WD 2004/ 039754 PCT/ US2003/ 028719 FLUI D BED OXYGENATES TO OLEFI NS REACTOR
APPARATUS AND PROCESS OF CONTROLLI NG SAME FI ELD OF THE | NVENTI ON [ 0001]

The 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 &0 1000632754Li ght ol efins, defined herein as ethgl/esees/supyl ene,
butyl ene and m xtures thereof, serve as feeds for the production of
nunerous i nmportant chem cals and polyners. Typically, light olefins are
produced by cracking petroleumfeeds. Because of the limted supply of

conpetitive petroleumfeeds, the opportunities to produce |ow cost |ight
ol efins from pELUSDERR DA ENATES TG OLRFING REAGIQOR ARRARAFUSIAID ol ef i n

production technol ogi es ba (%ﬂ{&ve i ncreased. [0003]
| nportant alternate feeds fﬁoﬁgsﬁémgﬁﬁﬁﬁ ol efins are
oxygenat es, such as, for exanple, aI cohol s, particularly nethanol and

et hanol, dinethyl ether, nethyl ethyl ether di et hyl ether, dinethyl
carbonat e, andFHE:@QF THE NTBNy of these oxygenates may be produced by

fermentation, rom_ synthesi a from nat rol eum
liquids, car boﬁ@gfelous el rﬁ’rﬁsfegts F%@nﬁ‘a{{egq&ggloxygg@fg I 80“9%15“3&‘?0 '

muni ci pal wastg;paraafsea@ymm fhii@ bE®fe@étbPdnd a PRERSHIBEIOEonDE W de vari ety of
sources, al cohol, al cohol rivatives, and other oxygenates have prom se as
an econom cal , non- et r ol eum sgurce for |ight olefin production. [0004] The
catal ysts usedBAGKS D OF-THEANVENHION{ oxygenates to ol efins are

nol ecul ar si ev taI yst S €as e, gost

sought after p o cts ofﬁght &g&é?g% ?gllﬁl%{hr e?@% ﬁ}’c!g?@g%ﬁ@ on \%at

catal ysts are mimedles thiresf] ise®et 45 Eelly [fen eheaprbdasiionr op Husieeous aifthottintet hods
for increasing the ife and sel &ctlwtyg%f the catal ysts to ethy| ene and/or

oropyl ene. [ 00BHSTRcAls and abusers.o Yeigallye righh pleims e spragvced By, ceacking
f eedst ock | R | |
FocE ok com B0 e B URBRE Gty RO ol o

the opportunities to produce low cost light olefins from petroleum feeds are

limited. Efforts to develop light olefin production technologies based on
alternative feeds have increased.

[0003] Important alternate feeds for the production of light olefins are
oxygenates, such as, for example, alcohols, particularly methanol and ethanol,
dimethyl ether, methyl ethyl ether, diethyl ether, dimethyl carbonate, and methyl
formate. Many of these oxygenates may be produced by fermentation, or from
synthesis gas derived from natural gas, petroleum liquids, carbonaceous materials,
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



-2 conposition according to the invention, is carried out in a reaction
process in a reactor, where the process is a fixed bed process, a fluidized
bed process, preferably a continuous fluidized bed process, and nost
preferably a continuous high velocity fluidized bed process. [0006] The
reacti on prwoasssymsan take place in a variety of catal yRETUS2PBH2E78? s such
as hybrid reactors that have a dense bed.or fixed bed zones and/or fast
flui di zed bed reaction zones coupl ed togéther, circulating fluidized bed
reactors, riser reactors, and the |ike. Suitable conventional reactor types
are described in for exanple U S. Patent No. 4,076,796, U S. Patent No.

6, 287, 522  ( du&PmPpesition) accerdingrio thel invantiosn ISEEHFiHe@ 1A @ remtiogpdessaich O
Levenspiel, Ro I i.shi . Kk w York 1977,
whi ch are all %E:ttglr’nEWh?ljél %ggﬁh%%yg%raa?ge‘%pg% 5’2 e%(sén%gm(?%goﬁd\l%ﬁogesﬁ’r eferred
reactor types afeferablgarcontmaiue fRidigsdeted|proceste aad ieetpreferably 8 ebntiiRiasd or ,

Fl ui di zation and Fluid-Particle Systens, pages 48 to 59, F. A Zenz and D. F.
Ot hmo, Rei nhol digbyslocitnliidized bedpigeessn, New York, 1960, and U.S. Patent No.

6, 166, 282 (fas i di ze . . enpt | iion. Seri al
No. 09/564, 613t[?[fﬂlk1ejd Nay@a%)?%ﬁgﬁ?%#’u%"%sfsp?%pﬁ#ggjrlaérggglc of s g\/\%ficg}#élgt?ce al |

herein fully i meaotoposueh asl highrid efactosntigt. hal® Q@8hsel bed aor fixed ded eches ahd/di nent  of
oxygenates to oIefins conversign, a qui?ized bed process or high velocity

f1uidized bed fshdwadizads bednseasiier apResc RouPiadcagaider. Licalaing luldizddehed o
regeneration system 3 ded RGOV tRYRe r%l}ﬂt&lﬁ@%}mén@ioﬁgldl%ﬁctz)xo g@B&' z€
Ight ole irable to

operation of oxygenates conversion to ins, 1t 1sd
control vari oudegabeadrii for exanpledi. 8t PaenwiNd 4076,70%y Yeh Paent No. 6L287,521s

Calectivi Ly T ol e Pb HILaras S IRRAF: £ Bk AR bhLoSav Eh BoPRLRe. [ 0010]
U.S. Patent NO-Kr@ﬁ%ﬁ@]xb%i%li%né CoMgah ,Néx@%ﬂég}leﬂv 35@(; 7, Wich &9%%%%&&1{“9

oxygenates to lig ns 1n-a fast-fluidize eactor an urt her
observes that dlijjgecaperaedbyeefsience. processes can be sensitive to reaction

erves that processes ¢ cac
e o b o Bhener LBt RS b i B oA S F Y VO

Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 t0 59, F.A. Zenz
and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all

herein fully incorporated by reference.

[0008] In a preferred embodiment of oxygenates to olefins conversion, a
fluidized bed process or high velocity fluidized bed process is employed which
includes a reactor system, a regeneration system and a recovery system.

[0009) 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 confrol 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.



-3 [00111 U S. Patent No. 5,952,538 to Vaughn et at. discloses an opti nmal
range of space velocities which are suitable for oxygenates to olefin
conversion. 100121 Gayubo, et al, Ind Eng. Chem Res. 2000, 39, 292-300,

di sclose that in conversion to olefins, higher average reaction

t enper at ur ewoapusasgisven coke |evel on the catal yst i ncrEEEe0@ReE?i vity to
ethylene. [0013] U S. Patent No. 6,137,022 to Kuechler et al. discloses
oxygenates to olefins conversion in thé-presence of silicoalum nophosphate
nol ecul ar sieve- containing catal yst which maintains an optiml feedstock

conversi on between 80% and 99% under conditions effective to convert 100%
of the feedstod@hen tHS. Fakat NonS526h83knVangha etal. diseleses 38 optitmahe

percent of the N hat e . i 1.E0014] U S, Patent
No. 6,023, 005 & ?éf’%%%gé? e&‘?%p%&aﬁsamgﬂeﬁgﬁﬁé?%%&% P PR R e r age coke
| evel s on oxygegwEREs t o Gheitopet 40MmdeEss AThenRat. V20001 39,4000, dikdidyeoved

| ower ol efin selectivity. £00151 Control of the above-noted variables is
shown as usef ulthaf gyconygrsippie plglns, bigherrayanagereastioniemperataresaba stven egksf i ns

reactor. Howev . I countered when attenpting to
select a contr §§Wg‘§:r{;k§§r§a®g$t ‘“‘%%a\ég%}ﬁ“‘?ﬁﬁhégg‘?leeﬁg'e| ocity, average reaction

tenperature, cq@ooid]si on UfS. Parat Hot6,13m0k2ay Kuagdercalet digUsts oygermtal yst. For
exampl e, neasurenent of the coke level on catalyst is difficult inasnuch as
a sanpl e of cat@plgEes eanversigr initherressnge efiselicoglyminppbesphgte malepyler sievay et hod.
Ther e does not L ent I S P ont | nitor the
coke | evel on ggl'tﬁéﬁm;lgtéaﬁ@@%?%ﬂ%ﬁ%%@Pﬁ%&Zf%& %c(ri( %Aﬁg%ﬁg;é@%ts wth

t he measur enent80%f ankiH9% idet adrditens cefediveio bawelt.10@adfthd feelddebknans
generally prefer to use nore reliable neasured variables, e.g.,
tenperature, fd&he dFeagdan cEpRS oFoNang gt odwssls Pht HohwRs apeceriy etlsi B

nmeasurenent deyi : inpl e and effective control nethod is
needed for co%%ﬂrco?ﬁllmﬁléggis get%gl!tdgegultgroﬁ%‘}lggfi ns reactor systens that does not
rely directly qodidhe nedsliPetertiNo.of,02340056 disklesestthaimpuriandti dffohainthiningo obt ai n
or which are inherently wunreliable in their lmfaasurement. Furt herpore, it
woul d be desi r&ﬂtl@altadfeﬁgggqn@ele s on oxygenates to olefins conversion catalyst to effect

improved lower olefin selectivity.

[0015] Control of the above-noted variables is shown as useful for
optimizing performance of an oxygenates to olefins reactor. However, there are
several problems encountered when attempting to select a control scheme for
controlling space velocity, average reaction temperature, conversion of reactant
and average coke level on catalyst. For example, measurement of the coke level
on catalyst is difficult inasmuch as a sample of catalyst must be withdrawn and
analyzed by a laboratory method. There does not currently exist 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 cffecfive 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



4 method for controlling oxygenate to ol efins reactor systens which
utilizes select manipulated and controlled variables so that the response
in a neasured variable of the control systemoccurs shortly after a change
to the mani pul ated variable. 5 SUMWARY OF THE | NVENTI ON According to the
invention there is provided a process as defined in any of the preceding
clainms. [00171 In one aspect, the pregent invention relates to a process for
controlling a fluid bed oxygenates to ol efins reactor which conprises:
contacting an oxygenate- 10 containing feedstock in a reaction zone in the
presence of a nol ecul ar sieve oxygenates to ol efins conversion catal yst
under oxygenate conversion conditions; neasuring a set variable selected

fromat |east one of (1) reactant feed rate, (2) feed . enthalpy, (3) a
react or t enpgB§taddercopEiingnyvesaaie tq Qefins pagjor systemeVhieh willaesseliger ature or rate

of tenperat %ﬁxiﬂuia&% afll ShGoRedRRRAHIR %o Mt tﬁJ‘n‘é‘sp!bﬁé% Pheastied virfhbieoat al yst hol d-up
inthe 5 riser 'of the reactor, said set variable functionally correspondi ng

to a procesdhegonirelisysiem eeensshatly sffepprhangq te thstmagipalated varjablepace vel ocity, i)
average reaction tenperature, iii) conversion of reactant, and iv) average
coke level on catalyst; conparing said mneasured set variable wth an

opti mal seét SUMMARWOFTHE INVENTHON| gnal which is a function of the
diff b i - i i | mal t 20
| Trerence djﬁécmﬁlg éc? ik %vgiftﬂbﬂ 'g:i{c?eqs Ex%%ldé’qa{ dé&gésgaﬁ Qeithed aq?’ QPhL Ml se

vari abl e; adjusti as a Ionof said signal a correspondi ng mani pul at ed
vari abl e sgireedisgicltimem at | east one of a) at | east one feed flow control

val ve, b) f rehe rate, .c) activity of the catalyst in.the reactor,
and d) am)uﬁﬁ&g cat 3’%‘9&%“#’%"" t%gepr?sgrgéq\ﬁelgﬁnreg%ﬁe?aP{?ci:sFr,};qu%mg?lgl east one of
| 'i ght ol ef i na fuidbbid@ikygenatestd elefiredctoy vhich k@fiprizess edneting/dntoxygeqatg. , et hyl ene

and/ or propyl eng,. selectivity. 25 [00181 For present pur.poses, light olefin
product Po‘ﬁp?c&f‘té‘“f%%ﬁg?tf’?]i‘éﬂ ai@“ﬁ"t‘ié’“"r’rﬁ?@ PFeéfinég a "é‘{]?fﬂ[‘?"éﬂ Yeand pr ogyl ene

produced fr asRygenitas foiofafih@Eonk @E164 QkalBYEliETBxydeRatd BonversioR €indRidhs; Of the present
invention, a reactor t ined as a function

enperature-rel ated function is  def
of one or W@Wﬁﬁé?‘é’?@’ E‘hf‘r@'ﬂéﬂfaét ngREH) srciany feehgate, (Bi5Eh of a
reactor. 10048hipANef DRbctétIisfetanPE-rdldQ fhitMEH) klzOeabt6l AidQ8mpepatde B OCESS foOr
controlling a uid bed oxygenates to ol efins reactor which conprises:
cont acti ng afte of temperature rise along a portion of the reactor, and (4) catalyst hold-up in the
15 riser of the reactor, said set variable functionally corresponding to a process variable
selected from at least one of i) space velocity, ii) average reaction temperature, iif)
conversion of reactant, and iv) average coke level on catalyst; 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 -
20 variable; adjusting as a function of said signal a corresponding manipulated variable
selected from at least one of a) at least one feed flow control valve, b) feed preheat
rate, ¢) activity of the catalyst in the reactor, and d) amount of catalyst in the reacii(‘)n
zZone, to improve at least one of light olefin production rate and light olefin
selectivity, e.g., ethylene and/or propylene selectivity, '
25 {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:én
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 controllinga .

fluid bed oxygenates to olefins reactor which comprises: contacting an



WO 2004/ 039754 PCT/ US2003/ 028719 -5 oxygenate-containing feedstock in a
reaction zone in the presence of a nolecular sieve oxygenates to olefins
conversion catal yst under oxygenate conversion conditions; neasuring a
reactant feed rate as a set variable functionally corresponding to i) space
vel ocity asw® 200403884 vari abl e; conparing sai d neasured PGHUSMe¥I28Pe W t h
an optinmal set variable to provide a sigpal which is a function of the

di fference between sai d nmeasured set vari'able and said optinmal set variable;
adjusting as a function of said signal a) at |east one feed flow control
valve as a corresponding mani pul ated variable, to inprove at | east one of
light olefin @¥Edwecoranngdesdsigck inghteagfiosrzone detherespheeyof 4 molzejlar n

h . 4h [ ' I f |1
21 ui 0 bed oxJgEnarBeEREs dp SRR bael (iR el AeEdRe Habling” an'

oxygenat e- cont egnditivgis;§ eeAsirBgK ai Feadtafite &6ki @lle ZBNQ bt VAGubIY afcRaRf a

mol ecul ar sieve oxygenates to ol efins conversion catal yst under oxygenate
conver si on conefrfaspanstingfe Ak tpachypleciiz @s aprasaispirtiakie;osmariyg paid pleasured
functionally i i r ' t r. [ocess
vari abl e; COHD%?%%%%mgaI gﬁ@é@ﬁ?@§{§%§b$§€?%%ﬁ%EVﬁgﬁFgﬁﬁgﬁf?ﬁéfag ?Pvariable
to provide a sihgniiffersiideChetwéen saidf meinedretoiariabie At fshidr atiel batvatghle;sai d
nmeasured set variable and said optinmal set variable; adjusting as a

function of sapdiustingmsia feetienf shidsienabdet deasoneciged Beywsaatelgalerspul at ed
iable, to i 8 i ght. i ' d |ight
ohet i sel cot i ST Ble, PR parle B0 indfle B, 180 OHE bt Abat BcuOTE, 1O

relates to a ppedesnirae and Bghitlobifiniselgetvidyl ui d bed oxygenates to ol efins
reactor which conprises: contacting an oxygenate-containing feedstock in a
reaction zone [492Phe pr fesnothepfaspect, (g B@G‘F"‘grm‘éq“@% reJates) do 3t RECesy 191 ef i ns
conversi on cat Egn{j . 0, Stei I 1. e i;Ng a
react or ténpergr%&l?r%iel- e g@&?%%% |§tﬁs, ﬁ)e‘.mé. ,S reggﬂg&%@-éeﬁp@@%ﬂe or rate
of tenperat ur eau i cxggaiatr@ntaiging tfealstock ih he reaetiod eone imasthe medenseabt abl e
functionally correspondi ng to conversion of reactant as a process variable;
conparing sai GMOleS G PV PRERAI I U SARVEFSIOR neatalksl URAGE | ox¥BEnateo

provide a si gnglnyshidaNcdmditnk,URehduAly Hed! fndly hECRE S/RRIINEER BRI Measur ed

set

corresponding to average reaction temperature 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 feed preheat rate as a
corresponding manipulated variable, to improve at least one of light olefin
production rate and light olefin selectivity.

{0021} In still another aspect, 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
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



vari abl e and said optimal set variable; adjusting as a function of said

si gnal WD 2004/ 039754 PCT/ US2003/ 028719 -6 activity of the catalyst in the
reactor as a correspondi ng mani pul ated variable, to inprove at |east one of
l'ight olefin production rate and light olefin selectivity. [0022] In

anot her aspwotzpoddagrspr esent invention relates to a procescr/@seoos/eegn?rol | i ng
a fluid bed oxygenates to olefins reactor. which conprises: contacting an
oxygenat e-cont ai ni ng feedstock in a reaction zone in the presence of a

nol ecul ar si eve oxygenates to ol efins conversion catal yst under oxygenate
conversion conditions; neasuring a reactor tenperature-related function,
e.g., . reactor ﬂ@ﬁ"@ytcﬁr%?ﬁﬂmﬁéngﬁ Teaier asfa qostepronding meanipuwlaedivaiagleatporti on

of the reactor set vard.apl u | onal | r respendi.ng. .0 conver si on
of reactant as i%‘”%?%%é%& OQFa?fihggﬁ Og?f{nc]_go}%‘ﬁ: 19%&%%’%@’%_@3@@? 8%3@‘§{an_ri abl e
with an optimafoeee} variBDhmthe? aspic)Vhé Predetti Bhionlitlals it6 adplobisstibon of the
di fference between said neasured set variable and said optinmal set

vari abl e; and septipdlingngfluidsbed oxygrpatesip olpfinsteactet whish compiisesiceontactimg  hol dup
in the riser to_inprov t . l.east f. 1ight .ol efin.preduction rate and
[{ght ol efin sah VeSS oRiReRiin 4 Heteln dont R BB MR oFhe
present invent inlectRk i€k bRygnathy @ efEisOEorf@RIonOLAthlRg andel Udxggbegk
oxygenates to ol efins reactor which conprises: contacting an,

oxygenat e- cont &PHHEFROT ceritionsk MeaAsUAng ch éeacton topwalre-rlitedpfinsioneee-of a

mol ecul ar siev ates o olef Holy) r..oxygenate
conver si on Condela?ﬁ%g&%n?ggﬂl ?1)6?th%a%&e%ﬁ%%gﬁn%égea?]ﬁféﬁg%ﬁén éfg{r%arﬁc%%’ of

| ocations al oRgak&tevatighie figictimalig coRéspoaiing i @nbetsioh bpRatthit HargrespoPndi ng to
conversion of reactant as a process variable;, conparing said neasured set
variabl e with aAriabltqomppriag said anqaged setovapialle i vith an spimell sehipidabls & a
function of th fogﬂgcfe‘;féi%bg%éhé&efs%ﬁﬁaﬁﬁ' & tﬁ%e@%éé & B&ilvedPla Pk Sudepal d

. e
optimal set va justing, as a

uncﬁlon oF s B d signhal’, activity
of the cat al ystvatidbld el satxhoptinial 36t variakle;r e pdidiung as admichioh af edd wighalabl e, to
| nprove at |east one of |ight olefin production rate and |ight olefin

sel ectivity. [ ®eeafalyst heldup in fhegisseio Wi aidenst oneef Light glefin prodretien on
relates to a Qgtgmﬁ%{tg[eﬁﬁg%&whm ng a fluid bed oxygenates to ol efins
rises:

react or which conp
[0023] In still yet 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
conversion conditions; measuring reactor temperature at a plurality of locations
along 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; and adjusting, as
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 fo 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 oxygenates to ol efins conversion catal yst
under oxygenate WD 2004/ 039754 PCT/ US2003/ 028719 -7 conversion conditions;
measuring a reactor tenperature-related function, e.g., reactor

m d- t enper atverBoqzorsat e of tenperature rise along a portr@nusHotgry eact or,
as a set variable functionally correspondj ng to conversion of reactant as a
process variable; conparing said neasured set variable with an optimal set
variable to provide a signal which is a function of the difference between
said neasured set variable and said optinmal set variable; and adjusting, as
a function of senvgrsidngetditionsh ameesrng ya redaior denppératureislatgds inctien, i apr ove at

| east one of |ight _al.efin productjion. rate and li,ght olefin.selectivity.
[0025] I yet SASOR SO hebielie sk uoed Preletndtng 185% ¢ Bodon 9t BE iroceds for
controlling a ft ke JagahleXu@aoRlIe LofrespOhdihg fScohP@sioR bf YMALER KATREdSES:
contacting an ox%nat e-contai ning feedstock in a reaction zone in the
presence of a VvARAbE; Hompanng vaid anepsiaedsedsvariable | vath ag opimeleset ivatiablaital yst
under oxygenate nversi.on.gondi £ i gns; asurin tal yst, hold-up jn the
riser of the ré& Oéf?‘%ra Sighal W ls\?aﬁtuf‘%bo?'e(’fgﬁen%ﬁ%t?ﬁ% ﬁéwsed%/%ds’ﬁ%??&{eﬁ e{ 0

average coke | gu@dblOndcCalidbptihal 38t ﬁrialﬂé;%xﬁé‘aﬂju‘éi_iﬂ%%b b Funcéion B kLM Gighal d
nmeasured set variable with an optimal set variable to provide a signal

which is a funés Galyst holdap di thegisentoalmpese ke neashpne ofrhieht ale@in pseductien i abl e
and said opting -var i abl e Justing as a function of said signal,
anount of cata ﬁg%ﬁlﬁg\iﬁﬁg%rgesglggﬁlgtjﬁ'zone as a correspondi ng nmani pul at ed

variable, to infgg8ye at lepdlanethe spect,ithhpreeneinventivhadlaes iton pferke fand | i ght
olefin selectivi t){._ [0026] In yet still another aspect, the present
i nvention rel acearaliinga Spts‘]c@soxymateé&wlﬁﬁm feAgorwhich compiéses Soptpetieg es t o

olefins react O%%ﬁ&a@@%ﬁiﬁﬁ%fiﬁ%&%@ftaﬁtér}gac"t?i ngii)}régﬁgg{lf'aﬁr%}& Yeng

feedstock in are ron zone' | e presence 0 SI eve oxygenates

to ol efins conuelchntin siedealoyfdenstodies olefisg eapeRioho OMelySi Qndeg ORdigknadns ;
measuring (1) reactant feed rate, (2) feed. enthal py, (3) a reactor
t enper at ur e- r e [CBRNSEIOTY prAdjtions; raeaguring eatalysh holdrup. indhe pestof the reagtor 3t of

tenperature rigg 3ABR AnBRdhlP BoRlspbfifind ERGHRge A 160 GRERLYsashP! d-up

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, amount of catalyst in the reaction zone as a corresponding manipulated
variable, to improve at least one of light olefin production rate and light olefin
selectivity.
(0026} In yet still another aspect, 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 conversion conditions; measuring (1) reactant feed rate, (2) feed
enthalpy, (3) a reactor tcmperature—i-elated 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) space velocity, ii) average reaction tenperature, iii)
conversion of reactant, and iv) average coke |level on catalyst; conparing
sai d nmeasured set WD 2004/ 039754 PCT/ US2003/ 028719 -8 variables with
correspondi WP Wpe39EH set vari ables to provide signal s erChusioos/mkiigh is a
function of the difference between each respective neasured set variable
and each corresponding optinal set vari él§|‘e; adjusting as a function of

said signals a) at |east one feed flow control valve, b) feed preheat rate,
c) activity of the catalyst in the reactor and d) anount of catalyst in the
reacti on zone, variablesowitle spoesgpadingrentimeal sat cwriglles &b proyidet gigiakpearheofat | east

one of oxygenate..convessi.on | j.ght ol efin selectivity, [00271 |n another
aepect, the’ preBishe BT TRRh i B ieend BisPat S gbetls St o5 an
oxygenat es to Qhribldgndf ¢adh GbAedohtifh bRAAAIGEt Wi, agiftireSBSd funéldi eCting an
oxygenat e-contai ni ng feedstock in a reaction zone in the presence of a

nol ecul ar si ev&2iésigadnar ddeasons|fead fow eenpbralyve ) feed Prapeat raladarecivipgenat e

conver si on condjtions; r.n.nj N,soptim z vial. u rinmary variabl e
measur abl e pr og hcy?a%%sggé |enr¥§aé§&gaé@odr)aa§r§°ymvgf?a§%lﬁset lgretggs ﬁe?%%qnezoﬁfbﬁser ty
which is norecseagbldingmamifulitide variables] o rifipiavel % [Baas vl coxyBeratesai d

primary variable neasurable property and determning a set point for said
secondary vari &enversianend lighirMefinselssbyityy corresponding to said optimn zed

val ue of the pgd y varj a r.abl o) A i_n | ¢ secondary
vari abl e neasuﬁ%‘%?{a pr opiélr @%})ﬁﬁm crggo‘?r%grtiﬁ%;&%ssg{tdgﬁéglé%rrggéggcg 3?633 \%%rri abl e

measur abl e pr op@iticlling bl S@p¢hateetto plefifd flufdizedabed 60N AAHish \Cambadekse
measur abl e property corresponding to said optimzed value of the primry
vari abl e nmeasufeBadingap gEYgepate-solpigingfeedstosk wrprcactignizene indhgpresanes Plon of t he

di fference bet 1 d_ r | 1a§$@ b erty and
sai d set point %@f%@%ﬂ% | ngy)t'g%g%%@g@%p [ gﬁcﬁg%ér@g:}. S’g ﬁ#%eg Apxs'fgam{g%;
vari abl e measurablessiqu oqelitions; detekndning ini tyginsiseda valua aXfi 20 privianys girthblesi gnal  a

correspondi ng mani pul ated variabl e. 100281 In preferred enbodj nent of this
aspect of the MPFoBKIBIGHPOPEHE selmqn&@rsycvéwaﬁn@ﬁmw% ROBFIBhwhich 1§ s

sel ected from {Qe. QLAMP @RI biBoR retdbly measurable than said primary variabie

measurable property and determining a set point for said secondary variable

measurable property corresponding to said optimized value of the primary variable
measurable property; measuring said secondary variable measurable property;
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 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-related product selectivities, 3)
conversion of reactant, and 4) space velocity, said secondary variable
nmeasurabl e property is selected fromi) total feed rate, ii) feed enthal py,
iii) reactor tenperature-related function and iv) catalyst hol dup, and said
mani pul at edwoeodaisb=4i s sel ected from at WO 2004/ 039754 ROVULSE00E71028719

-9 least one of a) at |east one feed flow control valve, b) feed preheat
rate, c) activity of the catalyst in tHe Teactor (regeneration rate), and
d) catalyst circulation slide control valve, and further wherein 1), i) and
a); 2), ii) and b); 3), iii) and c); and 4), iv) and d) represent
correspondi ng $easisonsfof apatiledst ens fedd) 0@ control yalve,dn deedarehssiatet ¢) dchivitpr esent

i nvention rel at t o, an, oxygenates, to olefi f lLujdi zed bed.react.or
apparatus for & ‘fﬂﬁ%ﬁ’b “hﬁ‘%orﬁ%fé‘gn(é"tggn?r%o&‘ ngei a(?fiéb icﬁéﬁfishméc‘ﬁlaru% rSL&'eact or
whi ch conpri segont) vatvy, 400 &irthet @Ackeln 1')?1?]%21’@)}12)1, ﬁ)aén!dflﬂ; 3)Wid) Bndic) bnied), T eact or
feed inlet to said riser reactor; a preheater through which sard oxygenate
feed |ine passé® andd) represend serrgspending sefs ofapaablesi ng sai d feed by heat

iser react or T her cois Pl SRph OB PreatisBt g et o B SRTRe cact or
ef fluent cont aitioRgins TRidigtdChddededeibr BRfatdtad RY BRErMEhh fbi?%‘éhﬁfeafeéd Rg vapor;

a di sengaging vessel for receiving said riser reactor ¢ uent and
separating at loiefigs inenisergpactivihighoeaneprises e loyrgengia fedddingcommmicsting

ef fluent, said _djsengagin essel. further conprisi a .di sengagi ng, vessel
outl et ai an upBHYe BBT ereshe £ dietoyaidier FAdIOE a RicPaEr ioyh Wik s

ol ef i ns- cont ai RixkgendRPRE lide GatsRS Yo alCicast Udaatidll9 wapbfifing Whidi feed b9Visar d from
a lower portion of said disengaging vessel to a [ower portion of said riser

reactor; a reg¥ehapga with@dhpd beating mediyndlowving tarough said prehseigsisplg riger
regenerat i on Medl Wie Bl BRI HP feal B ot BURPRLA L Olrl e
regenerator further conmpfising-a ca eﬁys Fanspor I'ne runni ng downwardly
froma | ower pablid eataBst paticlesiafi® RdisRontaimigSedpoi; Ga diseRERHRr dsgyl foat al yst
inlet, and a catalyst transport line extending,K downwardly froma

regener at ed catedejang said riser eeaetor giflienteand; segarpiing, alglopsif Jompaef said selid saij d

i f i | _ . S o S |
vessel and a | SHap | Ppfilct B8 0 i Eh, SOTRL GRS R MR Lol 70

conprising at |dwsgagipevestel outlet at an upper portion of said vessel for removing said

olefins-containing vapor; a catalyst circulation line running downward from a
lower portion of said disengaging vessel fo a lower portion of said riser reactor; a
regenerator comprising a lower inlet for introducing a regeneration medium, an
upper outlet for regenerator flue gas, said regenerator further comprising a catalyst
transport line running downwardly from a lower portion of said disengaging
vessel to a regenerator catalyst inlet, and a catalyst transport line extending
downwardly from a regenerated catalyst outlet and intersecting with a lift gas
riser; said lift gas riser having an upper outlet communicating 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
heati ng medi um t hrough sai d preheater, which heating nmediumflow control
valve is nmanipulated as a function of tenperature of said feed neasured at
a point between said preheater and said riser reactor feed inlet; WO

2004/ 039754wBGHi4dSeB03/ 028719 -10 B) an oxygenat e feed ¥IWUS20e2870% val ve
controlling the flow of said feed:- from Z@I d preheater to said reactor inlet
which is mani pulated as a function of féed™ flow neasured at a point between
said preheater and said riser reactor inlet; C a catalyst circulation
control valve controlling circulation of catalyst from said di sengagi ng

vessel to said riseP)eaagygspatefeqddflovs conttpd valye cenifollingothe Jlow ef saiskfend

mani pul at ed as ekl g i I . n pper
portion of sai ﬁﬁ%&ﬁ%@%& f(t)?éagcﬁﬁg%tgﬁr%\[ﬁg%%g#{?%@%&éégf gﬂnﬁgléﬁ’oﬁ%%{gt or; and
D) a regener at Glowadtalied bt £pdistbetiden Raid Phdhester dndsaie ric@rbddidrdihleg t he passage

of catalyst fromsaid regenerated catal yst outlet to said |ift gas riser,

said regenerator ch& ¢Ealysticireyption enntiebnelve conteating siggulationensi gstalyst ed as a
f ti f i . N 3 . W NGS
oo ARSI B RO, G 6

react or contr olbetigheatpulatedas o faatioe ofithehdifisendy moRadsutenbetWédnOdm. ufpeP31]
Figure 2 depicts catalyst, activity as a function of the anount of coke on
the catal yst fFertionoiaiid sisegeactnparda jasyer pertign of wifdiscEisRelan@8¢ al yst whi ch has
been partially regeggr : . t been
allowed to coke unifaor ng%:eraf’%g;g%ws*:?%%lrﬁ%ﬁg%g@&pﬁ%@@%@ﬁ%@@% Ehr%e})arl g% in an
oxygenates to if efatalysst riean tsafd regenaated acatabylst patdéit oo said nlifargaadiiehasdic pl ug
flow reactor with uniform catalyst conposjtion. [0033] Figure 4 depicts
tenperature di RFISPEAKRE CF%WS%TCH%‘E‘%FOIE%WQPE% mappateeanadinstion ff e at 95%

conversi on ver i fi.0n, versus axial position in the reactor.
. §+§ St teRPethtlideON: p ;
[ 0034] Figure gre‘% c‘?rlse aﬁconpearl son of cal cul ated conversion (hourly

'BRIEF DESCRIPTION OF THE DRAWINGS
[0030] Figure 1 depicts an oxygenates to olefins circulating fluid bed

reactor control scheme in accordance with the present invention.

[0031] Figure 2 depicts catalyst activity as a function of the amount of
coke on the catalyst for steady stage operation, high level coked catalyst which has
been partially regenerated, and fully regenerated catalyst that has been allowed to
coke uniformly.

[0032] Figure 3 depicts temperature rise in an oxygenates to olefins reactor
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 caleulated 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 md-tenperature (F) for a
pilot plant during a four day period during which a transition in reactor
conditions was nmde. The data indicate that the present invention provides
a cal cul ated WD 20041039754 PCT/ US2003/ 028719 -11 conversion (based on a
series of awbueabsglperature neasurenents in the riser) PCwUs0d302839 wel |
with the neasured conversion.over a peri gfi of four days. DETAILED

DESCRI PTI ON OF THE | NVENTI ON Oxygenate f0" U efins Reactor Apparatus 10035)
The reaction processes can take place in a variety of catalytic reactors
such as hybrid reactors that have a dense bed or fixed bed zones and/or
fast fluidized cmra@a&asqdnorzarﬁe@emﬁjm tenepgEatwre rmeasimemetatin e fika) di zed

bed reactors r LS d the |ike. Su bl.e onventlonal react or
Cypes are. _dosSra MR s mBch dwetaifiovetd RABESI UGN °Ps " Bal on
No. 6, 287,522 (dual riser), and Fl ui di zati on Engi neeri ng, D Kunii and O
Levenspiel, Robert E. Krieger Publishin n&fTé New Yor k, New York 1977,
which are al| REEAMNED DRS¢ RIRIIONOE I&H!%INVE dP¥ce. [00361 The preferred

reactor type a descri bed in R ser Reactor,

Fl ui di zati on ar(.:g( é"%ejo f+ Sﬁéﬁgtﬁé"’%—tﬂpages 48 to 59, F. A Zenz and D. F.
Qt hno, Rei nhol c!od%spl i shi- The COkHo Prdceites bRvta¥erMacel 260, vafioy & EatalyfRat ent No.
6, 166, 282 (fast-fluidized bed reactor), and U. S. Patent é)l ication Serial
No. 09/ 564, 613 Ieaciogsuchyps hybrbiraciops tht have adenssrbed of dixed ped wpnesindloe a| |

herein fully i r r o t di ment ,
a fluidized be gr@gégédegﬁé)ﬁf&ﬁgﬁvzgﬂgscF?‘%’?%%O}gal zéda%mgl{lgé g!:ué‘gged?% udes a
react or syst emreadtols; Qe rédotads) amsttemlkarﬂiutablé mvaﬂmnayﬁham tie938d The
reactor systempreferably is a flu bed_reactor sg{ste avin first

reacti on zone WescHPed Bnfor srampled)- fsl E%‘Fmrl‘é‘hc%qyﬁ(@? Y P&te@éé@ngz%é%%l on zone
within at |eas d&?%&%?ﬁ@@?ﬂk?ﬁgy‘hﬁé@%em%g %ﬁﬁla}id%?rﬂ%&ﬁ%:@g I&Bﬁft gr nmore

cyclones. In o or re riser reactor
di sengagi ng v&ketr Publisking dongadnyy Ndw 1Y osk, NewgNerkr 82#7 evhichess all.hefedresh

f eedst ock, preferabl
P ﬁﬂlyalncglrporated by reference.

..!

[0036] The preferred reactor type are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz
and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.

[0037} In the preferred embodiment, a fluidized bed process or high
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 reactor(s) in which a zeolite or
zeolite-type nol ecular sieve catal yst conposition or coked version thereof
is int roduc WD 2004/ 039754 PCT/ US2003/ 028719 t he
nol ecul ar s gzg&érbg%?yst conposition or coked version the@%@@% ont act ed
with a liquid or gas, or conbination thereof, prior to being introduced to
the riser reactor(s). Preferably the liquid is water or nethanol, and the
gas is an inert gas such as nitrogen. [0039] In an enbodi ment, the anmount
of Tresh Teedstaiuhefl, HERYIEhE Yieh! cakifh BdbosthdrlbrbokaP) rm{n?ﬁlqge PRk, Lo @
reactor systemis In e range o rom |ght percen 85

wei ght percent conmcfeﬂemﬂbd },tqlhd ongapattombinatogthtrept lpuento beliy iathediced’> wei ght
percent, nore eferablg ﬁg}(fabout 5 vvel ht percet&1 ?about 65 wei ght
percent based B fiSferepgprs)- Resterahly dhe ligyid e‘@ﬁ%"t?fc%e ARaluidrige SAYISHN uent
cont ai ned thel’ﬁ.lleﬂ Q%h!aéfﬁ'ﬁ’o? .gnd vapor feedstocks are preferably of simlar
conposition, nt aln varyrng proportions of the same or different
feedstock w t[ﬂﬂB?]e samdnai ethbiofiimtenn tthdirhaimn of fréshyfoalzaick fédsephafelyne Process
[0040] In a pref eg{red enbodi H f the process of the |nvent|on t he
feedst ock cont IHY Wil agyaPap feedg é?]&tré%"mrr?éf?t@mslﬁéﬁlth‘? gapes i fioRe0dr more
organi c conpou | I t
preferred enbo &frirtzs%et?&ggﬁ te)&t|%8r5(a)\](-‘:ﬂcelg Eb(g)l%: iy gﬁﬁ% n,m?tﬁgg%xly‘g%%m? elegfrit t he

f eedst ock i s otwebount 7iweightaperang in{csg preforablyefrainlapoat 5 whight perehtcohabbits) wher e

the aliphatic iety of th ho s fro ar bon, at ons,
preferably froE?'i"e’tg tHW&ﬁTf’B&o’égt&fE&f&'ﬁﬁ@ 15 E‘ils&cgr“é‘g?‘ 3?’%41 Rty 4
carbon atoms. Ingiflecainlis ¥RehihioAnd PARP OLKIOLR, ol BroRiAAFST Shikhe
invention include lower straight and branched chain afiphatic alcohols and
t hei r unsat ur ateoposiviens er pmtam vafﬁﬁgljn]opb&hnns pfrittei sanecoradifferest feedwovkgenat es

i ncl ude net hanol, et hanol en?dﬁﬁ)en i sopropanol, nethyl ethyl ether,

di met hyl et her?"“@] sopropyl et her, formal dehyde, dinet hyI
car bonat e, di net hyl ketone acetic acid, and m xtures thereof.

Oxygenate to Olefins Process

[0040] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 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, dimethy! ketone, acetic acid,
and mixtures thereof.

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

one or more of methanol, ethanol, dimethy! ether, diethyl ether or a combination



[0042] In the nost preferred enbodi nent, the feedstock is selected from one
or nore of nethanol, ethanol, dinethyl ether, diethyl ether or a conbination
WO 2004/ 039754 PCT/ US2003/ 028719 -13 thereof, nore preferably nethanol and
di met hyl ether, and nost preferably nethanol. [00431 The various feedstocks
di scussed awova)4/43arsei cul arly a feedstock containi ng anP@y$pessaRET19 nor e
particularly a feedstock containing an a{)ﬁcohol , I's converted primarily into
one or nore olefin(s). The olefin(s) or olefin nononmer(s) produced fromthe
feedstock typically have from2 to 30 carbon atons, preferably 2 to 8
carbon atons, nore preferably 2 to 6 carbon atons, still nore preferably 2

to 4 carbons atherwsl, mare peeferably cmethansl yendt dignethyd efhry/ end presyynrefarably] 0044]

Non-limting ex 8§ of ol efin nononer(s) include ethylene, propylene,
but ene- 1, pentene-T,  4-nethyl-pentene-1, hexene-1, octene-1 and decene-1,

preferably ethploaste, profhe epus Heddeweksldiscusset abevel paficiRiIpyd fdeefbgne- 1,
hexene-1, octene-1 and isoners thereof. Qher olefin mononer(s) include
unsat urat ed nmoPRRIRIBE af ¥y ERISs mese paHcuarb? fdyeginenntainingwn alcohpluisat ed or

nonconj ugat ed g | r n cli lLefins.  0045] In
t he nost pref e?érngzgﬁ %dn%rgngz}r}ing%ﬁ:ﬁUP%QP@%%%@E,&S%%@@@ ?Pegg ngor?gm%rcgls’) nor e
oxygenat es, i Spgeied fiodtthefeddsRclk typioallg Baveffroin Dod 8O bArBon StbR Spréfefablyy st

conposition into olefin(s) having 2 to 6 carbons atons, preferably 2 to 4
carbon at ons. 28 cahpr pigpspmpre praierablyed forfl earborpatems, il mere pefTEbIHZi on, are

converted fro Kk L. SP}% ferably an al cohol,
nost preferablr%/0 Lﬁ(r:faéﬁ%g%%ﬁ}& ﬁd’@h@b@;@%ﬁ?@%ﬁe [ n?pg‘i&?aet%ﬁyl ene and/ or
propyl ene. [ O00f@A4]Ther e Momslifilting prORASSeS oltfiadmbromaly) ehtlueedsliaack i nto

olefin(s) including various cracking processes such as steam cracking,
thermal regeneP@PYlgee: byigherl.ngentenerd. of-mehybaentenealo khoxgne-14 @ptgnehraidyt i c

cracki ng, deepd&%ﬁéh,yﬁrkféra%gfﬁgﬁh?g% proffnd RRNEAK blflenel O M hbunfiiRaliRe!

preferred process 1S ‘gener t anol -'to Ins (MOQ. In
a MrO process, 1] ypienedl| weiane-dxayrgeisamed thereofs t@hér, okefiat moponedr@l dindlydea
methanol ot A b R eted Sronomats, diolerins having 4 to 18" dhcbdl Sioms. conpugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0045] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon
atoms, Most preferably, the olefin(s), alone or in combination, are converted from
a feedstock containing an oxygenate, preferably an alcohol, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene.
[0046] There are many processes used to convert feedstock into olefin(s)
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 olefin(s), preferably
and predom nantly, ethylene and/or propylene, often referred to as |ight

ol efin(s). WD 2004/ 039754 PCT/ US2003/ 028719 -14 [0048] In one enbodi nent of
the process for conversion of a feedstock, preferably a feedstock
cont ai ni ng BiE208403/THe oxygenat es, the anpbunt of ol ef i n(BT/UR0GMZEEE based
on the total weight of hydrocarbon produ&pd Is greater than 50 wei ght
percent, preferably greater than 60 wei ght percent, nore preferably greater
than 70 wei ght percent, and nost preferably greater than 75 wei ght percent.

[ 00491 Increasing the selectivity of preferred hydrocarbon products such as
et hyl ene and/ olﬂ08$ lopy| erd& qﬂﬁcﬂmbtoﬁ@%ﬁf/@}eﬁf%‘??%foréﬁnﬁwg%rﬁ’ﬁtﬁefe%toﬁ]g a

6157 099 (11 ety KRhu A RB ikl i RES BB, e driounUB SR |,
2000 (net hanol propiicel ebasédnete theabtah veightief hiirddhonwirbdivedrie gafer Haneion ful |y

I ncorporated by reference. [0050] The feedstqck, in one enbodinment, contains
one or nore di VEgREReEgent, pr E‘P‘é‘&lglrfiﬂ“‘lﬁé‘@ﬂ @M@%ﬂ@é@e@th@owe%mb%&%ﬁ of the

f eedst ock, andgygyseg %@fgérkéﬁlﬁo%&ﬁl&@?%kﬁ g&t&%ﬂf%%@% ¢ mol ecul ar

si eve catalyst conposi I ng anpl es of nts I ncl ude
hel i um ar gon, [0049]r ogen, Incraasheytheselactivideof preﬂehemhycﬁo@xbdiq:rommench as
essentially non react Idég- par ffins é}gs eci ally, al kanes such as m%t hane,
ethane, and pr&p¥ e fpmy &ESE‘? A HERnate ‘%?H%Eﬁ’o‘ﬂﬁ]ﬁ@l aand

m xtures there r ar t t n, with
wat er  bei ng pgrrwtel gﬁﬁggoé&mpﬁ gfgrﬁrlég&s%%l? %%e }%te\lﬂﬁgﬁ{ 63lwat’(ﬁ2 mlﬁg&used
either in a |ielodtylrand PCAPWIO 60374848 publzshedDexdeinbet 14)@0001(3116&11&0] uptakedi | uent
is either added dirgc eedstack enterin into a reactor or added
directly int o tndp iﬁ"’g Q)%)aﬂg'é aﬁ e Yoo ‘i’tor@?dgh)'ere fegelee yst

conposi tion. Plﬁ?r ME eTOOofHeBdlstock N ﬁéwdnﬁént@ohféﬁﬁtoné Br klbfe diRBHES0CK 18

in the range o om about 1 to about mol e percent based on thé”t ot al
nunber of nol e@ma]ﬂymedt(be%htsetlnlcomdtrmOhtméﬁtefeqﬁswbb,rmﬂlayegemcmmbmut 1to 80

| t Y, f bout. 5 t t 50, f er abl
rom about 5 + BRGbED Be Seednind o HRGBEH e acmmpatiotapbmibtiae adted
to a feedstockegidplQrof cﬁldéﬁ’t%%diudyhéliﬂﬂi '%:f‘g%'ﬂitroéé}ﬂ chrB6h WsthoRlagf dation) .

paraffin(s), aromatic(s) (see for
dioxide, water, essentially non-reactive paraffins (especially alkanes such as

methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred.

{0051} The diluent, water, is used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock is
in the range of from about 1 to about 39 mole percent based on 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 thereof, preferably propyl ene, butyl ene,
pentyl ene, and other hydrocarbons having 4 or nore carbon atons,

m xt ur es ther eof . WO 2004/ 039754 PCT/ US2003/ 028719 -15 eedst ock
entering t h¥9 28%16‘{33'{54syst emis preferably converted, é&ogﬁ)@-gg”&ul ly, in
the first reactor zone into a gaseous effguent that enters the di sengagi ng
vessel along with a coked nol ecul ar sieve catal yst conposition. In the
preferred errbodi ment, cyclone(s) within the di sengagi ng vessel are designed
to separate th ecul coked

nol ecul ar sie e t al yg’?hezfg‘é‘n%sgosc?fe}n%kﬁgﬁl}egﬁﬁﬂti eéyéfggleoﬁ&gl{a@?uen r%o’ht ai ni ng
one or nore obaﬁalﬂb( &) fulliyt i thetfiret rdacs@rngagintg azgssus Sfftlennthat amers ghieef err ed,
however, gravity effects within the aging.vessel wll also separate
the catalyst cOWpREsinEdRssel plopgwithe eﬂeédwgeelﬂmserérﬁtcafakush@mmtwad@ for

Separat ng e gtk pRATRASI bher) YA BE (ASERNS RAL RNIciphe) ude (e
di sengagi ng sya:tsemratehbe ﬁhloﬁetﬂgﬁgwagpatabrgisctomposmoh yeefsrablydi cokedmglengay essel |
typically a | ower portion of the glmiengagl ngséﬁssel iS . a stripping zone. In
the stripping S5 CRIAYSt SRRPSHIS e the g2 uenl, sentalpPgysi oY BIRTS s
contacted with r i f hane,

car bon di oxi deoafﬂézomn@ﬁrrrgﬁgxﬂﬁg ¢ %@d%%egyag&a%@?#g%&ggéagﬁg]h W-’yt ar gon,
preferably st eaffectd mthmcthvdrsemgaghgbzeskehydk adlsasdpante the mmtalylmecomiosadonsrml ecul ar

si eve catal yst _.conposition hat e roduced o the regeneration
system In eno nBEﬁB%’BP ’t‘ent't ?tH?JJﬁ ﬁbsef@,rﬁgngél €ic t"’JS’S'% sitigns, essel
fSLg(THE ihgi aIOII ve CI tygaswlis%luém &gfnﬂﬁ%cb ﬁéé%ﬁ%uf}i’%% 0 Othh‘rm{‘!:gLI )l;ased on
t he vol une of WESI o} voI Imane efnbodtidkent mfolhechieagagxmgamtmt&bymengzgmmm tion,
preferably at an_ el evate to abou referably

d er at ur E)H 75dg g,i{)
rom aboul 3508/¥G" BEBESS » GFEIPEHE YESRe i DoRRP ST 8 fepeaging
conposi tion. 19834k Igﬁlpﬁﬁi%‘é%ﬁé 'Iﬂﬂuetsﬁ-ﬂitﬂﬁfg%ﬁé heQIREONEH iR idie ca@dIer sion
process, specifically within the reac system is in the range of from
about 200C to amumsmomﬁwmagtﬁéf‘léﬁhaﬂag% prefaraldp oue op BGCmbinatibmof s88OC, nore

preferably from ﬁmagg tcarbon dioxide, carbon monoxide, hydrogen, or an inert gas such as

argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas howrly superficial velocity
(GHSV) of from 1 hr™" to about 20,000 hr” based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[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 about 350C to about 600C nost preferably from
about 350C to about 550C. WD 20041039754 PCT/ US2003/028719 -16 [00551 The
conversion pressure enployed in the conversion process, specifically within
t he react orwsymb#p7swari es over a wi de range includi ng RU/OSPEIBEASTIPressur e.
The conversion pressure is based on the ﬂ?rtial pressure of the feedstock
exclusive of any diluent therein. Typicalfy the conversion pressure

enpl oyed in the process is in the range of fromabout 0.1 kPaa to about 5
MPaa, preferably fromabout 5 kPaa to about 1 MPaa , and nost preferably
from about 20[0058h to aBhricoBEGidPRessyre BB®NoyYEd einnilieghenvatsipn prosessce

velocity (VWHS rticularly in rocess_faor caonver.tin fe t ock

cont ai ni ng on\e@%erc_&%nﬁ'ﬁ%_%%e%‘gtrgg"%?rn%fsﬁeén’ prEgehce abfmge r%%?%cﬂﬂcg"f‘ eve
catal yst conpogithi@duiVpiebiufe. TheRoftcrath FRBRre isDascled headtial pResukdbl Wei ght
of the feedstock excluding any diluents to the reaction zone per hour per
wei ght of nol et fgedsack\exclngive pbanypdibieni) therely dypicallyt te wenverdempisssutd on i n

the reaction z MH% i.S. .0 At al a .l | G keep the
cat al yst corrpogl?‘lﬁ Ilog%-&]:&n ] %ﬁcﬁ;sssdggﬂe%eg%ng? gf%ito %?br?ﬁg&lr] é%(%% %’rgboﬁg%%@?aa’

Typi cal l'y, thep)dHgibly @Rgesbdut 6 KPadaldbolt NMPaa ,lz8d Rt preRddMly Romlabout
preferably fromabout 2 hr-1 to about 3000 hr-1, nore preferably from about

5 hr-1 to abodf ki®moto aheutP00kRep. nost preferably from about 10 hr-1 to about
1000 hr-1. In prefe I bEen AV e n.20 hr'',
preferably the[ \ for%%%ezé@ﬁgoﬁﬂgf §p§c# ggg’s cw%%gi’a nléluéérﬁgt%aanol and

di met hyl et her piogedsnfor tdagverampe feddsfoclo montaimifg 88k bf moré @xpdeantes 3Ghdr - 1.
[ 00581 The superficial gas _velocity (S of the feedstock including
di | uent and r eREHSFISA Prdaindecylag;sient catelyst pampastionsyidhin g reactinnerenieay y

sufficient to el “g&hﬁ | Vi g P! hin a
reaction zone id%ﬁjﬁﬁléyszﬂ?ee%%? or. g@%&?ﬁ#ﬁé{fﬁég%g@&%gﬁ g‘ggér)tﬁ): tz‘:l%?arc%& Wi t hin
t he reactor sysémnpembewer pepawdigiaudfamblecnimt bieve ihehe hdsculaeavorcem)yst i s at

I 21 f I h
or of or abl y gr CAPBPONHAA TS eEon AplRe AOROYIES Y 5 Malatied ot a v suficlentto T

keep the catalyst composition in a fluidized state within a reactor.

[0057] Typically, the WHSV ranges from about 1 hr ! to about 5000 hr *,
preferably from about 2 hr' to about 3000 ht”, more preferably from about 5 hr*
to about 1500 hr', and most preferably from about 10 hr? to about 1000 hr. In
one preferred embodiment, the WHSV is greater than 20 hr’, preferably the

WHSYV for conversion of a feedstock containing methanol and dimethy! ether is in
the range of from about 20 hr” to about 300 hr.

[0058] The superficial gas velocity (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

m sec, and nost preferably greater than 4 msec. See for exanple U S.

Pat ent Application Serial No. 09/708,753 filed Novenber 8, 2000, which is
herein incorporated by reference. WO 2004/ 039754 PCT/ US2003/ 028719 -17

[ 00591 I n owe 2pismbenss ed enbodi ment of the process for cOGEAIS2POIE28TMO
oxygenate to olefin(s) using a silicoal upjnophosphate nol ecul ar sieve

catal yst conposition, the process is opéetated at a WHSV of at least 20 hr-1
and a Tenperature Corrected Nornmalized Methane Selectivity (TCNMS) of |ess
than 0.016, preferably |ess than or equal to 0.01. See for exanple U S.
Patent No. 5, 8059538, ~wh ers prefaeedeembadimeny ofntherprecest dor ponvergrance.

[ 0060] In anot [ -1 he pr ' ate
such as net hangﬁﬁegﬁgﬁg oF ?(rslﬁIesu%l %Pﬁﬁ?@%ﬁﬁlg{’@gspgﬁgmﬁﬁg%u arS?egfgé'ég'ggt al yst
conposi tion, tbemydsiion, Shé pestess. Bloferited o aaMHSV 1df0atheast, 2Mthrh ahgnger at ur e
of from about 350C to 550C, and siJica to Me203 (M is selected from group
13 (111A), grdepsesturg Carectad Noypalizpd Methang tSejectyisn (T ERIMS) of defsdthambl e of
El emrents), an ' 0 0 f e EP-0 642
485 B 1, whi ch%i@& ’Igr?eé"‘u‘brrl?a ?éﬁf’)lt@’fﬂi ‘%{:%@Sgg’a?'gg %63" ﬁ’éf?@ﬁﬂ‘éé"f’% 3@%% Reyher
processes for &®INGERS,iwidclois hepeirfalipireoponkedas rofetehaiol to one or nore

ol efin(s) using a nolecul ar sieve, catal yst conposition are described in PCT
WO 01/ 23500 pug?q@hed Aphs gnother embadiment of theprpesgs, Faricgpveringan aryernate

catal yst feeds Kk I t , } G, .0, 1 orat ed
by reference.E%O%sg?&%6§gcﬁfggétﬁélrg%|(ggﬁrglg)eggg@cgit %’l%é@%?ﬁ%%s"?‘%%ﬁ S

wi t hdr awn f r omcompesititing @rg@ING isvieas €101 Int' ab abali| WOy ,cne empemtuee of

cyclones(s), and introduced tg the regeneration system The regeneration
system conpri s mag?oé‘bg#?eﬁatf’osrsové}e@é silicgdo &%@Qd@%t‘%\?%e%%g%‘?‘{f’i bhis
contacted wi th@ACERIR &1 B MRAHembli S IR /P RiolR TSR T Gh A OXy gen.

under general reg on conditions of ‘tenperature, pressure an
resi dence ti neand 0068t rdtomflifiom 300tg 266 Spé fos exdmplé EPlefi@dds &li ohichidi um

I ncl ude one or . .
herein fully incorporated by reference.

[0061] Other processes for converting an oxygenate such as methanol to
one or more olefin(s) using a molecular sieve catalyst composition are described
in PCT WO 01/23500 published April 5, 2001 (propane reduction at an average
catalyst feedstock exposure of at least 1.0), which is herein incorporated by
reference.

[0062] The coked molecular sieve catalyst composition is withdrawn from
the disengaging vessel, preferably by one or more 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, 0,, SO, N,0, NO, NO,, N,O;, 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, SC3, N20, NO, NO2, N2Cb, air, air diluted with nitrogen
or carbon dioxide, oxygen and water (U.S. Patent No. 6, 245,703), carbon
nonoxi de and/or hydrogen. The regeneration conditions are those capabl e of
burni ng coke fromthe coked catal yst conposition, preferably to a | evel

| ess than OW® 2e4/4pRTS4 percent based on the total wei ght BET/USRGIZQRAY

nol ecul ar si eve catal yst WO 20041039754 EéJT/ US2003/ 028719 -18 conposition
entering the regeneration system The coked nol ecul ar sieve catal yst
conposition withdrawn fromthe regenerator fornms a regenerated nol ecul ar
sieve catalyst conposition. [0064) The regeneration tenperature is in the
range of from &@opesitigoeDtering theysgenelion systgm. cihercalytd mplegirativigtcaBbeC t o

b : . ef b b d.
or ot or abl y 1 oRpARBIFSkBint b8 b Rlertal bt s iRl Bulee O 015 1

range of from aielykt cbmpbsitin. (103 kPaa) to about 500 psia (3448 kPaa),
preferably from about 20 psia (138 kPaa) to about 250 psia (1724 kPaa),
nore pref er abl Y0U6Abm abolke Eeensgstion tampdertuts)is othgpange of fiom ghows 204%34 kPaa) ,

and nost pr ef eﬁ%c}ﬁt E?Wba f’é}ah%oﬁgﬁli a%o&123(b65¢ ?c??%ourrtrg?@a@u}noﬁeo?refggb (414

kPaa). [00651 The preferred residence tIne ecul ar sieve cat al yst

conposi tion i nfioheabrgetiot@i®abig 150°C,hendr abgepreferablyo ffombahdiut GBE°CMut e to
several hours, npst preferably about one nmnute to 100 minutes, and the
preferred vol ufB0°CGihe sapgesation prepsurg iss in the range pifromaheutdf psiadhiidsar 0. 01

nol e percent t . f.fhe gas.
100661 I n one 3%%%%?%%@??%3%%8%@&%%@% gtr’és‘@to S%ag(g? %"y&’ &régf"a%"“{
cont ai ni ng conpe0psis (5124 kPas), pbetpreterably il stduti 26 psid (112 Phd)keabout 5added to
the regenerator directly, or indirectly, for exanple with the coked

|
catal yst conp®sipliG kPap)s and mastpreferbly Tiom abpuidfpsia 4247 Ideam) eoateri A si eve

cat al yst corrpggat(jfﬂ af), added to the regenerator containing a regeneration
medi um of oxyden and water as described in U S. Patent No. 6,245,703, which
is herein fulljooashcor poTht edeftxyed eésidence dime] 006GHy mholearare niped i camhist a
portion of the ch?qlggs?tiomoih%:eugegéne?gtcgvig inCt%g ?fln%g E:f from about one minute to several

hours, most preferably about one minute to 100 minutes, and the preferred volume

of oxygen in the gas is in the range of from about 0.01 mole percent to about 5

mole percent based on the total volume of the gas.

[0066] In one embodiment, regeneration promoters, typically metal

containing compounds such as platinum, palladium and the like, are added to the

regenerator directly, or indirectly, for example with the coked -catalyst

composition. Also, in another embodiment, a fresh molecular sieve catalyst

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, by pre-contacting with the feedstock, or
contacting with fresh nolecul ar sieve catal yst conposition, or contacting

r
with a regenperated _nol ecul ar sieve catal yst conpositio

regener at edwﬁtﬁoé‘@ﬁ?ﬁ? sieve catalyst conposition descr P%%%U%Q&Z(’%ﬁg\l)

2004/ 039754 PCT/ US2003/ 028719 -19 [0068}j9The burning of coke is an
exotherm c reaction, and in an enbodinent, the tenperature within the
regeneration systemis controlled by various techniques in the art

i ncl udi ng feedmlﬁsﬁ cool g %ﬂﬁﬂﬁ% [;fhgol{eegseragr Mermitesetlio ogﬁ{%e ei t her
in a batch, continuous, or sem -tontlnuous node, or a conBination thereof.
A preferred teemboditent, rthe tangeravire helitlini the régdeaerntbge systant d¢l conpdlRaubyar si eve
catal yst conposition fromthe regeneration fystem nd passjng the

regener at ed moMaRs dechaiques i e ATt cludingplseding grropled Ao dhe mearspaer cool er

that forns a e d C e : 0, ition. The
catal yst cool ggé,gélf %pérﬁgg%gﬂ&% rﬁrle%{galcﬁ’sg%rﬁﬁga S \éggﬁg%lgdgﬁi{]%%t llililB‘g)eS’lotécaat ed
ei t her i nt er nakombinatiosi theraad. Al prefehred teehgiqes avbloes witldrawing [(BORYEnefNeddNe
enbodi nment, the coo] er, regenerated nol ecul ar sieve, catal yst — conposition is
returned to t h&9lsyiensipy Glalyshegmpaskiondios e esgencation syglemand passipg thsee UL S.
Pat ent Appl i cat.i i i , i on of
the cool ed reréé@%g?rgtt%g rlr%%g& gé%gt%l \%g@%r%édgﬁi}gfdﬁgg ’(%S(I'%%Q)%I}’l clg?slgl‘r)ﬁeatyur ned to
t he regener at dsrmees sadled reganeratad inmlemtar Gievt eatabysd canpdsitin. Joe teaatyspf t he
cool ed nol ecul ar, si,eve r ner at.ed nol ecul ar si eve catal yst .conposition is
returned to tKeolfE dpan FB'&%&‘BF{‘E)‘? adiepleichanggy that, i logateq githeg intgmabipk | on of
the regener at edy,ipl,eoUhSfegerdlRibE s | yst conposition or cooled regenerated
nmol ecul ar sieve catal yst “conposition is contacted with by-products within
t he gaseous ef 10068t ( PQh dN©enbOdiafht) thepuobler slgentrademeleci®ds si@@0aRlystvhi ch ar e
all herein full é@i ncor por ated. by, reference. |n, anot he{f embodj me

c

nt, a
regener at ed noCRERPsEonds igned fodhe wegeneraloRp & coRIRONLTC e PISMAR VR G?F al cohol ,

preferably ethanglpatcht Rgﬁll?c%ﬂeﬁ Serlal ML 61887, 76Y filgd Hird'6S 20018 a6Rktior! of thd1t r oduced
to the reactor system as described in U S. Patent Application Serial No.

09/ 785, 122 fi | edoledbegrmenpteiomokOaiar sishve ctatalyst ongiositibu| ik yreturned to the

regenerator vessel in a continuous cycle, and another portion of the cooled

molecular sieve regenerated molecular sieve catalyst composition is returned to
the riser reactor(s), directly or indirectly, or a portion of the regenerated molecular
sieve catalyst composition or cooled regenerated molecular sieve catalyst
composition is contacted with by-products within the gaseous effluent (PCT WO
00/49106 published August 24, 2000), which are all herein fully incorporated by
reference. In another embodiment, a regenerated molecular sieve catalyst
composition contacted with an alcohol, preferably ethanol, 1-propnaol, 1-butanol
or mixture thereof, is 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] O her nethods for operating a regeneration
systemare disclosed in U S. Patent No. 6,290,916 (controlling noisture),
which is herein fully incorporated by reference. [0071] The regenerated

nol ecul ar sieve catal yst conposition withdrawn fromthe regeneration
system prefverailopefss om t he catal yst cool er, is conbi nedPONIS20B0283D754

PCT/ US2003/ 025719 -20 wth a fresh nol eggl ar sieve catal yst conposition
and/or re-circul ated nol ecul ar sieve catalyst conposition and/or feedstock
and/ or fresh gas or liquids, and returned to the riser reactor(s). In

anot her enbodi nent, the regenerated nol ecul ar, sieve catal yst conposition

wi t hdrawn f r omwithea freghemelesttlitosic vy eatalyst compaesitipnangd/or ge-cirpidated mwlecrlenct or (s)

erhodi mont . Sa7F ikpot ShmPARR Shd 3 fefdadk RRUA KBt S8 ool aRTC, (e

li ke, sem - conétinmed®uSth¥ ridér reaotér(s) URligbher dnattidirhéndl the rdgBferhtod bdMbatlat On Of
the regenerated nol ecul ar sieve catal yst conposition to the reactor system

preferably to tifae exelysteomppsition withdrawa dromothe s5generatiiysiem isnetumeddeli nent |
th ti | | . . ' | It [
the roacton sdbrftl RSP, ERE Mo sl Rl Sl BIE ILOC L0

mol ecul ar si evene anhbbddisentc o oRfied, kuchias @i ireAghs decdstogeon stdmm tigclilear si eve
catal yst conposition fromthe regenerati gn systemto _the reactor system
where” an excesSeBicoipuusly o onfipuoashyeticilitatesiibe infrpduetion ofithe regaparatedir e nany

t echni ques for ]| Abn & g@gl | e

conposition desngo(r}%!aag Sllekg%ft%lﬁgte‘{o%ﬂgé? pé%ﬁ%%?%&ﬂ%gﬁﬁ@%{gﬁé &% cul at i ng
Fl ui di zed Beds,or @oacsser Adctdfs). and Know ton, eds., Blackie, 1997 (336-337),
which is herein incorporated by reference. This is referred to as the

conplete reged®72{i on nbuene ¢rRbedinenicthe apaumisnel oftqoke optthermelacalpe| of
coke on the fotSd ; Lk 0 - ' ne is
i nt ai ned by S teaprqoEfeah i U5 RAHRM LRk GAERIAR €O | ow
to the regenerdlosw ofwiier ecgenerated e amidchiawy sidvec aatalyyls tcomposinomt@i Besleduch t hat

the coke is onl artiall renpoved per pass.through the regenerator. This
is referred to r%l&egf:rﬁ@dlgg}l%/qugr s{é‘\?e catalgst COI[?]pOSSIﬁOH grom%he regenerati%n system to

the reactor system, where an excess of oxygen is maintained in the regenerator.

There are many techniques for controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds., Blackie, 1997 (336-337),
which is herein incorporated by reference. This is referred to as the complete
regeneration mode. In another embodiment, the optimum level of coke on the
molecular sieve catalyst composition in the reaction zone is maintained by
controlling the flow rate of the oxygen-containing 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,



regenerati on node. [00731 Coke |evels on the nol ecul ar sieve catal yst
conposition are neasured by withdrawi ng fromthe conversion process the

nol ecul ar sieve catalyst conposition at a point in the process and
determning_its carbon content. Typical |evels of coke ul ar

si eve cat algvgtm%“@ﬁ%-’é%i tion, after regeneration is in th%]l?{égr%ﬁoes%g# rom 0. 01
wei ght percent to about 15 weight percept, preferably from about 0.1 weight
percent to about 10 wei ght percent, WD 2004/039754 PCT/ US2003/028719 -21
nore preferably from about 0.2 wei ght percent to about 5 weight percent, and
most prefer abl yudkd B YR e GERLn 16 BORUS v PghFent
based on the }t&(l)ta vvelg &% ﬁﬁ e Fg srl1 evea ang5 no%éﬂt? gﬁt%tt grF&wei ght
of the nol ecul avost mefevablychivmlabout Oc'.bwpsghu fercent to[abOut4] w¢1ght(pm:eﬂhﬁmeﬂ oent, the
nol ecul ar sieve catalys ositi nlnth action ont ins in the
range of from P"?T}éfgg‘ 38%%} At Sieve ARG n°‘ptﬁ%1t‘§?1a‘ﬁ?l§ 912“2 to 30
wei ght percent me@@éa@al?it%f)ﬁ op.fromabout 2 to about 20 wei ght percent,
and nost preferably fromabout 2 to about 10 wei ght percent coke or

car bonaceous déﬂﬂ?ﬂ]t basbrbnerentbodiment, diemdegﬂﬂxsmﬁeb&tdysﬁcmﬁmnsitimﬁn thol ecul ar

si eve catal yst ositions.. See for exa 6, 023, 005,
whi ch is herei ﬁeaFH 1 %0?‘?168’?%‘8?&?@&6 H?“gﬂeggfrgﬂ’cébc’“lt 1 t‘é %e@@lﬁm PEFAthat t he

ol ecul ar i eV graatRl i GRIROSI S0 Yelglh blibent, GG R ABN iR JEBAS Yp Of 2
m xture of regenerated catalyst and catal yst that has ranging | evels of
car bonaceous dbqnﬂé?jOtwclgthErmasmd aubst pmﬁrabjf ﬁmar blmm&deowodteﬁbwetght t hus
represents an aver e |levels of cataly pa.r1 I cl es.
[0675] The pr e BERER Gl Bt PEfPREOVE Senod beter cBite T Gighs BF et gf
providing a Wehm&ufaers;&m\e&fawsﬂ&oﬁlpaﬁﬁ&sl rs"eteuwrngx;ﬁﬁpwxmenﬁét@mt Noa pr oduct
including a light ol efin. The method of the present invention is conducted

in a reactor #3308, ushlcms ha@auﬁlﬂmr@prporatdﬂémrefemnw dis resogripgskthaiiths” refers
to an apparatus vvhlch .l‘iaL-l szs at l.ea %lp %19 n whi ch an .0x genate to
olefin conver nelepu aéé’ff"f‘é‘ ¥ Ifgglp?ﬁné??em p Pﬁ&’e FEaNeHR A AR  er m
"reaction zone'sf eghefatedt atilhe HAr bdtalPst OhatdhdsCRABERE RPAIF s4Sbonfcdehi ch t he

oxygenate to olefin
deposits. The measured level of carbonaceous deposits thus represents an average

of the levels of individual catalyst particles.

[0075] The present invention solves the current needs in the art by
providing a method for converting a feed including an oxygenate to a product
including a light olefin. The method of the present invention is conducted in a
reactor apparafus. As used herein, the term "reactor apparatus" refers to an
apparatus which includes at least a place in which an oxygenate to olefin
conversion reaction takes place. As further used herein, the term "reaction zone"
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 reactor apparatus includes a reaction zone, an
inlet zone and a disengagi ng zone. The "inlet zone" is the portion of the
reactor apparatus into which feed and catal yst are introduced. The
"reaction zwoelved/e3otdae portion of the reactor apparat uspCrnusienzizsiihe feed
is contacted with the catal yst under conﬂ'tions effective to convert the
oxygenate portion of the feed into a |i§ht olefin product. The "di sengagi ng
zone" is the portion of the reactor apparatus in which the catalyst and any
additional solids in the reactor are separated fromthe products. WO

2004/ 039754 PClyps2iho3theowadtpn zoge isTyppsideredybetwpen then dnlgtomoneoard jthe

posi ti oned betgﬁen t he inéet zone and the disengagi ng zone. [0076] A
preferred enbo YRS 08" 1 eact or system for the present invention is a
circulating flyoeheped reachaifervdd BmbOHinbMUBES FABOP &yReMOfor BleMplentt0
modem fluid catalytic cracker. Fixed beds are not practical for the process
because oxygenakwntien islagircwlatngiheid bedreactor with pepiinyousdegamerative, spribasdss whi ch

requires sever gl a W 1 h i.nt er cooler Iy.ot.her. coql.i devi ces. The
reaction al so%r @géﬁnggfﬁlar,\mcémhlnﬁhC?%;rf(grégﬁ)feé borc1 %f)itr %I(trjl ¢ P%%??Eqﬁrr gﬁu%rf’?egﬁ of | ow
pressure, |ow wedsé byyddase th W cBemitmeist hbighBl skotbdrmid ptockts wigdener at ed
frequently or continuously, the reactor should allow easy renoval of a

portion of the reqtigs yeveral stages Melljcintsraaplsrs onpiberecacting davigesy Jhe ireactomj ect ed
t e : il
reforanty o r S0 Opile s HEE bR Yronl a5 O PRSI ALONSRG R

catal yst acti videysityag conditions of tenperature, oxygen partial pressure,
and residence tine in the regenerator should be selected to achieve a
desired coke cdM@ht on Basaps sthej rcafalyst r pwsh obe  mesraryed chaguesily [ 0078] As

opt i m zod by conRRRRahe Mot sRRCIKATAE B @ Ll SERFLARTET, 10

reactor. [0079]aregentiatr, wiert the carabet i sulieunedio aatdenetation hydimaprefdratdy a

varianl e, a gas comprising oxygen, most preferably air, to burn off coke from the catalyst,
which restores the catalyst activity. The conditions of temperéture, oxygen partial
pressure, and residence time in the regenerator should be selected to achieve a

desired coke content on catalyst in the reactor.

Reactor Control

[0078] Aé noted earlier, the operation of an oxygenates to olefins reactor
can be optimized by controlling several important 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 antomobiles,
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 mal val ue, sel ected
depending on the outcone desired, deriving a signal based on the
conparison, and utilizing the signal to mani pulate a nanipul ated vari abl e.
An analogy to this control scheme can be found in speed control devices
comonl y f owaRop40395# onobi | es, wherein the speed repr esEC/ES2005028MAsur ed
vari abl e, the speed setting represents %?e correspondi ng opti mal val ue and
the throttle position represents the nafif pul ated variable. Measured speed
is conpared with the speed setting to WD 20041039754 PCT/ US2003/ 028719 -23
provide a signal that is then used to manipulate the throttle setting to
provide a neadtavils a/sigesd that pethen useshioonanipulate the theotdp setieg tosprovide a[ 00801
Opti mal val ue t . ctoring in desired

out cones of thé%%%Q% é@ﬂH%@%§ﬁ§§§§%§%§¥B§Tﬁ@ﬁ?ﬁ¥?é$ns of product

characteristic§i086pch asOpomelr valhe s pesnt @otposed. ¢an, betsby be fectegead | vity or
propyl ene sel ectivity, and/or. oxygenate conversion, O her desired outcones
by the oper at 8¢siredr Onteaipesyof oihe r Eastary appraiona esRsRially eing termseph aredugt e

pressure, and %Pzﬂ&c‘?en&i’i@é Oﬂchy?égﬁé!\x%gio@ﬁg «{oﬁteﬁ{?;%g.gteétﬁ?jléne"%%IE&Rri of 20980 of

val ues for a neasure varl ab onal™ gui setting su val ues

can be found i prdgy®ne Bidctinity, aNd/or xyEéfntd dversion. OfRai difredNouteding®y,t822 (dual
riser), Fluidization Engineeri n%,!F D.. Kunii and O Levenspiel, Robert E
Kri eger Publi sBPHSOGNTEROr MRstolivg dimitatings, o gor iRmperatyre, mressyre._uulcIngse

Fl ui di zation a i de Rar.t.i . and D. F.
O hno, Rei nhol gggﬁbrhgﬁﬁggﬁsgktgg%g@%gﬁﬁvﬁg%vg%??ﬁ& s otltg’élg’% S afﬁrdé\a?%gﬂéiat ent No.
6, 166, 282 (f aswaridbld. diddéibnbleghidamae froscktinglbuth vhlatedin beAophd eatiiSPafeat i al No.
09/ 564,613 fil 4, 2000 (rmultiple riser reactor),. which are all herein
full'y incorpor e_ﬂlv’%ﬁ?’wnglgﬁeﬁét@.‘t H@%@Wﬁfﬁé‘hﬁl BRIt I%‘Wéﬁ?"r’ gﬁg’ﬁ?‘%Wdes a
Lo and of L ZEE RG] Bpic) TR B K PBASIAL BSmbnoEl figu ! eact or

systens that does not directly on nmeasur ement es t hat
are difficult Newoberkil@77,dtisentBeadtony Féuidindtionent [FuidPorede Syisteens) pugeddl r

measur enent . Fur nore, the present |nvenijpan. provjdes a t hod for

control ling ox%éﬁié’ ?%MP&%&%@M’%RM%%W% %&"hg‘é‘#ect

ran! gg: a ed anqo6m ik ollse Paledt NPl 6Sfs6982 {(BRI-AhiliBed T3P WR%or),NUS. PaRAUT €d
Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor),

which are all herein fully incorporated by reference.

[0081] The present invention provides a simple and effective method for
controlling ox;ygenates 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, the present invention provides a
method for controlling oxygenate to olefins reactor systems which utilizes select
manipulated and controlled variables so that the response in a measured variable
of the control system occurs shortly after a change 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-



of the control systemoccurs shortly after a change to the mani pul at ed
variable. [00821 In general, the follow ng vari abl es should be controlled
in an oxygenate to olefins reactor system space velocity (defined as the
wei ght feed rate of reactant divided by the weight of active catalyst

i ngredi ent wa doégss@actor), average reaction tenperat ureECTugmasnsevupl ed
with the average coke |evel on the cata#¥;t, infra, determ nes the product
selectivity), conversion of reactant (prffne olefin product selectivity is
generally favored by | ow conversions, however the cost of recovering and
recycling unreacted feed generally favors high conversi on WO 2004/ 039754
PCT/ US2003/ 0287thos an prtimalhaeaversion faveheniste B¥ vegivgnoset pbproductiongresdsand a gi ven
set of producti A m ithons and_aver.age. coke | evel on
catal'yst (primeaoaRs soniBhn A0 a et KR SRRunR - HRER pEANE | vl
but activity i sele@ivitgeid fafored b High coHlEClePelsebyt. ackiORPId rddused Baksiat isNo.
5,952,538 to Vaughn et alL, incorporated herein by reference inits
entirety, dischiwEdsedptimal ranges of parameters, including space

tirety, discl ! i nel ce
o esent i nventliAT acoor B agePL S PRORT SRpith Ao e RO WRII  he

olefins are preehieaadinaits Emitie) dibdldses optimal andes 40 Parameterd) igeling §paed er r ed
reactors are co-_ current riser reactors and short_contact tine
count er cur r ent Veloeiies. avhich amscquiplie ifer oxygenates 4p olglinronxersion de dhay resentan be

contacted with; C - SJ £V i uRl.y. vel ocity
(Wi of at | iReRE Al 6% ARG of the Bl VLS beiSREMEe 0 %00
hr-1 to 1000 hmproducahet RBperapies of atouy 4009Ct be highag @refbrréd fattogbaetco20 hr-1

to 500 hr-1. Because_ the catalyst or the feedstock may contai n other
material s whi clfUEgR k6T redgtorssanist short cpskact time roumtproyreny feerfall ireackads éh t he

wei ght basis . i 0841
Cayibo, ot ar, T SLFRER Sy AR Lol BO oS IPUEE 1 pificcil Uy d Sllyac B O
f:onvler sio tn ht o) altveefi'glntsmpﬂjr gieee vdudtyla@ﬂt{_S‘é)a(t:{tdt ;bamst ?antlelcahrd,r %efeaatblhyejnghwen t(::oke
evel on the catal yst, i ngreases se Vi 0e ne. For resen
inventi on aver4fE Oigré’é’c ahent ?@%&Péggﬂ g’sl’ m%ﬂ%ﬁgé’? %tf?&ﬂetcg f‘g’F‘
oxygenate to etRylieneneRNso0N @ IBechiRheCRatlQ or A Feedstock may contain other

materials which act as inerts or diluents, the WHSV is calculated on the weight

basis of the oxygenate feed and the molecular sieve used.

{0084} Gayubo, et al, Ind Eng Chem. Res. 2000, 39, 292-300, disclose
that in conversion to olefins, higher average reaction temperatures at a given coke
level on the catalyst increases selectivity to ethylene. For the present invention
average reaction temperatures for optimal selectivity of oxygenate to ethylene can
range from 300° to 550°C.

[0085] U.S. Patent No. 6,137,022 to Kuechler et al,, incorporated herein
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., incorporated herein by
reference in its entirety, discloses oxygenates to olefins conversion in the
presence of silicoal um nophosphate nol ecul ar sieve-containing catalyst which
mai ntai ns an opti mal feedstock conversion between 80% and 99% under
condi ti ons ®&d mo4/039854t 0 convert 100% of the feedstock wheaT/ARmo3/EaT®i on zone
contains at |east 33 volune percent of t?g si |l i coal um nophosphat e nol ecul ar
sieve. [00861 U.S. Patent No. 6,023,005 t0 Lattner et al., incorporated
herein by reference inits entirety, discloses the inportance of

mai nt ai ni ng opti mal average WO 2004/ 039754 PCT/ US2003/028719 -25 coke

| evel s on oxygé&pks levels on okxgenates octisfns spuversian catalyst ta effest immoveddpweved | ower

corpr 1'se. an aisiseBRidp. SUH FraffdiEbi e IF s esrlCnfBos Hrmamec | "
preferably in thguittdfaeleat abbit@edRaQiboracabusXebesitaNRbleradly Withdtasgd ronaceous

deposits, based on the weight of the total reaction volunme of coked

catal yst. Desi Ap ehouh? bdfateaheyt & pbi cashonacopandeposity, bgsed onphd weightver 30 wt
% of the total |.on I I | i catal yst--are .

car bonaceous dé’%g%ﬁ%tsﬁm%g%u‘b%ﬁ?xgn%Pﬁ%}{%%E%tc Stpgﬁﬁ%léglr‘?scaﬁqon%{%egus %Ll? Pi5ce of the
catal yst that awén [fGheys eipriseVidret 00 W &% HF Ak ftd] GBactibn G3hi 6ff @bletiflar [ 0087]
There are many potential candidates for controlled variables in an

oxygenat es to &ie¥¢ icaalypleges earbappeqonsnderpsits whichdirimepsily ploek pediossiof $he coke

| evel on catal | recircul ati rate, proportion
of vapor and Iisélg%'dg 0%%2% rg{glg%g%g?tégé#@ggé{rhg g?dufg%ndgft%%'p’eorl%l?ﬁ‘re, cat al yst
regeneration r gogs7] aver aJhere afafiahy potbdiap edndidates fot@mhtroll&EvariaBRE D hin
tenperature related functions, e.g., a _function of one or nore tenperature
measur enent s alos¥gsrasetq elgfng wacteniysisns Jhese inglyde spacecyedncityy spkedvebomodi nent
of the inventi h QNS - g t d tor
t enper at ures t%gta e,\@/aetéf?}&g}-o%@?:, ?éeiﬁgsttgc?m?‘ﬂgtgoglI{a%eéhglrg?gl?%?g,f%%fﬂég@%ﬁ&gffI uent
t enperat ure, orfeel rategagital dfded rant, cliced chinpemture actadyst tregepettidn fate, dve@psel ves.
Alternatively, these functions can be related to differences between such
react or tenper d¢asHeR terppegature, aufs qthgretsacton tegaperatyfe tiglatede FREHUB L £€-a? ong a

portion of the ufefich OF oh@@lgfngre temperature measurements along the longitudinal axis of

the reactor. In one embodiment of the invention such functions can be directly

related to the reactor temperatures themselves, e.g., reactor inlet temperature,
reactor effluent temperature, or at least one intermediate reactor temperature
themselves. Alternatively, these functions can be related to differences between
such reactor temperatures, e.g., a differential of reactor temperature along a
portion of the reactor length.

[0088] Despite the plethora of potential controlled variables, there are only
four variables that can be independently controlled. The remaining variables are
determined by these four controlled variables. Thus there are just four “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 potenti al
four variables that can be independently controlled. The renaining
determ ned by these four controlled variabl es.
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Yoxygenates to ol efins (OTO reactor at its
in TABLE 1 bel ow. TABLE 1
Secondary Vari abl e
Measur abl e PropEABLENlEasur abl e Property process
(I nfrequent or [Mehodef Caltialling/arMTO Readlptost t he set variable

reactor)

measurenment) point for the controlled wvariable) (1) Desired Production

O REFia P RrEBIEW T T8tkon e Wﬁmat ed
RatMeaOirabRPRbpepgat ) | NPithsurable Propaiet P elRblebsparhfcedt €6d (3)

r @atedqdBht or Boss RAANE A7 HBEPRaAfudl the (@t [atal yst activityl sone
(I eARBR Al Ramed) €)  Jofkt ifdriehd donfrefi&O Cor esponds to (b))
ature average coke |l evel Qfiabfegl ated function catalyst|in the
(1) Desired Production Rate Total Feed Rate Feed flow control

valve(s)

(2) Temperature-related Feed Enthalpy Rate of total heat input to

product selectivities feed

{3) Conversion of reactant (a) Reactor temperature (at Catalyst activity

some optimum axial

(regeneration rate)

position) {also corresponds to
{b) Reactor temperature average coke level on
related function catalyst in the reactor)
(4) Space velocity Catalyst holdup Catalyst circulation slide
control valve
[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

(3XDb) 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

property,

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 Catalyst holdup I Catalyst circulation slide control
valve [0090] Note that in order for (3)(a) to work properly, there nust be
very stable control of (2) and the reactor nust approach plug flow
behavior. Method (3)(b) is |less susceptible to variations in (2). Wth this
met hod, a t ¥@eHPI8 profile is nmeasured over a porti oRCHUSLIIF0ISBHCE Or .

[ 0091] The present invention thus rel at (_a?.,'go a nethod for controlling an
oxygenates to olefins fluidized bed reactor which conprises: determ ning an
optim zed value of a primary variabl e nmeasurable property, selecting a
secondary vari abl e neasurabl e prqoperty which js nore  readily neasurable or
more reliably measur abl eMeRYANE said sespidagy Variableimagpaablg prapedtBhl e property and
determ ning a set point ' | gé{%%tfg erty
corresponding to said op%&ﬂ%@g%ﬁﬁg@g‘%@%é%c\gﬁ%drl?%gqu?/blgg% abl e ﬁl}?@g urabl e
property; WO 20d#Y @RsebhoiRIbr ki 62:3h@2 B Varhble-iAchsurable proprety Safrespsmdinndar y
vari abl e nmeasur abl, roperty. c arj ng sal d neasured secondary vari abl e
neasur abl e proﬁ%?@go W:Zﬁdé’é]iuﬁog% Pﬁ’é‘i‘%%l'v lesmeasuapledrorary 19 AFqvid &

measur abl e pro W rs alo) | oy 9%&] : f I mary
vari abl e rreasuirga Iewgfregﬁgﬂo@ﬂ%dﬁp?fo{\??(fgﬁ%&cg%na \iﬂi‘dé e?%r%&l ?éﬁlrs:lgdta%n of the
di fference bet wesabls aicasunabds propeltys asbsaithsey poina comdspendigg susaxbbgtimizeberty and
said set point c rre ponding to said optimzed value of the primary

vari abl e neasur"éﬁ‘?@ B‘F(P v ngﬂf'ﬁg‘#?ﬂﬁp%}"éﬂ unction of said signal a
cor respondi ng mani pul at egdjuﬁﬁ]ga@Ia@ﬁmc{tfa{a%?Lm&effgnmraem%%@afn%%ﬁﬁpm&m term

"feed enthal py" refers to'the heat content of the conbined total feed
streans cont ai mriajer eactants to the reactor. The total feed of reactants

may consi st of nmbi nat.i on of both vapor. ang. || qui ,Streans., For exanpl e,
t hg_ specific erﬁq?;fpy_ (e?ﬁ’. Preﬁeé‘hﬂé?f’ﬁe-snﬁféﬁmbffeﬁé g‘&[‘%?%tt Eedcers v s eet reagpat
a given tenper abjtefk oFihd cortbiktidab@r febd ffaml SoRRit: 16412096 ithd 12actor. The

total feed of reactants may consist of a combination of both vapor and liquid

streams. For example, the specific enthalpy (e.g., Joules/g-mole) of a saturated
vapor stream at a given temperature will be higher than the combined specific
enthalpy of a mixture of a saturated vapor and liquid feed at the same temperature.
[0093] For present purposes, the term “conversion” is defined on the basis
of disappearance of reactant. In the specific case of methanol to olefins (MTO),
the reactant is generally defined as the total of methanol plus dimethyl ether
' (DME). Thus, for the purposes of calculating conversion, both the methano! 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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100961 For present purposes, "partial regeneration node" relates to a node
of regener at i onf wgenetionodws: exokss chke ivumanttainerbinl thewregbrerateryend oxstgen is and

[ the | imiz.i t. T i1l b ted k
on catalyst 1 BRI ERE RO T A B R ORI SOk ) GRATPN ( he gas

phase wi.ll be leaving the regenerator in this mode, and the oxygen in the gas phase will be

nearly completely consumed. In this mode of regeneration, the catalyst activity in
the reactor is adjusted by adjusting the flow rate of air to the regenerator.
Increasing the air flow to the regenerator will increase catalyst activity in the
reactor, and decreasing the air flow will decrease the activity in the reactor.

[0097] For present purposes, “space velocity” is defined here on a weight
hourly basis, and has units of hr:

Mass flow rate of reactant feed per hour
Mass of active catalyst ingredient in the reactor

[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 adjusted by adjusting the flowrate of air to
the regenerator. Increasing the air flowto the regenerator will increase
catal yst activity in the reactor, and decreasing the air flow wi |l decrease
the activit QW4 Meact or. [00971 For present pur posesPCTARAOHOFAELoCi t y"
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PCT/ US2003/ 028%1‘!:)3& -%%n d9 es‘E? Rl mpsy ‘%frr‘é’}/‘\g’r fo &m Wea‘i"%rcgb‘ﬁf’ e that if
the reactor ispgRap@pesidsié EAlcHALY iHY welgb8f AGivt ‘i:&?@dien%rcﬁr%e dbRafinsever al
pressure neasurements nust be. made and an integration of the differential
pressure and cfiosskmededge obitheareight fractivaudfdetve ingrddientand dteaweightdractian t ot al
mass of solids in theéﬁﬁe‘%ﬁor. ngce the holdup of solids is calculated, the
wei ght of acti 9ESTKSGR VS &4OH8% et er mi ned  from know edge of the wei ght
fraction of active {palfdisabliddaq Lha uehdokt bRk of coke on the
catalyst as follows: (total nmaSs solids) x (1- wt fraction coke on solids) x

(w fraction active(wifggction astive ingresaens inetalyst) 0100] The wei ght fracti on of
active ingredi in the.catal eneral l.y .do not .change appreci ably
over tine, and?‘ﬁ?giv\ei gh ?Wﬁﬁfbﬁ&&“ @&?B‘T é“gag‘i%ll? the‘f?aﬁ%ﬁtc%%g?ﬁg’i changes
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corrections for active ingredi ent and coke content are not inportant, and
the sinple redieciom thptfohangenlittiglwilhy teme Therefue firm & prwgesg sontrolisiagdrmant on of
t he catal yst

the corrections for active ingredient and coke content are not important, and the
simple reactor differential pressure can be used as an indication of the catalyst
mass within the reaction zone.

[0101] For present purposes, “rate constant” represents the value of the
constant, %, in the assumed expression for the reaction rate, here assumed to be a
first order rate expression: r, =4c,. Integration of this equation, assuming plug
flow behavior of the gas flow through the reactor and ignoring volume expansion,
gives the following expression for calculation of the rate constant:

_Inl-X )
_T -

k

where r4 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 7 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 refurn to the regenerator. Since the flow of



mass within the reaction zone. [0101] For present purposes, "rate constant”
represents the value of the constant, k, in the assuned expression for the
reaction rate, here assuned to be a first order rate expression r A=k CA.
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is the specific reaction rate based on catal yst voI une [kg-nole/sec-m], CA
Is the reactant concentration (kg-noles reactant/volune gas), XA is the
conversion of paa icl@Mfkohih s
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coke | evel on t{m4bat aI yAt stcadytstme apesatibn bf a feagior, mezaw@sanghamhctoﬂwn cting

the qualitative relationshi en th asur ed, cok | ev nd the
activity of th&OSHQ ?s”f“xﬁirgf’g @F‘é‘g‘? A ags ?f (51%64? % st eady
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m xture of catalyst particles having various coke levels, due to the
resi dence ti nenchng pantibles ammndyzddhenvdanadw@tsopimttheahmurthntrrelaemasther ement is

taken, nmany particle re anal d mJI t anepu so t.hat the neasurenent
represents t heaveiﬁfrcggﬁﬁa@%koéﬁﬁ%é%ﬁy% t{eﬁﬁlaﬂ%g@%{‘” eeq s P‘é?%‘f?“(‘ﬁ%?ﬁd; bet ween
this nmeasurenefle @RFI catalyst activity is shown in Curve 1 (the bottom curve) of Figure 2.

[0105] In the full regeneration mode, each catalyst particle enters the

reactor with a very low coke level, and thus a high activity. As an individual
particle cokes up, it follows an activity relationship expressed by Curve 3 (the
upper curve) of Figure 2. The activity of an individual pérticle following Curve 3
is higher for a given coke level than the average activity of the reactor at steady
state at the same average coke level. Freshly regenerated catalyst is many times
more active than the activity of the steady state catalyst composition. This result is
due to the exponential decay relationship for coke level versus activity. For the
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
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equation:

T-T,=AT{l-¢™)

where 7 is the temperature at any axial position, T is the feed temperature (after
mixing with the catalyst), £ is the 1* order rate constant (activity), and < is the
space time (defined previously), which is assumed here to vary linearly with the
conversion. AT is the temperature rise for 100% conversion of the feed reactant.
The value of AT depends upon the circulation rate of catalyst and the heat of
reaction. The circulation rate of catalyst can be selected to achieve a desired value
of AT, 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



mani pul ated to control activity in the reactor. 10109] Figure 3 depicts the
rel ati onship of tenperature profile versus conversion in an adiabatic, plug
fl ow reactor at constant space velocity at various values of the activity
rate consta T urves are expressed by the foll ow Welok

T- TO=AT( 1-eq§%r23£@k§192?£ Tis the tenperature at any axi al r}%g/s'ﬁ?@gﬁr)\%smlbo Is the
feed tenperature (after mxing with the3gatalyst), k is the 1" order rate
constant (activity), and ti is the space tinme (defined previously), which
is assuned here to vary linearly with the conversion. AT is the tenperature
rise for 100% ' ﬁ.ﬁ&{t%ﬂm- 3 nds upon
the circul ati oﬁjgélgt&é%gﬁﬂ%gsng}%}gf& gﬁ’gsu'% e heat Ogghﬁeeg%%r?%ﬁﬂvﬁﬁnggﬁgul ation
rate of cat al yds 9%¥anhleFigeteekthoustle diffaremedctvedn therapthal/@inperatuné anlfthe whi ch i s
selected here to .beﬁ 20C. The éggl e fSJ axi al, position is selected such that
0 is the react SEsifsdtemperayre at P87 and 97 GLonGsit | et . [0110] Figure 3 shows

that for a fixqgmifiged t enRehalyy Re@MIF Y belectibh Gifa2ddndl Eeﬁ{pgap.frpe outl et

tenperature wil'l vary with conversion. erefore, the reactor uent
t enper at ur e cootht eba niddevakloaatiannwillr giot a greatst sepmitimity of the lvenversdon/thasi on i n

t he reactor. v ap, i nprovenent jn the.sensitivity of the indirect
conver si on neggﬂge%?ﬂ eﬁhﬁ%&%?ﬁ%ﬁegﬂﬁw%‘@%ﬁeﬂﬂﬂg APPUET 8hen £&44 wo
2004/ 039754 PCHokiEeR 934023418 difdnddFrnt 1heFeeli @hirddds, t eMperature nmeasurenent.
Assum ng the desired conversion level 1s 95% then Figure 4 shows the

di fference bet BERZ]t he admualiternatermethed torinfenredctohennvetsion canib¢ anpyedibyr e at

98% and 93% ion. [0111] As b in Fi 4, | ecti f
cont ol t enper AYPECRYALE RS RLG BT o e e pyEraSyl dht oy °
sensi tivity t0 dheriONHhs teabtof B%"ﬁm&tilhﬁbf B radofibhbbiahie H@MGHRA ign The

maxi mum sensitivity occurs at an axial position 30-40% of the distance from

the feed entramdehe [Barl Partisnlagdy tnean theeintebt Twd or ononef tempergtics drstrymemter si on

can be achi eved .| nmeasurenent qf a,t eratur.e profile over {he . axial
Cength of the rtibs tFaae e bl o SIORIRT B f EpRbiede 3t Ris bl fci on o
the rate of tenhefisdrUTEs tdngRerahieHie Alop€ G4 Function of the conversion; with higher

slopes corresponding to higher conversion. The rate of temperature rise is also a

function of the catalyst circulation rate. This effect can be eliminated by
“normalizing” the slope by the total temperature rise in the reactor. That is, the
slope of the temperature rise at a given axial position is divided by the total
temperature rise in the riser. This variable may then be calibrated against reactor
conversion and used as a set variable in the contro] scheme.

[0113] It should be noted that the use of the temperature to infer the
conversion is most useful for plug flow reactors, such as a circulating fluid bed,
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.



of the riser, particularly near the inlet. Two or nore tenperature
instruments wthin the riser may be used to calculate a rate of tenperature
rise versus height of the riser. This tenperature rise slope is a function
of the conversion; with higher slopes corresponding to higher conversion.
The rate of WempepaWre rise is also a function of the ETAISYIPBIYcul ati on
rate. This effect can be elimnated by "pormalizing" the slope by the total
temperature rise in the reactor. That is, the slope of the tenperature rise
at a given axi al position is divided by the total terrperature rise in the

riser. This var abI e n ajlbr ed a nst rea ion and
used as a set q%FS“eé‘t‘i e?dﬁ’épé%f’ﬁ V81 1n§ “g?BYfQ?aS‘I“F gﬁﬁ H%;@’% t ed that
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flow reactors, such as a circulating f space velocity
reactor. In a |twpsypeseofentrolling methansldedd vl tehthe rnsaaeamm 26t hefeetindét t her mal

mass of the cat t i he r.eact or ed with_.a backm xed flow, regine,
makes the use oﬁ @Hﬂ%ﬁ?ﬁ‘{fﬁ@ 1§ Hlaf"ﬁfﬂé‘fegg%"pﬂ'{}%i’%rpw #8‘%@“@%"?@&?1"‘ ehennie 1
[0114] A prefer feed pg MROAABE medfundt i b6y tor(%ﬁﬁblofee@ﬁféilkzﬁlt‘ﬁt@t Oﬁé‘nfeﬁl{s ygse in
the present invention is depicted generally as 10 in Figure 1. A nethanol
feed passed vimetsurisg 12 heat aontént af thepfaed isabhyl measuyiog thecdmperamrpatefigdt er 14

wherein heat is_, provided through a heating nediumvia line 16, controlled
by control val ved-18. WD 2004/ 039754 PCT/ US2003/ 028719 -33 The pr eheat ed

feed i s passed g d]' i ne 2fheafethido? fdcl QmMRASH HRObINWONT &F rlser fea¥Bl 86 with

measurenent is used to derive a signal controlling feed fl ow control valve
24 for the purpgeeraéd w@ﬂiYStmttqdn@dmlmﬁiltOﬂEediseﬁlB@mgmssdhé‘i pidthengeeact or

26 via feed inlet nt r. a ed for the rpose of
control Iing heat® hﬁ’fﬁp aﬁ:o §1c<¥c§ gﬁw%tcﬁge%eég%yﬁlﬁ%ﬂgﬁmﬁw St g‘g ﬂ{
control feed prghk&aph gﬁ%b@sse@%ﬁaxﬁt&élEtﬂdefata_llyIBgéfuéleatt 418 chedited ORAlIARI360T t he
feed is by nmeasuri ng e tenperature at TG [ 0115] The net hanol feed

is mxed in thetoshe bejtamypf Hsesmactprfct or 26 with regenerated catal yst

Tiroduced i it 52 | e PR 7 S AROUELERE 3y Vel 7o °°
is provided with readings taken from upper riser reactor pressure sensor 40 and
lower riser reactor pressure sensor 42. Pressure controller 38 integrates the
readings and provides a signal for controlling valve 44 which controls the catalyst
flow to the bottom of the riser reactor 26 and thus the amount of catalyst in the
reaction zone.
[0117] A temperature sensor (TC-2) 46 is positioned at a point in the
intermediate portion of the riser reactor betwee;l the upper and lower ends of the
riser reactor to provide a signal relating to catalyst holdup which controls catalyst
circulation slide 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



di sengagi ng vessel separates solid catalyst particles that are circul ated
vialine 36 to the bottomof riser reactor 26. [0116] Pressure drop is
determ ned by pressure controller (dPC) 38 which is provided with readings

taken from ﬁ@?‘“’ﬁé@”ﬁﬁ reactor pressure sensor 40 and "B'E"?fusﬁdg%%s'ffgeam or

pressure se essure controller 38 integrates the readi ngs and
provides a signal for controlling val ve 4# -which controls the catalyst flow
to the bottomof the riser reactor 26 and thus the anount of catalyst in the
reaction zone. [0117] A tenperature sensor (TC-2) 46 is positioned at a

point in the igeGidRELSE ThEWdetoPRadh sk 1B HigRktef SR bRTatBLAWRBE: 1R UPPET
and | ower ends of the riser reactor to provide a signal relating to

cat al yst hol dupWHHE A Gt embodimenttodithesresent inventian provide iaduetbashtorcohtrelal ve 48
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| ength, say frogngoDing cdR%eriion r@iontrgbetwerh VpbraBtldeonditne of siphific&iRCt Or
inlet is taken to be |ocated at 0% and the reactor outlet at 100% This
net hod wor ked wdifferiog &edopthelny sy cfalyst sirpation wgisp dpasmyeh agiyayiignthessed

e B T N

conversion tranfi9oni ng Aekbydaily,cpedcahnd BEBbedimdht 6Ohs peésest BRérftioaands y
made, wherein a series of axial temperature measurements in the riser of a
methanol to olefins reactor were taken and a temperature profile developed. The
second embodiment has been shown to reliably estimate conversion independent
of how the feed enthalpy or catalyst circulation rates change.
[0120] Figure 5 shows the calculated and measured conversions during: a
transition in reactor conditions over a four day period. The calculated conversion
trended well with the measured conversion, showing that the method of the
present invention 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, .
X=1-¢* (1)



differing feed enthal py and catal yst circulation rates inasnmuch as varying
these conditions affects reactor m d-tenperature, not just conversion.
[ 01191 Accordingly, a second enbodi nent of the present invention was nade,
wherein a segj ial tenperature neasurenents in th j
met hanol toe‘gpgfq4&ég7?£act or were taken and a tenperatur eeijgfélfsﬁﬁﬂgmaﬂé’\?ﬁel oped.
The second enbodi mnent has been shown to3sseliably estimte conversion
i ndependent of how the feed enthal py or catal yst circulation rates change.
[01201 Figure 5 shows the cal cul ated and nmeasured conversions during a
transition inr r : 1 : ted
conver si on treﬁﬁgﬁﬁ?q%c%ﬁptﬂ ﬁegoryr?ggs régﬂﬂggﬁgragﬁg%?&?ﬁ%%ﬁﬁog%dﬁzﬁh gt he
met hod of the tpmpsetute imuepitg dlowumhctgr aars be inssuefl taxbea propertipealatouthe
measurenents in the rise shoul d be useful for real-time control of
conversion. O C@Bﬁ‘?"%‘@‘,laif‘?go‘gﬁal yzer results will be used to adjust the set
point in the conversi?r;fgp‘t_rﬁtler based on actual measured(zilesul ts. [0121]
Conversion was cal culated from® reactor tenperature profileas follows:
[01221 Conver si-QRere Kis tHe t8mpdrhthite R8¢ poth€aG id 188 iMetttBmplritird laﬂ.’(\’d!l‘g%?isf unction
of the rate constant, k, and the space-tinme, T. X=1-e-kr (1) WO 2004/039754
PCT/ US2003/ 028 7the tem@fatire rish dhat exouldobe ohtsived anl Mére sonversiopady'sgy gantbecant | y
as the reaction proceed e t ature in a pl flow r tor can be
Rssuned o be PRBOTEREa olgvs MRy diSotr-Setpifh st SERE . Sx 60" )
where T is the tenperaturepgt any point, Ti is the inlet tenperature, and
AT100 is the tenperable=riSe that woul d be obtai ned at 100¥)conversi on.
4T100 can be approxinated as follows, where X0 is the conversion at the
react or out| et A4 dilicaled tenlodiaturd’-6, And'h ARAMLBACE Sid PAREOAL Weterifled. 274 2
di nensi onl ess axi al position~z ar€ defined.

Here, 4 is the actual axial dimension where T is measured, and H is the total axial

height.

o=L7% 2=l @
ATio H

The dimensionless temperature profile is equated with the dimensionless
conversion profile, thus:

0(z) =1-exp(-kz) : )
where #(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. & can be differenfiated with respect to z to

obtain the slope of the dimensionless temperature profile curve at any position z.
de
—=kr-exp(—kz 6
— p(-k) (6

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

rearranged as follows.

kr=~In(1-X,) (7
Substituting (7) into (6) gives
& = -in0-X,)-0-X,) ®

dz



Here, h is the actual axial dinension where T is neasured, and His the
total axial height. O=T -T z= h (4) AT100 H The di nensionl ess tenperature
profile is equated with the di nmensionless conversion profile, thus: 0(z)

=1- exp(- ki z) 0(z) is the dinensionless tenperat Sl ion Z)
Thi s di rrensﬁgéﬁésg%’éﬁrve is unique for a given conversi o#rﬁﬁéfn@g IJn
depend on any other paraneters. Therefarm . we can estimate the conversion
froman analysis of the tenperature profile in the reactor. 0 can be
differentiated with respect to z to obtain the slope of the dinmensionless
tenperature progyy; 4 e i ( The
product kt is uni q%g& OKECaﬂ]té(g?ﬁ/% o%# g?igl? for ?‘Ovecl%ggﬁ %qcétﬁvﬁ t?%) can be
rearranged as fajuatiosfor ke of thd K ferm¥Xay fo{ladws. Substl tuting (7) into (6) gives
dB = In(1-X0) (1-X0)x T (8) WO 2004/ Q39754 PCT/ US2003/ 028719 -36 This
equati on cannot be sol Ej@ex licrégly |for X0. However, we can | ve this
equation for one of t r_r@;_gs)’follows d X=1-exp - dz ( (1-X0)7
[0123] Equation (9) can thus‘be uséd’as an estimation of the conversion in
the reactor. Thpigsy dz t dqiniich O)Eartihi®hShe b s&bestiafon 6f theREndepiidgitmat ur e
profile curve at a point z in the riser. One nethod for estimating this

val ue from ri sethe reastseFln d¥& rnas thy dimensinnlesp slopmof theTiamperatare prafiledesi r ed

conversion (or gurve at a point z in the riser. One method for estimating this value from riser

temperature data is set out below in TABLE 2. The desired conversion (or set
point) is used for the X, value on the right hand side of the equation. The
dimensionless temperature profile requires a measure of the reactor inlet
temperature, which is the adiabatic temperature of the feed vapor and recycle
catalyst mixture before any reaction proceeds. This temperature is difficult to
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



point) is used for the X0 value on the right hand side of the equation. The
di mensi onl ess tenperature profile requires a neasure of the reactor inlet
tenperature, which is the adiabatic tenperature of the feed vapor and
recycle ca t mxture before any reaction proceeds. ' ture is
di fficul t t%%@é’%ﬁlﬂé As shown in TABLE 2 bel ow, this t;‘;%éjrsg e
estimated froma backwards extrapol ati osg7of the riser tenperature data.
TABLE 2 Conversion Cal cul ation Method for MIO Pilot Plant Measured
Variables T1 Riser tenperature at z=0.057 T2 Riser tenperature at z=0.115
T3 Riser tenper@iidifatighs 2=0- 173 T4 Riser tenperature at z=1.0 |nput

Vari abl es SP Desired conversion set point (percent) Z2 D nensionless

| ocation of poilniet Wngremtetlope i s Teaddrd T2at T2) = 0.115 DZ Di nensionl ess
di st ance betwece[aﬂ%gi nts Ti, T2, d_ (assum ng equal - distant) = 0.058 WO
2004/ 039754 P FOWEIE919 -3¥2=CHlculations Inlet tenperature’ Ti = 2 *
Ti - T2 CQutlet ratwee To = -.oRe _ =), # *

DTDZ=( T3- T1)/(TS(')1E)%T§{/%(L%*H[1):F’Z)*SP/ 10%%%I @gl glgé@oﬁg 2i olr)1Z P\S/Pél?0 - exp( -1
* DIDZ / (1 - Skaltuldtedyorve®idn] 1RDVE [heexipOtlet DXTEpE(lat S & 100) eB2)] frat ed by

| i near extrapol gtion of the tenperatures at z=0.058 and z=0.115 back to
z--0 [0124] Figufe 5 shows pilot plant data over a tine period that begins
with [|ined-out operation at -95% conversion, goes through a significant

transition in reactqr conditians,. and ends in anqther |jned-out condition
at -95% conver s]i g‘ﬁe Eygqt temperamrec}s estimated byq?nem extrapcﬁat?on ot] tLe temperatures at

z=0.058 and z=0.115 back to z=0

[0124] Figure 5 shows pilot plant data over a time period that begins with
lined-out operation at ~95% conversion, goes through a significant transition in
reactor conditions, and ends in another lined-out condition at ~95% conversion but
at a different 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.



at a different reactor tenperature and catal yst circulation rate. These data
are in an "open-loop" node, in which the cal cul ated conversi on does not
automatical ly nanipulate any variables The open squares are neasured

conver si on |y gas chr togr aph (GC) sanp requires
nearly an h g}{O‘c')&%gpé)rrpl ete each anal ysi preventing thé’gzmﬁg@g’u%%%nts

frombeing useful for real- tine control 38The di anonds show t he cal cul at ed
conversi on based on equation (9), and the X' s show the riser md-point
tenmperatures. Although the X's trend with actual conversion, the beginning
and endingte ures faf -ea t ile the
act ual conversmnzgst]are t?élggmo%n&égﬁﬁgingt é? erﬁécf,[u%ﬁh% Sg%gc%?%?‘ﬂ@
conversion at tcakuhed] nniingraipiifervhrd o déstimates ter eatrdil hitfo dasudt od %hef  t he

actual conversion. [0125]. These data show hg’té t he di nensi onl ess terrper ature

profile can sdmpwledge of theheat qfweastionand #vearasighof gheyeatalysy Th

cl osed-| oop co r g@%& for
control of Con\';%l;csﬂflag% aérg&ﬁ&ﬁnni&gﬁ]iojpgfag imral%u%gn |t?%%'hgat &p éﬁﬁo‘#‘sﬁgeful for
control | i ng comapers iimthewkaetoriieandlbrelative Rt heatsagarity of thHeaaabisa Tlisds ar
catalyst circulation rates) are bein hange](;jhbe WO 2004/ 039754

PCT/ US2003/ 028 7¢aponablsassyyaptinn ‘@ﬁ?fleort a3 &11e Aficatalyshi9crererise ri se
of the reactor gr ted, it is straightforward to estimate the
cat:oil ratio bdglstg%mg?ilj(t&lﬁgq knowl edge of the heat of reaction and the heat
capacity of the catalyst. This calculation, presented TABLE 3 bel ow,
assunes that tgﬂﬁﬁﬁt capacity of the vapors in the reactor is small
relative to th capaC| ty of the catalyst. This is a reasonable
assunption basggy,y Wﬁﬂ&fcuizﬁﬁhﬂl@%dtfmﬁw@lhﬂ of catalyst to vapor is on
the order of 20:1. TABLE 3 Cat: Q| Calculation Method for MO Pil ot Pl ant

| nput Vari abl e IDp@PVakiableof reaction relative to heat capacity of catal yst

= AH xn/ CpPcat _DIJIEg ! FHéia -lof r%!a.%oln(%&ative to heat capacity of catalyst

=AH_,/Cpy ~ 1727°F

Calculation :
Cat:Qil ratio CATOIL =DHCP * XPV / (To - Ti)
[0127) 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.



Cat: G| ratio CATOL = DHCP * XPV / (To - Ti) [0127] Persons of ordinary
skill in the art will recognize that many nodifications may be nade to the
present invention wthout departing fromthe spirit and scope of the
present invention. The enbodi nents described herein are neant to be
illustrative only and should not be taken as limting the invention, which
is defined by, the followng clains. 3939CLAIMS 1. A process for controlling
an oxygenates to fluidized bed reactor conprising: a) determning an
optim zed value of a primary vari able nmeasurable property selected from
space vel ocity, average reactor tenperature, coke on catalyst and
conversion; b) determning a set point for the tenperature in a plurality of
| ocations al@ggM$e |ongitudinal axis of the reactor corresponding to said
optim zed value of the primary variable property; c) neasuring the
tenperatures at said |ocations; d) conparing said neasured tenperatures with
the tenperature SAtprqmisrﬂsrcontmlmfgmiodpgeaat&itgﬂwiﬂlzmwh’cahtﬁr cam-fptislﬁgi on of the
di fference between the asured er tu e and the set and e)
adjusting as a fugktldw cPRINDE Y o) Wg ARG YR Rbe M Pb lated variable
sel ected fr ogﬂ;@tmy Seisted o spicefvetedtyf hvewigé Rhdor téraRehniRe, @B&AIN ca@ly@, cat al yst
activity catalyst in the reaction zone. 2. The process 0 cIa|n11
wherein the 8% FPUPRCRd variable is the catalyst activity and the catal yst
activity is mani pgj at Qﬁteﬁ%{lu%@'s&l}bbﬁf foﬂ&e&éﬁﬁ)eﬁ@mhx?tmhﬁyemmﬁdr@n rate. 40
3. The process of claim.?2 erein the catalyst activity is mani pul ated by
adj usting t helangthe lensitiding pxis pidhe \’eéﬂ‘?féﬁﬁ‘%ﬁé‘ﬁ‘dmgé?ﬁatwtl@&?éﬁ e ¢fthscess. 4. The
process of cl the tenperature function is expressed by the

- FO e

equati on:
c) measuring the temperatures at said locations;

d) comparing said measured temperatures with the temperature set point
to provide a signal which is a function of the difference between the measured
temperature and the set point, and

€) adjusting as a function of said signal a corresponding manipulated
variable selected from at least one of feed flow rate, feed preheat rate, catalyst activity

and catalyst in the reaction zone.

2. The process of claim 1, wherein the manipulated variable is the catalyst
activity and the catalyst activity is manipulated by manipulating the catalyst

regenation rate,



wherein T is the tenperature at any axial position, T. is the tenperature of
the feedstock after mxing with the catalyst, k is the 1S1 order rate
constant, r is space tine, defined as the volune of active catal yst
ingredient divided by the volunetric feed rate of feedstock at average
reaction tenperature and pressure, and AT is the tenperature rise for 100%
conversion of the feedstock. 5. The procékss of claiml, wherein the
tenperature at the axial position is taken froma md-point in a riser of
the reactor located at from20%to 80%of the reactor's axial |length. 6.
The process of clain.5, mmlﬁbnegshéctahnﬁewhém'ﬁﬂhatambet @ctivitly is masiptjaced | S
taken froma md-pgint in a riser, of the reactor cated at from40%to 60%
of the reactor' @’%@W%l“glﬂé%ﬁ‘f%at "°7}“°]1|'F|%kedﬁ HERRE cffonE:F Q¥erzll RIRESSEi n t he
tenperature at the axial position is taken as a series of axial tenperature
measurenents in a riser of the reactor. 8. The process of claim1l, wherein
the tenperature is céntroTheprobyss cdd)airatli, wheeat hk yahpaetire/ fungtiomis
regeneration node. 41 9. The Process of claim8, wherein the regeneration
mode is full r@@’é?ﬁé?‘%\wm‘?eqﬂﬁc’“rhe process of claim9, wherein the
regeneration node is partial regenegraitQn rdl. . ﬂTe process of claim1,
wherein the tenperature is controlled at’ an  axia position in a riser
portion of the reactwhereil?. An oxygenates to ol efins fluidized bed reactor
apparatus for convertj ate feed to ol efins being adapted for

.ng an
control ling neans of tTjt’ﬁg‘eﬂFIBB"e@%g%é} WA Ohny of the pr ecedi ng cl ai ns.
13. The apparatus of ycis&hméagaermr@tﬁb RS AL IniRRFRFIIPES calysp ST, L he
ri ser reactor terrperature ing measured at a point ranging from30%to 40%
of said riser reactoki$ tegf' hn;rderrate constant,
7 is space time, defined as the volume of active catalyst ingredient divided
by the volumetric feed rate of feedstock at average reaction temperature and
pressure, and

AT is the temperature rise for 100% conversion of the feedstock.

5. The process of claim 1, wherein the temperature at the axial
position is taken from a mid-point in a riser of the reactor located at from 20% to

80% of the reactor’s axial length.

6. The process of claim 5, wherein the temperature at the axial
position is taken from a mid-point in a riser of the reactor located at from 40% to

60% of the reactor’s axial length.

7. The process of claim 6, wherein the temperature at the axial
position is taken as a series of axial temperature measurements in a riser of the

reactor.

8. The process of claim 1, wherein the temperature is controlled by

adjusting catalyst activity in regeneration mode.



neasured fromsaid feed inlet of the riser reactor.

4]

9. The process of claim 8, wherein the regeneration mode is full

regeneration.

10.  The process of claim 9, wherein the regeneration mode is partial

regeneration.

11.  The process of claim 1, wherein the temperature is controlled at an

axial position in a riser portion of the reactor.

12. An oxygenates to olefins fluidized bed reactor apparatus for converting an
oxygenate feed to olefins being adapted for controlling means of the process as defined in any of

the preceding claims.

13. The apparatus of claim 12, wherein the reactor comprises a riser, the riser reactor
temperature being measured at a point ranging from 30% to 40% of said riser reactor length,

measured from said feed inlet of the riser reactor.





