CONVERSI ON OF OXYGENATE TO PROPYLENE W TH SELECTI VE HYDROGEN
TREATMENT OF HEAVY OLEFI N RECYCLE STREAM BACKGROUND OF THE | NVENTI ON
5 [0001] The :present invention relates to an inproved catal ytic
oxygenate to propylene (OTP) process that uses a conbination of

dual -function catal yst technol ogy and sel ective hydrotreating of one
or nore heavy olefin recycle streans to hold average cycle catal ytic

activity and propyl ene selectivity nearer to the start of cycle
| evel s during the entire onCQONVERBONGF OXYGRNATEA by sharply

i nproving the averag Wm@@m ﬁy@ (hg‘g& | yst
over its life cyclerePatlveto ﬁﬁtﬁ Ieva ?e vvlt?ﬁpflﬁL nlvaa1
simlar dual-function cat @F}EAV%%EEH&RECMESTRMMCI e syst em t hat
does not enploy the selective hydrotreating step. The present

i nvention recogni zes that pARY@ANSHSS! vabl e over dual -
GRUURS c&%ﬁﬁh nEYERERS)

function OIP catal yst systems e art operating in heavy
olefin recycle node is very sensitive to deactivation by coke
deposi t # on [8#d] by T greserth énvieniiondelates to mampmmedl@ta(lﬁmmwanateeaﬂpﬂopylene
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[ 0002] A nmmjor portion of the worldw de etro

concer ned WPHHeRsyessdsebmion by ﬁOWdCPQSW apd oy h)ﬁlrfﬁhfermal @Iabmamon he| r-
subseqygent (438elafed b BxPsRAUSH Jemﬂﬂéﬁﬁ s IGSEIF%%FEI@% vfﬁfbﬂg%n%ﬂelra

products via pol.ymeriZation, Oligonerizatio atiron an

wel | - known W@#ﬁl@%@%mﬂm@p aod ifthe:@ TP nataluateemmmp to
propyl ene %BHP ac% oY caus-léﬁ%yﬁ:[lé ){39%%1 es&%fd%gés'&ﬁ‘ { I)rg]i_n Oegc)iﬁngl

ot her than eum or € nmassi ve’ quan raw
that are né@e@(etpmcmptplsycl:t dseilazhesmmbrlém hytdeeestbohs ayidtotiek Bighly unsaturated

mat eri al s nt ular attr |ve | te source
because theggré’% ea%rcogce%ﬁgteg t?% g%}’gﬁ’ 5%('1 yla 3{5 ?cgrc{’r%@é&leal s as
coal af@d natapykhe ghstivitihia aarQTRatalticipagessbbating wila dadli@iction datalyst and

in heavy olefin recycle mode can be continuously maintained at or near start-of-run levels if

selective hydrogenation treatment technology of the heavy olefin recycle stream is used to
minimize and control detrimental coke deposition on the dual-function OTP catalyst system.
[0002] A major portion of the worldwide petrochemical industry is concerned with the

25  production of light olefin materials and their subsequent use in the production of numerous
important chemical products via polymerization, oligomerization, atkylation and thé like
well-known chemical reactions. Light olefins include ethylene, propylene and mixtures
thereof. The art has long sought a source other than petroleum for the massive quantities of
raw materials that are needed to supply the demand for these light olefin materials,

30 Oxygenates are particularly attractive alternate source because they can be produced from
such widely available materials as coal and natural gas. The art of making methanol and other
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oxygenates fromthese types of raw materials is well established. The
prior art has revealed essentially two major techniques that are

di scussed for conversion of nethanol to |ight olefins (MIO. The
first of these MIO processes is represented in US-A-4, 387, 263.

US- A-4,587, 373, discloses the need to operate at a substanti al
pressure to make the 5 commercial equi pnent of reasonable size and
the diversion of a portion of the nethanol feed to the DVE
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addressed by the present invention is then to nodify this OIP
process of oeRlystyid aparaliel oW prrnasmest Wiaospesite thegxygeayie feediad @ paighlew
i ts aver agg RifRhieRe resiREES tle\dillienR W8 helfrst r.%];o% b ERELEYA] RadthTe and

t hereby dimnish the requirenent for recycle o
" Rothaemel et al. describe this MTP process in “Demonstrating the New Methanol to

Propylene (MTP) Process™ (presented to the ERTC Petrochemical Conference in March of

25 2003 at Paris, France) as having an expected on-stream portion of the process cycle of 500 to
700 hours before in situ regeneration becomes necessary. The conventional procedure
compensates for activity decay in a catalytic operation by increasing the average reactor
temperature to hold conversion in the targeted range of greater than 94% of the oxygenate
charge.

30 [0006]  The problem addressed by the present invention is then to modify this OTP
process of the prior art which uses heavy'oleﬁn recycle to enhance its average propylene

selectivity over its on-siream cycle time and thereby diminish the requirement for recycle of
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-2 olefin products other than propylene to conpensate for | ower
propyl ene selectivity. It is recognized that propylene selectivity
Is a function not only of reaction conditions but also of average
coke | evel deposited on the OTP conversion catalyst during the
on-stream portion of the process cycle and that a najor source of
coke precursors is the heavy olefin recycle 5 streamsince it
contains detrinental amounts of highly unsaturated hydrocarbons.
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cat al yst davéragg QOheleMddqusﬁmmhc OTBmomiersndwatabBtchsmgd;ccinshﬁsn portion of

control | ed S nt. o st a ortign of
Che oy aRroRE Gl el CRBRF L SR bR ol ls e iy AR Iccn
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the severity of the necessary regeneration step thereby m nim zing
hydr ot her mal danage and pr ol GIBMMZARYOF dHEINVENEONA nore gener al
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objective is to improve the economics of the OTP process by controlling coke deposition on

the dual-function catalyst to maintain oxygenate conversion and propylene selectivity at
higher levels. Another object of the present invention is to avoid severe deactivation of the
25  duwal-function OTP catalyst utilized in this OTP process to minimize the severity of the
necessary regeneration step thereby minimizing hydrothermal damage and prolonging
catalyst life. A more general objective combines selective hydrogen treatment of at least a
portion of heavy olefin recycle stream in such an OTP process with moving bed technology
~ that minimizes attrition losses.
30 [0008] Inoneembodiment the invention ‘is an OTP process for the selective conversion

of an oxygenate feed to a propylene utilizing dual-function catalyst technology and selective
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-3 hydrogen treatnment of a heavy olefin recycle streamto maintain
catal yst performance near or at essentially start-of-cycle |evels,

t hereby enhanci ng the average cycle yield of propylene and

m ni m zi ng oxygenate breakt hrough into the product stream In the
first step the process contacts an oxygenate feed and a diluent in
an amount corresponding to 0.1:1 to 5:1 noles of 5 diluent per nole
of oxygenate with a dual -function catal yst containing a nol ecul ar
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ep.
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25  selective hydrogen treating step. The selective hydrogen treating step selectively converts

D!

highly unsaturated compounds contained in this C4+ olefin-rich stream into the
corresponding olefin, thereby eliminating coke precursors from the OTP conversion step.
This catalytic hydrotreating step contacts at least a portion of this C4+ olefin-rich stream and
hydrogen with a metal-containing hydrogenation catalyst at selective hydrogenation

30  conditions effective to convert highly unsaturated hydrocarbons contained therein to the
corresponding olefin and to produce a‘selectively hydrotreated Ca+ olefin-rich fraction that is



-4 recycled to the OTP conversion step to interconvert these heavier
olefinic materials into additional quantities of the desired

propyl ene product. [0009] A second enbodi nent involves a process for
the sel ective conversion of an oxygenate feed to propyl ene as
described in the first enbodi ment wherein the dual-function 5

catal yst contains a zeolitic nolecul ar sieve having a structure
corresponding to ZSM 5 or an ELAPO nol ecul ar sieve having a structure
cor r espondiferRycledtogpOTB sonsiersiontept i nderesvertibsse hepvierealsfimiomatprirs ingo
Anot her e s Nl r el ective conversion of an
oxygenatengggg&ﬁg&ﬁﬁgggfgﬁg§§§ﬁﬁg§§§? %@Bg%%ve in the first

embodi ment [0#08 ei @ sehend@mbodingent maclvésarproussacforhn seléative etnvimimaof &
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t hat passes,t et:hrough. [0011] A hi ghl referr odi nent_of .t he

present i nm 018%"315%}%% avén%)% %8@5&Pg¥SP%P‘ﬁBg ée?%c(?"?ggr LORbEP Q\I%FFG

of an oxygewsdrilsf eed to propyl ene as descri bed above in the first 15

enbodi nment ein the o enate feed contains t hanol or

di met hyl et H@{Pﬁ-"i)r T RIPROS K GRDIISHA PIRFSSS B SHERHYE FRIVERIONORER ant
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(MrP). [0012] A high propylene yield enbodi nent_ of the instant,

pr ocesd0 i nveAcienzonpeoniiptd deast himovingbedaeacines whinlh atespapscist ingserial flow or

oxygenat e faadtiRuwiiRRY A Wi %?%E{tb BSrkehdle ABY aftf m'a@@ﬁaﬁ@%%’cghﬁ%gﬁﬁn
t y in the

enbodi nment s erein the liquid rocarbon fraction recovere

first separvithromwegiethesteant ofqatdyst pastinlgsahas gassesttberethpgond C4+

| efin-ri ti tha: i
port1 on of WPRC AReR bR GRb O prc s B Ao ittes | 135%0n B
sel ective Mhakelgéve convesaomelian oxygpata fetd themopylétess desegbedsobe g first
hydr 00g0- t Rk et OMNGL sl SONEIRI L8t DEOTR (CRRYEL RN, BRALO

i nt er conver ese heavi er ofefins 1nto propylene.
DESCRI PTI Othebof, ThiEhiDRahidGr: G L8itant hecdsh BuREredtohepinaasaethinoito

di agram of _a hi ghl .ef er enbodi nent of the resent invention
shoaing Iiﬁ@@wkﬁ?P¥?%%n?§pM§?}culation of reactanfs and products as
solid |inedqooizpd |A high pesgletksyieid|eynbodiadntiof thedhdtat brkéss Mvoalvestb ptogsds for
particles as, dotted |ines. 5 TERVS_AND CONDI TI ONS FI.NI Tl ?H;.S [ 0Q14]
The fol | owiSHEHE CARYeLH of ah arveene fesd 1o RIQRYIFre A5 §45eriosd da at of the previous
speci f pgat iegibollfirdehts Merein the liquid hydrocarbon fraction recovered in the first separation step is
further separated into a second C4™ olefin-rich fraction and a naphtha product fraction and at

least a portion of the resulting C4 olefin-rich fraction is charged to the selective hydrogen
treatment step and thereafter the resulting hydrogen-treated product is recycled to the OTP

conversion step to interconvert these heavier olefins into propylene.
25 ‘ BRIEF DESCRIPTION OF THE DRAWING

[0013] TheF IGUREisa process flow diagram of a highly preferred embodiment of the
present invention showing lines utilized for circulation of reactants and products as solid lines

and lines exclusively used for circulation of catalyst particles as dotted lines.



foll owi ng neanings: (1) A "portion" of a stream neans either an
aliquot part that has the sane conposition as the whole streamor a
part that is obtained by elimnating one or nore 5 readily separable
conponent therefrom (2) An "overhead" stream neans the net overhead
recovered fromthe specified zone after recycle of any portion to the
zone for reflux or any other reason. (3) A "bottom stream neans the
net bottom streamfromthe specified zone obtained after recycle of
any portion for purposes ®E w@&amng«aaa&&srnﬁ@®nnowg and/ or after
any phase separation. (4) The term"light ol efins" neans ethylene,
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[0015]  Inthe instant OTP process the feedsiream comprises one or more oxygenates. The
term “oxygenate” is employed herein to include aliphatic alcohols, ethers, and carbonyl
compounds (e.g. aldehydes, ketones, carboxylic acids, and the like) and mixtures of these

25  materials. The oxygenate feedstock preferably contains at least one oxygen atom and 1 to 10
carbon atoms, and more preferably contains from 1 to 4 carbon atoms. Representatives of
suitable oxygenate compounds include methanol, dimethyl ether (DME), ethanol, diethyl
ether, methylether, formaldehyde, dimethyl ketone, acetic acid, and mixtures thereof. A
preferred feedstream containg methanol or dimethylether and mixtures thereof,

30 [0016] Inthe OTP conversion step of the present invention, the oxygenate feed is
catalytically and selectively converted to propylene and by-product hydrocarbons containing
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function OTP catal yst at effective OTP conditions. This OIP
conversion step also fornms wundeterm ned and m nor anmounts of highly
unsat ur ated hydrocarbons such as dienes and 5 acetyl enic

hydr ocar bons, and aromatic hydrocarbons. A diluent is not absolutely
required but is a useful option to maintain the selectivity of the
OTP catal yst to produce light olefins, particularly propylene.
[00171 A diluent is preferably used in the present invention to

control parliphatic proieties ueh afmethas, dhapgcathleer mepane hutyleges hsangyomd limited

conver si on - skl al ) ' b VL
Cowar de. pr ABofHE 86t 16Dl cafboh b Bifitiof GAGORAARR BEMIIK M bl
i ncl ude helfungtipn @THontalystiat effagtive OTR conslitions s QIER capuersion sigp abed Gans

e e Ly

an ar onit i ecatdeqiohydiocasbods, ahd irameatic hkiercerbbns. A dibspeis nei dbyolpelyfrequiredibut

diluent is. water. The ampunt . of .dil uyent,u i1l .be sel ec rom
Che range: iy el griey te HARNR 08 Seifeayy B w DF oRatsst 18 Piotfee T Batilsr o
and pref er phdtiyulBlpprbpflenc?: 1 to lower the partial pressure of the
oxygenates to a lev F whi ch fmrsﬂ&z duction of pro

. | ene. Al
enbodi ment 40U  ne Husaienprefaahhenied dhihe RFPLf Bivents SRodai el preswiat
one of cer &@édktyg&awe&taﬁ{ #theCO T EQABRIon EBRSAAREMIE R overhll eBFon¥elebtivity
furni sh saturated hydrocarbon_diluent to the OTP reaction zone wl|
di mi ni b t fievardsprepstensi Puiahie dilvenidpressan e prssent pyeptivndprdedetighungpereon,

react| on ZQffods k6 hfolill, B! BBl arderl fale; b LamATOUN

of water char e_dtot e OIP reaction Zo luri ng

di mi ni sh i rrqueatip bydroeatbane andvaixgiren oftthesé meterials. fhreferréd diugnta ptsovaterand
ot her iner I . ( IS ' ' .
(00181 The 2RyE ik Bpmp il LA RAGLES ook etk SRR oo Muent s
caref ul | y ofatserhetamobahvaddilugnheseg malll be salesteddfonpihe ke of0.1:1 dorf f liles of

oxygenate charged in the feed. The .art S al.r.e 25, est ahl i shed
oyaentic SaRGERE hile biinkriat md Braitly D3R8 2R n e AR iR ol
for ][ he ¢ @ﬁy@nsﬂem adéveD¥Hiighk b poodaictidaef popgiene, oMy gebudirsentoof\tier mesent
catal yst. The |.ower, portion of hi,s o nat e conversjion t eratyre
ange f avorteait SistRetaEinae abler SnEoRe e Hoavh s e g feovcle
favoring t hgeioMiGhingh safirafi hyfeerba dilubg 1€ ¥R OTPaetion kel Meninish the
Preferred inlet  tenperatures to the C%'ﬁP reaction zone ar inwghe
range of 33oeetslilBenRdés axyaensBolp FtiPORshiy OFF reagtienrong aw@agtegflpﬂ RS pgter

500C. 3he Ligipaifdnii@ alndGkiRastePeH0Ra iSRS DTV redchbn SIHR dnAEC RS Will
preferably in the range of 10 to 80C to mnim ze hydr ot her mal

deact i vat i olmiifh in propQrsipgyto thamennt ef sepuatedhiy dercardpnecand opwsinert srtesials thb

cat al yst as, plLeyius ks f¥xRehgpaced when the 7 tenperature of the tail
end of the%lrngie%/é?dual SFeact ors was allowed to.build to | evel s beyond

[0018]  The conversion conditions in the OTP reaction zone are carefully chosen fo favor -

the production of propylene from the oxygenate charged in the feed. The art has already

25  established an oxygenate conversion temperature range of 350° to 600°C as effective for the
conversion of oxygenate over the known oxygenate conversion catalyst. The lower portion of
this oxygenate conversion temperature range favors the production of propylene with the
upper portion favoring the production of ethylene at the expense of propylene. Preferred inlet
temperatures to the OTP reaction zone are in the range of 350° to 500°C and more preferably

30 intherange of 400°C to 500°C. The temperature increase across each of the OTP reactors is
preferably in the range of 10° to 80°C to minimize hydrothermal deactivation and to avoid

the acceleration of coke deposition on the catalyst as previously experienced when the
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t hose contenpl ated by the present invention. Numerous nethods known
for controlling the tenperature increase in a reaction zone and nost
of themutilize nmultiple beds of catalyst in separate reactors with
i nner-bed or inter-bed cooling and/or add rel atively cool anounts of
5 recycle streans, or portions of the oxygenate feed and/or the
diluents that are utilized in the zone. The present invention
contenpl ates the use of lighter and/or heavier olefin

i nt er convetestrsrptreaihe wHendpf thp individualrsentors wagellovierl &) buildrieltsvele besiond t o
hel p contr Q{Oﬁé Eof atedt 3 @&e'ﬂ{ ﬁvérﬁ%ﬁ%gﬁ&r&g nﬁéﬂﬂﬁg g:?dﬁﬂgj fof gon'ﬁ%ﬂﬁg F]he

Preferably the invention uses at |east novi ng actors w

i nt er bed qtrepetatirhinoregde in heeagtiiehi 2onoandofost ef thern wilize rodtple bedsyf baalyst in
streams to_10 provid |L.tlonal .quant.it reactants and diluent.
0020 The SRR R B SR s bR s LR SUAN BB g
carri edS outecgsle siraamsj ct @ortivanefthobxygessiedemdion teuddliiengs thi 2ed utilizbdin the

pressures bet n 0.1.atm.(10.1 kP to ) at 10. 1 a) wth
| ower pres 5%3&@%?{853?5 %?Fg&lé?c %Wlaggs&ﬁ%iefgé%ettaﬂ}g?ﬁ ageLgle hd nore
lor el;] ter abl ?/i%&@oﬁvlegsil%ﬂ&lalgi?@s(\ﬂmlit@r@ﬁmﬁ%lgg Be ﬁﬂﬂ@rehﬂtﬁlgérﬂ%t tE) ?hélﬁ%ﬂgtﬁitl ﬁéhf:tor
ighter olefins like pr.opyl ene. e. contac i me, o e,
reactants WHRTATHENgiFaTe.tp ahe?ép%ﬁedcra%g&r Vg%er%];g B BIVERHIOR [Uges hisasd dmaryingn

rel ative t @ed®adbrs HithehaiBbd fIRHEH #rooRR &R 2NALOALr¥iafivdiNbo] fedl deibiahAg 10PN
the basis of a mass hourly flow rate of the sum of the mass of

oxygenHl e pexideaddigonshquangitiespirenatanieml dibwdler si on zone plus the nass

of any reaggqg h gﬁ%@ | Is
any of t heﬁdelg cl gﬂét r agnégéltgirp\%@gég e%@%ﬁgﬁ%g é&ﬁe%%pﬁ@mﬁ%ﬁ&e
cat al yst  pangs efpredsnres ineluding iddetriotel preaswres bateeen\HSYm; (10.1 kBa)@PRo 100 atm

conver si on %(Pﬁﬁlﬁ . ' r ange
of 0.5 1to 5 ) r_%f\ﬁ%lﬁ%v%?ﬂ%%sﬁg&@@%g%ﬁa&@%% %itimn(\gpligfl@% t@?ﬁeg‘%lq(ﬁé t he
range of Optefdrably 034w0-343 kKPO(G20 BS bsig) faeorimglgpcfosaion of hghteryolsfine like-
conver:f%’ on §0t ) 6i:t is preferred to use a dual -function 25 catal yst
havi ng heP Qigﬁl’l Ity of converting oxygenates to propylene as well
as the capdifi2b] t y Thetortat time efithe tdactagts olitfthendhabfufetfontchalystis oflydagihe t o
o Eat ol y 2 PSR P St oA U L Ho i SHFE T Ear O GRSV} feufig on he ¥
present i nasid $femasd heurlr fafvetatead it ahr JfuiRGhase Of G5k edaySrbactHi fkkdRd tthe

nol ecul ar sj.eve as .the active ingredient and nore specifically the
ol ocul ar SMBOnYEREOR ERg P ‘@&Wﬁgf oY SeAcH hygppsarben prisridresgutdpde

pore cafal Yslisireamer 48 dMBSIredfcld kg diR e By fe MBS thAhRRfinkBh catalyst
preferably a major ortion, of which have an average effective :
di amet er c e e OA8 copversienne.  WESY ds Bie Y Forenvergprgne janggs from 0.1 10
measured by o hel shandaed-MBakdbiiake 20 et ﬁﬁ%ﬁh%eﬁ%s%lt@&ﬂdﬂi%rﬂ%&&iﬂ@d in
using given -g

| the range of 0.5 to 10 hr-1,

[0021] Inthe oxygenate to propylene conversion step it is preferred to use a dual-fimetion

25  catalyst having the capability of converting oxygenates to propylene as well as the capability
of interconverting olefins other than propylene to propylene. Any known catalytic materials
known having the capability to catalyze these two reactions are suitable catalysts for the
present invention. The preferred dual-function catalyst contains a molecular sieve as the
active ingredient and more specifically the molecular sieve has relatively small pores. The

30  preferred small pore catalysts are defined as having pores at least a portion, preferably a major
portion, of which have an average effective diameter characterized such that the adsorption
capacity (as measured by the standard McBain-Bakr gravimetric adsorption method using given
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adsor bat e nol ecul es) shows good adsorption of oxygen (average kinetic
di aneter of 0.346 mu) and negligi ble adsorption of isobutane
(average kinetic dianeter of 0.5 mu). Mre preferably the average
effective dianmeter is characterized by good adsorption of xenon
(average kinetic dianmeter of 0.4 run) and negligi bl e adsorption of

i sobut ane, and nost preferably, by good 5 adsorption of n-hexane
(average kinetic dianmeter of 0.43 nm and negligi bl e adsorption of

i sobut ane. aNmgiaiegndiécleg)dhowggciod adofption ofi oxpgendaismeb binetid danatis of B46am)

usor pt1 on 7 MRS RERRE oPomlBt Mt RllelE sBBLE! U5t AR ettty e
adsor bat e haeag effectiv dianeiegi thafctdrizel tyabad ydsbrptiéiesixanch (@ferdghRinetic
citoctive i o0 B EogRe i o Rl S Cenprlvly o8 79°
TeasUr onent s, Qostr | b T Dy Gek PRI Te NOLEPPLAR S EVES b
measur enent, s descri hed i » [ ec

John W1 ey l@b%ﬁéa%gaalﬁﬁﬁﬁwwg’féwewﬁéor@? Fhadsogpiio8 oF o e pont by
denot es t hajcighEsmand ARBs dlaBE] RREBEonYT elaldoRGt idbieY tHEERREN bg wlight of the
elliptical, and thus the pore dinensions are characterized by the

mol ecul es 2Arbadases on Hyswright of thaieatalyst. Chain of the caidlystrenselil indiegrase
Pref et abl ¥ indelffon R o fifh AV kMBI BrabreSeHISE A3 bl e HBlbORtive

pore 15 structure. Suit al=function catalysts my sen
f r om ad®ng diemster of the pasesed prefarred icatelpsts is defermined by ewhivrdneentsulesstbadan D. W.

et osent ooy P Eak RO TG SB1er . SRS LSRR O P

where Me i s‘efiected digmgterk dérmbes thatedcastonbliyohs foréscrd infegulard syshaped) esg. telliptical,
cation val en as a value of .2.t0.100.0r re anpd e

Cypi cal 1y 98 GuE 88 odhe135nSo e thalligsidea b g BB lIcTRf R B sl ratrir han
chabazite -thedenal dimérsione Prdferalig, thtemdall here Ratalysth have pisibsthiidile uni@dringatd e,
ferrierite, rdeni lite eolite P, ZSM5, ZSM 11, an \
VO 0515 o SIS Shha ARt cal G b plien Fopt anont axigG moRR s
"silica to ahdpimackimimslsubbsigreeat er than 10 and typically greater
than 100 w est_results achieved at a silica to alumna nole
ratio of 2&@&% t o Zepigfs-moleqular sieyrs &t the saleinsd draypaycbeyerpenisd, Bt the, gypral
silica zeolfdmidravi ng the structure of ZSM5 is silicalite, as the
termused herein includes both the silicapolynmorph disclosed in

US- A- 4, 061, 724 and al so the F- sMF2/o@¥Ad20:5% 29830 n Us- A- 4, 073, 865.

[ 0024] 2plon-zRRINIK isG cARINSE Msalvalik GYES tbﬁ%%%ﬂﬂ%i@é 84t1dh %1 dé!e%ﬂc?fhﬁé‘aivﬁlﬂe of

have the proper 30 effective pore size are enbr acee by an
enpi ri cal AfeiPtermapindanire fypisallibhtodd. anhydrous basis, expressed by

the enpiri C[@éZSj or Rl es \(rlﬁl:ﬁ%)y ﬁzasgginclude 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 silica to alumina ratios

D

25  greater than 10 and typically greater than 100 with best results achieved at a silica to alumina
mole ratio of 250:1 to 1000:1 are especially preferred.) One such high silica zeolite having the
struchure of ZSM-5 is silicalite, as the term used herein includes both the silicapolymorph
disclosed in US-A-4,061,724 and also the F-silicate disclosed in US-A-4,073,865.

[0024]  Non-zeolitic molecular sieves include molecular sieves which have the proper
30  effective pore size and are embraced by an empirical chemical composition, on an anhydrous

basis, expressed by the empirical formula;

(ELxALP)0;
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-9 where EL is an el enent selected fromthe group consisting of
silicon, magnesium zinc, iron, cobalt, nickel, manganese, chrom um
and m xtures thereof, x is the nole fraction of EL and is at | east
0.005, y is the nole fraction of alumnumand is at least 0.01, z is
the nole fraction of phosphorous and is at least 0.01 and x +y + z
=1. Wien EL is a mxture of metals, x represents 5 the total anount
of the elenment m xture present. Preferred elenents (EL) are silicon,
magnesi um v Blaba elemgnt selectelifivoythdb@bwnroesisiag pidiliopnmaghesiurecine[ B2 5]

IR PLED2 Sl Yahats, BB G QU0 e e ponf. i

(SAPO) ; USlehstd),085.3; id B¢ moldRoionbiARD)inung alRO;: 1EstAFND) 7 is &lﬁ-n&eléﬁic@iBn 884

(CAPO ; US-A-4, 752, nd = A- 10, 440,..1 0026 rred

bod) ment PRPPRHRE AR S af e UDL aifie Py B Wi ol e vty B s e s

vari es 5 r onhelotaimoust o@ﬂﬁélemhﬁniﬁcﬁmﬁrés@ﬁt Préferrdd elérSen®YEE) dré gillcod¥agnesium
f ot. concent tion of all the elenents is between’

el enment, the E’E‘ﬁ r

0. 005 and @n epbatfyith i "I'%‘t F‘Sﬁcsﬂﬁﬂdg’siﬁ evedt |y preferred enbodi nent is

one in whi g5} l%§pﬂe%ﬁﬁibn(o@$éiﬁah§ FLARDShAyaR f&&d%UW@)wl Fﬁggg&ﬁ@%cr °
|

whi ch can be use tant i nvention are an% t hose

in 15 US- AUS-24$56743 FefPQ): §514¢:440871 GAFOLEISA#,863,197 MAPSABTARQ,
preferred. Zﬁ]@?é{dlom 999&@79@39@4%&99%6@7@@65 'q;ssz @ferabl y

mcorporated i nto porous soli articles in whic catalyst is
presenlCi n [#R6hno MIB%HP@@RITPQF@D@% op the iryertionfivongds whish ti@kbemene 6s)icoment

In one aspggfies ﬂolﬂ‘f P%@g ﬁ)uﬁ 03 ﬁ&dlgiﬁ%'bﬁ 'BEERs rﬁ ah%ﬁe ﬁgﬁ%at#‘i&} ﬂhg {aone

ef fective anpunt ecul ar SiI eve ca St an eas
mat ri x mat epicehiration ef dl thb Elpments ésdictwben 05 tahéogﬁ oo PAtiom i espdciugiyof

desired pr oty enbbaisPh g i R bR e G e bReBY A °

mechani ¢ aI SaPOs nr@idh cambehuget én tlhe kstahbintdneiosab bl offfAdsk idedceibed iBucCh

[0 het b BBl AR A S R AR T A e sy 1
mat er i aI S |[ml7pde Thé pﬂéfe&kﬁ@t!’?@on@m&nh@thlwﬁ is ;ﬁéf&aﬂ?&dbb@bfa&éd@@t@ pdifbtsfb@hd
subst ances such as tal oxides, , siligcas, alumn

si | i ca- al uRPHEEs nydichithe Jﬁ%‘@ﬁ’@%ﬁﬂé@aﬂé@P‘P’& T dg Moot the desired OTP

si | i ca-t hokdaaons. Sh bheaBpRe e poftsis salidlphsitted dohdRbPScatadtichlGRFRbMTaRBnt of
thorias, silica-alum na-zjrconias, alum nophosEhat es, mxtures of

t hese and heam ?%@r sipyseoiglystiapd Aleast one mgfray peefegably waem;é fromyiay Hpup
filleragmat gpy offirfer Jﬂ&éﬁ@seﬁﬂér@nartéi‘ﬁls%ﬁ ﬁi’l}&&ljes m&@&‘ﬂ%@ fotli es%\JQ@pIOPerty

non-zeolitic and/ or ZEO ItIC nol ecul ar” si eve catal yst pre era

conprise 1 OWYOPQS'J@B% ol cpiplyptalilationy medhpmnicn! siopgthnandshe like toribe aolld
f bl
The moot PR sqlftacd mifhifihe Borobiitnantd sh P o RRREH i PRAD)

reaction stpegmots the desired OTP conversion. Filler and binder materials include, for example, synthetic

and naturally occurring substances such as metal oxides, clays, silicas, aluminas, silica-aluminas,
25  silica-magnesias, silica-zirconias, silica-thorias, silica-berylias, silica-titanias, silica-alumina-
thorias, silica-alumina-zirconias, aluminophosphates, mixtures of these and the like.
[0028]  Ifmatrix materials, e.g., binder and/or filler materials, are included in the catalyst
composition, the non-zeolitic and/or zeolitic molecular sieve catalyst preferably comprise 1 %
to 99%, more preferably 5% to 90% and still more preferably 5% to 50%, by weight of the
30  total composition.
[0029]  The most preferred zeolitic dual-function catalyst for use in the OTP reaction step of
the present invention is a zeolite having the structural configuration of ZSM-5, sometimes in the
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the present invention is a zeolite having the structural
configuration of ZSM5, sonetimes in the -10 literature referred to
as having a "pentasil-type" structure and disclosed in US

2003/ 0139635A1. A borosilicate zeolite having the ZSM5 structural
configuration is disclosed as a particularly preferred dual-function
catal yst in US-A-4,433,188. The use of a zeolitic catalyst having the
nordenite structural configuration is disclosed in GB-A-2171718. 5
[0030] Anofiteeatirpeefaried id ashbyingr Geplesibpe|shucure inddliselos¢d in §1S 2903/0 53048 5/sk:

for use ing, s [ j | '
These mat of) AratieBERe e B z80s Sobifol bxfiehta i G Rea ) BBty
| i ght ol ef iprefermd dudlfisctiont atalystiv €iSshA-di39,1 8% Tbd seof & eeditid esthlygdaypingthact

olefin as _taught in US-A-4 677,24 nd, .US: A, 001. ‘

US- B- 6, 455K g#%ﬂ@ﬁggf’wﬁgﬁ?é%fs %cﬁ}is%dolgl%tﬁ?fx%ﬁﬁ&phat e catal yst
(SArO) ;s iﬁ[}!ﬁiﬂ]iﬂ - fAhathiet m%@mlglp%ﬁnﬁrmbssoﬁﬁﬁf-ﬁm&lo:‘nwaﬂamﬁrﬂs&mthe pres?nt
preference, for  SAP t.eaches bo the use of a SAPO 34 type o
Pt alyst < juraindnte B AP meIC Gl strvah ChEst RRIaR ey ey O s kpiyepion
system for o%:%r EkhtdsRe ik bRESOMASHSin@RcoBlersidn ofl€is ASa H&ired Ptuct olefin as
ol efins. [003 Best results wt on-zeolitic catalytic systemare

h an
obt ai ned wiaEhEABS-A44,674,243,9d YS-80h847 4 e Uddb-43 S trashesdhe eyt |
Best resul t.5: Wit .1 } [ i 1 :
Do o e Rieifiting pRSPhAd bl (D) o5 B1aBel ARhALR Bttt ol Gpociieal Y 2
uses alfr x Dfeenst for SARG-4 fnd teaghed bpgh th yest s mSAPOHS 4y BOFE catslist pistem and 2

catal yst s 3 | ' i G L
physi cal m@?ﬁ ?‘go%?l Vgiart [ gﬁ%ﬁé@%??ﬁﬁ%&%g@ ? geollni ti cﬁﬁgﬁr%lgﬁaﬁm@% h
particl es obtafins tiathanglefine non-zeolitic material or the catalyst or a

formul atio t m\xe e. . ial Q0L ' .
formparti E?%?'?f‘ ha\IEE)F‘?QIESL)UE)’[%1 Wé%%?%%?@%ﬁ § p?rg%éﬁ%bt eeé%%’%e.af%nel r%tr”‘?]fo
case t he pnsfiesdras thecnatkiunaioh ontalyst. Besttestltsrveithof zedIBid thatedidl lareSybRGhed Avithra

relati a such. t.hat SAP 4 ¢ ri.ses 30,.t0 70. wt - % of. t he
ol ool o TS st e A sReal B e U Bt At gt e,
bei ng especkedliilcyatalyefsgstied tvith[200Q3-2oliit@a@lyst sysibm! THiembded titalystieadbaifieat

with the dual -fupnction catalyst i.s qrdinaril, neasyred i.n relatjye
terms of a%\_’%ﬁﬁ‘f‘ﬁ ¥ G%Eé%@e & pesiries copiaply tonproL He Fstepia) vl Bires
25 on the RashBingfhenoiBRslithandinal bt QWcitAYS 0Ph forRBlafioiRhef mixBEtheBeStyBds
oxygenate reactants passed to the OIP conversjon _zone plus the_nass

of “any reacdfPpBtip\igiogidsh o oam@attisles brdughath ingrediqals preser Shercin dp gither
any of o he caﬁquﬁlefeﬁka S BN idedixaye bAESMBSSiPE AT R84 SR a4 AG bind)

catal yst prese the OIP conversion zone. Those skilled in the
art will revedhitBARhH canpsisesidtia dp with piethemolepidarsigye partios ofithe mixtHe

catal ¥S! T Sultf BRRIdrABab 55 Qeidifeidd Wbty Ghertaia, WISV such that as 30

the WHSV i ncreases contact tine eas and conversely a decrease
in WHSV pr d8@82¢s &khe 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

25  onthe basis of a mass hourly flow rate of the sum of the mass of oxygenate reactants passed
to the OTP conversion zone plus the mass of any reactive hydrocarbon material present in the
feedstream or any of the recycle streams divided by the mass of the dual-function catalyst
present in the OTP conversion zone. Those skilled in the art will recognize that the contact
time of the reactants with the catalyst is proportional to the inverse of the WHSV such that as

30  the WHSV increases contact time decreases and conversely a decrease in WHSV produces an

increase in contact time. WHSYV for use in the OTP conversion zone associated with the
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increase in contact time. WHSV for use in the OTP conversion zone
associated with the -11 present invention can range fromO0.1 to 100
hr-1, with a preferred range being 0.5 to 20 hr 1, with best results
ordinarily attained in the range of 0.5 to 10 hr-1. [0033] In the"
oxygenate to propyl ene conversion step of the present invention it is
preferred to use a dual - function catal yst having the capability of

converting oxygenates to hél ene as vveII as the capability of
|nterconvemqsmm@tqnwgnmnsefmm htpk08 e%@ﬂemémﬁbemg\ tof the
catal ytic Eﬁ%ﬂ'ﬁh?b%ﬂ%%%?dﬂa@ﬁy Mabnell (f?to%ﬁﬁﬂl' lity to
catalyze fhese two reactions are suita ysts for use in the

present i n{@3g] onlnfbh@'xmeaﬁtempdpsdmlcomfecmﬂnateprpfmlmsymmmmramlss a
nol ecul ar si i n | £

mol ecul ar SI% g ﬁ% c}u§f on Ca%é’?‘lcﬂag%%gge qu}%%% ‘F%%%Jéé%wéﬁa&%g? e
catal ysis arepyliat aemdl a&hd&pbiﬁmyrmgmmcmemng blefist otleer }ﬂmnq)ira;mene to
preferably a nn or, Cch.have ayer aq

G et or . & RAPAERS AT 04 e galSTR S HE KL by Sh PR e g Al satioas
by the. 3 t aml%baf ﬁd\&iﬁaﬁbﬂsl aIB)Q.hﬁ]ﬁErc@t‘ﬂy% gfr Iuge ﬁdﬁe?iréﬁehﬂ?vdﬁﬁbrh Qe Yiekdd@d dual-
gi ven adsorbate nol ecul es) shows good a |on 0 ver
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por es th an |ve LST of

averaggg ef fgggc{zi\cié ﬁ&a@f’%@i o e %ﬂgboraé'%d% fa;)nge «):\Ermr%gnﬁg]?%@a tlc’Ilmf
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ncor por at SHPHY P EERIe e o BRI NG a0 S o7 Bl et
di amet Ier | iaﬁsdﬂ;itﬁdh gfl%ssiﬁzﬁﬁhﬁe bdrednt Wfﬁgﬂt@gﬁh batalsrdaﬁrhexﬁ@rg@sa &dsrption is an
irregularly shape cal ,. an e e Mensi ons
are char acta8PBOyeLlis 2‘% qﬁm@%‘%{ﬁdﬁ&ﬂ{‘ﬁ%ﬂg t"’h@“&@%@r g‘HPFeQPIH&VCnt"n
than the adaudporshividNsia0&sge Heale takiks oﬂl&k@th‘éﬁ@'ﬂ, mﬁreﬁeragé%ﬁadﬁﬁé Hiameter
have a substanti al I%/prunl form pore structure, subst ant.i al ylglpglg

uni form y <Eepores ol prefpaphetabpisds d W@Eb%mmmﬁre}hé&tsmﬁ ad-aV

may be ChosARy ik MBAKRAR SERES by Jofin Wiie? QRS Ne® PR §197ME népesy xﬂc%ﬁJoi-étéd%y
mol ecul ar sieves. [0034] Zeolitic nolecular sieves in the calcined

form may becfrspeedn gnemigeth i he Fem Geffasten diangyerY isupag te denote that occasionally the
pores are irregularly shaped, e.g., elliptical, and thus the pore dimensions are characterized by

25  the molecules that can be adsorbed rather than the actual dimensions, Preferably, the small pore
catalysts have a substantially uniform pore structure, e.g., substantially uniformly sized and

shaped pore. Suitable dual-function catalysts may be chosen from among zeolitic molecular
sieves and non-zeolitic molecular sieves.
[0034]  Zeolitic molecular sieves in the calcined form may be represented by the general
30 . formula:
Mey/0:Aly03:x8i02:yHy O
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Me2/ nO Al 203: xSi Q2: yH20O -12 where Me is a cation, x has a value from
2 toinfinity, nis the cation valence and y has a value of 2 to 100
or nore and nore typically 2 to 25. [0035] Zeolites which may be used
i nclude chabazite - also referred to as Zeolite D, «clinoptilolite,
erionite, ferrierite, nordenite, Zeolite A Zeolite P, ZSM5, ZSM 11
and 5 MCM 22. Zeolites having a high silica content. (i.e., Those

having silica to alumna ratios greater than 10 and.typically
great er t havhereQde i3k c#iopathas paglyp fremdnindnisn n it thecasipp valence andy hapr pdue of

nol e ratioqf Iéfﬁgori&dmgﬁ%ﬂﬁﬁageci ally preferred.) One such

high silica ze avi ng structure of ZSM5 is silicalite, as
t he term udetssher eolitestichimay brotsed intledeschitiagiteralsp meferpdd to df Zeoliisdkd i n

US- A-4, 061, 724 . E-si|i i sgl i . 473,865,
bot b o Cop chfobiRig, dloife g%‘g“.“%%%%‘*%ﬁ%?%@“‘%% 20 P 2V, Gt a0

p [ ef e [ r&d Z\f&mz/ﬂ-snegeoﬁtes hageg 4 I;nrg]h ﬁﬁcagbﬁemnﬁ.e., ’_F?an hTsnmg ﬁihatmmm?raﬁos
structure o n ) I er Qr .Sl 11 1 L. r, a.fp Ire.
Chercof . [rpieen A sioely aftiler Gt on Rl o8t s kg o e fefina

si eves whi q:}ibl@%ﬁ@pﬂ tfﬁ):lptbqpm:;l ?I;efe@eﬁtally@efa@erdﬁ %ﬁez@clmgh filiex zemhéma@t%w
an enpirical chem cal Cconmposlitlion, on an ar u SI.5, Xpresse
by the enpiSFPEYP O%Wéﬂ%ﬁmfﬁ?( @ﬁ%ﬁ%ﬁ@fﬂv\%@@f’%@ tge %ﬁ“@fﬁ .

sel ected fralobddan ORQUR06 0SS MH ARG e F-sBichth §BHoscHBODS.A-41073,855 Woth dffwdibh
cobal t, nickel, manganese, chrom um and m xtures thereof, xis the

mol e f Afict iaerheeshby meomprgterl by aferenceaOpe o tippseterjed zpolitee foypedn hequeselin - of
al umi num anghdfoias e Aotk bb 75k S ind HEMRPLEVS 3GllARcRt a pRRRRRALEUS
and is at least 0.01 and x + y+ z =1, en EL is a mxture of netals,
X represent[8038) t Avontagolitic reglenylar sieifes ingludenelngiar sigvsstvihich havetbeproper
Preferred J L)L ) ' |

i 11 con bertie e ple iz fuu et i RSP URReaP O ERE, bn M dtyarons
ELAPGs ar e bag, kexpressstrbyithe ¢riysirical foravld: may be found in US-A-5,191, 141
(ELAPO)l' US- A- 4,554, 143 (FeAPO); -US-@&B 087I ( SAPO) ;

US- A 4,853, 197 (MAPO, MhAPQ, ZnAPQ, /U3S- A- 4,793,984 (CAPO); 25
US- A- 4, 752, izie BN adSerBent s8ddedditi tha blouptonsisingtof ailieon, magrepiomatin irbry

ref erence. eral t he LAPO mol.ecyl ar . si eves are synthesized

it o her ot ekl manbatEres FPTPT G B FOXES BReSiyg il BB SRR A G e M a
reactive saedsc®S050¥ islihe melk Badtod of alphasdg aed id at [84360.01, zant ablefgcipoft .
Reactive soyrces of EL are t tal sal uch .as the chlorjde and
it at e s o AOGSPOREIRES § et B £ Y4 707 LG S B PR o fepiesens
col | oi dgl Qhe BfaEAhdInt Fliecklshdnt fBeurPpiRdett, PREEEE SeibMe (L) WieGRB o) inaghksium

al um num and phosphorus are pseudg-boehnjte al um na and phosphoric
aci d. Pr ef eind agpalt with silicon being especially preferred.

[0037]  The preparation of various ELAPOS are well known in the art and may be found in
US-A-5,191,141 (ELAPO); US-A-4,554,143 (FeAPO); US-A-4,440,871 (SAPO);
US-A-4,853,197 (MAPO, MnAPO, ZnAPO, CoAPO); US-A-4,793,984 (CAPO);

25  US-A-4,752,651 and US-A-4,310,440; all of which are incorporated by reference. Generally, the
ELAPO molecular sieves are synthesized by hydrothermal crystallization from a reaction
mixture containing reactive sources of EL, aluminum, phosphorus and a templating agent.
Reactive sources of EL are the metal salts such as the chloride and nitrate salts. When EL is
silicon, a preferred source is fumed, colloidal or precipitaied silica. Preferred reactive sources of

30  aluminum and phosphorus are pseudo-boehmite alumina and phosphoric acid. Preferred
templating agents are amines and quaternary ammonium compounds. An especially preferred
templating agent is tefraethylammonium hydroxide (TEAOH).
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tenpl ati ng agents are am nes and quat ernary anmoni um conpounds. An
especially preferred tenplating agent is tetraethyl ammoni um

hydr oxi de ( TEACH) . -}3 [0038] A preferred enbodi nent of the invention
is one in which the~elenment (EL) content varies from0.005 to 0.05
nole fraction. If EL is nore than one elenment, then the total
concentration of all the elenents is between 0.005 and 0.05 nole
fraction. An especially preferred enbodinent is one in which EL is

silicon (uftfasly Aﬁﬂ@ﬁﬁ'@’cﬁ@hﬂda%ens}!\ﬁ@ invatien 5 @aROwhigh ithetelanzont G.) gordent
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Geai red calOPSE, dfs BERALEOTR ML R LaRb RSk in Bl Borg i
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Conver 8 onrReidhr 3F Sicaigh RedProhe i BaPER] Friti S ey amout o

synt hetic ﬂﬁmblmlausiadelcmmud it 1engt bl hﬁttrﬁmﬁmms p@lferaﬂ:&y sehicrl frommitiefoup

clays, silicas m,nas a-al nr e nes

i 1 oa- 21 r ComP CER Rl B Rl A8 Biroy hereOlyp provias e esied sigpery
si |i ca-al ugt peperfidddd. aﬁsuealchtbl@ﬁ'dﬂhﬁﬁm achahiédl SHing, mﬂlmmew@ﬁmat es,
m xt ures of these and the like. [0040] If matrix materials %51716113

bi nder andP&ficles. Prcbymats wateralsare goraus ip patyg epd MAY QRAY DY b fgféeme
conposyd i ORrontoRAhS@BIEOTP EdnGe BB TRler &R inde} ﬁat@i@eh@ﬁblh@er ot eE¥Bole, synthetic
catal yst preferably conprise 1 % to 99% nore pref erably 5%t 0 90%
and stil| &edestypllrospunmng subsignces syohgs msjal widepnelaxsf silidas alumgnas) sﬂlca-alummas
CONposi ti ORseal Ry Elﬁ‘s%ﬁ&tén%&m% sift &&agasﬁfchﬁé fasC QTR i gs | RAT

Sl eve catalyst a ﬂB ri X naterla IS conve tlona an KNown
in the art thofies, ﬁlh@ﬁ-ﬂwa@eummerwmmmﬂwwh@esamaiquﬁﬂmm mdth@lﬂal yst

through theodigy! n9e RR FLERALS oY, BERRH AL RN bbbl Brd S5 & n B Kb O"

It 1s

25  composition, the non-zeolitic and/or zeolitic molecular sieve catalyst preferably comprise 1%
to 99%, more preferably 5% to 90% and still more preferably 5% to 50%, by weight of the
total composition. The preparation of solid particles comprising molecular sieve catalyst and
matrix materials is conventional and well known in the art. To facilitate movement of the dual-
function catalyst through the moving bed reactors associated with the present invention it is

30  highly preferred that the particles of the catalyst be spherical or near spherical in shape. The
diameter of these catalyst particles is preferably selected from the range of 0.5 0 7 mm (0.02 to
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30 highly preferred that the particles of the catal yst be spherical
or near spherical in shape. The dianeter of these catal yst particles
Is preferably selected fromthe range of 0.5 to 7 mm (0.02 to -14
0.28 in) with best results usually obtained with spherical particles
t hat have an effective dianeter of 1.6 nm (0.063 in). [0041] The
nost preferred zeolitic dual-function catalyst for use in the present
invention is a_zeolite having the structural configuration of ZSM5,

somet i nes |0r23tuﬁé”1$h| W@F%ﬂ@r%“ﬂﬁpbmé@“ﬁ%sﬁgﬂﬁl Pretigles grabhave em effstive digmyaer

structure. 95‘1&% Yrgl.e of this type of dual-function catalyst is
di scl osed in US (503/0139635A1 t he teachings of which are
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hi gher t hézﬁCS(tp G4 gl Selﬂéh?cﬁrﬁtrﬁaﬁﬁi\/ﬂ@ @@moempnd dsodosedhtharedn. Ihisy99&epa@ht

is utili Zeqoﬁtgnggg&ﬁr(ﬁscﬁsm%% M0 fﬁ&ﬂ&?h@& 9 Z%%g ?ﬁtglﬁ&%}’&pr opy ene

olefin-rich recycfe streamto nmaxim ze
f r om t hese spaifisallningorpoviied béreinly refemode. ngasusafofaknokuc 7a8yghbvingthed 20

pat ent ;app i C orat rein reference.

FB0a2) Lo Pl R S RE 67 o bRty 83051 GR Kol M s y e Vo

for use i ndedlenipaied mtdemtafna@myst s;rsten:shatvtrg aEllAEi&omMmmmhatonib eniohigher

These mat er, alsﬁl cata ze._ bo ti t he, dJr t conver si on of
130 = P8

oxygenat es 438 Sﬁ‘bﬂf‘?ﬁ‘i S?WF% 5’%\'?"8@?’6‘ ?edé?é?‘}vﬁ’gato a

desired plhﬁﬂh:hﬁél-@hﬁinhﬂg ﬂéﬂsﬁ&lﬁhhﬂ aSELolefin-feh bl Reghatigaehags of
US-A-4,677, 243 and .25 Aif‘ g%? 01 US-B- 6, 455, 749 has specific
t eachi ngs SFPIPFEPE rogyns Forh Bt mrtels phrdeashings of Yt 7 {Sgmbligheds a

dual - f pmct E@t@n&@b@daﬁ@{ ar@ BySbcHiREG) thidiporhidd Bﬁ@m% pefakgdeence for  SAPO 34
as is taught in the first exanple contained tﬁereln In addition the

second exanifi®l orineferpartontarly prefpred dase af dral-Bmptioncaialist ipt vieda fhe present
teachi ng ofinRekdh it 18 FIR@DhoRBouPARRyAA ThtP Srafifials (éﬁ:tléln%ﬁrto éa)fa“l{*z%rﬁ'o‘%hh’lge a

ZSM5 bound with silicalite type of catalyst systemfor use in

direct conversion of oxygenates to light olefins and the interconversion of olefins to a desired
product olefin as can be seen from the combined teachings of US-A-4,677,243 and

25 US-A-4,527,001. US-B-6,455,749 has specific teachings on the use of silicoalumino
phosphate catalyst (SAPO) as a dual-function catalyst and specifically has a preference for
SAPO-34 as is taught in the first example contained therein. In addition the second example
of this ‘749 patent contains a reasonably clear teaching of both the use of a SAPO-34 type of
catalyst system and a ZSM-5 bound with silicalite fype of catalyst system for use in the

30  interconversion of C4 olefins to other olefins. The teachings of the ‘243, ‘001 and ‘749

patents are hereby specifically incorporated by reference.
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30 interconversion of C4 olefins to other ol efins. The teachings of
the 243, 001 and " 749 patents are hereby specifically incorporated
by reference. -15 [0043] Best results with a non-zeolitic catalytic
system are obtai ned when SAPO-34 is wutilized as the dual-function
catalyst. On the other hand best results with a zeolitic materi al

are obtained wth a ZSM5 type of material such as the ZSM 5
materials described in the 749 patent. A particularly preferred

feature of [00AH i nPesiresslis with 2 pra-zeolitioeatadytivisxaten eregibtaineg when SAPO34 is
catalyst s Ozgafhma Buﬁ.ﬁﬂﬁgagwws&.' I@gé@&%@%ﬁﬁyﬂeﬁ{s Wit asﬁ?l]iﬁ%elﬂ?terial

catal yst e nment can be acconpli er using a physica
m xt ur e of apabtained with e ditdaD typegf matsrizleoth asithe Z8dt Somatatialyvieseripsdin the| es

cont ai ni ng ot ' t al

f or mul at ed ﬁ%@ a@n@%ﬁ%&#@?#ﬁ%ge?a%&frr%{]@y%%l%g}[Synt?%)u%ao?)?éﬁ&}érPIetog % orm
particlies halitiocatilpdt kystangwithlh ant-geolific estapdt syshans. Sihis. mixed entdlyst embakeent

the preferred conmbination. i.s a mxture of ZSM5.with 10.SAPO 34.in
ol at ve. aFB\ B R i Be R B L e ot il PptpE e it

lr)mI ecul ar matelﬁlmaan‘ﬂopa?ﬁm ogﬁtainhigo 51116 ﬂdnttrﬁsliﬁu ﬂlzmeraal yedht atallyst4an bfobbuliked %
ei ng especi al |, referred. 044] The. sel ecti ve, rQge [ eat pent
step of t hEY it BB el B g kyadey to %&%@%%@3&?@% fgredients
unsat ur at egrebesgihered. BOMeSSHhe PrefirRl @6mBiRSH R is AHSttile@PZ.EM-5 with

hydr ocarbons_t hat are fornmed in the OIP conversion step in mnor

amount ¥ (i SAPO34ds relatiyg amoygts siach fhef APQ=4 comprses 80 &F 7% G theanglecaipr
converted gpgl SWRIcF HemBaRdwiRa Yaith 549l $5hE-% 'E@ﬁsag te%;fefai@%g%r%ﬁ%a.

These hi ghloy unsat urated hydrocarbons are a very signif .
cont ri but of00d# t hébe selestivy hydanasn trgatpetistep ohthe prasers ipieatiey selsetively

dual -funct ' IS d .1 : -
concent r at DUiop o F eyt tnldocaitols S HWLR0aADG: B0ftnt Bydroomtons
OTP conver thabare §irmpd in tRe OF € lcbmgrsomestaprin moncs ambunth G seleksgban? wi-%fdfthe

by- pr oduct - h p ion =)
DY BT Okl (BB R GRS Ry bR 89530 RS f B
sel ect i vel Fhese fighlyaunasterattl hydrastrbdnsareposs dgrifiotrontibuti tdibawye o cokd n

recycle streans for . use.in.th rese i nyention, . .the CA+

oot i neri cHeRrHeR P PEssarred 3 PraRR e ARG el B s dfredion e g% eq
from the edﬂdcbm inlsﬁe][&am cﬁleﬁxﬂw-ﬁedﬁf Etreﬁmsva:bséradt&smembd(anﬂcdﬂverﬁm@mﬁd
source secqQnd CA+ olefin- rjch,stre at ] s separat omthe
PTG by e b s o R BEATE P PN Podee: BB 15 O 1T SRR R
and semar atirAusiGTR catdly R GRABTR W 1Mdth a SRR $RE in Propsiditiseltotivally.

| east a portion of one or both of these CA+ olefin-rich streans is-

char ged t o Theie aset Isastiye pesyiglesgwiges efheaiy plstin reqysls strermssiop wseiiny e present

convert t hgSenfake PHEoWRIH A FaidnEp£RLd £SR ‘ﬂ_{}!ﬂaﬂ&oﬁé £4ckiBR is derived from
Preferably at |east §o wt - % of any heavy olefin recycle streamis

char ged t otheteffinentsjrgrm diomethe RGP sovysraigncsioprnd thersetcad apirge seoonddCgledin- 9o
or more of ANy SthGha $¢ defATed £BR the liquid hydrocarbon fraction recovered in this OTP

25  effluent cooling and separation step. In accordance with the present invention, at least a

portion of one or both of these C4+ olefin-rich streams is charged to the selective hydrogen
treatment step o selectively convert these coke precursors to the corresponding olefins.
Preferably at least 50 wi-% of any heavy olefin recycle stream is charged to this
~ hydrotreating step and more preferably 70 to 95 wi-% or more of any such stream. The
30  possible presence of acetylene in trace amounts in the Co olefin-rich siream from the OTP
effluent stream puts within the scope of this invention the charging of at least a portion of any
recovered Co olefin-rich fraction recovered to this hydrotreating step prior to recycling to the
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30 possible presence of acetylene in trace anounts in the C2
olefin-rich streamfromthe OTP effluent streamputs within the
scope of this invention the charging of at |east a portion of any
recovered C2 olefin=rich fraction recovered to this hydrotreating
step prior to recycling to the -16 OIP conversion step since the
dual -function OIP catal yst can interconvert ethylene to propylene.

| f the amount of acetylene in this C2 olefin recycle streamis too
hi gh, the OFPebrserstu stapasince ths dusl-functioh T «atalyst can éntersonvirt ethylgngttonor e

e e e b

treat ment ptefared prattivetistoathalge asleash5phwtr-hi and nwie paterably Tdo 85 wt-% mfmore of
heavy ol efin.r treaps. and n_w t rret al - cont ai ni ng
hydr ogenat FWHcecoi%Sf m%re%’f; sngaé%P%éjhﬁgo e%“%’ﬁa%t on conditions

ef fective {0845ponv&hs seba&;ivdfh;glliﬁgen wasatitseh e@htadng/ai rlmlzerliw]ttm of ong @imee of
thereinto th cor pondj ol efins, The .cat al referabl

mai nt ai nedﬂzl‘3 P ?%;’d?‘gf’iﬁég? 3‘3‘?{83333“’1 ﬁ%ficoﬁ' hydrgesyayt

particl es. cFosat RREbVvetydfogbihtiph edmiRAS aﬁéaavetoa;oﬁlwe@cr@ @ighly funﬂatﬁr@teéo
nun (0.04 to 0.4 in) and/or a L/D of 1 taq [004 seletlve

hydr ogenat PEHOEo8F Forériacd theeiady @EPWSPﬁd@B Bpreteipbin) v
unsat ur at egRy.4EAGRFHRADEolCathBR zs&rars%sa%ewslém %@:&ﬂ ﬂ%?uc‘l@a' frBese particles

mn|m2|ng or ellmnatln any over- %I’O genation to
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at a tenpe
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of 5 to 20 keyatenn e Mabalite NIRGADERA AR LS s fp Gkl

t r eat nent smnsyat Preoperdivse ¢F.38 tb BSOBO withlbest resuhs &f761t@b$0JCla pressireSf inbd 405,

of hydrogen nol droc r.oons _ch 0.
Cher ot 1 % apued B fon e B 805 KD B F 3B B O R0 s R PR R R 4 i
adni xed wi thburtyhspacl vefocity (ICHIS ) ofil ng 36 ke dvith bestansulio adhidved st £IHIV of 5 tocan
be added |58ﬁ$pndently to the hydrotreatnent zone in concurrent or
count ercur rel ati onship to the heavy ol efin-containing feed

stream Usi[g@7f €CiTRe b@hf Sf WiRlrbgel ARAMEAO Hid@EanEK blep BRvIdSs 0.8 tcS1(Bhéles,
[ 0048] The hydrogenation catal yst can be any selective hydrfﬂ%enatlon

cat al ysts PeHerahly d to 25 melps, P’Elé)fdif?ﬁ’-?n aFdogle ofpl}lé%% tefl BySrasrRgRs Sareed

a cat ahyti galdwy £FE86H b¥BoABPUBhyRbgeR cﬁmﬁé&ssohaé@l{rp&%aﬁueagmﬁmmnt
wWith a suitable porous ' carrier naterial. In sone cases an olefin

sel ect i vi t portnining deed giresmisohis Atep oF it gan beradead indspandsntly todhe Belroiaaent o
the catal ygl,d dile oBbuR R P bounfilulfit Eflfiorsipl @hgteag OB ARI Y £ stream

el i mnate any rogenation side reactio e a
using technologles well-known to those skilled in this art.

[0048]  The hydrogenation catalyst can be any selective hydrogenation catalysts for this

25  application and is preferably a combination of a catalytically effective amount of a metal
hydrogenating component with a suitable porous carrier material. In some cases an olefin
selectivity enhancing component (i.e. an attenuator) can be added to the catalyst in an amount
sufficient to block or substantially eliminate any hydrogenation side reactions that produce a
fully saturated hydrocarbon.

30  [0049]  The metal hydrogenating component is preferably selected from the group of
nickel, palladium, platinum and mixtures thereof with nickel being preferred. The amount
used preferably provides a hydrogenation catalyst that contains 0.01 to 5 wi-% and preferably
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fully saturated hydrocarbon. 30 [0049] The netal hydrogenating
conponent is preferably selected fromthe group of nickel,

pal | adium platinumand m xtures thereof with nickel being preferred.
The amount used preferably provides a hydrogenati on catal yst that
contains 0.01 to 5 wt-%and preferably -17 0.05 to 2 w-% of the
met al conponent cal cul ated on the netal. At |least a significant
portion of this netal hydrogenating conponent is preferably

mai nt ai ned 0i03 t¢ Aevtfiyofitbepmntal ¢ammovernt stlgdated pmthe metel. abt least 8 signiicant portion
al t hough i e 4

cor r 03 pond A BBy Eedells Bebielt UIRALAGL Fifoudfod 06 Bl bnditn pABys
[ 0050] The mmmetahmlstamalthm@nm emm@mmnnﬂalhmdrhpduad mef beted, sucloas thhe
group consistin f silver i ridium and

i xt ur es tﬁ@?@%&“ﬁ$ﬁggaﬁgﬁﬁp 3kaﬁ@£g ﬁ&gﬁ§ u]}CJSOrrponent added to

t he hyds oggogsg] on Tthabﬁimialat&&hﬁalhoﬂe(ﬁlﬁﬁo&bﬂtmﬂ b@ﬁhl@&dﬁ"rdﬁith&@;rcﬁp\bbnsﬁyaﬁg of
t her eof calcula ed 051 gg Wt h an%g gt of 0.01 - %
general Iy §Pmeﬁg1 4 el ey LA 0%t HieBirt

copper, si |c\6ﬁ?oﬂéht eaaé@ltoaﬁet 1BAkRbA4ON AtSlyst siill baReklly Brddaes 0.01 et @d-dii C
state. In contrast galliumor iridiumattenuator conponents are best

when a  subbeshicaleplaisd op hemetel. with A amevegof 0k tad Wxﬁ@@negqlb[t%vm%@sl]
The porous Lakd ipRiferdBY & @Jtanﬁ% 30@& £t g&oﬂﬁr@%ﬂ %ﬁﬁlté{@&re%}l&ea%the

any suitable nateria om t ating ar Sui t abl e porous
carri el0 matoestillig statg.| In cquimst gdlliym ham@ual atfgmaﬂca@ematma‘m@fe best when30 ne/ g

and i ncl ud Bt en .lica, silica gel, clays 15
and sili cat(:%e%&?ln%:ll hﬁ% ose syr?tlthge}tﬂ?t%:% “'y prepared and nat ur al | y
occurring, [0#lEh iy porous cmgzernmtertmbfoadmhytdrmn@hp citalystermbpimy, suitable

caor 1, ettt 85l it o STREREN Sy Ranh gl SenFiben.

such as al womfive areatbof 1Gioi iﬂ)rm’dgmdudﬂudezthasﬁﬁnwmmnmt@mlsdé) sitibe, sifibaigal, clays

oxi de, _peryl | i um oxi nad| um 0x Si,u haf ni, um oxi de,
X he okf e et aetCaing B S RALY Bepar LRl Corife, FsE Y

maggeSI a, dQ’HéyQﬂtEe@ldl:ﬁﬂafbﬂ foabxuffllﬁmammgas clﬁjﬁ |chﬁ&cl.2.y rcﬁaiﬁm&eo@tdérth By r?
carbon and ca c al.s su s charcoa i nels,, suc
as zinc al LFﬁ‘F‘%E“P‘g iﬁ’é‘ﬁ’é‘gﬁlﬂ Ezére aﬁfQFYc‘P&‘igﬁ%fFﬂﬁgﬁﬁ%Fa‘th Wnina, 5 o
(5) conbi nattifns dﬁhdé@h@éﬂl@h%&mm@mu&roxmer Eerﬁfluﬁlm GhHRE oxiddhe
preferred porous cat al ysts for use in the h dro enation catalyst are

ref ract ory SefBRgap-haftsun gede, zigoxidsaaegneda boria afibeaelypning, silica-
al um n?? mattﬁz{g:n@ﬁa cl%gmiaoﬁé%ina,%ﬁﬁ]ﬁ@bgrl@ Lsilﬁgé. B?coﬁﬁ% 8t} @vﬁ:aﬁfoﬁ aﬁcf'@arbon—nch

crystalTine al um’nas known as ganmma-, et a- fa-alumna, wt
gamma- or euﬁermlwhm cgpigpHp(“hepinels, sushias ginc alnma@m mamsmﬁealwmfpna

carrier %{ L Lal Ciﬁa{éoé% éﬂa (93 QM biREGR Y blaR1s HorPbdHr 2 thse groups,

al kal i ne ear es andi o
The preferred porous catalysts for use in the hydrogenation catalyst are refractory inorganic

-

_ oxides, with best results obtained with an alumina material.

25 [0052]  Suitable alumina materials are the crystalline aluminas known as gamma-, eta-
and theta-alumina, with gamma- or eta-alumina giving best results. In addition the alumina
carrier material may contain minor proportions of alkali and/or alkaline earth oxides and/or
other well known refractory inorganic oxides such as silica, zirconia, magnesia, etc.;
however, the preferred catalyst is substantially pure gamma- or eta-alumina. Preferred

30  catalysts have an apparent bulk density of 0.3 to 0.9 g/cc and surface area characteristics such
that the average pore diameter is 20 to 300 Angstroms, the pore volume is 0.1 to 1 ce/g and
the surface area is 100 to 500 m*/g. Best results are typically obtained with a gamma-
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ot her well known refractory inorgani c oxides such as silica,

zirconia, magnesia, etc.; however, the preferred catalyst is
substantially pure gamma- or eta-alumna. Preferred 30 catal ysts have
an apparent bulk density of 0.3 to 0.9 g/cc and surface area
characteristics such that the average pore dianeter is 20 to 300
Angstrons, the pore volune is 0.1 to 1 cc/g and the surface area is

100 to 500 n?/g. Best results are typically obtained with a gamma -18
al uni na cardfyneipa epsics maferial in theorm gf m%emcakmaqhsdwngmnelaw@z sthyall dipngetera

relatively ]gh'rp(t[m : i) t
bul k densi togi}"i%% i%. 3 bhgc?%ﬁig;)ca%,a %r%ng]rmgﬁ%%ﬁréf%?tooodgﬁ)cgr’uag@?eang a &
surface ar & o¥g, 80 swizesarenef (O tp 8868f/gThe hydr ogenati on cat al yst
can be pre b o Ly b nvol ves

o of or m ng e oo bE BarbEGRRL R Ol be3aids B BB BMC KBSUIET, |
conponehit gmeferably oplveopaioraingdmumtars cenppomend] atd/thempddbgnht metllic

and/ or spraying the ingredjents onto t or ous.su rt either
sequent i al i% mg?negﬁgaﬁt}ea ggﬁag ﬁ@@nuﬁﬁgco&pggﬁﬁy %m@@qp?%ﬁﬁﬁgﬁpr&g@g ese
"skin" or 'imgtédintsdre ke porgus egupatticithcrisegibntially er {inubaReeN:, Tht prekdie
active conponent on or “r]%g,[ t“he’g rijeter of the porous support. The
resul ting iPEFPRYHETEHC 8r S4B YpPUly ef&oW%‘%Pﬁ‘ﬁ?ﬁ%quW fo copgrapats gheqetiveg

at a tenpercaingb®ntén &Qﬁ%@#@&@é@@fﬂ@b&ﬁé éu?porﬁ aflfér@s%ﬂiﬂg@mﬁfeﬁna’%édcﬁ
tenperature of 250 to 750C a period of to 100 hours. The

resul t thg SeHFHl BpEqus é@POHHﬁB%%‘a bg driedhatiaderapersiera o€ 34 19208 Cemditynically| | y

with free S hiadk 0 0 :
hours. | OOEE;]%“:I]E'l {ngflgt hougﬁ%%@gmliﬁ%ei%ﬁoﬁggg? n%?%dﬁeegogg?ﬁ(;a@oih%g% g%%re?r%%neg

of oper at i cAtalyficPan orfi optienab eaduetisuistep fyrageBy with Sige hydrogdnat OFmperature
conver si on o?b%%q_dgﬁplﬂo%ﬁ&ﬁy ed feature is the use of noving bed
technol ogy 1 n an conversion step to enhance the selectivity of

the procesd005pr prihpydhethis ipregtierinelodes bthe: firee bed mnis/ifiogerdatich and a moving

t echnol ogy ;i L USs Ac S, 181.. i tabl.e noving.bed reactor
and r eg%nerbg F%?\gég;og t %ﬁéﬁ oé\t}% %feie%on\?\f et % %r?p%?%@ efégg%%ﬁﬁ lﬁﬁefsﬁ
exanpl e i n mdwingdet tdcimdlegyrie ho OTPrgmetsisragdpt th antfanexcthe seb:tivioy ofthe prases

octane 20 nmber ,and t.o facilitate the de rogenatjon of lig

e af i ns. (0 MRASE Pk RerioRossisd b e G PREE Bobiv Bt A hs e
various corsfuitghle ﬁlb?iﬂ@ ’ro‘]ed réigors afidileyaieratian ijs?hﬂ &Evcﬂﬁen Welﬂn%pl%ﬂﬁd LO
an upper section, t he reaction zone and. fe gravi,ty through the
ot i1 o vol GBI ST SaEEE Ghins GHaly i o REPHCR AR th SRafhomiaPe
with the ferebtrRan fagiithehe Hdhyarosonaibes it sArAd Hhesdke AL t he

catal yst movenment or .in.-a concurrent direction. In a_25 preferred .
aspect of tif¥Shr e MHing bedapactionzensicandarr arigunsonigwations chersetalystnartiches

to the cat ahy s intrbdu@¥d ¥iahRiphdRedtBR 4B HHE 8RR Hoh OSMICEBA b PlatitPihl YR the
portion of the reaction zone and w thdrawn
4 entire volume of the reaction zone, wherein the catalyst is contacted with the feedstream

either in a countercurrent direction to the catalyst movement or in a concurrent direction. In a
25 preferred aspect of the present invention the feedstream flow is countercurrent to the catalyst

flow with the feedstream introduced into a lower portion of the reaction zone and withdrawn

from an upper portion thereof. This preferred configuration can provide substantial

advantages in OTP conversion reactions by contacting the feedstream with partially

deactivated catalyst during the initial stages of the conversion when the drivijag force is high
30 and more active catalysts during the subsequent stages of the conversion when the driving

force is lower.
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froman upper portion thereof. This preferred configuration can
provi de substantial advantages in OIP conversion reactions by
contacting the feedstreamw th partially deactivated catalyst during
the initial stages of the conversion when the driving force is high
30 and nore active catal ysts during the subsequent stages of the
conversion when the driving force is lower. -19 [0056] More

typicall y cat st cl es are jintroduced into an annul us

def i ned by Jbgglnceﬁﬁf‘? %@i@%{yatkl?gqt Y%Pé’i“ﬁ]Fﬁ@fe giodussd it g annuls defitned byh
the reacti edhc@@ACcatiMie feddifing BRechdtiat 384 thrdd@h tHeGbRBod io’ﬁ\ée\bheﬁjé?]‘i"fhe catal st
through the a(r:‘llnul us, and are withdrawn froma | ower section of

reacti on zB¥EclesrRyekdopdhronghtie snnulisapd efe adthdrawn diom %)10W%SQQWE‘¥fﬂ@ﬁ0TP
| oner sect t&&&fzoﬁ@qhéf&@ﬁ%ﬁm%ﬁ%e@&ﬂﬁeft'éﬂ%g%g%q) ?&ﬁ%%&ub@ﬁfﬁ@nw us

generally in a direction transverse to the e radi al
bed conf i gtregidngancand ippassadderosotie plmb@lgc@raﬂyopaémms tratryensetahs on

zone, hencgatgﬁg ﬁg{y‘ rgﬁﬁltlfel:l lebllliﬁ OL Q%S&LVIMU ‘fgrs'ﬂg d%%(ﬁ%go Ff%éat?ogln

zone traversat, carbonaceous
t he cat al yscnnea@nbingd\ﬂewmmm thr ough the reactlon zone. The

car bonaceo t reduce nber of actjve sites
on the. oot 05T RERBE: OTP Bkl o 0¥ BETentel PR B el o Sk
t he sel ect iiq:io’slyadton thwaapiglsem:eit mdvedsiodivardghiotigh theyactipnzese. TR YA SHaOddus
Feact i Bn 2 Besh Raee atien e B Lo it sl PR GHAD ST g et
| east a poofthetor@rsiohandde Bﬂétﬂ@ﬁ? tSprofyficie] Plus dudhe) thé nfok ?%ecb@ﬂwersmn
enbodi ment of the QTPB%@ i on step,. the on-stream portion of

process 15PIRF§SH 2 BRrtigp sHalysids E’EW%W%&% thy @HR regefiogryone and
unaccept abjBene@d&l inaRekeh&itiddlA3ns B :@in¥ed at Uéist alRARRYT Bl Uoﬂac% s‘ﬁzaterial

[ 0058] Preferably the carbonaceous material I's renmoved fromt
catal yst b¥joiadidbrdembodinet eftie OFR cppesrsonsterh diecatstpare porsiph o,ﬁm Brocess

wi thdrgsn {506 diped RRGH B cdrbvesR td?@%/?djan%& oflble RLOER PO TR LD is

gas at sufficient tenperature an gen concentration
20 desi r edregpusiaied i9piti.he car bonaceous materials to be renoved from

Lhe catal Vijosg) bRl 6 cubSil ERROIMIENG oo PRGN GOILAL D5 42

streamis ged to I on zone
particul ar retgameeahps twhareth th@cﬁtdyst wlm:hus wﬂhchavheﬁoin:thermdujm m contacted with an

substantla e ceou r i al o | han 1

- % and Lzlr%'g pre #er Blgg ess mpeﬁ g)rygp%c%ug%giaggg&aﬁlo
advant%)geod&subcbammﬁnyoﬁhﬁ tarhinlageouegmeﬁﬂlatoéaetrélﬁofedtffbh;/ﬁﬁ catgly§t. In th@ﬁ:%'&
renmove fro

% of the carbonaceoqu Pref.erably,
et egenePH B, iy Sty PP I BE SR AT O ORERR Lo AP Fieton sone
pr ef er abl yDbpending upén the paticitareaalienadeomersion it can be desirable to substantially

remove the carbonaceous material, e.g., to less than 1 wt-% and more preferably less than
0.5 wt-%. In some cases it is advantageous to only partially regenerate the catalyst, e.g., to
25  remove from 30 to 80 wt-% of the carbonaceous material. Preferably, the regenerated
catalyst will contain 0 to 20 wt-% and more preferably from. 0 to 10 wit-% carbonaceous
material. Preferably in most instances when relatively large concenirations of carbonaceous
material (i.e. coke) are present on the catalyst, that is, greater than 1 wt-% carbonaceous
material on the catalyst, carbon burn-off occurs with an oxygén—containing gas stream
30  containing a relatively low concentration of oxygen. Preferably the oxygen content of oxygen
containing gas is regulated through the use of inert gases or the recycling of flue gas materials

to maintain an initial oxygen level of from 0.5 to 2 vol.-%. By using the small concentration

-20-



material. Preferably in nost instances when relatively |arge
concentrations of carbonaceous material (i.e. coke) are present on
the catalyst, that is, greater than 1 wt-% carbonaceous material on
the catal yst, carbon bumoff occurs with an oxygen-contai ni ng gas
stream 30 containing a relatively | ow concentration of oxygen.
Preferably the oxygen content of oxygen containing gas is regulated
t hrough the use of inert gases or the recycling of flue gas materials
to maint ai Af @yemitds Eﬂsmbs@g@;@ﬁsoméhlﬁ porgpl the Giidation of garbonpggous matedgls ygemg
the smal | BRUGEL it RbesQ¥NIEiRn télﬁpekailllr%%gﬁir,edtaﬁgbyrﬁ@v%ﬁys Dl

control the oxidation o ocar onaceous nat errals u e ‘cata
wi t hout al bersibiliyy efesamarieody hydwithgmmaldingrmagingrtessmolocwar sigve catdlpsteby
preventing iRl i ‘ t Iy Ayl i
Phe mol cout anbesnBfE Hed dhiibeBeneBALTRAERLveka BUAERKRENTE L VoS CEI NG,
shoul d Je resultshobtaimd ge 560° td 680°CoThe00genmiatitn 13@s in thé moemg bedemintdiners i
at 500 to 650C..The.regenerati.on, zone i.n.the novin d _eubodi ment,.i s
o ef or bl y DESTAEGAPERISE At FipyPRBEERG SRR 6 e B e SRR Tk
confi gur at #eDTPesbtion fzoﬁehﬁﬂﬁBEed @pelst fd 1@ aneppet pdgﬁ@odfehia xe%dnaiaﬁsﬁ zdned
to an upper ortion of . the regenerati on zone a passe ravity

[ eed 't hr oM Tohe PE gEr L er RO REPERAP fans YOsl N CERLe i B
i s renmovedisaifotdand BEesRhahed caayakdwikhdrSwrdh d 1w sédhiembethé %%Sﬁeration
section of the regeneration 10 zone and recirculated to the P

reactith zaene andretingylates! ot QTP T2eKONAONFHE DRAW NG 100591 The
attached drawi ng shows a schematic representation of a flow schene of

the present invention imEPANED BESCRIPTION OFOTEE DRINWING Ng reactors
1, 2 and 3 contains dual- function OIP conversion catalyst in a

nmovi ng bed_configuration. The three noving bed 15 reactors 1, 2 d
3, are in é‘@gﬂal hitfagirLdrgine g‘%ﬂ"ﬁ W@Wﬁ&é@é@?@%ﬁ#é%&’fé&%%%
feed and t gresdrfBivEAtRY iR{vhizRbhadadtidn F0Rk Be1GHsiddGedc@REl, 2 d 3 EBAtains dual-
illustrated vertical cross section of the_reactors shows catal yst

descendi ngTesEBUGRE senvarsing catelystHn amavineibed rontisrsetion dThs thse B9BIg5Fd at e

conceniq i C bahallyshnd £l isBGk] GIRaRson Bhth Wili&PedTRY B Gx Rkt RRELAT S
operate with the charge to the reactor flow ng in count’ercurrent

rel at i onshihys flow afieatalysisthrongh the repsioesa ol lusivicd| vpEical moosp sqetipr pithe reactors
Preferably il r M s T-T . :
oxygenat e St oS RKAg G oR AR e b Bt teined with aoproprifts

cat al yst anenseutdc g8alysirefaining sereens.ohll fugetheoning bedmeaskor oopetatrewitle fhs lchargs to
streamis pecovered. . i . 1181:S s :
i nt er medi a%hgggar?gjtr glrg}ma{:\-ggg 3%%\345%%1&%{38%%% iei%fds? %%’%?‘Qé%%%e %I% i ngga[t%lg% t he
fl ow 020 cabpaliyiss. Preferalbig afl tioen hindng beelaedctarnhave tleoxpgendietcoadiningrfes strdam

transport di u ef er abl y . st ni tragen any other.25 ..
e T ol o PRYE Rent 8 REGRE o8 57T BOEo s ey BOrR 8 i the
cat al yst t efflusfiGtrtaniBdeddiered. The drawing shows the flow of feed materials, intermediate

materials and product materials by solid lines and the flow of catalyst to and from the

reaction zones by dotted lines. A transport medium, preferably steam, nitrogen or any other
25  available inert diluents transports the catalyst. The preferred catalyst transport medium is -
steam due fo its substantial presence in the OTP reaction zone.
[0060]  The OTP catalyst utilized in reactors 1, 2 and 3 is selected from the dual-function
catalyst previously described and is utilized in a spherical form having a effective diameter of
.5 to 5 mm with a diameter of 1.6 mun being eSPeciélly preferred. The total amount of OTP
30 catalyst is preferably divided equally among the three OTP reactors.
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steamdue to its substantial presence in the OIP reaction zone.

[ 0060] The OIP catalyst utilized in reactors 1, 2 and 3 is selected
fromthe dual -function catalyst previously described and is utilized
in a spherical formhaving a effective dianeter of .5 to 5 mmwth a
dianeter of 1.6 nm being especially preferred.. The total anount of
OTP 30 catalyst is preferably divided equally anong the three OIP
reactors. -21 [0061] The nunber of reactors in the reaction zone is
sel ected t 0AHI d Thenwehey ef wadiers inbetretiosrend ia selerted ta lipldithp eenversion

reactors at,Gopdl i tﬂ@ﬁdﬁ%ﬁﬂ%@%?&%ﬁ@iﬁ&s%ﬂh@ﬁﬂ&cpg?\%éécﬁgfprr lene (1)3}( <

limting the tenperature differential across the in act
to 80C or laiingtheteobgraturediffetentipl scresh ifetindividedh eeayiors tol 8830 ardess thereby

t owar ds et hyl . S I b LA Z1 e £ Qr i

on the cata 031/%?5 a\l\ﬂl ché%lglgiee}%?% es t%/‘g%llﬂc}%@lé#%%éﬁ?gl e%%rilgmé' ""%eg T%I]'P
reacti dn zekedornfai@6@] thBuathiyst vetichr dccyteratbs tapidlymt Geasiberdad yiel @TR tendon
14, 17, 21 _and 22 are blocked off until sufficient product materi al
i s obtaine®for initiation of recycle. Simlarly water dil uent

recycle dt [ooezigh Du?ﬁ@gtﬂrﬁ.lp o&”&hmdcei’%e&yclellinb@l@|I§D,|C:2=<1&%do.2 fareaﬂkid:kd(:jcn@ff el
an outside sQurce of either, water or. steamwill_, nj ect i nto
line 13 by SHESIFE PR f%'@fwﬁi%@rmw R BT lilugptrgpycle
line 8. At tgihliues B28hePI0okiliGhe DrotRAIEE dfiReaiabh 8aMiaE kaMEe ofle@hdrivag 8
to the intersectign wth |ine 13 where an appropriate anmount of

added H I uehtearnwilkhe ipigeted o lierleby greans ol s ipst PRpiOYitiscigrronnection
oxygenat € {ahé s'.ezfttsta&ﬁ}) lafe alebhd¥ic bijsehfle ée&steéa&lr ?0@5 Vi%']#.@ 898 118 imerdectioh

2:1 being especially preferred for startup. e resulti

esp € _ C ting mxture of
oxygenat e ibding hiiwhere ae arprepyistecasnonst afiaddndgitluens pr b fora of Wagen dr steren will

ffl t h : : | : . QhlLze th
eftiuen gﬁ‘;hdg’éﬁ B%@Q%a;%@?%ﬁ@&%ﬂ%of@ﬁ’ﬁo %ﬂ%&p@i‘%’éﬂ‘ﬁ@ oft &s.qé‘tﬂgga'te&& €

resulting Stream a e a charge 'strea r react or
ent er s t heespeciglyoprefened for sterfpme The resting mBHGe vhHoxyZ&Gteafhet] zdtddberit passes

Cont ai 1 suft iR ehfonfs ShakfoefeodiaP Bleplngs aFRALY Bohn o Mo

Hourly  Spageridethe castilying WiE) andfprd¥rids atcharge biread fdtirebetor Isthatrdnteps tae felctor
the effective WHSV ri Si.ng.to0..2,20 level of 1 0 ecycle
of olefini %*ﬁ‘&??f&%%%%a&e"fﬁa‘%@ 8%5'?1""@%@3% g" P‘{ﬁ]‘?ﬁgg pSig).

e}‘ fluent nmRegtdral, X, a3 tadai &ﬁﬁﬂientﬁ&ﬂkfﬁlﬁﬁioh DI Pleatalyes fabtb’v&lefaoi\f&gh‘td{dﬂtﬂy
close to the er of the _charge to reacto vi.a or, .nore
cool i ng mga@eyﬁ%&ﬁsﬁﬁé _Oéﬁaééégdg!ew%@wﬁ\ tﬁ@ef&saveeg’%ﬁ%‘% Tisiwne 2
streanpd o [RBIIFOT 102 Ot biieRedyble ©PBlkAfE By Bodhth rhddi il tanméRbALURl t O
convert additional amounts of oxygenate material to propylene with

propy.
product i on “éthdiays effineni anpteriabirom reagior i redrgrsifiricwpaatireip a yatue close to the

Appropri at Entierifite 608 R }eafRP vialBe 6f hbid@Bslidgndahd ot Lovid afl charges
tenperature close to the inlet tenperature to reactor 1 which passes
i nt o react ¢he rgsuliing cooled effluent stream to reactor 2 wherein it contacts a dual-function catalyst to

convert additional amounts of oxygenate material to propylene with production of an effluent
25  stream withdrawn via line 10. Appropriate means (not shown) cool the effluent in line 10to a

temperature close to the inlet temperature to reactor 1 which passes into reactor 3 and

contacts an additional amount of dual-function catalyst under conditions which result in

further conversion of unreacted oxygenate to propylene and various other by-products.

Maintaining similar temperature differentials across the reactor of the second reaction zone
30  minimizes coking of the catalyst in reactors 2 and 3 to the same degree as in reactor 1.

[0063] Line 11 withdraws the effluent stream from reactor 3, an appropriate cooling step

liquefies a substantial amount of the water contained therein via one or more cooling means
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contacts an additional anmount of dual -function catal yst under
conditions which result in further conversion of unreacted oxygenate
to propyl ene and various ot her by-products. Mintaining simlar
tenperature differentials across the reactor of the second reaction
zone 30 mnimzes coking of the catalyst in reactors 2 and 3 to the
sanme degree as in reactor 1. [0063] Line 11 withdraws the effl uent
stream fromreactor 3, an appropriate cooling step |liquefies a

subst ant i alsughasarfecdisfilyenbexghanger (otshatme thd tassesthn efflusniine ture-plse

Ui
0001 10, 1052 crd e Aty LR o Do RSSO o0
fornms a hydretampbaoa cvﬁpomgptms‘iaantaﬂouﬂm Dﬁanlsryadream:ed dnmgemaltﬂaiha: esgagles feom

wat er phase_c Lning, si.gn of. an r act e
that cocapdSeiR? gy pRdiePift e EHR o B AT ioR SRR e
dual - f ufict iconditia@isahiy ﬁtvelﬁioneﬁpetfsttb hsk ¥ netifmal araduntyfineeabted Oﬁﬁgeﬁat@ﬁhﬁo
this invention_expects to pass.a m njnml anmount nreac

oxygenat o FEDS AFAEIEeVE 3G Opgrall EHVERTIOn AR EERE ot ap RS gy . 2 end 3
oxygenat e foremh,ae blei¢t Ming ik chcle2 and 3 of 97% or greater duri ng
the entire ca/cl e. [00641 Ljne 13 wi thdraws the aqueous phase from

separ at or H9064] gy M%*@W?%ﬁawouslﬂhﬁ@ from sepAa9s asA grag stipay) ghen by
water. Lingjnt3s eﬁ (ysei asslﬂﬂi\% vea@&uilhb mgreef'aes\@ﬁé &suléﬁgfe%wafef@t&mmmo

adm xture with t genate feed at the junction of Iine 8 Lines 28

and 291fay aé@@imramﬁh Wgenﬁt@efmd%tﬂ@gu@ﬂomléw&bmw%aﬂ@a”@tws@ and
.3 f |
or cool iy Qx g%@ﬁe%%%ﬂtgﬁa%ﬁszsaﬁg 8 &%ﬁ;ﬁ%‘%ﬁ& | S@gﬁmﬁl | pressure

initiation o recycle termnates t

i nj ection cﬁﬂjusfmehu%@ nnmuem of witgregcleAerininages e siartupdrewisors furdpjoction of
phase fromdﬁ%ﬂ@% Qr 5 and charges it to fractionation 15 colum 6
whi ch acts as & deet hani zer and operates to produce an ethylene-rich
over head f[0e6ST | oA lide t2raithdabwoa vapnt ﬁ:ass&crm BeparatoY s shem@esétttb diaerioaniibn

sone hane, an ce.anou etyle Fracti t| on, col 6
i R e e S G A R
portion of &d@ﬁommﬂamo cﬁﬂitamgﬁﬁlndr @mﬁﬁitsﬂtb’m:ﬂﬁne #ad ofe niethank hﬁtﬂﬂi‘a’t%fémaunts
drag strea e over hea ocotrol ég{q%mld

and C2 par f‘? el’re TP 16°“e‘i Bm ‘&9% ff“m?ﬁ NN PAEH Y

recycl e | oQpmpBks HRATH I r@dcifihemabrid Eﬁ%dd&@&olﬁfantﬁhﬁ lin€ § DWhBMREWS b 8lag
overhead streamto renove pethane fromthis stream and prevent the

bui | dup of StTgam figmiths eusheagfaaanld te Gomitehthe Arildg of fnpnd (o patsrims iplips
nmay beojps eciaﬂ%[&ie kdRGhL Qi%p al"he@%[g%nla ayele [ooﬁ%a?rféq_l e uir@ 28BN e AUSR P ON

zone, and a net hane-sel ective 'nenbrane zone e 18 may take 1 to

15 vol - % ofethyirae sole pyrelaad streaanimremensimahan fomdghis sitepmn Mmmmrtbqr builzigp of
typically widdy; t eetﬁﬁe%oﬂ&n&&oﬁpAnyguﬂzbzé Bleshs $hdy3R BseddndGnchiheGhar ges

t he remai nder- o
demethanizer column, 2 methané adsorption zone, and a methane-selective membrane zone,

Line 18 may take 1 to 15 vol-% of the overhead stream flowing through line 14 and more
25  typically will comprise 1 to 10 vol-% of this stream. Line 14 charges the remainder of the
overhead stream to reactor 1 as an ethylene-rich recycle stream via line 8. The present
invention may apportion the ethylene-rich recycle stream flowing in line 14 between the three
reactor zones but the drawing depicts the preferred flow arrangement that charges the entire
amount of this ethylene to reactor 1 and results in superior ethylene conversion when by its
30  exposure to the maximum amount of available catalyst as it flows through the three reactor

Zones.
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overhead streamto reactor 1 as an ethylene-rich recycle streamyvia
line 8. The present invention may apportion the ethylene-rich
recycle streamflowing in line 14 between the three reactor zones
but the drawi ng depicts the preferred fl ow arrangenent that charges
the entire amount of this ethylene to reactor 1 and results in
superior ethylene conversion when by its 30 exposure to the maxi num
anount of avail able catalyst as it flows through the three reactor
~zones. 23 [(0H65] Whm thie Clefinirieh streami fisiwing indimen! # contkingsignifidanreeeiylene
cont ai ns signi Y n
| east a por | cl)'%lgeo eﬁla(gﬁtgﬁ glg%t ?tlle%t %é ﬁr e‘gftdr?en e%ic;cﬁél %%agmen% Z%nr?% by
not shown mm sIme\InEfot the eeléufice hg:hmnatmn ocﬁfhetahﬁylamfezto;ateﬁmh)dmt ahe

t hyl ) Th . |t | ef. h
I TR e e
via li'ngs 3ides f@.]andlsdregctoﬂ}}ﬁﬁhﬁés 33, 21 469, R&ctoi23llined 32 1023 £hd 100067]

Line 15 ch mat e of th ottom stream o depropani zer
col um 7 jé&fe’facs‘i’@%ﬁh?%e% af‘ﬁb e boftgpn e 1 feppaprARE colnpp 7
over head staf fafiloddiod Soriditeomd Vtﬁa@ﬁﬂo&é’de a p@éﬁ{&ﬂs&mﬁ b egReal Qreat B RABSERbipal
I nvention and which contains mnor anmpunts of by-product propane

mat eri al s. pmcw@t strearypf the PregRit iventivg epd hish cenigntmninon ameynds gf fypredyet
mat eri al elﬂateﬁammé w&ﬁ{awsstﬁesbo%m%eﬁﬂgf@g; gﬂegfrl 1iBh foar 13351%{}@&

al ong W|th Y m nor anounts of butane and pent om co
[ 0068] 19 n@nmnbam:@m@m 65 and faplsfinip seterialelerte with werpoiinos amewnteefm t o

sel ecti ve %‘9% t{aﬁ@?&ﬂ%ﬂﬁmn zpne 30 which contains a fixed bed of

a hydrogenation c conprising 0.01 to 5 wt-%nickel on a
por ous al urfd068] su mmrr 17 pakiesell 8z mhiar getoreoflihid bapanstréamito s¢lectinerhydrogehe

15 hydrot t 0, Line 3 ' ff t. hyd
19,4 L SAARR! S0 a0 S LR B RA i
hydr ocar borsswic%s aalcgeldmiaqaozm ahﬁﬁna duppoi-o Rine3Q chirges dWrirapks ficistfeaiio the

strea nd.t he t.ac he kel -

v ogbnat PETFoTEAoa et It LERRLEORGR MG BHIPFuH0 PR SaS moles of

ﬁf Ij ecti vg mgmgm@r mofadmgmst mhthmtelalh?dl@éar@rdﬁﬂ chdag@&t]{ayoﬂerﬁ)agﬁltkﬁe@d the

ydar ocar bo e, corres olerin e pel I C conartions |n
zone 20 30 Qﬁﬁa?ﬂﬁ'eﬂch@ﬁﬁ%? af@ﬂﬁb}f%?&ﬁﬂé@ﬁﬂ&% coréwe% Psls@-coa firogengtion

101 kPa t 0 c4QfstPaeladivs ydrSgenBifinQeh@flors @EFE@IVE tdddhvét M@t%ﬁﬁﬂl?ﬂaﬁb{‘ﬂ&e
liquid streamcondition in zone 30 and a LHSV of 1 to 30 hi 1. Line

32 wi t hdr adiehiy Batghd bydrosarbensde the gerspronsdineselia. The spestficcenditions in zone
ol ef i nagi chg iKREKCinfet &lﬂpa%&rat&f% anisoed | résglﬁe opfmh@rﬂgﬁosl ﬂ,ﬁ%tvttﬁ&h?d

hydrocarbons that has nuch |ess potent| for acce ting co
formati on ispleetomainteip grrubsbanesllyiliquid memson&mn ingoneB3Gtaak e BV Idpag

stream fromyhi-ne 3225 Al AFRHALoR 30% dRotviyRld e BdxB] & e5akl ¥t 1O

3 vol-%into
recycle stream substantially free of highly unsaturated hydrocarbons that has much fess

potential for accelerating coke formation in OTP reaction zones 1, 2 and 3. A line 19 takes a

25  drag stream from line 32 in an amount of 1 to 15 vol-% and preferably 1 to 3 vol-% in to
control buildup of paraffinic materials in this C4 olefin recycle loop.
[0069] The remainder of the C4™ material flowing through line 32 passes into
iﬁterconnections with line 21 that together provide hydrogen treated C4™ olefin reactants to
reactors 1, 2 and 3 via lines 32, 21 and 22. Once recycle operations commence these lines are

30  unblocked to facilitate the return of these hydrogen treated C4* olefin recycle streams.
Preferably the recycle of the hydrogen treated C4+ olefin-rich stream flowing through line 32
is divided into 3 portions and charged in paralle! to the three reactors. Preferably the major
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control buildup of paraffinic materials in this C4+ olefin recycle
| oop. [0069] The remnai nder of the C4+ material flow ng through line
32 passes into interconnections with line 21 that together provide
hydrogen treated C4+ olefin reactants to reactors 1, 2 and 3 via
lines 32, 21 and 22. Once recycl e operations comence these |lines are
30 unbl ocked to facilitate the return of these hydrogen treated C4+
olefin recycle streans. Preferably the recycle of the hydrogen
treat ed C4-podiorbe passeddh reacioedand hint paytiorsibe pegsed fomeac®s 2 arsl Handirolerel
into 3 port] ed 4 - 60 hr r.eagt or.s. .
Pr ef er abl ytph?ée}gbr%gjggpcé@fﬂ ;@?#ﬁ%ﬁ%e !f)]'gllé gfe Sthggrr0 g%nc %Fedﬁar?gﬂ%rhc&ﬁcycle
portions betrgasfers tbceacad tvirlne?32ard 8widineluaigroetionp vEIteto @0 vgl-Bfidw 80
vol % of the gtot al ag.ountt 02 t‘gif‘s hydrogen treated C4+ olefin-rich
recycle sCPEAAPPIML FEWEAADT 1 via lines 32 and 8 with equal
EOH)E)%’]S &f[OlIUO] Lo(ﬁl@etmkhr%febylfmtsu&hmlﬂéxﬂiﬁgw&ghmgs raeemaﬁ@azel dac{i;l
ce.t three rec st,r eanp oW, ng throug I pes :
and 32 ar er@&n&ﬁﬁm %ﬁ?ﬁ“ﬂdn%/‘f?éﬁ theripstant dventin iy higied A the Sl dpmyole mode
i nvention igg o%e@e[ﬁﬁh Bah@enaR dith AR dubll fundétRe XekBstBREE ocid IAPSLRE B and 3
commences with the dual -function catal yst beds |located in reactors 1,

2 and 3 f d¥Rctipning HPxuscralergaveien cebserdias Aledn interpenvenion caialysh bf thpfull
I nt er converghop nfoat & Medholib Bxefard ﬁéﬂ foedsBENE éxﬁergﬁgffx&eiﬁé%@&géoan%

oxygenate riCh feedstreamenters the process via line )
adm xe$0 wi rfdmixes with & fizst phipilenaeich fegyele stopml comist ireling Idand ithed with 4 waler 14

and then w . | Hﬁm ilE'!t! . [ | 11 m.xture
passes to tdhgen?]rﬁv@tregéb#({% of “I'i ne gﬁeﬁ%%rtgaé%(ﬂ?%%g OB\?\A%ea%nWhetm iktuze
addi ti onal withanwiditionsl q@dtityaif €4i" lefinivanaerishforfe thewharpetockartayd . This charge
reactor 1. _Thi.S ar. I xture flows into reactqr .1 it ne

previ ousl yn%gﬂgf:erffobesdﬁ §Trffaé: ortéu F RS R d?sgr?qeﬁgﬂerasbl%?bg%ﬁiﬁgg?%{qtﬂ? et
t enper at ur epprifrigtinlel fembktaane.passage t hrough the bed of catal yst

mai nt ai, ped j eactor 1 line w,thd the resultjng effluyent._ Lines
76 naals o ] £ B vaass dRoUEbe P ert R e i estion ! e pithdans
al ong and Higtesuihgagfiiena T iacdRtaddy sl aditiaid Ghahtief oftrélatives) @bl Wakydites
4+ olefin-rich ecy(il e. stream After sujtable cooli ng to achi eve
the prescr PI988adins2laddsuy pal gugntity,okthe relstively 5oql Gy olefiguich recycle

resul ting irednt AFiePREBBIS cbERG O hchibviRRPRIsPritell MBKERpRatRRSE1388H Fr ough
the bed of 20 catalyst to Eroduce an éffluent stream Line 1

0
wi t hdr awns  £%76toB thedestingaeicurenters ieecior Zawharsie freakes & prsease drenahitambad of
quant g of chit@lh Uikioe QU ead! 1LHETY wit @R 4P €30 180 int
addi ti onal quantum of relatively cool C4+ olefin-rich materi al"rom
line 22. Afa?h@m@@mthﬁga@moml@an@mfwlﬁgfem oeplweier diluentdropr beci9 dnd dn
inlet temp . ' el h | % . Ly .
contact w CRC He Ul dile iy ok CRC bR SR ey botingof
st r eam whi dle rafulting mixture to the prescribed inlet temperature line 10 delivers the mixture to

reactor 3 for contact with the catalyst therein and production of an effluent stream which after

25  appropriate quench and cooling flows through line 11 to three-phase separating zone 5.
[0072]  The amount of dual-fimction catalyst utilized in OTP reactors 1, 2 and 3 can vary.
Reactors 2 and 3 may contain larger amounts of catalyst to make up for the slight amount of
deactivation that occurs in reactor 1 when the catalyst flows to reactor 2 via line 25 and in
reactor 2 when the catalyst flows from reactor 2 to reactor 3 via line 26. Preferably reactors

30 1,2, and 3 run with essentially equal amounts of catalyst in the three zones or with a division
which of approximately 25 to 30% of the total catalyst in each of reactors 1 and 2 and the

remaining 40 to 50 vol-% in reactor 3.
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25 appropriate quench and cooling flows through line 11 to

t hr ee- phase separating zone 5. [0072] The anmount of dual -function
catalyst utilized in OTP reactors 1, 2 and 3 can vary. Reactors 2
and 3 may contain |arger anmounts of catalyst to make up for the
slight amount of deactivation that occurs in reactor 1 when the
catalyst flows to reactor 2 via line 25 and in reactor 2 when the
catalyst flows fromreactor 2 to reactor 3 via line 26. Preferably
reactors 3{0073] 2, Tan@TB prasasswiarth cslygeirewition aﬁcpihd; rimmratesﬁmﬂ out at
catalyst in t ethr Z0 i VisS

appr o mat PG PSRy femtlod Ruilek ol BRion e iels spd 26 0
and 2 and tdmnerstmnm#ngtlﬁle 27 dl@@nemion%amdﬂ temaedsct ledst a- pBﬁoh%ﬁﬁ]deﬁsm

OTP proces cat al yst | ation afte reagtors a

out e op et ioke ARG seRlvES R BoeR i o s R el oddal
reactors v pfbcédui’@ﬁ pEdviaRY c2plambdl The regeRgLdAIZ0HD] alEORECeives\bly Rndahd i@t 27.
Regenerati on zone 4 renoves at |east a Qrtd)?n of the depogicsléI from
the coke- cSMVE) 3 FYsLaACHIARE T2 SFGELoPRERE & (A Vol hexyeeh Walchg 4 | ow

severity oxisatd MonamotRGasisit BSuffof\tbRY RN ewﬁaajoflﬁaﬁoﬁ BfBhe coke
regeneratl on zone 4 al so receives y neans not shown an

oxygen- contlargadrig thigzens lringdf ‘@&Wﬂ%‘t‘?srﬁ caplyst dreplgtion giepuit dptined b hingsSe 2O,
and suppl b oS

maj or porti gﬁnd%the cotIIIMQ g8 ar ge tg%mt %iwg@ﬁereéasﬁne 2%@% etes a
cat al y&t cizmﬁﬂ\awbnemtrsm defined by lines 25, 26, 27 and 24 by
recircul at at

i thar avn 1004f 10 Y Row 508 bt ) G B GRS B ERIR oS o prpvide
catal yst alc@taﬂmst on#si:rsam aycdd tya¢ o400 chutuabr Iess to imaduiait catslysteabmweoky@mate

provide a cata on- s reag1 g tl rretof fOO ho | es Ot
mai nt ai n c&TAFYS aﬁéP’f"\W ese%%@‘é AL PR i aFoeis foudi ’Er%ﬁfﬁ J e
sel ecti vi tyatalgrst(pmmlaaﬂoﬁtasmma dHis mwitmaholimlahat@llsrst pamwxdn&@icytﬁnbm

par (1 LT & Refedan s S PP oD bt B St & Bhot i onan

400 hours Ibmf7ey e Eﬁnerﬁtﬁﬂﬂﬁaﬂsﬁhmﬂﬁ)cérbﬁﬂphdseﬁem&hﬁé-pﬂdk sepafdtbf 2pnel 3. MRig
32 V\nthdravvs the hyd olg e fromthree-phase sep ratO{ zone 5.
This mat e ?}{SB% e§a“f ‘EF?@%%@(?F’? ﬁ@nl?rgﬁgéecgﬁ CehRicEpmishi se

a second Cfg &E@&éaﬂréohﬁ&mﬁ%ﬁ%@ur&& 5B GAN hRYNAGhEREDoAIBMRLS Of
di ene and acetylenlc hydrocarbons and can conpri se a gasoline

product st COERSR SHding P@éﬁ%tstwaﬁv@ﬁb@ esehingentian hick qayrequing fethsr 20
treat ngpt g dub ?o fk BRERRE ol%fﬁme h%ién'&l fha t’aTrE‘%I%én@{helteﬁ?f’?éféably the %5

present therein. Pref erab 1e I dr oc hase of |1 ne
passes to &nuiddadosaseo pmmﬂm@)%pasms t@ @J@%ﬂdmn@dmhwaggu step inrcobmpe3 ta

CA+ ol efi ngéeizo{ré r G AR hs levia e%ﬁ ot st o f@ﬁﬁonaof idh! QRO

whi ch can Sel dctive oge reate erein. t| ng
hydr ogen t seladtizely hiydregen m&déls:rm Tloaresu®ing hydrogen treated stream passes to zone 30

via lines 35 and 17 and recycled back to reactors 1, 2 and 3 to provide a means for additional

25  conversion of heavy olefins to propylene. Line 33 recovers a bottom stream from column 33
that comprises the olefin-rich gasoline product stream. The preferred means for recycling
any such second C4 olefin-rich stream is with the bottom stream from column 7 and in fact
this second C4 olefin-rich overhead stream can be directly charged to zone 30 via lines 35
and 17 for selective hydrogen treatment of the dienes and acetylenic hydrocarbons to the-

30 corresponding olefin.
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via lines 35 and 17 and recycled back to reactors 1, 2 and 3 to
provi de a neans for additional 25 conversion of heavy olefins to
propyl ene. Line 33 recovers a bottom streamfrom colum 33 that
tonprises the olefin-rich gasoline product stream The preferred
means for recycling any such second C4+ olefin-rich streamis with
t he bott ofi- am fromcolum 7 and in fact this second C4+

olefin-rich over ream can.be directly charged to zone..30 via .
i mes35 g By BebeElb B0 EAR (O banke RARI 155 PRt oo Rgine
acet yl eni mefhydslagahiange bODME ardmetiah 6130 @hsHyivhe @oipkiBing 1HSstIsAIFVE:

1. A continuous process for selective conversion of an oxygenat e féed
cont ai ni ng met MaAeActise the oxygenate fese apfe dilnent i am amernticormgingpgdingte about 0:5

compr 110 (1 5189 8 AL 1Y RNUAERSA ARy R e

per nol e of oxygenataiming & modkealar biene thaoingahé abilisito @atfivdredt@sast a portion of the
containing a nol ecul ar sie eélsgavi‘gg the ability to gonvert at | east

a portion of the OXF&GEAL oeinfercopvert (& andiler cRlplies to Gpolghy in a
C4+ olefins to of | L htBnin ' Aol N f.al Qi |

movi ng bed r eac%?ﬁ\l%ﬁglrzg?enwtﬁhe r ggg%%%%ezone ggéao%%é}g%&gltn tﬁ@%gﬁ)&le
oxygenat e conver sioonisopedited anxygdratotonversion conditient effétios yweoraes t o

propyhene and at a_ catalyst circulation rate through the reaction,.
Do 0sar ect ed t S vESi ot fh and pt  SaliBat isalaiieldns Mioh@P i rigon zone
hotys or |ess to spleed éSresal irfh LAt onSitfe@ATRyeRINAL BF A8) Hok:Pbr REDY 'i)?&iuce

of—a C3 olefin product and a water  by-product and | esser anounts 0
a C2 ol efin, C4+agleilyentstragm eqntaninggaaior amethts ¢falCe olafinaredunt dndri mater

amount s of unreagf by.- X at es. 15 di engs

acetyl enic hydr O%&&%gﬁygﬁ%?etgg%%%ug{sﬁggg&og?%%% @?ﬂnﬁaééiq%?‘}t ﬁ%mated
ef fl uent stream thydemcabpas aid minoz anpuanrdfuhfbekd oRp@nkRIbAPEbduct oxygenates,
separating the effluent ft[easgri nto a vaporous fraction rich in C3

ol ef IR, a water fHEEHiASRYIIHRMITAGaRRPNS AP Srameaticdwdlireathoas;and

by- pr oduct OXYEbe@ﬁﬁs%ﬁﬁ@@fﬁwjnic%@aﬂnto@&g%ﬁﬁﬂ%hée{tﬂ%jﬂ h &R0hakM Qarating
heavi er ol efins, "heavier saturated hydrocarbons 20. and m nor~ anounts
of aromatic hydr dexmelfoers;stredmrintoyctaparpua tfracterstictaing@s vlefin, @ivatenfraction
water fraction r vered in. st b) to._s a). t D pr.ovi t .l.east

B i Roer® o8 SEafinionaeRie vt R

a portion of the dil

fraction into a Gzdelcadbon fracibn EssihingheatietSlefhs hesviéd fhirated A¢@@tarbons

fraction and a C4+ olefin-rich fraction containing dienes and
acet ¥Peni ¢ and minor amounts of aromatic hydrocarbons;

(D

c) recycling at least a portion of the water fraction recovered in step b) to step a) to

-

fﬁ provide at least a portion of the diluent used therein;
d) separating the vaporous fraction into a Cy olefin-rich fraction, a C3 olefin-rich
product fraction and a C4™ olefin-rich fraction containing aienes and acetylenic
25 hydrocarbons; _ | _
¢) contacting at least a portion of the C4* olefin-rich fraction and hydrogen with a
metal-containing hydrogenation catalyst at selective hydrogenation conditions
effective to convert dienes and acetylenic hydrocarbons contained therein to their
corresponding olefins, thereby eliminating coke precursors;
30 f) charging at least a portion of the resulting selecﬁvely hydrotreated C4+Voleﬁn—rich
fraction to step a); and

-27-



25 hydrocarbons; e) contacting at |least a portion of the C4+
olefin-rich fraction and hydrogen with a netal-containing

hydr ogenati on catal yst at sel ective hydrogenation conditions
effective to convert dienes and acetyl eni c hydrocarbons contai ned
therein to their corresponding olefins, thereby elimnating coke

precursors; 3B fyitihabial RekatodtAam daPRbHH cabdlydt PerticRSWdnh 8 reaction
sel ectively hydrotreated C4+ olefin-rich fraction to step a); and

-27 g) Wi t hdr anizege.cakdativelrregenprating thel withdiewn extalysitnartjles ipareganersgion
fromthe reacti i Lvel v r neratj t he wi r awn..

catal yst parti cl%ége ?Tgc{]%m@ég%%%g | c(#; re%ﬁgra%ﬁ%%ragtgwgﬁﬁlﬁs %étﬂg‘? Fasiegone.
regener at ed c2t dhesonth@icul proessstad defiged Bagdimonwherdth the dudlfénction catalyst

cont.i_nuous process, as defined in claiml wherein the dual function

cat aPyst COBRHPeRlte molsRiarisiave. nol ecul ar sieve. 3. The continuous
process as degi rggl b Rikldak g}o%eé'&‘a%rﬁ Red B%l%@ﬁi bR b SEH IR mFLENS sieve
has a structure corresponding to 7M. 4 e contl nuous process as
def i ned has acdtaictard covhespending fveZ8Ma8.- f uncti on catal yst contains an

ELAPO mol ecul ar _5i eve,. 10 5. The contipuous process as defjined in

ol ai m 4 wher efn TirORiAsEs Rincet s denardipclsial Lwhsiery g Cunl BRCHRR AHEYS:
struct ur gorftslhé RS PPAGOEolcOnIfARRe34. vV 6. The continuous process as
defined in claim1 wherein the dual -function catal yst contains a

m xtl@re of a 2eolhetcontinusiuepricass asidsfivedindlam Fwhp@imie ELARY molasular sieve

7. The ¢ t'% 3 fined in clai,m rein the reaction

zone conf%gns %tg?ﬁﬁgﬁéggt% H-rg% erﬁ?ﬁef‘%o tpgmgét 8. The

continuous pr 6ceRr cantitiefs pesbetyasdefned i IMIST Bivhetciethe@MbNBInbiRHh catalyst

reactors are connected in_a serial flow configuration with respect
%BE APPangle

to the oXSRiERARE BUFBEITARFOUE molesylsesieve ard giflar sieve..
dual -function .Paf@cxﬁﬁn@@%r&@éa%%e g&ﬁ&wﬂ%gxr%m &@%e&a%kﬁé%ﬁm

process as defined in clalm3 when t qui d hydrocarbon action
sepdbat edt least Brepmbyingdefl iractoes. separated i nto a napht ha product

fraction and cond,. C4+olefin-rjech fract.io ont aj,ni ng .di s and
acetyl enic hyg‘r oC: rcggﬁguogﬁaroaﬁesslaé %I‘gé’ﬁ]o ?%ﬂW%S‘feni‘ {]ﬁe?‘gﬁ%ﬁ%ﬁﬁ Ors are
ol ef i n-r t@nete@dt & 0dtidl HowhRbfgthation HifRedket td Ghe IR AR Fded WAY Sith respect
process as_defined_ in claim1l wherein at |east a portion of the C2

ol ef i n- r focthe piressn phdpaldingtion satalyst atpasess theye led to step a) or
charged to stgp 'Tlﬁ)conﬁpuous process as defined in claim 3 when the liquid hydrocarbon

jd

20  fraction separated in step b) is further separated into a naphtha product fraction and a second
Cgolefin-rich fraction containing dienes and acetylenic hydrocarbons and at least a portion
of this second C4+ olefin-rich fraction is charged to step e). '

10. The continuous process as defined in claim 1 wherein at least a portion of the Co
olefin-rich fraction separated in step d) is recycled to step a) or charged to step e).

25 11. The process as defined in claim 1 wherein the metal-containing hydrogenation

catalyst contains nickel on a porous support. |

12. The process as defined in claim 1 wherein the metal-containing hydro geﬁation
catalyst contains palladium on a porous support.

13. The process as defined in claim 1 wherein the metal—containing hydrogenation

30  catalyst contains platinum on a porous support.
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25 11. The process as defined in claim1 wherein the metal -containing
hydrogenation catalyst contains nickel. on a porous support. 12. The
process as defined in claiml wherein the netal -containing
shydrogenation catalyst contains palladiumon a porous support. 13.
The process as defined in claim1l wherein the netal -containing

hydr ogenation.,30 catal yst .contai ns.pl.atj num pn Or ous support. -28
O 14. ‘The prodds Shgaroged andaine: Talaith LIV hgERdissdeB Ve By droesiadon condifions
hydr ogenaisi P liAdOdESa teltRREhtUD 0P bdht 95 t6 NS0 FredBPRRIALi M0 Haintain
about 75 to 150C., a pressure sufficient to maintain 1iquid phase

and a LH3Wusfphaboutd HLHS V2SS ahpst, 5 tb.200hrs. . D - 29
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