WO 02/ 10098 PCT/ US01/ 20941 1 OXYGENATE CONVERSI ON PROCESS Field of the
Invention 5 This invention relates to a nethod for converting an oxygenate
f eedst ockwovmi1m@mps ol efin product. In particular, this i nvenT/oR0w®bates to a
met hod for converting an oxygenate feedstock, including a diluent co-feed,
to an olefin product, by contacting the feedstock with a

silicoal um nophosphate catal yst at' a igh total pressure of the feedstock
while nmaintaining a low partial pressure of the 10 oxygenates undergoi ng
reacti on. Background of i J i arly ethyl ene and
propyl ene, have been tragﬁ%ﬁﬁ“@@glﬁjﬁi@é@ﬁggﬂp@% eum f eedst ocks by
either catalytic or steamcracking. Promsing alternative feedstocks for

maki ng et hyl nd IDropyl ene are 15 oxygenates. Particularly prom sing
oxygenat e feﬁg@@g&&%—n&ﬁw cohol s, such as nethanol and et hanol, dinethyl
et her,snethyl et hylis 8t28kon QLY 11 fofl c net hyl
formate. Many of thl%se o>%§)/]fglgenazt:§;es6 %?ﬁ gfpc))?(%%%e%ﬁgo@n %@%{r}r%%?%etd?%gk or from
synt hesi s gas aerdlefed prodiet. nalnupaticglas, thixe imehtom eiatyi @Wsa medlse fsat eri al s,
i ncluding coal, r.ecycled plastjcs, ni ¢ci pal stes, or any 20 appropriate
organi ¢ mat e‘ioflg?r.tm%ea&‘a%%&&}f‘tet #‘?83%7\?%2 19‘3]" 18gy2 lugng po-Eed, ﬁl @Bh@?ﬁn al cohol
derivati ves,pradet,Obn8éntang aRA FREstBaY Sifhl £ %i%&llétnﬁﬁf)%pﬁgtg Qg{ﬂrﬁﬁ!&fa hon-
petrol eum source for ethyl ene and propyl ene -production. In converting
oxygenat es thagletomslipseseurgrod therfeedstaskevipleadaiotasying g 1pw paltiat sressaresofiths 0

forme Repr IV -products include al kanes (nethane, ethane, 25
propagﬁe, ancfg(gg%ag‘grs)u,nﬁgr%lr’fétrg%clé%'rrpounds, carbon oxi des and carbonaceous

deposi ts on BaelomiubhdoNtheligven@ibal yst naterials (also referred to as "coke").
U.S. Patent No. 5,126,308, Barger et al., discloses a process for making
ol efins from met HalkGps, nHECHAE edlaylenee gRY oprapEleng, hbaves beat teaditionally di | uent

such as hely r , i e i arbon_di oxi de,
hydr ogen, stﬁégunqcegoﬂ%gr g?ﬁl%@g l%f/d r%{:kg?%(])%%ﬂgéﬁg& rlgém(si i°C ny(ﬂ%: Hebons in
t he met hanolPrémsing Tdlernatiwe hfeddtodkse doi anakiihgit etlylene nide Rbflaicentd y

convert the nethanol 1o .olefins, .and
H oxygenates. f’artlcularly promising oxygenate feedstocks are alcohols, such as

methanol and ethanol, dimethyl ether, methyl ethyl ether, diethyl ether, dimethyl
carbonate, and methyl formate. Many of these oxygenates can be produced by
fermentation, or from synthesis gas derived from natural gas, petroleum liquids,
coke materials, including coal, recycled plastics, municipal wastes, or any

20 appropriate organic material. Because of the wide variety of sources, alcohol,
alcohol derivatives, and other oxygenates have promise as an economical, non-
petroleum source for ethylene and propylene production.

In converting oxygenates to ethylene and propylene products, by-products
are also formed. Representative by-products include alkanes (methane, ethane,

25 propane, “and larger), aromatic compounds, carbon oxides and carbonaceous
deposits on and within the catalyst materials (also referred to as “coke”).

U.S. Patent No. 5,126,308, Barger et al., discloses a process for making
olefins from methanol. The process incorporates the use of an inert diluent such
as helium, argon, nitrogen, carbon monoxide, carbon dioxide, hydrogen, steam,

30 paraffinic hydrocarbons, and aromatic hydrocarbons in the methanol feed. The
methanol feed is diluted to more efficiently convert the methanol to olefins, and
the process is operated anywhere from a total pressure of 0 psig (101 kPa) to 250

psig (1825 kPa). The amount of diluent used can vary considerably, and usually



the process is operated anywhere froma total pressure of O psig (101 kPa)
to 250 psig (1825 kPa). The anmount of diluent used can vary consi derably,
and usualWw@ 02M0002/ 10098 PCT/ US01/ 20941 2 conprises from poDUS1RI e
percent to about 90 nole percent of the feed. Barger, however, does not
di scl ose conpressing the cooled effluent streamin a series of conpressors
conprising one to four stages with coolTng of the conpressed products

bet ween the stages. 5 U.S. Patent No. 5,811,621, van D jk, discloses a
process for i y f r st ream prod d a

met hanol to %%‘é@}@%g rﬂelg%ta?%ﬁt. B%ﬁgle éégg@él?itgnﬁgggg)grl&lf)%dpegg?n?a%cﬁep%%’sure of
from about 1Bargemthoutv@) datsmsplisres. contfrgising tiretchbaled lefdadht k@éanpieasur es
are desired to encﬁance t he production of propylene in_the product stream

while | over PEEhHaToFOBRISSTUE PUESge et IQirgeiapsse avithy ceplingnof &ehyl ene

production. aNR¥aEd pNARCcIIbEKvedH il r OM the same deficiencies as that
of Barger. In conver?i ng oxygenat e-contai ning feedstock to ethyl ene and

propyl ene producl,S. Matdng Nyet &l ,@dnvar Slijhn disoloskefiiproqeso datciecoveridgsi r ed,
an i nproved duc recovery schene.is also desired. 15 Summary _of the
vent i on THIGIFI BRE §RRABFUIEEm ot s PP b edElie sractohy APei ng
oxygenat es ti@actlondiftcagticdf bitSatCH pREdRE BY RS RBSLND t&RbORYEE IR RpLREY er si on
reactor at high pressures to produce a reactor effluent havi ns a pressure

t hat provi deldighehimaihanot depied spresstres egjai dasireitts endguée ¢k tprodupiomatod an

olefin reco : C f the present | ntion is directed
to aI net hodvﬁégylg%iglﬁg%%%’%o gfsﬁ%&% E)Vc}i‘lg%tb?v%pﬁleiﬁa ifé&ﬁt%{?ﬁ?glﬁ%a@}fﬁ: ng
feedstOck i nizsivell g eAltarok ygenateeprodidion. dibuendr, VEREDHRsOFEsCRsmIthses the

followi ng steps: gcontacting, in a reactor, an oxygenate-containing
f eedst ock, i e&&%ﬁl@ﬂ%ﬁ%@@@fﬁa&e&nd adiluent, wWith a

si1 1 coal uri nophosaah el SRYk Ay SLEKEHIELIEAR L RSP Ry O form 2

(@)

25 reactor effluent; coo east a Ion o e reactor Yuent to
form a cool gdedugit,efhile prted catvesionstamldonpoisdtigdetifey) anenpovkdproguck ene at a
pressure of at |eas abOLit go.lggi a (307 kPa) and a liquid diluent stream
i ncl udi ng at™tYE&5t 53°PG 1 Fndwired:

15 Summuary of the Invention

This invention relates to an improved process for converting oxygenates to
light olefins comprising operating an oxygenate conversion reactor at high
pressures to produce a reactor effluent having a pressure that provides minimal
compression requirements required to operate an olefin recovery system.

20 One aspect of the present invention is directed to a method for making an
olefin product from an oxygenate-containing feedstock including an oxygenate
and a diluent. The method comprises the following steps: contacting, in a reactor,
an oxygenate-containing feedstock, including an oxygenate and a diluent, with a
silicoaluminophosphate molecular sieve under conditions effective to form a

25 reactor effluent; cooling at least a portion of the reactor effluent to form a cooled
olefin product stream comprising ethylene and propylene at a pressure of at least

. about 30 psia (307 kPa) and a liquid diluent stream including at least a portion of
the diluent contained in the oxygenate containing feedstock; and compressing at
least a portion of the cooled olefin product stream to a pressure of about 165 psia

30 (1138 kPa) to about 600 psia (4137 kPa).

Desirably, in this method, the total pressure of the oxygenate-containing

feedstock at an entrance of the reactor is about 40 psia (276 kPa) to about 600 psia



the diluent contained in the oxygenate containing feedstock; and
conpressing at |east a portion of the cooled olefin product streamto a
pressurevod ozabwet 165 psia 30 (1138 kPa) to about 600 pspar/dddnkPa) .
Desirably, in this nmethod, the total pressure of the oxygenate-containing
feedstock at an entrance of the reactor _is about 40 psia (276 kPa) to about
600 psia WO 02/10098 PCT/US01/20941 3 %4137 kPa), the partial pressure of
t he oxygenate at the entrance of the reactor is about 15 psia (103 kPa) to

about 150 psj . i res e of diluent is about 1
psia (7 kPa) {4? gﬁ ia(g%éttﬁg;% 1%2591‘ ggs?%oggﬂjklg%g&ﬂﬁeo%# ¥ CHEASE Of € AL Besent

I nvention i satiut &fpsid (103 &Partohabduf 030 paEK(1034 IPapan@ief partislrRedele Jfr om an
oxygenat e-coqril ining f ncl udi ng an oxygenate and a diluent. The

dst ock i
met hod conpr éggtfﬁ O‘thlle}i’scsbf\’z\&%%éf‘é&qm égﬁﬁ’s&%ﬁoé KPrh a reactor, an _
oxygenat e- cont ai ”Aﬂ&héﬁa%géét%?lfhe u?xggén‘t‘ﬂivg&icﬁﬂ éﬁ’}%&@ﬁ'gﬁﬁ ?n%%dafpfig%{éﬁgg’ tWI th

a silicoal um nophosphate nol ec sl eve un con ions e o]
form ad> reacawoleid pradent fromanl axygerate-t@rsining fpaistockindifidihd en begehae
et hyl ene and

effluent to form.a cooled 1 | efin product streamincl udi ng,

propyl ene; & a}n‘hﬁ]lﬁ%ﬁh?erfﬂe@?‘? CUgBYSey thepftgﬁPWH}g Pt GenigeiEice d dICB¢PH product
stream di r ecid ¥ A coh@idinb FREQYE! Y, S Doyt 165
psia (1138 kPa)X}iggnabgut 6(1)% psi a (41%@%ﬁa%%&%%?%ﬁ,¥?ﬁut i‘gﬁggpect of

t he i nventi onlicaahenipephasppate seeleeularf siche undsty gembtiensc effecivai togformedst ock at

an entrance cton.is about 180 taq about 15 600 ia (4137 kPa),
the parti al %%Cetégﬁpégl%f E?%lélgoai%@éﬁ%f) %r%gP 0? e @ﬁ?tP’é?Fg]é‘e tftoﬁﬁlén F‘E—?ﬁé@ ris
about 105 psi dlefid fAduBa}retn iablading LEGIRSiaad &Jﬂd})’%}fen@:@d MAddidiey Raedst 8
pressure of diluent is about 30 psia (207 kPa) to about 585 Ppsia (4033

kPa). The pri¥¥@en ofithe eprled alefininrodyst seaemediragHi éo an elslinpscovelysysinwett o t he
fol | owi ng d LD i ' ith th
Coeoden SSFEELR: gl LOSATNTS LED SRR PH RO LaRO S LD L1

appended 20 clains an scription of the
Dr awi ngs Fl GURE 1Désirablye ienthixdiaspeet off the himvemidng dhé ofotadr sdssatd on @E ol ef in
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15 600 psia (4137 kPa), the partial pressure of the oxygenate at the entrance of the
reactor is about 15 psia (103 kPa) to about 150 psia (1034 kPa) and the partial
pressure of diluent is about 30 psia (207 kPa) to about 585 psia (4033 kPa).
The present invention will be better understood by reference to the
following description of the invention when taken together with the appended

20 claims and attached drawings.

Brief Description of the Drawings

FIGURE 1 is one embodiment of the method for production of olefin
product from an oxygenate-containing feedstock.

25 FIGURE 2 is a graph showing conversion of methanol as a function of the
amount of methanol per gram of catalyst in the reactor for three operating
conditions: (a) feedstock is methanol and steam with total pressure of 110 psig
(857 KPa) and the partial pressure of methanol is 22.9 psia (157.9 kPa); (b)
feedstock is undiluted methanol with a pressure of 25 psig (273 KPa), i.e., 39.7

30 psia; and (¢) feedstock is undiluted methanol with a pressure of 57 psig (493 kPa),

i.e., 71.7 psia.



anount of nethanol per gramof catalyst in the reactor for three operating
conditions: (a) feedstock is nethanol and steamwth total pressure of 110
psig (83WOoKPap9and the partial pressure of nethanol is 2PCHUPGI2A941157. 9
kPa); (b) feedstock is undiluted nethanol with a pressure of 25 psig (273
KPa), i.e., 39.7 30 psia; and (c) feedsjock is undiluted nmethanol with a
pressure of 57 psig (493 kPa), i.e., 71.7 psia. WD 02/10098 PCT/ US01/ 20941
4 Detailed Description of the Invention This invention is directed to a
met hod of mekiBGePDeRrBlbA oPIRIMGNtHA OM an  oxygenat e feedstock. The net hod
is carried out at relattvely high pressures with a diluent in the feed
stream The met hothip énvsetiéwrsrigcted tha trietitodrod omakéng/ardlefih prdductefsim ad ol ef i n

product, partjcul ar t hyl.ene d.propylene, . is nmuch .easier to . acconplish
t han usi ng C‘B‘X&%fhat%‘? t%gﬁo%tﬁbed@%ﬂ%%ﬁ@%‘?dgﬁglm FFi?tWBBgm%ﬁ PrESRBRFYIthY ol efi ns
made from oxjigeneirethef oed str@ekS TheGhaRS] GOPREGRRUNGCH AR REQIUS ofShE eam t o
relatively high pressures before final separation of desirable ol efins

fromthe protesiced olefimaprodupl particylackyeethylone laad yepydénchiismyshesssier do

conpr essors, c@&ﬁpﬂﬁ £ ﬁﬁﬂé‘%&% ﬁ&}é?ﬁ%ﬂlioﬁsf racti onation techniques to
recover et hyal ene anJ pr opyt ene PO the product stream This invention,
however, reduces @snvehiiohabaiethotiheoheewvting S6lehthg midee S0 CoxyeRARE €SSOr S

and cryogeni ecgver q@lechni ques. The oxygenate feedstock of this

i nvention coﬂgr‘ff{sfoé’ § nglude sappigsEng theaproduct 1streamnisotatedivalyi bish eoessaiens at
| east one o ' i S; |
conpounds (ﬁéggﬁﬁgg{gpﬁ%# gﬁgggesgﬂgyb%%qngéﬁd gg?%géraglg:} g{fr)na 'eg},lﬁ?(!{:a rg%(s and
the |ilke). MWhepsd hEhighymessateecdngpressom| ewhoften tdymirad cobgénic dactionatioile an

al i phatic iety having from.1.to 10 carbon ons, nore desirably from1l to
4 carbon gﬁS‘ﬁ’g‘?lquﬁ%ﬁ?e"g%ﬂfeﬁteitvéengl %mogy{%ﬂ%fft%%,th%w b SEeA-nebdssari | y
limited to, ig@enkiowe hostaves, Ohiduadd obr anfineds chri Mea i Bhatd Chi%ﬂ- R0gls and

their unsaturated counterparts. Exanples of suitable oxygenate conpounds
i ncl ude, butcogmEesseys ang icpsogewic resoversigechpiquessi ng: et hanol ; et hanol ;
n- propanol ; i sopr : - ohols: methyl ethyl ether; dinethyl
ether: diethyl e t'ﬁ%?t%@&;ega}%g g%eld(%glf og thglse },n;vention comﬁ(nses ap Yeast one organic

15 compound which contains at least one oxygen atom, such as aliphatic alcohols,

ethers, carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,

esters and the like). When the oxygenate is an alcohol, the alcohol can include an

aliphatic moiety having from 1 to 10 carbon atoms, more desirably from 1 to 4

carbon atoms. Representative alcohols include, but are not necessarily limited to,

20 lower straight and branched chain aliphatic alcohols and their unsaturated

counterparts. Examples of suitable oxygenate compounds include, but are not

limited to, the following: methanol; ethanol; n-propanol; isopropanol; C4 - Cyq

alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures

25 thereof. Desired oxygenate compounds are methanol, dimethyl ether, or a mixture
thereof.

The catalyst that is used in this invention is one that incorporates a

silicoaluminophosphate (SAPO) molecular sieve. The molecular sieve comprises

a three-dimensional microporous crystal framework structure of [SiOs], [AlO,]

30 and [PO;] tetrahedral units. The way Si is incorporated into the structure can be

determined by Si MAS NMR. See Blackwell and Patton, J. Phys. Chem., 92,

3965 (1988). The desired SAPO molecular sieves will exhibit one or more peaks



f or mal dehyde; di met hyl carbonate; dinmethyl ketone; acetic acid; and

m xtures 25 thereof Desired oxygenate conpounds are nethanol, dinethyl

et her, owa@omobtire thereof. The catalyst that is used i RCT/HS&/A00MeENt | ON
is one that incorporates a silicoal um nophosphate (SAPO nol ecul ar sieve.
The nol ecul ar sieve conprises a three-di nensional m croporous crystal
framework structure of [Si02], [A102] 30 and [P02] tetrahedral units. The
way Si is incorporated into the structure can be determ ned by 29Si MAS

NVR. See Bl 19 ﬁﬂ@b o] ) o 65 88).. The
desired SAP%ﬁlrfr%\ieegh ar Sfigl\%’g‘gm\lmgﬂlgg%%%’%gﬁg ngf?he_r%oag 5 %fe'éézo%WIQO%
PCT/ USO]EL/ 23?1;31 Wiﬂqgﬁ noﬁnb'meaﬁbglk ABSinNIvE, rangd hf(‘j & 1edzsﬁm)%adf tl_SehtoIrzE ptéal(@e& I n]c t ht(:a
range of - - ppm and with . a conbined peak area in that range of a
| east 20% ofOftag]epefagFé’ﬁ%éé’g‘elﬁ%cégghlgfs w%&ﬂ@wﬁﬁ: ©h -8 epanfocAlS PAMEL 6 (Si)
in the ranggye 1% Hefhical g‘lﬁrtp%r t%%g%ﬁ%tte%?%n}%g{@ﬂ)ang Q@\'X?ﬁal shifts

refer to external tetranethylsilane ( esir at the

si |'i col um nophodpiradesirad et theasili®iabnsisopmsphadte ntobécalar isieventisedin Hdye a
relatively l.ow Si/A 2 ratio. .| neral, the lower. the Si/A.2 ratjo, the
| oner the Ct® %é’ﬁt}’l?ry%lf‘é%la%‘@l}é@t“?g’?‘g{?,m%rﬁﬁ FEBeRLthe E\“ﬁﬁg}?z\‘sé@z % vity., A
Si /A2 ratithe Riwdr e5SCI-078at0aBB stisctfles! paib@arMbidpade sidcAbRy.r Aldignof not
greater than 0.40 being desired, aﬁgéfaﬁSi /_AIaIZy\’ir)a iao of notygreellt e? t han
0. 32 bei ng paiie o€ d¢sarthgn 868iis elgsirabley vattsa /i, ratia of o6t goatey theat®40 t han
0.20 i s nost Sir Ll ieaal um n osphat ul ar _sieves ar.e generally
classified &% ﬂ%e(%eﬁlggd’r%g Eé P (%%?70%{;{10 %gﬁ%rgrgqt%r "ﬁ%‘ﬁ-hg%ﬁﬁngf ,ICBJrarelﬁle er ring
struct@res. ABYA® miioof nsitgretérihas). 2R hést dediftdaver age pore size rangi ng
from about 3.5-15 angstrons. Desired are the small Eore SAPO nol ecul ar

si eves havi ng an Slietasgaingphesplgty molesulas sigyeyare rasastabin alessfigl asgbang

angst rons, R g (MaTpcICH 0,812 AOE6L" e e.sizes are
typi cal of noceggﬁ?rs lg?%%{/aelé J;(';;?\I/l ngg 1@’ r%rlT%er rlﬁéﬁg@gftﬁu%&e}ﬁszrgﬁ?ge g

si |'i coal um rstpbiosys hanehave|aacavemge pioss sige carging Semaabmit Sci+l Hangsiroasewor k  of

Framovor k-1 DSIPEET Vs PHICHHY S PSR 63 GG B Pes PBIearn 20

produgs s. ranging from about 3.5 to 5 angstroms, more desirably from 3.5 to 4.2 angstroms.

These pore sizes are typical of molecular sieves having 8 member rings.

In general, silicoaluminophosphate molecular sieves comprise a molecular
framework of corner sharing [SiO,], [AlO,], and [PO,] tetrahedral units. This
type of framework is effective in converting various oxygenates into olefin

20 products.

The [PO,] tetrahedral units within the framework structure of the
molecular sieve of this invention can be provided by a variety of compositions.
Examples of these phosphorus-containing compositions include phosphoric acid,
organic phosphates such as triethyl phosphate, and aluminophosphates. The

25 phosphorous-containing compositions are mixed with reactive silicon and
aluminum-containing compositions under the appropriate conditions to form the
molecular sieve. .

The [AlO;] tetrahedral units within the framework structure can be

provided by a variety of compositions. Examples of these aluminum-containing
30 compositions include aluminum alkoxides such as aluminum isopropoxide,
aluminum  phosphates, aluminum hydroxide, sodium aluminate, and

pseudoboehmite. The aluminum-containing compositions are mixed with reactive



The [P0O2] tetrahedral units within the framework structure of the

nol ecul ar sieve of this invention can be provided by a variety of
conposi t ivome2/100Bkanpl es of these phosphorus-cont ai ni ng cor@DESe/AE | ncl ude
phosphoric acid, organic phosphates such as triethyl phosphate, and

al um nophosphat es. The 25 phosphorous-cgntaining conpositions are m xed
with reactive silicon and alum num contai ning conpositions under the
appropriate conditions to formthe nolecular sieve. The [Al102] tetrahedral

Composi 11 onel Bz ORI AbHE Rofieing B W EbotnBi Skl

i ncl ude al untbrfomm &ekoalecdda ssaveh as al um num i sopr opoxi de, al um num
phosphat es, al um pum hydroxi de,. sodi.um al um nate, and pseudoboehnite. The
al uni num cont ai ni égﬁ%?istﬁrﬁ??ﬁ%a?a%tsm“ﬂ@&‘ vihe Hrgnaeyrark verugtyre 29an0 bo s

PCT/ US01/ 2094d+id6d H & GAReRN A dS- Nl Y upder the
appropri at eglf:}o\rllldi ti gns tg@fgfr%&?gﬁ m#écggarﬁse?é)\?gh&ggﬂf% @%Fa%tuggr ahedr al
units Wt hi reopipesitioasremolnte silicacsels eandasilioeim pilloxidedsdeyt as étrd edthylof
conpositions, ,Ex | es.of these silicon-containin 5.caonpasitions include
silica sols Oaﬁ]i]tﬁ’_sglg%ecﬁhﬁ 5111_98&108%@1% FORPOPIPRS BE hp<edr tHBsireactidte. The
Si | i con- contadiuflinith CAIIP QsokpHORS-Rhnaifihy edoibbiisRAGHIYE the! Y BHm@end
phosphor us-cont ai ni ng_conposi tions under the appropriate co drtions to

f orm t he nolceaditigns ) evm theeubleeilangied. SAPOs can al so be used in this

i nvention. These ar neral ly,known as APSQCs or
met al - cont ai ni ng gs:uﬁg?@g%]dslsﬁ‘?(%%ﬁ oésalf)%é? élge.’d I%{f TREgnon, Jhegg compoynds met al
i ons (@ oup ard\pencrhikakhdven @aMJIARBDDr n@RS-coftiaig silidodlumihapidspRitd) | ons
(Goup I'llB,_including thlg | ant hanoi d el enents: |anthanum = cerium

a.

pr aseodymi urﬁheﬂ@%b%ﬁﬁ ; aligetal rPseliFopp den): afeedior ieattumetal donsi (Group _
of 15 yt 11 o e SepE o Qb Mot AR Wb bl PPty g,
VIB, VIIB, cetinBpraspetynBumDesodyaiily, sarheribvk, eeppiasephdolainnbteshich, as Zn,
My, M, Co, cf§isprosc%auh1, Ilznglmium, erbium, thulium, ytterbium and lutetium; and scandium or
15 yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB.
Desirably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,

Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO,] tetrahedral unit. The [MeO,] tetrahedral unit carries

20 a net electric charge depending on the valence state of the metal substituent.
When the metal component has a valence state of +2, +3, +4, +5, or +6, the net
electric charge is between -2 and +2. Incorporation of the metal component is
typically accomplished adding the metal component during synthesis of the
molecular sieve. However, post-synthesis ion exchange can also be used.

25 Suitable  silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Desired are SAPO-17, SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,

30 particularly SAPO-18 and SAPO-34, including the metal containing forms thereof

and mixtures thereof. As used herein, the term mixture is synonymous with



Ti, Zr, Ge, Sn, and Cr. These atons can be inserted into the tetrahedral
framework through a [ Me02] tetrahedral unit. The [ Me02] tetrahedral unit
carries X0 a2/n®v8 el ectric charge dependi ng on the val encepeT/ase/wh41t he
netal substituent. Wen the netal conponent has a val ence state of +2, +3,
+4, +5, or +6, the net electric charge,is between -2 and +2. |ncorporation
of the nmetal conponent is typically acZoanished addi ng t he netal

conponent during synthesis of the nolecular sieve. However, post-synthesis

i oves. | nol can st GBReRd, By s Eigh b ERRGBPRE R BRI o
SAPO- 20, SAR@ngbne@AROrarfihe pEAREHG, BRGNS 6f tEADEYadal sGAPO- 40, SAPO- 41,

SAPO- 42, SAPO- 44, SAPQ- 47, SAPO- 56 he metal containjng forns thereof,
and mi xtures ther%%fa.lumlﬁ%ffors%@t%KELBQB@@??U@AP@?LS?H Slﬁpg@eBkll,Ch‘QP@?@S 35,

SAPG- 44, ancba_l'SABp thed rca spacroh%p%ﬁgiﬁ)gl YseNOmES 1fNGt .POﬁs%ﬂniniogﬁisgﬂéth the

nmetal contai'ning fornms thereo m xt ur es thereof. use rern, the
term M xt ur emplecyneivyem s wiystallNO DrdfHo& P/ @0%Udve an dRDi, nat i on

and is considered osi tion of. . matter having.t r nor conponents in
varying pro ?IP?‘?S(HE', Cﬁ%g’aﬁaal 48 ag‘gltlf’ﬂ@i fﬁ“ﬁ‘ﬁ&’% eRm ﬁgafg@.’ewleg typically
al um nophosphat eudiRPord0diseHiShs $AYE GRMHh abse @fan'ggtﬁd &g a%éut ﬁ)@gt of

the catal yst conposition used in this invention. Al um nophosphate
mol ecul ar  siangsieoray, eandr §rst capible eofmingking ovizsu selentivd essparhtaanscaih modacelaan  A1PO4

framewor k. They._.ca ve additional el ements thi.n the franewgr
typically h%\g/ée/le%nwgl%mﬁl%ﬁglodc:lor%ﬁsﬁu&ﬁgm? Q%S%VF O5T JBRRHe 1\%‘5{% ons to
about 100  angsliteatBologiod aaslegeapabhrotctidd Macshtin FehesidyRusgpad at i ons
of nol ecul ar peci es. Mire than two dozen structure tﬁ)es ave been

reported, irgnthgsingtdunmephasphatepéy fyindan Hvalbegude. 4.A1084@ whichiis ed
description; 1.5, Of 1 s..s found
in US. Pat 19%\%1{)&%6:@%&%5’8&&”%&&%&&:‘ gﬂ{% %ggfre;%r é}(e?aé'cﬁ‘éiﬁ%ﬁ@&rﬁ% er éence in
its entiret yALPSeS), rAddP NI POASPOIL], UAEBO &Y le AIRIRAY 5ALROPES, 1AL PAI3ROaAS8,

ALPO- 31, ALPC@?(‘)M LPO 36, ALPO- 37, and ALPO-46. 15 The ALPGCs can al so

i ncl ude a met substituent in its framework.

15 The ALPOs can also include a metal substituent in its framework.
Desirably, the metal is selected from the group consisting of magnesium,
manganese, zinc, cobalt, and mixtures thereof. These materials desirably exhibit
adsorption, ion exchange and/or catalytic properties similar to aluminosilicate,
aluminophosphate and silica aluminophosphate molecular sieve compééitions.

20 Members of this class and their preparation are described in U.S. Pat. No.
4,567,029, incorporated herein by reference in its entirety.

The metal containing ALPOs have a three-dimensional microporous
crystal framework structure of MO,, AlO, and PO, tetrahedral units. These as
manufactured structures (which contain template prior to calcination) can be

25 represented by empirical chemical composition, on an anhydrous basis, as:

mR: (MxAlLP,)O,

wherein “R” represents at least one organic templating agent present in the

’

(13 22

intracrystalline pore system; “m” represents the moles of “R” present per mole of

(MxAlyP,)O; and has a value of from zero to 0.3, the maximum value in each case
30 depending upon the molecular dimensions of the templating agent and the

available void volume of the pore system of the particular metal ;

aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the



Desirably, the netal is selected fromthe group consisting of magnesi um
manganese, zinc, cobalt, and m xtures thereof. These materials desirably
exhi bit vedsprEvs on, ion exchange and/ or catal ytic properpPCrRESEI/WP41ar to
al um nosilicate, alum nophosphate and silica al um nophosphate nol ecul ar

si eve conpositions. 20 Menbers of this glass and their preparation are
described in U S. Pat. No. 4,567,029, Tncorporated herein by reference in
its entirety. The netal containing ALPGCs have a three-dinmensional

m cr opor ous sh al of . n hedr al
units. Thesem(%atély ?‘r@énu@acﬁé@ﬁg‘“ﬁ‘ H‘t%%égé‘gse( WAl ¢h co%?galﬁ %hﬁg'%“{neta%gl or to
cal ci nat i on)phogghobss, re%ﬁedh@p]lyeﬁmﬁérﬁds byrakedealrdxédes. chem cal conposition, on

an anhydrous basi s Al yPZ) 02 wherein "R' represents at | east
one organic tenpl |’H‘§a]a‘§t§¢ﬁmlﬁg ifts ?ifﬁ spgtimes ieferradyie oy the AGoRBRES syst em
"m'represenysaphe '}Qéd?%}i%o eRcasBd GRRAL tl&etne‘ﬂﬁ' of in Q%g@% ilgn and has a
val ue of fromzero to O. e maxi mum val ue 1 n each case dlependl ng upon
t he nod ecul anaghesems ithersrafym MaAE@nphp;ﬂledgo d@eimmmsﬂonhélmﬂm ¥aple void

vol une of t re s e f the articu net al. nm_nophosphat e
i nvol ved, Q‘%HR% and, SoAbS AEp P Rl 1 H}é e FoMPosigRt Vgﬂ%hd{‘)’ AR 02/ 10098

PCT/ US01/ Zocrﬂéngﬁﬁes@%ﬁ' cotlt: rebpecByelYRING SddHMEy MRNIANRR Cstriftl?fl @é@ie§0ba| t),
al um num and osphorus, respectively, present as tetrahedral oxides. The

met al cont al\nhlnlg makRCsp @ach LBt subgenesiteelassds MABO, tZ?eP(é,cC@Aij aed Me APO,
Also in tho ere.the netal, " Me" i on._is

Tones um  BARDF Sasthiorist ¥ SRk acpbef phd T ABRERR. oo Refdpleart y zapo
MAPO Gnd CoARED &, M@MpilllgdoAQ@MaWﬂhtl ons whi ch cont ain zinc,
manganese and cobalt respectively. To identify the various structural

speci es which melde ﬂl@&%l@?ph%eh%bg%ﬂl% lexess edrevmpahesia@o, boAPO and

MhAPQ, each i { i entifle f rrpl e, as
10 ZAPO 5, l\}/ﬁggﬁfi&%al %O%E%% an soﬂ?oéetn %J.m;f'h%mg&l Pllci:otfelt% u%% no% osphat e
nol ecul ar siexamplead®Ss Pat Méss. 2éb=¢i4(b&71 Hy&ir10T43e r5l6,a8dy sihdl 3, 12633089rth¢ret hods

generally knrgc\a,tﬂocis o% rIlneakflanrgt of w 1ch fare: fully incorporated herein by reference. A

15 reaction mixture is formed by mixing together reactive silicon, aluminum and
phosphorus components, along with at least one template. Generally the mixture
is sealed and heated, desirably under autogenous pressure, to a temperature of at
least 100°C, desirably from 100°C to 250°C, until a crystalline product is formed.
Formation of the crystalline product can take anywhere from around 2 hours to as

20 much as 2 weeks. In some cases, stirring or seeding with crystalline material will
facilitate the formation of the product.

The reaction mixture can contain one or more templates. Templates are
structure-directing agents, and typically contain nitrogen, phosphorus, oxygen,
carbon, hydrogen or a combination thereof, and can also contain at least one alkyl

25 or aryl group, with 1 to 8 carbons being present in the alkyl or aryl group.
Mixtures of two or more templates can produce mixtures of different sieves or
predominantly one sieve where one template is more strongly directing than
another.

Representative  templates  include tetracthyl ammonium  salts,

30 cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine

(DPA), pyridine, isopropylamine and combinations thereof. Desired templates are



exanple, U S. Pat. Nos. 4,440,871; 4,861, 743; 5,096, 684; and 5,126, 308, the
nmet hods of making of which are fully incorporated herein by reference. A 15
reacti onwoxt/uwes i s formed by m xi ng together reactive siPCTOR1/2P4um num
and phosphorus conponents, along with at | east one tenplate. Generally the
m xture 1is sealed and heated, desirably under autogenous pressure, to a
tenperature of at |east 100C, desirably from 100C to 250C, until a
crystalline product is formed. Formation of the crystalline product can

t ake anywher g; ar 0 .St - 20 as. 2 weeks. In s cases,

stirring or {s%lée{eﬂl nglﬁé\’/i %%chr%g@gﬁﬁ% rng eqrrgitugef ipg}'1 8{/}&31 S0P ?%’é’ﬁmlu{l%tttgtr?%

formati on of ammeninoealtst and meixtueesc thetsof.m TicUeRadBylag@thdirh safeiriudeor e

tenpl ates. Tenplates are. structure-directing agents, and typically contain
ph'i?gg‘ﬁ

ni trogen, lymn}}ydr%% EAQRD): J5kacthyl amgmmim aphosphaiher eof ,
and can al soGaaLAl %ﬁhoﬁiﬁﬁistﬂﬁﬁﬁe@ ktactil O&H%xiung; BHfnigl! tt?tr%etlll 8
I kyl "o Xt ures or nore

carbons being present in the a r aryl group. 0
t enpl abes casmmonidocehlotide tatmsthyf aniinohsmeadetaé. eDesiredrtetryptieg @pint@nihy one

Repr esent at i Y AEIPTABE oA by oA P thsh o e hosphge.
cycl opent yl ami ne, TRt B iblebyla} ABRXAdAuctRINeSd fifgd if Eblgﬁ&}{ | fgafie,

cycl ohexyl am ne, tri-et F1y| hydr oxyet hyl am ne, norpholine, dipropylam ne
(DPA), pyri dihEcoyaephbypsitnderchaneans sehisisnt conslughtor of filbatsin edheenpl at es

are Y0 02/ 10038, PCH HEUL 30944 21l ehiL A ne . cyelphexy! am ne,

pi peri di ne, I'ne, 1sopropylam ne, msalts, and

ni xt ui@s t her eof . Afheresdt oAahd chAamIDAIA [Fodess theGeewiRred Ski@BhkMIns aMMDNI UM
hydr oxi de (TEAQH)., tetraethyl anmoni um tggosphat e, tetraethyl amonium
fluoride, tetiBtEyPOSHRSAFdsaPePac! hettempletsy rssl anmakingnibehingial de,

tetraethyl JERORLYNKARE! §he 313@%%{(3%%}4 %g%ﬁ%%%ﬁgﬁ&ﬂd d gﬁég{a@p@{e‘?

t et raet hyl anmmoni um hydr oxi tetraet m phos
Typi cal |y, tédnd tholeapldtamusi wenpvod se thatihk Inddecufaesiewd chim esitibitttglgtic | t can

AR R R IR I TN R
15 what is typically called an intracrystalline pore system.
In many cases, depending upon the nature of the final product formed, the
template may be too large to move freely through the intracrystalline pore system.
In such a case, a heat treatment process can remove the template. For example,
the template can be calcined, or essentially combusted, in the presence of an
20 oxygen-containing gas, by contacting the template-containing sieve in the
presence of the oxygen-containing gas and heating at temperatures from 200°C to
900°C. In some cases, it may be desirable to heat in an environment having a low
oxygen concentration. In these cases, however, the result will typically be a
breakdown of the template into a smaller component, rather than by the
25 combustion process. This type of process can be used for partial or complete
removal of the template from the intracrystalline pore system. In other cases, with
smaller templates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes such as those used in making
standard zeolites.
30 The silicoaluminophosphate molecular sieve is typically admixed (ie.,

blended) with other materials. When blended, the resulting composition is



10 As a result of the crystallization process, the recovered sieve contains
wthinits pores at |l east a portion of the tenplate used in naking the
initial weawtieh m xture. The crystalline structure essenCT/@lbéy2omiaps
around the tenplate, and the tenplate nust be renpbved so that the

nol ecul ar sieve can exhibit catalytic 1ebcti vity. Once the tenplate is
renoved, the crystalline structure that"remains has 15 what is typically
called an intracrystalline pore system In nany cases, dependi ng upon the

nature of t ' [ . be .t.00,l to nove
reel y througheriersBePhie b b SRS cok35, viERE Tt TPYunBi ol Q' oot
treat ment prmolksdacdeve enove the tenplate. For exanple, the tenplate can
be cal ci ned, or es ent{a |y cgngrstg&j, ,En t he presence of an 20

oxygen- cont ai ni ngVgsEalsiatcan bg otsnded vk theomplegular sisvr eanrhengrisneinarti n t he
presence of &heQ¥HaRR- W%%%ﬂgls,ggls Vmbslhﬁﬁaérnﬂla% ials€ MRELAL HLLS kT om 200C
to 900C. In sone”casés, It may be desirable to heat 1 n an environment

havi ng5a | ovinclosly gempestierensuch tas drolid and bibse clags esriottof@meraf hieartRsul t

will typical] e br eakd of .the tenplate info a spaller conmponent,
rather than Iﬂgtaghe&% 88%5@%0??%?’%08%5%%?55 P G?tag’gbgf’@%‘)’é“dﬁs=be used
for partial fimmare SifinalN0Maia Ofirdol, 56, #ita ok QMch RS sihBELMgt al | i ne
pore system |In other cases, with smalier tenplates, conplete 6r partial

renoval fr onixiEestheteet.c Thesseompenanipiue shvedffiogtiveanvedicingnateraiestalyst i on
processes s . e kN ing..stapndard. zeolijes. 30 The

si | i coal umi 'ﬁ‘%p gagtplﬁg'?d é arlmq‘ﬁ%glua;[ %%rﬁ(?:t(oe\? 15t i gﬁ%csgﬁ%‘&n%& i fé’{fg(sf dyring

bl endéd) wi tieganchmion ddreifyiabshe Whapsthhe neeshsinghatalRe shddghd TR on is
WO 02/ 10098 PCT/ USQ1/20941 10 t¥pi cally referred to as a SAPO cat al yst,
with the cat¥iYdecaniieyestbatisiqoatageoon the fgalmalecalpesieve patalastipapduct hat can

be bl ended Wit &g, THMGS j ' i ner . catalytically
active materi a%kg, or vlglfe :}%H&?E%?nﬁé?oqng%}%@ﬁ)aer(%ﬁf %@gg&%a aéarlf%fl Cis:em%l%/ncl ude
conposi ti ons3Osweightgerdeadta 70 weighopdneent of thy sotalwatalysis forns of rare earth

netals, other non:zgolite catal yst conponents, zeolite catalyst conponents,
al unmi na or al uni gcﬁ%?rfaﬁtr?@ﬁ?ﬁel | SI9YS OWHf" ,?S G Pe Ancleded @g aopargiofithe, or

silicassol, SAWD catalyst composition or they can be used as separate molecular sicve

catalysts in admixture with the SAPO catalyst if desired. Several types of

molecular sieves exist, each of which exhibit different properties. Structural types

of small pore molecular sieves that are suitable for use in this invention include

AEL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR,

20 EDJ, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO,

and substituted forms thereof. Structural types of medium pore molecular sieves

that are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT,

HEU, FER, AFO, AEL, TON, and substituted forms thereof. These small and

medium pore molecular sieves are described in greater detail in the Atlas of

25 Zeolite Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman,
3rd ed., 1997, the detailed description of which is explicitly incorporated herein

by reference.  Desired molecular sieves that can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.

In this invention, an oxygenate-containing feedstock comprising an

30 oxygenate and a diluent, and optionally a hydrocarbon, each component
introduced separately or in some combination, is contacted with a catalyst

containing a SAPO molecular sieve at process conditions effective to produce



m xtures thereof. These conponents are also effective in reducing overall
catalyst <cost, acting as a thermal sink to assist in heat shielding the
cat al yst wdan2/n®98.0 regenerati on, densifying the catal yst ROTUSOIC208ASI Ng
catal yst strength. The anount of nolecular sieve that is contained in the
final nol ecul ar sieve catal yst product ..,anges from 10 wei ght percent to 90
wei ght percent of the total catalyst, d]elsi rably 30 weight percent to 70
wei ght percent of the total catalyst. Additional nolecular sieve materials

can be incl ugeg,as 1 f. the: | onposi-ti.on ar..they can
be used as separate r?op?(ggrglgal;l ‘gﬁlggésla dggtg gagﬁa%eiyiﬁaﬁgrﬁsx P8 t%ﬂeﬁ ?hﬁe SAPO
catal yst if ‘teamtorgdwhishvea ahrtbf pémactbr apmataedy] @rreicave Systnh’Ser, “r&redr of

whi ch exhibit different properties. Structural types of small pore

mol ecul ar si BVER-t ﬁfﬂe aﬁng"a%{)ﬁ ‘fftatb? éeaF‘iS’f‘(lf sighatedljag theRaipk ‘Pfdﬂglifﬁgtomie AEI ,
AFT, APC, ATNessfelj \VA C | . ERI,
&0 ke Leyesisin Aol iRl f gt i the vperdiotibine dedstdlc B,

forms #her ecinco@itenibe SN0 mpprsslaoieveedi um pore nol ecul ar sieves that are

suitable for use j.n this invention inclu VAL, .MEL, MIW EUO MIT, HEU,
FER AFO, AEL, T(JJIQ}“"&% CEH R et’fftagtt}rF glf/h’érl%bl?l?m’fﬁi’i’ééléa“é PXygsA#e nedi um

pore nol eculaud dileMes t8g&thétes6mpiaal | the %)%%Eﬁdte-@@ﬁtﬁfnﬁn | Fed Rk kg OF 25
Zeolite Structural Types, WM ier and D.H O sen, Butterworth i neman,
3rd ed., 199vgetherepries o sisnifliganicqonpersion off thowvixyperiate ekl platd. y In igisr por at ed

herein by r ) |t e L eves that can conbined with a
si |i coal u%/‘i nlg%ﬁ%s’gtﬁgtogg?g%lagﬁ g’%@#‘%ﬁ‘r%@ %@%%ﬁlegé?\ﬂp%%, pagg?qo‘?{ﬁs%r,es ahd
chabai0te. lcnthitag theexybante envenipeRadtRmCRBbin POtht ee#8ings bf ¢EPr i si ng

an 30 oxygenate and_a diluent, and optionally a hydrocarbon, each
conponent  i'RY§98@8celt fspusage 2 denseniluidived disAendier vith gas woefisiled with

o foctive to it 00 TRNEERe-H DiT) B dert R r5REF PR S e 1 1
whi ch suc h" c!-‘@mié@i‘cdt\mdésnipb@?e aillsll?cbieﬂsah_nthbenemﬁdr,ttl?e lo¢atieacdtonhich whé ch i S a
The. »ent r anca s BRFELEbE e itodsie G b BacE B L brirerbfinfegHebe. ¢ ot al
]p re 23 2% gkl n drhefik@pbediedthRl 6r alfhuidedPsidt redftot BEMOXKASPAIFR1F Bbakial Ng
above 1 m/s, it is desirable that the oxygenate and diluent be introduced to the
reactor in such a manner so as to assure no more than 30% of the oxygenate is
converted before the remaining oxygenate and diluent come together in the
reactor. The methods for achieving depend upon the locations of introductory
20 devices such as feed nozzles, and relative rates of introduction through such
. devices, and are well known to those skilled in the art.
Another part of the reaction system can be a “regenerator,” which
comprises a volume wherein coke deposits (or coke) on the catalyst resulting from
the olefin conversion reaction are removed by contacting the catalyst with
25 regeneration medium. Typical regeneration temperatures are from 250°C to
700°C, desirably from 350°C to 700°C. Desirably, regeneration is carried out at a
temperature from 450°C to 700°C.
In the process of this invention, part of the coked catalyst within the
reactor is withdrawn from the reactor and continually regenerated by contact With'
30 a regeneration medium to remove all or part of such coke deposits. The
regenerated catalyst is subsequently reintroduced to the reactor. Such continual

regeneration occurs at times and conditions needed to maintain a level of activity



5 encounter the SAPO nol ecul ar sieve. If introduced to the reactor
separately, it is inportant that the oxygenate and diluent, together
conpri si MO bhieoexygenat e- cont ai ni ng feedstock, come togePOBUSErINNs1 to
significant conversion of the oxygenate taking place. In this mnner, the
oxygenate and diluent wll acquire theHr proper partial pressures in 10
conducting the oxygenate conversion reaction according to the teachings of
this invention. In the usage of a dense fluidized bed reactor with gas

superfici al 0G i) : I t WHHSihe! i the fe and
react ant con%f\cl)ﬁllgn%stﬁ%s:étaﬁé%%f erﬂgéévr%gﬁ#' m xe§ glte afo’%m%)ag}igﬁt S'rs%epl n tGE %3
reactor, theprbomssais amtiatalywhahvithing thaygesstwenlotgdhbuptnieriat of tintertoduced t o
t he reactor 45% of less concern. In the usage 15 of a_fixed bed reactor, or
a f1uidi zed BB FERYUERRFIINGRY A Fgattioncsteans. Ja gxsrel gsocesniyecatalyits, it is
desirabl e t hapedehRioWAHAGAS bRodaBEbdbf HEfHs iaees%éﬁhag? Fﬁ@ﬂmbes.t R&mer &@gt or in

such a_manner so as to assure no nore than 30% 0 oxygenate is
conver?ed beatisrad dehelivatadedatalysty sox yo theatgerardondirdmehe reactneandetrdterofi n t he

tor. The methods f hi evi.ng_depepd the locati f
| nt r oduct or yeSae cuahatit Kt derri Bome e tagraeralirate ghoyahe sy
i ntroduct i orbvbhaqu@eﬁ&%htpeﬁa&io@ﬁ&e, andl Ry veng] hrokBRvn:r e Jrb@RBos ! 1 €d in
(6]

the art. Another part c he reacti on system can be a "regenerator,” which
conpri ses a efingrip espgaiialyroabreoudeposits (or coke) on the catal yst

resulting from t f Sl 0 ction are renoved, by contacting
the catal yst wit hﬁggqjﬁggdet%gfa%?g% ﬂr’fcel?illeigf%?e&rﬁ?p? Xaéfe%F 85&'%%%’ ath %ﬁ%‘f’%ﬁ%er atur es
are fi®m 250€ the equipHEnt dedito abiry the eamIFH0EtHen e Geadit Sdndalbsherator,

regeneration, is carried out at a _ tenperature from450C to 700C. In the
process of thf SARRGEACIoRte Fay be detepmmed giwen ths aoky xrodyctipn ate Ha the eact or

i s w thdrawnef@mtd gvdreact e @i dhoﬁtélgélqg?rﬁ?é gl%egbgétﬁ},ga%ggt:ﬁ%%ggrtsag t wth

30 a regeneration nmediumto renove a s. The
regener at ed colit deyalt on scagalpst elqareng | the rregerteraoiucelth to dfeeatingaatiorwitiBuch

continual regeneratio curs at times and condjt.ions needed to maintain a
Ieve: gf acﬁogﬁ?‘ff‘lﬁ\éﬁg’ﬁggﬁ‘ggﬁ &E‘fﬂ%??@?ﬂem s IuecSH’@n RS M&@Bé: ystI

Wi thinsthe rsaaetehnidiBs lage UBRribEY L RbBR, PyeRidH e, “Experimental
Techniques,” Circulating Fluidized Beds, Grace, Avidan, & Knowlton, eds.,
Blackie, 1997 (336-337), the descriptions of which are expressly incorporated
herein by reference.

Catalyst that has been contacted with feed in a reactor is defined herein as

20 “feedstock exposed.” Feedstock exposed catalyst will provide olefin conversion
reaction products having substantially lower propane and coke yield than a
catalyst which is fresh or regenerated. A catalyst will typically provide lower
amounts of light alkanes, especially propane, as it is exposed to more feed, either
through increasing time at a given feed rate or increasing feed rate over a given

25 time.

In this invention, a feed containing an oxygenate is contacted in a reaction
zone of a reactor apparatus with a molecular sieve catalyst at process conditions
effective to produce olefins, i.e., an effective temperature, pressure, WHSV
(weight hour space velocity) and an effective amount of diluent, correlated to

30 produce olefins, desirably ethylene and propylene. These conditions are described
in detail below. Usually, the oxygenate feed is contacted with the catalyst when

the oxygenate is in a vapor phase. Alternately, the process may be carried out in a



process is continual, when view ng the process over |ong enough period of
tinme to effect many regeneration and/ or reaction steps, the overal

process fwoovates yst regeneration and the production of PCERUSOIR00E
essentially continuous. Further, the 5 rate of deactivated catal yst sent to
the regenerator fromthe reactor and tm% rate of regenerated catal yst sent
to the reactor fromthe regenerator are-about the sane over a |ong enough
period of time, and the overall process for the production of olefins is

essentially g i x : C ured ip a.,variety
of ways. | TRDHGE dMRea PR pfle, “SHRINAC oA 16 AR Wbl 4l oy
bet ween t he pleactoora suickdr experibqut gphase, tdiffereat abyetsiddsomidr sdl&tionies e

det erm ned g%v n thg coke xt%rlgd ctign rate in the reactor, the average coke
| evel on cat F@'%‘i‘p’fo LG4 TRYY teRut depgadige upam thecpial vt andigacticngieaditiene| on

catal yst | eavi ng TReplot88Res ; g AL ' Lhuous
catalyst flow, a vqulogty of %%I%ﬂ%yegn%g%hlggghﬂ%tqyugé&?gﬁg%%f%glgg&%phy 15
such t&chni giyessfiectvel @pemnting dompesatusx sangk ecanble onhabouto2@C toExberi nment al

Lt e I B i B I B
i ncor por at ed3sghertgiaBotyssoet e e mkelovwe el B8 thel tBbeliAse PGB tﬁegéxﬁﬁaftisﬂ Wi th

feed in a reactor is defined herein as 20 "feedstock expose Feedst ock
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substanti al | e ield than catal yst .whi.ch is fresh
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increasing tinme at, a givep . feed rate or 1ncreasing feed rate over a given
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vapor phase. Alternately, the process may be carried out 1n a
process as described in and “Riser Reactor”, Fluidization and Fluid-Particle
Systems, pages 48-59, F.A. Zenz and D. F. Othmo, Reinhold Publishing Corp.,
NY 1960, the detailed descriptions of which are also expressly incorporated herein
by reference. It is well understood by those skilled in the art that each type of
20 reactor will have advantages and disadvantages in any particular application.
When the reactor is a fluidized bed reactor, the reactor may optionally
have a riser region and a dense fluid bed section. In this embodiment, the
regenerated catalyst can be returned to the portion of the reactor above the dense
phase region, immediately below the dense phase region, or anywhere between
25 about the top one fourth of the riser region and the bottom one fourth of the dense
phase region.
Any fluidized bed reactor system with continual regeneration can be used,
with a weight hourly space velocity (WHSV) of from 1 hr'! to 1000 hr'l, with
WHSV being defined as the weight of oxygenate, and hydrocarbon which may
30 optionally be in the feed, per hour per weight of the molecular sieve content of the
catalyst. Desired reactors are co-current riser reactors and short contact time

countercurrent free-fall reactors in which an oxygenate feedstock can be contacted
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the process is carried out in a liquid phase or a m xed vapor/liquid
phase, diWwéerenwds conversions and selectivities of feed-tpepusadueob4inay
result dependi ng upon the catal yst and reaction conditions. The process can
generally be carried out at a w de ran%l'e of tenperatures. 5 An effective
operating tenperature range can be fro “about 200C to about 700C,
desirably from about 300C to about 600C, nore desirabl y from about 3500 to
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oxygenat e, and hydrocarbon which
absorption, extraction or membrane separations. Desirably, fractionation in an

olefin recovery unit of the present invention is such that one of the fractionation
streams comprises at least 95 wt.% propylene and at least 90% of all the propane
contained in the olefin product coming from the reactor. Desirably, the
20 fractionation stream is generated by fractionating the C, and lighter molecules
from the Cs molecules and fractionating the C, and heavier molecules from the Cs
molecules, in any order. Other fractionation steps may be employed, such as
those to separate C; and lighter components from the C, and heavier molecules.
However, the propylene product stream of this embodiment of the present
25 invention typically comes as the product of a fractionation device separating C,
from C; or one separating C; from C,, and not one involved in separating
propylene from propane. In practicing this embodiment, a propylene product
stream of sufficiently high purity may be produced for use in the manufacture of
various propylene derivative products without performing a separation of
30 propylene from propane. Optionally, the propylene product stream may

subsequently be sent to another separation device to separate propylene from



30 optionally be in the feed, per hour per weight of the nolecul ar sieve
content of the <catalyst. Desired reactors are co-current riser reactors
and shortwa@omtmes tine countercurrent free-fall reactorsPCVUSHI/®IIAN
oxygenat e feedstock can be contacted WO 02/ 10098 PCT/ US01/20941 14 with a
nol ecul ar sieve catalyst at a WHSV of at. | east about 20 hr-1, desirably in
the range of from about 20 hr-' to abo 1000 hr-1, and nost desirably in
the range of fromabout 20 hr-1 to about 500 hr-1. Because the catal yst or
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hydr ocar bon omintemhoffmpjdene present, and the nol ecul ar sieve contained in the

catal yst. The pracess of this ipvention optionally enp S one or m)re of
the follow ng s%{ ’5{?3 lorboﬂ’t) g traditinally  vres sreﬁ&véf/n%ﬁﬂ@\"' lewll ed an
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menbrane 10 separation, punps an iary conpr varlous
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contamnantlg)rlfl on # e ol efin recover% nlht a desir d0|efInIS
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carbon at omecatbaRIi¢ aadsi%aﬂfoﬁqnor@xf&el dhd @foWRIidxidS shifRedRcRhdd éh%h'&é‘v' ng the
same carbon nunbér. Thi's is done bé 15 usi ng conventional fractional

distillati odIY@élgﬁnISqlf@l& casboryl sulfisly andimercapanse aminomid; arsils phpsphare;

extraction or ne tlons De fractionatign in an, olefin
recovery uniatndgg ﬂ;?]h p(r)glggg MRPERE;C %F éycgrﬁéé(%b?l?‘?astuc ﬁ%aﬁﬁ?qﬁeme vl
fracti®nati aetykintcpiGpadipip) ibaeslicle, | RdSbufhe W .Ofidd 0PYPRH6n adTd tiakse | €ast
90% of all the propane contained in the olefin pr oduct comi ng fromthe

react or. DesioptaBliyants iysomprissdefiynseastaddpedst ream i s generated by
fractionating th‘log 18 b @RS AR 1c?r§a b2t Qﬁ@ Hﬁkﬁcﬂék Lrfnd

fractionating the and heavi er ecu Fromthe ecu in any
order. O hersystemcbdf cbkmtpmmnﬁtmstmmwabebeemsﬁbay@d;y aucdrieds oft lbmsffssésp

separate Cl .and. i r onents fromthe C2 an eavi er rml ecul es.
However, thdD {)‘P@B%?‘géfé’gﬁ?% g§ac§pp§m36qraﬁemegm§%gm S;AOSPREOBPEsent 25
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separating C2 from C3 or one separating C3 C3 from C4, and not one i hvol ved
i n separ at i rgtraction with various solvents; and fractional distillation.
A desired embodiment of the method for production of olefin product from
an oxygenate-containing feedstock of this invention is shown in Fig. 1. In Fig. 1,
a feedstock comprising an oxygenate and a diluent is fed through a line 21 to an
20 oxygenate to olefins conversion reactor 22, in which the feedstock is contacted
with a SAPO catalyst. Alternatively, the oxygenate and the diluent can be
introduced to the reactor in separate lines as discussed above.
A reactor effluent stream comprising an olefin product is transferred
through a line 23 to a product cooling and separation unit 24. A cooled olefin
25 product stream is removed from the product cooling and separation unit 24
through line 25, while a cooled diluent stream in a liquid form is removed through
line 26. Desirably, the liquid diluent stream contains at least a portion of the
diluent in the oxygenate containing feedstock which was fed to reactor 22. It may
also contain a portion of the water that is a byproduct of the oxygenate conversion
30 reaction, or optionally, such water may be removed from product cooling and

separation unit 24 via a separate line, not shown.



propyl ene from propane. In practicing this enbodi nent, a propyl ene product
stream of sufficiently high purity may be produced for use in the

manuf act we owioods/ari ous propyl ene derivative products w t PODUS@EPOr m ng a
separation of 30 propylene from propane. Optionally, the propyl ene product
stream may subsequently be sent to angl%her separation device to separate
propyl ene from WD 02/ 10098 PCT/ US01/ 20941 15 propane to generate a second
propyl ene product stream having an i ncreased content of propyl ene.
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this inventinq(;tn is showmn in Fig. 1. In Fig}. 1, a_feedstock conprising an
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15 diluent or byproduct water stream through line 26. Similarly, varying amounts of
olefin product may leave with the different liquid diluent stream or streams from
intercooling in the compression module 27, and varying amounts of diluent may
be present in the compressed olefin product stream in line 28.
The equipment to effect product cooling and separation in unit 24, and to
20 effect intercooling in compression module 27, may comprise indirect heat transfer
and decantation in separate vessel, indirect heat transfer and decantation in a
common vessel, or direct quench contacting with a cool quench stream, among
others. ‘
The indirect heat transfer devices that can be used include, for example,
25 tubular exchangers, fin-type exchangers, condensers, scraped-surface exchangers,
agitated vessels and thermosiphon-boilers. A thermosiphon-boiler is a device
wherein natural circulation of the boiling medium is obtained by maintaining
sufficient liquid head to provide for circulation, i.e., circulation of feedstock
through the device occurs by density differences and is not forced by pumps.
30 Tubular exchangers include a shell-and-tube-type heat exchanger, a U-tube heat
exchanger, a packed-lantern-ring exchanger, a outside-packed floating-head

exchanger, an internal floating-head exchanger, a bent-tube fixed-tube-sheet



25 product streamis renoved fromthe product cooling and separation unit
24 through line 25, while a cooled diluent streamin a liquid formis
renoved mWooughs|ine 26. Desirably, the liquid diluent sperasiicomiai ns at

| east a portion of the diluent in the oxygenate containing feedstock which
was fed to reactor 22. It may also coqﬁain a portion of the water that is
a byproduct of the oxygenate conversion ‘30 reaction, or optionally, such
wat er nay be renoved from product cooling and separation unit 24 via a
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In another desired embodiment, at least a portion of the different liquid
diluent stream or streams obtained from intercooling in the compression module
are recycled to provide diluent to an oxygenate conversion reactor. Optionally, at
least a portion of the different liquid diluent stream or streams are fractionated to
20 remove materials of a lower or higher boiling point than the diluent to concentrate
the diluent. At least a portion of the concentrated diluent obtained in this manner
may also then be recycled to provide diluent to the oxygenate conversion reactor,
and part or all the materials fractionated away from the concentrated diluent may
be reintroduced to the compression module.
25 In another desired embodiment, at least a portion of any remaining diluent
present in the compressed olefin product stream is separated by fractionation or
any other method and recycled to provide diluent to the oxygenate conversion
reactor. Such separation may occur in between the stages of compression, as an
auxiliary step to the process of intercooling, or in the olefin recovery system.
30 The total pressure of the oxygenate-containing feedstock at the inlet of the
reactor is desirably kept at a level of at least about 40 psia (276 KPa), more

desirably at least about 80 psia (552 kPa), most desirably at least about 150 psia
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The difference between the total pressure and the partial pressure of

oxygenates equals the partial pressure of the diluent. The partial pressure of the

diluent at the inlet of the reactor from about 1 psia (7 kPa) to about 585 psia (4033

20 kPa), desirably from about 10 psia (69 kPa) to about 400 psia (2758 kPa), most

desirably from about 20 psia (138 kPa) to about 335 psia (2310 kPa), and is

selected to provide a total pressure of oxygenate-containing feedstock, optimized

with desired reaction selectivities, operational parameters and equipment costs,

which provides a desired pressure of cooled olefin product stream to a

25 compression module. Desirably, the cooled olefin product stream will contain

ethylene and propylene and have a pressure of at least about 30 psia (307 kPa)

(207 kPa), which is considerably higher than typical cooled olefin product streams

discussed in the oxygenate conversion art and other olefin generation art. More

desirably, the cooled olefin product stream will contain ethylene and propylene

30 and have a pressure of at least about 35 psia (241 kPa), and most desirably about

40 psia (276 kPa).
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conponent, EFOWbAPIHEIMESOL stean & tpoCh plfin dydioabprsaGoto (G adlmditiabl y kept
at a | evel h i R iraply not
greater t haglfygﬁ)ghﬁbg%%gé%{soi gs %%&%HEE&?I%%%Q@ %‘ec{s?n(r%g{é{eg tﬁgﬁ%%tqg?éesért%@ly >t han
about 90 psitke (B@dnt biRaa ). ndepb hdilink eet desn rabdutr 200€ 2o abswl BOPCY hidkees nmay be

reduced and overal |l. process nom cs suffer.. ver, the partial
pressure of ﬂéab&\l;rﬁgrhﬁlf%l 66@3&‘?&%’“& ﬁ@% et dF%{ﬁIg?%gPWbé’%é?o ¥ 15 psia
(103 kPa) sabas dekeeDediRde diRdflOdre WA E10rREL hELMet Mdelhafkadd gnPXYgenat e

conversion reaction frombeconi ng very |arge.
mixtures thereof. In certain instances, it may be desired to have a moderately

reactive diluent, in which case C4 and Cs olefins may be chosen. Diluents may be

injected in either liquid or vapor form.
When water or other diluents in the most desired normal boiling point
20 range are used as a diluent, a substantial portion of it may be removed from the
reaction product through simple decantation in a product cooling and separation
unit, rather than via more expensive, cryogenic fractionation techniques as would
be required for other diluents such as nitrogen or methane. It is desirable to cool
the reactor effluent stream in a product cooling and separation unit such that it will
25 provide a cooled olefin product stream and a liquid diluent stream at a temperature
from about 4°C to about 95°C, desirably from about 15°C to about 85°C, more
desirably from about 26°C to about 50°C. At the desirable pressure levels of the
cooled olefin product discussed above, this allows for condensing diluents and
byproduct water to the liquid form, and facilitates decantation. The result will be
30 that a lower volume of product can be sent through the compressors and the olefin

recovery system, thereby increasing efficiency.



The difference between the total pressure and the partial pressure of
oxygenates equals the partial pressure of the diluent. The partial pressure
of the aovoomodst the inlet of the reactor from about 1 peT/@s¢izokRa) to
about 585 psia (4033 20 kPa), desirably from about 10 psia (69 kPa) to
about 400 psia (2758 kPa), nobst desi rz@ly from about 20 psia (138 kPa) to
about 335 psia (2310 kPa), and is selé&cted to provide a total pressure of
oxygenat e- contai ning feedstock, optimzed wth desired reaction

selectivities, o i.opa r [S.a i sts, . whi rovi des
a desired pr essu?@{eg% V@Qo#eer%?%l?gﬁ‘% ﬁsogﬁ)lreoﬁ%g gtcggﬁﬁetﬁggeél 5% 18%’%&2%1& on
nmodul e. Desioxgidnate ddh@eivalredialaal an iflend adonfphéssmmddule. oftdRERablet hyl ene

and propyl ene and have a pressure of at |east about 30 psia (307 kPa) (207
kPa), whi ch thal Bisnaessrasiop b oMein priSh to yynirize compegsion of ithe peeledict

streans di ' Bhe P e fﬁﬂlgf - S t 0 I
generati on ??%ﬁ?%&rdg& (E:Ie3| rg%ﬁggﬂgiah% C g%@ gfbéi?llreh %?ghdﬁﬁc %{sotdr légfrt#lai |1

cont ain et hyhemgionntie praspyk dmep Bdwaerdtheantranceprfehs ueaetonfandtthd @agincabout 35
psia (241 kPa), and nost desirably about, 4Q psi 276 _kPa). WO 02/ 10098
e US 1 2089 the SGTpESSRETFIA e P RIFAE tun St 108 b G4iB0sh CRBrIR ch 1 s
consi der abl yot g&Siter HRACAHMESBES 9585 RPAIDHBFIIAIraBlyaNe ofdfe ialabbiieso an
oxygenate, primarily functioning to nmake the oxygenates in tahe f eedst ock
| ess concentpstf20d kPahdndimobialesiratdy porgre@er than alychit ¢ b peii (103 kBgone |i qui d at

conditions wthin.the produc gol ing and s ration. 5 unit. A.diluent of
the present i nvegqqeor?r%ﬁ'gﬁl 8% b enSOIél?]éeﬁ?egir Q?%ﬁ’n pJB(glﬁftt ShEm he-p(ﬁ}ﬂng a%
reactive as cohpraxsipganadife SHRIOYE Nt léast abodt163 ia/ EN38ekPa®f 1£ @Rditet ons for
a given catalyst in which 90% of a 45 kg/hr (of essentially pure)

oxygenat e f EWodiment othe apressire ab thip camprrased3 oldinf pradu@ostregmh exiting a
tiall il | f_suitabl
glslsﬁgn'tg aBr/ecBQ{p?%ssﬂh HGie i bér/]\%ulg%it gg?lggé;éﬁ%s%e% 1 b anpl &2,.Qf, sui tabl e

east one comnpou group tTonsi Sa ng of
steam 4 t higier giresbine dfyttie aoatpbans] olefint grodisct adtreplhatould ey destredrfoons, C6

to C8 aronatic hydrocarbons and m xtures ééhe]éae.of. I%%si rably, the diluent
has a nor malft8FIY YD FFRE FYREisHEftionalodstilation Je¢hnidiiss, Whit @ lowesi r abl y

from gpout plOGavanaBE EORGE fo%%orﬂ@@ei 8 oaf 5i9ﬁﬂ@f39%&c}§1§ﬁe§ @or an

olefin product having substantially more propylene and heavier products than

ethylene. Adsorptive distillation techniques use cryogenic refrigeration, but do

not operate at as low temperatures as those required for straight cryogenic

refrigeration distillation. As noted above, however, pressures near the critical

20 point of the various components found in an oxygenate conversion process are

problematic, and the pressure of the compressed olefin product stream exiting a

compression module should not be greater than about 600 psia (4137 kPa),
desirably not greater than about 550 psia (3792 kPa).

In one embodiment, at least a portion of the cooled olefin product stream is

25 compressed in a compressor comprising one to four stages with cooling of the

material between the stages (intercooling), wherein each of the compressors has a

compression ratio of about 1.4 and about 4.0, desirably about 1.7 and about 4.0,

and, more desirably, about 2.0 and about 3.5. By compression ratio is meant the

value of the absolute pressure at the outlet of a given stage of the compression

30 module divided by the absolute pressure at the inlet of that same stage. Higher

compression ratios are generally desirable in that they result in less expensive

compression modules, but are generally limited in conventional olefin generation



15 about 90C. Desired diluents are water, normal hexane and i so-hexane and
m xtures thereof In certain instances, it nay be desired to have a
noder at elwo 0z/emeg i ve diluent, in which case C4 and C5 ol ePCTVESomERp9d1e
chosen. Diluents may be injected in either liquid or vapor form Wen
water or other diluents in the nost desjjred normal boiling point 20 range
are used as a diluent, a substantial portion of it may be renoved fromthe
reaction product through sinple decantation in a product cooling and

separation  a0by theltlagRVell dfaRnthindTE B B BES1Sd YRfin Pro@BeWhihidhachisenat i on
techni ques as would be required for other diluents such as nitrogen or

net hane. |t foyligssvhentsxposed teoseh temperpizast ¥rthefekituefha compesssion rstagepr oduct

cool ing and i i hat | ill 25 provide a cooled olefin
product str e%%gﬁl a]ﬁ@} g%@egéli?%ént?&'st rbé(g%%ngte 3OI{V§%°& REOGFESS %6 %Bbout  4C
to about 95Ghostedeiscritiellhefelin praxtide far EofertfoulalpishtaBfante B tBe colsisd brEhY from

about 26C to ahout 50C. At the desirabl eig%éessure | evel s of the cooled
ol ef i n° pr oduRPCit 8a¢ 3 dgneasyor amapaledp higher sampresidaatiosg di | uents and

byproduct water tg fheglday ; d i Li.kat C i,on, e result
will be 30 that a | owe?1 vol Jt?‘r%g&g;é&rglgu%o{o@ahfegg @ég\ t%‘%ﬁ%}ﬁ Ifrﬁg‘m
conpr essor s @oting hed ckpdration neic aver e siyrstthnintiodecsdbinto ag rodefli rgoedri ci ency.

WO 02/ 10098 PCT/ USQ1l/ 2094 20 Ther LIl generally be some pressure drop
bet ween an i RPER- ﬁlﬁﬁleé‘ﬁityﬁéh%?‘é’??‘gﬂy@? BfogHch SEaRndt ngroduegd intq aggony 0 a
conpr essi on ¢ehksBor $yistens of &S ol &coxt/e!??}sy&é}hsvlviﬂj]go%% SUmBredsioR Qe LA I n

order to mnimze conpression of the cooled olefin product stream entering
a conpl essi ongarddalFégure i, edrapressiorothodfiletadi is oBuiited;emtliloe, 2% isalilgced or e dr op

bet ween the entr f..the .reactor., and the entran .of the conpressor
shoul d not bsgn%er@;fépgrﬁﬁé%wg’%tanlﬂ ”ﬂ)ﬁco("%réfgs}ﬁfgg)‘ ?ﬁa&ééiq‘) By2 y;feat er

than about Sénfstss¢34m BiRatmbodinRntl @Rl tofdd|pYeshat FrBabRYedniRoalPMho 30  psSi
(206 kPa), atgd nost _desirably not greater than about 15 psi (103 k%’a). The

pressure of F@t%gﬁb?‘é§§§&Pi?P@fqbﬁub¥m (13¢} kB asd themgrtéel pigswowpr essi on
rodut e Shouldibs, SikeeStu bRt biE P90 LA S kAR RE 00 TN
nmodul &5 shoulmedsereadf | xggenah duit thd 36xyeshate-caadingPddedstook.ge Farthdr, the
pressure of the cooled olefin product stream should be at least about 165 péia
(1138 kPa), to allow for efficient operation of certain olefin recovery systems, and
the pressure drop between the entrance of the reactor and the entrance of the olefin
recovery system should be less than about 100 psi (689 kPa), desirably less than
20 - about 50 psi (345 kPa), more desirably less than about 30 psi (207 kPa) and most
desirably less than about 15 psi (103 kPa).
It is desired that the selectivity and conversion of the oxygenate
conversion reaction should be such that the reactor effluent comprises at least 55
wt.%, more desirably at least 60 wt.%, and most desirably at least 65 wt.%
25 ethylene plus propylene. '
The residence time of the feed in the reactor may vary from fractions of a
second to a number of hours, determined largely by the reaction temperature, the
pressure, the molecular sieve catalyst selected, the WHSYV, the phase (liquid or
vapor), and the process design characteristics.
30 It is desirable to strip at least some of the volatile organic components that
may be adsorbed onto the catalyst or located within its microporous structure prior

to entering the regenerator. This can be accomplished by passing a stripping gas



hi gher pressure of the conpressed ol efin product stream woul d be desired
for recovery trains using cryogenic fractional distillation techniques,
whil e a Ivoowe?2/1038 pressure woul d be desired for adsorpti verP€T/astiional
distillation techniques for an olefin product having substantially nore
propyl ene and heavi er products than ethylene. Adsorptive distillation

t echni ques use cryogenic refrigeration,“but do not operate at as | ow
tenperatures as those required for straight cryogenic refrigeration

distillati Onove’%‘%h@@itzﬁgstq{?%Vspt%]g%?%\éﬁ#pé%gﬁ%eie SwilERcad lBg l&!a%etdi ‘&15 Sin20 poi nt

of the various conponents fo in-a enat € conversion proc are
probl emat i c, thamehctoner pr 2separage odss¢lhdhestippagsed cah 8¢ any pitatidhllysinegam
exiting a conpression m)dulﬁ Sh%flg not. be_greater than about, 600 psia
(4137 kPa), Mgdum el 15 Gommepleeed Erapplss of Sipsmeeas 419 8799, RIBQESD.| n one

enbodi ment , g@lliuhe a%lon2mPRAhd, @D LT, e Qselatﬁghfdregéd? product streamis 25

conpressed in a conpressor conprising one our stages with cooling of
the naterial betleey beldesistbdgtoscopl atleast @ pbitiog)of thehepeianated catalgdt td he

conpressors has conpression ratiqg of ahout 1.4 and about 4.0, desirably
Sbout 1.7 arldoan Gentiathe Beg 1 figrhagk e BBirpectin dRiea Sekc bbaeds. 5 By
conpr essi on éadrhdlly & e adentbor A} BEuRld th HEmERS Vil Be RIS WeScaRilydi NE
outlet of a glven stage of the conpression 30 nodul e divided by t%e

absol ute pr itdagbeqrrgithdipwn fisin theaegenenstors Waliyo. the faghuerated oatplyetsisi on

ti [ i le in.that .th .t .in |
Compr esat on SR i ESFARI0 Rorl it BT i Miich i GRET b 0DEE s n
gener api on ViQsR:2/td GOAR 2867¢ LR/ 1RAPhE terdderffute SWtht QQtangtirith%’éﬁ/}lifﬁ%m hen

contam nants 1n the cooled ol efin product which can cduse
exposed to hihghedctmrpeMataidesrably, ihes epoldd wf a dempoutnes foanalsiuade°C aaused by

hi gh conpression_ratios. ygenat e conversi on processes, such as those
descri bed hear%@Ph,ZO%rQ)g?‘H"é%F‘ the\femperghire (o 1he ratakysh amitadrpyin tfiem el ed

olefin 5 Pragugl Ad A8t AERKR: A AN @Pe%rﬁe&%%lh%?%m%%@ﬂ%ﬁio g0 ratios.

In a desire odi nent, the I n produc rom
cool i ng and msagper; ahé argemerdtomayr bethdi rWhtd ythé ntgemerateld chnalydt dronolt@é i n

recovery system This neans that the .cooled ol efin product streamis
|t roltibed 1RESRIGR JUER e LEO Feog e (L s e dRMEIGH il SRR RSt o
Wi t hout con{i@sghaRg zdneCthe rdhdiidn zone, and/or the inlet zone. Introducing the cooled

catalyst into the reactor or regenerator serves to reduce the average temperature in
the reactor or regenerator.
Hydrocarbons can also be included as part of the feedstock, i.e., as co-
20 feed. As defined herein, hydrocarbons included with the feedstock are
hydrocarbon compositions that are converted to another chemical arrangement
when contacted with molecular sieve catalyst. These hydrocarbons can include
olefins, reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures
thereof.  Desired hydrocarbon co-feeds include, butylene, pentylene, C,*
25 hydrocarbon mixtures, Cs* hydrocarbon mixtures, and mixtures thereof. More
desired as co-feeds are a C4" hydrocarbon mixtures, with the most desired being
C4" hydrocarbon mixtures which are obtained from separatioﬁ and recycle of
reactor product.
The method of making the olefin product of this invention can also include
30 the additional step of making these compositions from hydrocarbons such as oil,
coal, tar sand, shale, biomass and natural gas. Methods for making the

compositions are known in the art. These methods include fermentation to



10 regard to Figure 1, conpression nodule 27 is omtted, and line 25 is
directed to sone unit operation within an olefin recovery systemthat is
not an awx®br/awys conpressor. In this enbodi nent the totabPCpuseiswa of the
oxygenat e-contai ning feedstock should be at | east about 180 psia (1241
kPa), and the partial pressure of dilugnt should be at |east about 30 psia
(207 kPa) to avoi d excessive partial 15 pressure of oxygenate in the
oxygenat e- cont ai ni ng feedstock. Further, the pressure of the cooled olefin

product str eamihol! enbe hiih 33k a0 Yhs, 1ien F}:?hgerti%é#gig ${hfbsis Fes b1 OW T

efficient operation of Certal gcover ys h%?spr essure
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kPa) and nost degih¢ allivd i@ akh@im ﬁ&%ﬁpréléat@%at (tﬂeog’leﬁfg%%rodhéad'b} fesired

that the selectivity and conversion of ‘the oxygenate version reaction
shoul d5be suwtygensde-ta-plefine sonarsier f feaetivin oimthd spresent Invastionscanwbe% nor e
desirably at_l.east 60 % and st _desirably at |east 65 wt.%. 25

et hyl ene pl LPSOI%P%{ eﬁ?ﬁo%gglyglfgg%n%aénﬂl 8%13’?&’@&@?‘8«336@ WIYW8p¥l€%ect or may
vary from f rixetdsssssfopffoaning Qodislefid o WISRYs £ KadWhSin HEWA! NERgE L ar gel y
by the reaction tenperature, the pressure, the nolecul ar sieve Catalyst

sel ect ed, t HEOSEESSY arg fesitgfla Barticlaryiidasived are/mstsilpcensndicgles/Nottoerdacidesi gn
h teristjics 3 ' i tg i lati |
or gant o conpaiaic Yy * K870 BB 5 Pt ML ARG i ea” |

wi t hi @0its rd, 864010 G18928X7014,659,68 111 076,698 03,648,091, BB 0RIH5 51 agenesrsdr. This
can be acconpli shed b%/ gassi rr(lli% a stri plgs)i ng .gas WO 02/ 10098 PCT/ USQ1/ 20941
(©)

22 over the ®arypyst TQOESE (AR IEoBY Okeach JsingexprestlydRcotppriater herain be

| ocat ed wi t iyborddifter 62640k Oheldn SRARYAVE RSy thd BEriT pIJARB! igh 9as can
t )g : anpl es of

be any substantially inert nediumthat is common use
stri ppi ng gaspaydeBndenmingicatalygesnt, a plesiuraiand tengemtuestifeaties tot2m tBO, | ue

g2, a1 1Y LS0 Dbl bR IEALHERLS & P hETRSSRRLESE 0 1S
react 0f. A hgatheexghisngeto-bREat &aversion reaction of the present invention co-fed
with an appropriate diluent, for example, iso-pentane, to a vapor phase
polymerization reactor to form polyethylene in accordance with the teachings of
U.S. Patent No. 5,436,304, the catalyst and process descriptions of it being
expressly incorporated herein by reference.

20 A desired polyolefin-forming catalyst is a metallocene catalyst. The
desired temperature range of operation is between 50°C and 240°C and the
reaction can be carried out at low, medium or high pressure, being anywhere
within the range of about 1 bar to 200 bars. For processes carried out in solution,
an inert diluent can be used, and the desired operating pressure range is between

25 10 bars and 150 bars, with a desired temperature range of between 120°C and
230°C. For gas phase processes, it is desired that the temperature generally be
within a range of 60°C to 160°C, and that the operating pressure be between 5
bars and 50 bars.

In addition to polyolefins, numerous other olefin derivatives may be

30 formed from the olefins produced by the process of the present invention or
olefins recovered therefrom. These include, but are not limited to, aldehydes,

alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene dichloride and



externally to the regenerator may be used to renpve sone heat fromthe
catalyst after it has been withdrawn fromthe regenerator. Wen the
regener atved ozamwas yst is cooled, it is desirable to cool PCTAS01ZR0941
tenperature, which is fromabout 200C 10 hi gher to about 200C | ower than
the tenperature of the catalyst vvithdr?gn from the reactor. Mre
desirably, it is cooled to a tenperatu fromabout 10C to about 200C

| ower than the tenperature of the catalyst withdrawmnm fromthe reactor.
This cool ed ¢ t e ' o] rtion of the
reactor, the‘ﬁr elgéggoz%daef g@?lbgﬁ% Sg’ﬁ%ﬁﬁ%ﬁf’;ﬁgﬁéﬁ@%ﬁg‘{rpé‘?%@%%"gﬁ%%r ?%rf)leﬁom t he
15 regener atablyl ichlargleupngyldne dtide,r &agliobeid] tethylohelgopaény ReBedsp ahbie
reactor's catalyst. disengagi ng zone, the reaction zone, and/or the inlet
zone. Intr ocﬁ?&Ylﬁ’b‘trflﬁ’eaI@o‘ngé’g“er %j“tzf’éﬂvglf-e’ PFRyIqngeor batdenss. dhe meghadsodt or
serves to r dehien - t i r r e ator.
Hydr ocar bonggé:&g'ﬁa al sogaggg(?ggrlnfjagg%e %Ig xt)kgflfﬂdg@ Erﬂglefaggccftg?oﬂé%,éfolk %.%T}E%s co- 20
feed. As defdispusseddesi.n, hydrocarbons included with the feedstock are

hydr ocar bon conposi.ti.ons .t hat. . ar onverted to.another chem cal arrangenent
when contacted w Sﬁ%‘f%@ﬂﬁ‘éff‘“%‘@i’? Yt s)}g?‘iwﬁ%e? rﬂ}FGrtBC,tg% E‘g!@é’“ﬁ&n

include ol edxafples/ WARhiakSinRAlS fol NSstrdieetinbenMithaftOMRhinGhe ovaaFt i Ve
aromatics or mXxtures thereof. Desired hydrocarbon co-feeds I nclude,

butyl ene, peAeRd ifbe inygntigraspjaimedar bon mi xtures, C5+ hydrocarbon ni xtures,
and m xtures thereof. Mdre desired as co-feeds are a C4+ hydrocarbon

m xtures, with the nost desired being C4+ hydrocarbon m xtures which are
obt ai h@d fr diragsidat ati on and recycle of reactor product. The nethod of
maki ng the ol efin_product of this invention can also include 30 the

addi tional step oftiyeiamRierHEdhcddposonsidsisl 3 eampaigiieseamplsnelaneh as oil

coal, tar sangd, Nghal g T%l@[ﬁ%‘ﬁo@ﬁ%eﬁlﬁ%w@lo ?%aeg%ﬁ%%éé&ﬁéd gﬁ%@?ﬁ} t he

conpositions are known in the art. gse ne ernentation to WO
02/ 10098 PCHtISad#4r2084IpovRBr alag bleatledowitbt2Bey of Sidksatig dilnehtiasi F¥4'yag, t hen

b oduced by U Brocoesbe sudy. S Greian vt SHFISY d6t6H Her il Cr of or i ng
and pastial Pxdsthez @b Qhaintained at 25 psig (273 kpa) by means of a backpressure
regulator. Undiluted methanol was pumped over the bed of SAPO-34 molecular
sieve and SiC by means of an Isco syringe pump. Initial methanol pressure was
thus 39.7 psia (273 kpa). A flow rate of 12.5 g/hr was maintained. The methanol
was vaporized and preheated in a 1/8" o.d. tubular preheat section prior to coming
20 into contact with the SAPO-34 sieve. Gas phase samples were periodically
captured and analyzed by means of a HP 6890 gas chromatograph. Selectivities
were calculated based on the average yields of products detected over a 28 min
period. Coke selectivities were estimated by hydrogen balance of the gas phase

products.



One skilled in the art will also appreciate that the ol efins produced by

the 5 oxygenate-to-olefin conversion reaction of the present invention can

be pol ymeoobze®d9t o form pol yol efins, particularly polyet hpCEuS01ZR0041

pol ypropyl ene. Processes for form ng polyolefins fromolefins are known in

the art. Catalytic processes are de5|r d. Particularly desired are

net al | ocene, Ziegler/Natta and acid alytic systens. See, for exanple,

U S. Patent Nos. 3,258, 455; 3, 305, 538 10 3, 364, 190; 5,892,079; 4,659, 685;
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can be carried out at |ow, medium or high pressure, being anywhere within

the range of about 1 bar to 200 bars. For processes carried out in

solution, dixanmpd¢? diluent can be used, and the desired operating pressure
with a desired tenperature range
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10 Example 3

This example refers to Run No. 3 in Table 1. The procedure described in
Example 1 was followed with the exceptions that a total pressure of 110 psig (857
kpa) was maintained and 31.28 g/hr of water was co-fed with the methanol. Thus
the initial, partial pressure of methanol was maintained at 22.9 psia (157 psia).

15
Example 4

This example refers to Run No. 4 in Table 1. The procedure described in
Example 1 was followed with the exception that a total pressure of 150 psig (1132
kpa) was maintained and a mixture of 1g methanol per 3 g of water was co-fed

20 with the methanol. Thus the initial, partial pressure of methanol was maintained at
26.0 psia (179 kpa).

Table 1 illustrates that the selectivity to desirable products (especially
ethylene plus propylene) is virtually the same for the case when the total pressure
of a feedstock comprising methanol and steam is 110 psig (857 kPa) and the

25 partial pressure of methanol is 22.9 psia (157 kPa) as that when undiluted
methanol is reacted at a pressure of 25 psig (273 kPa), and much better than the 57



vinyl chloride, ethylbenzene, ethylene oxide, cunene, isopropyl alcohol,
acrolein, allyl chloride, propylene oxide, acrylic acid,

et hyl enewo opydoghe rubbers, and acrylonitrile, and ol i goreT@s@i20etihyl ene,
propyl ene or butyl enes. The nmethods of nanufacturing these derivatives are
well known in the art, and therefore a?ﬁ not 5 discussed here. This
invention wll be better understood w reference to the foll ow ng

exanpl es, which are intended to illustrate specific enbodinents within the

| t i | e
e b out SR Bl Pl QUEIOReReh Wiy 0 JRARIRLE U, RIRTE'
Tabl e 1, shdbldEl ow. A 0.5 ¢ sanple of caIC|ned SAPO- 34 nol ecul ar S|eve

powder was bIendjg with 20 of Si.C g{ld diluent in a 3/4" o.d. _stainless
steel tubul ar 16ng noRe iy daseribesh this fnseption gneyof delldn the asudl 15

Pressure wa i%&g) ssure
regul at or. %1 fgﬁggﬁﬁg$qgﬁ%ﬁoﬁggggﬁ &do OVQPB¥ gqﬁggrgkggggﬁgg%ﬁnnlecular
si eve and Slwzit]iu;x whanis dfined, lusqaartszjatarmgﬁmanpwnhm theatanged lyeaphicalty essur e

ot hanol - wdll oS BRuF i SABaRGE pria GEPoriPs, S the i e capPo ORI

section prighvd@iogOm Nng 20 into contact with the SAPO 34 sieve. Gas phase
sanpl es were periodically captured and anal yzed by neans of a HP 6890 gas
chromat ograph. Selectivities were calcul ated based on the average yields
of products detected over a 28 mn period. Coke selectivities were

esti mated by hydrogen bal ance of the gas phase products. WO 02/ 10098

PCT/ US01/ 20941 25 Table 1 MeOH Selectivity, wt.% Run Pres- Pres~ H2 CO
CH4 C02 C20 C2= Po C3= C4 C5 C2=+ C4+ Coke No. sure Sure C3= Psi Psi 1 25
39.7 0.08 0.03 1.19 0.07 0.34 31.76 0.69 41.55 17.10 6.09 73.31 23.2 1.12



2 57 71.7 0.51 0.12 3.50 0.33 3.0418.49 10.60 32.95 14.33 4.73 51.44 19.1
11.41 3 110 22.9 0.11 0.03 0.95 0.22 0.28 27.84 1.12 43.64 18.39 6.10
71.49 24 WO 122/8898 4 150 26 0.15 0.10 3.17 0.08 0.56 28.7 1ra7uUdd/094113. 41
6.89 69.71 21.10 2.65 Example 2 5 This exanple refers to Run No. 2 in
Tabl e 1. The procedure described in le 1 was followed with the
exception that the backpressure regul ator was set so that the reaction
pressure was mai ntained at 57 psig (493 kpa). Initial nethanol pressure
was thus 71.4rRsi@ (493 kpa). 10 Exanple 3 This exanple refers to Run No. 3
in Table 1. The procedure described in Exanple 1 was followed with the
exceptions that a total pressure of 110 psig (857 kpa) was mai ntai ned and
31.28 g/ hr O&V Ie; vva(? co-fed with the nethanol. Thus the initial,
partial presSGPESSRIME! fanol was naintained at 22.9 psia (157 psia). 15
Exanple 4 This exanple refers to Run No. 4 in Table 1. The procedure
described in Exanple 1 was followed with the exception that a total
pressufe of W50 p&imethod Jor makile wawlefii praiucte fomndn axygetats-eontdining g

t hanol 3.9 of water -fed 20 .with th hanol . Thus th
i cral s par ErrochndBiFE PRy Ral o Kl SR g 0 psi a (179

kpa) . Table 1 illdasitdcahgSintaiacionearSetRehittichMainthgdReistady, anﬁ‘lﬁdaﬁl%'%ﬁs
(especially ethylene_ plus propyl ene_ij_ is virtually the sane for the case

when the totyyephase snd & dijfeny Witk dssibedalwninpplhiasphaje meelbaial sievedusdesam i s
110 psi 85 ] I sure of nethanol is 22.9 psia
i) Sapbphs 08 RipHEALE! oS :

(157 kPa) as t n anol”is reacted at a pressure of 25

psig (@73 kPa), andlingiahldast4 eortionadt thbecdrlor\WH102t 10388 RCIJoQ0dIBR941 26
psig (493 kPa) .undj |l uted cqnparison. Figure_ 2 graphically illustrates data
of Table |.P1)P&R‘Ht ﬁﬁez}%ﬁf’mmlggg aﬁ’s‘fg%rietﬁé‘e PreRYdene iy @riresshre frd lesst aligutl in t he

art will — appy ggh @y kR tant RO ALERS AR REuBRE P TdRa Woldthbramyd de

range of paraneters — °
diluent contained in the oxygenate containing feedstock; and

compressing at least a portion of the cooled olefin product stream to a

15 pressure range from 165 psia (1138 kPa) to 600 psia (4137 kPa).

2. The method of claim 1 wherein the total pressure of the oxygenate-
containing feedstock at an entrance of the reactor is from 40 psia (276 kPa) to 600
psia (4137 kPa), the partial pressure of the oxygenate at the entrance of the reactor

20 is from 15 psia (103 kPa) to 150 psia (1034 kPa) and the partial pressure of diluent
is from 1 psia (7 kPa) to 585 psia (4033 kPa).

3. A method for making an olefin product from an oxygenate-containing
feedstock including an oxygenate aﬂd a diluent, the method comprising:

25 contacting, in a reactor, an oxygenate-containing feedstock with a
silicoaluminophosphate molecular sieve under conditions effective to form a
reactor effluent;

cooling at least a portion of the reactor effluent to form a cooled olefin
product stream including ethylene and propylene; and

30 introducing at least a portion of the cooled olefin product stream directly to
an olefin recovery system at a pressure range from 165 psia (1138 kPa) to 600
psia (4137 kPa).



5 wthin what is clained, in particular anywhere within the ranges
graphically illustrated in Figure 2, without departing fromthe spirit and
scope of wae21dmsenti on. WD 02/ 10098 PCT/ USO1/ 20941 27 BUrAUMI/MMat is
claimed is: 5 1. A nmethod for making an ol efin product from an

oxygenat e-contai ning feedstock includiy)g an oxygenate and a diluent, the
met hod conprising: contacting, in a réactor, an oxygenate-containing

f eedst ock, including an oxygenate and a diluent, with a

si li coal um nophosphat e nol ecul ar sieve under conditions effective to form
a reactor effluent; 10 cooling at |east a portion of the reactor effluent
to forma cobl ed Hieehiathodpobdileitm 3t whasinc teptotdi pessatd vk ahe @&igdeqakopy! ene
at a pressure of .at .| east. about 30 g)?i a (307 kPa) and a liquid diluent

stream i ncl SRPHYUEE feedsiopk 2t gp eptrggice theyesactay I'Suéi)%‘in E¥hiocbMersia (#HBke
oxygenat e COogidithb pa«tiwsa@gﬁw&th@egyl%mra@ﬁ@eﬂam% Aﬁ@%e%@tfggﬁdmsof the

cool ed ol efin_product eamto a pressure range psia (1138
kPa) t® 600 ma @03 kR3)rtokiPQ)psiad 1 03rhiPayenttie paftiad bedssnrd ofilidwenit is fidie 30 ot al
pressure of the nate- co | feedstock at an entrance of the
reactor is fl?sb%z%}égg 9 ﬁé?@la&é’@%%gﬁoo psia (4137 kPa), the parti al
pressure of the oxygenate at the entrance of the reactor 20 is from 15 psia

(103 kPa) to 150 psia (111034 kPa) and the partial pressure of diluent is
from1 psia 7 k mgthed D1 pddims 24084 kideyein 3he goated hisfinfpdurtisirergn an

ol efin prod f 0 eﬁ%ont bpi ng feedstock including an
oxygenat e aﬁ%&gtﬁﬁﬁagﬂﬁ@{gﬁﬁ% odt0c9§rr§'ri sing: 25 contacting, in a

react ®@, an oxygenate-containing feedstock with a silicoal um nophosphate
nmol ecul ar si eve under %gadi tions effective to forma reactor effluent;
cooling at I%®ast HepBetiedpiotlaihe wheseindhe éppled bglin prodyetnstieanobisedl ol ef i n

product st r%&%&r&&ké’ﬁin@@ﬁ% ?0@1{% sapg propyl ene; and 30 introducing at
e e

| east a portion of t co0 ol efin product streamdirectly to
7. The method of claim 6 wherein the cooled olefin product stream has a
15 temperature range from 26°C to 50°C.
8. The method of claims 2 and 5 wherein the reactor effluent is cooled to

further form a stream 'Eomprising at least a portion of water that is a byproduct of

the oxygenate conversion reaction.

20
9. The method of claim 1, wherein the compressing step occurs in one to four
stages.
10.  The method of claim 9 wherein the compression ratio of each stage is from
25 1.7 t0 4.0.
11. The method of claim 10 wherein the compression ratio of each stage is
from 2.0 to 3.5.
30 12.  The method of claim 9 wherein the compressing step includes at least two

stages and at least one liquid diluent stream is generated by intercooling between

the at least two stages.



an olefin recovery systemat a pressure range from 165 psia (1138 kPa) to
600 psia (4137 kPa). WO 02/10098 PCT/ US01/20941 28 4. The nethod of claim
3 wherei wohziaot al pressure of the oxygenate- containi ngp¢PEdermek at an
entrance of the reactor is from 180 to 600 psia (4137 kPa), the parti al
pressure of the oxygenate at the entra&ge of the reactor is from1l5 5 psia
(103 kPa) to 150 psia (1034 kPa) and t partial pressure of diluent is
from30 psia (207 kPa) to 585 psia (4033 kPa). 5. The nethod of clains 2
and 4 wherein the cooled olefin product stream has a tenperature range
from4C to 95C. 10 6. The nethod of claim5 wherein the cooled olefin
product stream hakheamettRdpef elhinise? raadge vittetsth thE préysiB6 @ropd bettt@nnié hod of
claim6 wherein the cooled ol efin product streamhas a_ 15 tenperature
range from Z5828cs tgdke regctorard eHEACH IO & PUNPRESIL.ARJVIBChhE cempressiBE r eact or
effluent is anconprising at |east a portion
of water thas"tt:ébiocégéaé I%SF%%%?E%]ng)éSELﬁgj%znate conversion reaction. 20 9.
The mebthod of claim1, wherein the conpressing step occurs in one to four
stages. 10. .The thod. of claim9 wherejn the cqonpression ratio of each
stage is frofr 25 .I’?etngdl‘P?Sl%mif.WW@n § RGESWBF (c)igqpal?qt,\qugl thasntEnse tne

conpr essi on th@kdaBrof hin Bl ertlaAOrol Sconffr&HL2 iP \Jh@bh?’tlhé €O Bgtel*ﬁng %{Fg 14t hod of

claim9 wherein the conpressing step includes at |east two ges and at

| east one | indasiedisdésslean SGpsi 63 kPg).gener at ed by intercool i ng between the
at |east two stages. WD 02/ 10098 PCT/ USO01/20941 29
10 15.  The method of claims 1, 2, and 5 wherein the diluent has a normal boiling

point range range from -20 °C to 130 °C.

16.  The method of claim 15 wherein the diluent comprises at least one
compound selected from the group consisting of water, C4 to Cg olefins, C4 to Cg

15 aliphatics, Cg to Cg aromatics, and mixtures thereof.

17.  The method of claim 16 wherein the diluent comprises at least one
compound selected from the group consisting of iso-hexane, normal hexane or

mixtures thereof,

20 .
18.  The method of claims 1 and 3 wherein at least a portion of the liquid
diluent stream is fractionated to form a concentrated diluent.
19.  The method of claim 18 wherein at least a portion of the concentrated
25 diluent is recycled to form at least a portion of the oxygenate containing

feedstock.
20.  The method of claim 12 wherein at least a portion of the at least one
different liquid diluent stream generated by intercooling is fractionated to

30 concentrate the diluent.



13. The method of clains 2 and 4 wherein the pressure drop between the
entrance to the reactor and an entrance to a conpressor, in which the

conpr essiwg 02/s0ep t akes place, is less than 50 psi (345 kPay/us@/2bd41 The

met hod of claim8 wherein the pressure drop between the entrance to the
reactor and the entrance to a conpressgy in which the conpressing step
takes place, is less than 50 psi (345 kPa). 10 15. The nethod of clains 1,
2, and 5 wherein the diluent has a normal boiling point range range from
-20 C to 13QIC. IPhe HethodestelginDhoChiaire 1R m&s@raep&ubﬂeofqhé lé@ﬁ@en&%r&“ ses at
| east one cgnpound selected fromthe group consisting of water, C4 to C8
ol efins, c4 dilensis recysiadpkmifows,at dsastoa q®rtemmdt thespxypeatei oontmisisgt her eof .
17. The net hg g%gj cIa|n116 wherein the diluent conprises at |east one
conmpound sele dFrom the group consi sting of iso-hexane, normal hexane or
m xtures thereof. 20 18. The nethod of clains 1 and 3 wherein at |east a
portion of the liquid diluent streamis fractionated to forma
concentrated diluent. 19. The nethod of claim 18 wherein at |east a portion
of the concentrated 25 diluent is recycled to format |east a portion of

t he oxygenate containing feedstock. 20. The nethod of claim 12 wherein at
| east a portion of the at |least one different liquid diluent stream
generated by intercooling is fractionated to 30 concentrate the diluent.
WO 02/ 10098 PCT/ US01/20941 30 21. The nethod of claim 20 wherein at |east
a portion of the concentrated diluent is recycled to format |east a
portion of the oxygenate containing feedstock.



