe inlet 2l1a. The
discpeshd aPicpe 70 is defined by a fluid perneable wall, so
ed 0 1 . i | f .
[ooéczganbgﬁ@me&@h@érﬁxn flctor] LR Aol if L, aisleg)@ t@ﬁl’é\%\%\g&aﬁ%—y@bylene

er 56a w thout catal yst perneatin
hydiokarboenhaving feeve? han Tivee tarbet atoarstar dourahrionetaoditr greder into
rs the inle d.is directed

feed st 2 t 1
pronyfiG B U 3 BBt 5 B HORS MR SraringFactor for
crackidg QU Bleflh $h o AINCIBRIhO I The2d1ct @ 100$r&BAbRS RI1REs moving

70 and then flows Tadially outwardly through the i nner
bed,\fhtidizgbbgda pobatiletyb reactaanysiems. ather, yist optieaniyeact&6HO0 will utilize

[ with, any. .catalyst therein to provi a
o ol i B g N A RO} Bl Sron R0 PGB HER Be
mol@ul® siewalchtalyst, b hen-zEbiaesyparholetiier fikvesdatady¥ bt #blend of a zeolite-
col | ecti on chanber 60. [0058] Second, fourth and sixth

(YPPBRIEF IS IE CRREYSE b AIZeabititipe madprubsisicve Satabiny lipene preferred
oo AR U oL KL B 9,8l n e s

vessele¥hand evenl poregnefembly wilk shatedsbth thetshmednmtyst Hlatendind the same
mani fol d 23 before g(gltgri, n%r the first annul ar )
catalys| PRI U CRRHIRI Sl eTpyRIFrcaRestiP FACIORY UF ditewssed akars in
greafek G8thilr €act or section 50a of FIG 3, the first product
fromfirst annul ar catal yst chanber 56a m xes with a
[0063E c o Go @ fwitloay shéws hee tdindlivedng eeapsopréderc@Fbom rhetpgreduct
first.annul.ar collection chanber. 60,. and. passes . .
recoygty ISAOLA LI AGer (G ARdaCEPRYSraio8 SR skABIIFd in a line 102
fronCiit 8biiGital EARITE 00 B3R pR:JuLeBoePNEREIOW t h cat al yst
therein to generate a second product. The second

[0064} od A6 pakewsthemeasipyiseqtina Watharing 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
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wal |l 63 then into the second annul ar col |l ection
chanber 62 and finally exits the reactor through a
WO 2@8MassIvut | et nozzle 53 to a first product oRET/E8$2007/071363
32a. This flow schene is the sanme for each of the
react or sections 50a, 50b, 50c. The reactor section
50b contains the third annul ar catal yst chanber 56b
and fourth annul ar catal yst chanber 58b and the
downeaedlp frogetikiannuladeata ontchamberk 6a,f58h t GordBHuEneY, catalyst can be
er 56c and sixth annul ar. cat al

catal yst c %nb i st
conidpighmes DePRFHFFACIH el Ans POa18C gud falr%ﬂ@%{w fatalpytapgenerator
for xf%cﬁ‘ﬂﬁ{itﬁ)n% fk 'E&feagﬂlo}’t%cgi hs %%35603 1RPAIIG bO AR f%gsif)lgg% remove spent

Irst product outle a and a second diverter
catapesfroinghe totam bhecas®c sertiop56d awd reowrh lregendi2bed chhgdyst to the top of
?iverter Qﬁ@h30b are | ocate roximate to the

d :
react ST RPE- 1aEEBeTYatL feﬁksﬁfté)r’s@_ﬂmpﬁvfél_t &Rt phyRin the
drav@ih8s. IpAeiRE cRAGEEE KR rERHEY Shapket6r hRYE Pﬂdvﬂ’% cafalyst bed reactors.
T-shaped pi pe Connection having an inlet in fluid
[0065d nmuhhe eeatons ystenh of RES. @rafthne thedané¢fgtof 3@hicir@atle aredsurtidrops that
T- shaped pi.pe..havi ng t outlets, one putl la i.n
are RS e R Yoot st e Pt b acr Rl @ Seige. The
foll®wibhf ekarﬁ%lbs SHbVE QAT B16 3ttt OImM akilBn R 8 r&RYd: s&ﬁé&ﬁth‘af/in% Zhree
In a preferred formof the invention each outlet 3la,

reactpry cqfnerten iesther watheach segelor hevag tweeaelystbetdphasonsubstantially
h. Preferab
lowbfess @B Re onEd Rkt BRETH BT8R P SUE RN cach
havidp neoatgbdcdtadystibednext reactor section (50b or 50c) and
a second portion is directed through line 34a, 34b to
t he product recovery unit _40. e product recovery
unit 40 wll utilize teck%@ﬂﬁggﬁénd equi prent wel |
known in the art to separate propyl ene from ot her
[00d8Y dr og bRt AichiAMA Wid dRBhctEN6MrPO TPRERIordP8em having three
transfer the desired product, such as propyl éne,
reactop ugligeachiaving e o 4gactas beepertupitag esteandlyshop@das GIGS n2 and 3. The
f the. react system 1 t he aoduct
flowtafe S oo B, 107 a5 ELE A PER S Moclar TR
conmbi ned product streamin the effluent Iine 36 into
separate effluent streans-TARBLEthyl ene recycle |line
72, the diluent reeyeletine 7%¢ and-the,heavy ol efin
recycl e stream 76. Fébestedahfdms d?%fV@H back into the
reactor vessel 50_as descriHedmgtisyevhr 0061] FIG 2
al so shows an opt|i onall4sel edti ve MWA&rogenati on reactor
or the reactor 1Q0 or 6ot h ad hydrdgenati on reactor and
an interconversiqgn reagtor. |As is4set fofth above, a
sel ective hydroggnatiog readtor 1 g ptionally provided
to sel ectively hydrogenate highty unsatur at ed
hydr ocar bons such as di enes and/ or acetyl enic
[006RY AT ORI Ba S rdaRRLhEWE abReBsle 'd'f\/i@l&fsanqq’?d tPENCRTSdctE, and the
step in mnor anmounts. The operation of such a
prodhgtdroged dinen i a, 84k mere et indiusb wsspcthattrowel feed stream 25 to each

reactor and an outlet temperature resulted for each reactor, as shown in Table 2.
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[0062] An interconversion reactor,

preferably,

is

capabl e of converting non-propyl ene hydrocarbons

It

is also

contenplated that the reactor 100 be an olefin
cracking reactor for cracking a C4+ olefin cut to C2

and C3 ol

novi ng bed,

syst ens.

utilize a Rat@bydt,

cat al yst
sieve ca

efins.

ryraoaacnt Ny

whamsmessPewer than three carbon atons or four PBEF/82007/071363
atons or greater into propyl ene.

The reactor 100 preferably utilizes
quidized bed, TABLEéIch type reactor

100 wax ||

o 4 b oy
ot Ter

land nore

F%Fgedpu' *e'é"Fté?m
nr BrGony/|

I CTAyYw

QUL o o]

OAJ%ZFmP%mw <
i t 8f Reaetornff o

LA LI |

DN
| ar

al Vi2p

non- zedBitt e- t ype

ol ecd

%r sieve

D

cat al yst
cat al yst

cat al yst.

or 18bbl e

nd of

a2beolitety

be nol et ar Si ¢

eV e

and?2a na

n- zeol

I i85t ype no

ecul arqgm) eve

I n2ane

prefer

rqc4f or m of

t he

the 1 mugnti on,
he Saqgmcataly>t as

not—< fet aUI Y
hyv.ot QmHSOj ‘;arre

o€ blllullu Lllu

Aefin
ssed. above

The d@LﬁE & Q%é(gl%tlset P mqeé% )§]%(El|’l Efc%zreﬁifoglﬁgpe gﬁ{g{}\gmfll, ne 101

[006&}| | VENhd prgssaife &oPra0fss adch réattorf dndffelakd pﬁ}ilﬁgj%ﬁ calculated. The total
recovery unit 40 to the reactor 100.

Pressyfe drpofiess shotystent Maeunido BoRPayps @nd phezaverage ogget pressure for
100 to the product recovery
aHt%%??b&%ﬁw?ﬂ%gﬁfﬁ%g%gﬁ%gb%gbms the reactor section 50a

having a term nal wall 80 having annul ar passages 115
to allow for the passage EXAMRLEIZst material from
adj acent reactors, i.e., the reactor section 50a to
e reactor section 50b and fr th eactor section
00498+ EhBuieE SRR SRuok TR IRy i Hagpe sin
reach@yEMBEcted WethetS othBLad JhoWnah FAOY1 8ifd ¢R8 ré‘d&fﬂ?'h‘ﬁeﬂg aes%kle
stream 25 in the centerpi pe 70 and feed and product in

CatakYﬁ'ebe&nﬁm fped suparect4.de. E&»@ﬁééﬂsve@@set@g shawibia Table 3.
transferred from one reactor sectlon to anot her. Thus,
the term nal wall 80 sew éﬁ nlet or the centerpipe
70 and annul ar collection c ﬁ%ers 60, 62 but all ows

opti onal
inther
w || shat
catal yst

reqqgor 100 mﬁlqlgtiiize
.aul%f gsset :)u,1 5””:, ‘c’x::u

e—both—-the—sane €atarySt

regenerator (not shomn)

catalyst to passdoMmmﬂbddy f r drotalffovannul ar cat al yst
chanbers 56a, 58a.| Censafuentrhatic Gakakyst can be
conti nuously noved| bet ween feaciggegsect| ons 56a-56¢
and circulated to @ cajalyst regeperatol for
recircul ati on backto [Eactpr ag&§1(u|> b6a- 56¢. |t
woul d be nost feasiblteto rnmvefaem cat al yst from
the bottom of reactorbctibn 56& et urn

regenerated catalyst to the top of reactor section
a. .Jhe. regener at or a d recircul on equi pnent i s
00716 RS HPRE B SOARGE WS HEHTHp Bt BryBt s $hand the
prodDétQ@ﬁbV:ﬁdm@@@cﬂﬁ 3hRkveHS &t ilsutR VI v RAL Alo¥ad ffeeg%ﬁe 25 to each
reactors. [0065] The reactor systemof FI G ?P

reactphandyain@tiet tegiperatuiigasvdfed ffier qacke smatoe, adsbgen tIhEable 4:
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are known to occur in other reactor systens and to
i ncrease the yield of propylene. The foll ow ng
we@x@RPohsse7 show t hat a conputer simnul ati on of aPCBHHS100T/071363
system having three reactors connected together with
each reactor having two catal yst beds has a
substantially | ower pressure drop when conpared to a
react or system having six separate reactors each
havi ng a S|ngle catal yst DEABLEXAMPLE 1 [0066] A
Con'put er s “L“ at- WA o uun rect-edof —an OIIP_react or
systen1hdvRﬁ?3?%regbﬁ@§E 1&ﬁF¥§*(é€ﬁ¢h£?@H@aﬁﬁﬁ
react or heB N@r uni t mggicdersdni i a1 | y SHEBEACPR 5| GB. 2
and 3. The fl28w rlates of 18fe feed $treamst904, 16, |18,
and 20 were 182bt gds shown 256 Table 1. TABL401 [ 0067]
The feed|stri@ans [shown ahgge were jividedu@nd fed|to
each reag¢forpqand the prqggct renmoyal T ngy 34a, $4b

rd

wer e set |nlszgcn a way Irﬁg atota eeu' fream2b to
e—f

aciil t

each rea effper-ature—+espHted—+or
each reaLEEPP?ZS guo;:l:ﬁ54;ﬁ'gc° TABLE-2"The
devi ation of outlet tenperature from each reaction

[007ZQN€ TRe Hﬂeg'shﬂ@tlrotp[aggﬁglaac_ﬁr}@ad?&ea%ﬁ%l% eQEpZ;gnQWaQ §§10§1§§2H. The total
reactor and rela pi pt ng was cal cu a The tot

preSerGSISQH &crassdhe systams was feindys be i Bagpsi, faod) i etverage)d 8ut:t pressure for

and t sure for al
ol P leae SO by B B e ST et sty ensop pminimal
temﬁ&ﬂﬂﬂtﬂ RiriaSibAdhdhg @ réaGors oA Wed idssafe A p@? ufeQﬁ'S Qrgreater in the
ystem havi ng si x reactors connected wi th each ot her

emb&@%’é%ﬂ@w lFthGl imthg genbedigtent eGEIGS. 2md|3n@?halcqun @ressure drop

oGS Sbyul,  BEESAAfpo y HEp RS, E amoe

is desfrnlanBd dtomst@abs\semebegefts vi dleshcemrediv fe@@6t 6¥er a conventional
12a-12f, and the product renoval |ines 34a, 34b were

reaciQin §eficsych a way that a total feed stream 25 to each
reactor and an outlet tenperature resulted for each
reactor, as shown in Table 4: TABLE 4 [0071] The
pressure drop across each reactor and rel ated piping
was cal cul ated. The total pressure drop across the
systemwas found to be 16.9 psi, and the averaged
outlet pressure for all the reactors was found to be
14.5 psig. The outlet tenperature is nmaintained with
m ni mal
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tenperature variation anong the reactors, but the
pressure and pressure drop is greater in the
wepiwsdissent of FIG 1 than in the enbodi nent oOPCHUSS07/@71363
and 3. The | ower pressure drop across the system of
Exanple 1 and the | ower operating pressure of the
system of Exanple 1 is desirable and denonstrates sone
benefits of a concentric flow reactor over a
CLAbviSentional reactor in series.CLAIMS: 1. A reactor
system (10) conpri sing: a plurality of reactors (12)
conne ow camuni cati on and havi ng at

| east %orﬁ%a?)rﬁyls eg}ﬂpgggqlgrr@% ‘12a, b) separated by an

| NtEplafafifCoMesdibis @M )(Bdhectd hFRAd hb@%oﬁgﬁ’ﬁméﬁfon and having at least
supplying a reactant feed streamseparately to an

i nl et OpORHL @ﬁre@ﬁtOI‘mﬂ%a irepareted byfantihterspdge rpaISlruDy (3);

a diverter
cor o8 ot (R D el e 3 ePoste b an gt (4ab) of
capabherothatlione6f the @hialityo$ tede@is {128, b?fanﬂ pr oduct
stream (32a) exiting one reactor (12a) in said pair of
r edctiBerteT (AD4n Hiyid eprampnigagion) \ﬁk&latheante(snag)e paition (%ié@@d@ls capable

ggg: qul?dl?%gg g fﬁ% %%gf;(;nl Ozf{a spg?%lctt gﬁrgﬂ% *ﬂaggmﬁmg 5)16 reactor (12a) in

(12a, ®id p&r offfeactsysstl @mblfb(hl)ﬁxef 1oeiuajnm4@) ww@i:gnca értibs bf the

reactor (12a he pl ura reactors a

conpr P@Qéetét‘%’i‘mé‘? any Hleh € ﬁ}b)%taa@%& regtanidep) 1(“5?@&5 Paéﬁﬂf rgactors

secong25%§1ctor (12b) of the plurality of reactors

(12a, conpri ses second annul ar catal yst chanber

(58a) Tbm@intehe( HO) o8 tlaam i Wheereic atfastyrsdctari(@ddyent tl(élﬁabali't)SOf reactors
(12a°b ncentrica ond annul a

cgfn)Pgtse é{% gl}nu?%os %?ys\émcﬁa%q:gr té%}ga() éﬁcf il i@})ngfea@}%l( |3by of the

plurfalllt@/tdﬂ @dacfRINh H) B8mPrifds lsédondRAHhIF ca‘%ﬂ%t%ﬁﬁﬂn@é} (9 @@rﬁ@ﬁ lthe first
positioned between the first annul ar catal yst

Mléhraqaﬁaéyst chanberdpep)tiheonsertoine adispdsad withinathy secont antyaer catalyst
cha\ﬁ§$ nd a second annul ar collection chanber (62)
i'ned about the second annul ar catal yst chanber

( 58a) ThedsysiEhe(19Y sf €ainf 2 @)riek compiising a\iirarahiadeollection chamber
ef fl ue q&32a fromthe first annul ar catal yst chanber
<60)(P@61§Pn?<£b ween Be iy anpdanental kv ghamberd 56a)yaad taaeqpred annular

cata(y§18@1)amb§r (5-§Q?a %e%B?ld(( %mulﬁfcoﬁé@fomcﬁaﬂq?%r(gbﬁde &d ag the

IS 1IN conmmuni cat | on
seco(lé_aar)ulaltpataiuyst thasberdddw)l ar cat al yst chanber (56a) and
s I ﬁel sl“}lllstem (10) of claim 2 wherein an effluent (32a) from the first annular
catalyst chamber (56a) is fed to the second annular catalyst chamber (58a).

5. The system (10) of claim 3 wherein the feed line (25) is in fluid communication
with a first inlet (21a) to the first annular catalyst chamber (56a) and is in fluid
communication with a second inlet (21b) to the second annular catalyst chamber (58a).

6. The system (10) of claim 1 wherein the first location is a product recovery section
(40) capable of separating the product components.

7. The system (10) of claim 2 wherein a third reactor (12c) of the plurality of
reactors (12) comprises a third annular catalyst chamber (56b) and a fourth reactor (12d) of

the plurality of reactors (12) comprise a fourth annular catalyst chamber (58b), and a catalyst

may flow from the first annular catalyst chamber (56a) to the third annular catalyst chamber
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conmuni cation with a second inlet (21b) to the second
annul ar catal yst chanber (58a). 6. The system (10) of
W@ L@BM0sEITWherein the first |ocation is a produk€T/US2007/071363
recovery section (40) capable of separating the
product conponents. 7. The system (10) of claim2
wherein a third reactor (12c) of the plurality of
reactors (12) conprises a third annul ar catal yst
(S6whambizom(tb6 frcoad dnrauldraural Y3t clemeied(5a} 2sihhe @burtthgnhnular catalyst

urality of reactors (12) conprise a fourth annul ar
dm@%?“%%é} chamber (58b), and a catal yst may flow from

the f RSty el Blof AL ?r/\?ﬁseé%l? @ﬁ%ﬁgd ;irﬁg ﬁ?SI) Qe dt I'zlg)g%egh [)fjcomprising

annul ar catal yst cha he se
a flud petnagableaval (659 ircfaidlvemniibBatioh ovitthaid fitst dimudurrafaBist chamber
66ﬁztalyst chanber (58b). 8. The system (10) of claim?7
erein the feed line (25) feeds a pipe (70)

Conpr Thé HGtedn {10Yiof cREH FBARIEN W feed AR (i £l ki Geeds ﬁgéstribution

communi cation with said first annul ar catal yst chanber
man(figbh(23) g1 coppraurigaticmyith 8id efcootl anml g satedyichartbee (5804

| i,pe r-feed di.stri buti mani,fold (23) .. .

08 el {28 o P Day Bt Pt e SRR Pt i disrbution
manifobh28s. (58a). 10. The system (10) of claim9 wherein

the pipe (70) extends through the distribution

mani fold (23).
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