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present invention relates to an oxygenates to ol efins

reactor apparatus enploying a fluid bed reactor and a

process for its control. BACKGROUND OF THE | NVENTI ON
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including coal, recycled plastics, municipal wastes, or any organic material.
Because of the wide variety of sources, alcohol, alcohol derivatives, and other
oxygenates have promise as an economical, non-petroleum source for light olefin
production.
[0004] The catalysts used to promote the conversion of oxygenates to
olefins are molecular sieve catalysts. Because ethylene and propylene are the most
sought after products of such a reaction, research has focused on what catalysts are
most selective to ethylene and/or propylene, and on methods for increasing the life
and selectivity of the catalysts to ethylene and/or propylene.

[0005] The process for converting a feedstock, especially a feedstock

containing one or more oxygenates, in the presence of a molecular sieve catalyst
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0 In order to optimize operation of oxygenates conversion to light
olefins, it is desirable to control various parameters associated with the oxygenate
to olefins conversion reactor. Such control can enhance oxygenate conversion
and/or selectivity for prime olefins, especially for ethylene and propylene.

[0010] U.S. Patent No. 6,166,282 to Miller teaches a process for
converting oxygenates to light olefins in a fast-fluidized bed reactor and further

observes that oxygenate conversion processes can be sensitive to reaction

variables such as temperature, catalytic activity, and space velocity.
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beandlyged By b &atiopatpryomettied.alhere does not currently exis’t a reliable means
to continuously monitor the coke level on catalyst inside of a reactor. A similar
problem exists with the measurement of the reactant conversion level. Control
engineers generally prefer to use more reliable measured variables, e.g.,
| temperature, for direct control of a process rather than conversion measurement
devices.
[0016] Thus, a simple and effecfive control method is needed for
controlling oxygenates to olefins reactor systems that does not rely directly on the

measurement of variables that are difficult to obtain or which are inherently

unreliable in their measurement. Furthermore, it would be desirable to provide a
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ol efins reactor which conprises: contacting an
at least one of light olefin production rate and light olefin selectivity, e.g., ethylene
and/or propylene selectivity.
[0018] For present purposes, light olefin production rate is defined as the
mass rate of ethylene and propylene produced from a particular reactor system. In
an embodiment of the present invention, a reactor temperature-related function is
defined as a function of one or more temperature measurements taken along the
length of a reactor.

[0019] Another aspect of the invention relates to a process for controlling

a fluid bed oxygenates to olefins reactor which comprises: contacting an
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c pondi t [ .on. er at,ur S a
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rate and |ight olefin selectivity."[0021] In stil

arotrhgpondimggotavetage reacise niempanatere asoa praxest eaidble; aomparing

rocess for contyolling a fluid bed oxygenates.to C
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molecular sieve oxygenates to olefins conversion catalyst under oxygenate
conversion conditions; measuring a reactor temperature-related function, e.g.,
reactor mid-temperature or rate of temperature rise along a portion of the reactor,
as a set variable functionally corresponding to conversion of reactant as a process
variable; comparing said measured set variable with an optimal set variable to
provide a signal which is a function of the difference between said measured set

variable and said optimal set variable; adjusting as a function of said signal
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process for controlling a fluid bed oxygenates to

ol veripbls and sardorptipal cet \@Gﬂ’plm awkadjugivgt aca fungtiom of said signal,
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a function of said signal, activity of the catalyst in the reactor as a corresponding
manipulated variable, to improve at least one of light olefin production rate and
light olefin selectivity.

[0024] In still another embodiment, the present invention relates to a
process for controlling a fluid bed oxygenates to olefins reactor which comprises:
contacting an oxygenate-containing feedstock in a reaction zone in the presence of

a molecular sieve oxygenates to olefins conversion catalyst under oxygenate



contacting an oxygenate-containing feedstock in a

reaction zone in the presence of a nolecular sieve
w@zopgesses to ol efi ns conversi on catal yst undeCT/US2003/028719

oxygenat e WO 2004/ 039754 PCT/ US2003/ 028719 -7

conversion conditions; neasutifng a reactor

tenperature-related function, e.g., reactor
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mifet goagolng:a fheid bed oxvpenatey torlefinsrarateraviick eomprises: a

port ion of tc%ﬁta%t%?gc énoBXyg%He(&e-(céﬁtaﬁl?ﬁga%exgsttocﬂollnda_ rlélzgction zone in

the presence of a molecular sieve oxygenates to olefins conversion catalyst under

oxygenate conversion conditions; measuring (1) reactant feed rate, (2) feed
enthalpy, (3) a reactor temperature-felated function, e.g., reactor mid-temperature
or rate of temperature rise along a portion of the reactor, and (4) catalyst hold-up
in the riser of the reactor, as set variables functionally corresponding to process
variables i) space velocity, ii) average reaction temperature, iii) conversion of

reactant, and iv) average coke level on catalyst; comparing said measured set



in the riser of the reactor, as set variables

functionally corresponding to process variables i)
wWGEp@em3wrel ocity, ii) average reaction tenperat PCEUS1003/)28719

conversion of reactant, and jiv) average coke |evel on

catal yst; conparing said measur ed set WD 2004/ 039754

PCT/ US2003/ 028719 -8 variables with correspondi ng

opti mal set variables to provide signals each of

Wiafifibles wathf tdiedsporilind optidallisétl eareible foepioerle daedls each of

respective neasured set variable and each

c ovhiels poradfimgtioptaf nthe diEferepes ibahvasn eash urssneglivagnegsured set

functi.on of .said signpals t least, onge feed flow ..
AT Bod eper Soespluif Pafthal e yaRMie REueFE oy Rifption of
t ReidGRiRlYD tat 1eAsti i fERPESW Cobsl vllveaPPRBA pRhes @htd)] ??Se{ctivity
in the reaction zone, as correspondi’ng nmani pul ate
varfitxbtaslyst in thepeapie @il d)easountd cafalysk yig dreateaction zone, as
conversign and Jight olefin selectivity. [0027] Ln
aﬁBFﬁ%’Pn‘g%‘ﬁeE‘la?lpP%@dp VELahiES, IRV ERRIPY 4 eleatt eQne 1 oxygenate
pr . ' an oxygenates to ol efins ,
fIcgﬁfﬁﬁgig%%%%gﬁgg{f?}o%w\%ﬂ?/@ﬂ conprises: contacting an
o)9gpTat e- cantaabthen @speet dhé Qrésehin irreitd@C kélates Z®m@eprotess for
the presence of a nolecular sieve oxygenates taq )
olcenirelling iy eK¥geaAtes 40 aplplins fidized bpg aisagier which comprises:
conversi on condi tions;. det 1 Ni L zed, v

PO B GBI EPRain g BN 39 s FicPh LB tnd Belifrce of

a S HORRURF Vit bRlpbRatbP &S WidHsecdveRfnt YatihtCinde® oxygenate
nore readily neasurable or nore reliably neasurable

t lranvession qonditiens; dederiabing amepdmized| wlys oper piimaryd variable
determ pi ng a set int for said secondar ariable ... .
RGBT B SR D5 BBl RSB hich is
Vel e rBfdilyNBeRutBR & Mol RRMSy MBRsdbRRhS PRty variable
nmeasuri ng sal d secondary vari abl e nmeasurabl e property;

cang@auiablg papetyread utetoimsEog red actypaiar ifabbad reeesdagb ivariable
pro ertélmﬁth sai d set . point for said sec

? dar ) )
v ARTABIRBICRERSTY £BTTESHOP B ¢ 71 PR sO NatuAG! t Taitnagy variable
o%éa‘%ﬁﬁl@ %ﬂg%@}io%neésjﬂﬁn Ida 'éé’c\g}é?%rk%ﬁbf@eﬂl%yﬁﬁ'&ﬂlg gfroperty;

property t e a srgna I's a function

t enppafihe s&id aredsafedese corrlaiyd varthd iedsigeilo pi@peyty with said set
vari abl e neasurable property and said set point . )
c o 195 ri@ich geqogdaryi verisple mcauHakle| RIePSty cemesppRding tp said

vari. S | e SO i i s . .

¢ SRR PR AR SRS PR RS B g sem
vaihiablisea fil838]of Ithe diffi@ice berbef HalImERIIFedOdechbitiady variable
aspect of the invention, the primry variable

meneagvrableeprppasiyesndysaid set alogd tecetresnopding e sgidoimized value of

Che ip%tmia.%g Vg}ciabjlg measurable property; and adjusting as a function of said
signal a corresponding manipulated variable.
[0028] In a preferred embodiment of this aspect of the invention, the
primary variable measurable property is selected from the group consisting of 1)
desired production rate, 2) temperature-related product selectivities, 3) conversion
of reactant, and 4) space velocity, said secondary variable measurable property is
selected from i) total feed rate, ii) feed enthalpy, iii) reactor temperature-related

function and iv) catalyst holdup, and said manipulated variable is selected from at



desired production rate, 2) tenperature-rel ated
product selectivities, 3) conversion of reactant, and

W@ 200803064 vel ocity, said secondary vari abl e nmeBSU/USINE028719
property is selected fromi) total feed rate, ii)
feed enthal py, iii) reactor t%r‘rper ature-rel ated
function and iv) catal yst hol dup, and sai d nani pul at ed
variable is selected fromat WO 2004/ 039754
PQE4sUERE 084)12 Fehdtone-Bed Gastcoairel wilvedb) fled lpedrht @Re c) activity
feed flow control valve, b) feed preheat rate, c ) _
acafithe ctalyst int the reagter (jegenpratiomeatelo aad @) ctplygerpisquationrslide

rat nd d atal yst circul ation,shide,.cqntrol . .

v aoflrol e fhg FRR WRke 15 Ra b By 5 ) B s g 4,
b)iv) Bid d)irkprbscdfEorfspoifls dots of ¥avihpREd d) represent
correspondi ng sets of variables. [0029] In yet another
aslf82q], t he Ipryesamther psmect, ithmpresindingsntian @mintesxty genaygmates
to ol.efing fluidi zed bed reactor. apparatus for

cofvVRlPkRs, “’éli?eéji?ée‘ﬁ%?t@r PRRATAHS Tolo PUIFVERg; 32 QXygedigte feed to
r r: i i . . Vae |14 . .
o O Mo B Bt R o Rommupcgring
risieh arseacteactor feed irdbedtsaid tiser aeigtorvd peheged trough which said
oxygenate feed |line passes for at |east parti al Ify?Ie
vapoRsaaih deedaling pases B9r Allaast patnlin gapeaipe saif| feed by heat
heat i ' R . ' rgheater: said ...
F@shifke T4 S Told A4 D0 AREHIEL TuBhOLSRY BlcheiBh Said rier

outhddr fufther' dogiisingaGidef reablok UeMHt £GP tdat1d8 effiRhi bntaining
catal yst particles and ol efi ns-contai ning vapor; a

di sobA ratalysy nesticdes and olefingsentainieg yapat; ri disengaghugt vssel for
ef fl uent and .separating at |east sonme of said solid. .
careitTBk B FREREAR BBty oL RenelE, ARl someCof Suid solid
di eiMeR ghitidleY FRRE kaill WEARSE, sﬁﬂrﬂlgénﬁhglﬁg JessHl ﬁﬁﬂﬂg@%lﬂ@'ismg a
vessel outlet at an upper portion of Said vessel fo

r elisengaging aeshel olitddfti at ssocuppeaipoitivg vlpod ;vesset ddratepstving said
circulation .line running downward froma .| ower

pdHe FBTFOBrIYaE daa%énga&%ﬁtgcvﬁ@aé@rl ligs mﬁg%mdoﬁom a
Ofjow@d fhrfibs 3#‘ sdi@ bW apin®d ves&IE8 I Q o @IPS ¢ ssa('ijgpﬂseq reactor; a
lower Tnlet for introducCing a regeneration medi um an

uppgameratdr @mfrisingr @ @nariated forf inted@rsg aagsheration medium, an
regenerator further conprising a cat a:d%;t transport

| iUpeet QHilst Fry regsherator dlug gas. saddegemgiator frtsr samprisivgiagratalyst
di I3 e egene Ly el .
arEARE I rabipE HovdshPary "REHCE A0ty BRI P fmsasing
f nessed to efespehatd el Vialet,0bid at cadlfsti RHARp&E ClineNBxtending
with alift gas riser; said |ift gas riser having an
uploamverdly drome enraganesated regtaliyst lpudeti and iiteresstingiwith a lift gas
vessel and.a lower |ift. gas inlet; and said reactor. .
aﬁ%%ﬁa?ad% ]f‘ﬁr%a}’?einserc gﬁﬁpgs?lhgupg r Ioélﬂgtt CBW@WQa%ng with said

disengaging vessel and a lower lift gas inlet; and said reactor apparatus further

comprising at least one of:

A) a heating medium flow control valve controlling the flow of said fluid
heating medium through said preheater, which heating medium flow control valve

is manipulated as a function of temperature of said feed measured at a point

between said preheater and said riser reactor feed inlet;



A) a heating nediumflow control valve controlling the

flow of said fluid heating nmediumthrough said
wpe®@hest7es , which heating nmedium fl ow control REI/US2003/628719

mani pul ated as a function of tenperature of said feed

measured at a point between Wi d preheater and said

riser reactor feed inlet; WO 2004/039754

PCT/ US2003/ 028719 -10 B) an oxygenate feed fl ow

cont r ol By ah veygeoaterfedd flog dohtolf vaive eintiodling the dtbw 6f i feed

?Tg%d preheater to said reactor_inlet which is )
Py Rk raehegter 2 sithiqarton indet whislyis mampplaed 86 p dencion of feed

po} I: ' . ser. react.of

o1} RESUEST 8 RS PR e P LG5 R

cont r ol €) agatilyset ¢iradlaeh ebntfcit @IS EontlollHB Siddulhtion of catalyst

di sengagi ng vessel to said riser reactor, said_

calremysard disengagiagivessel & vaid riser regctonmajutatalpst asulation valve

function of .the difference in essur.e between an

upone Rt gt & Sachon f ghe AP 15 RIS ORGP en an upper

p 01%61”&9@ oPdai PRk r&cRBbnd 8 W&rport?d?pof{g)iidéﬁs@fﬁﬁ&gf; %ﬁx@ r

catal yst circulation control “valve controlling the

passageD) efregeatmtoy shtatyso niredatibr @gerobvave domtadlBhy $e passage
[ as riser, said regenerator

~outlet to said |ift ler ¢ . _
c a?ija Ffabyst %’108}1 18id, Eﬁgg’é"?fﬁﬁeii otatalgsty utlss; tagsaichriith gast depr, said

a i fo I t I = .

DR SRR e R RO Bl feTRE Bbith el g of
Xy @e rat®s téntpeedteki Ns circul ating fluid bed reactor
control schene in accordance with the present

i nvention. [0031] Figure 2 depicts catalyst activity

a ' n f on the catal yst
fSBﬁI EDis opetat mf’%‘é’%&%ﬁd coked cat al yst

whjooBolhas  bEighrePRrdebitd ¥n rgeaRiat ®oleBAd cirelladng fluid bed
regenerated catal yst that has been allowed to coke

urfieageingoptro] @beRt iFaagardena: wishitheteseatipeemionr e rise in

A" Sab PSR B 63 o o amount o
undoke bAAda1Yst for sSERAP kL bftatidd ﬂ%%he\%l QR At Which has

tenperature difference for an actual tenperature
primkh pertialy regeoérated, atd Bl§oregamemteasi carmlyst tisat haskéal allowed to

position, versus axial position in the reactor.
[(f(?lgﬂ]‘m%@wwe 5 depicts a conparison of cal cul at ed

COopusz)Si On (M@ !Vdepicts temperature rise in an oxygenates to olefins reactor

®
=
P
&

versus axial position in an adiabatic plug flow reactor with uniform catalyst
composition.

[0033] Figure 4 depicts temperature difference for an actual temperature
profile and profile at 95% conversion versus axial position, versus axial position
in the reactor.

[0034] Figure 5 depicts a comparison of calculated conversion (hourly
average), measured conversion (spot) and riser mid-temperature (°F) for a pilot
plant during a four day period during which a transition in reactor conditions was

made. The data indicate that the present invention provides a calculated



average), neasured conversion (spot) and riser

m d-tenperature (F) for a pilot plant during a four
wa@l20040897590d during which a transition in reactPCT/US2003/028719

conditions was nmade. The day@.indicate that the

present invention provides & ‘cdl cul ated WO 2004/ 039754

PCT/ US2003/ 028719 -11 conversion (based on a series

of actual tenperature nmeasurenents in the riser)

¢ ocanetmions(bagidl omatseritd of aemslufeapermiure endisaRn@US! indthe riser)

perl od of four days. DETAILED DESCRI PT] ON OF THE

etk i ﬁlaft Re3syIad ONY HEIORENET opeTiag s four days.
[0035] The reaction processes can take place in a
variety of catalytic reactors such as hybrid reactors

t PPETAAY EPeDESCRIPIHONOF THEANEENTPORS and/ or  fast
fl'urdi zed bed reaction zones coupl ed toget her,

ci Pxydenste e OléfinsReaetdr Bpdaratusact ors, riser r eact or s,
n e lik Sui t abl e conventi on reactor types are . .
e@c?{"ﬂbed T Feas S S bR, P, gl o REBo L catalytic
U. eactbidtsapt ai\liéyblﬁi ?é%Ztollsszﬁlat flegdéael drlsS Dedl - or Efﬂ(@d bed zonefs and/or

Fl ui di zati on Engineering, D. Kunii and Levenspi e
Rofastr fluidizedKbéde geactibu bdanshicogpleéd npgeilier, I\dem/uMﬁng flléieed bed

York 1977, which are all herein _fully incorporated by

r SFRGNC élselt GESErs: T Hieefike r §Elltarbé‘?a<9f”é\‘ef¥19b@ FeRelor jtypes are
re c

FheeleR, 0P il 175 Bt p 6796, D Thithe o 6387522
SYdudl. riser)/emy FladigardntEndhdermg, BeKuhiobad BUbklalpiay Robert E.
Cor poration, New York, 1960, and U S. Patent .

6, Keezep Pablishiag Company.Aew béarks Nawt ¥erk, 1 %5 d which, are all herein

P Serial No. 09/564,613 filed May 4,
3%@92 (nm§§E¥ ggﬁng%actor) which are all herein

f ulob36]i ncor ppy, 63151@&1‘&}21 rERAGTGPE Bre ris8P RehbtotdgddRBally described in
0

preferred enb ment, a fluidized bed process of high
v eRiser Re)ﬂcmv”uFl@knﬁ@mzonemdp?lwdd&mwln élweves ragesetfctod®, F.A. Zenz

[ B er bl RE oL BuSibiseckoainnfn S65" Fris JV5heima us.

r BRERINSYS | 662 R\ TR0 R dikl rb%H 1’%56%512 1 %E)Hn SPS‘ ep¥eh A Bplication

one or nore riser reactor(s) and reaction
z O%ezial Wot 0D564161B dded Maye 4dR6N (AYtiply nses Sedctor), which are all

pref er rising gne or nmore cyclones. In one
n@éﬂpﬁgh{m‘mﬁ@a&ﬁ@y&r@%’iﬁc@ riser reactor(s) and

di [@@ agi ng Invﬁésﬁll rl%{leggf)@dlﬁzggt o & I1r a{)q BLOY:Ecess or high

reactor vessel stoc
velocity fluidized bed process includes a reactor system, a regeneration system

and a recovery system.

[0038] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
to the one or more riser reactor(s) in which a zeolite or zeolite-type molecular

sieve catalyst composition or coked version thereof is introduced. In one



cont ai ni ng one or nore oxygenates, optionally with one
or nore diluent(s), is fed to the one or nore riser

WO e@ean7f4s) in which a zeolite or zeolite-typePCT/US2003/028719
nol ecul ar sieve catal yst conBosition or coked version
thereof is introduced. |n ond?WD 2004/ 039754
PCT/ US2003/ 028719 -12 enbodi nent, the nol ecul ar sieve
catal yst conposition or coked version thereof is
¢ entbadingsht tht odedulaiede @atalyascontpositintttirakedMersion thereof is
thereof, prior to being introduced to the riser
r caBiesed svith aiquid prERs, Of pranbipgfigndhersoluprier togheing introduced to

B N e S A e e

fqgéjﬁg@cslﬁcﬁ@gmﬁ@g@{ ately or jointly with a vapor
feedstock, to a reactor systemis in the range of from

0 [6039)ei ght Ipencarttodinerdtbe am@8niyed figsh fpedstmhtfed separately or
r abl fron1 ut .1 wei ght percent. .to, about 75
P asl el eot %ﬁgoﬂ%éf’& aptoP FY%?W&Bdﬁtth% TRRge fc from 0.1

p é%im G t

ngfzéé tpe)%c‘én Ocl Eé\ét $a o | b fﬁg. i an @rﬁ aBQut N&eiBt frcent
cantabin&d Wdlg}ntepemcenﬂ;hﬂorh ipegfereblarfebm abm[t 5 wex@ht pakent acr gbout
preferably of simlar  conpositiogn, or_ contain_ varyi

r@ﬁwlghtdmce& basgd oy éIFFetOE?tl Vg8t of Bietioedsiasingdingatm diluent

Pr oc%ggﬁ[t%rfgi fﬁé ?ﬁ% edrjsg T %ﬁ .Sang'ﬁ o? re%{%l& "OF similar

ProRfRoSitioh, 6ﬂ1&>ﬂtﬂ)ﬁ%§ﬁﬁ§ ;prégeetionsestithk aatheCOMdidfertht Fstock
or nore oxygenates, nore specifically, one or nore

orvjsinihe seroprpodifistes ddemtai ni ng at | east one oxygen
atom In the nost preferred enbodinment of the process
of invention, the oxygenate in the feedstock is one or

hg@&p@{éﬁhs PrRsgferably aliphatic al cohol (s) where
th‘%géll—pWOf the alcohol(s) has from1l to

2q0e#bon atlores preferedde pmbbdinfenopf the prdc®sscaf k!imwmmmnm the
referably from1l to 4 carbon atq

&gﬁﬁ%p% ‘?Pé’éﬁ‘“&ﬁ ORE PoBIPLT QXKEGIAICSt HOTY rSBE‘égga”é(f {0elr more
l4 C

TR ombapigeohaes, 68 oL A0 biogebe b

C cuitfodinmant iof thef QOddsh olldmvehiion, tthagxyeanplie $heofeedstock is one or

oxygenat es_incl ude

i JBYIE SirRnel(s); ﬁ@fmh)lggllﬁb@ﬂce%lﬁ&ol(shwh@qeﬁw aBPlr?élF mmety of the
d'a% :ﬂﬁ )ﬁ‘ﬁ{cag?{)dm 915 JoS dp%PJo?l +m§té{}gferabi}p it F‘ﬁﬁ }{'61 garbo% ﬁt%)ms,

onat e, one ace I C acl
ma?ﬁtl w36 pieh@alsl9ffirom 1 to 4 carbon atoms. The alcohols useful as feedstock in

the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.

[0041] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof.

[0042] In the most preferred embodiment, the feedstock is selected from

one or more of methanol, ethanol, dimethyl ether, diethyl ether or a combination



[0042] In the nost preferred enbodi nent, the feedstock
is selected from one or nore of nethanol, ethanol,

wa@leoweoborb4 et her, diethyl ether or a conbi nati oPCENIS2003/028719

2004/ 039754 PCT/ US2003/028719_ -13 thereof, nore
preferably nethanol and dlnetﬁyl et her, and nost
preferably nethanol. [0043] The various f eedst ocks
di scussed above, particularly a feedstock containing

anh&@¥yf) endleepref@tlsly paktbatsll afid Videth@E dsiedC kind 0b&i Piefgably
an al cohol, is converted primarily into one or nore
oIWh‘W(Oé) The ol efin(s) or olefin nononer(s)

SO0 on o he-risnEnEvinry BBHER, bl shrus il "o dgiock

pfc%ﬁﬁ[rﬁ@é ¥n dxhEerfiteC RO @aﬁ%elqa¥ aneeadtodM&néaﬁﬁg %@Q&dﬁol is
to 4 carbons at ons, pref erably ethyl ene

a rcdhmrtqd rpmm}drﬂm &to o0o 4141nonieﬂim(n) {liha g)lﬁ‘mésmlr ek:fmfmonomer(s)

R O S T
°C2tt% ca}bé}pgtomqeﬁl% rl:ferzﬂﬁ E% 3hl o%taﬂéﬁ}rxg il more priferably 2

propy ene tehe pent pent ene-

hax drearbbns @l@hﬁﬂﬁicﬂm%(j)rd:f&&hﬁr@h}ﬂé’rMMfor pedpiteneol ef i n
nmononer (s) include.  unsaturated nononers, diolefins

hd0944d 4 t o Neg-Benitingn exarepiss of orlpiiy ap@léprmr(s) include ethylene,

PSR DRy SRR TRBIRLS, Wt
erdeedicE PrefelabR étﬁﬁl@ﬁé Qedpyldieebgeahl ypdterRE 4-1%Eth5mf)&1tene-

oxygenates i s converted in the presence of
ol chevibrer 1.s Detore- aardll jsomersc theprodi Otlor dlafio mb@(fmw(sé)mclude

haV| to 6 carb 2 to 4 car.bon
e Popp Rty duisfis Tvind drfont € catbgiiof@nig, Eugtted or

C%&&ﬁﬁ B diBER, FAPMRE 1Ak Tl HOmeRs 4RRIRLO6Mfins.

contal hi hg an oxygehate, preferably an al cohol, nost

pri@045]abl y Inthdrenost preiknedl babpdiefest, tedfeol @ddkn pfeferably of one
et hyl ene and/or pro Ieng 0046] There ar nPny,
pr%é%%@e‘%‘Y&%%eSt &8 CompEre Blieé‘??’f?euqlft malespan sigve catalyst

| NGhisdLien ¥ 5'0 rl@agm 1d°6 Safbons & oﬁﬁc Bre??kaﬁl ?22@ d4 carbon

cracking, t erma regen rative crac |ng

betbms. addst pesfertibly] theaddfal(y) alon€ ovimkionthinadidapare abavettet drom
cracking, and, visbreaking. [0047] The nost fr eferred
préo&sdsosks couigitng |ap pefeshztedDreierakly nent 1dgebpL tgost preferably

Ol S5 (YT B o NEQBLASERE b PH OBt 2

oxygena r net hanol
cqoo4g]ni ng FEResiRGKany Sro6&sdsalste do Icamtdmefe@ﬂ@mﬁﬁ) lefin(s)
a

including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking.

[0047] The most preferred process is generally referred to as methanol-to-
olefins (MTO). In a MTO process, typically an oxygenated feedstock, most
preferably a methanol containing feedstock, is converted in the presence of a
molecular sieve catalyst composition into one or more olefin(s), preferably and

predominantly, ethylene and/or propylene, often referred to as light olefin(s).



nol ecul ar sieve catal yst conposition into one or nore

ol efin(s), preferably and predom nantly, ethylene
wW@ea40897pt opyl ene, often referred to as |ight PCT/US2003/028719

ol efin(s). WO 2004/ 039754 PCJ/ US2003/ 028719 -14

[0048] In one enbodi nent of~ he process for conversion

of a feedstock, preferably a feedstock containing one

or .nore oxygenates, the anmount of olefin(s) produced

b$@8] on t hén bat ambokingdit of thdpikesaiobeonisio©€d fesdstock,

greater than 50 weight percent, preferably greater

t Beaterably\aeiegdptogkeronisiing Ae o PpEefaygenajesy theamequnt phelgfin(s)

[ , d f bl
oBr bt e oAb T RSB b B £ plegRP i s0
PRt S hefdehty Pfe‘?&%l? Qe FRHHCE (BweighhpddSent Sh B! (RBRrably greater

and/or “propyl ene fromthe conversi on of an oxygenate
ushang/ Oaverghtgeudeat, and inwsepreferably gteatcothan Ftweadghtipsreent.

Siﬁ?@@h ? 5? , ! %@@%@%@%@gpﬁ%ﬁoﬁﬁ é‘%')cieﬂ@glﬁm%@wi%ﬁwh as
2 i . . i

A L O
Thizvé eatdisv dompositioneis eddaoadbeadeit U.8.0 Ru@hi Noo 13,0220 (near

di [ uent (s) typically used to reduce the
corloeiys ard BRTONO K488 publir Desem el 4y 300 Gnothangb pptake

s i f . . i
SRR oy SRUROASE BB Sl e

i nedsefle hel iMpRfecls@OR, in Bhé ERBEdImeAR CHRRINTBAS ¥ Bidre diluent(s),
carbon dioxide, water, essentially non-reactive

payracdliyrised tsyedutaathe pondentiaiean ¢fithé fepdstoplptangd qee generally non-

LS50 452 BN A R LGPl ap micoe
PRl BpIES G UihHAD iScI@deChARIME Tar §ii Iﬁkircsgeﬁﬁ 8tboVint dhoRitE Earbon
being particularly preferréd. [0051]  The dil uent,

walfiexide, i watas eessaitialgr namreactivieqpardffons €esperpadly fiklangs such as
conbi nation thereof. The diluent is either added

a
dinpedhaney cthaes 2R BERPRRBDK SEFRUEHY RGN TPaiYe ramaictqoppgpnds, and

aqx‘lﬂﬁfélr | h&&bt yfﬂe%gstgiréfgﬂg& Biven® aBA0RE Mdl ﬁltr@gen, with water
mol ecu cat al yst I'n one

ar slreve t conposition. In
erbingipastivulartyeefemedint of diluent in the feedstock is
in the range of fromabout 1 to abqut 99 nol e percent

bd@@dlon t hdbestilienty wistrar is gised gighes dn grliquirk of @ ¥grerdierm, or a

<0 B8t 8 BRANR A8 B e

Magib PfAteF dbladdéd airraAlOmto & réRtcborihddeddwith . @BRcular sieve
enbodi ment, other hydrocarbons are added to a

f selabsbedmpasitiver In eerasehddiment, tha dmewetafydilugnidn ihecfeedstock is
° lir? {ﬂqugge’ of P05 %ci)ur‘é (1 5{2) abSlt %gan%lg i)éc’l)cex{tsb%sedf SN the total number of
moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
25. In one embodiment, other hydrocarbons are added to a feedstock either
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, incorporated herein by reference, addition of
aromatics) or mixtures thereof, preferably propylene, butylene, pentylene, and

other hydrocarbons having 4 or more carbon atoms, or mixtures thereof.



exanple U S. Patent No. 4,677,242, incorporated herein
by reference, addition of aromatics) or mxtures
wo benosd754 pref erabl y propyl ene, butyl ene, pentRCENS2003/028719
and ot her hydrocarbons haV| 4 or nore carbon atons,
or m xtures thereof. WO 2004/ 39754 PCT/ US2003/ 028719
-15 [0052] The feedstock entering the reactor system
is preferably converted, partially or fully, in the
f i[0852]r eact oThezfendstodkt entaingathe eetwtorfsibtemnis préfatabBnéiverted,
the .di sengagi ng vessel along wth a coked nol ecul ar
alky 9rafujly ¢ 1%W§§‘i HCPHRL ZQNe inftha gaseope efflygnt that enters the

ar e&gggmé ,Vgg%f al%ﬂ par a%("‘g&?#‘mo %u%ﬂl%’l% §%§6’gt 8%‘?%?%’/%@ In

CQH@Pfdférk&ﬂem&Scﬁi&l@ﬁtab&dIo@(Q%@lﬂnﬁﬂé 8l ALin 5¢e§§é? are designed
catal yst conposition, fromthe gaseous e fI uen

consepanita glecmglegmlalrmop\@ Catjillﬂ pw(lpt)snmlt, ipraferably a coked molecular

di sen a ng zone. clone referred, however,
e OaRd, Satsiion finm ths Eebi SEIRGT vetdBimeniq or more

al FROPHBHnCHE MEsn@hhy $bn '

T T T
c afffebtgstitldnnpodistigapmg veseinvtib alsgaspaus thé thiulyst compositions
i nclude the use_of plates, caps, el bows, and the |ike,

[ deunhg gasgons cifipa Kdat méﬂwflh@répgaéﬁwgqhﬁ gaiglyst egmpositions
o AR Mo B R WGP e LSRR ot B3R

typrca ower por gagl ng’ vess

| JoesHtri pp'IﬁgorZeOElﬁbodlﬁheﬁthﬁf St ﬂﬁ@hghglr%o%t&iheth@%%ﬁgagmg
nol ecul ar_ si eve catal yst conposition is contacted

Wi Sy Bfem lgglgdesrﬁ élﬁ@lgagmg vesel, eypieallyoniomsnpowion of thet disemgaging
oL SRRPERAng I sy Bme PuaPa b Sp Ve Blalys
r %ﬁi{)@ﬁltl@ﬁ‘ SO CHRHCtBY HiRCALRO WeetbfaBl) bREOLH kc%ﬁ’lblnﬁltlon of steam,

nol ecul ar sieve catal yst conposition that is
i metbehec @drboo ditrade,egpelmer mibhnoxide slysiregan, lon aaniottegas such as

enbodi nent., .the stripping zone is |j separ ate vessel
£ PORATE RTeTeRLE RGP uoed adeoad, il@@gm%enspmorﬁ%u coked
a HAscIRUsitve ééﬂﬂ%tfdoﬁ}@htﬂﬁﬁltﬂﬁ Xherﬂ e‘aftoft'h? Ii%%neraﬁon

hr"' to about 200 ase on t ums 0
t cystemureanctlfer eatbedinmmt, ebebteippinii evre rsah al sgpdrate vessel from the

conposi tion, preferably at an el evated_ tenperature
r%%rlg%ﬁg tEssshand theges 1 passed 7513 epy bavdy superisisl velgcity

6?@%@1 )O(ﬁq{'ontl F %(9%%1?9&) 86! hnaf ba%}:c? it tlsfea\goe}{l%g bf gas to volume

conmposi‘t1on. e conver si on tenpera

ertl ooled nfolédudarC siever Giadyst PEGBSStion, SPReritlg aht! ¥in elevated
within the reactor system is in the range of from

alieuperapociom 2W0Gtto abaw S 0°Gr pretaraly ;from ahAuaBEORC 156%9°C,
tQ v%rb ﬁ’l coéeod0 mblecmlar si Vreeca%iys? cgm{)(gs?t%nabom

[0054] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to about
1000°C, preferably from about 250°C to about 800°C, more preferably from about
250°C to about 750 °C, yet more preferably from about 300°C to about 650°C, yet
even more preferably from about 350°C to about 600°C most preferably from
about 350°C to about 550°C.



250C to about 750 C, yet nore preferably from about

300C to about 650C, yet even nore preferably from
W@b@un3B50C t o about 600C nost preferably fronPCHDS2D3/028719

350C to about 550C. WD 2004/ Q39754 PCT/ US2003/ 028719

-16 [0055] The conversion pr‘e@s‘ure enpl oyed in the

conversion process, specifically within the reactor

system varies over a wi de range including autogenous

pr[@833]r e. THEhec covetsiomw priysaes timeloysd biasé@ oonviefsdon process,

partial pressure of the feedstock exclusive of any .

diSPerdHealbhayighin thyyispctan systeme @BIEY €1V6T Gh W@ giepge including

e j cess .S i .ran of .fr bout

oA L R 8 AP P R o
k RR& féedstable wkcldsiMPafany dilebniBisein! lﬁ;}ﬁéaﬂ@! the fcbRVErab® plessure
20 kPaa to about 500 kPaa. [0056] e wei ght hourly

s parpdoyesl inghe procuwsdy)n theaangecefl faothyabput Gl kPaotreswuf 6rMPaa,
converting a fee ck. cant ai.nj one, or nor

o etaho S atine S KR «b it VBt o it ol Befeashly from about
calpalpas o SONRSEH kPR W thin a reaction zone, is

defined as the total weight of the feedstock excluding
arf903h]l uent sTheo welight rleaclyi epacezoelecipe r(WIdSY), peartivwdin@intin a
of nol ecular sieve in the nol ecul ar sieve catal yst i

c FHRESSS 1P ROmYsrite a rigedsiqck neontiRng T8 QUHm9TG @Xygenates in the

AR oy Sl YSh0) oo g 50 et ok,

[ Gi3%ved dytheaatdal weighhef MERSEdsROK esclhidiamaaP diltients B the rédRtion
about 5000 hr preferably fromabout 2 hr-' to about

3(00¢ Hier ' houpee Wight epfamiolectlep misysoint the melecular sieyp natalyst

Koo i ik RTion B, T8 VYIS RellBitbe aip [Evelufeiont to
VHSY) e atBak 86mpdiaibndd altfuidized fERNARLY a td¥Rtor WHSV f or

conversion of a feedstock containing nethanol and
di[A88Hy| et hBidadlyi the WHE Vrrangge fofm fbouh laipouto abouhs000 hr

t 00 hf"'. . [0058] T fici lqcity .
9, ShR, 200 Boio LO0SR) e urer ool g el geLl
Pre AYEHSI wot}ti“,naﬂdﬂ%o;it‘iﬁ%%lfﬁléﬁle&ﬁohﬁ 10hef & Ay 1000 hr'. In

sufficient to fluidize the nolecul ar sieve catalyst
campogiefared embdidiment, teadVi8W Bogreaten thdne20 rtedcpeferably the

Tk b BB P g

SECHLLS] b Ao e g T Secord (15c0)

grjeessgr thamik sigeficialey@nveloci®y (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to
fluidize the molecular sieve catalyst composition within a reaction zone in the
reactor. The SGV in the process, particularly within the reactor system, more
particularly within the riser reactor(s), is at least 0.1 meter per second (m/sec),
preferably greater than 0.5 m/sec, more preferably greater than 1 m/sec, even more
preferably greater than 2 m/sec, yet even more preferably greater than 3 m/sec,
and most preferably greater than 4 m/sec. See for example U.S. Patent Application
Serial No. 09/708,753 filed November 8, 2000, which is herein incorporated by

reference.



preferably greater than 2 nisec, yet even nore

preferably greater than 3 msec, and nost preferably
w@e@ansy7ss han 4 misec. See for exanple U S. Pap@nus2003/028719

Application Serial No. 09/708, 753 filed Novenber 8,

2000, which is herein incorp‘o'ra‘t ed by reference. WO

2004/ 039754 PCT/ US2003/ 028719 -17 [0059] In one

preferred enbodi nent of the process for converting an

oxiPf8%at e t olnobed iprdferyedu sinbgdimesit |dfcthal protese fbosphedring an

nol ecul ar sieve catal yst . conposition, the process is

opBEERAIC 40 oefinBh\ising arsilicoahymipephpsphate meplecular sieve catalyst

Te e r e l,i ze n e thyist
(SRR RTRERLE DRTRL 400 WIS, BELS A A o
eqlahpdratuft Qdrredte® NodhaleXaMetakk Selebati@N{TAWMS) of less than
5,952,538, which is herein fullg i ncor por at ed by

r -8 relergbbo oy than aihequaéro dhlodasefor estmpleeU . s No.

fo [t n_oxygenate su as. net hanol to one

0 rg’%%zgygg Iwé]r“f'r}%f %r © f;{‘ﬂﬁ l%coﬁ%qr%tsé F’& FefEeBtR cat al yst

C ition,ynt i L
I

artickidsi wathagolME208e (dvkmbs skifiaty) adifg ammgleoular k&ve catalyst
I[11TA),.gro .apnd 10 1J1) elements) fromthe

ée‘?OPH%ﬂ’ls’(t}%’?a ggwgrfS\]EFseﬁ%‘ﬁt%Qf i gma@wtfdparhr)raa%tiaotemerawre of

fr : [ P 4

B PR B0 LY PP 50 HRER B o 13

[ QDiBA), gooiyer8, 9radaHS@AITS oleneany ot the PafiodXYIBBRAGEElements),
such as nethanqgl to one or nore olefin(s) using a

novdunelar wiigws fiogy 3082508 mMss o1 sxample BP-der48d &l . which is
PC%IQ{\%) ﬁﬂf}l i%?(?rggrapelﬂbol | shed April 5, 2001 (propane
reducti on a v,

n average catal yst feedstock exposure

of[0861]| east (Ath) proskdsedfor coResrEhd ah PKYERREALRHE RYmethanol to
ref erence. [IOOGZT The coked nol ecul ar " Si eve cat al yst

c WS OB IS rplefin(g)i usingr ameldcnbmsievh eatdlyst eapappsitiprvas slescribed

F R RGTE bGP0 BT Pl Syl Lerbpanioa A varaverage
C ARy st FeedidcRUSHBERL Ur WhRAG 1.blewhRked walial i¥1§$r80rated by
conposition is contacted with a regeneration med um

prrefeeangbl y a gas contai ni ng oxygen, under general

QBB Ce < 1T CokebmsieonBh sy FAng Srpes fomiEdaun from

r GHE AREA AR VERSH USRfePlH 8¢ oB0 Sr Hore cyclones(s), and introduced to
the regeneration system. The regeneration system comprises a regenerator where
the coked catalyst composition is contacted with a regeneration medium,
preferably a gas containing oxygen, under general regeneration conditions of
temperature, pressure and residence time.
[0063] Non-limiting examples of the regeneration medium include one or
more of oxygen, O, SO,, N,0, NO, NO,, N,0, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a level less than 0.5 weight

percent based on the total weight of the coked molecular sieve catalyst



nore of oxygen, 03, SO3, N20, NO NO2, N205, air, air

diluted with nitrogen or carbon di oxi de, oxygen and
wowi0e3q7ex S. Patent No. 6, 245, 703), carbon nonP&I/tis2003/028719

and/ or hydrogen. The regeneration conditions are those

capabl e of burni ng coke frofdthe coked cat al yst

conposition, preferably to a level less than 0.5

wei ght percent based on the total weight of the coked

Majoapakitibn SheMeg diireiyeiatiil 360k, T8O ¢8ikd molecular sieve catalyst

PCT/ US2003/ 028719 -18 conposition entering the )

r €EIPSBIEPN oYithdipymefipmthe regsRergtombians A weersraod molecular sieve

cact%i)ysg cor.xtgositi on wi thdrawn fromthe regenerator

f of PBEEHE at ed nol ecul ar sieve catal yst

cqouefi ti on. TH.088deratif t£:2060RkA1S iAMhs 8102 IS abSut! 200°C

the range of from about 200C to about 1500C,

prtefaboutbl 5P07C,qrrefatablpt fr800MDMO3@0156Ut bOOOT)00R O more preferably

f bl bout Ct bout _750C, d t
LTk s SRR R P SRl 3B b
RS B S 00 WAt 88108 o

alo ubodGo0Ysix ((A8BkREN) pprefepabdp fioin abdO2@piia ((387RPaa) to about
kPaa), nore preferably from about sia (172kPaa) to

ab?ééh):psifd@n a8), M8 prederably, fram @bwﬁtgﬁp prieflePkBaa) to plognt 150
' 07 kP 6 ' .
SR P Pl AL, R g RO Bl e 0

SiRie4takpdyyst conposition in the regenerator is in
the range of from about one mnute to several hours,

md8063dr ef er altey prsibertad oesedemca uime tef 160 muleawlass siewg ceatalyst

g5 e e B 5 L o g
PafowR) inoRAS Bl Akt bRL AlinHOtH TR RinutdiCariffe ptdQ8&I volume

In oné enbodi nent, regeneration pronoters, typically
metfalxygeromt tirgasnds tothp camgtsofsinah ahsutpd.Gt imderpercent to about 5
pal | adi um %nd ' t&e like, are Tggded to the

r BA@FIE Y Daged Lthe otalsyolume Pf W Ry for exanpl e wi th

t ked catal,yst it 0, ot

B0 o Hh P SRR, Bher il prloBRY! Bflealy metl
c woptadiihg compeunds dech dsoplhtiunt, g@éiadinat ard themika) a& addeal to the
regeneration nedi um of . oxygen and water as _descri bed

i Feggneratq,dasetiyno or pinglirsctisn 3 foryexamples Wiy etha £olqdy catalyst

SRR B SRR A PR B0, BRELSRLe s
composition is added to the regenerator containing a regeneration medium of
oxygen and water as described in U.S. Patent No. 6,245,703, which is herein fully
incorporated by reference.

[0067] In an embodiment, a portion of the coked molecular sieve catalyst

i composition from the regenerator is returned directly to the one or more riser
reactor(s), or indirectly, by pre-contacting with the feedstock, or contacting with
fresh molecular sieve catalyst composition, or contacting with a regenerated

molecular sieve catalyst composition or a cooled regenerated molecular sieve

catalyst composition described below.



conposition fromthe regenerator is returned directly

to the one or nore riser reactor(s), or indirectly,
wgooposs7sont acting with the feedstock, or contBCL/USIP03/028719

with fresh nol ecul ar sieve catal yst conposition, or

contacting with a regenerated? -nol ecul ar sieve

catal yst conposition or a cool ed regenerated nol ecul ar

sieve catalyst conposition described bel ow. WO

2(j0668]39754 RET Ul 300281l 9s arl exbRABL THRLOMI BhdUin an

of coke is an exotherm c reaction, and in an

erffidimeent, thqqtemr@raé@rleawm thet teEpRaaony w@mrlatqocﬁolled by

ytemls contro ed .t echnigyes |n
R hEnERBH S b ipeniBhe 26t {85 B G 1B e Fedkhérator
Veasel, otpatdlefBereint Reatdh) c@n@ﬂo‘i@ of° Sdthi- Eﬁiﬁﬁﬁousoﬁlode or a
sem - conti nuous mode, or a conbi nation thereof.

preshdnmatidn ttherbofi Aumefemtd ltechsique titndr s withdriweing the regenerated

regener.at ed ecul ar siev tal yst conposition from
Hgolf«‘@&%fn%?vgt%#sg%%qﬁ Sl 4 TR TS eGP PERsns the

TRPAFLA Spta SAb Gl THRLLLAN AN e coolr

mfoﬁﬁsj laadootddercgernrited ysdleanarpgiovd taulystTé@nsaitiny Sthe catalyst

cooler, in an_ enbodinent, is a heat exchanger that is

| Feqtesdinean pabodiment Anp hat exshepgqrathatiis lopried either internal or
eg{I %% 'th%r}eée\ﬁ?xtaglg}lnésg 199] In one enbodi nent, the

Ul ar sieve cat al yst

thrpwa t | 0N Th9nk efbbdigtent,3hd B 1Era8@MRF8dd0MoleBulr sieve catalyst
conti nuous cycle, alter nati vel y, (see U S. Patent
Amemp@alﬁlpnns 1Barned tolthe regen@awr escditinaesynles, @feraaely, (see

caPSH DB Qhnpiseen S5 8% DFHRATAE i e 87 il ataafiln of e

V%%I%H tégeaersteatﬂnméeﬁlﬁr CY&ke catdgst %6‘19%&%01{3% LeRn&f to the
the cool ed nol ecul ar sieve regénerated nol ecul ar

siregamerddraigssel moapcrmtmumm cycle.ebnd mectheo pottiva of skes cooled
react or directly indirectly, or a portion of

t HaolF%Pdéf bibus aSHrR L Srolfeviag s S yFOmPeEHABdF feteed to
or

A RS SRA SATBLE, TRYEEN, B SRR R f bl pteuer

gasaeusatefykl wemipofiP6d MO coblet4 tepdferpiell| hiedlafugiesd catalyst
24, 2000), .which are all herein ful li; i ncorporated b
r SOBOREEN iy ppnkaciachwith duedyetswithiy € e gaseerneidlyent (P T WO

[ n ed w t
A EFHOR Bl AU, 27 qon R R L B SR8 ¥ Rycbiged by
Ofrefreticell €n t ARIRAT embsdiizht, 08 UepEndrirel hﬁlo[e%ﬁﬁi’ Ofieve catalyst
system as described in U S. Patent Application
Seroposikign colgfﬁqte@ withoarf alpelwl Rubferably ethanol2 dp1opnapl, d Fbutanol
| or I}ne’lgd%re thereof Ys introduced to the reactor system, as described in U.S. Patent

Application Serial No. 09/785,122 filed February 16, 2001, which is herein fully

incorporated by reference.
[0070] Other methods for operating a regeneration system are disclosed in
U.S. Patent No. 6,290,916 (controlling moisture), which is herein fully
incorporated by reference.
[0071] The regenerated molecular sieve catalyst composition withdrawn

from the regeneration system, preferably from the catalyst cooler, is combined



i ncorporated by reference. [0070] OQher nethods for
operating a regeneration systemare disclosed in US
wo210e089780. 6, 290, 916 (controlling noisture), RMI/URW0%028719
herein fully incorporated by reference. [0071] The
regener ated nol ecul ar sieve Tcatal yst conposition
W thdrawn fromthe regeneration system preferably
fromthe catal yst cooler, is conbined WO 2004/ 039754
PCVith82&8/108180l& sieRDcathlyst @nfposition matee wb-aircighted énolecular
cat.al yst conposition and/or_re-circul ated nol ecul ar

si BOE E4pPly SRS Phdlion festistask andiurstredk san@r diquids, and
f WeIT) apd L the riser

r SRR BE ikl o 2 e ShBE R B el motecnr
nodiedatilyst SbRp6Esited HithatawdORRAThE te@BnoMii i3 fs'Bfrned to
the regeneration systemis returned to the riser

r ethe tisey pctar(peditacily, optianeln ',iﬁ“”dmm theough ageatdiy unghl;:r. In

t al.yst ler.. | enbodi ngent carrier, such_

By E0L e B SIS B oo i e
S ed&hmi CBRADUSY TrYeoRtinGRRly, RHDHSHeY ithelf ﬂ%}iﬁ&ﬁ%ﬁﬁ’ th Cegenerated

i ntroduction of the regenerated nol ecular sieve

canelegwlar siovepaalystaontpositine to dacteactos yysteaty preferibsdr abihy one
to the one or re riser reactor(s). [0072] In one
e R ENET 1o %r?%pti mum | evel of coke on the nol ecul ar

Si cat al ygt i L LNl N i one s
mallggfzgu ned 3};1}?/1 oé%nt r oi :‘?‘h‘g‘ ﬂ?eogﬁ Wﬁ%?etl toggogeeé’%ﬁ%? olgpular
noieewatalyss icompositibm lity stie RACRDSEANEOS WAin@Rl @ controlling the
regener at ed nol ecul ar sieve catal yst conposition from

t Hfg)w efferBs atceeneralpd t melacslar t fieve ecatalyt sympesitionahar @ooled

i intained in the regener.ator.
SFARERD A0SR SN ASHeh b e EASERIRL S o
a thok@etdr 3ysteh e Wheeddrabels oCOBRLA i htHasE il BRrebherator.
M chael Louge, Experinental Techni ques, Circul ating

FI'Thes e n@mwdiechnigiues dor paritwpdlingathe flavowf & omoleads. sieve ca’éalyst
Bl ackie.. 1997 (336-337 whi ch_is herein, incorporated
oy SFibP SR ABorkRf $h Michint 1ty Piyen@enizt TeghuboChouating
[ ORI B, ORER, AVidAN A RinoWHBRTGLAE Blacklee 1961 3Y6537),
| evel of coke on the nolecular sieve catal yst

covipdsiit hemin mcotperatehbyireferaoaeThis ivatfetrad nechsbifie complete

[ 1.i t fl t f. the oxygen-contaj ni.ng gas
F PEREI3tR dn4dEg EhaRASH CRRGIETar b6 BESBNT f<ol 6F Goke on the

B, LA Taont AR adg ks

'?'h:bﬁtrd)lﬁng ehe floedrdt® ofishd beygrardongdining gas flow to the regenerator
where an excess flow of catalyst is maintained such that the coke is only partially
removed per pass through the regenerator. This is referred to as the partial
regeneration mode.
[0073] Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.
Typical levels of coke on the molecular sieve catalyst composition, after

regeneration is in the range of from 0.01 weight percent to about 15 weight

percent, preferably from about 0.1 weight percent to about 10 weight percent,



regeneration node. [0073] Coke |evels on the nol ecul ar
si eve catal yst conposition are neasured by

wowrahdsed ng from the conversi on process the netBUS1083/028719
sieve catalyst conposition gt a point in the process
and determning its carbon comnteent. Typical |evels of
coke on the nol ecul ar sieve catal yst conposition,
after regeneration is in the range of fromO0.01
weingtet profaratdy trono ahbatud.2 Teiyl lgdiltené p@rabagtts wmigﬂftqfemhy and
from abo ht percent to about 10 weig
pelnnegrnre zl%@a/a%g,@ﬂs “mgh/t rme@ép @b@#@gwelgbtzpqﬁmbased on

Prak e5@PhYi fl{ Qf]?h@ SkcalsidR! St REAS BN o We1 %u e nolecular
era u? . §n

wel ght  per gent, oSt~ pre rom ap

vvem@detcataeysceﬁmpdsmcabout 2 wei ght percent based on the
total weight of the nolecul ar sieve and not the total
wel08Pdl of "t Ha awsleaderianent shemelesalan gyt catdpgesitposition in the

rrb di t he | ecyl ar sieve catal yst
cor%%%ilsolnt P%f?ng ?'lﬂg mn nglgcflaf‘% f gﬁ %’ﬁ’ﬂ" ilndo i) Wgight “percent,
r ey HoRIMERRY! 10130 Yerft g@fcgﬂtt nﬁﬁé fttrably ﬁom about 2 to

preferabl y fromabout 2 to 30 wei ght rcent,
praboet 20 weight gercabt wind 2nosd prefbmbly ﬁ@rnv\ﬂjoghiz tp@tb@emlo weight
and no t referably fromabqut 2 tqQ about 10 wei g

pete BFPoRATI9Yn SERASH AR e tated Begighh of H miture of
t%éllemw&ﬂ Gitve ObathlySt r@ol‘r@‘dglﬁ & sup! 1‘8? “&%ﬁ@é Pates Patgpt No.

cat al yst conpositrons Por exa

6, O3, Q55 whidhi is herein fadly éiodridehted by Referepey. &tieeecB¥nized that the
reference. It is recognized that the nolecul ar sieve

c dnglegalar Seepraialest spmpesitionin the seaction zeeds mﬁdﬁw@@f@pmxmre

f Legan d al yst .an
CrobeeRetih <ol S8 SR ) ST A el ol B Shbopggeons
Meipogi8dTheRhsdéd RREITALRANE NS BEIsH S thiub Wpresents an average
represents an average of the levels of individual

catfaps/lsvelpaf mdividunl cqtgloFgjartithes. pr esent i nventi on

S t he rent eeds in the art b roviding a

DB for ol BReefg it srief e alrell BGeRat® eg by
a R6AdIGSta mielddubl %n@eﬂl dgiat £e04 %ﬁdhﬁamg Faﬁ‘f]e % alf8duct
present invention is conducted in a Teact

appeln@ng@ lige alefod H@rmeﬁupdtohi gh¢ eresedirieaattion is conducted in a

aratus" refers to ar at us. whi ch i ncl uo'I'es at
g%cttor aliﬂag?é\és s Wspd egpﬁn oﬁ’&?g@ﬁ%}t de3goropRRaT#us" refers to an

C%ﬁ@rﬁﬁl‘s OfhicR AnbiuAls bRKESt B fa‘% S Wﬁ] EI? )&%glgate to olefin

herein, the term"reaction z refers

p@nnvmmomfreaatmm takeo plaappas ﬁIrt]ﬁ:r usedviiereih, theee@x yReQRINEz0one"

foI efi rL

refers to the portion of a reactor apparatus in which the oxygenate to olefin
conversion reaction takes place and is used synonymously with the term "reactor.”
Desirably, the reactor apparatus includes a reaction zone, an inlet zone and a
disengaging zone. The "inlet zone" is the portion of the reactor apparatus into
which feed and catalyst are introduced. The "reaction zone" is the portion of the
reactor apparatus in which the feed is contacted with the catalyst under conditions
effective to convert the oxygenate portion of the feed into a light olefin product.

The "disengaging zone" is the portion of the reactor apparatus in which the

catalyst and any additional solids in the reactor are separated from the products.



conversion reaction takes place and is used
synonynously with the term"reactor." Desirably, the

WO e@ghan7sappar at us i ncl udes a reacti on zone, aPCT/DE®03/028719
zone and a disengagi ng zone. The "inlet zone" is the
portion of the reactor apparé?us into which feed and
catal yst are introduced. The "reaction zone" is the
portion of the reactor apparatus in which the feed is
coitrieilled the trbadtioa eafealiy Positionkel beomnt ttensnlet zone and the
effective to convert the oxygenate portion of the feed
i rligengagingBAnco| ef i n product. The "di sengagi ng zone"
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S EiRtdnibR s 4 EiadtlAthe i@ BLE teactol\RitR ABAIMRNE 2doeneration, similar to
PCT/ US2003/ 028719 -22 Typically, the reaction zone is

pos inddemetividetat@piic chaskem | Rixedz beds amdnathgractitiab éog thgi prgcess
zgne. [0076] A pre red enbodi nent. of a reactor i
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beds msdtsnint a pighcpicssalre teop dieetopthe qesductioradUs® pressure, low
oxygenate to olefin conversion is a highly exothermc
pra&s®8sssathi ch requires several stages wth

[ ool er ther c i.ng i ges. CLl
B7A0CL % e N SRR MR SE° e B EEh Ly o
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Because the catal yst nust be regenerated frequently or

c ohieBengsAiat, yWhexetibe catalysios seliecieditond tegonasation medivmaprefdrably

a portion of the catalyst to,.a.r ner at.or ere the

e A& ol ing 5 B i areft Pty FLBRG ke P e iyt
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air, to bumoff coke fromthe catal yst, ‘which

r gwesnss andeespdenad yiste mcthevieganeratéreshoolidbe iselngedtto achieve a
tepperature, oxygen parti al ressure, and residence

ti lf?ﬁC%éovtsaﬁwgﬁW% Gf%'PBe sel ected to achi eve

a desired coke content on catalyst in the reactor.
Reactor Control [0078] As noted earlier, the operation

ofReantooKpaeeolat es to ol efins reactor can be optim zed
by ﬁont rolling seyeral inportant variables associ ated
wi 087

8lhe r HCRYRd e?ré}eq ghe mqtm of 7 e¥ygenateioglefangreactor
b%aﬁfbfe%'iiﬁﬂzéﬁy by camtS11ing sa'e}[aqrihl%t‘}}tgm variables associated with the

reactor.

[0079] Control of the reactor can be effected by measuring a variable,
comparing the variable with its corresponding optimal value, selected depending
on the outcome desired, deriving a signal based on the comparison, and utilizing
the signal to manipulate a manipulated variable. An analogy to this control
scheme can be found in speed control devices commonly found in automobiles,
wherein the speed represents the measured variable, the speed setting represents
the corresponding optimal value and the throttle position represents the

manipulated variable. Measured speed is compared with the speed setting to



conparing the variable with its correspondi ng opti nal

val ue, sel ected depending on the outcone desired,
wa@leoisw391eH a signal based on the conpari son, aneCT/US2003/028719

utilizing the signal to manipul ate a mani pul at ed
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aut onobi l es, wherein the speed represents the
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measured val ue (speed) approximating the optinmal
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sUBKwél aebOc abvdigpieh Wibeit'E. WriegePRUBIBhingNOompany, New York,
4,076,796, U S. Patent No. 6,287,522 (dual riser),
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The present 1 nventioh provides a sinp
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ol efins reactor ,systens that daes not .rely directly on
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r eo%Ql?encso%trioPsﬁte%eggc%fses%oytgrr e{f?e? Ia%hamge to the manipulated variable.
[0082] In general, the following variables should be controlled in an
oxygenate to olefins reactor system: space velocity (defined as the weight feed
rate of reactant divided by the weight of active catalyst ingredient in the reactor),
average reaction temperature (which, coupled with the average coke level on the
catalyst, infra, determines the product selectivity), conversion of reactant (prime
olefin product selectivity is generally favored by low conversions, however the

cost of recovering and recycling unreacted feed generally favors high conversion-
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t he mani pul ated variable. [0082] In general, the

wo edokos978g vari abl es shoul d be controlled i n aPCT/US2003/028719
oxygenate to ol efins reactorjiysten1 space velocity
(defined as the wei ght feed ate of reactant divided
by the weight of active catalyst ingredient in the
reactor), average reaction tenperature (which,

c otipisean ewtithaltdoeversien dgel exikis fhew givenrset bﬁproda&t&inyﬁdeds and

infra, determ nes t e produc%bgwlect|V|ty3 conver sion

of CPRARIC ?ﬂnd(tmhén Siveren cpi el or gntalyst (arimye plefin product
geReLAlY if BRR&H b9yh1gﬁ"’<‘!oﬁé’ n%%[ss R SN V]?erdélaehae as coke is

cost of Tecovering and recycling unreac

generadeldy. favors high conversi on WO 2004/ 039754

PST/ US2003/ 028719 -24 -thus an optimal conversion
9883lexi st sUoPaignigNoeh93%83% 0 Yaughoet ebrineepostedrigrein by

d Kk
caPRRSHeE i 1R P oot oB e MBareet pomgiers Mekipe apace
byveldoiiiese QJhﬁ:h' ¥ QRabl® Wor @ngbﬂdtéé/ td §leﬁﬁ %ﬁ@é}sﬁﬁ ﬁ?llfeepresent
is incr eased) [0083] U.S. Patent . é

V&Qtﬁﬂ’ﬁloét Aatordmgrto c&np‘mﬂmdaderl’(e]f dhe phqsentrlaf/cﬁﬂmﬂpmel cr]eﬁns are
its n t di scl os opt i s of pararreters

| e ot enge s oo 00T . Sistli wostors are co-
O&Yl%ﬂtah@e? Iteﬁ’ct&lsec{ddnsh%ﬂné’o%a%'t @l de' 80‘.&?&0@{6‘?]"1 3 SR fall reactors in

i nvention. Accord Ing to an enbo € presen

i rwigoh awoxygdnetedeafstonk can e cpiitacttd edthad mbRower ity &ftalyst at
of abogt 400C. or higher. Preferred reactors are co-

c Meﬁ t hquely,Spaceyalenty IHASYhef ot least abeut 20ihid preferably in the
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(WHSV), of at |east about 20 hr” preferably in
r aﬁ@eﬂ%$ W@ 56 deersoprlvents othe OWOISHF is, cadmdiatnd)sn the weight

pK r Y. e rom about 20 hr-'to 500
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dlq| uer]1t S, theay\lll\HSV is cal cu‘?at eaaﬁo%%tsﬁgmv\eﬁﬁ% 300 dlSCIose
oﬁh%thlecmgeeﬁaloe)lﬁéedhlghd avhmgendagtion Empeiawes alisaegiven coke
Res. . 2000, 39,
2 ez"e%ﬁ%% icétéiysfsglcreﬁiifi&t seﬂaﬂe&ﬁ%?@w@ﬁe t%orothemr%m invention

hiagh@ge RUSHADRMHERRIELCRr bHTRAT Rk a;fegﬂ) &H}lﬁgne can

| evel on the catal yst Increases se CtIVI
etrdngedroan 36 rtot5She°Chr esent i nvention aver age reaction

te‘tfﬁ% ﬁte ) (r: erj'g'? éﬁ%@tl{lg&oﬁlﬂ :%g(léﬁe?g to%b% le?fet (e)li( y%%gr%greatetdoherem
by reference in its entirety, discloses oxygenates to olefins conversion in the
presence of silicoaluminophosphate molecular sieve-containing catalyst which
maintains an optimal feedstock conversion between 80% and 99% under
conditions effective to convert 100% of the feedstock when the reaction zone
contains at least 33 volume percent of the silicoaluminophosphate molecular
sieve.
[0086] U.S. Patent No. 6,023,005 to Lattner et al., incorporated herein by

reference in its entirety, discloses the importance of maintaining optimal average



[0085] U.S. Patent No. 6,137,022 to Kuechler et al.,

i ncorporated herein by reference inits entirety,
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C aBi T RATR SormBer S e e B ot (AR dplst demperature,

f U4BLhdrOBS et EmpeRatufelde 4t 0BaRf orRN Bt GinedREE reacfor_temperature
tenperature neasurenents al ong the | ongitudi nal axi
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such functions can be directly related to the reactor
t SHplRreACNTe e INSESSV B8, % differential Qforeagtqr demperature along a

t r effluent tenperature, or at
A el

one I nte e reactor tenperature

t o088} ves. IMspie trtplathdn .of bbrREGalfconeblicdngiriablds, ABere are only
related to djfferences between such reactor )
t fpweyastables ghatecag be indenepdantlyrrongpllet Theaiemsining variables are

t ecfépe%f’hteﬁrb% tﬁles%r}guracon&?)flet: | Palial Ies.t Pﬁusrtﬁgr%ta% julstet%g} l;]degrees of
freedom” in the control of the reactor. Should the following four variables be
selected as controlled variables--total feed rate, average reactor temperature, coke
on catalyst, and conversion--any other variable, such as the catalyst regeneration
rate, cannot also be specified. Rather, the catalyst regeneration rate will be fixed
by the selection of the original four variables.

[0089] Based on a careful review of the interactions between the possible

controlled and manipulated variables, the present invention provides a control



[0088] Despite the plethora of potential controlled
vari ables, there are only four variables that can be
w0 nabepza1sent |y control l ed. The remaini ng vari abCEESBENF028719
determ ned by these four controlled variables. Thus
there are just four "degrees 6 freedomt in the
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Is he catal yst regeneration rate wll
&t g%\%@é?@%}é’e ection of the original four
varl abl es. [0089] Based on a careful review of the
i nteracti ons between the possible controlled and
mani pul at ed vari abl es, theTAB&deht invention provides
a control WO 200kth&Deb@omCiling200d/TTPRédGor - 26 et hod
that achieves direct, fast response for snooth, stable
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[0090] Note that in order for (3)(a) to work properly, there must be very
stable control of (2) and the reactor must approach plug flow behavior. Method
(3)(b) is less susceptible to variations in (2). With this method, a temperature

profile is measured over a portion of the reactor.

[0091] The present invention thus relates to a method for controlling an
oxygenates to olefins fluidized bed reactor which comprises:

determining an optimized value of a primary variable measurable
propetty,

selecting a secondary variable measurable property which is more
readily measurable or more reliably measurable than said primary variable
measurable property and determining a set point for said secondary variable
measurable property corresponding to said optimized value of the primary variable

measurable property;




(4) Space velocity Catal yst hol dup Catal yst

circulation slide control valve [0090] Note that in
woe@en3dsr (3)(a) to work properly, there nustPOEUSENS028719
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property; coeadpatinggs s firdtion af waiddigal acdaespouding aldnépulated
measur abl e property wth said set point for said
s@éléwﬁary vari abl e neasurabl e property correspondi ng
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f wosfehOST thé cdhibindd fotdrfentardamis\Wostinsd #atteas b 8@ reactor. The
secondary vari abl e neasurable property and said set

pdotat fesdroferspesanth mapnt eonsist f speembination ohbath wapor pad liquid

SR R i, RCRREY SBHRT I8kYHaRig D bf AaRarea
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enthal py" refers to the heat content of the conbined
t enthlalfyedd mixtwanba sapwiateidniaper andduouahfiesd atghe bame temperature.

r r. Th total feed of reactants pmay .cqnsist o .
COEHA i on Tor DRSEH RYERGES ST G o csuRT da Aeiopge he Basts
e@@éag?eawfée 3;? ¢&cldnt 1BNhOPRYAE Easl-of HAHIRE 4 o[BEXMTO),
of a saturate vapor streamat a gliven tenperature
withd rdretalnt gheendriiyn defiveedc antlientthl sgfemiefhianol plus dimethyl ether
(DME). Thus, for the purposes of calculating conversion, both the methanol and
DME are measured in the reactor effluent and combined to determine the
disappearance of reactant.
[0094] For present purposes, “catalyst activity” is determined by the level
of coke on the catalyst. When catalyst activity is the manipulated variable, then
catalyst activity is manipulated by adjusting the rate at which coke is removed
from the overall process. The method of adjusting the rate of coke removal will
depend on the mode of regeneration. There are two basic modes of regeneration
(further discussed in U.S. Patent No. 6,023,005), referred to as full and partial

regeneration modes. These are further defined below, along with the method of

adjusting catalyst activity in each mode.
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[0098] For present purposes, “catalyst holdup” is the amount of catalyst in
the fluid bed reaction zone at any time. It is determined by measuring the
differential pressure over the height of the reaction zone. This determination
assumes the weight of gas and the frictional resistances are negligible compared to
the weight of solids. The mass of solids is then calculated by:

(Differential pressure over height of reaction zone) x (Cross-sectional area)
Acceleration of gravity




nearly conpletely consuned. In this node of
regeneration, the catalyst activity in the reactor is
w@eajoussesd by adjusting the flow rate of air torP€ES2003/028719

regenerator. Increasing the gir flow to the
regenerator will increase cat Fyst activity in the
reactor, and decreasing the air flow w || decrease the

activity in the reactor. [0097] For present purposes,
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i n t he (& fragliqn actige gt itheatalyst-t he reactor is
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s ghasd svithin the reaction forect i on coke on solids) x (wt
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where r 4 is the specific reaction rate based on catalyst volume [kg-mole/sec-m’],
C4 is the reactant concentration (kg-moles reactant/volume gas), X4 is the
conversion of reactant, and T is the space time [sec], defined as the volume of
active catalyst ingredient divided by the volumetric feed rate of reactant (at
average reaction temperature and pressure), and £ is the reaction rate constant
[sec].

[0102] For present purposes, “residence time” of a catalyst particle in the
reactor is the time between a regenerated catalyst particle entering the reactor, and

the time that it leaves the reactor to return to the regenerator. Since the flow of



mass within the reaction zone. [0101] For present

pur poses, "rate constant" represents the value of the
w@owen3aTs4 k, in the assunmed expression for theCT/US2003/028719

reaction rate, here assunmed tg be a first order rate

expression: rA = kc4 . Int egr3 tion of this equation,

assum ng plug flow behavior of the gas flow through

the reactor and ignoring volume expansion, gives the

f alatabysit parteles terssglothefresctoraiks audllamixed, hitre Witl bah distribution of

constant: Kk | n(1- XA) where rA is the specific

r daHElensR times donfhe ariqils catalyst particlpsin the reactor.
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over iLfficul.t.ies associated .wi.t ont rol i ng..

AL PO Sl B aRORR ™ ELREdLehriRE B il Hiaee2

| qoedsjon t hanC@k afulStegbhbrhtih HRAE! Bdch EtBYEECpAtitR éhters the

graph depicting the qualitative relationShip between
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steady state catalyst composition, there is a large fraction of catalyst particles with
a high coke level. These particles contribute to the average coke content in the
reactor, but do not contribute significantly to the overall activity.
[0106] A similar behavior is exhibited in the partial regeneration mode.
Partially regenerated catalyst is more active than steady state catalyst at the same
average coke level, as shown by Curve 2 (the middle curve) of Figure 2.
[0107] Based on the preceding discussion, it is clear that the regeneration

rate of catalyst will have a significant impact on the overall activity of the average

catalyst in the reactor. Because the average residence time of the catalyst is on the



[0105] In the full regeneration node, each catal yst
particle enters the reactor with a very | ow coke

wo eanelo3978nd t hus a high activity. As an indi viPCEUS2003/028719
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expressed by Curve 3 (the \S’;p}e'r curve) of Figure 2.
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catalyst flow rate to/fromthe regenerator

meftiepvdlat efl ATodepends aporadiel sirdujation fatecof bﬁaltytstosind the heat of
the partj.al eneration node, the air rate to the

r é@%ﬁl@}la}" 017%1? atip 7t Of stakyst endsselested de achigveya dasiredzalue
r Qﬁ%ﬁ which is selected here to be 20°C. The scale for axial position is selected

such that 0 is the reactor inlet and 1 is the reactor outlet.

[0110] Figure 3 shows that for a fixed feed temperature and catalyst
circulation rate, the outlet temperature will vary with conversion. Therefore, the
reactor effluent temperature could be used as an indirect measurement of the
conversion in the reactor. However, an improvement in the sensitivity of the

indirect conversion measurement can be achieved by selecting a different axial



[0109] Figure 3 depicts the relationship of
tenperature profile versus conversion in an

wa@cioabsa7se, plug flow reactor at constant spackECT/US2003/028719
velocity at various values of the activity rate
constant. These curves are eﬁ%r‘essed by the foll ow ng
equation: T-TO =0T(1l-e-kr) where T is the tenperature
at any axial position, Tp is the feed tenperature
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rate constant (activity), i is the space tine
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high space velocity reactor. In a low space velocity, dense fluid bed reactor, the
high thermal mass of the catalyst in the reactor, coupled with a backmixed flow

regime, makes the use of temperature to infer conversion less practical.

Example 1

[0114] A preferred embodiment of a riser reactor configuration for use in
the present invention is depicted generally as 10 in Figure 1. A methanol feed
passed via line 12 is at least partially vaporized in a preheater 14 wherein heat is

provided through a heating medium via line 16, controlled by control valve 18.



within the riser may be used to calculate a rate of
tenperature rise versus height of the riser. This

wWao eqopesEasure rise slope is a function of the PCT/US2003/028719
conversion; wth higher slopgs corresponding to
hi gher conversion. The rate of tTenperature rise is
also a function of the catalyst circulation rate.
This effect can be elimnated by "normalizing" the
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That is, the sl oge of the ten‘perf\,ture rise at a given
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provi ded through a heating nediumvia |line 16,
cdAthoPatirn plnsss ractsr 20al ve 18. WD 2004/ 039754
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Vi a ne 20 ‘an ["ow measur
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feed flow control valve 24 for the purpose of
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rate. One neans of neasuring the heat content o
f geartios zbye.measuri ng the tenperature at TC-1 30.

[ The thanol feed is mxed in the bottomof K
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via line 3 0aI ong wth co%gdlncata yste @ﬁf ectltggggggqsh%fthe

dirsengagiontp pressiela sighal Tdiatingdiosatdiagholduy sl controls catalyst

separ at.es gl id catal yst particles that are circul ated

Vicgcpﬁﬂgn g@ e control valve 48 to regulate the flow of regenerated catalyst 50
from regenerator 52. Regenerator flue gas is taken off via line 54, regenerator air
is supplied to the reactor via line 56 and coked catalyst is directed from
disengaging vessel 34 to regenerator 52 via line 58. Reactor effluent exits

disengaging vessel 34 via line 60.

Example 2
[0118] The present invention was used to estimate the reactor conversion

based on functions based on one or more temperatures in a riser of a methanol to



to the bottomof riser reactor 26. [0116] Pressure

drop is determ ned by pressure controller (dPC) 38
wakiogh397s6 provi ded with readi ngs taken from uppEDS2003/028719

ri ser reactor pressure sensor 40 and |ower riser

reactor pressure sensor 42. Pressure control ler 38

integrates the readings and provides a signal for

controlling valve 44 which controls the catalyst flow

t colefes attooiitef readier hassesixrindc diameR6 aaddpetates at bout 25 hr!
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condi tion, wherein feed enthal py and catal yst
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0 REMmALA REEIC WA tHeORRaRfedS b&f\’e@él&? NioWind ik &bt gﬂetggf Qf the

ent hal py and catal yst circ tiron rates inasnu
v gmgsenyirtvierSen using a series of axial temperature measurements in the riser

should be useful for real-time control of conversion. Of course, the analyzer
results will be used to adjust the set point in the conversion controller based on

actual measured results.

[0121] Conversion was calculated from a reactor temperature profile as
follows:
[0122] Conversion, X, in a first order reaction with plug flow is a function

of the rate constant, £, and the space-time, 1.

X=1-e" (1)



conditions affects reactor m d-tenperature, not just

conversion. [0119] Accordingly, a second enbodi nent of
W0 b@4sEsent i nvention was rmade, wherein a sePCEBESWN3/028719

axi al tenperature neasurenents in the riser of a

net hanol to ol efins reactor-#ere taken and a

tenperature profile devel oped. The second enbodi nent

has been shown to reliably estinate conversion
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circulation rates change. [0120] Figure 5 shows the

c d¢roperatueed imadplie dM0Y aerctasneasr B epmmedr fonbe proportional to the

transit.ion Mgr eactor conditions over a four day
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froma reactor,tenmperature profile as follows: [0122]

Conver si af,, X—Fh a first order reaction with plug)

flowis a funcfbon of the rate constant, k, and the

-t , X =1 -e-k WO 2004/ Q39754.
ek s8] comtspasractigs s 410, SRRSO AES PRSP g defined.

NQler¥ af ¥ tRd AL iaﬁi%?&ilrﬁ/efnlé‘i%n thRrd PRCHEQDR QRE %ﬂﬁ’tgé ?ﬁ;al axial

tenperature in a plug ow reactor can be assune
bénejghoporti onal to the conversion as follows,

T=T+XAT, oo éZ) where T is the tenperature at any

point, Tp_ —the inlet tenperature”and 4T100 is (4)he
terrperatureAT]' se that would be obtgned at 100%
conversion. 47100 can be approximated as foll ows,

whldree difenssoriidse torpesatsicoprafile t ise equedat owitlo uthe e dimd@iFionless

-- AT,,., (3 ioo X 0O A dinensionless tenperature, O,
aﬁ&n%erﬂpﬂ%%ﬁlﬁﬁﬁ‘é%s axial position z are defined.

0(z) =1—-exp(—kz) A (5)

where 6(z) is the dimensionless temperature at position z. This dimensionless
curve is unique for a given conversion, and does not depend on any other
parameters. Therefore, we can estimate the conversion from an analysis of the
temperature profile in the reactor. 8 can be differentiated with respect to z to

obtain the slope of the dimensionless temperature profile curve at any position z.
a9 =kt -exp(—k1z) 6)
dz

The product kt is unique for a desired conversion level, X,. Equation (1) can be
rearranged as follows.

kr=-In(1-X,) @)
Substituting (7) into (6) gives

iiﬁ:—ln(l—x,,)-a—x,,)z ®)
dz



Here, h is the actual axial dinension where T is
nmeasured, and His the total axial height. OT-T z=h

W@ 20040397500 H The di mensionl ess tenperature prCf/UEM03/628719
equated with the dinensionless conversion profile,
thus: 0(z) =1- exp(-kzz) (57 3@ner e 0(z) is the
di nensi onl ess tenperature at position z. This
di mensi onl ess curve is unique for a given conversion,
anthisl egsatidat cadegteb seiNed Ry pliditte ifor Ap) Howeedrs we can solve this
Therefore, we can _estimate the conversion from an
arsangtignefop png ofdhe Ko fgrapsasdeliows of il e in the reactor. 0
can be differentiated with respect to z to obtain the
sl ope othh gﬁ ensi‘fial ess tenperature profile cur(y)e
at any positi Z(1dQ(:; z exp(-kzz) (6) dz The
product kt is unique for” a desired conversion |evel,
Xqo123juat i orEquidiorce) che thuse@rusad gesh ésinfatioh ofshe dﬁnvergion in
-1 n(1- Xo) (7 Substituting (7) into (6% gi ves dO
| rtha reretor-1The @/Qz ‘(egrp is dlze dimengonlesg slppel of the temperature profile

PCT/ US 003/0 871 equat.d on..cannot, be

oxEIEoRc JOPE7 Bbe Hitte (e e e SoRORRE p8 el HBR riser
eqy@bé@ﬁré Qhta Q9 8et0but! hidowGn RABEE 38 THe! deaisd cb’nvésm&)(& set
- az (9) (1-X0 [0123] Equation (9) can thus be used

aspomt) és tusgrh farothe ok, tvabuec omtbe gighh hiand sideeof dlacequation. The

dOQ.dz termis the di nsionless sl ope o he .
PP [T PIRRJE THAVLE, G AROASUIE, © OF Hber eegior inte

d
ClERBAAE 5, 3160 A0 Dt AT S nd o

desatalystl nmigtwe bsfoon agprresion poceetly. This usgdethtrre tihelifkOult to
val ue on the right_hand side of the equation. The
measure. As shown in TABLE 2 below, this temperature is estimated from a

backwards extrapolation of the riser temperature data.

TABLE 2
Conversion Calculation Method for MTO Pilot Plant

Measured Variables

T1 Riser temperature at z=0.057

T2 Riser temperature at z=0.115

T3 Riser temperature at z=0.173

T4 Riser temperature at z=1.0

Input Variables

SP Desired conversion set point (percent)

Z2 Dimensionless location of point where slope is measured (at T2) = 0.115
DZ Dimensionless distance between points T1, T2, and T3 (assuming equal-

distant) = 0.058



di mensi onl ess tenperature profile requires a neasure

of the reactor inlet tenperature, which is the
w@cioabsa7sL tenperature of the feed vapor and rECHUE®03/028719

catal yst m xture before any reaction proceeds. This

tenperature is difficult to ~¥easure. As shown in

TABLE 2 below, this tenperature is estimted froma

backwar ds extrapol ation of the riser tenperature data.

TABhkulticasver si on Cal cul ati on Method for MIO Pil ot

Plant Measured Variables Ti R ser tenperature at

z3plehtemperatuy ser tendsrhf dle '& z=0. 115 T3 Riser

t z=0.1 Ri ser tenperature at z=1.0
Iﬁ(ggt?&\} t?{es SP Dezlg’l r conversi on set point

( Fﬂbp@éﬁz#OZiZSDl nmensi qufPgs- (frgcam%sv('r@f THO(Dt DYer §p /100

sl ope is measured (at T2) = 0.11 DZ Di nmensi onl ess

d| Galewlated senvoesion p0| ARV T [1 -Texp( ahd DL d<EuSPrvgl 00) » Z2)] *

| - distant) 0. 058 WD 2004/ 039754

P uS2003/ 028719 -37- Cal cul ations Inlet

tenperature’ Ti =2 * Ti - T2 OQutlet tenperature To =
T4 Sl op e at z=0. 115 DTDZ-(TS T1)/(To T|)/(2*DZ)*SP/100
CaI The SdcmpsaaKS SontiRpipd ylmear gstgpolation ofthezempgratures at
Sk, 0, The inlet tenperature is

est Orr(gst%(e%dé_ga%]g%crkté%tpapol ation of the tenperatures

at z=0.058 and z=0.115 back to z=0 [0124] Figure 5
shows pilot plant data over a tine period that begins
wu[@ia24]| i ned- gmreépﬁlpa@up@lnt alant dBavaatime poriod tebbegins with

transition

con Sty Qo ol S0, o B Rioh e B0k ooy 3 ik figenyt tepsigion in

r@&%%&ﬁfoﬁé @Ad @hﬂs in@hothelifddesiR Rbndi€&EAA95% conversion but
tenperature and cat al yst circulation rate. These data

aras ajdufferant reactor temperature and catalyst circulation rate. These data are in an

"open-loop" mode, in which the calculated conversion does not automatically
manipulate any variables. The open squares are measured conversion data from
hourly gas chromatograph (GC) samples. The GC requires nearly an hour to
complete each analysis, preventing these measurements from being useful for real-
time control. The diamonds show the calculated conversion based on equation (9),
and the X's show the riser mid-point temperatures. Although the X's trend with
actual conversion, the beginning and ending temperatures are about 10°F different
from each other, while the actual conversions are the same. On the other hand, the
calculated conversion at the beginning and end conditions are within about 1% of
the actual conversion.

[0125] These data show that the dimensionless temperature profile can
serve as a useful inference of conversion to use for closed-loop control. Although
the riser mid-temperature can be used for control of conversion at a single
operating condition, it is not useful for controlling conversion when reactor

conditions (e.g., temperature or catalyst circulation rates) are being changed.



"open-1oop" node, in which the cal cul ated conversion

does not automatically manipul ate any variables. The
wW@p®n/03aear es are neasured conversion data fropeT/082003/428719

gas chromatograph (GC) sanples. The GC requires nearly

an hour to conplete each anaPysis, preventing these

nmeasurenents from being useful for real- tine control

The di anonds show t he cal cul at ed conversi on based on

equmd]on ( 9)Onceathd dohiger¥os amothe tth@peratied ridt dfahé Réactor are

tenﬁgratupes. Al t hough the X's trend with_ actua
conlculatgdonit ishetradglfforiverdy tearestienst e tcakipér mtior basedr en the

ahout . 10F different . from each,othe whil e the actual.. .
RO Rg ' i e br 22ciSh GG RS TR cobbbisy e R BBYAE! This
CalaklaBbBdpRI&T TABLRE bdlewbasiuiiak Hatehe 1RAH capacity of the
conditions are wthin about 1% of the actua

c onpenssi the, rep@d285 |snifH aslativatoaths heat dahatityt dfehe catalyst. This is a
dinensi?nless t.enper at ur rofile can serve as a }
LSERGRAYE FERBREED SrscdaBe Sobiha agaassafo of guash tgygpor is
CQﬂFB?Buhﬁ%fﬁﬁﬂgh the riser md-tenperature can be

useJ or control of conversion at a single operating
condition, it is not useful for controlling conversion
when reactor conditions (e.g., tenperature or

cAABLES circul ation rates) are being changed. WD

2004 GRYSAIRE VPO FEPpingfyhP126] Once the
CONVersi on an e tenperature rise of the reactor are
Canput Whesdblel t is straightforward to estinate the

cat:oil ratio based on the know edge of the heat of

r AdE€P onHeat of rasctiorerelativapabeat papscity hEcatalystl yst. Thi s

cal cul ati esent JABLE 3 bel ow, assunes that the
heat capégE%vpgﬁMtﬁéggz pors in the reactor is snal
relative to the heat capacity of the catalyst. This is

a reasonabl e assunption based on the fact that the
nmeSdeulatiom of catal yst to vapor is on the order of

PIGHO R var1 abl S4Feb PEHC? S0 anv el at ve

to heat capacity of catalyst = OH xn / CPcat ~ 1727F
Calculation Cat: QI ratio CATOL = DHCP * XPV / (To
- [0137) Persons of ordinary skill in the art will recognize that many

modifications may be made to the present invention without departing from the
spirit and scope of the present invention. The embodiments described herein are
meant to be illustrative only and should not be taken as limiting the invention,

which is defined by the following claims.



[0127] Persons of ordinary skill in the art wll
recogni ze that many nodifications may be nade to the
w@e@gesn’sd nventi on without departing fromthe PGPUS1003/028719

and 'scope of the present inveption.- The enbodi nents
descri bed herein are neant t0 be illustrative only
and should not be taken as limting the invention,
which is defined by the follow ng clainms. W
2004/ 039754 PCT/ US2003/ 028719 -39- CLAIMS What is
clel.adMS s: 1 A process for controlling a circul ating
f1yjd bec genates to olefins reactor which

W&F fisg lmFé)s contacting an oxygenat e-cont ai ni ng
fe dsto n e r n

ol coul AP et (o AL A Brllha B BEEBEG e 1o otetin
cat al ysteactonathich@sypeinat e conver si on condi t i ons, (b)
measuring a set variable selected fromat |east one of
(1) red@) sprtagtigen ¢>@f€énatf(-29nt¢lé@@ feerdstekpiyp a re@tion zone in the
reactor_te tures ated functi
ot al y SRR ohs TRIEHa sl MR 1 e onygeipnsalyst
vari ab'@dﬁeﬂﬂ:@)ﬁgeﬁﬁ@cbﬁ’vers’i&{é&ﬂﬁﬁfl‘lg* ng to a process
vari abl e selected fromat | east one of i) space
vel oci t@) maayurmgeer saje*and:dcselcn’aed Enmeatdeast ene of (1) reactant feed

conver Si on act.a iv) aver age | evel on
cat al ygfte 6& f ngﬁlgT‘arrl]% ( FQ?CWEaﬁ%rHPeéatuléee’fe Qfﬁflﬁg}ﬂﬁ@m and (4)
wth a _ \Y;

i ch | Ry RAG-88 in Y HRTIE 0 Ko BLAL L8 B0 SRR, fnctionally
neasur eshrespondary @bd proaed \asibble oplected!fraetat kasti @lel & i) space

(d) adjusting.as a function of said signal a
cor r es pBHRAlHgINAKGIALA Eeglipn (gRPPLRBITE iid|CaBYession of agagtant, and

| east gogr%%eézcorﬁé Jggpﬁca%%tf eed fl ow control va! ve,

b) fee I'vity of the catalyst in

the reae} osmpaiih shid neated s@fvagiablelwish ahrd)lphﬁﬁl set variable to
reaction zone, to inprove at |east one of

ol ef i n PPvdaca isigmal a’fléclanﬁ 3 ﬁgﬁtw@lceff the ééfeemcﬁ vbetwyeen said
2. The RLOcess to h{% d E L[he %)Et variable is
the reabtanr rgetrpgicand sgi r?g P8nE VPP esponding to
space V@) agjukiin@ss & ﬂfn@ﬁ@@ f @il §bhA @'&er&éib%ndmg mampulated
correspondi ng mani pul ated variableé is at |east one

f eed f|vawablonsclagtedvibmeat least one of a) at least one feed ﬂow control

valve, b) feed preheat rate, c) activity of the catalyst in the reactor, and d)
amount of catalyst in the reaction zone, to improve at least one of light

olefin production rate and light olefin selectivity.

2. The process of claim 1 wherein the set variable is the reactant feed rate,
functionally corresponding to space velocity as a process variable and the
corresponding manipulated variable is at least one feed flow control valve

as a corresponding manipulated variable.

3. The process of claim 1 wherein the set variable is the feed enthalpy,

functionally corresponding to the average reaction temperature as a process



as a correspondi ng mani pul ated variable. 3. The
process of claim1 wherein the set variable is the

wo e@d/oga15hal py, functionally correspondi ng toP€T®ES2003/028719
average reaction tenperature as a process WO
2004/ 039754 PCT/ US2003/ 0287190~ 40 vari abl e and the
correspondi ng mani pul ated variable is the feed preheat
rate. 4. The process of claim1l wherein the set
vari abl wariablet il theair@spdndingemahniputed edribRdisf the dtédopreheat
functionally corresponding to conversion of reactant
as a p@kecess variable and the correspondi ng
mani pul ated variable is the activity of the catal yst
in the reactor. 5. The process of claim1l wherein the
sef. vmn@@#@a@ of BRih 9aGhQEintBTRE Fakitb16 1s thelrédctS temperature-
function, functionally correspondi ng to conversion of
r eact antelagsl fincipem destionallyl edstespending tvecanwensimapdiveictapt as a

mani pul ated variable is the catalyst. holdup.in the .
e SR SR hEL g b perP Rl Re i ed Kby s The activity
vari ab! &thg?gt{ﬂgstriﬁﬁglggm{)@nper ature, neasured at a

plurality o cations along the reactor, functionally
corresponding to conversion of reactant as a process

vari abl e and the _correspondi ng mani_pul ated vari abl e

i >t he Hiaprgpesy obrlappd whareipyhe sqt yarigle iy g aeastor temperature-
The pro ¢l ai . ' . varciabl e d

T 'y SR Bt AR SR RE LALLARR S ko

functi ofiatdsy vaRdblesmPing icBFespdndive hGep EAEE vArRbR is @it catalyst
catal yst as a process:variable, and the correspondi ng

mani pul kelée ndh¢ Hgdre is the amount of catalyst in the
reaction zone. 8. The process of claim1l wherein the
set variables are (1) reactant feed rate, (2) feed

eng hal pyhe frddess @8elafh 11 WRREHAhEQ vaghRAE @fth@ﬁémdrqanperame,

and (4) catalyst hold-up in the riser of the reactor,
f unct i onedsisedc et rae phaaliyngf tlocgiioos eddeng \the i mbiters fupctionally
space veloc“%%, i) average %eaction tegPerature,iii)
conver sOSHFSPIInEs It cOmersion, @t iTgactapnf éAsa gy TewRE VPHRle g the
cat al y storre WA AR AR APaHaR2R0BE O2BVILY of L catalyst in the

reactor.

7. The process of claim 1 wherein the set variable is the catalyst hold-up in
the riser of the reactor, functionally corresponding to average coke level on
catalyst as a process variable, and the corresponding manipulated variable

is the amount of catalyst in the reaction zone.

8. The process of claim 1 wherein the set variables are (1) reactant feed rate,
(2) feed enthalpy, (3) reactor temperature-related function, and (4) catalyst
hold-up in the riser of the reactor, functionally corresponding to process
variables i) space velocity, ii) average reaction temperature, iii) conversion

of reactant, and iv) average coke level on catalyst;



and the correspondi ng mani pul ated vari abl es are a) at
| east one feed flow control valve, b) feed preheat

WO 2108/030¥54 activity of the catalyst in the reacPCF/USHN3028719
d) amount of catalyst in the yeaction zone. 9. The
process of any of the precedi'hg cl ainms, wherein said
nol ecul ar sieve is a silicoalum nophosphate (SAPO
nol ecul ar sieve and sai d oxygenate conversion
condi t i amthe @opesoadiag wedrgintlathd watiyblspae @) ueleasti dng feed flow
(WHSV) of from ahout 20 hr-'to about 1000 hr-1. 10.
The pr ot¥®l galveR) fegd prebesh ralec@liastviey af the opebistimthe reactor

sai d ox qsg ' l:tions conprise a
tenpera%%ﬁg 0 ugfgﬂ%ggﬁﬁgg%%?&%%é%?&fﬁ. The process of
claim 1l wherein said oxygenate conversion conditions

conprise a tenperature in the range of from about
400C. t bheapregessadaay of i preerding oloimss vdkereamyaidmalbailar sieve

or ecul A ST S PR Ehe 80T speli i g g genate
consi st ¢digeRfonDRRibds corbiiize ]aazveigﬁ%guﬁ? ap%g ﬁ/gl?’éﬁggﬁ{SV) of

13. The process of claim13 wherélin sa

si eve chomlapstt A0shrSAPDoa?U10001¢!. The process of any of

t he preceding clains, wherein said oxygenate-

containing feedstock is selected fromthe group

coltsi stTing ppdcesd iophayi 6f tid padreliisg @hinhathefeieshidr Sxygenate

and al i phatic carbonyl conpounds. 15. The process of

cl ai m 1%nxpEIoR candifipes eumpska e temperpers ofrad iegesabbonb3n0°C.

about 1 to about 10 carbon atons. 16. The process of

cl ai m 15 wherei n said oxygenat e-contai ni ng feedstock

CONMI i SEife PRICBANGH claiD 12 0RABRORd oE%e‘nh@zmé@ﬁﬁu&diﬁons

-42 17. The process of any of clains 1, 4 or 5 wherein

sai d r exsnmise adempperatuy i the ednpeed ffonm ebdud 409, #o about 500°C.

reactor md-tenperature taken at a single |ocation

bet ween about 20%to about 80% of the axial |ength of

the. 1 eapler probfss The MyPCEES tdf BR¥%edlhg CloBliME, lwhére®! said

5 wherein said reactor ‘tenperature- refate unct1on

i s a ratikcoiumieopespliak molacslar sicvncataygids sdlatedfrothie group
enat es

reactor. 19. rocess far controlling an _oxy
to ol equls??%ﬁﬁaéj@]gé' lgeﬁAPQa% AP Qﬁﬁf"cql?dcséﬁd}?@‘i‘lges:
13. The process of claim 13 wherein said molecular sieve catalyst is SAPO-34.

14. The process of any of the preceding claims, wherein said oxygenate-
containing feedstock is selected from the group consisting of aliphatic

alcohols, aliphatic ethers, and aliphatic carbonyl compounds.

15.  The process of claim 15 wherein said aliphatic moiety ranges from about 1

to about 10 carbon atoms.

16.  The process of claim 15 wherein said oxygenate-containing feedstock

comprises methanol.



(a) contacting an oxygenate-containing feedstock in a
reaction zone in the presence of a nolecul ar sieve
w@zoogesEses to ol efi ns conversion catal yst  unB&r/US2003/028719
oxygenat e conversion conditions; (b) determ ning an
opti m zed val ue of a prinary‘QéTiable measur abl e
property; (c) selecting a secondary vari able
nmeasur abl e property which is nore readily nmeasurable
orl1or eTlieepioadssof e i chdhe 1f Hasr Sadherefir saidikdactoartédpdrature-
nmeasur abl e property and deternmning a set point for )
said s€€ fupctigny iy aeectore EudniappcEatpreotsken gt a single location
corres ' fo ptim zee val ue of .t prd par
vari ab the@\%%%lg S{r)% tf@/gﬁg péebrotﬁlil ;ZS%K’d)O%r{[é%saﬁ ail nl gg%%i ({]f the' reactor.
secondary vari abl e nmeasurabl e property; (e) conparing
sai d neasured secondary vari abl e neasurabl e property
wi & sHicdproeesspdiany of ghaimaild 4swcowliarein sead reatos temperature-
measur ab opert. corresponding. to said optimzed
Ve ve. deEBtn o T EEReRTads Ahe - PaRBhGS fegetor
provide a signal which is a function of the difference
bet ween sai d neasured. secondary vari abl e neasurabl e
pricher t4 RIPEFss dorgcangolling ¥ oxw%/laf@g o oéaing fhudizged ed reactor
optim : .0f. the primary vari abl e neasurabl e
pPoperfggwggéMﬁ?$madjusting as a function of said

si gnal @) Gaftaﬁﬁ@@ﬁdixageﬂwkcﬁﬂéiﬁhg(feedéﬂfckalli)thacﬁ@n zdh&in the
process of claim 19 erein: WO 2004/ 039754

PCT/ US200%ne2 87 aomoleqgans sieve oKy grmpigs \arolefbiiseconversion catalyst
nmeasur abl roperty i s selected fromthe group

consi stTHE SRR S PRI Fon 1 ate,  2)

t enper abyrRicrRiihE AnPERARCEd VaRleC6t Vi8S, vatlable measurable
conversion of reactant, and 4) space veloCity; said

secondamgpartri abl e nmeasurabl e property is sel ected

f [ tal .feed rate, ii.).  feed enthal py, iii). . .
Feact of(e] SHEing: & eehERE S8R CTTORAMRAPIOY ciich Js more
hol dup; readif) ﬁ@és%dﬁ?c%ﬂﬁbé%@ﬁab‘lﬁ‘?ﬂe?é%%ol? ;f?haﬁ%hﬁ r?fg?rsrr\aﬁhble

at |l east one of a) at |east one OW CO
val ve, ibyashmblt propesat andadeterminigctai wdtt yoinf fohaeaid secondary
catal yst |

variagle measurable property corresponding to said optimized value of the
primary variable measurable property;

(d) measuring said secondary variable measurable property;

(e) comparing said measured secondary variable measurable property with
said set point for said secondary variable measurable property
corresponding to said optimized value of the primary variable measurable
property to provide a signal which is a function of the difference between
said measured secondary variable measurable property and said set point
corresponding to said optimized value of the primary variable measurable
property; and

(f) adjusting as a function of said signal a corresponding manipulated

variable.

20.  The process of claim 19 wherein:



the reactor (regeneration rate), and d) catal yst

circulation slide control valve; and further wherein
walxgo4i0397and a); 2), ii) and b); 3), iii) and cPCT/ESH03/028719

4), iv) and d) represent corresponding sets of

vari ables. 21. The process of*%1 ai m 20 wherein said

reactor tenperature-related function is a reactor

m d-tenperature taken at a single |location between

about 26fd primapoukiaBle@%messutdbe axopeityl Bngldetal fiohe the group

reactor. 22. The process of claim 20 wherein said

r eact or CQusiFHBE Hf Ul edssied peefuctior traten2) fanpergtitearelpted product

tenper agelféc‘ﬁv{tie?,g})%klg%%ign Bf {Je:é%tgﬁ]t %g%ie)gs%a&e\%gcéc%fi 23.

An oxygenates o] Izé reac

appar at sisd s€on€ai Warihbhle GneaBurabié s seeeted Fropd B toRS feed
in a riser reactor which conprises: (a) an oxygenate

f eed | i¥ate, donfeadiendtalmyg i) réactorremperatertelated ffeection and iv)
inlet to, .said riser, reactor; (b) a preheater through
whi ch s%t%y%@@ﬁaw feed |line passes for at |east

par ti al dayd YdRQulaAld Gardidisl @RV iaak 165 BRY gﬁ af'hf [2a& one

fluid heating™ nmediumflow ng through salid preheater;

sai d rifed floeaaintol falveHerfeed prehbsiralg, @) ddtivéy ofele taslyst in
out | et tEhor riser reactor effluent containing solid

cat al ysteg5reipic (tegensrion) Bia)nand dhicaiahish girgapden siigs control
2004/ 03\?315643{?%2003/ 028719 -44 (c) a disengaging
vessel for’receiving said riser reactor effluent and

separ at wheeiat 1), ¢patd apnp, o) adit); Sp i)l aeatd] ¥&d 4), iv) and d)
particles fromsaid effluent, said disengagi ng vesse

f ur t herTepsag iceirefondiag setp ghydtinglesessel outlet at an
upper portion of said vessel for renoving said

ol efi ns-contai ning vapor; (d) a catalyst circulation

| imle T Uiy RScEkoWh bR 2i0rWRBréin! a8l fehPBrafifre-r&iied function
di sengagi ng vessel to a | ower portion of "said riser

r eact oris a(rejcter mislglenperatwe takenat a singte lacdtiondretwernetbout 20%
for introducifpg a.regeneratio medi um an upper
out | et tpggo tegée/hgﬁfgl?g?“aﬁeﬂﬁt é)gél}e 3G 1 egener at or

further conprising a catalyst transport |ine running
downwardly froma |lower portion of said di sengagi ng
vedsel The procesgefielnah @0 wintreihysid readtet tempadtae-related function
catal yst trangport |ine, ex} endi ng, downwardly from a
regenerff &afe eg{égm;gqtme rise along a portion of the reactor.

23.  An oxygenates to olefins fluidized bed reactor apparatus for converting an
oxygenate feed to olefins in a riser reactor which comprises:
(a) an oxygenate feed line communicating with a riser reactor feed inlet to
said riser reactor;
(b) a preheater through which said oxygenate feed line passes for at least
partially vaporizing said feed by heat exchange with a fluid heating
medium flowing through said preheater;
said riser reactor further comprising a riser reactor outlet for riser reactor

effluent containing solid catalyst particles and olefins-containing vapor;



outlet and intersecting wth a lift gas riser; said

lift gas riser having an upper outlet comrunicating
wowaoh/0397sai d di sengagi ng vessel and a | ower |PET/USRG3/028719

inlet; and said reactor apparatus further conprising

at | east one of. A) a heatiny*hedi um flow control

val ve controlling the flow of said fluid heating

medi um t hrough sai d preheater, which heating nmedi um

flow c@ta disevigdginy ivesdEhfopubaivah asidaribetedac®n &fluent and

tenperature of said feed neasured at a point between

sai d pr&maetiag ahlrastssome of swid solidaeetadyst paditlgsiiemn saidpyfluent,

an oxygenat.e feed fl ow,C rol valve cqntrolling the

1 ow o BaGer e yRKIBERG oriisle.§ bt Signg Vossel et a

i nl et wai @fpet portRRiopAiatBgePS ?enfl&ml‘i‘%éa%‘ lefths-b&88infd -

nmeasur ed al%b a§cr))oi nt beltvveeﬁ sgi d prle eat(e)lre a?]d saind g Vpor;

ri ser (Qaceatalysteiretlati@) liae cartrangy dowowardufrarhi olower portion of
lLve controll circul ation of catalyst

contr ol %(? eil/ng Itj

fr om saf¥f FEEAgRGi Vel isk lower Bordign gt said gisenteagiory |

said ¢ (Y2 ' Wolc ' [ te .
2 unct o SPFASLL Ehing KE BRIG TRRINE L cfRradon
upper pmediuon anfupper clitlet $ar reg@redtar flangasa shidwegenerator further
portion of said riser reactor; and D) a regenerator

cat al ysEOTeREsEg atGabiy s JrRnspATt Jiap veneipg tdosyowasdlyt fiem a lower

passage talys: sai.d.regenerated catal yst

bt 1 ot oy 08 P B a8 S8R (G REREER B PG et, end o
PCT/ US2639 ) 25435brt 1AS ek@OGIAE [ddWkvafkBy #oxsh regenerated catalyst
circulation control valve belng mani pul ated as a

funct i opitlst and wearsecing with atlfhpasirisenr e.  24. The
appar at us ﬁ‘f claim 23 wherein said rtg?ctor appar at us

conpr i sl ﬁft 825 gl1SSH L RAVINg, 4N, PPRET o PULat Gqmmynigptineg. with said

sai d r e@sdnRhoiaPRAER] YAd GOl $i8Sgd) inlet;2hd I8 reactor a paratus
apparatus of claim 23 wherein said reactor apparat ug

conpr i skth) conBrisinpre lappareatfus of cl ai m 23 wherein
The appar at us

o cl o 41 3 SSHRBRBFAELAGP CBHER GMRpRANG B AP aiasid fuid
aher oi 12y TGN 08doatt SRICRRACAN Syt HeBliR Bty low
a poi ntconampivalye fis anardpdlated 800dwictisriof empefatfreadtsald feed
Length, measured at a point between said preheater and said riser reactor feed inlet;
B) an oxygenate feed flow control valve controlling the flow of said feed
from said preheater to said reactor inlet which is manipulated as a function
of feed flow measured at a point between said preheater and said riser
reactor inlet;
C) a catalyst circulation control valve controlling circulation of catalyst
from said disengaging vessel to said riser reactor, said catalyst circulation
valve being manipulated as a function of the difference in pressure
between an upper portion of said riser reactor and a lower portion of said
riser reactor; and

D) a regenerator catalyst circulation control valve controlling the passage

of catalyst from said regenerated catalyst outlet to said lift gas riser, said



nmeasured fromsaid feed inlet of the riser reactor.

30. The apparatus of claim23 wherein said function of
WO 2@af03978act or tenperature is a reactor PCT/US2003/028719

m d-tenperature taken at a single |ocation between

about 20%to about 80% of thetdaxial |ength of the

reactor. 31. The apparatus of claim 23 wherein said

function of riser reactor tenperature is a rate of

t enper akpdrRrdtérS Gatalydn @irdulb@bt icofudlf vAIRE B&ERE tifknipulated as a

24,

25.

26.

27.

28.

29.

30.

31.

function of riser reactor temperature.

The apparatus of claim 23 wherein said reactor apparatus comprises A).

The apparatus of claim 23 wherein said reactor apparatus comprises B).

The apparatus of claim 23 wherein said reactor apparatus comprises C).

The apparatus of claim 23 wherein said reactor apparatus comprises D).

The apparatus of claim 23 wherein said reactor apparatus comprises A),

B), C) and D).

The apparatus of claim 23 wherein said riser reactor temperature is
measured at a point ranging from 30% to 40% of said riser reactor length,

measured from said feed inlet of the riser reactor.

The apparatus of claim 23 wherein said function of riser reactor
temperature is a reactor mid-temperature taken at a single location between

about 20% to about 80% of the axial length of the reactor.

The apparatus of claim 23 wherein said function of riser reactor

temperature is a rate of temperature rise along a portion of the reactor.



